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INTRODUCTION



1,1 General Antroduotlon

Sural economy of India Is  closely  tied  up with oattle* 
Amongst tho various milch animals* the oow i s  the animal 
o f ohoioe* ae the environmental conditions ore generally
favourable for i t s  upkeep* Also* cow's n i l k  i s  alaoat a

;

perfect natural food* Furthermore* through judicious 

crossbreeding with exotio animals* i t  i s  possible to 
introduoe in to  Indian o a ttle  the genes fo r  high production 
e a r l ie r  sexual maturity end regular breeding resu ltin g  
i s  substan tia l increase in  milk production of the country*

India has 243*8 m illion  c a ttle  and buffaloes (Singh and 

Singh* 1984)* and the level of milk production i s  one of the 
w orld 's lowost* Hith the present le v e l o f annual a i l l t  
production of about 30*93 m illion tonnes* tho per capita  
a v a ila b ility  of 125 g la  fa r  below the minim uo n u t r i t io n  
requirement o f an adult human being* The present situation  
in  respoot of a v a ila b ility  of milk in  Kerala i s  much more 
alarming*

According to 19Q2 census* the o a ttle  population of 
Kerala (including buffaloes) was estimated to be about 
3*5 million* 2*6 m illion  o f which being females* She to ta l  
m ilk production In the s ta te  during 1982*33 was estimated
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to  be 1*08 m illion  tonnes v ith  an average per capita  

a v a ila b ility  of 116 g being one of the lowest in  the country 
and enough to ca ter to the needs of only 40 per oent o f the 
people of Kerala* lb raiee the n u tritio n a l standards of 

about 25 m illion  human population of Kerala to  a minimum 

desirable level o f 280 g por capita per day, the present 
lev e l of mills produotion has to be increased by tvo to 
throe times a t  leaet*

Although the lovel of produotion to an extent oan be 
enhanced through b e tte r  feeding and managomental p ractices, 
the inherent lov productivity of the indigenous c a t t le  of 
Kerala oan be substan tia lly  improved only by selec tive  

breeding, grading up, and crossbreeding* I t  has been found 
th a t  se lec tive  brooding and grading up would take many years 
fo r increasing the milk produotion considerably* On the 

other hand, crossbreeding using oxotio dairy breeds..would 
ra ise  the lev e l of produotion within a short period o f time* 
On the basis o f experiences gained so f a r ,  i t  may be said 

th a t adoption of orossbreeding i s  the only way by which a 
substan tia l Increase in  milk production oan bo achieved 
rapidly*

In  view of the fa c t th a t orossbred c a t t le  did well in  
heavy ra in fa l l  areas, crossbreeding using Jersey bu lls  was



introduced in  Kerala in  1953 as part of the ICAB scheme*
She HiiX Cattle Davolojment Soheme introduced during the 
th ird  five year plan envisaged the improvement o f  tho 
c a t t le  In high ranges* She Indo-Swiss Eroject s ta rted  in  
1963 la  another soheme where extensive investigations on 

crossbreeding using Brown Swiss bu lls ore being undertaken*
'  .  u

By th is  pro loot i t  i s  contemplated to evolve a now multi
purpose breed su itab le fo r the agro-climatio conditions 

prevailing in  Kerala*

• As Jersey and Brown Suloe crossbreds arc the two main 
exotio broeda used fo r orossbreeding in  Kerala* a knowledge 
on the performance of th e ir  crossbred group w ill help to 
formulate the future breeding policy o f the state*

1*2 Ereaent Investigation

She milk produced by animals does not follow a 

oonsletent trend throughout the laotation* She biometrical 
properties of la o ta tio n  are d iffe ren t in  d iffe ren t genetic 
groups even i f  the environmental and managerial factors 

are identical*  She graph of the trend o f milk production 
Qorosa various stages o f lao ta tio n  gives la c ta tio n  ourvo* 
Aooording to Yadav e t a l .  (1977a) the term la o ta tio n  ourve 
re fe rs  to the graphloal representation  of secretion  of 
milk* measured in  units suoh as days* weeks and months as
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tho independent voriates and tho corresponding y ie ld  in  

unito of weight aa the dependent voriates* Studies on the 
components of lao ta tio n  curve aro important in  formulating 

©ffeotlve breeding programmes for improving milk production* 
I t  would enable the breeder to hove an early s ire  selection*

i

Various lin ear and nonrlinear mathematical funotions hove 

been reported fo r describing shape o f the lao ta tio n  ourve*

In the present study six  expressions of the la o ta tio n  
ourve vis** exponential (Brody ot a l . ,  1923), parabolic 
exponential (Slides, 1950), quadratic, inverse polynomial 
(Beider, 1966), gamma (Wood, 1967) and quauratio-oun-log 

(Malhotrs o t a l* , I960) w ill bo compared to find out the 
best f i t te d  funotion to describe the la c ta tio n  curve In  
Jersey and Brown Swiss crossbred cowa* Comparison of the 

two breeds based on ordor o f lao ta tio n  end season o f oalving 
i s  another ob jective.

In dairy c a t t le ,  the ro te  of genetio improvement can 
be hastened through early culling  of low y ie lders and early  
se lec tion  o f  su itab le  s ire s  on the basis of the ir progeny 
performance* lo ia  can be done by selec ting  bulls and cove 
on the basis of th e ir  part records, provided th a t f u l l  
lao ta tio n  y ie ld  can be pro dieted from part la c ta tio n  yields 
socuratGly, Bo such study has been reported on Jersey



and Brown Swiss crossbred o a t t le .  Da* present study also 
aims a t  investigating  tho p o ss ib ilitie s  of predicting 
310 days la o ta tio n  y ie ld  from various part records in  
Jersey and Brown Swiss crossbred cowe.
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BEVIEW OP LITKRATUBE

An accurate estimate of production io  required fo r
e ff ic ie n t planning* lao ta tion  ourvea in  oows computed

a f te r  talcing in to  account of season o f oalving* genetio
make up order of lao ta tio n  eto«* would be quite useful
fo r predioting the milk produotion o f a farm* Ihey may
help to estimate the to ta l produotion from incomplete
records* The li te ra tu re  available* relevant to  lao tation

ourve io  rovlewad under the following heads*
1* Comparison o f various la c ta tio n  curve modela
2* Factors a ffao ting 'tho  chape of lao ta tio n  ourves

3* Prediction of fu l l  lao ta tio n  y ie ld  from part 
records

2*1 Comparison of various lao ta tio n  curve models

She inherent defin ite  trend of milk secretion throughout
i

the lao ta tio n  o f a oov has Invariably been represented 

mathematically in  the/form of a lao ta tio n  ourve and expressed 
d iffe ren tly  by d iffe ren t workers* Studies on the re la tiv e  
efficiency of such mathematical expressions describing the 

la o ta tio n  curve are reviewed as follows t

Brody ot a l .  (1923) described the lao ta tio n  ourve in  
c a t t le  by an exponential model* But thi^aodel could 
describe only the descending phase o f tho lao ta tio n  ourve



with a f a i r  degree of accuracy*

Gaines (1927) used a o tra igh t lin o  to describe the 

la o ta tio n  curve in  oattle*  But th is  model was v a lid  only 
during the f i r s t  few weeks and many authors showed th a t 
i t  should be divided in to  several sections to  toko in to  
aooount tho depressing effeot of gestation* ,

Subsequently, parabolic exponential (Sikka, 1930), 

inverse polynomial (Holder, 1956) and gamma function 
(Wood,, 1967) were developed to explain both the aeoentLizg 

and descending phases of the lao ta tio n  curve*

Yadav o t al* (1977b) compared the re la tiv e  efficiency 
of exponential, parabolic exponential, inverse polynomial 
and gamma function models o f  lo c ta tio n  curves in  249 cows 

belonging to 3 breeds* E2 values for the four models 
were 0*95, 0.95, 0*95 and 0*99 respectively in  Hariana 
oowof 0*99, 0*96, 0*98 and 0*99 in  1/2 HP -  1/2 Hariana, 

and 0*91, 0.91, 0*93 and 0*99 in  1/4 Hariana -  3/4 HP cows. 
Based on E? values gamma funotion was chosen as the best 
ourve*

So estab lish  some su itab le models of la c ta tio n  curves 
fo r Hariana c a t t le ,  Singh and Bhat (1976a) compared the 
re la tiv e  effic ienc ies  of exponential, parabolic exponential, 
gamma and Inverse polynomial functions* fhey found th a t
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gamma funotion had the b e tte r f i t  for those individual 
Iso la tio n s  which were having tho ideal la o ta tio n  length of 
44 voefce* Tho parabolic exponential funotion was better 

fo r the other individual lac ta tions of varying duration*
Tho inverse polynomial funotion was superior in  abstracting  
the average lao ta tion  curves* Tho exponential funotion 
did not give be tte r f i t  in  any of the oases*

Laotation curves of buffaloes are be tto r described 
by the inverse polynomial funotion than by e ith er the 
gamma funotion or the exponential parabolic funotion 

(Basavaiah e t a l* e 1978* Kuaor and Bhatv 1970)• On tho 
contrary, Kumar and Bhat (1979b), £hat and Kumar (1960) and 
Cheema (1962) reported th a t gamma funotion followed by 

inverse polynomial funotion oxplainad the v a r ia b ility  

b e tto r than exponential and parabolic exponential functias 
fo r describing the average lao ta tio n  ourve in  Indian 
buffaloes*

Malhotra et a l * (1960) f i t te d  d iffe re n t mathematical 
nodolo to milk produotion reoords o f healthy Baron-Swiss 
cove and found th a t tho quadratio-ounHLog ourve gave b e tte r 
f i t  than the other curves. The study indicated th a t the 
f i t te d  ourvoo had l i t t l e  b ias, end the estimate o f to ta l  
la o ta tio n  y ie ld  from the ourve was unbiased because of



positive and negative biases a t  d iffe ren t stages of 
laotation*

Analysing data from no rea l la o ta tio n  reoorda of 
buffaloes maintained under v illage  conditions Singh and 
Go pal (1982) observed th a t the quadxatio-o in-log ourve 

aaoounted fo r greater than 90 per oent o f to ta l  variation* 
Among various models of the lao ta tio n  ourve examined, tb is  
model gave tho best f i t  irrespective  of p a rity  or season 
of oalving* They a3» found sign ifican t e ffec t of parity  

and season of calving on constants £> and of the model 
(Poak y ie ld  and ra te  o f  deollne respectively)*

Mukundan and Kiat (1933) s ta ted  th a t lao ta tio n  curves 
o f goats wore b e tte r described by the inverse polynomial 
funotion tha t by any other funotion* In a l l  the three 
genetio groups studied, th is  model accounted for more than 
99 per oent of to ta l v a riab ility *  I t  was concluded th a t 
none of tho fanotiono wae able to dcsoribo thecomplete 
la o ta tio n  curve, although a l l  funotions docoribod the 
descending phase sa tisfac to rily *

Howlands e t nl* (1982) compared four models v is* ,
(1) iogflX(n) a logQa + b logQn -  on (2) f  (n) « anb*~ot 
(3) Y (n) a ae“pn -  (4) Y(n) o a -P ,n-a<T(1,Q of the
la o ta tio n  ourve in  oattle*  Model (2) f i t te d  the data



□lightly  b e tte r , on average, than models (3) and (4) and 
a l l  were b e tte r  than model (1)* Compared v ith  model (1) 
model (2) reduced the average residual mean square by 
10 per oent in  cows and 4 per oent in  heifers* {todel (4) 
described tho in i t i a l  r is e  in  milk y ie ld  upto week 5 
b e tte r  than model (1) or (2 ), but reached a maximim value 
s lig h tly  early* Kbdola (1), (2) and (4) s lig h tly  under
estimated and model (?) s lig h tly  overestimated maximiza 
y ie ld , but model (2) provided the best estimate of the 

p o sitio n  o f maximtsa yield*

According to Yadav ami Shams (198?), the lin e a r , 
exponential and parabolic exponential functions explained 
only the deoling trend in  milk pnduotion of Jersey,
Holstein Friesian and Broun Swiss h a lf  breds and they oouLd 
not define the shape of lao ta tio n  ourvo effic ien tly*
Inverse polynomial and gamma functions estimated the i n i t i a l  
ascending phase followed .by peak phase aid the descendiig 

phase with the advancement o f laotation* They also reported 
th a t a l l  the records had value o o f more than 80 per oent
when inverse polynomial funotion vas f i t te d  on individual 

reoords*

2*2* Factors affecting  the shape o f  la o ta tio n  carves
I t  has been recognised for many years th a t tho shape
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of tho lao ta tion  ourve Is  affected by environmental 

fao tors (Ooreovsky, 1957)* season of oalvlug (Mayraone and
Molossini* 1959)* age (BlauB 1961) and f e r t i l i t y

t
(Gordemannf 1964)*

Brody (1927) observed tha t milk y ie ld  declined a t  

a constant ra te  of 5*5 per oent per month, in  a s tra ig h t 
lin e  decline • For those cows bred 3~4 months following 
oalving there was a s tra ig h t lin e  decline upto 9 months 
from freshening and then therewao a sharp decline when the 
cows were pregnant fo r 6°*7 months* He also  reported th a t 
the decline was about 17 per oent per month in  poorly 

bred oattle*

In the analysis of the la o ta tio n  ourve in to  mxinan 
y ie ld  andpoxslstenoyy Sanders (1950) notiood th a t the ra te  
of decline in  the average dally  y ie ld  was the g reatest 
before January fo r cows which had calved before the 
previous August and were milked through the following May*

Caukas (1939) reported thattho  shape of the lao ta tio n  
ourve appeared,to be inherited and there was e ig n ifio a t 
difference in  lao ta tio n  curves among consecutive lac ta tio n s  
o f the same oow* Hut such within oov d iffe r  one 00 vere not 
as great as botween oow differences*

fher0 ware two periods in  the lao ta tio n  whore in a



decrease in  produotion was noticed in  60-250 days and 
a more rapid  decrease from 250*300 days ( Delago o t n l . .

1953)•

Turner (1955) noticed th a t as the la o ta tio n  advansd 
milk y ie ld  declined and i t  vas probably duo to the gradual 
decline in  the secretary ac tiv ity  of the individual 
e p ith e lia l c e llo . He fu rther sta ted  th a t hormonea from 

the adenohypophysis vas essen tia l fo r the In it ia t io n  a Ed 
maintenance) of la c ta tio n .

Bouma (1956) compared tho la o ta tio n  ourves of M-fl-T 
breeds of o a ttle  and I'riosion breeds of c a t t le .  He observed 
th a t the month of oalving appeared to have a much greater 
e ffe c t on the shape of the lao ta tio n  ourve in  tho M-h-1 
than in  the F riesian  o a ttle , and the difference between 

the two breeds in  standard production was also high.

Laboache (1957) noticed tha t the average daily production 
of Zebu X European crossbred o a ttle  varied from 3.58 l i t r e s  
in  the 1st week of la c ta tio n  to 1.02 l i t r e s  in  the 40th veek. 
In moot animals i t  declined from the 1st week, but in  some 
a temporary increase in  daily y ie ld  was observed.

Wood (1969) reported tha t cows with the same parity  
o f oalving a t  the same time of the year snowed sim ilar 
curves modified only by to ta l  y ie ld  and abnormal seasonality 
o f  produotion.
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Dave and Patel (1971) observed th a t the shape of 
the la o ta tio n  ourve I s  influenced by environmental faotors*

r

especia lly  the age*

Ratheisor (1972) found tha t tho shape of the lao ta tio n  
ourve and persistency in  slmmental cowa were not influenced 

by liv e  weight*

2*2*1* Poak y ie ld  and davo to a t ta in  peak y ie ld

Maymone and Molossini (1959) showed th a t maximum
production was reached in  the f i r s t  month a f te r  oalving

by 66*8 per oent of oovs* in  the second month by 94*2 per
«

oent and in  the th ird  month by 93*7 per oent* She average 

duration of the ascending phase of the lao ta tio n  van 28*31 
days* Age of cow* breed or level o f production had no 
s ig n ifican t effec t on duration of asoendiig phase* However* 
a s lig h tly  sign ifican t effec t oould bo demonstrated in  
season of oalving the phoae varying between a minimum of 
23 days in  the spring and a maxima of 26 days in  winter*

Rradhan (1970) sta ted  th a t in  KSnkroj cows the period 
from 1 to 7 veeke represented the rapidly r is in g  segment 
of the ourve followed by the decline* She ourve showed 
a high average persistency value o f 93*235 per oent between 
7 th  to  41ot week* Shore was more or leas  a s tra ig h t l in e
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decline In weekly milk y ie ld  fro® the 7th-41ot week.

She average ra te  of decline vae 1*67 per oent per week.

Hair (1973) reported for the f i r s t  time the performance 
of Jersey X Zebu crossbred oovs in  Kerala State* Bair (1977)

s

reported on the f i r s t  lao ta tio n  y ie ld  of Brown Swiss h a lf-  
bred cows maintained a t the Indo-swiso Erojeot, Mad up a tty , 
where the conditions of management were superior to those 

in  farm er's promises*

In  Brown Swiss oroaebred oovs, the mean period to 
a t ta in  peak y ie ld  were 36*2 ♦ 1*6 days in  and 46*8 ♦ 4.1 
deya in  Fg (Chauhan e t  a l . ,  1974)

Bajagopalan and Dave (1976) reported th a t Jersey oowa 
reached maximum production by 6th week a f te r  oalving and 
from th a t level the produotion was being maintained more 
or le s s  regularly  upto 9 weoko, a f te r  which th a t deolined 

almost in  a s tra ig h t l in e  fashion*

Aocordlng to G irija (1980), the mean la o ta tio n  y ield  

upto 305 daye in  Jersey X Zebu crossbreds was 1411*23 ♦
32*38 kg v ith  a coeffic ien t of varia tion  o f  39*61 per oent* 
She corresponding average was 1453.92 ♦ 77.89 kg with a 
coeffic ien t of v aria tion  o f 44*50 per oent in  Brown Suise X 
Zebu crossbred cove* She nixaber o f days to  a t ta in  peak 
y ie ld  in  the above two breeds o f oovs were 44*75 ♦ 1*23 days



I

(OT » 47*84 per oent) and 49*66 ♦ 3,06 days (CT ■ 51*50 
per oent) respectively* She also reported th a t the mean 
peak y ie ld  in  Jersey Z Zebu crossbreds was 7*91 ♦ 0,15 kg 

(OT ■ 33*91 per oent) and th a t in  Brown Swiss Z Zebu 
orossbreds was 7*70 ♦ 0*31 kg (OT a 33*02 per oent)*

Mathew (1963) observed th a t  Brown Swiss h a lf  hreds 
vere producing slgn ifioan tly  more milk than Jersey h a lf-  
breds under Kerala conditions* lbs unclassified  Jersey 
crosses had s lgn ifioan tly  higher lao ta tio n  milk y ie ld  
compared to  Broun Swiss h a lf  bredo and the difference 

between tho unclassified animals o f  both Brown Swiss and 

Jersey was not significant*  Pooled data analysis Bhoved 
th a t the average lao ta tio n  milk y ie ld  in  dry and rainy 

season were 1500*3 ♦ 26*1 ^  QQd 1472*6 ♦ 26*4 kg roapct- 
ivoly* However* season did not exert any s ig n ifican t 
Influe no o on milk yield*

2*2*2* Shot ore affec ting  the shape of gamma funotion

In Hariana and Pr-Hariana orouabred oovs on three 
farms* Yadav e t a l • (1977a) oould observe significant 
e ffeo t of breed type* farm* parity  and season o f  oalving* 
but not ago a t  f i r s t  oalving on the *a' constant of the 
gemma function* Laotation sequenoe* season and age a t 
f i r s t  oalving had s ig n ifican t e ffec ts  on the 'b ' component*
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vhioh measured the average slope of the ourve* The 'o* 
component» describing tho ra ta  o f ohange In the declining 
phase of the ourve, vas sign ifican tly  affooted by a l l  the 
genetic and non-gonetio factors* laey also developed 

predio tion  equations fo r average weekly milk y ie ld  In  the 

tvo breeds* On the contrary, Mehto e t o^* (1960) 'found 
th a t a l l  the non-genetlo faotors s ig n ifican tly  affected the 

'In  a '  component of the grama function; fb ' oomponent vas 
s ig n ifican tly  only by oeaeon of oalving, season and year of 
oalving vere the only tvo sign ifican t eourooo o f variass 
in  'o ' oomponent o f tho funotion In  E&rlana oroesbreds*

Shat and Kmar (1976) f i t te d  the gamma funotion in  
buffaloes to study the effeote of various faotors on th e . 
constants of the function* Thqy found th a t the constant 
■a* was sign ifican tly  affooted by farm, p a rity  and season 
o f oalving* Xhe 'b* oomponent vas s ig n ifican tly  affooted 
by farm and year of oalving* She ra te  of ohange fo r the 
declining phase o f the laotaticnourve (o constant) was 
s ig n ifican tly  affooted by faxm, p arity  and year* Singh 

o t a l . (1979) also reported sim ilar re su lts  in  Hariana 
oattle*

Madalena e t a l • (1979) analysed the p&romotaa 'a ' ,  'b ' 
and 'o ' of individual gaxoa typo lao ta tio n  ourvea of HP and



HP X Gir oovs by le a s t  square technique. laey oould 

observe th a t oova oalving during the rainy season had 
higher I n i t i a l  production than oovs oalving In  the dry 
season, vhltf) however, had more p ers is tan t laotatlona*

Ifcrity affected  only the i n i t i a l  produolton *a* parameter, 
vhioh, was' lover fo r f i r s t  calvers, while the other parity  

olasses had sim ilar *a' values*

Studies on the lao ta tio n  curves of some high y ie ld ing  

B ritish  Friesian oovs revealed th a t the gamma funotion 
explained 07*7 par oent o f  the to ta l  v a r ia b ili ty  In  logeY(n) 

and the mean oonstents vere 31*8, 0*3160 and 0*037? respect
ive ly  (Wood, 1980)* He. found th a t seasonality o f  production 
was confined mainly to  a peak In spring o f about 10 per oent 

above an approximate constant level of production durlzg, i
the r e s t  of the year* JEheoo high y ield ing  lac ta tio n s  
generally peaked l a t t e r ,  vere more p e rs is ten t, and shoved 
leas  response to seasonal v a ria tio n  than average laotation*

In Poll eh HLaok-and White lowland crossbred oovs 
o f 10 F riesian  s tra in s  Zarneokl and Bvorak’:( 1981) noticed 
th a t the oonstant 'b ' of the ganna funotion was sim ilar 
(0.277*0*376) fo r a l l  strains*  The *a* value shoving the 

height of the ourve vas g rea test (14»5»-15#7) lo r  the high 
y ie ld ing  a tra im . She 'o ' value defining the deollning
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phase was highest (rapid daolino) for (in  ascending order) 
Danish, Swedish, Dutch and Polish s tra in s , 0*063-0.057. 
Exoept fo r  tho US e tra in  (o « 0,054) the high yielding 
s tra in s  shoved f l a t  ourvea with, a slow decline (h*0*2B-0.30 

and 0=0, 050- 0. 0 51) .  Eiey fu rther showed tha t the quotient 
b/o was sign ifican tly  affected by ago.

