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INTRODUCTION



INTRODUCTION

t+1 @oneral introduotlon

Rural soonomy of India is closely tied up with oattle,
Amongst the various mileh animals, the gow ie the apinal
of cholice, ao the enviromnental conditions arg generally
favourable for ite upkeep. Almso, cow's mlilk is almost a
perfeet natural food, Furthermors, tarough ,jud:l.ci:ouﬂ
oronsbreeding with exotio snimnln, 1t is poasible to
introduce into Indian cattle the genes for high productic
earlier sexual nmaturdty and regular breeding resulting
is pubetantial increase in mllk production of ths couniry.

India has 243.8 million cattle and buffaloea (Singn and
Singh, 1984), snd the lovel of milk predustion ioc one of tias
world's lowost, Uith the present level of annual milk
produgstion of about 30,93 million tonnoa; the por capita
availability of 125 g ig far below thoe minimim nutritiosl
requirement of an adult hunan beinge Tae present situation
in reapoot of availabllity of nilk in Eerala in muoch more
alarming,

According to 1982 census, the oattle population of
Kerala (ipoluding buffaloes) was estimated to be about
3.5 million, 2.5 million of waich being females, The total
mlilk production in the state during 1962-83 wss estimated
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to be 1,08 million tonnes with an averago per capita
availsbility of 116 g being one of the lowsnt in the country
and enough to cater to the neede of only 40 por cont of the
peopla of Kerala., To ralee the nutritional standards of
about 25 million humen population of Kerala %0 a mininum
desirable level of 280 g per capita por day, the present
level of milk produotion has to be 1mreaaed by ts;o to
throe timeg at leasts

Although the level of produwotion to an extent can be
enhanced through better feeding and managemental praotioea;
the inherent low productivity of the indigenous cattle of ‘
Rerala can bg subatantialiy improved only by selective
breeding, grading u@. and crossbreeding. 1t has been found
thot a§1ect1vé breoddng and grading up would teke many years
for increasing %he nilk production considorably. On the
other hand, oroaabreedihg waing oxotio dairy breeds..vould
raise tho level of produotion witnin a short period of time.
On the basla of experlences gained 56 far, 1t moy be sald
that adoption of orcaosbreeding is the only way by which a
euhatantiél increase in milk production oan be achlieved
rapidlye. ) |

In view of the faot that orossbred cattle did well in
heavy rainfail areag, orossbraeding using Jeraey!bulla wan
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introduced in Kerala in 1955 aos part of the ICAR schenme.
The Hill Cattle Dsvelopment Soheme introduoed during the
third fivo year plan envisaged the improvement of the
eattle in high ranges, The Indo=Swies Froject otarted in
1963 1s another gcheme where exteﬁsive 1nveatigauona on
oroaabreeding using Drown Swisao bulla are balng undcrtakan.
By this project it is contcmplated to evolve a now multie-
purpose breed aultable for the agro=-climatic condltions
prevailing in Kerala.

As Jorsey and Drown Suleve crossbreds are the two main
oxotio broeds used for orossbreeding in Kerals, a knovledge
on the performance of their crossbred group will help to
fornulate the future brecding polioy of the otate.

1.2 JPresent investiggtion

The milk produced by animals does not follov a
consiwtent trend throughout the laotation, The biometrical
properties of laotation are different in different genetdo
groupe even if the environmental and managerial faotors
are identicel, The graph of the trendi of milk produstion
aorond various stages of laotation gives lactatlon ourva,
Aocording to Yadav gt sl. (19772) tbe term laotatlon ourve
refere to the graphioal roprosentation of secrstion of
milk, measured in wunits suoh as days, weeko and nonthe as
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tho independent varintes and the corresponding yield in
units of welzht ap the depondent variates. Studies on the
components of laotation curve are important in formulating
effeotive treeding programmesn for improving milk production.
It would enable the breeder to have an early sire selcction.
Various linear and non=linear nathezatical runniiqnu have

besn roported for desoribing shape of tiie laotation ourve.

In the present otudy six axpreosions of the lactation
ourve vin., oxponsntial (Prody at al., 1923), parabolio
cxponential (Sikka, 1950), quadratic, inverse polynomial
(Belder, 1906), gamma (Wood, 1967) =nd quadratic-cum=-log
(Molhotra ot gl., 1960) will be ocompared to f£ind out the
begt fitted funotion to describe the lactation curve in
Jersey and Brown Swiss crossbred cowa. Comparicon of the
two breeds based on ordoxr of laotation und season of oalving

is another objecilva,

In dairy'oattle. the rate of genetic improvement can
bs hastened through enrly culling of low yleldors aspd early
peleation of sultable silres on the basls of thelr progeny
performance., Thnis can be done by selecting bulls and covws
on the basis of thely part records, provtid that full
laotation ylcld can be predictéd Ifyom part lactation ylelds
socurately. UNo sush study hao baon reported on Jarae&
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and Brown Swilos corosebred oattle. The presont gtudy also
aims at inveatigating tho possibilities of predicting
310 days laotation yleld from various part records in

Jersey and Brown Swiss orossbred .covws.



REVIEW OF LITERATURE



REVIEY Of LITHRRAIURE

An aocurate estimate of production im reguired for
efficient planning. ILaoiation curves in cows ccmputed
after taking into acoount of season of oalving, genetio
make up order of laciation etc., would be quite useful
for predioting the milk production of s farm. They may
help to estimate the total production from incomplete
recorde, The literature available, relevant to lectation
ourve 18 reviswed under the following heads.

1« Comparison of various luctation curve modelse

2, Factors affooting thoe shape of laotation curves

3. ' Prediction of full laotation yleld from part
records

2.1 Comparinopn of various lmotation curyo modelg

The inherent definite trend of milk sccretion thxoughout

the lactation of a oow has invariably been reprecented
mathematically in thefforn of a laotation curve and expresged
differently by different workers. Studies on tho relative
officlency of such mathematical exprossions describing the

l=zotation curve are reviewved as followns

Brody ot al. (1923) described the laotation ourve in
cattle by an exponential model, Eut thigmodel could
dosoribe only the descending phasi of tho laotation ourve



with a fair degree 0f aoguracy.

Gaines (1927) used a straight 1ino to describa the
laotation curve in lcatt.le. But thip model was valld only
during the firet few weeks and meny authora showad thnd
it should be divided into eeveral eotions to toke into
aooount the depressing effeot of geotation. '

3

Subsequently, parabolic oxponential (Sikka, $950),
inverse polymomial (Holder, 1956) and gamma function
(¥ood, . 1967) were developed to oxplain both the ascendim

and descending phases of the laotation curve.

Yadav ot als (1977b) compared the reletivo efficiency
of exponentisl, parabolic exponential, lunverse polynomial
and g;amma function models of lactation curves in 249 cows
belonging to 3 breeds,. 82 values for the four modele
were 0,95, 0495, 0,95 and 0.99 respectively in Bariama
oownp 0,95, 0.96, 0.98 and 0,89 in /2 I - 1/2 EBarlana,
ant 0.9 0,91, 0493 2nd 0,99 in 1/4 iflarians = 3/4 UP coum.
Eaged on R2 valuse gomma funotion was choscen as the beat

ouxrve.

To eatabligh some sultable modela of lactation curves
for Hariana cattle, Singh and Bhat (1978a) comparsd the
relative efficiencien of expohantial. parabolic exponentil,
ganma and lnverse polynomlal functions., Tasy found that
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gamng function had the better fit for those individual
laotationa which were having the ideal lsotation longth of
44 woeke. Tho parabolic éxponentzal function was better
for the other individunl lactations of varying duration.
Tho inverse polyncmial funotlon was superior 1n abatraoting
tho averago laotation ourves. The.exponaniial funotion
did not glve better fit in any of the cases.

ILmotation ourvea of buffaloes are bsitor desoribed
by the inverse polynomisl function than by either the
gazma funotlion or the exponential parabollioc function
(Basavaieh et s8l., 19783 Euwmar end EBoat, 1978). On the
contrary, Kumar and Bhat (1979b), BEuat apd Kumar (1980) amd
Cheema (1962) reported that gamma funption followed by
inverse polynomial funotion explainsd the variablllity
bettor than eéxponontial and parmbolic exponentisl functiom
for desoribing the avorasge laotation curve in Indian

buffeloes.

Malhotra gt pls (1980) fitted different mathematioal
nodols to milk produstion records of healthy Karan-Swias
cows and found that the Quadratlo~-oum=log ourve gave better
£it than the other curves, The study indicated that the
fitted curves had 1ittle blas, end the estimate of total

lactation yicld from the ourve was unbiseed because of
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positive and negative blaces at different stages of

laotation.

Analysing data from normal lesotation records of
buffaloes maintainad undoy wvilloge conditions Singh and
Gopal (1992) obeserved thet the quadratic-oum~log ourve
agoounted for greater than 90 per oent of total variation.
Among vexious models of the laoitation ourve examimed, this
model gave the best fit irreapective of ypardty or sscason
of oalving. Thsy alw found eignificant effect of parity
and season of calving on coﬁstantalﬁé and Kﬁ of the model
(Poak yield and rate of‘deoline reapectively).

Mukundan and Eaat (1983) stated that laotation curves
of goats wore better described by the inverse polynomial
funotion that by any othgr funotion. 1In éli the three
genstic groups studied, this model eccounted for more than
99 per cent of total variabilitye. It‘waa concluded that '
none of the functions was able to degsoribo thecomplete
lactation curve, although all functions decoribed the
despvending phase eatiafactorily.

Bowlands ot al. (1982) compared four models Vife,
(1) log,X(n) = log2 + b logn = on (2) Y (n) = anPe Ot
(3) Y () 5 86 P = ga”®  (4) Y(n) & a~P'n=as ® B of the
lactation ourve in cattls, Model (2) fitted the date
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plightly bettor, on average, than models (3) andi (4) ami
all wero better than model ({)s Compared with model (1)
modoel (2) reduced the average residusl mean square by

10 per cent in cous end 4 per cent in heifers. Model (4)
desoribed tho initial riee in millt yield upto week 5
better than model (1) or (2), but reachad a maximum value
6lightly early. Modele (1), (2) and (4) sllghtly undor-
ecstimated and model (3) slightly overestimsied maximum
yield, but model (2) provided the besgt estimate of the
position of maximum yield. '

According to Yadav apl Sharma (1985), the lineor,
exponential end parabolic exponential funotions oxplained
only the deoling treond in mllk pmiuction of Jorsey,

Holstoin Friesisn and Brownm Swiss half breds and they could
not define the shape of lmetation ourve efficiently.

Inverse polynomial and gamma funotions cotimated the initial
asoending phase followed by peak phase anithe descendly
phase with the advancement of lactation. They also roported
that a1l the recorde had BZ valuen of more than 80 per oont
when inverse pelynomial funotion was fitted on imdividwmal

raoords.

224 otoxrs affecting the shape of laotation curves

It has beon recognized for mony yearg that tho shape
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of the laotation curve is nffeoted by environmental
faotors (Osrsovsky, 1957), season of calving (Maymone and
Molonsini, 1959), age (Elau, 1921) and fertility
(Gerdemann, 1964).

Brody (1927) obgerved that milx yleld deoclined &%
a constant rate of 5.5 por oent per month in a stralght
line deoline, For those cows bred 3=-4 months followving
calving there was a atraight line decline upto @ mcnthas
from freshening end then thercwas a sharp deoline when the
cowa were pregnant for 6~7 months. He also reported that
the decline was about 17 per oent per month &n poorly
bred oattle. |

In the analysis of the lactation cwrve Jnto maximum
yleld andporsistensy, Sanders (1930) notioed that the rate
of decline in the average daily yield was the greatest
before January for cows which had calved bafore the
previous August and were milked through the following May.

Cavkes (1939) reported thatthe shape of the laotation
ourve appeared,to be inherited and there was slgnifioat
differonce in laotat;on curves amonz consecutive lactations
of the éama cow, Bub auch within oow differenceon were not

a0 great ao botyeen cow differencos.

There ware two periods in the laotation where in a
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decrease in produotion was moticed in 60-250 days and
a more rapld deorease from 250~300 days (Dolage gt nl.,

1953).

Turner (1955) noticed that as the laotation advamed
milk yield declined and it was probably duo to the gradual
decline in the secrotary aotivity of the individuval
eplthelial cello. He further stated that hormones from
the adenchypophyels waes essential for the initiation aml

maintenance of lactation,

Bouma (1956) coupared tho laotation ourves of M~R-X
breeds of cattle and Frieslan breeds of oattle, He observed
that the month of calving appeared to have a mush greater
effect on the shape of the lactation ourve in tho M=R=Y
than in the Friesian catitle, and the difference between
the two broede in standard productimwaa alao high.

Iabouche (1957) noticed that the average daily produstion
of Zebu X European crossbred ocattle varied from 3.58 litres
in the 18t weck of lootation to 1,02 litres in the 40th week.
In most aninsle it declined from the 1at week, but in some
a temporary ilnoreazse in daily yleld was obsgerved.

Wood (1969) reported that cows with the same parity
of oalving at the same time of the year snowed similar

curven nodified only by total yleld and abnormal secasonallty
of produotion.
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Dave and Patel (1971) observed that the chape of
the laotation owrve is influsnced by environmental fLaoters,

especially the ago.

Ratheisor (1972) found that the shape of the laotation
ourva and persistency in simméntal cows were not influenced
by live wolght. o

2241 Pogk yield and days to aitain peak yield

Moymone and Molossinl (1959) chowed that maximun

produotion waa reached in the first monih after calving

by 66,8 per cent of ooum, in the scoond month by 94.2 per
cent and in tae third monih by 98.7 per cente. The ave:.:ago
duration of the ascending phase of the laotation wns 28,31
daya. | Age of cow, broed oy level of producticn had no
significant effect on duration of ascendip plaace. However,
a eiightly significent effact could be demonotrated in
seanon of calving the phase varying botweon a minimum of
23 days in the spring and a maximum of 26 days in winter.

Pradhan (1970) stoted that in Renkrej cows the perlod
from 1 to 7 weeke roprecented the rapldly xising seguent
of the curve followed by the dsgline, The ourve ahowed
a high average paraiténoy valus of 08.23% per cent between
Tth to 413?; woeke Thers was more or lemss a stralght line
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decline in weekly milk yield from the Tibh=41st week.

The average rate of decline was 1.07 per oent per week,

Nair (1973) reported for the first time the performance
of Jorsey X Zebu orossbred oows in Kerala State. Nair (1973)
reported on the firot laotation yield of Bfown Swise half-~
bred cows maintained at the Indo-swiss Frojeot, Madupetty,
ghe_rq the conditions of management ware superior to those

in farmer's prcmises.

In Brown Swiss crossbred coun, ths mean porlod to
attain peak yleld were 36,2 s 1.6 deyas in Fy and 46.8 & 4.1
days in 1‘2 (Chauhan ot gl., 1974)

Rajagopalen and ﬁve (1976) roported that Jersey oowa
reached maximum production by 6th wesek after oalving and
fraa that level the production was being malntained more
or less regularly upto 9 weoks, after wilch that .deol.tned
almost in a straight line fashion.

Aocording to Girdja (1980), the mean laotation yield
upto 305 days in Jersey X Zebu crossbreds was 1411.23 3
32,38 kg with a cocfficient of variation of 39.6%1 per cent.
Ths corresponding average was 1453.92 & 77.89 kg with a
coefficient of variation of 44.50 per oent in BErown Swise X
Zebu orossbred cowa. The number of days to attain peak
yield in the sbove tgo breeds of cows were 44.75 * 1.23 days
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(CV » 47,84 per oent) and 49.86 ¢ 3,06 daya (CV = 51,50
per oent) respectively. She also reported that the mean
peak yleld in Jersey X Zebu oroosbreds was 7.91 ¢ 0.15 kg
(CV = 33.91 per oent) and that in BErown Swise X Zebu
oroasbreds was 7.70 & 0.31 kg (CV = 33,02 per ccnt).

Mathew (1983) observed that Erown Swiss half ‘breds
vere produoing significantly more milk than Jersey half=- °
breds under Kerala conditions, Ihs unclassified Jersey
6rosses hz;d siaznifioantly higher lactation milk yleld
compared to Brown Swiss helf broeds.and the difference
between tho unclassified onimals of both Erown Swise ard -
Jergey was not aslgnificant, DTooled data analysls showed
that the average laotation milk yield in dry anrd rainy
season were 1500.3 2 26,1 kg and 1472.6 2 28.4 kg reamte
ively. Eowever, season did not exert any significant
influcnoe on milk yield.

2.2.2, Pootors affecting the shape of gamma funotiop

In Hariana and FreHariana orossbred cows on thice
farma, Yadav et gl. (1977a) oould observe aignificant .
effeot of breod type, farm, parity and season of oalving,

but not ege at first oalving on the ‘'a' oconstant of the
ganma function, ITactation seguenoe, season and age at

first calving had significant effects on the ‘b' component,
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whioh measured the average slope of the ourve. The 'c’
component, desoribing the rats of ohange in the deolining
phase of the curve, was significantly affeoted by all the
genetic and non-gonetio faotors. Taey alac developed
prediction oquations for average woakly milk yleld in the
two breeds. On the contrery, Mehto et al. (1980) 'found
that all the non-genetio faotors significantly affeoted the
*In a' component of the gamma function; 'b* ocomponent was
signifiocantly only by season of ocalving, secason and year of
calving were the only two significant eouross of variam
in 'o’ ocomponent of the funotion in Hariana orossbreds.

Ehat and Kumar (1978) fitted tho gamma funotion in
buffaloes to study the effeote of various faotors on the.
oconastants of the funotion., They found that the constant
'a' was significantly affcoted by farm, parity and season
of oalving, The 'b’ component was significantly affected
by farm and year of oglving., The rate of ohange for the
deolining phace of the laotatimourve (o constant) was
significantly affeoted by farm, parity and year. BSingh
at al. (1979) alco reported similar results in Hariana
cattle,

Madalena et al. (1979) anzlysed the parametas ‘a’, 'b’
and ‘o' of individual gama typo laotation ourves of HFf apnd
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HF X Gir oows by least square technique. They oould
observe that cows oalving during the rainy season had
higher initial production than oows 9alv1ng in the dry
season, whidy however, had more persistant laotatlons,
Parity affected only the initial producton ‘a’ paramatei'!
wvhioh, wae lower for first calvers, while the othef parity
olasses had similar ‘a' valuea,

Studies on the lactation curves of sane high yielding
British Priesian .cowa revealcd that the gamma funotion
explained 87.7 per oent of the totsl variability in logat(n)
and the mean oonstants were 31.8, 0.3160 and 0.0373 reépeot-
ively (Wood, 1980)s He found that seasonality of production
wvas confined mainly to 8 peak 1n opring of about 10 per oent
above an approximate oons'talnt lsvel of produotion durig
tﬂo rest of the year, Thene high ylelding lactetions
generally peaked lattor, mere more persistent, and showsd

lean response to seasonal variation than average laotation.