Moon e t a l ,  (1982) reported th a t winter oalving cows 
had a higher and la te r  peak y ie ld  and lower persistency 

than oowa oalving in  other seasons, 2fco constants ’’a , , ,b ' 
and 'c* in  the gaassa funotion ( ^ « 0, 99) were 23, 85, 0,2069 

and 0,1150 respectively , ihere were differences in  la o t

a tio n  curves among p a r i t ie s 5 peak y ie lds in  la o ta tio n  1- 2 , 

3-4# 5-6 and ? -8  were 19,02, 24,25, 25,25 and 21,63 kg 
respectively  and peroistcnoy shoved the reverse trend , She 

shape o f tho lao ta tion  ourve was sim ilar a t  the four levels 
of milk y ie ld  compared,'

Matsuo e t a l ,  (19B2) observed tha t the shape of the 
la o ta tio n  ourvo (gamma funotion) was modified by oalving 

month as a re su lt of high temperature during sizoer. Hilk 

y ie ld  during early  lao ta tio n  was depressed in  cows oalving 
in -Ju ly  and August compared with th a t of cows oalving in  
other months, and tended to decrease .lln ea rily  as lao ta tio n  
proceeded, uhereae the milk y ie ld  of oowa calving in  spring
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inoreased during the 1st week of lao ta tio n , and deallnod 

comparitlvely slowly as la o ta tio n  proceeded. HSiey fu rther 
shoved tha t peak y ie ld  tended to inoreaso with inoreaoig 
p arity , and to ta l  milk y ie ld  was sign ifican tly  correlated 
with persistency (-0.323).

2-2.3. flaotoro affeotlng the ahane of inverse polynomial 
and parabolic exponential funotlonw

Yadav e t a l . (19770) oonoluded th a t the constants 

'b 0 ' (describing the ra te  of change in  the ascending phase 

of the curve), 'b ^1 (average slope of the ourve) and •bg* 

( ra te  o f change in  the declining phase o f the curve) of 
inverse polynomial function were s ig n ifican tly  affected 

by breed type, farm and age a t  1st calving, and *b^' by 
la c ta tio n  ninbor. Other e ffec ts  were not s ig n ifican t.

Singh and Bhat (1973b) f i t te d  the parabolio exponential 
funotion to the individual la c ta tio n s  of 1202 Hariana cows. 
They observed s ig n ifican t e ffec t due to  herds, order of 
la o ta tio n , period and month of calving on a l l  the constants 
except for 'b ' in  which the effeo t of lao ta tio n  order was 
not s ig n ifican t. Maximum production was observed in  the 
lao ta tio n s  in i t ia te d  during monsoon (August and September) 
and winter (December and January) seasons. She production 
Inoreased from the 1et-6th la o ta tio n . On the contrary,



and Bhat (1979a) reported th a t the constant 'a '  was 
s ig n ifican tly  o ff acted by farm and parity* 'b* by faxm 

only* and *o' by form* parity  and year of oalving- 2fcoy 
aleo developed the prediction  equation logQXf. ■ Iogg50.20 ♦

0.019at -  0.0008t?

Studies on the effoot of the age a t  1st oalving andi
lao ta tio n  length on tho 1st lao ta tio n  y ie ld  revealed th a t 

la o ta tio n  milk y ie ld  was s ig n ifican tly  affected  by source 
o f import* aonth and year of oalving* la o ta tio n  length* 
and age a t oalving (P ^  0.01)(A1-Bawi end Said* 1960)*
Ihey also ehoved th a t inorease o f one month In  age a t 1st 
oalving and one day in  lao ta tion  length were assoolated 

v ith  inorease of 27-4 and 7.0 kg respectively  in  1st la o t
a tio n  y ie ld .

Gaeklns e t a l .  (1980) reported th a t breed* oov within 
breed and age of oov (P ^ 0 .0 1 )  affeoted daily  milk product

io n . She trend in  daily milk produotion during lao ta tio n  
was lin e a r  fo r AH oovs and fo r tTvo year old cows. She 
trends in  daily milk. produotion were curvilinear for JA and 
SA oovs and three and four year old oove* with milk pxduot- 

ion decreasing a t  an inoreaslx^ ra te  with days in  lao ta tio n .

Eao and Sundaresan (1981) pointed out th a t persistency 
and tho shape of tho la o ta tio n  ourve were sign ifican tly
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offeotod by genotype* parity* season o f calving and age a t  
oalving* Pereiatenoy was g reater for 1st than for la ter • 
la c ta tio n s  and for lac ta tio n s  s ta r tin g  in  the monsoon 
ra th e r than in  other seasons* Tnoy a2a> found th a t the

i " *
e ffec t of servioe period and oalving in te rv a l on lao ta tio n  
y ie ld  and lao ta tion  ourve shape were not oonsistent among 
genotypes*

Yadav and Shnyma (1982) studied the faotors offeotiB 

the lao ta tln g  and non-laotating period of crossbred cows 
belonging to three genetio groups via** Jersey X Hariana,
Brown Swiss X Hariana and HF X Hariana* Ihoy found th a t 

la o ta tio n  length* dry period and the duration o f the ascending 
phase of lao ta tio n  ourve did not d iffe r  s ig n ifican tly  between 
genetio groups* In the three groups reopeotively, lao ta tio n  

length  was 19*87* 20*16 and 4*52 days longer fo r the 1st 
than the 2nd laotation* and 21*82* 22*80 and 19*60 days 
longor for the 1st than fo r the 3rd lactation* She aaoendlng 
phase of the lao ta tio n  ourve was longer fo r 1st than fo r 

2nd and 3rd lao ta tione (4*H To 3*54 and 3*43 week)* Year 
period of calving did not s ig n ifican tly  a ffe c t the dry 
period* but had a s ig n ifican t offoot on lao ta tio n  length* 
Although lao ta tio n  length was not affected by season of 
oalving, tho proceeding dry porlod was s ig n ifican tly  longer



fo r v in ter calves than for oovs oalving in  bminor or tho 

rainy  season* She number o f days to reaoh peak y ie ld  vas 
s ig n ifican tly  greater in  v in ter caIvors than in  oovs 

oalving in  other seasons# except for Brovn Swiss X Hariana 
oovs*

Costa e t o l .  (1982) observed tha t peak milk y ield
Increased and persistency deoreased as age a t  oalving

increased from le ss  than 36 to 73“96 months* Poak y ie ld
«

vas lowest with oalving in  January-Juno and highest with

oalving in  July-Eepteaber • Persistency was greater a f te r
*

April-June oalving*

Singh and Baut (1982) studied the lao ta tio n  ourve fo r 
fiathi oovs# in  1at-4th laotations# under v illage  oonditions* 

Laotation milk y ie ld  averaged 1109*1 ♦ 37.36 and 1327*7 + 
80*32 kg in  thetwo breed groups respectively* Milk y ie ld  

was s ig n ifican tly  a£footed by lao ta tio n  length# but not 
by parity* In  both groups# peak y ie ld  oooured a t  d ifferent 
stages of lactation* Laotation length had a s ig n ifican t 

e ffec t on persistency * but not on peak yield* In both 
groups# la o ta tio n  length was s ig n ifican tly 1 correla ted  with 
lao ta tio n  y ie ld  (0*43 and 0*48 respectively) and persistency 

(0.47 and 0.52).

Shimiev e t a l . (1983) reported tha t both the 180 day
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and peak milk y ie lds of HF cows increased with parity  and 

wore highest with oalving in  January  June (highest in  
January  February and lowest in  July-August)* Milk y ield  
peaked la te r  in  1st than in  la  to r lac ta tio n s  and was 

la te s t  with JanuaryFebruary oalving and e a r l ie s t  with Hay- 
Juna oalving* Measures of persistency were highest when peak 

y ie ld  was la te s t*

2*3* Predlotion o f f u l l  lao ta tio n  y ield  from part reoorda

Kie a b ili ty  to predict the complete lao ta tio n  production 
o f a cow from i t s  part yields w ill determine the sucoese of 
a herd cu lling  programme* In dairy oattle*  ra to  of genetio 
improvement can be hastened by selec ting  cows and bu lls 

on the basis of th e ir  part reoorda* provided th a t f u l l  
la o ta tio n  y ie ld  can be predicted from part la o ta tio n  yields 

accurately*

Buasert (1957) studied the part y ie lds of he ife rs  in  

re la tio n  to the shape of the lao ta tio n  curve* Part y ie lds 
wore based on 100 and 200 day yields* I t  was found th a t 
the 100 day y ield  was not an accurate guide to la te r  produ
ction* particu la rly  in  the case of oowa with a steep r is e  
in  tho ourve a t the beginning of laotation* But 200 day 
y ie lds were su itab le  for estimating milk production a b ili ty  
in  he ife rs  and did not need to be considered in  re la tion



to  the ehapo of the lao ta tio n  curve*

Studies on 532 lac ta tio n s  from 101 Blaoto-and-Wbite»■ 

hard tested  cows showed high correlations between the peak 
te s t  day and the f i r s t  100 day milk produotion on the 
to ta l  la c ta tio n  y ie ld , and the f i r s t  100 day milk production 
(Z) with the to ta l  lao ta tio n  yield. (X)* She prediction 

equation was Y » 778 ♦ 1*99 £ 1 611, r=0*94 (HLau, 1961)*

In  buffaloes, Agorwala (1963) could observe th a t 
Irresp ec tiv e  of lev e ls  of production the correlation  
between actual and estimated lao ta tio n  yields Increased as

i

the in te rv a l between the reoordings decreased* He concluded 
th a t  recording milk production every 10 days was mot re liab le  

fo r p rod lo tirs  tho to ta l lao ta tio n  yields*

Highly sign ifican t correla tions between f u l l  la c ta tio n  
and d iffe ren t part lao ta tio n  yields in  d iffe ren t exotic 
breeds of o n ttle  uae reported by Cannon e t a^* (1942) and 

Lamb and KoGillard (196?a,b)« Similarly high correlations 

between tho part and fu l l  la c ta tio n  yields in  Hariana o a ttle  
were reported by Butt « t aj,. (1964)* Singh g£ oL* ( 1967) 
and Singh and Aoharya (1969)* in crossbred c a t t le  sim ilar 
re su lts  were reported by Kartha (1934)*

Preliminary re su lts  fo r  Brown Alpine cows in  the
1

province of Sondrio showed sig n ifican t corre la tions (P=0*001)



between 50- ,  70* and 120-day la c ta tio n s  on the one hand 

and 505 day la o ta tio n  on the other o f  x*Q«.67l, 0*705 and 

0*Q24 respectively  (Masaherpa e t a l» . 1967)*

Ecefft (1967) constructed the egdel 7  a 1*406 10*^
r  x1.B7e 0-0*Q251x (Y I d the daily milk y ie ld , r  i s

the 505 day y ie ld , x i s  the day of lao ta tio n , and 0 i s  the 
base o f natural logarithms) to determine the milk y ie ld  
of oova during a single laotation*

H iller and Pearson ( 1972) oompared four nothods -  r a t io , 
multlplo regression, modified regression and regression of 
the remainder of the lao ta tion  on the l a s t  to s t * of 
extending (cow) lactations-la-progroes* They concluded

4 1

th a t multiple regression estimates and regression estimates 
on the la s t  te s t  were about equally precise* Modified 
regression was intermediate whila errors of ra tio  estimates 
were largest* They also reported th a t present use of 

ra tio  extension factors resu lta  in  excessively large errors 
in  projecting ehort-length la c ta tio n  to a 505 day basis*

Velea o t al* (1977) reported tha t the corre la tions of 
milk y ie lds a t  the f i r s t  six' reoordings in  the 1s t  la o t
a tio n  with 1s t  la o ta tio n  milk y ie ld  were 0*44, 0*67,  0*75, 
0*64, 0*75 and 0*71 respectively* Correlations between
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yields a t  thogo 1st lao ta tio n  recordings and 2nd lao ta tio n  

milk y ie ld  wore 0.15, 0*30* 0.33# 0*32, 0*30 and 0*37 reap* 
ootively and corresponding correla tions for the 3rd laot*  
a tio n  milk y ie ld  were 0.13, 0*21, 0*22, 0.34, 0*24 and 0*23* 
When the to ta l  milk produotion fo r  any 2,3,4 or 5 reoordings 
from the f i r s t  s ix  use considered, the correla tions with 

the 1st lao ta tio n  milk y ie ld  were 0.47“0*76, 0.59*0,02, 
0.65*0.84 and 0.70-0*71 respectively . 2ha corre la tions of 
the to ta l  milk production for s ix  reoordings with tha t' for 
the 1st lao ta tio n  was 0.6?,

Scrhuoffer e t a l ,  (1977) developed the technique of 
non-linear nodal to  predict 305 day milk and f a t  y ie lds of 
Canadian Holotoin and Jersey c a tt le  and compared th is  

procedure with themuOLtipllaatlvo and lin e a r  regression methods 
of extending records in  progress. They found th a t the 
method of non-linear model was a t le a a t eo accurate as 

e ither the m ultip licative  or regression methods and i t  
requires leso  computer storage for parameter estimates than 
fo r m ultip licative  fac to rs and oou d be implemented easily  
in to  a milk reoording programme.

Adenoye and Adebanjo (1978) reported th a t both 100- 
and 200-day y ie lds were sign ifican tly  correla ted  with the 
305 day y ie lds of F riesian  cows. In the f i r s t  five la c ta t
ions, tho value of the co rre la tion  ooeffio ien t, r ,  varied



from 0.74 to 0*99* The 200 day yields wera more closely 

oorrclatod with the 305 day yioldo than the 100 day yiolda. 

Xhey aleo reported th a t peak yields were attained  during 
the f i r s t  month of la c ta tio n ; the 3rd lao ta tio n  poak uao arj 

the h ighest; daily milk yields deoreased gradually as the 
2nd, 3rd and 5th lac ta tio n s  advanced.

’I
Powell e t al# (1976) observed th a t correla tions 
f- ■ * - 

between projeotod milk y ie ld  from records in  progress and

305 day records in  Holstein oowa inoreased from 0.60 fo r
40 to  69 days in  milk to 0.99 for 260 to  304 dayo in  milk*
Corresponding average absolute differences deorcaccd fro*
777 to 68 kg. Correlations involving 00v index for milk
inoreased from 0.91 to 0.99.

With a view to extend in-progreso and terminated 
la c ta tio n  records, liiggans and Van Vleok (1979) developed 
a function involving la s t  sample production which aocounta 

for systematic influences in  estimating remaining y ie lds.
Ihe function i s  estimated 305 day y ie ld  •  y ie ld  in  f i r s t  
a days ♦ Qb^+bgn) la s t  production ♦ (bj*b^v/n)/last produr 

otionQ (305-n). She ooeffio lents b 'e  were estimated within 
throe stages (  ̂65, 65 to 245* >245 days in  m ilk), four 
age a t  freshening groua ( 434 , 34 to 43, 49 to 60 and >60 
months, 34 to 36 mouths oovs ware plaoed in  the f i r s t
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group i f  freshening fo r  the 1st tim e), thro® herd yields 

( 5900* 5900 to 7000 and 7000 leg)* and s ix  tvo month

season of freshening groups by le a s t squares fo r milk and 
f a t  yield*

In Linonoro oouo, the correla tions of to ta l  lao ta tio n  

milk y ie ld  with y ie lds in  the f i r s t  two and four months 
of lao ta tio n  ware 0*77 and 0*68 reopeotively (Uontrer&a 
and hi noon* 1979)*

Bao e t el* (1960) sta ted  tha t the boat months for 

p red icting  the succeeding complete lao ta tio n  rooord vere 
the 4th* 5th, 6th and 7th ouaulatlve monthly reoorda, tho 
accuracy of predicting the subsequent to ta l record ranging 
between 0*53 and 0*58* Brediction equations involving 
m ultiple regression faotors for monthly production (5, 6 and 
7 sequential months) were s lig h tly  b e tte r than the proceed
ing to ta l  record in  predicting succeeding complete record*

U tilis in g  the milk y ie ld  data adjusted for the sign i
fican t e ffec ts  duo to form, season o f oalving and age a t  
f i r s t  oalving C hiller e t a l . ( 19B0) shoved tha tthe co rre la tion  
of to ta l  lao ta tio n  milk yiold  on part lao ta tio n  y ield  
inoreased with eaoh added successive part lao ta tio n  yield*
150 day reoord was most appropriate for predioting the 
f u l l  la o ta tio n  y ie ld  with re lia b le  aoouraoy* lae 150 day
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port record had s ig n ifican t co rre la tio n  coeffic ien ts  of 
0*82 to 0.93© Oa7S to 0«&9 and 0*79 to 0«90 v ith  d iffe ren t 
f u l l  lao ta tio n  y ie lds in  Hariana, 1/2 HF end 3/4 HP 

respectively#
i

Tubing into  account the effects of age o f cou, calving 
in te rv a l, feeding and disease, standard curves for 303 day 
lac ta tio n s  o f cows y ield ing  3000-8000 kg milk were estimated 
(Hath o t a l# , 1981)# I t  vae concluded th a t fo r oowa with

i

lao ta tio n  y ie lds of 3000, 3000 and 8000 kg respectively 
y ie lds during the 2nd-4th week, during the 7th week, and 

during the 14th track respectively  gave the heat indication 

of to ta l  la o ta tio n  yield#
Eaigaonkar e t (1981) could find sig n ifican t 

co rre la tions fo r to ta l  lao ta tio n  y ie ld  (32 week) with y ie lds 
a t  4*8,12 and 16 weeks and peak y ie ld  o f Sahiwal cove* 
Efficiency of predioting 32 week milk y ie ld  from 12-and 
16-veskrcoords was > 60 per oent» whereas i t  was 30 per 
cent then peak y ie ld  records were used#

Batro and Lee (1981) reported th a t the USEA extension 
facto rs consistently  predict lower production from reoords 
in  progress# They modified those extension factors for 
use in  Canada and both the actual and modified versions of 
the USEA extension facto rs were compared on a new se t of
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data* Bioy observed th a t the modified extension faotors 
vere b e tte r than the 1965 USDA extension fao tors and wore 
able to elim inate tho systematic bias*

Hhanoa and Da (1962) proposed a modol to  desoribe 
the lao ta tio n  ourvo of a dairy cow* The model la  

Y  ̂ » % (m ^ t^ t)  + t  » 1* 1, wherp Ŷ. and

7t*1 Gro ourrcn't  proceeding milk y ields in  kg/week, 
and the constant A estimates the frao tlon  by vhioh milk 

y ie ld  adjusts to the level a t  the next stage* Hie frao tlon  
(1- >) by which the milk y ie ld  p e rs is ts  a t  the proceeding 
lev e l i s  used to define a measure of persistoncy, p e>
(1- /i)a0/m1t where i s  the ra te  o f deoline in  kg/veek and 
aQ ie  a conotant*

Pathak et a l » (1982) observed slgnifiiant co rre la tio n  
( r *0.726) between 300 day la c ta tio n  yield  (Y) and 100 day 

y ie ld  (X). They aloo suggested the equation Y * 249*39 ♦ 
2*0039 X fo r p red ic tion  of 300 day y ie ld  in  Qir oowa*

Comparison of three methods -  ra t io ,  simple regression 
and modified regression- of predicting to ta l  lao ta tio n  milk 
y ie ld  from port la c ta tio n  yields in  742 lac ta tio n s  of HP,
HP x Gix and HP x  (HP x Gir) oowa in  B rasil indicated tha t 
the simple regression method gave tho moot acourate predict
ion of to ta l  milk y ie ld  (Xeixeiran ot a l.*  1982)*
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In Simmental oous, Eeicer and Hausomann (1982) 
notiosd tha t faotors fo r extending part lac ta tio n s  were 
sig n ifican tly  affected by herd average milk y ie ld  but 
not by season or age a t 1at oalving* Linear regression 
on average to s t  day performance applied w ithin five  claeses 
fo r herd average y ie ld  gave the moat accurate extension of 

part lactations*  Correlations between te s t  day re su lts  
and 305 day f a t  yield were 0.88-0*99*

Arendonk and fflmland (1983) while comparing two 
methods v ie .B fac to r analysis and lin e a r  regression method • 

to  extend p a r tia l records observed th a t co rre la tions 
between actual and predicted to ta l lao ta tio n  yields were 
equal for the two methods* they were 0.05, 0*93 and 0*98 

when prediction was based on actual recording fo r 2 -, 4“ 
and 7"&onth periods respectively* They also found that 
both methods overestimated production* She longer the part 

records wore, the lower was the overectimatlon* Correlation 
fac to rs  introduced to remove th is bias wero e ffec tive  with 
the fac to r analysis method, but not completely offeotive 

with the lin ea r regression method* Hhey fu rther suggested 
th a t to  get unbiased predictions, extension fac to rs should 
be recalculated in  respect of each data set*

Shah and Singh (1983) sta ted  th a t prediction of
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la c ta tio n  y ie ld  iron CO day y ield  was most re lia b le  In  

1st and 2nd lao ta t  ions* Milk y ie ld  was highest In  the 
oooond month of la c ta tio n  and then decreased. Persistency 

index was 92*3*93*9 per oent and ra te  of y ie ld  decline was 
7 *3*8* 5 1/month.

Ranpel a t a l . (1983) reported th a t roo t mean square 
error and bias In  predicting 303 day. n ilk  y ie ld  of HP cows 
by an incomplete gamma function were 0.716 + 0.274 kg and 

-0 .68 kg respectively* Errors in  estim ating 305 day y ie ld  
from actual 240 day yields in  two samples embracing 60 
la c ta tio n s  were 40.01 and 36.00 kg or le ss  than 0 .6  per 
oent of to ta l  y ie ld .

Goodall and Sprevak (1984) from a study o f the 
behaviour o f the time se ries  of tho difference between 
tho observed values of milk y ie ld  and the f i t te d  la c ta tio n  
curve derived a stoohaotio model to Improve the f i t  o f the 

la o ta tio n  curve, to foreoaot milk y ie ld  and to generate 
simulated values of milk yield*
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MATEHIALS AND METHODS

The datg pertaining to the produotion and reproduction 

performance of 148 or odd bred cove maintained a t the Univer
s i ty  Divedtook Ttorm, Mannuthy during the period 1978-1983 
wore u ti l is e d  in  th io  study* Since the onimale belonged 
to  only one farm they vere under id en tica l conditions of 
Management and feeding regime* Meet of the animals were 
born and brought up In  th is  farm but some vers purchased from 
the f ie ld  and other forms*

The cows, under study, belonged to two genetio groups 

v ia* , Jersey oroasbreds (93) and Broun Swiss orossbreds (55)* 
hcoordo upto 4th lao ta tio n  wore included in  the study*

Those a f te r  4th lao ta tio n  vere very few in  number and henoe 
vere excluded. Thera were a to ta l  of 264 lao taticnrecords 
which include 174 la o ta tio n  reoorda of Jersey oroeabreda and 
90 lao ta tion  reoorda of Brown Swiss oxosebreda* Abnormal 
reoordo ouoh as those affooted by abortion, premature b irth , 

m a s titis  and death during lao ta tio n  vere ignored* Sim ilarly, 
inoomploto le c ta tio n  reoorda due to  so la , m illing, death 

and other pathological condition were also  not included* 
Abnormal lac ta tio n s  o f lo ss  than 130 days duration vere 
excluded from the study*



3 .1 . Daily and to ta l  o llk  yield

Average daily  nilfc y ie ld  (calculated from 10 daye y ield) 

upto 310th day of lao ta tion  was the main item of observation. 
In  tho present study* tho to m 'to ta l  yield* re fe rs  to  tho 
y ie ld  in  310 daya. In tho oaoe of oovs whioh dried before 
310th day* the y ie ld  upto the date of dryizg van considered 

an to ta l  y ie ld .

3*2. lac ta tio n  ourve model!

Six mathematical models v iz . ,  tho exponential* the 

parabolic exponential* the quadratic* the quadratio-oim-log* 
tho gamma and tho inverse polynomial functions were examined 
to  find  out the beet f i t  for a representative ourve in  Jersey 
and Brown Swiss crossbred oovs.

3 .2 .1 . Exponential funotion

Brody e t a l .  (1923) used th is  funotion and represented 

i t  mathematically eo a Ao"** whore ^  io  the y ie ld  in  
time ' t '  and A and K are oonatanto to be estimated. In  i t s  
logarithm fora* th is  reduces to log^Y^ * Xog^A-lct.

3*2.2. Parabolic exponential funotion

Sikka (1900) proposed th is  funotion and represented i t
htmathematically as * Ae • Salting logarithm on both

2aides wo get loggY ,̂ ■ log^A* b t +ct .
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3 .2 .3 . Quadratic function

Oils model can bo represented aathem atically as 

■ A*bt *ot2 whore At b. o ore constants to  bo estimated.

3 .2 .4 . Quaflratlo-oum-log curve

Mnlhotrn o t a l , (1960) represented th is  funotion m tho-
2m atically qd « A + bt *  o t * d logQt  where A, b, 0 and d

are oonototo to  be estimated.

3*2.5, Gammo function

Wood (19^7) suggested the following expression fo r the
w

la o ta tio n  curve. Xj o A t  e where A, b and 0 are 

oonetants to be estimated. In i t s  logarithm form th is  can 
bo w ritten  as lo g 0Yt  * log0A + b logQt  -  ot*

3*2*6. Inverse polynomial function

Welder ( 1966) described th is  function olgobrically  as 
I ^ a t  (bQ ♦ b^t ♦ bgt 2)"^ whore bQ# b^ and bg nr© constants 
to be estimated. Eaia can be m ritten as 1/T^ a A ♦ b / t  ♦ ot
where A «= b^t b « bQ and 0 ® bg»

. . .2ao f i r s t  constant logfiA o f the exponentialt parabolic 
exponential and gamma femotions and 'A* o f tho quadratic, 
quadratio-oum-log and inverse polynomial functions have been 
shown ao 'a '  oonatant, while k and h of tho above 6 equations
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have baen shown ae *b' oonetant in  fablen 6, 7* 8* 9* 10 
and 11. She th ird  constant 'o ' of the l a s t  five  equations 

hoc been shown as “o ' constant and the constant 'd ' of tbs 
quadratio-oua-log curve has been shown as 'd* constant in  
Tables.

3#2. f i t t in g  lac ta tio n  ourvea

She oix functions mentioned above were f i t t e d  to the 

average dally milk y ie ld  (kg) eeperately for each of the 
four lac ta tio n s  and also to  the pooled data (Booled over a l l  
the lao ta tlone) for oaoh breed under atudy with the help of 
m ultiple lin e a r  regression analysis . Sinoe the ourvea were 

f i t te d  to the average dally rtilk  y ie ld  (up to 310th day) 
calculated  from 10 dayo y ie ld , time ( t )  ranges from 1 to  31 
in  a l l  the ourvoa used in  the present study. Also, 7^ re fe rs  
to  the average daily  y ie ld  In  time *t*.

3 .2 .1 . Estimation of parameters

The parameters of the ourvos wore estimated as follows 
(Kendall e t a l . .  1983)i

Sonoral l in e a r  nodal la  -  3 ^  ^  ^

where B is  a  (k&1) vector of regression ooeffio len ts , X 
i s  an (n3k) m atrix of known coeffic ien ts  and W an (nX1) vector



of "erro r” random variables with moans and dispersion
2m atrix E (g) m 0 , T (Q) ■ ( r l . ,  Bus vector of IS  estimators

V * 1  | -of B ia  given by B n (X X) X jf and I t s  dispersion m atrix 

i s  V (j5) a s-2(X x r 1. Unbiased estimator of <r-2 i s  S2 

where (n-1082 •  ( I  -  I B ) '  (Z -  I  S) -  Z 'l  -  B’x 'y.
r

t

3«3* Oonroarloon of lao ta tio n  ourvea

In order to compare the re la tiv e  effloienoy of various 
la o ta tio n  ourve models and to se lec t the moot su itab le ourve, 
two methods were used vie*, (1) coeffic ien t of m ultiple 
determination (B2) and ( l i )  Pur nival index (X).

3*3«1» Coeffiolent of multiple determination (B2)

TO te a t  Hjj 8 n ^  » ...............■» a 0 and to  compute
2R tho following Analysis of variance Tahlo waa used*

Sour oo BP S3 MSS P

Due.to , , ,
regression k-1 B X X B - I  J  Y /' MSS (Hog) HS3(Reg)

a  MSS(Eee)

Residual n-k t 'y “ b 'x ' x B MSS(Hes)*• ■■ “  rw

Total n-1 f ' l  -  X 'J J /n

B2 ■ B*X*X B -  y ’j  X / a

X l - Z ' i  3 / n  ^
B waa tooted using ° -

<1"“2)/n-j£

37



3 r 3.2 a Pur nival index (I)

Pur nival (1961) constructed an Index of f i t  ( I )  as 

X d (if*<Y l )"1) 1/n S whera

f ' (Y)  i s  tlio reoiprooal of the derivative o f eoae
funotion f  (Y) of the dependent variab le  Y with 
respeot to Y

n i s  the nunber of data points
S i s  the root mean square residual obtained fron

the f i t te d  regression#

A large value of X indicates a poor f i t  and v ice-versa,

3o4« Effeot of aanotlo and non-gonetio fac to rs  on to ta l  
y ie ld

Influence of genetio and various non-gonotio faotors 

ouch as lao ta tion  sequence and oeaoon of oalving on to ta l 
lao ta tio n  y ie ld  was studied by the conventional o ta tio tio a l 
methods (Snedeoor and Cocharan. 1967)*

3«4#t* Effeot of brood tvra

In  order to study the effeot of breed type on to ta l  

la o ta tio n  y ie ld  (310 days y ie ld )0 the oova were c la ss ifie d  
Into two genetio groups v ic ,B Jersey orossbreds and Brown 
Swiss orooobrede.



5,4.2* Effect o f order of la c ta tio n

Xo study the e ffec t o f order of la a ta tio a  on to ta l  

y ie ld  (310 doyn yield)# the lao ta tio n  records were' c la ss ified  

based on the order of lao ta tion  in to  four olaoses vis*# 

lao tationo  1# 2# 3 and 4*
►

3»4#3# Effect of season of oalving

Xo esanine the effeot of season of oalving on to ta l  
yield# the year was delineated in to  three oeacona as followsi

Scaaon Months

1# Bry season January # February, Kirch and April

2# Fainy eesaon Kay# June# July and August
3* Moderate season September# October# November and Beoeabar

3*4*4* S ta tis t ic a l  analysis

Bio effeo t of breed type on to ta l  lao ta tio n  y ield  
(310 days ylo ld) was studied by comparing tho average to ta l  
y ie lds of Jersey and Brown Swiss orossbrods using Student*s 

•V tost*
In  order to  study the e ffec ts  o f order of lactation# 

season of calviug and order of la o ta tio n  X season o f oalving 
interaction# the to ta l  y ie ld  from each of the two bread® 
wore analysed eeperately by the method of le a s t  squares# Bis



following model was used*

y13p °  ̂*Li * V  <LS)id * °idP where

40

io  to ta l  y ie ld  from the animal of l tl1 
la c ta tio n  and ^  season of oalving

io  the overall mean

ie  the effoot o:
(1 n 1 ,2*•••«1)
la  the e ffec t o:
( j  °  1|2,**«*«**t8)

ie  the effoot of the 1 la o ta tio n  sequence

Sj ia  the e ffec t of the J season of oalving

(SS), . la  the two faotor in te rac tio n  of the i  lao ta tio n
« thsequence with the j  season of oalving

° l jp  ^ilG random error assoaiated with . which la
aaouaed to be normally and independently d istribu tedOwith mean eero and varlanoo <r~ .

Tho analysis of varianos tab le  was as follows*

Sour oo DF SS MSS

Between lao ta tio n
ocquonooa 1-1 S.j S y i-1

Between,seasons S*1 Sg Sg/S-1

Season X la o ta t
ion sequence (1 - lX s - l)  Sj  5 j / ( l- i) (0 -1 )
Error n -la  S ^ n -ls
Total n-1



whew s ,  .  r  { ( z z y , S / „ , . }  «07*
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3*5* Bcediotlon of to ta l  vlold ualnr uart y ields

In order to predict to ta l  la c ta tio n  y ie ld  (31Q days 
y ie ld ) from part lao ta tio n  y ie lds, the to ta l  mills produced 

by a cow during the f i r s t  30, 60, 90, 120 and 190 days o f 
a lao ta tio n  wore considered as part lao ta tio n  yields* Since 
tho offoote of order o f lao ta tio n  and season of oalving 
were found to  be non-oignlfleant in  both the genetio groups 
no adjustment of data was needed* She unadjusted records 
of tho two genetio groups wore analysed separately to  obtain 
the pert-whole corre la tion  coeffic ien ts  of various part 
la c ta tio n  records with 310 days yield* Faonotypio co rre la t
ions were computed in  the lin e  of Snedeoor and Cochran (1967).



5 .5 -1 * Mathodo of Tyredlotlon

Linear equations for predicting 510 days y ie ld  from 

p art y ie lds vere developed by ra tio  and regression methods.

In ra tio  method* regression coeffic ien ts  were estimated 
by dividing the 510 days y ie ld  by tho em ulative y ields 
a t 50, 60, 90, 120 and 150 days of la c ta tio n , wherpas, in  
regression  method, regression ooeffioiente wero,estimated 
by the usual method of f i t t in g  lin e a r  equations. In  both 

tho methods, coeffic ien t of determination values) wae 

chosen as the c r ite r io n  for measuring the accuracy of 
p red ic tion .
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RESULTS

Hie pro cent study was undertaken to  compare the 
re la tiv e  ©ffioiency o f various la o ta tio n  ourve models and 

to  suggest the most su itab le one in  oovs maintained a t  
the University Livestock Pom, Kaanutby, to  compare the 

tvo genetic groups of oovs baaed on order o f  lao ta tion  end
t  1

season of calving and to  develop equations for predicts®

510 days milk y ie ld  from part y ie lds of d iffe ren t types.
The re su lts  obtained are presented below.

4 .1 . Milk production performance

4 .1 .1 . Daily milk y ield

The average daily milk y ie ld  (calculated from successive 

10 day y ie lds) upto 510th day in  the f i r s t  four lao ta tio n q of 
Jersey and Brown Swiss orosobreda wore presented in  fable 1. 
I t  was found th a t, in  both genetic groups, the average daily 
produotion increased during the f i r s t  month of la c ta tio n , 

paoaed through a maximum between 50th and 40th day and then 
diminished more or le ss  regularly  upto the drying o f f  stage 

(X&S.D*

4 .1 .2 . Beak y ie ld  and days to a tta in  peek yield

Peak y ie ld  and days to a tta in  peak y ie ld  are tvo najor 
fac to rs  determining the shape of the la o ta tio n  curve. She
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\

values of the as par one tore with th e ir  S. s . and coeffic ien t 
of v a ria tio n  in  Jersey and Brown Swiao crossbreds were 

presented in  Tahlo 2*

23ie nean peak y ie ld  (kg) in  the f i r o t  four lao ta tion  

o f Jersey crossbreds ware 8.43 * 0.19 (GV o 19.45 per oont)9
8.38 ♦ 0.28 (0V a 23.09 per cent)* 8.81 ♦ 0.42 (CV = 29.12 
per oont) and 9,28 + 0.69 (CV « 28.88 per cen t) reopeotively 

with an overa ll coan peak y ie ld  of 3.37 1  0.21 (CV * 32.32 per 
cen t) . In Broun Swiss crossbreds, the corresponding values 
in  the f i r s t  four lac ta tio n s  were 9.06 + 0.43 (CV a 27.20 per 

cen t), 9.08 i  0.41 (CV *» 26.81 per oent)# 9-78 ♦ 0*56 (CV ® 

24.39 per cen t) and 9.29 * 1.00 (CV a 28.38 per oent) with an 
overa ll aean peak y ie ld  of 9.23 £ 0.42 (CV * 43.17 per oent).

Free Sable 2 i t  can be seen th a t in  Jersey orosabreds, 
the niMber o f days to a tta in  peak y ie ld  wore 37.70 + 1.75 
(OV ■ 39.89 per oont) for 1st lao ta ticn  38.53 + 2*13 (CV * 
37.8B per oent) fo r 2nd la o ta tio n , 35.85 ♦ 2.09 (Oy » 35.95 

per oent) fo r 3rd laotatioaand 33.26 ♦ 1.97 (CV o 22.94 per 
oent) fo r  4th la o ta tio n . In Brown Swiss orossbrods the 
corresponding values wars 43.90 + 2.47 (CV « 30.83 per oent) 

fo r la c ta tlo n l, 40.97 * 2.20 (CV o 31.77 per oent) for la o t
a tio n  2« 38.63 + 3.31 (CV 36.27 per oent) fo r  lootaticn 3 
and 34,75 £ 3*66 (CV a 27.87 per oent) fo r la o ta tio n  4.
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Tho overall mean numb or of days to a t ta in  peak y ie ld  In  

Jorcey orossbrcdo was 57.15 ±  1.15 days (CV * 40*85 pas oont) 
and th a t in  Brown Swiss crossbreds was 41.00 + 2*65 days 

(CV ■ 57*73 per oent).

4 .1 .? . Total milk viold
k

When tho four la o ta t io n  wero pooled, tho average 

to ta l  milk y ie ld  (y ield  upto 310th day) of Jersey and Brown 

Sviee oroesbreds were 1652.83 1 30.50 kg (CV 55 24*39 per cent) 
and 1897*43 + 43*81 kg (0V ■ 21.90 per oent) respectively 
(Table 3 ). These breed means were compared' using * t' values* 

The re s u lt  showed tha t Brown Swiss cowe were produoing 
s ig n ifican tly  (P 4. 0.01) more milk than Jersey oowa*

4*1*4* Total milk yield in different lsotatlag and seaeona

The average to ta l  milk y ie ld  (y ield  upto 310th day) 

in  d iffe ren t lac ta tio n s  ware presented in  Table 3 and tha t 
in  d iffe ren t seasons wore shown in  Table 4*

Strom Table 3« i t  could be seen th a t the average to ta l 
y ie ld  in  tho f i r s t  four lac ta tio n s  o f Jersey crossbreds 
were 1659*46 ♦ 44*67 (CV * 23*26 per oont), 1601*04 * 49*61 
(CV a 21*24 per oent)» 1699*45 ±  79*42 (CV ® 28*81 per oent) 
and 1664*26 * 116*20 (CV ° 27*04 par oent) kg respectively*
In Brown Swiss Crossbreds the corresponding values were
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found to bo 1856.96 ♦ 75.78 (0? *= 22.55 per cen t), 1870.11 ♦ 

65.64 (CV o 20.76 per oont), 1963.22 £ 118.07 (CV = 25.51 per 
oent) and 2038.37 £ 128.44 (CV « 16.67 per cant) kg respect
iv e ly .

In  Jersey orossbreds, the average to ta l  y ie ld  fo r 

tho dry, rainy and moderate seasons were 1629*35 £ 48.49 kg 
(CVo 23.24 par oent), 1705.12 £ 57.74 kg (CV a .23.70 per 
oont) and 1635.17 £ 53*35 kg (CV = 26.10 per oent) respect
iv e ly . In Brown Swiss oreaabrade, the corresponding figures 
were 1860.42 £ 112.07 kg (CV ■ 26.94 per oen t), 1872.32 £ 
73.26 kg (CV » 22.13 per oent) and 1938.06 ♦ 60.62 kg (C? -  

21.90  per oent) respectively (liable 4 ) .

4.2. Bffgot of breed type, order of laotation and oeasaaof 
oalving on total yield

I t  was found from Thble 3 tha t Brown Swiss orossbreds 

were producing sign ifican tly  (P^ 0.01) more milk than jersey  
orossbrods. I t  showed th a t breed type had sign ifican t e ffec t 
on to ta l  milk y ie ld .