In Polleh Hlaok=and thite Iowland crossbred oovs
of 10 Friesian atrains Zarneoki and Dworalc:( 1961) noticed
that 'the oonstant 'b' of tho gamma funotion was oimiler
(0.277~0.376) for all straine. The ‘a® valus chowing the
height of the ourve was greatest (14.5-15.7) for the hJ.gh
3ielding etraim, The "¢’ valus defining the deolining
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phase was highest (rapid deoline) for (4n asconding order)
Danish, Swedish, Dutch and Folish strains, 0.,063=0.057.
Exoept for tho US strain (o = 0.054) the high yielding
strains showaed flat ourves with a slow deolino (bs0,258+~0,50
and ¢=0,050~0,051). They further showsd thay the qQuotient
b/o vas signifiocantly affected by ago.

Moon et al. (1962) reported that winter calv:l,;ng cows
bad a highor and later peak yleld and lower pereistency
than oowa oalviug in other scasons. Th9 constants °‘a', ‘b’
and "o’ in the gamma funotion (B°x0.99) were 23,85, 0,2063
and 0.1150 regpeotively. There were differences in leot-
ation curves among parities; pesk ylelds in laotation 1-2,
3o4y 5=6 and P=8 were 19.02, 24.23, 25.25 and 21.83 kg
respectively and perclstenoy showed ths reverse tremd. The
shape of tho lactation ourve was similar at the four levsela
of milk yiold compared.:

Mateuwn et al. (1982) observed that the shape of the
laotation ourve (gamma funotion) was modified by oalving
nonth ez a result of high temperature during summer. MHilk
yield during early leotation wvas dopressed in cows oalving
in-July and Auguet compared with that of cous celving in
other months, and tended to decreane linearily as laotation
proceeded, whereae the milk yield of oous calving in spring
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inoreasad during the 18t week of laotation, and deoclined
comparitively elowly as laotation prooseeded. Iney furtheor
showed thalt peak yield tended to increase with increanig
parity, and total milk yield was significantly correlatad
wvith persintency (=0.323). -

-~

2+2.5. Faotors affeoting the shape of {nvarxse mixgmg
and payabolic exponontial functions

Yadav gt al. (19770) ooncluded that the constants

'-bo ' (desoribing the rete of ohange in the sacending phnse
of the ourve), 'by' (average elope of the curve) and ‘by’
(:pate of change in the declining phase of tho curve) of
inverae polynomizl funotion were algnifioantly affaoted

- by breed type, farm and age at 1ot calving, and 'b‘l' by

lactation nunber. Other cfreoﬁs vere nodt signifiocant.

Singh end Enat (1978b) fitted the parabolic exponential
funotion to the individual laotations of 1202 Hariana cows.
They oboerved algnificant effaect dus to herde, ordar of
laotation, poriod and month of calwving on all the constanta
exgept for 'b' in which the effeot of leotation order was
not significant. Maximua produotion was obeerved in the
laotations initiated during monsoon {August and September)
and winter (Decenmber and Janvary) sessons, The prodwtion
inoreased from the 1st=6th laotation. On the contrary,
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Eunar and Bhat (1979a) reported that the oonatant ‘a’ was
significently affected by farm and parity, 'b' by farm
only, and ‘o' by farm, parity end yoar of oalving. They
also developed the prediction equa.tion log,Yy = 108,50420 .

0,0198t ~ 0.0008t>

Studies on the effaot of the aze at Ist oalving ami
1aota:tion length on the 1st laotation yleld raveallad that
laotation milk yield wag significantly affected by source
of import, nonth' and year of oalving, laotation length,
and age at oslving (P < 0.01)(Al~Bawl and Said, 1980},
They elso showed that inorease of one month in age at st
oalving and one day in lactation length ‘wre assooiated
vith inoreace of 27.4 and 7.0 kg respectively in 1at laot-
ation yield.

Gaskine et sl. (1980) reported that breed, oow witain
breed and age of oow (P £ 0,01) affocted dally milk product-
don. The trend in dailly milk production during laotation
vas linear for AH oows and for fiwo year old cbwa. The
trends in daily milk produntion were curvil.tﬁaar for JA and
BA oows and three and four year old oows, with milk pmiuvot-

lon deorsasing ét an lmwreocaing rate with days in laotatlon.

Bao and Sundaresan (1981) pointed out that persietenoy
end the shape of tho lectation ourve were significantly
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affeoted by gemotype, parity, season of calving and age at
oalving, Perecistenoy was greater for 1st than for later
laotapiona and for lactetions starting in the monsoon
rathexr than in other séasonu. Taey al® found that the
offeot of ue;'vicu p'eriod -and oalving interval on 1aotation

yiold and laotation ourve shape were not oonslstent among
genotypes.

Yadav and Sharma (1982) studled the faotors affectiyg
the laotat_ing and non~-lactating period of orossbred covs
belonging to three genetlic groups vig., Jorsey X Harian;a.
RBrowvn Swise X Hardigna and HF X Hariama. Thoy :I.’;:und that
lactation length, dry period end the duration of the ascending
phane of laotation ourve did not differ significantly bestwsen
genetio groupb, In tue turee groups respeotively, laotation
length wao 19.87, 20,16 and 4,52 days longer for tho 1et
than the 2nd laotation, and 21.82, 22,80 and 19,60 days
longer for the 1st than for the Zrd lactation. The ascending
phas'e of the laotation ourve was longer for 1st than for
2nd and 3rd leotationa (4.14 Vs 3.54 and 3.46 ucek). Year
poriod of calving did not significantly affect the dry
period, but had a significant offecot on lactation length,
Although laotation longth wvas not affected by scason of
onlving, thoe preceeding dry poriod was eiznificantly longa
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for winter cslves than rqf oove oalving in summer or the
rainy season., The number of daya to reach peak yield vas |
aignificantly greater in winter calvera than in ooums
calving in other seasons, exoept for Brown Swiss X Harlana

C0uWB.

Costa gt pl. (1982) obeerved that peak milk yield
incressed and peraiontenoy deoreased as age at oalving
inoreased from less than 36 to 7396 months. Poak yield
was lowsst with calving in January=-June and higheai with
calving in July-Soptember. Porsistonoy wvae greator after
April-June oalvlng.

Singh and Raut (1982).ltudied the laotation ourve for
Rathl oows, in 1st-4th laotations, under village oonditinna.
ILootation milk yield averaged 1109.1 2 37.36 and 1527.7 2 |
80.32 kg in thetwo breed groups rospectively. MLlk yleld
vag significantly affeoted by.lactation length, but not
by parity. 1In boih groups, peak yleld oooured at different
otages of laotation, Iaotation length had & significant
offect on persistency, but not on peak yields In both
groups, laotation length was significantly correlated with
lactation yield (0.43 and 0.48 respectively) and peraistency
(0.47 and 0.52).

Shimizv et al., (1963) reported that both the 180 day
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and peak milk ylelds of HP cows lmereased with parity and
wore highest Qith ocaslving in January-dune (highest in
January-February and lowest in July=-August). Milk yield
poaked later in 1st than{in lator lsctations end wae

lateaﬁ with Januaéwabbruary calving and earliest with May=—
June calving. Neasures of persistency were highegt whon peak
yield was lateot.

2.3, JFrediotion of full lactation yield fram port records
The ability to predict the ccmplete lactation produstion

of a cow from its part ylelds will dotemino the succese of
a herd culling programme, In dairy cattle, rate of genotio
improvenent can be hastened by melecting cows and bulle
on tha bosls of thoir part raoorﬂa, providud that full
J.aatat.ton yield can be prodloted from part lactation: y.taldn

aﬁauratelyq

Bussert (1957) studied the part ylelds of helfers in
relation to the ehape of tho lootatlon curve, ZIFort ylelds
wore based on 100 and 200 dey yields. It was found that
the 100 day yleld wa® not an BGOurgte gulde to later produ-
ction, particularly in the cace of ocows with a mstesp rise
in tho curve at the bogimning of laotation. But 200 day
ylelds were sultable for eotimating milk production ability
in heifers and did hot need to be considored in relation
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to the shapo-of the laotation ourve.

Studies on 532 lactations from 101 Blackeond-White, .
herd tested cousn showed high correlations between the peak
test day and the first 100 day milk produotion on the
total lactation yleld, and the firet 100 doy milk production
(X) with the total lemctation yield (Y). The prediction
equation wvao Y o 778 « 1,99 X » 611, r=0.94 (Han, 1961).

In buffoloes, Agarwala (1962) could obsexrve that
irrespective of levols of production the correlation
betwsen actual and’estigated lactation ylelds increased as
the interval between the recordings decreﬁscdo Ho concluded
that recording miik production svery 10 days was mot reliable
for prodioting the total laatatioﬁ yieldso.

Highly significant correlations between full lactation
and different part lactation yields in different exotio
breeds of oattle wae reported by Cannon et sl. (1942) and
Lamb and ¥oGillard (1967a,b). Similarly high correlations
betwsen the part end full laotation ylelds in Harians cattle
were roported by Dutt et al. (1964), Singh gt sl. (1967)
and Singh and Acharya (1969). In crossbred cattle similer
results were roported by RKertha (1934).

Preliminary resulta for Brown Alpine cows in the
provinos of Sondrio showed significant correlationa (P=0.00%)
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between 50=-, 70~ -and 120~day lactatione on the ons hsnd
and 305 day lactation on the other of r=0.67%, 0,705 and
0.824 respectively (Mascherpa gt al., 1967).

Krefft (1967) construoted the model Y = 1.406. 1072
r  x1o818 7060251 (v (o 400 datly milk yilold, r is
the 305 day yield, x io the day of laotationy; and @ is the
base of natural logarithms) to determins the milk yield
of cowa during o single lactation. '

Millor and Pearsom (1972) oompared four methods = ratio,
multiple regreseicn, modified rogrossion and rogression of -
the remainder of the lactation on the lagt test = of
extending (cow) lactationp=in=progroes. ey concluded
thnt muliiple regression estimatos end regressicn estimatoes
on the last test wsre about equally preciss, .Hodiried |
rogression wae intormediate while errors of ratic estimates
woro largest, They aleo reported thet present use of
ratio axtension factors rosults in excessively lerge orrors

inr projocting ehort~length lactation to a 305 day basig.

Velea gg,g&; (1977) reported that the corrslations of
uilk yields at the first six recordings in the st lact~
ation with tat laotation milk yield wers 0.44, 0.67, 0.75,
0.84y 0.75 and 0,71 respootively. Correlations batwesn
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Jields at theso Y5t lactation recordings and 2nd laotation
milk yield were 0.15, 0.30s 0433, 0432, 030 and 0,37 reap-
ootively and corresponding correlations for the 3rd laot-
ation milk yield were 0.18, 0.21, 0.22, 0,34, 0,24 and 0.23.
Wnen the total milk production for any 2,3,4 or 5 rcoordings
from the first eix was considered, the oorrelation? with
the 1a8t lactation milk yileld were 0.47-0.76, 0.59-6.82.
0,65=-0.84 and 0,700,711 reepectively. The correlations of
the total milk produstim for six recordings with that for
the 1at lactation vas 0.67.

Sohueffer gt al, (197%) doveloped the techmique of
non~linear model to prediot 305 dsy milk and fat ylelds of
Canedien Bolstein and Jeraey-cattla and compared this
procedure with themultiplicative and linocar ragression methods
of oxtending recoxrds in progreas. They found thet the
method of non-linear model wns at lsaat es accurato as
either the multiplicative or regrevsion metuods and it
raquireo leamloomputér storage for parameter estimates than
for multiplicutive factors aud oou.d be implemonied ecasily
into a milk recording prograommeo.

Adenoye and Adebanjo (1978) reported that both 100=
ard 200~day yields were significently correleted with the
%05 day yields of Frieesien cows. In the first five laotat~

dons, tho valus of the correlation cooffioclent, r. voried
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fxom 0,74 to 0.99. Thne 200 day yilelds were more cloaely
oorrelated with the 305 day ylolde than the 100 doy yiolda,
Thoy also reported that poak ylelds wore attained during
tho first month of lactationj-tho 3rd leotation: peak wam..an
the highest; dally milk ylelds deorsased gradually as tho
2nd, 3rd and S5th lactationa advanced.

i
E

Fowell ot al, (1978) observed that correlations
betueeh projeotéd i1k yield from recoxds in progrcsa and
305 dey records in Holatein cdwa inoreased from 0.80 for
40 0 69 days in milk to 0,99 for 280 to 304 days in milk.
Corresponding average absolute differences decrcascd from
777 to 68 kg. Correlations involving cow index for milk
increaced from 0.91 to 0.99,

With a view to extend in-progresa and terminated
lactation records, tiggens and Ven Vleok (1979) developed
a funotion involving last sample produotion uhieh accounta
for systematio influsncos in cstimating remalniy ylelds.
The function is estimated 305 day yiold = yicld in firast
. n days + [ (by+b,yn) last production + (bg+b,/R)/last produ-
otion:l(305-n). The ooeffiolents b's were catimated within
throe atages ( <65, 65 to 245, > 245 daye in milk), four
age at freshening grous { <34, 34 to 48, 49 to 60 and > 60
monthe, 34 to 36 months oows ware placed in the first
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group 1f freshening for the 1ot time), throe herd yielde
( 5900, 5900 to 7000 ard 7000 kg), ard siz two month
seacgon of freshening groups by least squaresa for milk and
fat yieold.

In Iimonero oowa, the correlations of total laoitation
nilk yield with yields in the firet two and four months
of lactation wore Q.77 and 0.88 respeotively (Contreraa
and Binocon, 1979).

Rao gt gl. (19680) stoted that the boat monthe for
predieting the ousceeding domplete laotation rocord were
the 4th, éth. 6th and 7th ounulative monthly reoords, the
aceuracy of predicting the subsequant total record ranging
botween 0,53 and 0,58, Prediction equations involving
nultiple rogression faotors for monthiy produntion (5, 6 end
7 sequential months) were sligatly better than the preceed=
ing total record in predicting succeedding complete record.

Utilizing the milk yleld data adjusted for the signi=-
ficant effeots due to farm, messon of ocalving and age at
first oalving Chiller et al.(19680) showed tnatths correlation
of total lactation milk yield on part lactation yleld
inoreased with eaoh added successive part lactation yield,
150 day reocord was most appropriate for predioting the
full lactation yield with rsliable acouraoy. Tne 150 day
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part record had signifioccnt corrolation coefficlentis of
0,82 t0o 0,93, 0.76 %0 0«89 and 0,79 to 0,90 with different
full lsotation yields in Hariapa, 1/2 HF end %/4 HF
r@apectivelyo

Taking Into account the effectn of age of cow, calving
intervel, feeding and dlsease, standard cwxves for 305 day
laotations of cows yielding 3000-8000 kg milk were esiimated
(Huth et al., 1981). It waes concluded that for cows with
lactation ylelda of 3000, 5000 and 8000 kg reabeetively
yioclds during the 2nid-4th woelk,; during the 7th weok, and
during the 14th woek respeatively gave the best indicationr
of total lsotation yield.

Caigaonkar et pl. (1981) could find significant
correlatione for total lactation yield (52 wesk) with ylelds
at 4,6,12 ond 16 weeks and peak yleld of Sahiwal cowm.
Efficliency of predioting 52 week milk yleld from 12=and
16~weckrecords wvas > 60 per ocnt, whereas it was < 50 per
cent vhen poak yleld recoxds wvore used,

Batro end Ise (1961) reported that the USDA extension
fzotors consistently prediot lover produgctlion from records
in progresa., They modifiod those oxtension factors fox

use in Csnada snd both the actual and modified veraions of
the USDA extension frotors were compared on a new set of
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data. They oboerved that the modified extension factors
vere better than the 1965 USDA extension factors and wore
able to elimlnate the oystematio bias.

Thanoa ard Pu (1982) proposed a modol to describe
the laotation ourve of a dai;y cows The model is
Y, = h(mo-n1t) + (=2 )Xy 43 & 2 1, 02 < 1, whexo Y, and
T;.4q 6ro the ourrent and preceeding milk yieclde in kg/week,
and the oconatant A estimatem the fraotien by which milk
yield adjusts to the level at the next stage. The fraotion
(1= A) by whioh the milk 3101& peraists at the preceeding
lavel i8 used to def.i.na'a measure of persistancy, p =
(1= ?l)ma/m1, vhere my is the rate of deolino in kg/week end

2, is a conetant.

Pathak st al. (1982) observed signifvant correlation
(r=0.726) between 300 day lactation yield (¥) end 100 day
yield (X). They aloo suggosted the eguation ¥ = 249,59 +
2.0035 X for predioction of 300 day yield in Gir cows,

Compariason of three methods - ratio, aimple regreassion
and modlfied regression= of prodicting total laotation milk
yield from port lactation ylelds in 742 lactatione of HF,

BF x Gir and HP x (HP x Gir) oows in Eresil indicated that
the simple rogression method gave the most sccurate predlot—
ion of total milk yield (Zeixeiran et aley 1982).



31

In Simmental cows, Relper and Hauscmann {$982)
notiaad that factors for extending part lactations weze
oignifioantly affected by bherd average milk yleld bub
not by scason or age at et oclving., Ilnear regreseion
on avarsge tegt day performance apglied within five clasgea
for herd average yield gave the most acourate extension of
part lactatlions, Correlations betwoen tent day réaults
and 305 day fat yield were 0,88-0.99.

Arendonk and Fimland (1983) while comparing two
mothods vig., factor analyeis and linear regression method -
to extend partial reoords observed that correlations
botween actqal and predicted toteal laotetion yields were
aqual for the twq methode, they uﬁre 0.85, 0,93 and 0,98
when prediction wae based on actuanl recording for 2=, 4-
and 7=month perioda roppoeotively, They almo found that
both methods overestimated produstion. Tae longer the part
rocords udfe. the lower was the overestimation. Correlation
factors introdused to remove tals blas were effective with
the faotor analysis method, but not completely cffeotive
with the linecar regressjon method. They further suggested
that to get unblased prediotions, extension factors ghould
be recaloulated in respect of cach data aset,

Shah and Singh (1983) stated that prediction of
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lactation yield from G0 doy yield wes most reliable 4in

1st and 2pnd leotatioms, Milk yield wos highest in the
aooond momh of lactation and then deoreased. Forsistency
index vas 92.3-93.9 por cont and rate of yield decline wns
Te¢3=8+5 1/month.