Analysis of variance of to ta l  milk y ie ld  in  d iffe ren t 

la c ta tio n s  and seasons of oalving are presented separately 
fo r Jersey and Brown 'Swiss orossbreds In  Table 5* The re su lt 
showed th a t in  both the genetic groups, order of la o ta tia j 
had no s ig n ifican t e ffec t on to ta l milk y ie ld . Seasonal
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difforonoQQ in  milk y ie ld  wore also found not s ign ifican t 

in  both tho crossbreds. ifo evidence of In terac tion  between 
la c ta tio n  order and season of oalving was observed in  both 
the genetic groups under study*

4*3* P ittin g  la c ta tio n  ourvei
\

Six typos of curves, v is* , the exponential, the parabolic 
exponential, the quadratic, the quadratio-otm-log, the gamma 
and the Inverse polynomial functions were f i t te d  to the 
average dally  milk y ie ld  (kg) separately for eaoh of the four 
la c ta tio n s  and also to the pooled data (Table 1) fo r each 
breed under study.’ Laqtationrwise and pooled estimates of the 
constants of these s ix  functions are deta iled , oeperately 

fo r Jersey and Broun Swiss orossbreda* in  Tables 6 to  11.
She values of coeffic ien t o f determination (I?) and kurnival 
index (1) are also shown in  those ta b le s ,

4*4* Coamarleon of la o ta tio n  ourvea

Efficiency of various curves were compared using 

co e ffic ien t of determination (H2 values) and Furnival index 
( I  valuoa). The ourve having higher value of H2 and lover 
value of 1 was selected as the most su itab le  curve*

4*4*1* Comparison o f curves f i t te d  to  f i r s t  la o ta tio n  rooorda 
B2 values and Furnival indices (Tables 6 ib> li/)  showed
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th a t the gamma funotion wao tho to s t  f i t te d  ourvo In  the 

1st la o ta tio n  reoordo of Jersey and Broun Swiss oxoesfcreda.

Thin funotion had tho higher value o f B2 (0*9854 in  Jersey 
and 0.9841 in  Broun Swiss and lower value of I  (0*1994 in  

Jersey and 0*2135 in  Brown Swiss) in  both tho orossbreds.
She equations ( in  l in e a r  forn) of th is  funotion in  tho 1st 
la o ta tio n  reoords of Jersey and Brown Swiss crossbreds were

log#Yt  3 1 *97579 ♦ 0.16812 log#t  -  0.04794 t  and 
l°g 0Yt  » 2*09824 + 0,13299 logQt  -  0.04149 t  reopeotivoly*

In both the orossbrods under study, the quadra tio-oua-
2log ourve gave the second best f it*  ft values of th is  funotion 

in  Jersey and Brown Swiss orossbreds were 0*9773 and 0.9310 
respectively  with corresponding I  values 0.2495 and 0.2402*
Zhe aquation of th is  ourve in  the abas two crossbreds were

i

Yt  3 7.2868-0.49951 t  ♦ 0.00596 t 2 * 1*60789 logQt  and 
Yt  ® 8.09356-0.58401 t  ♦ 0.00763 t 2 ♦ 1.89496 log0t  
roBpeotively*

Further, i t  oould be seen th a t tho quadratic ourve 
gave the l a s t  f i t  with B? values 0.9087 ( in  Jersey) and 
0,9042 ( in  Brown Swiss) and I  values 0.4964 (in  Jersey) and 
0*5295 (Brown Swiss).

Analysis of varlanoe for te s tin g  the eignificanoe
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of the qixb of squares due to regression of the hast f i t te d  
funotion in  the f i r s t  lao ta tio n  records i s  shown separately 
fo r each brood in  Table 12. I t  was found th a t the cun of 
squares duo to regression and B2 were highly s ign ifican t 

(P^O.01) in  both the breeds*

4*4*2* Ccaporlson of ourvoo f i t te d  to  second lao ta tio n  
records

B2 values of quadratio-oum-log ourve in  the 2nd lao ta tio n  
records of Jersey and Brown Swiss orossbreds wore 0*9678 and 

0*9604 respectively with corresponding Furnival indices 

0*2287 and 0*272?* Thio funotion accounted for higher values 
of B2 and lower values of I than the other functions* The 

mathematical form of th is  ourve was

Yt * 7*08996-0*50737 t  + 0.00454 t 2 ♦ 1*7531 logQt  in  Jersey 
orossbreds and
Yt  * 7.81832-0.35602 t  + 0.00156 t 2 ♦ 1.26049 log#t  in  Brown 

Swiss orossbreds*

She gamma function was the second best ohoioe with 
B2 values 0*9601 (in  Jersey) and 0*9609 ( in  Broun Swiss) and 
Pur nival Indices ( I )  0*3064 ( in  Jersey) and 0*4105 ( in  Brown 
Swiss). She equations (in  lin e a r  form) of th is  funotlcn were
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l0 &eXt  o 1.68624 ♦ 0.35276 lAg^t -  0.079B6 t  ( ia  Jersey) and 

l°g^Yt  » 1*99529 ♦ 0.27765 loe^t -  0.06197 t  ( in  Brown Swisa).

Tables 6 to 11 also showed that the Inverse polynomial 
funotion gave the le a s t  f i t  in  the 2nd lao ta tion  reoords of 
both the breeds. The B2 values of th is  funotion in  Jersey 
and Brown Sulas oroesbreds were 0.8519 and 0,8382 respectively  
with corresponding I  values 1,0608 and 1*0364.

Z&om the analysis of varianoe (Table 13) i t  could bo 
seen th a t the son of squares dua to regression and BT value* 
of tho quadratio-oua-log ourvo were highly sign ifican t (?<^0,01) 

in  both tho genetic groups,

4*4.3* Comparison of curves f i t te d  th ird  lao ta tio n  records

Gamma function provided the boot f i t  In  the 3rd lao ta tio n  
records o f Jersey oroesbreds, The values of E2 and I  fo r 

th is  ourve in  Jersey crossbreds wore 0.9902 and 0.2051 respect
ively  (Tabic 10). The lin ea r form of the equation repre
senting the curve was

log0Ŷ  « 2.01914 * 0.22605 logQt  -  0,06594 t .
Analysis of varianoe for te s tin g  the significance o f  B2 
o f th is  equation showed th a t i t  wae highly s ig n ifican t (P^O.QI) 
(Table 14).

But in  the 3rd lao ta tio n  reoords of Brown Swiss oroaebrsds,
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the quadratio-oun-log ourve uaa found to be b e tte r than 
the other curves. Tne form of th ia  curve was 

Yt  o 8.76377-0.33085 t  ♦ 0.0014 t 2 ♦ 0.92737 XogQt .  Tola 
equation haa an H2 value of 0.9842 and an I  value of 0.2620. 

Eiio B2 was found to be highly sign ifican t (P ^ 0 .0 1 )

(Table 14).
i

Quadretic-oun-lag ourve (Y  ̂ ■ 7.79826 -  0 .54676 t  *

0.00625 t 2 * 1.95341 lo g 't )  gavo the 2nd beat f i t  in  the 

3rd la o ta tio n  reoorda of Jersey oroaobreda (fi^« 0.9646*
1 •  0.2586) end the gamna funotion (log#T̂ . * 2.11639 ♦ 

0.22565 log0t  -  0.05797 t )  with B2 -  0.9695 and I  *  0.3612 
gave the 2nd best f i t  in  the 3rd laotaticnreoordo of Brown 
Swiss orosebrede.

I t  could be eoen from fables 6 to  11 th a t the le a s t 
f i t t e d  ourve to the 3rd lao ta tio n  reoorda o f Jersey and 

Broun Sfedss orosebredo waa the inverse polynomial funotion 
with lower valuea of I?  (0*9310 and 0.6644) and higher 

values of I  (0.6071 and 0.9722).

4 .4 .4 . Comparison o f  ourvea f i t te d  to fourth lao ta tio n  
rocordf

The quadratio-o un-log ourve accounted for 99*14 per oent 
of the to ta l  v a ria b ility  in  the 4 th  lao ta tion  records of 
Jersey orossbrods while i t  explained only 96.90 per oent



of tiio to ta l v a r ia b ili ty  In  Broun Swiss orosabreds (Table 9 ),

I  values of th is  funotion In  the 4th lao ta tio n  record* of 
tho above tvo crossbreds were found to be 0.2440 and 0*3755 
respectively . Since the H2 values of the other funotlohs 

were lover than tha t o f th is  funotion In  both the gsnetlo 
groups, the qua drat ic-oua-log ourve vav considered ae tho 

beet f i t te d  ourve* Coup orison o f  ourves based on I  values 
alao gave the earn* roault* Hfce aquations of th is  ourve in  

the tvo bra ode were
Tt  * 8*06035*0.72567 t  + 0*00891 t 2 + 2.0834 lag ^ t (In  Jersey) 

and Yt «8.31712-0.15937 t  -  0.00375 t 2 ♦ 0*53511 logt t  (In  
Broun Swiss).

Analysis of variance (Table 15) for te s tin g  the goodness 
of fLt of these tvo equations shoved very high significance flm-oD 
of the sun of squares due to rogreeslcnof thesa f i t te d  curves, 

Benoe they provided good f i t .

The gonna funotion with B2 * 0.9859 and I  ■ 0.3157 gave 
the next beet f i t  In  Jersey oroesbreds, but in  Broun Swiss 
orosebreda the quadratic ourve (B? ■ 0*9246 and X * 0*5749) 

was the second best f i t te d  ourve* She lin ea r form of the 
equations of those tvo ourvee were

lo g 0Tt « 1.98701 ♦ 0*44159 *0*11102 t  (In  Jersey) and

Tt  a 8.45479-0.02521 t  -  0.00559 t 2 ( in  Brovn Swiss)
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In  both Jersey and Brown Swiss orossbreds, the inverse 
polynomial funotion gave the le a s t  f i t  (H  ̂ * 0,8168 and 

0.6989, I  -  1.6862 and 1.9362).

4*4.5. Comparison of ourvca f i t te d  to. pooled, data

In order to suggest a single ourve for eaoh breed under 
study, the six ' types of curves vere f i t te d  to the pooled 
data (pooled over lao ta tio n a ), separately for Jersey and 
Brown Swiss orossbreds. 3fce eatleatea of the constanta 
together with H2 and 1 values are presented in  fables 6 to  11.

* i

I t  was found th a t n i l  the s ix  functions explained mors 
than 90 per oent of the to ta l  v a r ia b ili ty  in  tho average 
daily  y ie ld  exoept the inverse polynomial funotion in  the 
oaae o f Brown Swiss crossbreds which accounted for only 66 per 
oent o f the to ta l  v a r ia b ili ty  In  the average daily  y ie ld .

Uroia fa bios 9 and 10, i t  could be observed th a t the B2 
values o f gamma funotion and quadratio-oira-log ourve vere 

much highor than those of other functions in  both Jorsey and 
Brown Swiss orossbreds. Moreover, the tfurnival indices of 
these two funotions were considerably lower than those of 
other funotions in  both the breeds under study*

i

In order to suggest the most su itab le  form o f lao ta tio n  
ourve in  Jersey and Brown Swiss oroasbreds a o r lt lo o l
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oomperiBon between the H2 values and Furnival indices of 
gamma funotion and quadratio-oun-log ourve was made* Sinoe 

the B2 values of these tvo funotlono in  Jersey orosabreds 

were nearly equal (0*9207 and 0*9674) the Z values of 
these tvo funotlons (0*2042 and 0*2369) vere also compared

and the ourvo having le a s t  value of X was selooted* Eius,
\

the gasaia funotion -log^Y^. ■ 1*97940 ♦ 0.27094 logQt  -  0.071821 -  
vas suggested as the most su itab le form of lootatlcn curve 
in  Jersey orossbrede*

Zn Broun Swiss oroaebrodo, the E? valuoa of gamma 
function and quadratlo-cum-log ourve wore 0.9663 and 0.9804 
respeotlvely  and the values o f Fur nival index vore 0*3799 
and 0*2752 respeotlvely* Since the quadratic-ctm-log ourve 

had higher fi? (0*9804) and also lower value of I  (0.2752), 
in  the osse of Broun Sviee orossbreds, the quadrotio-ouaKLog 
ourve followed by gamma funotion gave b e tte r  f i t  than the 

* other Xunotions. 2he mathematloal form o f the beat f i t te d  
ourve in  Broun Swiss oroesbreds vas Ŷ  ■ 6*24678-0*35623 t  ♦ 

0.00174 t 2 ♦ 1*16191 log#t*

Iho equations (In  lin ea r form) of the 2nd best f i t te d  
curves In  Jersey end Brown Swiss orossbreda were 

Yt  ■ 7.56149-0.57245 t  ♦ 0*00641 t 2 ♦ 1*75166 log0t  end 
log#Yt  ■ 2.05711 ♦ 0*24206 log^t -  0.05743 t  respeotlvely
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I t  was also observed th a t the inverse polynomial 

funotion gave the le a s t  f i t  in  both the crossbred groups 
(B^n0.9070 and 0.85661 and I -  0.7856 and 0.9407)*

Analysis of variance (Table 16) showed th a t E? values 

o f  the best f i t te d  funotions vere highly s ig n ifican t 
(P ^ -0 .0 1 ).

4*5. Graphical representation of ja c ta t ion curves

Using the equations f i t te d  to the pooled data* the
*

average daily y ields upto 510 days vero estimated fo r Jersey 
and Brown Swiss orosshreds (Table 17).

4«5#1* Curvan f i t te d  to pooled data

3ae estimated yields (Table 17) from the s ix  funotions

were p lo tted  separately fo r eaoh breed and wore compared
with the observed yields (Pig. 2 and 3)« Prom Pig. 2 (a),

2(b), 2 (e), 3(a), 5(b) and 5 (0) i t  could be easily  oonoluded
th a t ,  irreepeotlve of the position of peak y ie ld , tho
ex p o n en tia l, parabolic exponential and the quadratic models

fa ile d  to represent the asoondlng phase of tho lao ta tion
2curve oven though th e ir  E values ware highly s ig n ifican t.

The same re su lt hold good fo r both Jersey and Brown Swiss 
orossbreds. Hence the above three ourves wore excluded 

from further comparison stud ies.
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I t  Is  evident fro* Fig* 2 ( f )  end 3 (f)  th a t In  both
i .

the genetlo groups, the Inverse polynomial funotion over

ea t ina ted the produotion during the early stage (upto 110 days) 
o f  lao ta tio n  and under estimated the i n i t i a l  produotion and 
the produotion a f te r  110 days of laotation* The ra te  of 

over estimation vas very high a t the position o f the peat 

yield*
From Fig* 2 (d ), 2 (e ) , 5 (d) ahd 3 (e) i t  i s  c lea r 

th a t the quadratio-cuza-log ourve and the gamma funotion were 

sim ilar in  shape except th a t the former s lig h tly  overestimated 
the i n i t i a l  produotion whereas the la te r  estimated the 
i n i t i a l  produotion almost soourately* Both these curves 
s lig h tly  underestimated the peak y ie ld  and the y ie ld  during 
the la te r  stagee (a f te r  170 days) of la o ta tio n  and overesti
mated the produotion during the early stages (between 60 and 
130 days) of laotation*

4*5*2* Boat f i t te d  ourves for cooled data
*

She lao ta tio n  ourvea o f the best f i t te d  functions for 
the tvo breeds vie*, the gamma funotion fo r Jersey and the 
quadratic-om -log ourve fo r Broun Swiss oroesbreds were 
drawn separately fo r eaoh breed in  Fig* 4*



Stages of laotation (in days)
Pig. 4. lactation curves showing best fit for pooled

data in crossbred cows ( observed,  expectei



4*5*3* Curves f i t te d  to d iffe r  eat lootstlono

Comparison of various ourvoa f i t te d  separately fo r 
d iffe ren t lao tatlona showed tha t e ith e r the gamma funotion 
or the quadratic-oun-log curve provided b e tte r f i t  than the 

other curves In  a l l  the olght loo t a t ions under study* She 

average dally milk y ie ld  estimated by these two funotions 
were presented in  Sables 18 and 19 reopeotively*

4,5*4* Boat f i t te d  ourvea for d iffe ren t lac ta tio n s

She boot f i t te d  curves fo r d iffe ren t lao tatlona viz** 

the gamma funotion for the 1st lac ta tio n s  o f Jersey and 
Broun Swiss orossbreds and 3rd lao ta tion  o f Jersey orossbred 
and tho quadratio-oun-log ourve for a l l  the other laotatlona 

under study* were drawn separately for each breed in  £lg* 9 
and Fig. 6*

4*6. gradtotlon of, to ta l^y le ld  iw lm  part_ y ie ld s

To predlot 310 days lao ta tio n  y ie ld  from d iffe ren t 
p art lao ta tio n  yields* the to ta l milk produced by a oow 
during the f i r s t  30* 60, 90* 120 and 130 days of a lao ta tlo r 

were considered as part yields* Lnotatlon-uieo means (kg) 
of part lao ta tion  milk y ie lds in  Jersey and Broun Swiss 
orossbreds were presented In  Shble 20*
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4.6*1. Correlation between f u l l  end part la o ta tio n  y ie ld  a

Xhe coeffic ien ts of phenotypio correla tion  between 
d iffe ren t part lao ta tio n  yields and the 510 days y ie ld  In  

the f i r s t  four lao tatlono9 separately for each of the tvo 
genetlo groups,were presented in  Table 21*

The average corre la tion  coeffic ien t o f 510 days y ie ld
i  *•

v ith  the ouQulatlvo yields a t the 50, 60, 90, 120 and 150 

days of la o ta tio n  in  Jersey orossbreda vere 0.6965# 0*6016,

0.6514, 0*8843 and 0*9150 respectively* She corresponding 
values in  Brown Swiss oroesbreds vere 0*7845# 0*8329# 0*8706, 
0*8004 and 0*9264 respectively* All the co rre la tions were 
highly s ig n ifican t (P ^ 0*01)* I t  i s  evident from Table 21 
th a t the values of the coeffic ien ts  of co rre la tion  increased 
v ith  each added part y ie ld , and vere core than 0*85 by 120th 
day of lactation*  She ra te  of increase in  the co rre la tion  
coeffic ien ts  a f te r  120 day y ie ld  vas low.

4,6*2* Methods o f nre&totlng to ta l  y ield  using part yields

Two methods vere used for predioting 510 days y ie ld  
using pert y ie lds v ia . ,  (1) regression method (2) ra tio  
method*

4 .6 .2 .1 . degression method
degression equations to predict f u l l  lao ta tio n  yields
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(510 day y ie lds) from the ounulatlve port y ie lds fit d iffe ren t 

stages are shovn* seperately for the two genetic groups* In  
Sable 22. In  developing these equations* the observed 510 day 
y ie lds vere considered as regrensonds (7) and the oimulative 

y ie lds a t  30* 60* SO* 120 and 150 days vere oonsldercd as 
rogreosors (X). She 310 days y ield  could be predicted fron  
any of th e ir  respective part lao ta tio n  y ie lds by in serting  
the part la o ta tio n  y ie lds In  appropriate regression equation*

4 .6 .2 .2 . Eatlo nethod

Iflotation-viGG and pooled ratio factors (b) for predict
ing 310 dayo nllte yield (T) from the emulative yields (X) 
a t  different stages of la o ta tio n  ore presented in Thble 23*
These faotors vere calculated as explained in  ejection 3«5»1»

She 310 days y ie ld  oould be predioted froa any of th e ir  
reopeotive part la o ta tio n  y ie lds by m ultiplying the part 
lao ta tio n  y ie lds (X) with th e ir  respective ra t io  faotors (b ),

4«6.2*3* Comporison between ra tio  and rogroaoion netho&a 
pf_praaictloa

Comparing Tables 22 and 23 i t  oould be seen th a t in  
both the breeds under study* the values o f JO? by ra tio  
nethod vere higher than those obtained by regression nethod when 
the f i r s t  30, 60 and 90 days of la o ta tio n  vere oonsidered as



part lactations*  But when the f i r s t  120 and 150 days of 

lao ta tio n  were considered as part la c ta tio n s , the values 
o f obtained by regression method were found to  he higher 

than those calculated from ra tio  method*

In order to  make the comparison between the two cathode 
more o lear, a random sample of 20 part y ie ld  reoords vero 
drawn from the pooled (pooled over a l l  la c ta tio n s) data, 

separately fo r Jersey and Brown Swiss crossbreds* Sepsrat# 
randomisation was done for d iffe ren t stages of part lactation* 
In  eaoh case, the 310 days y ie ld  vere estimated by ra tio  and 
regression methods and wore presented, along with tho observed 
values, in  Appendix 1*

4*6*2*4* Prediction of to ta l  y ie ld  using -peak y ie ld

using ra tio  method, lin ea r aquations wore developed 
fo r predicting to ta l, y ie ld  (Y) from peak y ie ld  (X). She 
prediction  equations fo r Jersey and Brown Swiss orosabreds 

were 7 ■ 192*86 X and X « 205*57 X respeotlvely .
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Tablo 1. Baotation-wise and pooled average dally milk y ield
(oaloulatod iron successive 10 day y ie lds) in  orosebrod 
cows