Runpol et ale (1983) reported that root mean square
error and bies In predicting 305 day milk yiecld of HF cows
by an incomplete gamma function were 0,710 » 0.274 kg and
=0.68 kg roepectively, Errors in estimating 305 day .ﬂeld
from actuel 240 dny yielde in two samples aembracing 60
lactations were 40,01 and 36.00 kg or leas than 0.8 por
oan{s of totel ylelid,

Goodall and Sprevak (1984) from a otudy of the
behaviour of the 1ime sories of tho difference betweon
the obsorved values of milk yield and the £fitted lactation
cuxrve derived a stochastic model to lmprove the £1t of the
laotation ocurve, to forecant milk yiold and to generato
pinuleted values of milk yield,
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MATERIALS AND MEIEQODS

Tae doty pertaining to the prodwstion and reproduction
pexrformanse of 148 oroosbred cowa maintained at the Univer-
oity Idvestook Zarm, Mannuthy during the period 1978-1983
vore utiliped in this study. OSince the animale balonged
to only one farm they were under identiosl conditions of
managoment and feeding regime. Moot of the animals were
born and brought up in this farm but some were purchaped from
the field and othor farms.

The cown, under sbudy, bolonged to two genotic groups
vim,, Jersey orossbreds (93) and Brown Swiss orossbreds (55).
Hgoordo upto 4th lactation wore included in the atudy.

Those after 4th laotation were very few in number and henoe
wore excluded. There werc a total of 264 laotatimzrecords
which inoclude 174 laotation records of Jersey crosabreds and
90 laotation records of Brown Swisa orcgelweds. Abnoraal
reocords such as thoss affected by abortion, premmture birih,
mastitis and death during lactation were ignored. Oimilarly,
incomplete lectation records dus to sals, culling, death

and other pathologlcal condition were also not included.
Abnormal lactations of lean than 150 days duration were
excluded from the atudy.
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3.1. Ioily end total milk yield

Average daily milk yield (oaloulated fram 10 days yield)‘
upte 310th day of laotation was the main item of observation.
In the present study, the term'total yield' refoxs to the
yield in 310 days. In tho cane of cows woioh dried before
310th day, the yleld upto the date of drying vas considered
ag total yleld, '

3s2. Jectation ocurye models

Six mathematical models viz,, the exponentiel, the
'pargl?olio exponentisl, the quadvatic, the quadratic-oum=log, .
the gemne and the inverse polynomial functioro were examined
to f£ind out the bhemt f£it for & representative curve in Jersey

and Brown Swiss orossbred oows,

3.2.%. Iaponentinl funotio

Brody et al. (1923) uscd this funotion and reprcoented
1t nathematioally as Y, a Ae™XC unere ¥, 1o the yield in
time 't' and A and K are constants to be estimated, In its
logarithm form, this redunes to log.Yt - IaogaA-kt.

5e2.2. JParabolic exponential funotion

Sikka (1950) proposed this funotion and represcnted it

2 .
nathematically as Yt w Aebtwt « Jdaking logaritam oa dboth

oides vo get logeY.b = 1og A+ bl wcte,
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3.0 2.0 D Quadratiec funotion

This model oan bs represented mathematliocally as
!% = Aebi +at2 vhore A, by 0 ave constants to be estimatoed.

5e2:4¢ Qumdratio-oum=log curye

Malhotxa ot al. (1980) represcented this function mathe=
matically ao ¥, = A + bt ¢ ote
are constato to bs estimated.

+ d 1dget whore Ay by capd 4

Je2¢5s Lamma funotion

Hood (1967) suggested the followlng expression for the
laotation curve. ¥, = A P "% uhere A, b and o are
constants to be egtimated, In ite logarithm form thie oan
be written aa_logeYt = logeA + b logat o 0t

Fe246¢ JInverse polymomigl funotion

Helder (1966) described this funotion algebrically as
Yt = % (QD + b1t + bata)'1 vhore bo. b1 and bb ars constants
to bo estimated., Tnio can he written as 1/!£ a A+ b/t ¢ ot
where A © b1,-b - ﬁ; end ¢ = ba.

dhe firot constant log A of the exponentinl, parabolio
exponentinl and gamua funotione and 'A' of the quadratic,
quadraticecun=log and inverse polynomial funstions have bsen
shown 268 'a' conatant, waile kland b of tho above 6 equations
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have hoen shown ae 'b' constant in Tablem 6, 7, 8, 9, 10
‘and 11, The third constant 'c® of the last f£ive equations
hae been shown a8 ‘o' constant end the constant *d’ of the
quadratio-oun~log ourve has been ohown as 'd’ oonstant in
Tables,

3.2, FEitting laotation curves _

The oix funotions mentioned above were fitted to the
averago dally milk yield (kg) seperately for each of the
four lactations and also to the pcoled data (Fooled over all
the laotations) for cach breed under study with the help of
multiple linear regreasion analysis. Since the ourves vere
fitted to the average daily milk yield (up to 310th day)
caloulated from 10 days yield, time (t) ranges fxom 1 to 31
in all the ourvee used in the present study. Aleo, Y, refers
to the averago daily yleld in time ‘t’. |

J¢2.1. Eptimation of perametors

{he parameters of the ourves wore estimated as follows
(Kﬁndﬂll E_t_ &o. 1983)'

Goneral linear model 1o 1:::1 = &m B&I‘l + ',%x1

vhere B 1o a (kX1) veotor of regression ooeffioients, X
is an (nXx) nmatrix of known coeffiocients and U an (nx9) veotor
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of "error" random variables with means ond dispersion

matpdx B () =0, V(U) = 0-2;,, The vector of LS estimatera

of B 4a glven by B = (;;’;)'1 X'y and 1ts disperoion matrix
s~ (X X) ’s Unblased estimator of < im

where (k)8 = (L - XB) (L= X B =I'y- 21y,

r
t

33, Comparison of lasotation ourven

In order to compare the relative effloiency of varlous
lactation ourve models end to select the most sultable ourve,
two methodsn were used vis., (1) coefficient of multiple
determination (R°) and (11) Purnival index (I).

3301 Coefficient of multiple detegm_il nation ‘Ea )

To teat K, 1 By = By ® siveconom B = 0 and to computs
B® the following Analynis of variance Tablo was used.

Source IF 83 " M38 ¥

Due, to . e '

regression k=1 BXXB-XJ3¥; M35(Reg) MSS(Hog)
HSS(Res)

Repidual -k YY-B'X'XB uS5(Res)

Total n=1 ¥Y-YJs¥m

R =BXZp-%3I/m

-Y-'E - x'.‘! yn Ralk_-l
112 wag teoted using F(k-1. n-x) °

(1=B2)/pee
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Furnival (1961) conatructed an index of f£it (I) as
Ia (7)™ Y2 s wnera

ey

£(¥)"? 1o tho reciprooal of the derivative cf some
funotion £ (Y) of the dependent variable Y with
reapeot to ¥ :

‘a is the mmber of data points
. B is the root meagn mguare residusl obtained from
the fitted regression.

A large valuz of I indicates a poor f£it and vice-versa,

Influerce of genetic and variocus npon=-genctis faotors
such as laotation sequence and season of oalving on total
lactation yleld was studled by the conventional atatistiocal
methods (Snedecor and Cocharan, 1967).

Jedete Effeot of braeg EEE

In order to etudy the effeot of breed type on total
laotation yileld (310 days yleld), tae oows were olasmsified
into two gemetic groups vis., Jersey orossbreds and Browm

Swias orossbreds.
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Bede2s Effect of order of lsotation

To study the offect of order of lactation on totael
yield {310 days yield), the laotation records were classified
based on the order of laotation into four olapses viB.,
laotations 1y 2, 3 and 4.

3:4.3. Effect of neason of calving

To examine the effeot of scason of .calvinz on totel

yiold, the yenr wad delineated into throe ceasscons as follows:

Soagon ‘ Honthg
1. Dry eeason . Jenuary, February, March and April

2. liainy seagon M¥aye June, July and Avguad
3. Modarate ceason September, Octoter, Kovember and Dsoesmber

Se4e4. Statisticel analysin

Tha effeot of kreed type on totel lactation yield
(310 days ylold) was studied by comparing the average totai
yielda of Jersey and Brown Swise orossbreds using Studont’s
't toat,

In order to atudy the effcots of order of lactationg
season of calving and order of lactation X season of omlving
interaciion, the total yield frcm each of the two breeds
were analyoed seperately by the method of least squares, IThe



40

folloy.tng model vae useds

Yidp

Yidp
,.A
31'
53

(8 4

®1dp

a M L, + S.'] * (I'S)id * ei;p where

48 the total yleld from tho p'® animal of 4¥B
lactation and ;]th geason of calving
45 the overall mean

ic the effeot of the .tth leotation esequence
(i 02 1.30-..01)

1z the effeat of the ;]ﬁh geacon of aalving
(J o 1'20'0000-008)

1o the two factor Anteraction of the
gegquence with the ;]th season of oalving

.1.t'h lactmtion

ims the random orror asscolated with YJ. p which 15
cgoumed to be normally and independently distributed
with mean sero and variance s— 2.

Tho-analysis of varlanoe table was as followss

Souroe Dy SS MSS

Batweenn laotation

BeQuencsn 1=-1 S.! 81/1~1
Botween sgasons J=1 3, 8,/ 5=1

Beason X lactat- :

ion sequance (1=1)(s=1) 85 53/(1"1)(3"1 )
Error a~1s Sy Sﬁ/n-la

Total n=1
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Ye5¢ Prodiction of toial yiold uwsing part yiclde

In order to predict total lactation yleld (310 days
yiold) from part laotation yields, the total milk produded
by a cow during the first 30, 060, 90, 120 and 150 days of
a lactation wore conaidersd as part lactation yields., 8ince

the effeota of order of laotation and season of oalving

vore found to be mon-oignificant in both the genetio groups
no adjuntmont of data was needed. ITue unadjusted rocords

of the two genetio groups wore snalysed seperately to oiatain
the parte-whole correlation coeffioionte of varilous part
lactetion records with 310 doys yield. Pasnotypic correlat-
ions vere computed in the lins of Snedecor end Coehran (1967).
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Je8e1e Mathodg of Erediolgigg

Linear equations for predicting 310 days yicld Zrom
part ylelds were developed by ratlo ard regression methode.

In ratio method, regrosocion coefficients were eotimated
by dividing the 310 dayo yleld by tho ¢umulative yields
at 30, 60, 90, 120 and 150 days of lactation, vherean, in
reogreasion method, ragression ocoeffiolents werec estimated
by the usual mathgd of £itting linear cquationa. In both
tho methods, coefflcient of determimmtion (Ba values) was
chosen as ths criterion for measuring the acouracy of

prediction.



RESULTS



RESULZIS

fhe present study was undertaken to compare tha
rolative effioliency of various laotation curve models and
t0 suggeot the most suitable one in cows maintainoed at
the University Livestock Form, Mannuthy, to compare the
two genotic groups of oows based on order of lactation end
seagon of colving {:md to0 develop equations for pre'ﬂ.toth |
310 days milk yleld from part ylelds of different types.

The rosults obtained are prescnted below.

4.1. Milk produstion performance
4.1.1, milk yvield

The average dnily milk yield (ocsloulated from suocessive
10 day yields) upte 310th day in the fivst four lactaticns of
Jeraey and Brown Swiso corossbrede were prasented in Iadls 1.
It wvao found that, in bqth-'geneuo groups, the average dally
produstion inoreased during the first nonth of lootation,
pasoed through g msxinmun between 30th and 40th dey and then
diminished mors or less regularly upto the drying off stage
(BLge 1)

4+1.2. Ponk yield and deye to attain peak yiold

Poak yield and daya to attaln pemk yield are two major
factors determining the shaps of the laotation curve. Ihs
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valuos of thene parsmetors with their S.B, and coefflclent
of veriation in Jersey asnd Brown Swiss crogsbreds wore
presented in Table 2.

Tue nmean pesk yield (kg) in the firet fowr loctatias
of Jorsey crossbreds were 8,43 £ 0.19 (CV = 19.45 per oont),
B.38 & 0,28 (CV = 23,09 per cent)y, B.81 2 0.42 (CV = 26,12
per oent) and 9.28 2 0,69 (CV = 28,83 per ocont) re:apestively
uwith an overall mean peak yleld of 8,57 & 0.27 (CV = 32,32 per
‘cent)e In Browvn Swiss croasbreds, ths corresponding valuos
in the first four lactations were 9.06 ¢ 0.45 (CV » 27.20 per
Seﬁt). 9.08 ¢ 0.41 (CV o 26,81 per oent), 9.78 2 0.56 (CV =
24.39 per oent) end 9.29 ¢ 1.00 (OV = 28,58 per cent) with an
overall mean peak yicld of 9.23 ¢ 0.42 (CV = 43,17 per cemt).

From Table 2 1t cen be seen that in Jeraey orossbreds,
the number of days to attain peak yield wore 37.70 g2 1.75
(0V = 39,89 per oent) for 1st lactatim 38.58 & 2,13 (CV =
37,88 per cent) for 2nd lactation, 35.85 # 2,09 (CV = 35,95
per oent) for 3rd lactatimand 33.26 s 1.97 (CV = 22.94 per
oent) for 4th laotation. In Brown Sulss orossbreds tho
corresponding valucs wers 43.90 + 2,47 (CV = 30,83 per cent)
for lactationty 40.97 & 2.20 (CV = 31,77 per oent) for laot=
ation 2, 38.68 2 3.31 (CV = 36,27 per oent) for laotatim 3
and 34,75 2 3,66 (CV = 27.87 per cent) for lactation 4,
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The overoll mean number of days to attainhpeak yleld in
Jorasy crossbreds wag 37.15 & 1.15 days (CV = 40.83 per cont)
and that in Brown Swiss crossbréda was 41,00 3 2,63 daya

(CY = 57.73 per cent).

461.3. i_‘o&l__mﬂm@l&
§

When tho four laotatlons werae' pooled, the average
total milk yield (yield upto 310th day) of Jorsey and Rrown
Svies orossbreds were 1652.83 2 .30.56 kg (CV = 24.39 per cent)
and 1897.43 + 45.81 kg (OV » 21.90 per oent) respeotively
(Table 3). These broed means were compared .using ‘%’ Qaluns.
The result chowsd that Brown Suloe cows were produoing
aignificantly (P < 0,01) more milk than Jersey oowa.

4414, Total milk yield in difforent lectatiom and ssagond

The average total milk yield (yleld upto 310th day)
in differont laciations were presented in Tablo 3 and that
in difforent seasons ware shown in Table 4, '

Irom Toble 34 4t could be seen that the average total
yield in tho Zirst four lactations of Jermay crossbreds
wera 1659.46 2 44.87 (OV = 23,26 per cont), 1603.04 s 49.61
(CV o 21.24 per cent), 1699.45 £ 79.42 (CV = 28.81 per cent)
and 1664.,26 & 116.20 (CV = 27.04 per oent) kg respectively.

In Browan Swios Crossbredg the corresponding valuss wsre
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found €0 be 1856,96 » 75.78 (OV » 22,35 per cent), 1870.11
65.64 (CV = 20,76 per ooent), 1963,22 & 118,07 (CV = 25,51 por
oent) and 2038,37 + 128.44 (OV = 16,67 per cont) kg reopeote
ively. |

In Jersoy croosbreds, the average total yicld for
the dry, rainy and moderato seasons wore 1629.35 & 48.49 kg
(CV = 23.24 per cent), 170512 & 57.74 kg (OV & .23.70 per
oent) and 1635.17 2 5335 kg (G&': 26,10 per oond) reapest=
dvely. In Brown Swise orosabreds, the oorzesponding £igures
“were 1850.42 + 112.07 kg (OV = 26,94 por oent), 1872.32 s
73.26 kg (OV = 22,13 per oent) and 1938,06 & 60.62 kg (CV =

21,90 per oent) respectively (ZTable 4).,

4.2, IEffegt of breed type, order of lactation and seasmof
oslying on total yield

It wvan found fxom Table 3 that Brown Swiss crossbraede

wera producing significanily (P<0,01) more milk than Jorsey
orossbreds, It showed that brecd type had significant effect
on total milk yleld,

Analysis of variance of totel nilk yleld in differant
lactations and scasone of oalving are presented geperéte_ly
for Jersey and Drown Swigs oroaabm_;ds; in Table 5, The result
showed tiat in both the gonetle groups, order of laotatim
had no significent effect on totel milk yield. Seasonal
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differences in milk yield were also found mot significant
in both the oropsbreds. No evidenco of interaction between
lactation order and season of oalving was observed in both

the gemetio groups under study.

4,3, Fitt laotetion o

Bix types of curves, vVigZ., the exponentisl, the parabolio
exponential, the quadratio.'the-quadratic—cumrlog,”the gamma,
and the lnverss polynomial functions were fitted to the
averaga daeily milk yield‘(kg) soparately for cach of the four
laotations and also to the pooled 'data (Table 1) for cach
breed under studys Iactation=-wisg and pooled cotimates of the
conotants of these elx functions are detalled, peperately
for Jersey and Brown Swies orossbreds, in Iables & to 11,

The valuea of‘ooefficient of’detazminaﬁiun.(ﬂ?) and Furnival
index (I) are also shown in these tablen.

4.4, Comparison of leciation ourves

Efficiency o2 variouS owrves wers compared using
ooefficlent of determination (B values) and Furnival index
(I valuon). ‘The ourve having higoner value of K and lower

value of I was selegtad as the rost suitable ouive.

4.4, 1; Conmparison of o an Littaed to rira acta en
B? values and Furnivel indices (Tables 6 :to 11’°) showad
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thﬁt the gamma funotion was the best fitted curve in the
18t laotation records of Jersgy and Erown Swiss orosshredse.
Thism funotion had tho higher value of K (0.9854 in Jersey
and 0.,96841 in Eroun Swise and lower veluo of X (0.1994 in
Jersey and 0.213% in DBrown Swiss) Ain both the oroasbreds.
The eguations {in linear form) of this funotion in tho 1st

laotation reooxrds of Jbraey and Biown Swlses cropabreds were

log.Yt 3 1.97579 + 0,16812 log,t = 0.04794 ¢ and

log I, = 2.,096824 « 0,13299 log bt - 0.04149 t renpsotivaly.

In both the orosabrads under stuly, the quadratic-oum-
log ourve gave tho accond best fit. H? valuee of this funotion
in Jersey and Brown Swiee orcsshreds wore 0.9778 and 0.9610
reapeotively with corresponding I valuee 0,2493 and 0.2402,
The ogquation of thie ou;veiin the abow two croasbreds wore
Y, = 7,2868-0.49951 t + 0,00596 t° = 1.60789 log,t am
Y, = 8.09356=0,58401 t + 0.00763 t° + 1,89496 log,t
roopeatively.

'!urihor. it oould be seen that the quadratic ocurve
gave the last £it with B? valuoe 0.9087 (in Jorsey) and

0,9042 (in Brown Swies) and I values 0.4964 (in Jorsey) and
0,529% (Brown Swisa),

Analyals of variance for teating the significance
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of the sum of squares due to regreselon of the bhest Lfitted
function in the first laotation recorde ip ohown asgparately
for cach breed in Table 12, It was found that the cum of
squares dug to regression and H? were highly aignificant
{P2£0,01) in both the breeda,

4.4.2. Comparison of curyos fitted to second Jaotation
records

Ra values of quadratic-oum=log ourve in the 2nd laotation
rccords of Jersey snd Brown Swisa orossbreds wore 0.9678 and
0,9804 respootively with corresponding Furnival lndices
0,2287 and 0,2723. This funotion accounted for higher values
of B and lower valuss of I than the other funotions, The

mathonatical form of thls ourve was

Y= 7.08996=0,50737 t + 0.00454 t° + 1.7531 log,t in Jersoy
orossbreds and
Yt = 7.,81832=0.35602 ¢t ¢ 0,00156 t2 + 1.,26049 103.1'. in Brown

Swisa oropebreds,

The ganma function wap the seoconi bent oholce with
R% values 0,9801 (in Jersey) and 0.9609 (in Brown Swiss) amd
Furnivel indices (I) 0.3064 (in Jersay) and 0.4105 (in Brown

Swigna). Tne equations (in linear form) of this fLunotim were
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108a¥¢ o 1.88624 + 0.35276 14g,% =~ 0.07986 ¢ (in Jersoy) and
log,Y, = 1.99529 + 0.27765 log,t = 0.06197 ¢ {in Erown Swiss).

Tables 6 to 11 also ghowed that the invorse polynomial
funetion gave the least fit in the 2rnd lectation recordo of
both the breeds. The E° valuos of thie funotion in Jerscy
and Brown Swisme oroesbreds were 0.8519 and 0,8382 reapeotively
vith corresponding I valuea ;I.OBOB and 1.0364,

Prom the analyois of varianoe (Table 13) it could be

soen that the s of oquares dus to regression and BE values

of the quadratio-oum~log ourve wers highly significant (P<0,01)
in both tho g’enetﬁ_.’a groups.

Gamra function provided the bost £t in the Jrd iaotation

records of Jarcey orossbreds. The values of I and I for
this ourve in Jorasey crossbredo wers 0.9202 and 0.2051 respeot-
ively (Table 10)s Tne linecar form of the equation repre~
genting the curvs was

logy¥, = 2.01914 ¢ 0.22805 log t = 0.06594 .
Analysie of ‘var.tanoe for teating tﬁe signifiosnce of 32
of this equation ﬂhowed that 1t wae nighly signlificant (P <0,01)
(fable 14). |

But in the >rd laotation records of Prown Swies oroscpreds,
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the qQuadratic=oun~-log curve was found to be better than
the other ;urvca. Tﬁe form of this ﬁurve was
Y, © 8.76377-0.33885 t + 0,004 t° + 0.92737 loggt. Tals
equation hap an H? value of 0,9842 and an I value of 0,2620.
This R° was found to be highly significant (P £ 0.09)
(Table 14).

" Quadretic-oum~log ocurve (Y£ ; 7.79828 -‘0.546f6 t -
000623 12 + 1.55541 log,t) gavo the 2nd best fit in the
3rd laotation reocords of Jerasy oroasbreds (H?- 0.,9846,

I = 0.,2586) snd the gamns funotion (log‘!t = 2,11639 «
0.22585 logyt - 0,05797 t) with B = 0,9695 and I = 0,3812
gave the 2nd best fit in the 3rd laotatimreoords of Erown

Sylpu'oroasbredl.

It could be secen from fables 6 to 11 that the least
fitted ourve to the 3rd laotation reocords of Jersey and
Erowvn Swise orossbreds wae the inverse polynomial funotion
with lover values of 2® (0.9210 and 0,8644) and ﬂighor
values of I (0.6871 and 0.,9722),

4.4.4, Comparison of ourves fitted to fourth laotstion

egox

The quadratio-oum=log ourve accounted for 99.14 per cent
of the total variability in thae 4th lzotation records of
Jersey orossbrads while it explained only 96.90 per oent
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of tho total variability in Brown Swims oroscbreds (Table 9).
I values of this funotion in the 4th lectation records of
tho above two orossbreds were found to be 0.2440 end 0.3755
"yespectively. Sinoe the R° values of the other funotiona
wvere lower than that of this funotion in both the .gcnetio
groups, the quadratic-oum=log ourve waw considersd ae the
beet‘ﬁtted ourve. Comparison of ourves based on I values
alao gave tho same result. The oquations of this curve in
the two broeds were
Y, = 8,08035-0,73567 ¢ + 0.00891 t° + 2.0834 log,t (in Jersey)
and Y,=8,31712+0, 13937 t - 0.00375 1° +-0.53511 log,t (in
Brown Swiu).l

Analysis of variance (Table 15) for testing the goodnecss
offit of these two equations showed very high significance (P<o-o)

of the sum of squarocs dque to regreesimof these £itted curves,

Henoe they provided good f£it.

The gomma funotion with Be = 0,9859 and I = 0,3157 gavl'o
the next best f£it in Jersey orosabreds, but in Brown Swiss
orossbreds the quadratio ourve (Re = 0,5246 and I = 0,5749)
was the second best fitted curve, Ihe linear form of the
equations of theas two ourves wore
log,Y,= 1,98701 ¢ 0.44159 log,t =0.,11102 ¢ (in Jeroey) and
Y, = B8.45479~0,02521 t = 0,00559 t° (in Brown Sviss)
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In both Jersey and Brown Swise orosabreds, the inveree
polynomial function gave the leaot fit (B? = 0,8168 and
0.69&, I= 1-6862 Bnd 1.9362).

4.4.5., Comparison of curves fitted t ad data

In order to suzgest a single ourve for cach hreed under
study, the aix types of curves were fitted to the ‘pocled
data {(pooled over laotationa), seperately for Jercey and
Brown Swiss croasbreds., The estimates of the gonstants
together with Rz and I valuss are preaented in Tablea &6 to 11,

It vas found that nll the aix fumtlona explained more
then 90 per cent of the total variabiliity in tho average
daily yield except ths invorse polynomial funotion in the
oase of Erown Swiss crosabreds vhich accounted for only 86 per
oent of the total variability in tue average dally yield.

From Tables 9 and 10, it could be observed that the B
values of gamma funotion and quadratic-oum=log curve were
much highor than those of other funstions in both Jersey and
Brown Swies orossbreds, Hor;over. the Iwrnivel indices of
these two funotions were ooqaiderrahly lower than those of
other funotions in both the breeds under study.

In order to suggeat tha most sultable form of lemotation
ouwrve in Jersey and Brown Swies orossbreds a oritioal
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oouparison between the H? valuss and Furnival indioces of

gamna tunotion and quadratio-oumrlog ourve was nade. Since

the B? valuos of these two funotioms in Jersey oroscbreds

vere nearly equal (0.9307 and 0.9874) the I values of

these two funotioms (0.2042 and 0,2369) were also compared

and the ourve having least value of I wam aolauth. Thums,

tho gamma funotion ~log,¥, = 1.97940 + 0,27094 log,t - 0.07182¢~
was suggosted &0 the most gullable farm of lactatim curve

in Jersey orossbredm.

In Broun Swiss orossbredn, the B? valuos of ganms
furction ond guadratic-cun=log ourve were 0.,9663 and 0,96504
respeotively and tha values of Furnival index wore 00,3799
and 0,2752 reaspeotively. Since the quadratic-cum-log ourve
had higher B> (0.9604) and also lowsr valus of I (0.2752),
in the oase of Brown Swiss orossbreda, the quadratio=oum=log
curve followed by gemma function gave bettexr f£it thon the
" other funotions. The mathematioal form of the best fitted
curve in Brown Swiss oroesbreds waes Y, = 8,24678-0,35623 ¢ «
0.00174 t2 + 1.16191 log,t.

The equations (in linear form) of the 2nd best fitted
cwrves in Jersey and Brown Swioa crosstreds vere
Y, = 7.56149-0.57243 t + 0.00641 tZ « 1,75166 log,t end
log.Yt = 2,05711 + 0,24206 1ogit = 0.,05743 t respectively
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It was aloo observed that the inverse polynomial
funotion gave the least fit in both the orossbred groups
(R%=0.9070 and 0,85865 and I = 0,7836 and 0.9407).

Anmlyols of vwarionce (Table 16) showed that ia valuss
of the beat L£itted functions were highly esignificant
(P < 0,01).

4,5, Graphjcsl representatjon of jactetio

Using the equations fitted to the pooled data, the
averago daily ylelds upto 310 days werc estinated for Jersey
and Brown Swies orogsbreds (Ehﬁle 17),

4.5¢%. Curvesn fitted to pooled da

The ostinated ylelds (Table 17) from the aix functions
vere plotted seperately for each breed and wore oompared -
with the observed yielde (Fig. 2 and 3). From Pig. 2(a),
2(b), 2(05; 3(a), 3(b) and 3 (0) it could be easily conocluded
that, irrempeotive of the position of peak yleld, the
exponnential, parabolio exponential and the quadratic models
failed to represent the amconding phase of the laotation
curve eventhough thelr 52 valusp ware uighly olgnifieant.
The same result hold good for both Jersey and Brown Bwiss
crossbreds. Hence the above three ourves wore excluded

from further comparison stuiles.
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It 1o ovident from Fig. 2 (£) end 3 (£) that in both
the genetlo érougs, the inverse polyncmial funotion ove—
estimated the produotion during the early otage (upto i10 daya)
of laotation and underestimated the initial prodwtion and
the produntion after 110 days of lactation, The »ate of
overastimation was very high at the position of the pezk
yleld. |

From Fig. 2 (d), 2 (e)y 3 (4d) and 3 (e) it 15 clear
that the quadratio-cum=log owxrve and the gamma funoction were
piniler in shape except that the former slightly overestimated
the initial production whereas the lator estimated the
initial produstion almost acourately. Eoth these curves
olightly undorestimated the peak yield and the yileld during
the later stagea (after 170 days) of laotation and overesti~
nated the production during the early stages (betwesen 60 and
150 daya) of lmotation.

4.5.2. Boat fitted curves for pooled data

The laotation curves of the best fitted functiona for
the two breeds viz.,, the gamma funotion for Jersey and the
quadratic-cun~log ocurve for Brown Swins orossbreds were

drawn abparately for eaoh breed in Fig, 4.
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4.5.3, Curyes fitted to different laotetions

Comparison of various ourves fitted seperately for
different laotations suowcd that elther the gamma funotion
or the gquadratio-oum-log curve provided betier fit then the
other ourves in all the olgat laotiations under study. The
averege doily milk yield estimated by these two functicne
vore presonted in Tables 18 and 19 recpeotively.

4,5.4 Bost fitted ourvsa fo ferent lactation

The best fitted ourves for different laotations vize, |
the gamms funotibn for thas 1at lactations of Jeraey and
Brown Sviss crosabreds and 3rd.laotaiion of Jersey orossbred
and the quadratic-cum=log ourve for all the other lactationa
undor study, were drawn gepsrately for each breed in Flg, 5
and Fig.6.

4.6,

To prediot 310 days laotation ylecld from different
part lactation yields, the total milk produced dy a oow
during the first 36. 60, 90, 120 and 150 days of a lmotatior
vere considered as part ylelds. Inotation=wleo means {kg)
of part laotation milk yields in Jaréeﬁ and Brown Suiss
crossbreds were presented in Inble 20.
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4.,6.1, Correlation bstween full end part leotation yjelds

The coefficients of phenotyplo ocorrelation bhetween
different part laotation yields and the 310 days yleld in
the first four lasotations, seperately for each of the two
genatio groups,were presented in Table 21,

The average correlation coofficient of 310 days yleld
vith the ocunulative yi;ldﬂ at tﬁé 30, 60, 90, 120 and 150
daye of laotation in Jersey orossbreds were 0,6963, 0.8018,
0.6514, 0.8843 and 0,9130 respectively. The correspondiing
volues in Brown Swiss orossbreds were 0,7843, 0,8329, 0.8706,
‘ 0.8004 and 0,9264 respeotively. All the coryelations were
highly significant (P £ 0.01). It io evident from.Tnhl§ 21
thet the values of the coefficlents of correlation increased
wvith eaoh added part yleld, and were more than 0.85 by 1z0th
doy of laotation. The rate of increase in the correlation
ooegflcienta after 120 day yield was low.

4.6.,2, Methode of predioting total vield using part vields

Two methods wera used for predicting 310 days yield
using pert ylelds vig., (1) regression method (2) ratio
maethod,

4.6.2.1. Rogression method
Regreasion equationo to prediot f£ull leotation ylelds
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(510 day ylelds) from the ounulative part ylelds at different
stagaes are shown, aapo'mtely for the two gonetic groupm, in
Table 22. In developing these equations, the observed 310 day
yiolds were considered as regressonds (Y) and the oumulative
yields at 30, 60, S0, 120 and 150 days were oonsidered as
rogrensors (X). Tbe 310 days yleld could be predioted from
eny of their respective part laotation yields by inserting |
the part lactation ylelds in appropriate regression equation.

4.6,2+24 Ratlo method

Iootation-vise and pooled ratio faotors (b) for prediot-
ing 310 dayo milk yield (Y) from the oumulative yields (X)
at different stages of laotation are presented in Table 23,
These faotors were caloulanted as explalned in seotion 3.5.1..
The 310 doys yleld could be predioted from any of thelr
regpeotive part laotation yields by multiplying the pert
lactation yields (X) with thair reapcetive ratio faotors (b).

4.6.2.3, Comporjismon between ratic apd resrossion me
of pregjotioq
Comparing Tables 22 and 23 it oould be seen that in
both the breeds under study, the valueas of 82 by ratio
method were higher than those obiained by regression mothod when
the first 30, 60 and 90 days of laotation were oomidemd‘au
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part lactations. But when the firot 120 and 150 daye of
lactation were considered as part laotatlons, the valuea
of 32 obtained by rogression method were found to be higher
fhan thogse calculated from ratio method.

In order to make the comparison betweon the two methodm
more olear, a random sample of 20 part yiseld reoords were
drawvn from the pooled (pooled over all lectiations) data,
seperately for Jersey and Brown Swiss croesbrode. Sepsrate
randonisation was done for different stages of part lactation.
‘In eaoh case, the 310 days yleld wore estimated by ratio and
regreassion mathods and wore preaente;i. along with the obpeyved
values, in Appendix 1.

4.6.2.4., Prediotion of total yield using pesk vield

wsing retio method, linear oquations wore developed
for predicting total. yleld (Y) from peak yield (X), The
prediction equations for Jersey and Rrown Swiss orosabreds
were Y = 192,86 X and Y = 205,57 X respectively.
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Taotation~wise and pooled average daily milk yield
(oaloulatod from susoessive 10 day ylelds) in orossbred
cown ,

Table 1.

Average daily miik.yield (Y:') in kg

Jersey orossbredo

-

Brown Swiss orossbreds

. Pool- Pool=

Iﬂﬂﬁ.mﬂ. 1 2 3 4 ad 1 2 . 3 4 cd
Time{t )
in doys .
1 ‘:5.27 6415 6.71 6.88 6.50 7.08 6,97 7.92 740 T34
2 7.84 7.70 8+32 8,63 8.12 8.63 8.34 9.19 9.27 8.86
5 8,10 7.0 8,30 8,72 Bs26 8,75 8.60 9.20 B8.EH 8,86
4 7.88 7.80 8,18 8,22 8.02 8,78 8.46 8,94 8,62 8,70
5 (68 T.65 T481 7.88 7.76 8,58 8,27 8,64 8.49 8.50
6 7034 Te41 7446 7.68 7,47 8,38 8,06 8,51 8443 8435
7 2.13 6,99 7.21 Z.B4 17 8.15 7.76 8.19 8,26 8,09
8 ¢93 6,80 0,91 6499 6,93 7.70 7450 8.02 7485 7«77
9 0463 6,61 6,063 6,61 6,62 To46 T¢32 7.68 7.68 7.54
10 6.36 6.30 602‘ 6. 18 6.27 Eo 17 .16 7.49 7.76 7.40
1 6+12 5.99 6,04 5,90 6,01 «85 0,98 g.24 736 T.11
12 5091 5.% 5.85 5.52 5.77 6.57 6071 097 7015 6085
13 5409 5.62 5.52 530 5653 6441 6456 6.75 Z-OO 6,68
14 5¢57 G641 5030 5013 5.35 6423 032 6452 6471 6445
15 5037 510 5.14 4.73 5.11. 6.18 6,03 6.44 6,56 6.30
16 5624 4.91 4,97 4.45 4,89 6,02 5.76 6.32 6,27 6.09
17 5613 475 4.80 4.4 4.71 5,77 5.03 6,07 6,20 5.92
18 5e01 4,68 4,67 3.78 4,54 5.61 5,62 5,68 6418 5.27
19 4,81 4,39 4,40 3.54 4.2 5.31 5.49 5,56 6,05 5,60
20 408 4,17 4.18 330 4,10 5,23 5,25 5.53 5,89 5.48
21 4.50 4,01 3,84 2,93 3.82 5,06 5,07 5.42 5.69 5,31
22 4.30 3.72 3.T4 2469 3,63 4,95 4.84 4.94 5.49 5.06
23 4418 3,40 3.61 2451 3.43 4.82 4.68 4,71 5.20 4.85
24 3:97 3.15 3,43 2,33 3,22 4,69 4.40 4,66 4.90 4,66
25 379 2693 3.07 187 2492 4,65 4.21 4.38 4.52 4.44 -
26 3¢50 2426 2,94 1.70 2,78 4.38 3.89 4,14 3,99 4.10
27 3458 2452 2468 1458 2.59 4423 3.69 3.70 3.67 3.82
28 3033 2423 248 1,41 2,306  4.11 3.24 3.44 3,13 3.48
29 Fe 11 197 225 1.18 2,13 3,87 2.78 3,10 2.84 3,15
30 2.91 1,72 2415 0492 1.93 3.64 2.47 2.71 2.12 2.72
31 2,79 1.61 2,01 0.98 1,85 3.45 2.37 2,55 1.86 2.5
® ¢ = 1 refero to 1.to 10 days

1 o 2 rafers to 10 to 20 days and =0 on
'*!i is the average daily yield in timo ¢t (t ® 1,2500000431)0



fable 2, reak yield and days to attain peak yield in different genetic groups of cattle

Genotic Ioot. Ho. Of . - Pepk yield (kg) - Daya to attein peak yiold
group J (¢ 29 obgeay-

vationn Average SeEBe G.?.( %) &Verﬂg? S.E. _ C_.V. (s)