Average dally milk y ie ld  (Y  ̂ ) In  kg

iQOtt^Of’ 1
Tine(t )
In  days

Jersey orossbreds 

2 3 4 Pool
ed

Broun Swiss orossbreds 

1 2  3 4 Pool
ed

1
2
3
4
i
7
6
9
10 
11 
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31

"6;27 6.15 6.71 6.88  6.50
7.84 7.70 8.32 8.63 8.12
8.10 7.36 8.36 8.72 8.26 
7.88  7 .80 8.18 6.22 8.02
7 .68  7.65 7.81 7.88  7.76 
7.34 7.41 7.46 7.68  7.47 
7 .13 §.99 7.21 7.34 7.17 
6 .93 6.89 6.91 6.99 6.93
6.63 6.61 6*63 6.61 6.62
6.36 6 .30 6.24 6.18 6.27
6.12 5.99 6.04 5.90 6.01
5.91 5.60 5.85 5.52 5.77
5.69 5.62 5.52 5.30 5.53
5.57 5.41 5.30 5.13 5.35
5.37 5.19 5.14 4.73 5.11 
5.24 4.91 4.97 4.45 4.89
5.13 4.75 4 .80 4 .14 4.71
5.01 4 .60 4.67 3.78 4.54
4.61 4.39 4.40 3.54 4.29
4 .68  4.17 4 .18 3.36 4.10 
4.50 4.01 3.84 2.93 3.82 
4.36 3.72 3.74 2.69 3.63 
4.18 3.40 3.61 2.51 3.43 
3.97 3.15 3.43 2.33 3.22
3.79 2.93 3.07 1.67 2.92 
3.30 2.26 2.94 1.70 2.70
3.58 2.52 2.68 1.58 2.59 
3.33 2.23 2.48 1.41 2.36
3.11 1.97 2.25 1.18 2.13
2.91 1.72 2.15 0.92 1.93
2.79 1.61 2.01 0.9B 1.85

7.08 6.97 7.92 7.40 7 .34
8.63 8.34 9.19 9.27 6.86
8.75 8.60 9 .20 S.&6 8.86
8.76 8.46 8.94 8.62 8.70
8.58 8 .27 8.64 8.49 8*50
8 .38  8,06 8,51 8.43 6.35
8.15 7.76 8 .19  8.26 8.09
7.70 7.50 0.02 7.85 7.77 
7.46  7.32 7.68  7.68  7.54 
7.17 7.16 7.49 7 .7§ 7.40
6.85 6 .98 7 .24 7.36 7.11
6.57 6.71 6.97  7.15 6.85 
6.41 6.56 6.75 7.00 6.68
6.23 6.32 6.52 6.71 6.45
6.16 6.03 6.44 6.56 6.30
6.02 5.76 6.32 6.27 6.09
5.77 5.03 6.07 6.20 5.92
5.61 5.62 5.60 6.18 5.77 
5-31 5.49 5.56 6.05 5.60
5.23 5.25 5.53 5.89 5.48 
5.06 5.07 5.42 5.69 5.31 
4 .95 4.84 4 .94 5.49 5.06 
4.82 4 .68  4.71 5.20 4.85
4.69 4.40 4 .66 4.90 4.66 
4 .65 4.21 4 .38  4.52 4.44
4 .38  3.89 4 .14  3.99 4 .10
4.23 3.69 3.70 3.67 3.82
4.11 3.24 3.44 3.13 3.48 
3.87 2 .78  3.10 2.84 3.15
3.64 2.47 2.71 2.12 2.74 
3.45 2.37 2.55 1.86 2.5&

1 re fe rs  to 1 to  10 days
2 re fe rs  to 10 to 20 days and so on

**Tf I s  tbe average dally  y ield  In  time t  ( t  ■ 1 ,2 , ............31 ).



Steble 2. Peak yield and day a to attain peak yield in different genetic groups of cattle

Genetic m o t. Bo. of Peak y ie ld  (kg) Pays to  a t ta in  peak y ie ld
group Ho. obsar- —-----------   —-------- -------------—■■—---------  ■ .r - ----

vationa Average S.E. C.V.($) Average S.E. C.V.($)

1 74

Jersey
oroee-
breda

2

3
47
36

4 15
Pooled 174

1 30

Brown
fiwiee
oroaa-
brode

2

3
4

35
18

7
Pooled 90

8.43 0.19 19.45
8.38 0.28 23.09
8.81 0.42 29.12
9.28 0.69 28.88

8.57 0.21 32.32

9.06 D;45 ‘ 27^20

9.08 0.41 26.81

9.78 0.56 24.39
9.29 1.00 28.58

9.23 9*42 . . 43.17

37.70 1.75 39.89
38.58 2.13 37.88

35.65' 2.09 ’ 35.95
33.26 22.94

37.15 1.15 40.83

43;90 ' ’ 2.47 1 30.83

4°*97 2.20 31.77
38.68 3.31 36.27
34.75 ’ 3.66 27-87

. <1.00 . 2.63, 57.73

c\(U



labia 3. Laotatiort-vIb© and pooled average total milk yield
In different genetic groups of oattle

Genetic
group

Laot • 
Ho.

Ho. o f
a V r t A i t e  h

Average to ta l  y ie ld  (kg)
o oaer- ■ 
vatlone Average S.E. C.V.(g)

1 74 1659.46 44.67 23.26

2 47 1601.04 49.61 21.24
Jersey 
orasa 3 38 1699.45 79.42 26.81
bre do

4 15 1664.26 116.20 27.04
Pooled 174 1652.83 30.56 24.39

1 30 1656.96 75.78 22.35
* ' 2 33 1670.11 65.64 20.76

Broun
Svies 3 1Q 1963.22 118.C7 25.51
orooe-
brods ,4  ,

V

. 7 2Q38.37 126.44 16.67
Pooled 90 1697.43 43.81 21.90

*t* value fo r  comparing pooled averages I s  4.62 (P ^ 0*01)
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Skble 4*

Genetio
group

Jersey
oroso-
bredo

Brovn
Sv/ise
oroas-
brefie

Seaoon-vioe and pooled average to ta l mi3k y ield  
in  d iffe ren t genetio groups o f  o a ttle

Season no. of Average to ta l  y ie ld  (kg).
obser- ---------------- —- —————— — -
vationo Average S.E, 0 .y .(£ )

Dry 61 1629.35 ' 48.49 23.24
Beiny 49 1705.12 ' 57.74 23.70
Moderate 64 1635.17 53.35 26.10

Pooled 174 1652.83 30.56 24.39

Bry 20 . 1860.42 112.07 26.94
fiaiqy 32 1872.32 73.26 22.13
Moderate 38 1938.06 60.62 19.28
Pooled 90 1897.43 43.81 21.90
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Table 5* Analyses o f variance tab le  shoving the e ffec ts  
o f non-genetio faotors on to ta l  milk y ie ld  of 
oroosbrod oovs

1) Jersey orooabrads

Source df m  *i_ £

Laotation sequence 3 71285.20 0.44 (VS)

Season 2 93804.52 0.56 (BS)

Laotation sequence X 
season 6 233433.10 1.44 (3 8 )

Error 162 162467.35

11) Brown Swiss orosabrofll.

Source & £3S_ £

Lactation sequence 3 97406.52 0.53 (VS)

Season 2 55150.04 0.30 (VS)

Laotation sequence X 
season 6 102107.07 0.55 (VS)

Error 78 184079.51

US i Vot s ign ifican t



Hbble 6. Lactation-vice and pooled estinatec of the constants, 
coefficients) o f determination ( B )  end Pur nival 
indices (1) of tho exponential funotion in  crossbreds 
oova

66

Laotation * 
number

Estimates 

a b
B2 . I

1

f
Jersey orossbreds 

2.16714 0.03345 0.9528 0.3522

2 2.28768 0.04941 0.9167 0.6160

3 2.27866 0.04626 0.9586 0.4140

4 2.48945 0.07290 0.9391 0.6450

Pooled 2.28775 0.04843 0.9504 0.4652

Brown Sviea crossbrede

1 2.24956 0.03001 0.9581 0.3569

2 2.31119 0.03800 0.8959 0.6567

3 2.37340 0.03847 0.9271 0.5788

4 2.40717 0.04103 0.8154 1.0398

Pooled 2.33248 0.03653 0.9118 0.6023



Hsbla 7. laotation-w lee and pooled eotiaatee o f the constant*, 
o o e ff id  onto of determination (IT) and Furnival 
indices (I )  of the parabolio exponential funotion 
In  crossbred cows

67

la o t-  Estimates ^

number a b o

Jerse.v oroesbreds

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 Q.9423 0.4976

4 2.06770 -0.00274 -0.00209 0.9469 0.6.127
Pooled 2*04690 -0.00930 -0.00115 0.9430 0.5069

■ Broun Swiss orossbreda *

1 2.16*60 -0.01715 -0.00036 0.9250 0.4634
2 2*04240 0.00743 -0.00136 0.9303 0.5478
3 2.14451 -0.00029 -0.00114 0,9371 0.5473

4 2.01706 0.02606 -0.00204 0.9079 0.7471
Pooled 2.09732 0.00294 -0.00116 0.9324 0.5375
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Table 8 . Lac ta t  ion-wise and pooled estl&E&oa of the conotante, 
coeffic ien ts  o f determination (Dr) and Purnlval 
Indies a (X) of tho quadratic) funotion in  orossbrsd 
oows

la o t
a tio n
number a

Estimates

b 0
B2 I

1
Jersey orossbreds

1 7.91935 -0.15624 -0.00020 0.9087 ,0.4964

2 7.76675 -0.13333 -0.00215 0.9235 0.5621

3 8.38942 -0.21490 0.00033 0.9269 0,5527
4 8.879071 -0.29116 0.00098 0.9318 0.6764

Pooled 8.23729 -0.19869 -0.00026 0.9252 0.5667

Brovn Swiss oroaabreds

1 8.84983 -0.17969 0.00034 -0.9042 •0.5293
2 8.28376 -Ov08708 -0*00319 0.9252 -0.5228

3 9.07655 -0.14099 -0.00200 0.9361 .0.5175

4 0.45479 -0.02521 -0.00559 0.9246 0.5749
Pooled 0.66812 -0.10832 -0.00261 0.9275 0.5197
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Sable 9 . LaQtatlon-viae and pooled estimates (St the oonotantst 
coeffic ien ts  o f determination (12?) and Purnival 
indices ( I )  of the quadratio-ou*-log ourve in  croaebrad 
sows

d o t 
a tio n
nmber a

Estimate*
b 0 d

-  B2 X

Jersey orosabreds

1 7.28660 -0.49931 0.00596 1.60789 0.9778 0.2493

2 7*08396 -0.50737 0.00454 1.75310 0.9078 0.2207

3 7.79828 -0.54676 0.00623 1.55541 0.9846 0.2586

4 8.08035 -0.73567 0.00891 2.08342 0.9914 0.2440

d o le d 7.56149 -0.57243 0.00641 1.75166 0.9874 0.2369

Brorn Swlao orosabreds

1 8.09356 -0.58401 0.00763 1.69496 0*9^10 0.2402

2 7.81832 -0.35602 0.00156 1.26049 0.9804 0.2723

3 8.76377 -0.33885 0.00140 0.92737 0.9842 0.2620

4 8.31712 -0.13937 -0.00375 0.53511 0*9690 0.3755
fooled 6.24676 -0.35623 0.00174 1.16191 0.9804 0.2752
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Sable 10. Lactation-viee and pooled eotimatea o f th# constants, 
ooeffiai ents of determination (B2) and Purnlval 
indioea (1) of tbe gamma funotion in  orosebred oova

Lact
a tio n  , 
number a

Estimates
b 0

P? 1

f

Jersey oroasbreds

1 1.97579 0.16812 0.04794 0.9854 0.1994
2 1.68524 0.35276 0.07986 0.9801 0.3064

3 2.01914 0.22605 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

* • Brovn Swiss crossbreds
*

■

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 0.22505 0.05797 0.9695 0.3812

4 2.00255 0.35556 0.07172 0.8987 0.7839

Pooled 2.05711 0.24206 0.05743 0.9663 0.3799



Jable 11* Lactation-wiae and pooled eatimatee of tbe gonotante* 
coeffic ien ts of determination (£^> and Fur nival 
indices (1) of the inverse polynomial funotion in  
orosabred cows

I

d o ta t 
ion
number a

Estimates
b 0

fi? 1

Jeroe.v orosobredo .

1 0.05334 0.10054 0.00833 0.9592 0.3635
2 -0.04169 0.23320 0.01642 0.8519 1.0608

3 0.00046, 0.16220 0.01338 0.9210 0.6871

4 -0.22746 0.44767 0*03183 0.8168 1.6862

Fooled -0.01694i 0.18928 0.01480 0.9070 0.7836

Brotm Swiss orosabreds

1 0.06646 0.07218 0.00632 0.9796 0.2553
2 0.01927 0.13696 0.00988 0.8382 1.0364

3 0.02480 0.11371 0.00907 0.8644 0.9722

4 -0.01308 0.17343 0.01137 0.6989 1.9362

pooled 0.02911 0.11604 0.00882 0.8586 0.9407



72

Tabl© 12. Analyses o f variance tab le  fo r computing and 
te s tin g  r2 0f  tbe best f i t te d  funotione to the 
f i r s t  la o ta tio n  records o f crossbred cows

i )  Jersey oroesbfeda (gacma funotion)

Sour oo df S3 MSS F
t

IJus to rogre- «
fieion 2 2.6666 1.433? 0.9854 943*57
Srxor 26 0.0426 0.00152

Total 30 ,2.9092

11) Brown Swiss crossbreds (gamaa funotion)

Source d£ SS H33 £

Bus to xsgre-  ̂ »
salon 2 2.2930 1.1465 0.9841 667.87
Brror ■ 28 0.0370 0.00132
Total 30 2.330

** P 0 .0 1
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Table 13. Analyses of variance tab le  for computing and 
te s tin g  B2 o f the best f i t te d  funotiona to the 
second lao ta tio n  records of orosabred oovs

i )  tloroev orossbreds (quadrotio-oun-log ourve)

Sour oo df SS MSS

Due to regre- **
ssion 3 114*2283 38.0761 0*9878 727*75

Error 27 1.4121 0.0523
Total 30 115.6404

t

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

Sour oo df SS MSS £  2

Due to rogre- »-
ssion  3 100.2300 33.4100 0.9004 450.76

Error 27 2.0007 0.0741
Total 30 102.2307

** P ^ 0.01
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Table 14• Analyses g f variance tab le  fo r computing and 
te s tin g  3r of tbe beat f i t te d  funotions to the 
th ird  lao ta tio n  reoorda of orosabred oova

I )  Jersey oroaabrods (gamma funotion)

Source df SS MSS Bp JP

Due to regro- «*
onion 2 5.4810 2*7405 0.9902 1413.33

Error 28 0.0543 0.00194
Total 30 5.5333

I I )  Brown Swiss crossbreds (quadratic*oum~log ourve)

Source d£ S£ gSS £p J

Due to  regre- ' ■ *#
salon 3 115.5096 58.5032 0.9842 561.11
Error 27 1.6522 0.0666
Total 30 117.3618

**  P ^  0 .0 1
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Tablo 15* Analyses of variance tab le  for computing and
te s tin g  fi2 o f the beat f i t te d  functions to the 
fourth  lao ta tio n  records o f oroeobrcd oovs

I )  Jersey croawbrede ( quadratlc-ora-log ourve)

Sour oo df SS gSS £

Due to regre- . .
solon 3 166.1902 62*0634 0.9914 1042*56

Error 27 1*6065 0*0595

Xotfil 30 187.7967

I I )  Brown Swlea oroeabredo (quadratic Oim-log ourve)

Source d f SS MSS )£

Due to regro- **
selon 3 118.9356 39.6452 0.9690 261.17
Error 27 3.8070 0.1410
Total 30 122.7426

* *  P  ^  0 .0 1
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Table 16. Analyses of varianoo tab le  for computing and 
tooting B o f the boot f i t te d  functions to the 
pooled (pooled over lao ta tlo n s) data o f crossbred 
cows

i )  Jersey orooebreds ( gamaa function)

Souroe df SS MSS r £

Due to rogre- 
ssion 2 6.0644 3.0322 0.9907 1498.11**

Error 23 0.0566 0.00202

Total 30 6.1210

11) Brown Swiss crossbreds (Quadratic Q W rlo z  curve)

Souroe df SS MSS £

Dus to regre
ssion 3 102. 2559. 34.0353 0.9604 449.97**
Error 27 2.0466 0.0758
Total 30 . 104.3025

** p ^ 0.01



lablo 17* Average daily  aUfc yields estimated by the 
' various funotiono f i t te d  to the pooled data 

(pooled over lao ta tions) in  Jersey and Brown 
Swiss orosebrede

1) Jersey oroaabreda

77

«•#,Average dally  n llk  y ie ld  (Y  ̂ )^in leg
otion  0XP* p.exp. Quadr* q .o .l*  gamaa inv.poly* 

lin e
 -  —

1 9.39 7 .68  8.01 7 .00 6*74 5.34
2 8*94 7.58 7.84 7 .66 7.57 9.32

33 8.52 7.47 7.64 7.83 7.86 11*04
4 8.12 7 .34 7.44 , 7 .80 7.91 11*16
5 7 .73 7.20 7.24 7 .68  7 .82  10.54
6 7.37 7.04 7 .04 7.50 7 .64  9-67
7 7 .02  6.87 6.83 7.28 7.42 8.80
6 6.69 6*69 6*63 7.04 7.16 7.99
9 6.37 6.50 6.43 6 .78 6 .88 7.28

10 6.07 6.30 6.22 6.51 6.59 6.67
11 5.78 6.09 6.02 6.24 6.29 6.13
12 5.51 5.88 5.82 5.97 5.99 5.67
13 5.25 5.66 5.61 5.70 5.70 5.26
14 5.00 5.43 5.40 5.43 5 .4 1 ' 4.91
15 4 .77 5*21 5.20 5.16 5.13 4.59
16 4 .54 4*98 4*99 4*90 4.86 4.32
17 4*33 4.75 4 .78  4 .6 5 ' 4 .60  4.07
18 4.12 4.52 4.58 4*40 4 .35 3.85
19 3.93 4 .29  4 .37  4 .16  4.11 3.65
20 3.74 4.06 4.16 3*93 3.88 3.47
21 3.56 3.84 3.95 3.70 3.65 3.30
22 3.39 3*62 3.74 3.49 3.44 3.15
23 3.23 3.40 9.53 3.28 3.24 3*02
24 3.08 5.20 3*32 3.08 3.06 3.89
25 2.94 2.99 3.11 2.90 2.87 2.77
26 2.60 2.80 2.89 2.72 2.70 2.67
27 2.66 2.61 2 .68 2.55 2.54 2.57
28 2.54 2.42 2.47 2.40 2.39 2.47
29 2.42 2.25 2*26 . 2.25 2*25 2.39
30 2 .30  2 .08  2.04 2.12 2.11 2.31
31 2.20 1.92 1.83 * 2.00 1.98 2.23



Table 17* oontd.

2) Brown Swiss orossbrsdo

77-b

Average dally  milk y ie ld  (T^ ) In  kg
Vnn»
o tion  exP- 

Tine
t v i

p.exp* quadr. q .O .l. gamma lnv.poly

1 9-93 8.16 0.56 7i89 7.39 6.41
2 9.50 8.15 8.44 0*35 8^25 9;46
3 9.23 8.13 8.32 8; 47 8.59 10; 54
4 8.90 8.09 8; 19 

0.06
8.46 8;70 10.65

5 8.58 8. 02 , 6*38 e.'67 10.33
6 8.28 7.94 7^92 8.25 8.55 9.84
7| 7*98 7.B5 7.78 0.10 8.38 9.29
8 7.69 7.73 7*63 7;92 8.17 8; 74
9 7.42 7.60 7.48 7.73 7.94 6.23

10 7.15 7.45 7.32 7.53 7.69 7.75
11 6.89 7.29 7.16 7.33 7.43 7.31
12 6.65 7.12 6.99 7.11 7.12 6.91
13 6.41 6.93 6.62 6.89 6,90 6.55
14 6.18 6.73 6.64 6.67 6.63 6.21
15 5.96 6.53 6.46 6.44 6.37 5.91
16 5.74 6.31 6.27 6.21 6 .11 5.63
17 5.54 6.09 6.07 5.99 5.85 5.36
18 5.34 5.86 5.87 5.76 5.60 5.15
19 5.15 5.62 5.67 5.53 5.36 4.93
20 4.96 5.39 5.46 5.30 5.12 4.73
21 4.78 5.15 5.24 5.07 4.89 4.55
22 4.61 4.91 5.02 4.84 4.67 4.3Q
23 4.45 4*67 4.80 4.62 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 3.93
26 3.99 3.96 4.09 3.95 3.87 3.00
27 3.34 3.73 3.84 3.73 3.69 3.60
28 3.70 3.51 . 3.59 3.51 3.51 3.58
29 3.57 3.29 3.33 3.29 3.34 3.46
30 3.44 3.08 3.07 3.08 3.18 3.36
31 3.32 2.87 2.80 2.a? 3.03 3.27

* t  * 1 stands for 1 to 10 days
t  * 2 stands fo r  10 to 20 days and so on

Is  tho average dolly milk y ie ld  In  tin e  t  ( t* 1 ,2 ,...3 1 )



Sable 18. Lactation-wise and pooled average daily milk yields
sotioated by the gamma funotion in crossbred oova

Average daily  milk, y ie ld  (Y^*ft in  kg

I&ot.
Ho.