1 74 8.43 0,19 1945 3.0 175 39.89

Jeraey 2 47 B.38 0.28  23.09 38.58 2.13 37.88
oross= e ame _ -

oross- 5 36 8.61 0,42 29212 35,05 2.09 ' 35.95

4 15 9.28 0.69 28,88  33.26 197  22.94

Pooled 174 B.57 0.21 324352 3715 1.15 40,83

1 30 9.06 D45 © ' 27.20 T 43,90 T T 2,47 ' 30.83

Browa 2 35 9.08 Dol 2681 40.97 . 220 3%

Sules 3 18 9.78 0.56 2439 38,68 331 36.27

brods 4 7 9.29 © ° 1500~ 28.58°  BT5  3.66 ~  27.87

Fooled 30 9,23  0.42 43,47 . 4100 2,63  51.73

29
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Table 3, Iaotation~wice and pooled average total milk yield
: in different geneotic groupa of cattle

Genotic Iaot., No. of Average total yield (kg)

group Ko, obser~ -
P vations Average S.E. CoVe (%)
1 74 1659.46 44.87 23,26
2 47 1601.04 49,61 21.24
Jeresey ‘
oross- 3 38 1699,.45 79.42 28,81
breds
1 30 1656.96 75.78 2235
‘"2 '35 1870.11 6564 20.76
Broun ' '
Swies 3 18 © 1963,.22 118.C7 25.51
oross= : :
Pooled 90 - ) 1897043 - 43081 21090

't value for comparing pooled averagen 18 4.62 (P £ 0.01)



Table 4.
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Season-wlioe and pooled average total milk yleld
in different gonetio groupes of oattle

Gonetio Season Ko, of Average total yield (kg).
group obger- -
vationo Average Se B G.Vs (’)
Pry 61 1629,35 45.49 23,24
Jersay mw 49 ' 1705, 12 5774 2%, 70
 Prods loderate 64 1635, 17 52035 26,10
Pooled 174 1652.83 30.56 24.39
Dry 20 1860.42 112,07 26,94
?'w:m Bainy 32 1872,32 73.26 22.13
s .
oroas~ Moderate 38 1938,06 60,62 19,28
breds .
Pooled a0 1897 .43 43,81 21,90
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Table 5. Analyses of variance table showing the effects
of non-genetio faotors on total milk yleld of
orooabrod oows

1) Jersey crosabrads

Souros at wws E
Iaotation sequence 3 71285,20 0.44 (WS)
Season 2 03804,52 0.56 (¥S)
Leoctation sequence X
season 6 233433.18 1.44 (13)
Eryor 162 162467.35
11) Drown Syiss oromabrody

Sourge ar M38 ) &
ILactation @equence 3  97406.52 0,53 (¥3)
Season 2 55150,04 0.30 (KS)
Iaotation segqucncoe X
season 6 102107.07 0.55 (X8)

NS 3 Xot significant
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Table 6, Jactation-wise and pooled eat es of the constants,
- ooefficlente of determination (B®) end Purnival
indices (I) of tho exponentisl function in orossbred:

oows
Eatinates
feogton - £
Jersey orossbreds i
1 2.16714 0.03343 0.9528 0. 3522
2 2,28768 0.04941 049167 0.6160
3 2,27866 0.04626 0.9586 0.4 140
4 2,48945 0.07290 09391 0.6450
Pooled 2.26775 0,04843 0.9504 0.4652
0 Svisa oro
1 2424956 003001 0.9581  0,3569
2 2.31119 0403800 0.8959 06567
3 2,37340 0.03847 . 009271 0.5788
4 2.40717 0.04103 0.8154 1.0398

Pooled 2,33248 0.03653 0.9118 0.6023
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Table 7;_ Iaotation-wlse and poolod eotinates of the conatants,

coefficl ents of deotermimatdnr (E°) and Furnival
indices (I) of the parabolic exponential funotion
in croasbrod cown

iaot- Egtimatesn
ation -~ 82 I
nunber a b ]
Jersey orogsbreds ,
1 2,04030  -0.01326 =0,00058  0.9297 0.4371
2 1.96004 0.00570 ~-0.,00165 0,9417 0.5240
3 2,07716  =0.01369 =0,00095  0,9423 0,4976

4 2.06770  =0.00274 =0.00209  0.9469 0.6127
Pooled  2.04890  =0.00930 «0.00115  0.9430 0.5069

Browvn Swiss orpoubreds |

2416460 ~«0.01715 =0,00036 0.9250 0.4634
2.,04240 0.00743 =0.00136 0,903 0.5478
24 14451 =0.,00029 =-0.,00114 0.9371  0.5473

4 2,01706 0.02608 =0,00204 0.,9079 0.7471
Pooled 2,09732 0,00294 =0.00118 0.9324 - 0.5375

WD -
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Iactation-uise and pooled estimign of the constants,

coofficients of determination (I°) end Furnival
indleea (I) of tho guadratic funotion in crossbred

TBblB 8,

aous

Ingt~ Estinatos
ation -~ H? I
nuzher a b o
Jersey crossbreds
1 7919325 =0.15624 ~0,00020 0,9087 .0.4964
2 7.766?5 ' =0.13333 =0.,00215 0.9235 0,5621
3 B8.38942 =0.21490 0.,00033 0.,9269 .0,5527
4 887907 =0,29116 0.00098 09318 0.,6764
Pooled B.23729 -0,19869 =0.00026 0,9252 00,5607
Exowy Suies orosabreds
1 8.84983  =0,17969 0.00034 0,9042 .0,5293
a B8.28376 -0:08708 ~0,00319 -0.9252 .0,5228
3 9,.07655 «0,14099 «0,00200 .0.,9361 .0.5175
4 B.4%479  =0,02521 =0,00559 .0.0246 .0.5749
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Table 9. Iactation-vice and pooled estimates €f the oonstants,
coafficients of deternination (B?) and Faxnival
ég&toea (1) of the quadratio-cum~log ourve in croasbred
Laot= Estimates
ation - : i I
nuwsber a b o d
dorsey orosshreds
1 728680 -0.49931 0.,00596 1.6078% 0.9778 02493
2 7.08996  =0,50737 0,00454  1.75310 0.,9878 0.2287
3 T.79628  =0.54676 0,00623  1.55541 0.9846 0.2586
4 8.08035 =0, 73567 0,00891 2.08342 0.9914 0.2440
Pooled  7.56149 «0,57243 0.,00641 1.75166 0.,9874 0.,2369
Eroym Swisa croashreds
1 8.00356  ~0,58401 0.00763  1.83496 0.9310 0.2402
2 7.81832 «0,35602 0.00156 1.26049 0.9804 0.2723
3 8.76377  ~0.33865 0.00%40  0.92737 0.9842 0.2620
4 8,31712  =0.13937 =0,00375  0.53511 0.9690 0.3755
Fooled B.24678 =0,35023 0,00174 1.16191 00,9804 0.2752

o




Table 10.

: 70
Taotation-wiss and pooled estimatea of the constants,

coefficl ents of dotermimaticon (B*) and PFurnival
indices (I) of the gamma Lfunotion in crosebred cows

Inot~ BEntimates
gtion - Ba &
nunbex a b e
Jersey oroncbreds
1 1.97579 0.16812  0,04794 0.9854 - 0.1994
2 1.88624  0.35276  0,07986 0,9801  0.3064
3 2.01914  0,22805  0,06594 0.9902 0,2051
4 1.98701  0.44159  0,11102 0.9859 0.3157
Pooled  1.97940  0.27094  0,07182 0.9907 0.2042
Brorm Swiss orocshredno
1 2.,09824 0.13299  0.04149 0.9841 0.2133
2 1,99529  0,27765  0.06197 0,9609 0.,4105
3 . 2,11639  0.22585  0.05797  0.9695  0,3812
4 2,00256  0,35556  0.07172 0.5987 0,76839
Pooled  2.05711  0.24206  0,05743 0.9663 0.3799
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Table 1. Icotation-wice and pooled estimates of the constants,

coefficients of determination (R?) and Furnlval
indices (1) of ths inverse polynomial fumction in
orosabred cowvd

!

Laotat- Estimnates
ion —— —— e E? I
nunber a b ¢

Jergey orospbredn ;
0.05834  0.10054  0,00833 0,9592  0.3635

1
2 ~0.04169  0.23320 0,01642 0.8519  1.0808
3 0.00046° 0.16220 0,01338  0.9210  0.6871
4 «0,22746  0.44767  0.03189 0.8168  1.6862
Fooled -0,01694  0,18928  0.01480 0.,9070  0.7836

Brovn Swiss orosabreds . ‘
0.06646  0.07218  0,00632 0.,9796 02553

0,01927  0.13896  0.,00988 0.8382  1,0364
0402480  C.11371  0.00907 0.8644  0.9722

4 ~0.01308 0417343  0.01937 0,6989  1.9362
Pooled  0.02911  0.,11804  0,00832 0.8586  0.9407

WO

L —
-



Table 12.
testing R

T2

Anslyces of variance table for computing and
of the best fitied funatione to the

first laotation records of crossbred cova

- -

1) Jepsoy oroasbreda (gamma funotion)

Souroe  4f 88
ceton. "= 22,8666
Error | 28  0.0426
Total " 30 2.,9092

wsg

1.4333 0.9854
0.00152

i41) Brown Swine cronlb;adg {gama funoction)

Sourge ag : 88
Due to regre~
saion. .2 2.2930
3rvor: - 28 0.03%70
Total - ~ 30 2,330

w8, K

1.1455 0.9841 B867.87

+0,00132

E

943,57

Z

i

#% P £ 0,01
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Table 13, Analyses of variance table for computing and

tenting of the best fitted funotiona to the
second lsotation records of crosabred oouws

1) Jorsey oresgbreds (quadratic~cum=log ourve)

Souroe @z 88 s K )
anton o 3 114.2283 38,0761 0.9878 727.75
Error 27 1.4121  0.0523
Total 30  115,6404

11) Brown Swins orossbreds (quadratic-cum=log curve)

Souroe a¢ 88 s K z
Dus to regre~ i -
ssion 3  100,2300 3%.4100 0,9804 -450.76
Erxror 27 2 00007 0 0074 1
Total %0 10202307

#% P £ 0,01



Jable 14. Analyses

T4

f variance table for computing and

testing of the best f£itted funotiona to the
third laotation records of orossbred covs

i) Jersey orxoasbreds (gemma funotion)

Sowrca ' 4f 88
omion. T o 5.{810
Brror 28  0.0543
Total 30  5.5353

B

MES

2.7405 0.9802  1415,33

0.00194

X

14) Brown Swiss croasbreds (quadratic-ocuz~log curve)

Spurce ag 88
Due to regre-~ .
asion 3 115,5096
Error 27 1;8522
Total 30 117.3618

ws K

38,5032 0.9642
0.0666

)«

5612 11"

*

** P £0,01
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Table 15, Anslyses of variance table for computing and
toating B of the beset fitted functions to the
fourth lactation recorda of crosabred cows

1) Jorsey orossbreds { quadratic-oum=log ourve)

Souzge arz g8 ¥ss B z
Due to regre- "
asion 3 18641902 62,0634 0.9914  1042.56
Error 27 1.6065  0,0595 '

Total 30 187.7967

41) Brown Swiss orossbreda (quadratic oum-log ourve)

Source ag B s E 02
Due to regro- : . aw
scion S5 118, 9356 39.6452 O. 969-0 281.17
Error 27 308070 0.1410
Total 30 122.7426

#* B £ 0,01
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Table 16, Analyses @f varienoce table for computing and
tosting of tha bect £fitted functions to the
pooled (pooled over laotationa) data of oroasbred
cowe

i) Jersey orossbreds ( gamms funotion)

Source ag s Mss g F
Dues to rogre- *#
ssion .2 6.0644 3.0523 009907 1498. 11
Exvor 25  0.,0566 0.00202
Total 30  6.1210

ii) Brown Swiss ecroosbrede (quadratic cum~log curve)

Sourcs ag 88 s S
Due to regro=- _ "
seion 3 102.2559 : 3400853 0.9&4 449 097
Error 27 2.0466 0,0758
Total 30 . 104,3025.

#® . P < 0,01



Tablo 17«

]

Aversge daily milk ylelds estimated by the

" vardous funotions fitted to the pooled data
(pooled over lactaticns) in Jersey and Brown
Swiss orossbrads

1) Jersey oroschreds

Averange daily milk yiaeld (!ﬁ ) in kg

g%?;n.ﬁxpo p.exp. Quadr. QeCels gommm 1nv.poly.

T%ge

ay :

1 9,33 7.68 8,04 7.00 6,74 5.4
2 894 7,58 Te84 T.66  T457 9.32
B 8.52 7:47 7.64 T.83 7.86 11.0%
3 By12  Te34 744 T80 7091 1141
S 773 720 T.24 7.68 7.82 10.54
6 Te37 7.04 704 7«50 + 7.04 9.67
7 7.02 0.07 0.83 Te28 Tek2 8.80
8 6.69 6469 6,63 7.04 2-15 71499
9 6437 6450 6.43 . 6,78 «88 7.28
10 6407 6.30 6.22 6.51 6.5% 667
11 9478 6.09 6,02 6.24 6.29 6.13
12 551 5.88 5.82 5.97 5.99 5467
13 525 5.66 5401 970 570 5.26
14 500 5e43 5.40 943 541" 4.91
15 4.77 5,21 5.20° 5,10 513 4.59
16 4.54 ¢b98 4-99 4.90 4086 4.32
17 4.33 4.75 4.78 4.65' 4.60 4,07
18 4.12 4.52 4.58 4.40 4¢35 385
19 393 4.22. 4. 416 4.11 3465
20 20T 4,06 4.1 3493 288 247
21 345 284 95 270 3465 230
a2 339 3462 374 J+49 Jed4 015
23 323 J¢40 353 228 362 3.02
24 3.08 3.20 .32 3.08 3.0 3489
2 2.94 2,99 e 14 2.90 2487 2.77
2 2.80 «80 2.89 2.72 2.70 2,67
27 2,60 2,61 2,68 2.55 2.54 2457
28 2:54 2.42 2e4 2.40 2439 2447
29 2.42 229 242 225 225 2439
30 2¢30 2.08 2,04 2.12 2,114 231
31 2420 1.92 1.83 2,00 1.98 2.23

conlltGeves



Table 17. eontd.:

2) Browan Swiocs orosshreds

Averago daily nilk yield (!f ) in kg

PO oxn. peoxp. Quadr. Q.0.li gemma  Anv.polye

otion
(]

o]

1 9.93 8,16 856 789 7.39  6.41
2 3,58 8415 8,44 68,35 8425  9.46

3 g.23 B8e¢13 8+32 844 Bs59 10,54
4 8490 8409 8;32 B4 8.70 10,65
5 8,58 8.02 Be 8+38 8.07 1033
6 B+28 7.94 092 8025 8.55 9;84

? 7.98 . 7.‘35 7.78 3.10 8038 9.29
B 709 773 7463 7+92 8.17 B.74
9 742 T 7+48 TeT3 7.94 Be23
10 715 7445 Te32 T¢53 709 TeT5
1 .89 T.29 7416 733 T.43 T+ 31
12 6.65 Z 12 6.99 7;11 T $2 6491
14 6.‘18 073 6.64 067 6.63 6.21
15 5.96 6,53 6.46 6444 6437 5.91
16 SeT4 31 27 be21 6011 563
17 De 6.09 6407 5-99 5.85 5.38
18 S5e54 Se 587 (T 5.60 5.15
19 5.19 5.62 5,67 . 5.53 9. 4,93
20 4,9 539 5.’46 530 5.12 4.73
21 4,78 515 5e24 5.07 4,89 4.95
22 4,61 4.91 5.82 4.64 4.67 4.38
23 4.45 4.67 4.80 4062 4.46 4,22
24 4.29 4.43 4,57 4.39 4.25 4.07
25 4,13 4.19 4¢33 4,17 4.06 393
26 099 3496 4 .09 3495 5+ 87 3.80
27 284 373 JeS4 373 3469 3.68
28 3.70 Fe51 - 3.59 3651 3.51 358
29 357 3.29 3633 3¢29 Je 34 346
30 344 3.08 3.07 3.08 3.18 330
31 3e 32 2.87 2480 287 3.03 Je27
&

t = 1 standa for 1 to 10 dayt
t = 2 stands for 10 to 20 days and =0 on

**Y, is the average daily milk yleld in time t (tw142500031)
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Table 18, Iactation-wise emnd pooled average dally milk ylelds
eotinated by the gampa funotion in orossbred ocows
" Ayerage daily milk yleld (Yiﬁ*D in kg
Jorgey corossbredn Browvn Swise orosobreds
Iact.
No. 1 2 3 4 1 2 3 4
Timo(t$
in days
1 6.87 6,09 7T.05 6,53 7.82 6,91 T.83 6,90
2 Te36  Te18 ToT3 793 8.23 7.68 8.65 8.21
3 751 7465 Te94 *8.29 Be33 8420 8494 - 8.83
4 752 To81 T494 8.03 8,30 8.43 9,00 9.10
5 7043 7.60 7082 ‘8452 8.21 8043 B 94 Q. 17
6 7.31 7.68 7.63 8.27 8007 803" Bl79 9.11
T 715 - 749 T.40 7.92 7,90 B8.18 8,59 8.96
8 0,97 " Te25 Tol4 7452 7.71 T.98 8435 8.74
9 6.78 6.98 6.87 Z-og Te52 TeT5 8,09 B+49
10 6'58 6069 6'59 .64 7.31 7050 7.82 8.20
1 6,37 6438 6,30 6.20 7.10 724 Te54 7490
12 6.16 6.08 6.02 5077 6.90 6097 7.26 7058
12 5605 5.T7T 5¢T4 5435 6,69 6,70 06,97 T.26
14 5.74 5.47 5.46 4'9" 6048 6.43 6.69 6.94’
15 5654 5.17 5420 4.56 5.27 6,16 6,41 6,62
16 5634 4489 4494 4420 6,07 5.89 6.14 : 6,
17 514 4,61 4.69 3,86 587 5.63 5.88 5.99
18 4,95 434 4444 D54 5.67 5438 5.62 5,69
19 4.76 4,09 4.21 3.25 5.48 5413  5.37 5440
20 4,58 384 3499 2.97 5630 4482 5.12 5.12
21. 4440 3.61 3.78 2.72 Se 11 4466 4489 4.85
22 4,22 ' 3.39 357 248 4,94 4,44 4,66 4.59
23 4,00 3,18 3.38 2.27 4.76 4,22 4444 474
24 3,80 2,98 3.19 2,07 4.60 4,02 4.23 417
25 374 2,79 3.02- 1,88 4.45 3,82 4,05 3.87
26 3259 2,61 2,80 1.72 4.28 3,63 3,84 3.66
27 344 2444 2,69 1.56 4e12 3445 3465 3.45
28 3,30 " 2,28 2,54 1.42 3,97 3427 3448 3.25
29 3.16 2613 2040 1.29" 3.83 Be 11 3031 3.06
30 3403 1,99 2.26 1.17 3.60 2,95 3.4 2.89
31 2.91 1.806 2,13 1,06 3¢50 2,79 3,00 2.72