TimG(t5 
in  days

1
2
3
4
5
6
7
8 
9 

10 
11 
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31

Jersey crossbreds Broun Swiss crossbreds

1 2 3 4 1 2

6.87 6.09 7.05 6.53 7.82 6.91
7.36 7.18 7.73 7.93 8.23 7.88
7.51 7.65 7.94 8.49 6.33 8.29
7.52 7.81 7.94 8,63 8.30 8.43
7.43 7.80 7.82 8.52 8.21 8.43
7.31 7.68 7.63 Q.27 8.07 8.34
7.15 7.49 7.40 7.92 7.90 8.18
6.97 7.25 7.14 7.52 7.71 7.98
6.78 6.98 6.87 7-09 7.52 7.75
6.58 6.69 6.59 6.64 7.31 7.50
6.37 6.38 6.30 6.20 7.10 7.24
6.16 6.08 6.02 5.77 6.90 6.97
5.95 5.77 5*74 5.35 6.69 6.70
5.74 5.47 5.46 4.94 6,48 6.43
5.54 5.17 5.20 4.56 6.27 6.16
5.34 4.89 4.94 4.20 6.07 5.89
5.14 4.61 4.69 3.66 5.87 5.63
4.95 4.34 4.44 3.54 5.67 5.38
4.76 4.09 4.21 3.25 5.48 5.13
4.58 3.84 3.99 2.97 5*30 4.89
4.40 3.61 3.73 2.72 5.11 4.66
4.22 ‘ 3.39 3.57 2.48 4.94 4.44
4.06 3.18 3.38 2.2? 4.76 4.22
3.89 2.98 3.19 ,2.07 4.60 4.02
3*74 2.79 3.02 1.88 4.43 3.82
3.59 2.61 2.85 1.72 4.28 3.63
3.44 2.44 2.69 1.56 4.12 3.45
3.30 2.28 2.54 1.42 3.97 3.27
3.16 2.13 2.40 1*29 3.83 3.11
3.03 1.99 2.26 1.17 3.69 2.95
2.91 1.86 2.13 1.05 3.56 2.79

7.83
8.65 
8*94 
9.00 
8.94 
8.79 
8.59 
8.35
8.09 
7.82 
7.54 
7.26
5*i76.09 
6.41
6.14
5.88 
5.62  
5.37 
5.12
4.89
4.66 
4.44 
4.23 
4.03
3.84 
3.65 
3.48 
3.31
3.14 
3.00

6.90 
8.21
8.83
9.10
9.17
9.11 
8.96 
8.74 
B.49 
8.20
7.90
7.58 
7.26 
6.94' 
6.62 
6.30 
5.99
5.69 
5.40
5.12 
4.85
4.59 
4.34
4.17 
3.87 
3.66 
3.45 
3.25 
3.06
2.69 
2.72

*  t  o 1 stands for 1 to  10 days
t  n 2 stands fo r 10 to 20 days and so on

** Yj. i s  the average daily  milk y ie ld  In  time t  ( t  » 1 ,2 ,. . . .3 1 )



Table 19* lactation-w ise sad pooled average daily  milk yioldo
estimated, by the quadratic-oua-log curve in  croesbred 
oo wo

79

Average daily  o ilk  y ie ld  (X  ̂ ) in  kg

Jorao.v croaabrodo Bcovn, Swiss croeobredQ.
Zaot* 

Ho* 
Tlme<t*) 
in  daya

1

1 2 3 4 t 1 2 3 4

6.79 6.59 7.26 7.35 7.52 7.46 8.43 8.17
2 7-43 7.31 7.81 8 $ 9 8.27 7.99 8.73 8.39
3 7.61 7.53 7.92 8.24 6.49 8.15 8.78 8.45
4 7.61 7.56 7.87 8.17 8.51 8.17 8*I8 8.44
5 7.53 7.49, 7.72 7.98 8.41 ’ 8.11 ’ 8.60 6.34
6 7.39 7.35, 7.53 7*72 8.26 8.00 8.44 8.31
7 7.21 7.17 7.30 7.42 8.07 7.86 8.27 . 8.20
8 7.02 . 6.97, 7.06 7.10 7 .8 5 ’ 7.69 8.07 8.07

: 9 6.81 . 6.74 6.60 6.76 7.62 7*51 7.87 7.94
10 6.59 . 6 .51 . 6.54 6.41 7.38 7.32 7.65 7.78
11 6.37 6 .26 . 6.27 6.06 7.14 • 7.11 7.43 7.61
12 6.15 6.01 . 6.00 5.71 6.69 6. SO 7.20 7.43
13 5.93 , 5 .78 . 5.73 5*37 6.65 6*69 1 §•97 7.24
14 6.71 . 5.50 . 5.47 5.03 6.41 * 6.47 6.74 7.04
15 5.49 , 5.25 5.21 4.69 6.18 6,24 6.51 6.83
16 5.28 . 4.99 . 4.96 4.37 ’ 5,96 ‘ 6.02 6.27 6.61
17 5.08 . 474 . 4.71 4.05 5.74 ' 5.79 6.04 6.38
10 4.88 , 4.49 4.47 5.75 5.53 1 5.56 ‘ 5.80 6.14
19 4.69 . 4.25 4.24 3.45 5.53 5.33 5.56 5.69
20 4.50 . 4.01 . 4.01 3.17 5.14 • 5.10 5.33 5*63
21 4.33 3.77 3.80 2.90 4.96 4.6? 5.09 5.36
22 4.16 , 3.54 . 3.59 2.65 4.80 4.64 4.85 5.09
23 4.00 , 3.32 . 3.40 2.40 4.64 4.41 4.62 4.80
24 3.85 3.10 3.21 2.18 4.50 4.18 * 4.39 4.51
25 3.71 2.88 . 3.03 1.96 4.36 3.95 4.15 4.21
26 3.57 . 2.68 2*86 1.76 * 4.24 3.72 3*92 3.90
27 3.45 . 2.48 2.70 1.58 4.13 3.50 1 3.69 3.58
28 3.34 2.26 . 2.56 1.41 4.04 3.27 3.46 3.26
29 3.24 .2 .10 2.42 1.25 3.96 3.05 3.24 2.92
30 3.14 1.91 2.29 1.11 3.89 ‘ 2.83 3.01 2*56
31 3*06 . 1.74 2.18 0.99 3.83 2.61 2.79 2.23

* , t  » 1 stands fo r 1 to 10 days
t  « 2 stands fo r 10 to SO days and so on

**Y  ̂ I s  the average dally  milk y ie ld  in  time t  ( t  = 1 ,2 ,...........31)



■ | \ » i  *  < '  '

 ______  _j_ Average part lactation milk yield (kg)
 _____  Jersey crossbreds_________ Erov.n Swiss crosab r e d s  m

Part ^Ho.* 1 2  3 4 pooled 1 2 3 4 pooled
loot*
Spto^(daye)   ^  ' ____ __ ___

30 223.4 217.1 241.6 249.3 228.1 247.5 245.4 249.8 261.5 248.5

60 451.3 445.7 ' 484^9 496 .4 ' 461.4 507.5 498.8 496.5 523.0 503.8

90 658*2 650.5 700.4 716.0 670.8 742.9 730.6 723-1 771.2 737.4

120 642.1 831.4 889.1 903.2' 655.3 950.6 945.5' 927.9 1005.4 949.5

150 1006.4 993.6 1057.9 1070.5 1021.0 1140.Q 1140.4 1114.5 1220.7 1142.9

Table 20* lactation* wise and pooled average part laotation mliic yields In Jersey and
Brown Swiss crossbreds

s



Table 21. le c ta t lo n td s e  and pooled co rre la tion  co effic ien ts  of to ta l  (310 days)
lactation yield with. different port lactation yields In Jersey and Broun 
Suiao orooabredfl

C orrelation o o e ff ld e n ts  u lth  to ta l  y ie ld  
Jersey orossbreds Broun Swiae oroaabreds

-  n f c  ■ ■  , .   | M  ■ -  -m -m  i  ,  ■ ■ ■ ■ -  ■ —  —  ■  ■ J

_  1 2 3 4 pooled 1 2 , 3  4 pooledP art

pto(days)

30 0.4689 0.7424 0.7764 0.8375 0.6963 0.7912 0.7653 0.7466 0.8340 0.7843

60 0.7172 0.7969 0.8406 0.8524 0.8018 0.6624 0.8195 0.8039 0.8460 0.8329
90 0.8079 0.8411 0.8924 0.6643 0.8514 0.8992 0.8605 0.8574 0.8653 0.8706

120 0.8563 0.8731 0.9281 0.8798 0.8343 0.9260 0.8943 0.9008 0.8805 0.9004
150 0.8094 0.9020 0.9477 0.9122 0.9130 O.94S7 0.9245 0.9504 0.9040 0.9264

All the correlation coefficients are highly significant (?  ^ 0.01)

CD
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Sable 22. Laatation-vise and pooled regression equations
for predicting to ta l  (310 days) milk yielda from 
port lao ta tio n  y ields in  crossbred oove

1. Jersey orooBbreds

Loot. 
Ho *

Bart laot. 
yield upto 
(toys)

Prediction equation (Y ■ at^X) 
a b

IT of 
the
equation

r 1 1

30 760.1448 4.0251 0.2193
60 248.6581 3.1260 0.5144

1 90 45.8464 2.4517 0.6527
120 -49.7079 2.0297 0.7332
150 -100.6925 1.7457 0.7910

30 415.0052 5.1023 0.4934
60 146.7776 3.0678 0.6361

2 90 40.0111 2.2794 0.7075
120 -31.6579 1.8698 0.7623
150 -73.1180 1.6063 0.8150.

30 , . 185.2676 6.0505 0.6028
60 -46.1910 3.4924 0.7066

3 90 -218.9209 2.6646 0.7963
120 -300.6191 2.1908 0.8614
150, -292.5004 1.0336 0.8981

30 , . . 61.1136 5.7993 0*7015
60 -47.5881 3.1318 0.7265

4 90 -109.4787 2.2577
1.6166

0.7470
120 -134.0029 0.7740
150 -183.8438 1.5795 0.8321
30 446.0848 5.0724 0.4393
60 157.8781 3.1325 0.6002

Booled 90 9.3697 2.3760 0.6834
120 -75.0063 1.9623 0.7523
150 -117.6191 1.6855 0.8061

contd



Sable 22. ooxrtd*

82-b

2 . Brown Swiss oroeebreds

Laot. ftir t la o t . ftrediotion equation (Y ■ a+bX) H2 of
Ho. y ie ld  upto —--------------------- — - the

(days) a b equation

30 371.9297 6.2440 0.6260
60 99.5505 3.5801 0.7438

1 90 -18.6042 2.6048 0.6087
120 -117.0524 2.1391 0.8575
150 -156.9061 1.8174 0.8962

30 597.6361 5.1739 0.5857
60 400,0271 2.9416 0.6713

2 90 259.9873 2.2001 0.7404
120 115.1411 1.8531 0.7997
150 -17.4483 1.6527 0.8548
30 217.6807 6.2956 0.5574
60 71.1245 3.4632 0.6462

3 90 -91.2496 2.6024 0.7352
180 -184.4373 2.1282 0.8115
130 -224.2963 1.8077 0.8656

30 606.3778 5.4627 0.6956
60 544.5737 2.8491 0.7157

4 90 452.3774 2.0517 0.7487
120 384.1284 1.6417 0.7752
150 324.7674 1.4008 0.8173
30 429.1803 5.6621 0.5943
60 222.8552 3.3013 0.6894

Booled 90 88.0755 2.4382 0.7599
120 -77.0068 2.0674 0.6410
150 -87.0387 1.7263 0.6642

Predicted to ta l  y ie lds (Y) ore obtained by in se rtin g  the part 
y ie lds (Z) in  the appropriate regression equation ( Y » a ♦bX)



Sable £3* Lactation-uieo and pooled ra tio  facto rs (b) fo r 
predicting to ta l  (310 days) mills y ields from part 
yields in  crossbred couo
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Icoto Bart laatc 
Ho*' yield unto 

(days)
Jersey crossbreds

b fî of souatione _

Braun Swiss crossbreds
~ ~ T  T f * “................... r>nti«>t.1nno

30
60

1 90 
120 
150

7.4273
3.6770
2.5213
1.9705
1.6457

« 0.4056 
. 0.6050 

0.6712 
. 0.7118 

0.7456

7.7432
3.7763
2.5796
2.0160
1.6799

, 0.7766 
0.7845 
0.6009 
0.8082 
0.0284

30
60

2 90 
120 
150

7*0136
3.4171
2.3409
1.8317
1.5327

0.6782 
0.7034 
0.7266 

. 0.7467 
0.7776

7.6093
3.7436
2.5560
1.9749
1.6374

0.8614
0.8543
0.e602
0.8523
0.0469

30
60

3 90 
120 
150

6.8172
3.3971
2.3520
1.8527
1.5571

. 0.6792
■ 0.6873 

0.7029
■ 0.7285 
• 0.7627

7.1669
3.6065 
2.4762 
1.9294
1.6065

0.6345
0.6729
0.6995
0.7357
0.7693

30 
' 60 

4 90 
120 
150

6.0444
3.0359
2.1048
1.6684
1.4078

0.7311 
* 0.7043 

. O.6964 
0.7108 
0.7417

7.7818
3.8903
2.6383
2.0233
1.6669

0.9908
0.9772
0.9628
0.9557
0.9726

3°60
Booled 90 

120 
150

7.0277
3.4747
2.3900
1.8746
1.5703

■ 0.6086 
. 0.6658 

0.6925 
0.7187 

. 0.7510

7.5890 
3.7436 
2.5576 
1.9863 

- 1.6501

0.7694
0.7818
0.7971
0.6081
0.8260

Predicted to ta l  y ie lds (7) are obtained by multiplying the 
part y ie lds (X) with the ppproprl&te ra tio  factors (to)



DISCUSSION



BISOUSSIOH

In the present investigation  attempts were made to 
( i )  compare the re la tiv e  efficiency of s ix  expressions 

of la c ta tio n  curve models and find  out the best one fo r 
Jersey and Broun Swiss crossbred cows maintained a t  the 
University Live stock Sbrm, Kannuthy (11) compare the two 

crossbreds based on order of la c ta tio n 1 and season off
calving and ( i l l )  develop equations fo r predicting  310 days 

la c ta tio n  y ie ld  from oixaulative y ie lds a t  30» 60, 90* 120 

and 150 days of la c ta tio n . She sa lie n t features of the 
findings of the study have been disoussed under the 
following heads*

1. 1411k production performance arid comparison of Jersey 
’ and Brown Swiss crossbreds

2* Comparison of various la c ta tio n  curve models
3- Prediction o f 310 days la c ta tio n  y ie ld  from various 

■ part records.

5 .1 . I4ilk production Tierrormanoe ana comparison of 
Jersey and Brown Swiss crossbreds

The average la c ta tio n  y ie ld  upto 310 days in  Jersey 

and Brown Swiss crossbreds were 1652.83 ♦ 30.56 kg and 
1897*43 ♦ 43.81 kg respectively . Both thee* average are 

higher than those (1411.23 ♦ 32.58 kg and 1453.92 * 77.89 kg 
respectively ) reported by G irija (1980) In  the same crossbred



oova maintained a t  the eame faxn during the period 1963*"to 
1979* Bio present study van based on cows maintained a t  
the farn' during the period 1976*1933- Honoa, th is  super

io r i ty  oan be thought to  be duo to the improvement oooured 
in  the herd duo to managenontal p rac tices. She average 

la o ta tio n  y ie ld  observed in  the present study io  also 
higher than those (1109*1 ♦ 37.36 kg and 1327*7 + 60.32 kg 
respectively  in  nonrdeooript and Hathl cove) reported by 
Singh and Raut (1962) under v illag e  conditions* Differenoee 
in  genotio-mak© up and managemental oonditiono nay be the 
reasons for th is .

She time taken to a t ta in  peak y ie ld , obtained in  the
t (

present study (37*15 ♦ 1*15 days in  Jersey orossbrods and 
41*00 ♦ 2*63 days in  Brown Swiss orossbrods). Is  shorter 

than thoso (44*75 * 1*23 end 49.86 ♦ 3*06 days respectively) 
reported by G irija  (I960) in  the some crossbred oova. Shis 
may be duo to the change in  the genetic structure of the

.  1

animale. However, the time taken to  a t ta in  peak, observed
in  the study, i s  longer than those reported ty  Babouohe
(1957) in  Zebu X European crossbred oows and Q nufrnn o t a l .
(1974) in  Brown Swiss crossbred oova (Pj)« Considering
the days to  a t ta in  peak y ie ld  * the re su lts  are in  agreement
with the findings of Eradhan (1970.) and Dave and B itol (1971)
in  Hunkrej c a ttle  and Eajagopalen and Dave (1976) in  purs 
Jersey cows’.



She average peak dally  y ie ld  of 8.57 £  0*21 kg 
( la  Jersey orooobreds) and 9*23 ♦ 0*42 kg (In  Brown Sulae 

crossbreds) are higher than those (7*91 £  0*15 kg and 
7*70 ♦ 0*31 kg respectively) reported by G irija (1980) In 
the sane oroosbred oowa maintained a t  the same f a n  daring 

the period 1963-1979. Tills also oho us the genetic improve

ment ooourod In  tho herd during the time In terval between 

the two atudlee*

She average la c ta tio n  y ie ld  upto 310 days was more 

In  Brown Swiss crossbreds (1697*43 *  43*31 kg) than In 

Jersey crossbreds (1632*83 ♦ 30*56 kg)« Comparison of theae 
two means revealed thotthe two genetlo groups were sign i
f ic a n tly  (P £  0*01) different*  This re su lt  i s  akin to the 
findings o f Kathav (1933) who reported tha t Brown Suieo 

half-breds were producing s ig n ifican tly  more milk than 
Jersey half-breds under Kerala conditions* The superiority  

o f Brown Swiss oroesbreds ovor Jersey orooebrede can be 
assumed to the due to the difference between the exotio 
breeds*

Eie average la c ta tio n  y ie ld  upto 310 days in  the f i r s t  
four lac ta tio n s  of Jersey crossbreds were 1659*46 £ 44»37» 
1601,04 £  49*61, 1699*45 + 79*42 and 1664*26 ♦ 116*20 kg

respectively* ihe corresponding figures in  l&ovn Swiss
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oroasbrcds vara 1856.96 ♦ 75*78 kg, 1670*11 * 65*64 kg« 

1963.22 * 118.07 kg and 2030.37 ♦ 128.44 kg respectively .
I t  chows th a tp In Jersey crooobreda, tho lao ta tian y ie ld  
In  the f i r s t  four lac ta tio n s ' ore more or le s s  equal and th* 

maximal y ie ld  use obtained In  the 3rd lactation*  But in  Eroi 
Swiss crossbreds* the la c ta tio n  y ield  ohowed on increasing 

trend as tho order of la c ta tio n  advanced and the maxlmia 
y ie ld  uao recorded in  the 4th  lactation* But those d iffe r
ences in  milk y ie ld  were s ta t i s t ic a l ly  not s ig n ifican t in  
both the genetic groups. This shows th a t order o f  la c ta tio n  

had no s ig n ifican t influence on la c ta tio n  y ie ld . Similar 
re su lts  wore also reported by Singh and Kaut (1982) in  
Eathi cows and Saiinisv et, al^. (1983) in  KoleteirHfirieaian 

00 vs.

Shs non-signif lean t difference in  milk y ie ld  between 
d ifferen t la c ta tio n  sequences may be because of the la te  
sexual m aturity of Indian breeds oompared to the early  

oexual m aturity o f exotlo breeds. In dairy cattle*  milk 
production ie  d irec tly  re la ted  to body weight. By the tin e  
the Indian cove a tta in  sexual maturity th e ir  body weight 
might have reached the peak value, the reafte r there w ill 
not be much inorease in  body weight and hence In  milk 
production, th is  may be the reason fo r the s ta b i l i ty  of



milk produotIon in  the f i r o t  two or throe lao ta tio n a .

When the oov reaches i to  3rd or 4th lao ta tio n  i t a  tody
weight s ta r t  declining and consequently there w ill bo

* \

gradual doorcase in  milk production* But in  the case of 
exotic breeds, because of th e ir  e a r lie r  sexual m aturity, 

milk production increases up to the 3rd or 4 th  la c ta tio n  
and then decreases* Since the crossbred cows in  the 
present study oontaina animals of varying exotio Inheri
tance as such d iffe ren t cows w ill show varia tions in  milk 
y ie lds in  d iffe ren t la c ta tio n s .

In Jersey crossbreds, the average a i lk  y ie ld  upto 
310 days in  the dry, rainy and moderate seasons o f calving 

ware 1629,35 ♦ 48.49 kg, 1705.12 ♦ 57.74 kg and 1635.17 * 
53,35 kg respectively . In Brown Swiss crossbreds* the 

corresponding figures wore 1660,42 ♦ 112,07 kg, 1672,32 ♦
73,26 kg and 1933,06 ♦ 60,62 kg respectively . I t  was 

found th a t oowa calving in  rainy season produced more milk 
than cowo oalvlng in  dry season. However, season did not 
exert any sign ifican t influence on lao ta tio n  y ie ld , Shis 

re su lt  Is  in  agreement with the findings of Mathew (1983) 
in  Jersey and Brown Bv/ioo half-brods.

She lack o f influence of season of oalving on la c ta tio n  
y ie ld  observed in  the present study a an be a ttr ib u te d  to
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systems of management* She crossbred oova under study 
ora reared in  almost in tensive syateaa of feeding* Host 
of the nu trien t requirement i s  met by s t a l l  feodirg 

ra th e r than grazing and throughout the year feeding i s  
more or le ss  the same* When greens are scarce* additional 
oonoantrates are given to compensate, probably resu ltin g  

in  a non-significant seasonal variation* Further, a
t

s lig h tly  higher milk y ie ld  for the rainy seaeon observed 
in  the prosent study oould not be assumed to be due to 
the a v a ila b ility  of more grass during the rainy season 
because of seasons described above and also due to  the 

fao t th a t a la c ta tio n  s ta r tin g  from one season w ill, 
usually , .pass through the other two seasons also*

5*2* Comparison of various lao ta tion  ourvo modele

Among the various s ix  models examined, the gemma 
and quadratio-o un-log curve a accounted for maximum voluss 
of E2 (0*98 OGoh) in  the 1st lao ta tio n  records of both

1 * ■ i i

jorsey and Crown 2 vino orossbreds* Since the Fur nival 

index ( I )  values of gamma function were lower than those 
o f quadratio-oum-log ourve in  both the orossbreds, the 
former funotion was solaotod as the mot su itab le  ourvo 
in  the le t  la o ta tio n  records of both the genetlo groups* 
She equations (In the o rig inal form) of th is  curve in
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Jersey and Broun Swiss ■ crossbreds vers 

Tt ffl7«2123 t ° * l6812#- 0 .04794 * (K2 a  0.9054* I  ■ 0.1994) an: 

¥^■8.1518 t  ° « 13299 e-0 .04H 9  t  Q p m 0 , 96411 I  0 0*2133) 

respectively .
Singh and Gopal (1982) also reported similar results in 
the 1st lactation rooords of buffaloes maintained under 
village conditions. She quadratic function accounted for
the minimum values of B2 in both Jersey and Brown Swiss

2 2 crossbreds (H ■ 0.9087 and 0.9042 respective ly ). £ v&lu
of exponential and parabolic exponential functions were

also lo se  than 0.96 in  both the oroasbreda.
1 K

In the 2nd la c ta tio n  records o f  both Jersey and Broun 
Swiss crossbreds* the quadratic-aum-log curve followed by 
the gamma function provided ho tte r f i t  than the other 
functions* She equations of quadratic-ousHLog ourve in  

Jersey and Brown Swiss crossbreds were

Tt «7.08996“0.5Q737 t  ♦ 0.00454 t 2* 1.75310 logQt
(fiS D 0,9878s I  ° 0.2287) and 

yt -7*8l832 -  0.35602 t  ♦ 0,00156 t 2 * 1.26049 lo g .t

(B? •  0.9804s I  » 0*2723) 
respectively* She superiority  o f  quadratio-oim-Xog ourve 
over other ourvea in  the 2nd lactation? o f buffaloes was 
also  established by Singh and Gopal (19@2). She inverse



polynomial function gave the lean t f i t  In  both the cross
breds (B2 «* 0.8519 In  Jersey and 0.8382 In  Brown Swiss).

OH values of exponential, parabolic exponential and 
quadratic functions were leas than 0*94 in  both the 

genetic groups*

Values of B2 and I  revealed th a t the gomaa function -

= 7*5510 t 0 ,22605 o “0*06594 B 0. 9902; X a 0.2051)- 

and tha quadratio-owt-log curve -  I

Tt  = 8.76577-0.35305 t  t  0.00140 t S ♦ 0.92737 log#t
<B2 a 0 .5342 |  I  o 0 .2 6 2 0 )-  

vore b e tte r than the other functions in  the 3rd la c ta tio n  
xecordo of Jersey and Brown Striae orossbreds reopeotively*
The re su lt obtained fo r Jeroey crosobrods la  in  agreement 
with the findings of Singh and Copal (1982) in  buffaloes.
All the other four functions gave poor f i t  (B2«0,8644-0.9566, 

X n 0.4140-0.9722).

She quadratic-cun-log ourvo was found to be b e tte r

than the other functions in  the 4th lao ta tio n  records of
both. Jersey and Broun Swiss crossbred oows. She equations
of th in  ourve in  the abc® two breeds of o a ttle  were

Yt  -  8.03035-0.73567 t  ♦ 0.00891 t 2 ♦ 2.08340
(B2 * 0.99141 I  =* 0.2440) and 

Tt  ■ 8.31712 -  0.13937 t  -  0.00375 t 2 ♦ 0.53511 logt t
(B2 » 0.9690; I  -  0.3755) reopeotively.
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Singh and Gopal (1932) also reported tha t the quadratic- 
oun-log ourve was the moat su itab le  ourve in  the 4th 
Iso la tions of buffaloes, She second beat f i t te d  curves 
in  Jersey and Brown Swiss oroesbreds were gamma funotbn 

(B2 m 0,9859k 1 ■ 0,3157) and quadratic ourve (fi2* 0.9246*
I  * 0,5749) respectively* All the other functions gave 

poor f i t  in  both the genetic groups (£? ■ 0,6989*0#9469*

I » 0.6127-1.9362),

In the pooled data (pooled ovor lac ta tio n s) o f Jersey 
oroesbredOf the gamma function -

Tt  « 7.2384 t 0*27094 o '0"07182 * (fi2 » 0.9907k I  « 0.2042)- 

uos the best f i t te d  curve. But in  the pooled data of 
Brown Swiss oroesbreds the quadratlo-ota-log curve-

Tt o 8.24678-0.35623 t ♦ 0,00174 t2 ♦ 1*16191 log#t
(B2 » 0.9804* I  » 0.2752)- 

provldod b e tte r f i t  than the other ourvon, She 2nd best 
f i t te d  ourvee in  Jersey and Broun Swiss crossbreds were 
quadratio-oim-log curve and gasna function respectively .
In  both the oroeebrede* the inverse polynomial function 
(fi2 b 0.9070 and 0.8586) gave the le a n t f i t .

*

Considering the bent f i t te d  ourve to the pooled data 
of Jersey crossbreds* the re su lts  obtained in  the present

92



Dtudy were in  agreeaent with the findings of Yadav o t a l .  

(1977 b) In  Hariana orooobredB* KUnar and Bhat (1979 b,
1900) and Ohoema (1962) in  Indian buffaloes. 2h* choice 
of quadratio~ooB-log an the boat f i t te d  ourvo to  tbs 
pooled data of Brown Bwiso crossbreeds van also akin to  
the findings of tfalhotxo e t elo (1960) in  Enron Swiss 
oo ttlo  and Singh and Gopol (1982) in  buffaloes •

Pros the re su lts  i t  was evident th a t in  most of the 
oaoea, values o f inverse polynomial funotion were lover 

than those of other functions. Shis finding was not in  

agreement with .the findings of Yadov ot e l ,  (1977 b) 
Eaeavaiah at e l .  (1973)* Euaar and Hint (1973* 1979 h)*
Ehat end Ktxiar (1930) and Cheema (1982) in  buffaloes. Sfaeee 

workers bad proved the superiority  of inverse polynomial 
function over other functions*

She graphs of the f i t te d  functions revealed th a t the 
exponential* parabolic exponential and quadratio functions 

could describe only the descending phase o f the lao ta tio n  
ourve with a f a i r  degree of eocuracy. She ineffic iency  of

exponential and parabolic exponential functions in  exploit*
*

lng the r is in g  phace of la c ta tio n  ourve vats also reported 
by Brody a t o^., (1923) and Yadav and Sharma (1933) in

4

Jersey, Holstein Eriooicm and Brown SuiCD half-brede.



I t  nay be expo a ted that thee© throe ourve* w ill give the 

cans re su lts  In  other breeds a t c a t t le  also* Henoe the 
present study indloated th a t the exponential*parabolic 

exponential and quedratio models were not useful In  
defining the shape o f lao ta tio n  curve efficiency*

I t  Is  also evident from Pig* 2 (f)  and 5 (f) that* In  
both Jersey and Brown Swiss crossbreds* the inverse poly* 
nomial function overestimated the peak y ie ld  and number o f ' 
days to  a t ta in  peak yield* She actual peak y ie lds In  the 
pooled data o f Jersey and Brown Swiss crossbreds were 
8*26 kg and S. 86 kg respectively* But the.- craresponding 
values obtained.from the f i t te d  inverse polynomial femotion 
wore 11*16 kg and 10*65 kg respectively* She estimated 

average number of days to  a tta in  peak y ie ld  (40 days) was 
also higher than the observed vai ue of 57* 15 days in  

Jersey* Comparatively lower fi? values and hlguar I  values 
of inverse polynomial function* observed in  the results*  
can be thought to  be due to  th is  high*? ra te  o f overestimat
ion a t the position of peak yield* Moreover* th is  function 
also under estimated the y ie ld  a t  the time of p a rtu ritio n  
and the production during the la te r  (a f te r  110 days) stages 
of laotation* Beoauoe of these reasons I t  was concluded 
th a t the inverse polynomial funotion did not f i t  v e il in
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representing the lao ta tio n  ourvea of Jersey and Brown 
Swiss oroeebred oove under study* However* th is  function 
could explain the shape of the ourve sa tisfac to rily *

She graphs of gonna function and quadratio-oua-log 

curves showed th a t these two ourvoe had sim ilar shape 
in  both the crossbreds except th a t the former estimated, 
the i n i t i a l  produotion aoourately vhoreoe* the la te r  

s lig h tly  overestimated tha i n i t i a l  production* Both these 

ourvss s lig h tly  underestimated the Peak y ie ld  and the y ie ld  
during the la te r  stages (a f te r  170 days) lao ta tion  and 
overestimated the produotion during the early  stages 

(between 60 and 150 days) of laotation* She same re su lt 
hold good for lao ta tio n  ourvea f i t te d  separately for

t

d ifferen t la c ta tio n s  also*

In  short* laotation-w ise and pooled oonparleon of the 
f i t te d  models shoved* tha t irrespec tive  o f breed type and 
order of lao ta tio n  c ith er the gamma function or the quadratlc- 
oin-log curve provided b e tte r f i t  than the other functions* 
fno only reason th a t oould be a ttr ib u tab le  to the superi
o rity  o f these two funotions over other functions was the 
nature of the data under etudy* Henoe I t  was concluded* in  
general* tha t e ith er the'gonoa function or the quadratic- 
oin—log curve should be used fo r representing the lao ta tim  
ourvee of Jersey and Broun Swiss crossbred cows accurately*, •
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5 .3 . Prediction of 310 daya,laotation y ie ld  frost 
vmrloue -part records

High phenotypic correlations between various part and 
f u l l  (510 doye) lao ta tio n  yields indicated th a t the part 

lo o ta tlo n  y ields oould he a valuable guide to  th a t a oov 
would produce In  310 days. 2he values of correlation  
ooefflolonta inoreased with each added part y ie ld  and were 
more than 0.G5 by 120th day of lac ta tio n  in  both Jersey aid 
Broun Swiss orooabredi. Ihe values of oorrolation coeffi
c ien ts  roaohsd 0*90 by 150th day of lactation*  Highly 

e lgn ifloan t oorrelatlone between various part and fu l l  
lao ta tion  y ie ld s  ware also .reported  by Gannon ot a l , (1942) 
and £anb and MoGillard (1967 a yb) in  exotic breeda o f c a t t le ;

t
Butt ot a l .  (1964)> Singh e t  (1967). Singh and Aoharya 
(1969) and ChlUar e t o l , (1960) in  Hariana c a t t le ;  Velem 

e t o l . (1977) in  Eoffienlan oovoi Adehoye and Adebanjo (1970) 
in  Prioaian oowo; Contrerae and Binoon (1979) in  Idnonero 
cows; Salganonkar o t o l .  (1901) in  Sahlwal cove; Pathak 

e t a l . (1932) in  Glr oowe and Bsioer and Hausgnann (1902) 
in  Sinmental oovs.

3he ra te  of lnoreaoa in  the corre la tion  coeffic ien ts 
between the to ta l  (310 days) y ie ld  and the otmulatlve y ields 
a f te r  120 dsye waa low and did not add auoh to the aoouraoy 
of predicted 310 daya y ie ld  so as to compensate for the
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lo ss  o f time and expenditure involved in  recording th e ir  
y ields over long period*• Kenoc, i t  was concluded th a t 
to assess 310 day* y ie ld  120 days cumulative y ields should 
ho used* In  d ifferen t lac ta tions of Jersey and Brown Swiss 

crossbredst .the co rre la tion  coeffic ien ts  of 310 days y ie ld  
with 120 day ounuXative yields ranged fro* 0*3363 to  0,8798 
(average 0*8843 * 0*0134) and 0*8603 to  0*9260 (average 
0*3004 ♦ 0 *0099)  rospeotively* IBiese ranges of co rre la tion  
were more or lo ss the some as those reported by Chilian 
a t (1960) in  Hariana c a t t le ,  and are considerably 

higher then those reported by Salgaonkar o t al* (1931) in  
Sahiwal oovs*

Oho oholoe of 120 days oemulative y ie ld  oo the moot 
appropriate part record for predicting 310 days y ie ld  was 
in  conformity with the findinga o f Hacoherpa e t  al* (1967) 
in  Broun Alpine cows and Contreras and Hinoon (1979) in  
Limonero oowo* Bat theoe re su lts  are contrary to  the 

findings of Buseart (1937) in  heifors and Adanoya and 
Adebanjo (1976) in  Sfcieoian oowe« Bioac worfcore selected 
200 days cumulative y ie ld  as the most su itab le  pert record 
fo r predicting  310 daya la c ta tio n  yield* Ohose differonoea 
might be due to  differences in  gonetlo constitution,, 
environmental conditions, managerial praotioes and genotype- 
environmental in te rac tio n  in  these hards*



In order to  prediot 310 daya milk y ie ld  from part 
reoorda simple lin ea r equations were developed lay two 
methods, vie* regression Method and ra tio  method* In the 
regression method* regression coeffic ien ts wore estimated 
by le a s t  square Method with part y ie ld  as the independent 

variable and 310 days y ie ld  as the dependent variable*
But in  the oase of ra tio  method* regression coeffic ien ts  
were estimated as the ra tio  of 310 days y ie ld  to the part 
yields* In  both the methods of predlotion* the values of 

inoreased with increase in  length of part records* 
Irrespective of breed group and order of lao ta tion  th is  
re su lt was found to  be oorroot whioh indicated th a t the 

accuracy of prediction by lin e a r  regression equation* 
inoreased os the length of part lao ta tion  increaeed* Tula 
may be beoause o f the foot th a t the re la tionsh ip  between 
f u l l  (310 days) and part lao ta tio n  yields inoreosoe with 
inoreaoe in  length o f part reoorda* The re su lts  also 
Indioated tha t the magnitudes of the in tercep t (a) and the 

regression coeffic ien t (b) decreased with each added part 
yield*

Cannon e t al* (1942), Butt ot a l , (1964)*^Cnillar e t a l * 
(1960) and Path ok ot a l .  (1962) also developed simple 
lin ea r regression equations (by regression method) for 
predicting f u l l  la o ta tio n  y ie ld  from part records in
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d iffe ren t breed* of dairy oattie*  E ielr aoouxaoy of 
predlotion vae sim ilar to the re su lts  obtained in  th is  
study*

Comparison between ra tio  and regression  method* of 

predlotion revealed tha t values of I?  obtained by ra tio  
method were higher than those obtained by regression method 
when the f i r s t  30, 60 and 90 day om ulativ* yield* were 
considered as part yield** But when th« em ulative yield* 
a t 120 and 130 days of lao taticn  wer* considered as part 
y ield*, S? values obtained by regression method wer* found 
to  ba higher than thoo* obtained by ra tio  method*

Eenoe i t  vaa concluded th a t for predicting 310 day* 
y ie ld  from f l r e t  30, 60 and 90 day oinulative y ie ld , the 
ra t io  method ohould bo used* But fo r predicting 310 day* 
y ie ld  from 120 and 130 day cumulative yields regreoslon 
method w ill be more preoios*

Baaed on ^  value*, the following equation* ware 
suggested for aoourate prediction  of 310 days y ie ld  (X) 
from 30, 60, 90, 120 and 130 day cumulative yields (X) 
•eperately for each of th* four la c ta tio n s  of Jersey and 
Brown Swiss orossbrods*



1. Jersey orosabred»

r&rt
lo o t.
y ie ld
unto

lo o t. 
ITo.__

Pooled

30 days

Y-7.4273 X 

Y-7.0136 X 

T-6.8172 X 

Y«6.0444 X 

T»7.0277 X

60 days SO days 120 days 150 days

7=3.677 X

Y»3.4171 X

Y—46.1910 ♦ 
3.4924 X

Y—47.5881 ♦ 
3.1318 X

X-3.4747 X

Y-2.5213 X

Y-2.3409 X

Y—218.9209 ♦ 
2.6646 X

Y*-109.4707 + 
2.2577 X

Y=2.3900 X

Y—49.7079 ♦ Y—100.8925 + 
2.0297 X 1.7457 X

Y— 31.6579 * Y—73.1180 ♦
1.8698 X 1.6063 2

Y— 300.6191 ♦ Y— 292.5004 ♦ 
2.1908 X 1.8336 X

Y— 134.0029 ♦ Y— 183.8438 ♦ 
1.0168 X 1.5795 X

Y— 75.0063 + Y —117.6191 ♦
1.9623 X 1.6855 X

s
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Genet lo and norr-genetio faotoro may not a ffeo t the 

p art lao ta tio n  « » it  y ie ld  and oonplete la o ta tio n  milk 
y ie ld  In  the aone way. Age a t  oalving, period and 
season o f oalving end days open may have more e ffec t in  
the early part o f  lao ta tio n  ao oompared to  to ta l  lao ta tio n  

y ie ld . A possible reason i s  th a t there io  more physio
lo g ica l and n u tritio n a l s tre ss  In  the early part of la o t
a tio n  compared with mid or la te r  stages o f la o ta tio n . 
Therefore, prediction  equations fo r projecting complete 

la o ta tio n  milk y ie ld  from part reoords of animals having 
d iffe ren t age a t  oalvlng and days open may bo d iffe ren t. 
Beoondly, eventhough the seasonal varia tions have no 
•ig n iflo an t influence on to ta l  lao ta tio n  y ie ld . I t  may have 
s ig n ifican t influence on part y ie ld s . Hense, i t  i s  s t i l l  
unresolved whether part y ie ld  data should or should not be 
adjusted when attempting to project them to a fu l l  lao ta tio n .



SUMMARY



Milk y ie ld  date o f 93 Jersey and 55 Brown Swiss 
aro sabred oove oaintained a t  the University liv e s  took 
fe rn , Hannutfay, during the period 1978*1903 were u ti lis e d  
in  the present study with the following objective*) s

( I )  To compare the re la tiv e  effioionoy of various 
lao ta tio n  ourve models and suggest the most 1 
su itab le  one for oove under study

( I I )  To compare the two genetio groups o f o a tt le  baaed 
on order of lao ta tio n  and season of oalving

( i l l )  To develop equations fo r predicting 310 daya y ield  
frc*  p a rt yields of d iffe ren t stages*

Accords upto the 4th lao ta tion  were included in  the 

study* Shore wore a to ta l of 264 la o ta tio n  reoords whioh 
include 174 lao ta tio n  records of Jersey oroesbreds and 

90 la o ta tio n  reoords of Brown Swiss crossbreds. To examine 
the effeot of season of oalving on la o ta tio n  y ie ld , the 
year was delineated in to  dry, rainy and moderate seasons. 
The avorage daily  milk y ie ld  (calculated from successive 
10 day y ie ld s) upto 310th day of la o ta tio n  was the main 
Item o f observation*

She average lao ta tio n  y ie ld  upto 310 days In  Jersey 
and Brown Swiss orosabreds were 1652*83 + 30*56 kg and 
1697.43 1 43*81 kg respectively . S ta tis tic a l  analysis



I

shoved highly sign ifican t (P ^ 0 .0 1 ) effec t o f breed type 

on to ta l  a i lk  y ie ld .

Si* average lao ta tio n  y ie ld  upto 310 days in  the 
f i r s t  four lac ta tio n s  of Jersey orossbreds were 1659*46 ♦

44.87 leg, 1601.04 * 49.61 kg,' 1699.45 ♦ 79.42 kg and
1664.26 ± 116.20 kg reopeotively. In Brown Swiss orosshreds, 
the corresponding figures were 1656.96 ♦ 75*70 kg, 1870.11 ♦ 

65.64 kg, 1963.22 ♦ 118.07 kg and 2038.37 ♦ 128.44 kg resp- 
ac tiv e ly . Analysis o f variano* shoved th a t in  both the 
orossbreds, order o f lao ta tion  had no sign ifican t effec t 

on to ta l  milk y ie ld .

In  Jersey orossbreds, the average to ta l  y ie ld  fo r the 

dry, rainy and moderate seasons were 1629.55 ♦ 48.49 kg, 
1705.12  ♦ 57.74 kg and 1635.17 * 53.35 kg respectively . In 
Brown Swiss orossbreds, the corresponding values ware 

1060.42 ♦ 112.07 kg, 1872.32 + 73.26 kg and 1938.06 ♦ 60.62 kg 
respective ly . In  both tho orossbreds, season of calving 
did not exert any sign ifican t influence on to ta l  milk y ie ld .