* ¢ = 9 stands for 1 to 10 dayo
t o 2 gtands for 10 to 20 days and ©o on

. %% Y, 1o the average daily milk yield im timo t (t = 1,24es0431)
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Table 19. Iaotation-wiasc and pee!:ed average dsily milk yields .
estimated by the quadratic-cum=log curve in croaabreé

cowd

Average daily milk yield (Y:') in kg

(6} 3] eroogbrs

Brown Swiss crogsbredg

t = 2 atanda for 10 to 20 deys and =20°on
*#Y, 1o the ayerage dally milk yield in time t (t = 192ps0eees3%)

Iagt. 4 2 3 4 1 2 3 4

Tine(t*)
in_ ¢ ———

1 6-79 6459 7426 gg 752 T.46 8,43 8.17

2 7.43 T31 7.81 819 8427 799 Bo73 8439

3 761 T.53 7.92 8,24 B.49 B.15 8,78 B8.45
4 7.61‘ 7.56. 7-87 8017 851 8.7 8022 8144
"5 753, Ted9. TeT72 To98 841 B.11° B8.00 &.34
"0 739 Te35. Te53 772 8,20 8,00 8.44 8631
Y § 720 To17. T30 To42 8,07 7.86° 8,27 .8.20
"8 02 0,97 . 7006 710 785" 7.69 " 8,07 8,07
"9 _ 681, 6.74. .80 6476 762 T451° T8 T494
49 659 6e51. 6.54 6.4 7.38° 7.32° 1.65 .78
11 . 6437 . 6.26 . 6.27 6.06 T.14 2.11 * Ted3  T401
12 _ 615 s 6.01 . 6,00 571 6089 ' oS0 - 20 Te43
13 . %93 | 5.78 . 573 537 6.65 ’ 6.69' 6097 Te24
14 ) BeT1 . 5.50 . 5.47 9.03 6,41 6,47 " 6,74 7.04
15 5449 5,25 5,21 4.69 6.98 6424 ' 6,51 6.83
16 X 5«28 . 4499 . 4,96 4.57 5.96 - 6,02 ° 0,27 6.61
17 D 54,08, 474 . 4,71 4405 5¢74 ' 5479 = 6,04 6.38
8 4.88 | 4.49 447 35,75 5¢53 © 5450 ° 5.80 6,14
19 C 4,69 . 4425 . 4,24 3.45 5¢33 * 5¢33 ' 5¢56 5.89
20 450 | 4,01 . 4,01 .17 5¢14 * 510 * 5433 5.63
21 4433 . 3TT  3.80 2,90 - 4496 © 4487 © 5,09 5.36
22 . 416 . 3454 . 3459 2,65 - 4480 * 4464 ' 4,85 509
23 . 4.00 | 332 . 3,40 2440 - 4464 4441 4,62 4.80
24 03485 3.0 3.21 2,18 - 4450 * 4418 " 4439 451
25 _ 371 2,88 . 3,03 1,96 © 4436 © 3495 ' 4015 4.21
26 3,57 . 2.68 24,86 1.76 424 ' 3672 " 3492 3,90
27  Ded5> . 2.48 . 2070 1.58 .15 " 3450 " 3,69 3,58
28 D 3034 2428 . 2,56 1,41 4.04 3,27 ' 3.46 3.26
29 " 3.24 2,10 | 2442 1425 3,96 ' 3,05 " 3,24 2,92
0 3.1 1.91 . 2629  1o19 - 3489 2.8% 3,01 2,58
3] ,3006 1.74 .2.18 0.99 < 3.83 2. 61 72079 2423
“tn1wtanda for 1 to 10 days



Table 20,

Igotation-vice and pooled average part laotation milk yields in Jeraey and
Brown Swiss crossbredn

Avcr_ggo _part lactation milk yicld (kg)

Jersey crossbreds Brown Sviss croaahredu

rart ge 1 2 3 4 pooled 1 2 3 4 pooled

et

ivxpto (@ays) . . L
30 22%.4 217.1 241.6 249.3 228,1 247.5 245.4 249.8 2615 248.5
60 451.3 445.7 ° 484:9 ~496.4 - 461.4 - 507.5 . 498.8 .496.5 523.0 503.8
90 658.2 650.5 700.4 716.0 670.8 T42.9 T30.6 T723.1 T71.2 T37.4
120 842.1 B831.4 £89.1 903.2° '855.3  ~ 950.6 945.,5' -527.9 1005.4 949.5
150 1008.4 1070.5 1021.0  1140.8 1M0.4 1114.5 1220,7 1142.9

993.6




Table 21, Iactation-uwice and pooled correletion coefficients of total (310 daya)
lactation yleld with different port lactation yields in Jersey and Brown
Swias oroaesbreds

Correlation ocoefficients with total yleld

‘ Jersocy crossbreds Brown Swise oroasbreds
mfrg: 1 2 .3 4  pooled 1 2. 3 4  pooled
i"i‘é o |
pto days) : .

30 0.4683 0.7424 0.7764 0.8575 0.6963  0.7912 0.7653 0.7466 0.8340 0.7843

60 0.7172 0.7969 0.6406 O0.8524 0.6018  0.8524 0.3193 0.8039 0.8450 0.8329
90 0.8079 0.8411 0.68924 0.8643 0.8514  0.8992 0.8505 0.8574 0.8653 0,8706
120 0.8563 0.873%1 0.9281 0.8798 0.8343  0.9260 0.8343 0,9008 0.8805 0.9004

150 0.8894 0.9028 0.9477 0.9122 0.,9130 0.9467 0.9245 00,9503 0.9040 0.9264

All the correlation coefficicnte are highly significant (P < 0.01)

(1)



Tabhle 22.

1. Jersey orosabreds

82

Iactation=wise and pocled regremsion equations

for predicting total (310 days) milk ylelds from

part lactation yields in oromebred oows

Inot. Fart lact.

Prediction equation (Y = asbl) K of

Al T N Ao = - S

Ho, yleld upto the
(doys) a b eguntéon
230 760, 1348 4.0251 0.2198
60 248,6481 341260 0.5144
1 80 45.8464 24517 0.6527
120 . - =49,7079 2.0297 0.7332
150 -100,8925 1. 7457 0.,7910
%0 415.0052 5.1023 0.4934
60 146.7776 3.0878 0.6361
2 90 40.0111 2.2794 0.7075
120 =31.6579 1.8698 0.7623
150 =73. 1180 1.,60635 0.8150.
30 185,2676 600505 0,6028
60 «46.1910 Je4924 0.7065
3 90 =218,9209 2,6646 0.7963
120 «300,6191 2.1908 0.8014
30 . . 61.1136 %7993 07015
60 =47 «5881 3.1318 0.7265
120 -13400029 1-81 8 0-7740
2 s o L
Pooled 90 9. 3697 2o 3760 Qe 5884
120 ~75.0063 | 1.9623 047523
150 -117.6191 1.6855 0.8061

CoNtAdecvccee



Table 22. contd,

2. Brown Swiss crossbreds

Laot. Part laot. Prediotion squation (Y = asbX) B of
Ho. = yield upto the

(daya) a b equation
30 371.9297 6.2440 0.6260
60 99,5505 3¢ 5801 0.7438
1 90 -13.6‘042 2.6048 0.3087
120 =117.0524 2. 1391 0.,8575
150 . -156,9061 1.8174 0.,8962
.30 597.6361 51739 0.5857
60 400,0271 249416 0.6713
2 00 259.,9873 2,2001 0.7404
120 115, 1411 1.8531 0.7997
150 =17.4483 1,6527 0.8548
30 217.6807 602956 0.5574
60 T1.1245 3-2832 0.6462
. 90 =91.2496 2.6024 0.7352
180 =184.4373 2.,1282 0.8115
30 60643778 54627 0.6956
00 5445737 28491 0.7157
4 90 452.3774 2.0517 0.7487
150 32447674 1.4008 0.8173
30 429,1803 5.8621 0.5943
60 222.8552 363013 0.6894
Fooled 90 88,0755 2.4382 0.7599
120 =77.0068 2,0674 o.gggo
15’0 -87.0%7 1 07263 Oo 2

Predicted total yields (Y) are obtained by inserting the part
yields (X) in ths appropriate regression equation ( Y = a +bX)
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Table 23. Iactation-wiec and pooled ratio factors (b) for
predioting total (310 days) milk yilelds from part
yields in crossbred cown

pra———
—

Igot. Pard laot, -

Jersoy orogsbred® Erown Swles orossbreds

“’-“-

Koo yleld upto- Bag - -
_.\deye) P __ooundidfe ooueBlons .
30 7.4273 . 0.,4056 77432 | 0,7768
60 3.0770 . 0.6050 57763 0.76845
| 90 2.5213 .. 0,6712 2.5798 . 0,8009
120 1.9705 .. 0.7118 2,0160 0.8082
150 16457 . 0.7456 1.6799 0.8285
30 7.0136 . 0,6782 76093 0.8614
0 33171 : 0.7034 307436 0.28543
2 90 2,3409 . 0.7266 245560 0.2602
120 1.8317 . 0,7467 1.9749 0.8523
150 1.5327 .. 0.,7776 1.6574  0,8469
30 06,8172 . 0,6792 7. 1669 0.0345
60 23,3971 . 0.6873 346065 0.6729
3 %0 2,9520 .. 0.,7029 2,4762 0.6995
120 1.8527 . 0.7285 1.9294 0.7357
15-0 1a5571 -, 007627 1.6055 007693
%0 6.,0444 . 0.7311 7.7818 0.,9808
60 300359 [ 0.7033 30@03 009272
4 g0 2.,1048 .. 0,6964 2.,6353 0.,9628
120 1.6684 . 0.7108 2,02389 0.9557
150 1.40768 - 0,7417 46009 0.9720
20 T.0277 . 0,6086 75830 0.7694
G0 34747 .- 0.6658 3,7436  0.7818
Pooled G0 2,3900 - 0,6925 2,5576 0.7971
120 1.6746 . 0,7987 1.9863 0.8081
150 1.5703 . 0,7510

- 1.6501

0.8260

Prodicted total yleldo (Y) are obtained by multiplying the
part ylelde (X) with the pppropriazte ratio factors (b)
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In the present investigation attempts were made to
(1) compare the relative effiolency of six exprosoions
of lactation ourve models and £ind out the best one for
Jercoy and Brown Swios crossbred cown maintainod at the
University Iivestock Form, Mannuthy (i1) compare the two
orocebreds bosed on order of lactation and ssascon of
calving and (1311) develop equatiouns for prodioting §310 daye
lactation yield froum owsulative ylelds st 30, 60, 90, 120
and 150 days of lactation. The salient features of the
findings of the study have been disouvssed un@ez' the
folloving heads. ‘
1. Milk proﬁuotlon performanoe and oomparl.aon of Jersey

" and Brown Swise orossbreds

2. Comparison of various lactation curve models

3. Prodiotion of 310 doys laotation yield from var.loua
part reoordﬂ.

5.1. Mk Eoduntion rerornanoe and comparison of
' Jerasy ané Brown Swisg oroaapreda

he ave;rage lactation yiecld upto 310 days in Jerssy
and Brown Swies orossbreds were 1652,83 2 30,56 kg and
1§97.43 2 4:{.81 kg mapeotgively. Igoth these average are
higher than ‘those (1411.23 & 32,58 g and 1453.92 3 77.69 kg
rqépeot;l'uly_) reported by Girdija ( 1980) in the came oroscered
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covs mainteined et the same farm during the perfod 1963~to
1979. The presont study vae based on cows maintained at
the fara during the period 1976-1983. Henocu, this super-
lority can be thought to be duc to the inmprovenent ocoured
in the herd due to managemenisl practices, The average
laotation yield observed in the presont otudy io also

higher than those (1109.1 & 37,36 kg end 1527.7 * 80,32 kg
respeotively in non=decoript and Rathi cows) reported by
Bingi and Raut (1962) under village oonditioms, Differsenoces
in genetioc-make up.and ménagementnl oconditions ngy be the

reagons for this,

Ihe time taken to attain peak yield, obtzinsd in the
preaent. atllds (37.15 & 1,15 days in Jersey orossbraede and
41100 2 2,63 days in Brown Swiss oroscbreds), io ouorter
than thomo (44.75 1423 ond 49.86 & 3.06 daye respeotively)
“eported by Gir;l;]a €1960) in the same crosstred oows. Tais
may be duo to the change in the gemetic structure of the
an.lmall. However, the tine taken to attain pealk, observed
in the atud&, is longer than taose reported by labouthe
(1957) in Zobu X European orossbred oows and Chauban ot al.
(;l974) in Brown Swiss orossbred cows (F4)e Considering
the daye to attain peak yield; the results are in agrecment
vith the firdings of Pradhan (1970) and Dave and Patol (1971)

in Eankrej cattle end Enjagopalen and Dave (1976) in pure
Jersey cows. :
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The averags pesak dailly yield of B.57 2 0.21 kg
(in Jersey crossbreds) and 9.23 s 0.42 kg (in Brown Svigs
orosgbreds) are higher than those (7.91 & 0.15 kg end
7.70 &+ 0,31 kg respcotively) reported by Girija (1980) 4n
the aam; orossbred cove maintained at the same farm during
the period 1965-1979; Tale also shous the genotio improve=
ment ooccured in the herd during the time interval batween
the tuo atudies.

The average lactation yleld upto 310 days was more
in Brown Swims orosebrode (1897.43 2 43.81 kg) than in
Jorsey oroscbreds (1652.83% 2 30,56 kg). Comparicon of thoae
two means revealed thatthe twc gonetic groups were aigni~-
ficantly (P / 0.01) different. Inis result io alkin to the
findinge of Mathew (198%) who repcrted that Brown Swiee
half-breds were producing significontly mors milk than
Jergey hulf-brods under Kerala conditions., The asuporiority
of Brown Swiso orossbreds ovor Jersey croasbreds cah be
assumed to tbe dus to the dlfference beiwden theo exotio

braacda,

The average laotation yleld upto 310 daye in the firvet
four lsotations of Jersey oroosbrade woere 1659.46 ¢ 44.87,
1601.04 a4 49061. 1699.45 3 79.42 and 1664.26 2 116.20 kg

rospootivelys me gorreaponding figures in Brown Swiss
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oroasbreds wers 1856.96 & 75.78 kg, 1870.i1 2 05,64 kg,
1963.22 2 118,07 kg and 2038,37 ¢ 128,44 kg roapeotively.

It showe that, in Jersey croassbreds, tho lactatimyield

in the first four lactations’ are more oxr lese equal and the
maximum yield wae obtained in the 3rd lactation., Eubt in Erov
Swise orossbreds, the leotation yield showed an inoreasing
trend am the order of leaotation advanced and the maximum
yield was recorded in the 4th lactation., EBut those differ—
ences in milk yield were statistioally not significant in
both the genetio groupd. Thie shows taat order of lactation
had no signifloant influsznoe on laotation yield. Similar
results wore also reported by Singh and Raut (1962) in
Baths cowz and Saimiev et al. (1983) in Holeteln-Friesian

O0OWER e

The non-aignificant difference in milk yield bstween
different laotation sequences may be beceuse of the late
sexual maturity of Indian breeds oompared to the early
aexunl maturity of exotio breeds. In dairy cattle, milk
production is direotly related to body weight. By the time
the Indian cows attain mexuol maturity their body weight
might have reached ths peak valus, ﬂhsreafteé there will
not be muoh increase in body welght and hense in milk
production. This may be the reamon for the stability of
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milk produotion in the first two or three laotationa.
lhen the oow reaches itn 3rd or 4th laotation ite body
welght atart declining az}d consequently there vwill be
geadual deorease in milk produotion. But in the 0asd of
exotic breeds, bacause of their earlier sexual maturity,
milk production inorcases upto the 3rd or 4th lactation
and thon decreases, 8ince the orossbred cowa in the
present study oontains animelg of varying exotio inheri-
tance ap such different cows will ehow veriatlons in milk
yields in different lactations,

In Jersey croosbreds, the average ailk yield upto
310 days in the dry, railny and moderate seasons of calving
vore 1629.35 s 48.49 kg, 1705.12 & 57,74 kg and 1635.17 »
534 35 kg respectively. In Brown Swiss crogsbredo, the
corresponding figurcs wore 16860.42 2 112.07 kg, 1872.32 ¢
7326 kg and 1938.00 2 60,62 kg respectively. It vas
found that cows calving in rainy semaon produced more milk
than cowe oalving in dry seaaon.' Howevor, pneason aid not
exert any significant influonce on laotation :}151&. Thie
reoult 1s in agrocment vith the findings of Mathow (1383)
in Jorsey and Brown Swigns half£~brods.

‘Ihe lack of influence of season of oalving on lactation
yield oboerved in the present study oan be atiriduted to
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pyotens of management. Tho croosbred cows under study
are reared in almoot intencive mystems of feeding., Most
of the nutrient requirement is met by otall Lesding
vather thon grazing and throughout the year feeding is
more or less the same, Wuen greenn are scarcs, additionsl
ooncentrates are given to compensate, probably resulting
in a non-significant ooasonsl variation. Further, @
slightly highor milk yleld for the rainy seaeon ob;erved
in the prosent study oould not be asoumed to be duve to
the availability of more grass during the rainy season
because of seasons describod above aﬁﬂ also due to the
£a0t that a lactation starting from one ceason will,

usuelly, .pasg through the other two seasons also.

5.2, (ompnrison of various lactation ourye mode

. ﬂmong the var;ous six modelé examined, the'gunma
and quadratio-oum-log ourvea'aocOunted for nmaxinum valuos
of B (0,98 anoh) in the 1ot leotation records of both
Joroey ani Brown Swlse crossbreds. Binoé the Furnival
index (I) values of garms fupction wero lowsr than those
of quadratic-oun=log curve in both the orossbreds, the
formor funotion wap'aaleoted an tie met suitable ourve
in the imt lactation records of hoth the genatio groups.
The equations (4in the origipal form) of this curve 4n
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Jdorgey apd Brown Swiss orossbreds wore
Ty a7.2123 100 1081247004794 ¢ (52 1 0.9654; 1 @ 0.1994) an

¥,68.1518 ¢ 013299 4~0:04149 ¥ (2 | 0098414 I = 0,2133)
reopoeotively.

Singh and Gopal (1982) eleo roported mimilay resulta in
the 1at lactation rocords of husraloo; raintained under
villaze condltions, The quadratic tunation aeeounﬁed for
the mininue valuea of Ba in both Jersoy and Brown Swies
crosabreds (E° = 0.9087 and 0.9042 roapsotively). B valu
of exponential and parabolie cxzponontlal functions were

aigo le8s than 0,96 in both the crooebreds.