She days to a t ta in  peak ylold in  Jersey and Brown 

Swiss crossbreds were 37*15 1 1*15 dayo and 41.00 ♦ 2.63 
dayo reopeotively. She average peak y ie ld  in  these two 
orossbreds were 6.57 Z 0.21 kg and 9.23 *  °*42 kg respect
ive ly .
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To compare the re la tiv e  efficiency o f various 
lao ta tio n  ourve models, the exponential, parabolic expo
n en tia l, quadratic, quadratio-oun-log, g&mm and inverse 
polynomial function*! were f i t te d  to  the average daily  

milk y ie ld , separately for eaoh of the four lac ta tio n s  
and to the pooled data, fo r eaoh genotio group under study.

r

Equations o f the heat f i t te d  functions In  d iffe ren t la o t-  
ations o f Jersey and Broun Swiss orosabreds wore as follows i

1, Jersey orossbreda

1st lao ta tio n  t Gamma function (£?«0.9854| 1*0.1994) 

Yt =7.21232 t  °*l6s12 « *°»04794 t

2nd lao ta tio n  i Quadratic-oisa-log ourve (i&sO,9876(1*0.2287) 
Yt *7.08996-0.50737 t  ♦ 0,00454 t 2 ♦ 1,75310 lo g ,t

3rd la o ta tio n  t Gamma function (H2*0.9902( 1*0.2051)
Yt  o 7.53184 t 0#226°5 e "°»o6594 t

4 th  la o ta tio n  t Quadra tic -o  un-log ourve (E?oO.9914(1*0.2440)

\  *8.08035-0.73567 t  ♦ 0.00891 t 2 ♦ 2.08342 lo g ,t

Pooled i Gamma function (H2*0.9907( 1=0.2042)

Y^* 7.23840 t 0*270^  e*0.07182 t

2. Brown Swiso oroeobrodo
lo t lao ta tio n  s Gamma function (B?*0.9841f 1=0.2133)

Tt - 8 .15181 t ° ‘ 13299 . “0-04149 t
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2nd lao ta tio n  i Quadratia-oum-log ourv«( ̂ “0.980+[1*0.2723) 
Yt  * 7*81852-0.35602 t  ♦ 0.00156 t 2 ♦ 1.260+9 log#t

3rd lao ta tion  i Quadxatio-oixi-log ourvo(B^*0*904251*0. 2620) 

7t  «□ 8*76377-0.35885 t  * 0,001+0 t 2*0.92737 log0t

+th lao ta tio n  t Quadra tic-oim -log ourve(£?«0.9690jlB0.3755) 

Tfc « 8.31712-0.13937 t  -  0.00375 t 2 ♦ 0.53511 log0t

Fooled t Qundratio-oun-log carva(B2*0.9604|Iw0,2752)

Yt  « 6*2+678-0.35623 t  ♦ 0.0017+ t 2 ♦ 1.16191 log0t

(Vt  ie  the average daily y ie ld  in  time t  (t»1,2*.........31 )j
£2 *  coeffic ien t of do tormina tion i 1 •  Purnivol index)

2he graphs of the f i t te d  functions showed that* in  
hoth the genetic group** the exponential* parabolic expon

e n tia l  and quadratic models fa iled  to  represent the ascend
ing phase of the lao ta tio n  ourve. She inverse polynomial 
function overestimated the peak y ie ld  and the number of 
day Bp1 to  a tta in  peak y ie ld  and underestimated the i n i t i a l  
produotion and the production during the la te r  stages 
(a f te r  110 days) of lacta tion*  Because of those reasons* 
the inverse polynomial function gave the le a s t f i t  in  both 
Jersey and Brovn Swiss orossbreds. Irrespective of bresd 
type and order o f laotation* e ith er the gamma function or 
the qudratio-oua-log ourve provided b e tte r f i t  than the 
other functions.i
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To predict 310 days y ie ld  from part y ie lds, the 
cumulative y ie lds a t  30, 60, 90, 120 and 150. daye of 
la o ta tio n  vers considered as part yields* In Jersey 
crossbreds, the average oorre la tlcn  c o e f f ic ie n t  of 310 
days y ie ld  with the above part y ields were 6*6963, 0*6018, 
0*6514, 0,8843 and 0.9130 respectively . She corresponding 

figu res in  Brown Swiss oroesbreds wore 0.7843, 0.6329,
0.8706, 0.9004 and 0,9264 respootively. The co rrela tion  
co effic ien ts  increased v ith  eaoh added part y ie ld , and 

were more than 0.65 by 120th day of la c ta tio n . The ra te  
o f  increase In  the corre la tion  coeffic ien ts  between the 
to ta l  (310 days) y ie ld  and cumulative yields a f te r  120 days 
was low. Honce, i t  van oonoluded tha t fo r predicting 310 
days y ie ld  v ith  re lia b le  aoouraoy, 120 day record was moat 
appropriate.

Prediction equations for projecting 310 days lao ta tio n  
y ie ld  from d iffe ren t part y ields were developed by ra tio  
and regression methods. Comparison, based on S? values, 
between these two methods revealed th a t the values of B? 
obtained by ra t io  method ware higher than those obtained by 
regression method when the f i r s t  30, 60, and 90 day cumulative 
y ie lds were considered as port records. But when the otxaur 
la t lv e  yields a t f i r s t  120 and 150 days wore considered as
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part y ie lde , Talus* obtained by regression method 
were found to be higher than those obtained by ra tio  
method* Henoe i t  wae concluded th a t fo r predicting 

310 days y ield  f*ca 30, 60 and 90 day em ulative  y ie lds, 
the ra tio  method would be more appropriate* But for 
predicting 310 days y ie ld  from 120 and 130 day cumulative

i

yield*, the regression method ehouid be used*

For the pooled data of Jersey and Broun Swies Gross-
i

brads, the most appropriate equations for predicting 310 
days y ie ld  from the 120 day em ulative  y ie lds vorc

Y ■ -75.0063 ♦ 1.9623 I  (£? -  0*7523) era
Y » -77.0068 ♦ 2.0674 I  O ?  -  0.8410) respectively 
where Y i s  tho estimated 310 days y ie ld  and X i s  the 

to ta l  y ie ld  upto 120th day of laotation*
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Appendix I
Aotual and pro die tod total milk yields from various

part records (sample) in crossbred oows

1* Jersey oroosbreda

a) 30 day cumulative yields ae part record

SI. Sampling R irt Aotual Predicted to ta l  y ie ld  (Y)
No. number y ie ld  to ta l  —™ —

yield  Regression Ratio method
method *

1 065 175.8 844.2 1327.6 1221.4
2 170 393.7 2564.0 2443.1 2766.8
3 064 228.7 1618.5 1606.1 1607.2
4 119 169.1 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 1138.0 1535.6 1509.5
8 016 223.3 1430.1 1578.8 1569.3
9 076 160.0 1142.9 1257-7 1124.4

10 003 193.8 1826.9 1429.1 1362.0
11 172 118.0 1346.1 1044.6 i3829.3.
12 104 225.4 1891.4 1589.4 1584.0
13 161 217.7 1746.9 1550.3 1529.9
14 179 268.6 1231.4 1808.5 1807.6
15 069 232.3 2097.1 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 1448.3 1615.8 1620.6



11

b) 60 day cumulative yields as part record

SI, Sampling Bart Aotual Pro dieted total yield
So • number yield total    ------------—

yield Regression Ratio method 
method

j
1 065 330.9 644.2 1194.4 1149.8
2 144 666.7 2157.7 2246.3 2316.6
3 005 274.4 1103.8 1017.4 953.5
4 156 432,9 1505.9 1513.9 1504.2
5 137 447,2 1360.0 1558.7 1553.9
6 118 350.1 942.0 1254.6 1216.5
7 141 506,0 1998.4 1742.9 1758.2
8 053 524.5 2049.? 1800.9 1822.5
9 016 434.2 1430.1 1518.0 1508.7

10 128 485.9 1644.0 1679.9 1683.4
11 059 409,1 1815.8 1439.4 1421.5
12 108 577.8 1865.3 1967.8 2007.7
13 112 472.8 1281.2i 1638,9 1642.8
H 183 493.9 1323.1 1705.0 1716.2
15 162 394.8 1822.5 1394.6 1371.8
16 058 3S9.6 1499.7 1375.2 1350.3
17 007 562.8 1374.2 1923.9 1959.0
18 169 609.4 1484.6 2066.8 2117.5
19 165 303.9 768.3 1109.6 1055.9
20 074 451.0 1873.3 1570.6 1567.1



H i

o) 90 day cumulative yioldo an part record

SI. 
I Jo.

Sampling
number

Bart
yield

Actual
total
yield

Predicted total yield
Begroaoiou Batio method 
method

1 122 624.7 1526.3 1493.7
II

1493.0
2 116 833-7 2041.6 2109.0 2112,0
3 142 666.5 1765.5 1592.5 1592.5
4 171 607-7 1675-5 1643.3 1643.6
5 145 496.3 709.3 1188.6 1186.2
6 165 546.9 1286.1 1308.8 1307.1
7 141 746.1 1998.4 1786.9 1767.9
6 084 735.2 1238.5 1756,2 1757.1
9 090 727.2 1774.0 1737.2 1738.0

10 095 616.9 1460.8 1955.1 1957.2
11 117 411.6 672.9 987.3 903.7
12 ‘ 012 600.8 1881.1 19*2.1 1913.9
13 140 423.4 874.3 1015.4 1011.9
14 033 761.6 2024.2 1818.9 1320.2
15 072 642.6 1681.8 1536,7 1536.3
16 070 757.7 2277.2 1809.7 1310.9
19 131 607.7 1200.9 1453.3 1452.4
18 164 359.0 947.5 862.4 858.0
19 146 733.6 1405.9 1752.2 1753.1
20 • 156 777-0 1726.9 1855.5 1857.0



Iv

d) 120 day cumulative yields so part record

3 1 . Sampling Bart Aotual Bredloted to ta l  y ie ld
Mo • number y ie ld  to ta l   .»----—- —- —- — —

yield  Begroesion Eatio method 
method

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
6 131 740.2 1200.9 1377.5 1387.6
7 121 951.2 1590.9 1791.5 1763.1
8 102 1444.3 2789.4 2759.1 2707.5
9 . 109 780.7 1221.5 1456.9 1463,5

10 129 939.6 1523,i 1768.0 1761.4
11 059 791.6 1815.3 1478.4 1483.9
12 095 1009.3 1460.8 1905.5 1892.0
13 054 789.5 1772,5 1474.2 1480.0
14 068 959.6 1832.4 1603.0 1798.9
15 076 609.1 1142.9 1120.2 1141.8
16 094 832.7 1645.0 1559.0 1560.9
17 003 844.6 1826.9 1582.7 1583.7
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 1571.7 1576.9



e) 150 day om ulativa y ields aa part record

Sl« Sampling Bart Aotual
Ho* number ylaXd to ta l

y ie ld

1 151 1673.3 2568.3
s 060 655.2 827.4
3 049 1170.4 1777.9
4 021 1120.8 1890.9
5 104 1055.9 1891.4
6 027 1019.5 1827.8
7 084 1029.8 1238.5
8 182 577.4 628.5
9 107 545.9 643.9

10 146 1098.7 1405.9
11 113 1016.6 1475.5
12 164 588.2 947.5
13 ‘ 158 1094.3 1726,9
14 096 1153.6T 2034.2
15 072 1015.1 1681.8
16 047 1262.0 1786.Q
17 128 1138.9 1644.0
18 006 785.8 1201.9
19 101 727.7 13BQ.4
20 179 1054,9 1231,4

Brediotod to ta l  y ie ld
Regression Eatio method 
method

2702,7 2627.6
966.7 1023.9

1855.1 1837.9
1771.5 1760;0
1662.1 1658.1
1600.7 1600.9
1618.1 1617.1
855.6 906.7
802.5 857.2

1734.2 1725.3
1595.9 1596.4
873.8 923.7

1726.8 1718.4
1827.1 1811.8
1593.3 1594.0
2009#5 1981.7
1802.0 1788.4
1206.8 1233.9
1108.9 1142.7
1660*4 1656.5



2. Brown Swiss crossbreds
a) 30 day ounulative yields as part record

vi
1 

5*
3!

 
I 

• 
• 

1

Sinpliug
number

Kart
y ie ld

Actual
to ta l
y ie ld

Predicted to ta l y ie ld
degression Ratio method 
method

1 041 241.1 1971.6 1842.5 1829.7
2 003 321.4 2069.7 2313.3 2439.1
3 102 216.1 2066.2 1695.9 1639.9
4 057 311.0 2408.8 2252.3 2360.2
5 026 236.5 2020.9 1815.6 1794.0
6 007 270.3 1549.2 2013.7 2051.3
7 089 372.0 1701.4 2609*9 2823.1
8 104 222.9 3126.3 1735.8 1691.6
9 051 190.7 1491.7 1547.1 1447.2

10 028 141.4 1154.7 1259.1 1073.1
11 017 175i6 1228.1 1458.6 1332.6
12 084 213.4 1440.1 1680.2 1619.5
13 044 209.9 1636.9 1659.6 1592.9
14 048 255.9 1566.1 1929.3 1942.0
15 097 209.8 1526.5 1659.0 1592.2
16 070 340.3 2119.9 2424.1 2582.5
17 015 209.2 1603.4 1655.5 1587.6
18 049 141.5 920.3 1258*7 1073.9
19 040 252.7 2469.0 1910.5 1917.7
20 027 340.0 2743.2 2422.3 2580,3



vii’

b) 60 day oo^u la tivo  y ie lds as part reoord

SI* Sampling Fart Aotual Predicted to ta l  y ie ld
No* number y ie ld  to ta l  - -----------------—

yield  degression Batio method
method

1 070 657.3 2119.9 2392.8 2460.7
s 056 451.5 1725.6 1713.4 1690.2
3 027 735.0 2746.2 2649.3 2751.5
4 102 437.9 2066.2 1668.5 1639.3
5 099 609.3 2249.9 2234.3 2280.9
6 026 505. B 2020.9 1692.7 1893.5
7 003 611.0 2069.7 2241.1 2287.3
S 086 364.4 1717.0 1425.6 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 2468.1 2310.3 . 2366.7
12 034 555.9 1B49.7 2058.0 2081.1
13 043 569.9 ’ 2069.2 2103.9 2133.1
14 020 325.9 964.4 1296.4 1219.7
15 010 629.5 2456.0 2301.0 2356.6
16 015 421.9 1603.4 1615.7 157S.4
17 002 410.0 1756.3 1576.4 1534.9
18 079 259.4 618*5 1079.2 971.1
19 078 460.7 1945.5 1743.6 1724.7
20 091 721.5 2604.8 2664.7 2701.0



v i i i

o) 90 day emulative yields as part record

SI* Sampling Part
No* nisaber y ie ld

AotuaL
to ta l
y ie ld

Predicted to ta l  y ield
Hegroosion Ratio method 
method

1 058 445*7 1134*4 1174.8 1139*9
2 070 907*7 2119.9 2301*2 2321*5
3 069 790.7 1874*0 2015*9 2022*3
4 053 900.3 2100.4 2283.2 2302*6
5 062 778.2 1995*0 1985*5 1990.3
6 C039 638.4 1727.5 1644.6 1632*8
7 052 773.4 1378.6 1973*8 1978*0
8 057 ' 984*5 2403*8 2488*5 2517.9
9 054 741*9 1784*5 1896*9 1897.5

10 03b 875*9 2330,9 2223*7 2240*2
11 024 545*8 1304*5 1418*8 1395.9
12 068 860*0 2077*9 2164*9 2199*5
13 078 693*8 1945*5 1779*7 1774*5
14 063 784.8 1933*3 2001*6 2007*2
15 015 566.0 1603*4 1516*9 1498.8
16 083 316.9 568*8 860*7 810.5
17 005 881*0 2610.2 2236*1 2253*2
16 074 949.1 2566.1 2402*2 2427.4
19 104 653.2 2126.3 1680.7 1670.6
20 106 323.0 925.20 875.6 826.1



1,

d) 120 day cumulative y ields as p art record

ix

SI. Sampling part Aotual Prodioted to ta l  yiel(
No. number yield to ta l

y ield Bogreooion Eatio aei 
method

— — -■ - - - - - - - — — — - -----------——------ —

1 063 1107.8 2077.9 2213.3 2200*4
2 083 406.6 568.8 764.0 803.0
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

1

7 088 952.8 2044.3 . 1892.8 1892.5
a 012 900.6 1882.0, 1784.9 1788.9
9

O'*COo 1130.2 1701.4. 2259.6 2244.9
10 025 6O7. I 1595.5, 1178 .1 1205.9
11 ,002 813.5 1370.2, 1604.8 1615.9
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 2383.6
16 052 962.1 1378.6 1912.0

r
19 11.0

17 063 982.2 1933.3. 1953.6 1950.9
18 041 956.5 , 1971.6, 1900.5 1699.9
19 027 1341*4 2748.2, 2696.2 2664.4
20 ,003 1253.4 3001.4, 2514.3 2489.7



X

d) 150 day cumulative yields as port rcoord

81. Sampling Xfert Actual Eredioted to ta l  y ie ld
No. lumber y ie ld  to ta l  - —  ----------------- — -------

y ie ld  fiegresoion Eatio notbod
method

1 069 1165.2 1874.0 1924.4 1922.7
2 09S 1235.5 1348.5 2045.8 2030.7
3 095 1357.2 2221.9 2255.9 2239.5
4 094 1430.0 2488.1 2382.9 2360.9
5 096 1120.4 1879.1 1047.1 1848.8
6 064 969.1 1512.5 1620.4 1632.1
7 009 1106.2 1671.0

t
1822.6 1825,3

a 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
11 098 537.5 874.7 840,8 886.9
is 104 1102.0 2126,3 1815.3 1818,4
13 026 1142.7 2020.9 1885.6 1685.6
14 036 041.7 1409.8 1365,9 1388.9
15 087 1181.9 1940.1 1953.3 1950.3
16 041 1177.1 1971.6

T
1944,9 1942.3

17 054 1173.0 1764.5 1937.9 1935.6
13 052 1129.9 1378.6 1863.5 1864,4
19 066 959.4 1543.7 1569.2 1583,1
SO 002 1016.6 1756.3 1667.9 1677.5



A COMPARATIVE STUDY OF 

LACTATION CURVES IN CATTLE

By
MATHEW SEBASTIAN

A B S T R A C T  O F  A  T H E S IS
submitted in partial fulfilment of 

the requirements for the degree of

jMagtet: of Science (Hgrttultural
Faculty of Agriculture 

Kerala Agricultural University

Department of Statistics 

COLLEGE OF VETERINARY AND ANIMAL SCIENCES

Mannuthy - Trichur 

1985



ABSTHACT

An investigation , based on 174 normal la o ta tio n  records 
of 93 Jersey crossbred oova and 90 normal la o ta tio n  reoorda 

of 55 Brown Swiss crossbred cows belonged to  the University 
Livestock Farm, Mannuthy, was undertaken; (1) to  compare the 
re la tiv e  efficiency of various la c ta tio n  ourve models and 
to  se lec t the best one (11) to  compare the two genetio groups 

based on order of lao ta tion  and season of calving and ( i l l )  to 
develop equations for predicting to ta l  milk y ie ld  from part 
y ie ld s.

Beoords upto the 4th la o ta tio n  were inoluded in  the study. 

She observations spread over a period o f  elx  years from 1978 to 
1983. The year vae delineated in to  dry, rainy and moderate 

seasons*
S ta tis tic a l analysis showed highly sign ifican t (P ^  0*01) 

effeo t of breed type on to ta l  (310 days) milk yield} but the 
e ffec ts  of order of lao ta tio n  and season of oalving were not 
s ig n ifican t in  both the genetio groups*

Comparison of exponential,, parabolic exponential, 
quadratic), quadratic-cum-log, gamma and inverse polynomial 

functions of lao ta tion  ourve models shoved th a t the gamma 
function -  Yt  * 7.2384 t 0,2709^ * 0710 t  ^  °  °*95°7*
1 « 0*2042) ” and the quadratlc-oum-log ourve -
Yt  o 8*2468-0.3562 t  + 0.0017 t 2 ♦ 1.1619 logQt

(H2 o 0.9804, I  » 0.2752) -  gave the best f i t  in  the pooled
data of Jersey and Brown Swiss orossbreds respectively



I t  was also found tha t in  a l l  the 8 lao ta tio n s  studied, 

e ith er the gamma funotion or the quadratia-aua-log ourve 
provided b e tte r f i t  than the other models*

Graphs of f i t te d  functions shoved th a t, in  both the 
genetio groups, the exponential, parabolic exponential and 

quadratic models oould not explain the r is in g  phase of the 
lao ta tion  curve. In a l l  the oases, the inverse polynomial 
funotion vas found to be the le a s t  f i t t in g .  Hhe gamma 
funotion and the quadratio-o un-log ourvea gave oloee f i t  to 

the observed values.
Correlation coeffio len ts between to ta l  (310 days) y ie ld  

and the ounulative y ie lds a t  30, 60, 90,  120 and 130 days of 
lao ta tio n  were found to be highly s ig n ifican t (P ^ 0 .01).

Hie present study revealed 120 days ounulative y ie ld  to bs 

the most su itable part y ie ld  for predioting to ta l  (310 days) 
y ie ld  accurately.

Begreosion equations fo r predioting to ta l  (310 days) 
y ie ld  from various part reoords were developed by ra tio  and 

regression methods. Comparison of these two method* showed 
th a t the ra tio  method would be more precise fo r predioting 
to ta l  y ield  from the f i r s t  30, 60 and 90 day oumuktive y ie ld s. 

But for predioting to ta l  y ie ld  from 120 and 130 day ounulative 
y ie lds, the regreeslon method should be used.