In the 2nd lactation recoxds of both Jerney and Hrown
Bulos oroscbrede, ﬁhe quadraticecumn=log ocurve followed Ly
the gamma funotion provided botter fi% than the other
functionss The equations of quadratic-oun=log curve in

Jorpoy and Brown Swisa cromshreds wore

¥,a7.08996-0,50737 ¢ + 0,00454 %+ 175310 log,t

(5% o 0.98785 I = 0,2267) amd
Yy=7.81652 - 0.35602 ¢ + 0.00156 t° « 1.26049 loggt

(F° = 0.98045 I = 0,2723)
roopeotively. Tne superiority of quadratio~oum~iog' ouxrve
over other ourves in the 2nd laotatiom of buffalocs wag
also established by Singn and Gopal (1982). The inverse
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polyncmial function gave the leapt f£it in both the orocas-
breds (32 = 0,8519 in Jorsey and 0.8352 in Brown Suias).

2
H

quadratic fanotions were leas than Q.94 in both the

valuss of exponential, parabolic exponentinl and

genstic groupt.

Valuss of X° and I revealed that the gamaa funotion =~
Y, = 7.5316 10022805 o ~006394 t(;2 . ¢ 9902; 1 = 0,2051)-
and the quadratic-oum=log cuwrve = iy

& B,76377-0.35885 t + 0,00140 t° + 0.92757 Logyt
(2 = 0.9842) I = 0.2620)=
ware botter than tho other functions in the 3rd lactation

Iy

records of Jersey and Brown Syise orogsbreds respestively.
The rosult obtained for Jernoey crossbreds la inr agreexent
wAth the findings of Singh and Copal (1982) in buffaloes,
All the other four functions gave poor £it (H?n0.8644-0.9585.
I = 0,4140-0.9722).

The guadratic~cun~log ourve wad found to be batier
than the other functions in the 4th laotatlon rocords of
both. Jorsey end Erown Swliss ¢roacsbred cous. The equations
of this ourve in the abow two breeds of cattle wero
Y, = B.08035-0.73567 t + 0,0089% t° + 2,08340 loggt

(B2 = 0.9914; I = 0.2440) and
T, = B.31712 = 0.13937 t ~ 0,00375 tZ + 0.53511 log,t
(R = 0,9690; I = 0,3755) reopeotively.
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Singh and Gopal (1982) also reported that the quadratic=
oun=log curve was the most cultable owrve in the 4th
iaotutione of buffaloes, The seoond beat fitted curves
in Jersey and Brown Swiss oroesbreds wers gumma funotbn
(22 = 0.9850} I = 0.3157) and quadratic ourve (R°m 0,92463
I = 0.5749) respeotively, All the otaar funotions ‘gave
poor fit in both the genetio groups (E° m 0,6989~0.9469,
I = 0,6127=1.9362).

In the pooled data (pooled over lsotations) of Jeraey
orossbredo, the gamma funotion =

Y, = 7.2364 0027094 7007182 ¥ (2 , 0,9907; I = 0.2042)-
w8 the best fitted curve., But in the pooled data of
Brown Swinas oroasbreds the quadratic—cim~log curve-

Y, 5 8.24676-0,35623 ¢ ¢ 0.00174 +° + 1,16191 log,

| (8% a 0,98045 I = 0.2732)-
provided better f£it than the other ourves, The 2nd best
fitted ourves in Jersey end Brown Swiss orossbreds were
quadratic-om=log ourve and gamma function respoctively.
In both the orosebreds, the inverse polynomial function
(82 © 0,9070 ana 0.8586) gave the least fit.

Considering the bent fitted curve to the pooled data
of Jerasey crossbreds, the results obiained in the present
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otudy wero in agreement with tbe findinge of Yadav gt al,
(1977 b) in Hariana orossbreds, RKumor end Ebat (1979 b,
1980) and Cheema (1982) in Indien buffalcos, Zhe choloe
of quedratio-ouwm~log an the best fitted ourve to tha
pooled data of Brown Swisp croaabraed'a was eleo akin to
tho findings of Malhotra et gl. (1980) in Faran Swiss
oattle and Singh and Gopal (1982) in buffaloesd,

From the results 1t was evident that in most of the
02500, 32 values of inverse pelynomial funotion were lower
thon those of other functions. This finding wns not in
agreement with the findirge of Yadav gt ele (1977 b)
manvai'ah ot al, (1978), Eumar and Inat (’1978. 1979 b),

Faot end Kmor (1980) and Cheepa (1982) in buffaloes. These
workers bhod proved the superiority of inverse polynomiel

funstion over other functions.

708 graphs of the fitted funotions rﬁoaled that the
axponential, parabolic exponontial and qm&mtio funotions
could describe only the desoending phnge of the laotation
ourve with a fair degroe of asccuracy., The ineffioisnoy of
ezponentiel and parebolic oxponential functions in explein
ing the rising phace of lactation ourve vas ialso roporied
by Erody et ol, (1923) and Yedav and Sharwa (1985) in
Jerscy, Holotein Er.‘l‘.eéian ani Brown Swies holf-breds,



94

1% may be expeoted that thaees throev ourves will glve the
samo results in other breeds at cattle also, Hence the
pregsent study indicated that the expomentinl,parabolic
exponentiel and quadratic models wers not wseful in
dafining the shape of laotation curve effloiency.

It is also svident from Fig. 2(£) and 3(£) that, in
both Jerssy and Drown Swios orossbreds, the inveros poly-
nomial funotion overestimated the peak yield and number of -
daya to attain peak yield. The actusl peak ylelds in the
pooled datg of Jersey and Brown Swiss oxossbredsn vere
8,26 kg and 8,86 kg respectively. But the. canresponding
values obtained from the fitted inverse i:olynonial funotian
wore 11,16 kg and 10,65 kg respootively, The estimated
averege number of deys o attuln peak yield (40 days) was
alao higher than the obsoyved. vel ue of 37,15 daye in
Jorasys Comparatively lower R2 values and nigner I values
of inverse polynomial function, observed in the results,
can be thouéht {0 be due to this higher yate of overestimat-
ion at the position of peak yield. Moreover, this funotion
also under estimated the yield at the time of parturition
and the production during the later {after 110 daya) stages
of leotation. Becaune of these reasoms it was concluded
that t.hp invsrse polynomial funotion did not it well in
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representing the laotation ourves of Jersey and Brown
Swies oroscbred cows under study. However, this funoction
could exploin the shape of the ourve satisfactorily.

The graphs of gomma function and quadratio=-cum—-log
curves showed that theso two curvos had aimilar shape
in both the crossbrede exocept that the former estimated
the initiel production agourately whoreae, the later
alightly overestimated the initial production. Eoth thesse
ourves elightly underestinated the Peck yield and ths yield
during the later stages (after 170 days) leotation and
overestimated the production during the ecarly stages
(batween 60 and 150 days) of leotation. The same result
hold good for lactation owurves fitted qeperately for

difforent lactations also.

In short, lsotation~wise and pooled comparison of the
fitted modele showed, toat irrespoctive of bread type and
order of lmotation either the gamma funotion or the quadratic-
cum=log curve provided better fit than tho other functions.
Tho only reason that could be attributable to the superi-
ority of these two funotions over other functions wae the
nature of the data under etudy. Henoe it was ooncluded, in
genernl, that elther the gamma funoction of the dhadzatio-

owm=log curve snould be umed for representing thes lactatim
‘ourves of Jéracy end Hrown Swiso orossbred cows accuratély.. -
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GeJe diotion o 0 deys lactatio o
various part regords

High phenotypio correlations between various part and
full (310 daya) laotation yields indiocated that the pard
laotation yields could be a valuable gulde to that o cow
would produce in 310 days. The values of ocorrelation
coefflcionts inoreased with each added part yield and woere
more than 0,85 by 120th day of lactation in Loth Jersey and
Brown Swige orosgbrede. The values ol oorrcelation ocoeffi-
oients roachkad 0,90 by 150th dey of laotaticn. Higanly
eignifioan? oorrelations hetween verious part and full
laotation yilelds wore alao.reported by Cannon ot pl. (1942)
and Lamb end MoGillard (1967 a,b) in exotic broeds of catile
Dutt @b pl. (1964), Singh et al. (1967), Singk end Acharya
(1969) and Chillar ot pl, (19680) in Hariana oatile; Velea
et gl (1977) in Bomanlan cowoy Adencye and Adebonjo (1976)
in Frioesian cowsy Contreras snd Rincon (1979) in Limonero
oowa; Saiganonkar et al. (1961) in Sahiwal cows; Pathek
et al. (1982) in Gir oows and Eeioer and Hausemapnn (1982)
in Simmental cowse

The rate of lnoreass in the ocorrelation coefficliante
botwacn the total (310 daysd yield end the ounulative yieclds
after 120 daye was low and did not add much to tho aoouraoy
of predicted 310 daye yield so as to compensate for the
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lqaq of time and expenditure imvolved in recording thelir
yielde over long periodes. Henoe, Lt wa® ooncluded that

to ageess 310 days yileld 120 days cunulative yilelds should
.be used, In dlfferent leotations of Jersoy and Erown Sulen
croasbreds, the correlation coefficlente of 310 days yield
vith 120 day ounulative ylelds ranged from 0,8563 to 0,8798
(average 0.,8843 ¢ 0,0154) and 0.6805 to 0,9260 (average
0.,6004 + 0,0095) respeotively. Thene ranges of correlation
were more or lees the same as those reported by Chillar

eb al. (19é0) in Harlana cattle, and are conslderably
higher than those reported by Salgaonkar gt al. (1981) in
Sahiwanl cous.

The cholce of 120 days cimulative yield as the most
appropriate part record for predloting 310 dayo yield was
in conformity with ths findings of Mascherpa et al. (1967)
in Brown Alﬁine cows and Contrerca and Rinoon (1979) in
Iimonesro oswgs, But fheae results are contrary to the
findings of Busmorts (1957) in hoifers end Adoneya and
Adebanjo (1978) in Friesian cows. Thece vorkors seleoted
200 days cumulative yield as the most suitable part record
for prediciing 310 daya lactation yield. Those differences
adght ye due to differences in gonctic constitution,

envirommental conditions, merageriel practlioes and genotype-
envirommental interacticn in these herds,
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In order to prediot 310 days milk yileld from part
reoordo simple linear equations were developed by two
aethods, vie. regression method and ratio method, In the
regresasion method, regresesion coeffiocients were estimated
hy least sguare method with part yleld as the independent
variable and 310 days yleld as the dependont variable.

But in the oase of ratio method, regression coeffioionts
wvere estimated as the ratlo of 310 days yiald to the part
ylelds, In both the methods of prediotion, the valuss of
g inoreaned with increase in length of part records.
Irrespective of breed group cnd order of leotatim thise
result wos found to be corroot whioh indicated that the
acouracy of prediction by linear regression equations
inoressed as the length of part laotation increased, Ioia
nay be begause of the faot that the relationship betwsen
full (310 days) and part laotation yields incroasos with
increasce in length of part reoords. Toe results also
indicated that the magnitudes of the intercept (o) and the
rogression cosffioient (b) deoremsed with each sdded part
yield,

Cannon et 2l. (1942), Dutt at al, (1964),.Cnillar st gl.
(1980) and Pathaek ot al. (1962) also developed simple
linear regression equations (by regression method) for
predicking full lmotation yicld from part records in
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difforent breeds of dairy cattle. Inelr aoouraoy of
predlotion wae eimilar to the results obtained in this

studye

Conparicon between ratio and regression metnods of
prediction revealed that velues of i obtained by ratio
method were higher than those obtained by regreaﬂion.ﬁethod
whon the firsat 30, 60 and 90 dey oumulative yioldn‘utre
considered as part ylelds. But when the ounulative yields
at 120 and 150 dayas of laotatim were considered as part
ylelds, B? valuss obtalned by regression method were found
to be higher than thooe ¢obtained by ratio method.

Henoe it was conoludoed that for predioting 310 days
yield from first 30, 60 and 90 day oumulative yield, the
ratio method ohould be used. But for predicting 310 days
yield from 120 and 150 day oumulative ylelds regression
mothod will be more preoiss,

Iased en B? values, the following equations ware
suggested for soourate prediction of 310 days yield (Y)
from 30, 60, 90, 120 and 150 dsy oumulative ylelds (X)
seperately for eack of the four laotations of Jersey and

Brown Swieso oromagbrods,



1. Jersey orosohreds

Part
ﬁg{a 30 doys 60 days 90 days 120 days 150 days
upto
Inot.
Noe.
1 Y=7.4273 X Y=3.677 X Y=2,5213 X Y==49,7079 ¢+ Y==100.8925 +
2,0297 X . 1.7457 X
2 Y=7.0136 X 03,4171 X T=2,3409 X Yu=31,6579 + Yu=73,1180
, 1.8698 X 1.6063 X
3 Y=6.8172 X Y==46.1310 Yc=218,9209 ¢+ Y==300,6191 ¢« Yu=232.5004 <
34924 X 2.6646 X 2,1308 X 1.8336 X
4 Y=6.0444 X Y==47,5681 ¢ Yu=100.4787 + Yo=134,0029 ¢+ I=-183,8438 ¢
3.1318 X C 2.2577T X 1.8168 X 15795 X
Pooled I=7.0277 X Ye3.,4T47 X Y=2,3500 X Y==75,0063 + Y =~117.6191 »
1.9623 X 1.6855 X

o0L
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Genetio and non-genetic faotors may not affeot the
part leotation milk yield and oomplate leotation milk
yield in the same wny. Age at oalving, period and
peason of oalving and days open may nave more effect in
the early part of lactation ap oompared to total lsotation
yield. A possible reason is that there is more physio=-
logical and nutritional otreos in tho early part of leot=
ation compared with mid or 2ater otages of laotation,
Therefore, prediction equations for projeoting complete
laotation milk yield from péx't reocrds of aninale having
diffoerant age -at oalving and days open may bo different.
Beoondly, eventhough the seaconal variations have no
aignifioant influence on tbtal lectation yield, it may have
significant influence on part yleclds. Hense, 1t is still
unresolved vasther part yield data . saould or should rot be
adjusted waen attempting to project them to a full laotation.



~ SUMMARY



SUMMARY

MLlk yield data of 93 Jermsy and 55 Brown Swiss
croasbred oous mzintained at the Univeraity ILivestook
Farn, Hannuthy, during the period 1978-1983 were utilised
in the pressnt study with the following objectivens
(1) .70 compare tha rolative efficionoy of various

lactation ouwrve models and suggest the most |
auitable one for oous under atudy

(11) To compare the two genetio groups of cattle ba;od
on order of lactation and sesson of oalving

(111) To develop equations for'praﬂioting 310 days yield
from part ylelds of digfferent stages.

Bocords upto the 4th lactation were included in the
astudy. There wore a total of 264 laotation records whiah
inoclude 174 leotation records of Jeraey oroepbreds and
G0 lactation records of Erowvn Swiss orossbreds., Io examine
the effect of season of celving on lsotation yield, the
year wao delincated into dry, railny snd moderate scasons,
The avorage dailly milk yleld (ecaloulated from swecegsive
10 day yielda) upto 310th day of laotation was the main

1tem of obaervsition,

The average laotation yileld upto 310 days inr Jorsey
and Brown Swiss oropsbreds wore 1652.83 + 30.56 kg and
1897.43 + 43.81 kg respactivolye. Statistical analysis
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showed highly significant (P < 0,01) effeot of breed type
on total milk yleld.

The average laotation yleld uptoe 310 days in the
firat four lactations of Jeroey orosshreds wers 1659.46 2
44,87 kgy 1601.04 & 49.61 kg, 1699,45 £ 79.42 kg and
1664.26 & 116,20 kg respectively. In Brown Swiso crossbreds,
the corresponding figures were 1856.96 & 75.78 kge 1870.11 2
65.64 kg, 1963.22 + 118,07 kg and 2038,37 s+ 128.44 kg resp-
actively. Analyslo of variance showsd that in both the
croasbreds, order of leotation had no significant effcot
on total milk yleld.

In Jersey orosgsbreds, the average total yield for the
dry, ralny and moderate goasons were 1629.35 & 48.49 kg,
170,12 # 57.74 kg and 1635.17 & 53+35 kg respeciivelye. In
Irown Swlegs crossbreds, tho corxrcapondipg valuss werd
1860.42 & 112,07 kg, 187232 & 73.26 kg ond 1938.06 ¢ 60.62 kg
respectively., In both the orossbreda, seaszon of calving
did not exert anmy aignif;oant infivence on total milk yield,

the dayé to attain peak yiold in Jersey and BErown
Swise oroasdreds ﬁere 3715 & 1.15 dsyo and 41,00 & 2,63
days reapeotively. Ine'average peak yield in these two
orossbreds werce 8,57 2 0.21 kg and 9.23 * 0.42 kg respeot~

.1.76130
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To compare the relative efficlency of various
laotation ourve models, the exponential, parabollio expo-
nential, quadratic, quadratio-cum=-log, gexna and inverse
polynomiel funotions were fitted to the average daily
milk yleld, seperately for eaoh of the four laotations
and to the pooled data, for each genotio group under stufy.
Equations of the best fitted functions in differen't laot-

ations of Jersey and Brown Swiass oroseobreds wore as followas

1. Jersey orossbreds

18t lactation : Gamma function (32-0.98543 I=0,1994)

2nd lactation : Quadratic-oum=log ourve(nzao.gs‘rauso.zaa?)
Y=7.08996~0.50737 t + 0.00454 1% + 1.75310 Log,t
3rd lmotation s Gamme funotion (32:»0.9902; Is0,2051)

4th leotation Qundrat.tc-om-lag' ourve (Rzn0.991431-0.2440)
Y, =8,08035-0,73567 t + 0.00831 t° + 2.08342 logb |

Pooled { GCamma funotion (K°=0,9907; I=0.2042)
T, 7.23840 40427024 ,=0.07162 ¢

2. Brown Swipp_orosobrods
fat laotation : Ganza funotion (How0.98415 Ix0.2133)

Y,=8.15181 0217299 §=0-04143
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2nd lsotation 1 Quadratio-cum=log curvc(B?n0.9804s1-0.2723)
Y, = 7.81832-0.35602 ¢ + 0.00156 t° + 1,26049 log,b

3rd ladtation 1 Quadratio-ous-log curve(E°=0.9842;1«0,2620)
Y, © B.76377-0.33685 t ¢ 0.00140 $240,92737 log}

Ath laotation 3 Quadrotic-oum~log ourve(E°=0,9650;I=0.3755)
Y, = 8.31712-0,13937 t = 0.00375 t° + 0.53511 log,t

Pooled 1 Quadratio-oum=log ourve(R°=0.9604;1x0,2752)
: Xy = 8,24678-0,35623 ¢ + 0,00174 2 4 1. 16191 log,t
(Y, 1o the average daily yield in tine t (t51,24evs0s31);

Ra = goefficisnt of detormination; I = Furnlval index)

Zhe graphs of tho fitted functioms ahowaq that, in
both the.genotioc groups, the exponential, parabolle expon-
ential and quadratio models falled to represent the ascend-
ing phase qr the lactation curve. Thé inverce ﬁolynumiﬁl
function overestimated the peak yleld and the number of
days; to attain peak yicld and underestimated tho 1n1t1a;
produotioh and the produotion during the later otages
(after 110 dayas) of lactations Because of thogse yeasons,:
the inverse polynomial function gave the leaet fit in both
gerse& and Brown Svwiss orocabreds, Irrespeotive of braed
type end order of lactation, eltier the gamma furnotion or
the qudratio-cum-log ourve provided better fit than te

other funotions.
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To predict 310 days yield from part yields, the
ocunulative yields at 30, GO, 90, 120 anﬂ‘150.§ayn of
laotation were oonsidered ac par£ yields. 1In Jeroey
oroasbreds, the average oorrelation cosfficicnty of 310
days yleld wvith the above part yilelde were 0.6963, 0.8018,
0.,68514, 0.6843 and 0,9130 reapeotively. The oorxq9pon§ing
figures in Brovn Swloe orobssbreds wore 0.,7843, 0.8329,
0,8706, 0,9004 and 0.9264 reopootively, The correlation
coefficionts ircreased with eaoh added part yleld, end
were more than 0,85 by 120th day of laotation. Ihne rate
of inorease in the correlation coeffioiente between the
total (310 days) yield and cunulative yields after 120 doys
wad low, Hence, 1t was oonoluded that for predioting 310
days yleld with reliable aocuraoy, 120 day re¢cord wag moat
appropriate.

Prediction equations for projecting 310 deyn laotation
yleld from diffsrent part yields wore developed by ratio
and regression methods, Conpariaon, baced on B? values,
between these two mothods revealed that the valuea of ﬁ?
obtainod by ratio method were higher than those obtained Ly
regresaion method when the first 30, 60, and 90 day omulative
yielde were considored as part records, But when the ounu-
lative ylelds at first 120 and 150 deys wore considered as



108

part ylelds, o valuse obtained by regreosion methed
wvore foundi to be higner than those obtained by ratio
mothod, Henoe it was concluded that for predloting

340 days yield frcm 30, 60 and 90 day cumulative ylelds,
the ratio metﬁod would be more appropriate, Iut for
predicting 310 dayo yield fram 120 and 150 day oumulative
yields, the regression method should be used, |

For the pooled dnta of Jersey and Erown Swies cross=
brada, the most appropriate equations for predicting 31b
days yield from 'tho 120 day owmulative yields wore
Y = 75,0063 + 1,9623 X (§° = 0,7523) and
Y = =77.0068 + 2.0674 X (I = 0.8410) respectively
vhere ! is the estimated 310 days yleld and X is the
total yleld upto 120th doy of lsotation.
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APPENDIX



Appendix 1

Aotual and predictoed total milk ylelds from various
part reoordo (sample) in crossbred cows

1. Joxgsey orossbreds
a) 30 day cuawlative ylelds as part roecord

S§1, Sampling DPart  Aotual  Predioted total yield (Y)
fo. number yield total —
yield Regression Ratio method

moathod

1 065 17%.8 84442 1327.6 1224.4
2 170 303.7  2564.0 2443.1 2766.8
3 064 228.7  1618.5 1606, 1 1607.2
4 119 163. 1 1044 .4 - 1303.8 1188. 4
5 006 184.5  1201.9 1381.9 1296.6
6 125 153.0 1377.4 1222,2 1075.2
7 177 214.8  11%8.0 153546 1509.5
8 016 223.,3  1430.1 1578.8 15693
9 076 160,86  1142.9 1257.7 . 1124.4
10 0073 193.8  1826,9 1429.1 1362.0
1" 172 118,00  1346.1 1044.6 13829.3.
12 104 22544 1891.4 1589.4 1584.0
13 161 217.7  1746.9 155043 1529.9
14 179 268.,6  1231.4 1808,5 1887.6
15 069 232,3  2097.4% 1624.4 1632.5
16 033 257.9  2024,2 1754.3 1812.4 .
17 141 258,4  1998.4 1756.8 1815.9
18 019 211,0  2096,0 1516.4 1482.8
19 054 193.9  1772.5 1429.6 1362, 7
20 085 230.6 1615.8 1620, 6

1448,3




b) 60 day ounulative yields as part record

i1

Sl. Sampling Part  Actusl  Predioted total yleld
Ko, number yleld total -
- yleld ~ Regression Ratlio method
nethod
3

1 065 3309  844.2 1194.4 1149.8
2 144 666.7 21577 2246,3 2316,6
3 005 274.4 1103.8 1017.4 95345
4 156 432,9  1505.9 1513.9 1504.2
5 137 47,2  1360.0 1558,7 15539
6 118 350.1  942.0 12546 1216.5
7 141 506,0 199844 1742.9 1758.2
8 053 524.5 2049.3 1800,9 1822,5
g 016 434.2  1430.1 1518,0 1508.7
10 128 485,9  1644.0 1679.9 1688.4
1 659 409,1 1815.8 1439.4 1421.5
12 108 577.8  1865.3 1967.8 2007.7
13 112 472.8 1281.2 16389 1642.8
14 183 493.9 1323.1 1705.0 1716.2
15 162 304.8  1822,5 1394.6 1371.8
16 058 388,6  1499.7 1375.2 1350.3
17 007 563.8 13742 1923.9 1959.0
18 169 609.4  1484.6 2066.8 2117.5
19 163 303.9 76843 1109.8 1055.9
20 074 451.0 1873.3 1570.6 1567, 1




o) 90 day oumulative yiolds am part record

il

Sl 8ampling  Part Aotual Predicted total yield
Hoe numbsr yield total - e
yield Rogreasnion Ratlio method
method
1 122 624.7 1528.3 1495, 7 1493.0
2 116 883.7 2041.6 2409.0 2112,0
3 142 66643 176545 1592.5 1592,5
4 171 687.7 1675.5 1643.3 1643.6
5 145 496.,3  T709.3 1188.6 186,2
6 165 546.9 128641 1208.8 1307, 1
T 141 748.1 1998.4 17€5.9 1787.9
8 084 735.2 1238.5 1756.,2 1757.1
9 090 727.2  1774.0 1737.2 1738.0
10 095 818.9 1460.8 1955. 1 19572
11 197 441.6  872.9 9ET. 3 9637
12 012 £00,8 1881.1 1912, 1 1913.9
13 140 423.4  874.3 1015.4 1011.9
14 033 761.6 2024,2 1818,9 1820,2
15 072 642,8 1681.8 1526,7 1536, 3
16 070 T5TeT 22772 1809.7 1810,9
13 131 607.7  1200.9 14533 1452.4
18 164 359.0 9475 862.4 8580
19 146 7338  1405.9 1752, 2 17534 1
20 158 1726,9 185545 1857.0

7770




d) 120 day ocumulative ylelds aa part record

iv

1, Sampling Tart Aotunl Predioted total yield
Ko, nunbar yleld  total
' yield Regroesion RBatio method
nethod
1 072 836.9 1681.8 1567.2 1568.9
2 112 763.7 1281.2 1423.6 1431.6
3 048 1050,3 2246.0 1985.9 1968,9
4 119 526.,9 1044.4 958.9 987.7
5 052 768.4  1096.4 1432.8 1440.4
6 139 740,2  1200.9 13775 1387.6
7 121 951,32  1590.9 1791.5 17630 1
8 102 1444,3 2789.4 27591 2707.5
9 109 780.7  1221.5 145649 1463,5
10 129 939,6  1523,1% 1769.6 1761.4
11 059 791.6  1815,3 1478.4 1483.9
12 095 1009.3  1460.3 1905.5 1892.0
13 054 7689.5  1772.5 1474.2 1480.0
14 068 959.6  1832,4 1803.0 1798.9
15 076 600.1  1142.9 1120, 2 1141.8
16 094 832.7 1645,0 1559.0 1560.9
17 003 844.8  1826.9. 1582,7 15837
18 041 915.6  1931.9 1721.7 1716.4
19 018 709,6  1338.7 1317.4 1330.2
20 .. 132 841,2  1966.8 15717 157649




e) 150 day oumulative ylelds ams part record

&l. Baapling Part Aotual Predicted total yleld
Ho. number yield total
yield Regrossion  Ratio mathod
nethod
9 151 1673.3 2568.3 2702,7 2627.6
2 060 655.2  827.4 96647 1028,9
3 049 11704  1777.9 18551 1837.9
4 021 1120.8 1890.9 17715 1760.0
5 104 1055.9 1891.4 16624 1 165841
6 027 1019.5 1827.8 1600.7 1600.9
7 084 1029.8 12385 1618, 9 1617.1
8 182 5774 B2845 855.6 G06,7
9 107 545.9 843.9 802,5 857.2
10 146 1098.7 1405.9 1734.2 1725.3
11 113 1016.6 1475.5 1595.9 1596,4
12 164 588.2  947.5 873.8 923.7
13 158 1094.3 172649 1726.8 1718.4
14 096 1153.,8 2084.2 1827, 1 1811.8
15 072 1015.1 1681,8 1593.3 1594 ,0
16 047 1262,0 1786.5 2009,5 1981,7
17 128 1138,9 1644.0 1802.0 1783.4
18 006 765.8 1201.9 1206,8 123349
19 101 T27.7 1380.4 1108.9 1142.7
20 179 1054.2  1231.4 1660.4

165645




2e Brawn Swims oromsbradm

a) %0 day ownuletive ylelde as pert record

vi

.&le Sampling Poxt Aotusl Fraedicted total yleld
lios nunber yield totel -
yledd = Regression Ratlo method
method
1 041 2411 1971.6 1842.5 1829.7
2 003 321.4  2069.7 2513, 3 243941
3 102 2161 206602 1695.9 16399
4 057 511.0 2408.8 2295243 2560,2
5 026 23645 2020.9 1815.6 1794.8
6 007 270,35 1549.2 2013.7 2051.3
7 088 372.0 1701.4 2609.9 262341
8 104 222,9  3126,3 1735.8 169146
9 051 190,7 1491.7 1547, 1 1447.2
10 028 141.4 1154 .7 1258. 1 10731
1 047 175:6 1228. 1 1458,6 1332.6
12 084 2134 1440, 1 1680,2 1619.5
15 044 209.9 163649 1659,6 1592,9
4 048 255.9 1566, 1 1929,3 1942,0
15 097 209.8 1526.5 1659,0 1592,2
16 070 34043 2119.9 242441 25825
17 015 209.2 1603.4 1655.5 1567.6
18 049 141:5 920.3 1258.7 1073.8
19 040 25247 2469,0 1510.5 1917.7
20 027 340,0 2'748.2 24223 2580.3

Lo ]



b) 60 day otmulative ylelds as part recoxd

vil

Sl, BSampling Part Actunl Fredioted total yield
No« number yield total - -
yield Regropneion Ratlo method
- nothod
i 070 6573  2119.9 2392.8 2460,7
2 056 451.5 1725.6 1713.4 16902
3 027 735.0  2748.2 2649.3 2751.5
4 102 437.9 206642 1668,5 1639.3
5 099 609.3  2249.9 223443 2280,9
6 026 505,8  2020.9 1892.7 1893, 5
7 003 611,0  2069.7 2241, 1 22687.3
8 086 36444 1717.0 1425.8 1364.,2
9 - 077 508.9 2209.9 1902.9 1905.1
10 001 264.4  1307.6 1095,7 989.8
11 094 632,3  2488,1 2310, 3 2366.7
12 034 55509  1849.7 2058,0 2081, 1
13 043 569.9  2069,2 2103.9 2133.1
14 020 32549 964.4 1298.4 1219.7
15 010 629.,5  2456,0 2301,0 2356.6
16 015 421.9  1603.4 1615.7 1578.4
17 002 410.0 1756.3 1576.4 1534.9
18 079 259.4 818.5 1079.2 9711
19 078 460.7 1945.5 1743.8 1724.7
20 091 721.5  2804.8 2664,.7 2701.0




¢) 80 doy cumulative ylelds as part recoxd

viil

Sl ©Sempling Part Actual Predioted totel yield
oo number yleld total -
. yileld Regrension HRatio mathod
mnethod

1 058 445.7  1134.4 1174.8 1139.9
2 070 907.7 211949 230142 23215
3 069 790.7 187440 2015:9 2022,
4 033 900.3  2100.4 22083,2 230246
5 062 7782 1985.0 1965,5 1990.3
6 £039 638.4  1727.5 1644,6 1632.8
7 052 T34 1378.6 1973.8 1978.0
8 - 057 ' 984.5  2408:8 2488.5 2517.9
9 054 741:9 1784:5 159649 18975
10 038 8759 2530.9 2223,7 2240,2
11 024 545.8 130445 1418:8 . 1395.9
12 063 860,0  2077.:9 216449 2159.5
13 078 693.8  1945:5 177947 177445
1% 063 784.8  1933:3 200146 20072
15 015 568640 160344 151649 1498,8
16 083 316,9 568.8 8607 810.5
17 005 881,0  2610.2 2236, 1 2253,2
18 074 94941 256641 2402,2 2427.4
19 104 653.2  2126.3 1680.7 1670.6
20 106 323.,0 925,20 875.6 826, 1




d) 120 dsy cunulative yieldo as part record

Sl. Sampling Pard Actual Predicted total yield
Hos, number ylald total '
yield Rogresoion BRatio method

ngthod

] 068 1107.8 2077.9 2213.3 2200,.,4
2 083 406.8  568,8 764.0 808.0
3 046 810.4 1798.4 1598.4 1609.7
4 084 816.9 1440, 1 1611.9 1622,6
5 099 1135.3 2249.9 2270, 1 2255.0
6 019 1017.3 2317.2 2026,2 2020,7
7 088 952,8 2044.3 1892,8 16892.5
8 o 900,6 1882.0 1784,9 1768.9
9 089 1930.2  1701.4. 225946 2244.9
10 025 607.1 1595.5 1178.1 1205.9
11 o082 813.5 1370.2 1604.8 161549
12 013 1294,3 2605.8 2598.8 2570.9
13 066 767.9  1543.7: 1510,5 1525,3
14 041 956.5 1971.6 1900,5 1899.9
15 037 1200.0 2519.9 2403,9 2%83,6
16 052 962,1  1378.6 1912,0 1911.0
17 063 982.2 1933.3. 1953.6 1950.9
18 041 956.5 = 1971.6 1900, 5 1899.9
19 027 1341.4  274B.2 2696,2 2664.4

20 093 1253.4  3001.4 2514,3 248947




d)

150 day cunulative yields as part reoord

Sl. Sampling Part

002

Aotual Predicted total ylield
Ene. nunber yleld totel - oo
yield Regresgion ERatio mothod
nethod

1 069 1165.2  16874.0 1924.4 1922, 7
2 092  1235.5  1348.5 2045,8 2038.7
3 095 1357.2  2221.9 2255.9 223945
4 094 1430.8 2488, 1 2362,9 2360.9
5 096 1120.4  1879.1 1847.1 1848,8
6 064 989.1  1512.5 1620.4 1632. 1
7 009 1106.2  1871,0 1822,6 1825.3
8 061 1219.1  2204.6 2017.5 2011.6
9 010  1370.5  2456.,0 2278.9 2261, 5
10 007 994.2  1549.2 1629.2 1640.5
11 098 537.5 67447 840,8 886,9
12 104 1102.0  2126,3 1815,3 1818.4
13 026 1142.7  2020.9 18856 1885,6
14 036 841.7  1409.8 1365.,9 1368.9
15 087 1181.9  1940,1 1953.3 1950,3
16 041 1177.1 19716 194449 1942,3
17 054 1173.0  1784.,5 1937.9 1935.6
18 052 1129.9  1378,6 1863.5 186444

19 066 959.4  1543.7 15692 1583, 1 -
20 1016.6  1796,3 1667.9 1677.5
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ABSTHACT

An inveotigation, based on 174 normal lactation records
of 93 Jersey crossbred oows and 90 mormal lactation reoords
of 55 Brown Swies crossbred cows belonged to the University
Livestock Ferm, Mannuthy, was undertaken: (1) to compare the
relative efficionoy of vaﬁom lactation curve models and
to seleot the best one (i1i) to compare the two genetio groups
bamed on order of leotation and ceason of oalving and (i1i1) to
develop equations for predicting total milk yleld from part
yieldn,

Reoords upto the 4th leotation were inoluded in the study.
The observations spread over a perlod of elx years from 1978 to
1983, The year was dolineated into dry, rainy and moderste
geascons, _

Statisticadl analysis showed highly significant (P < 0.01)
effeot of breed type on total (310 dayse) milk yleld; but the
éffeata of order of lactation and season of oalving ware not
pignificant in both the genetio groups. '

Comparison of exponential,. parabolic exponential,
quadrat:l.c.\ quadratic=gum~log, gamma and inverse polynomiel
functions of lactatlon curve mg_dels showed that tho gamna
funotion - ¥, = 7.2384 $0-2709°0.0718 ¢ (¥ = 0.9907,

I = 0,2042) « and the quadratic-cum-log ourve =

Y, = 8,2468-0,3562 t + 0,0017 t2 « 1,169 log,t

(5% = 0,9804, I » 0,2752) ~ gave the bost £4t in the pooled
data of Jorsoy and Brown Swies crossbreds respectively.:



It vas aleo found that in all the 8 laotations etudied,
- either the gamma funotion or the quadratio=-cum=log ourve
provided better fit than the other models.

Graphs of fitted functions showed that, in both the
genetic groups, the exponential, parabolic exponential and
quadratic modeles oould not explain the rising phase of the
laotation curve, In all the oases, the inverse polynomial
funotion was found to be the least fitting, Tho gamma
funotion and the gquadratio—-oun=log curves gave clome £4it to
the oboerved values.

Correlation coeffiolients between total (310 daya) yield
aend the owmulative yields at 30, 60, 90, 120 and 150 days of
lactation were found to be highly significant (P £ 0.01).

The present atudy revealed 120 days oumulative yleld to be
the most suitable part yield for predioting totel (310 days)
yield acourately.

Regroosion oquations for predioting total (310 days)
yield from varlous part regords were developed by ratio amd
regroonsion methods. Comparison of these two nethods showed
that the ratio method would be more precise for predioting
total yicld from the first 30, 60 and 90 day oumultive yields.
But for predioting total yield from 120 amd 150 dsy oumulative
yields, the regression method should be used.



