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IRTROUCZIION

The agro-climatic conditions form a natural gift
to Herals State which is ideal for Duck faroing. Duck
fayning in Kerals ia found ¢ be a repunsrative enterprise
because duck? regquire no eleborate housing, necessitatel
only low capital investment, bring quick returns from out-
lsy ond well distributed turn over throughout the first

year of production ag woll as in subsequent years.

According to 1972 liveatock census, 9.01 million
ducks, about 6.5 per cemt of the total pouliry population
arg concentrated mostly in the Eastern and Bouthern States
(Inddan Poultry Industry Year Book, 1986). West Bengal is
having the firat place in duck farming followed by Auean,
Zamil Hedu, Andhra Pradesh, Biher, Kerals, Urissa, Jammu
and. Eashmir and ITripura. Eerals 1s having a duck populﬁtion
of 5.6 millions =snd a total egzy production of 36.348 millicns.
The duck popalation increesad t0 53 millione in 1484,

The duck is the second contributor of egss to the
Irdian markét neit to the chicken, thuz contributing a major
shere to the Grogs Hational Product. The ege old belief
coupled with the gross anatomy of ducks suitable for

swimming, hos perhaps pushed the Puck farmers to looate



themselves arcund coastal arsas of our country ac that
they coald exploit the natural surroundings of weter and .

Y
maghy lends %o the advantage of duck farming.

30 far we heve pub comperatively less 1mportan§e in
duck improvement progrscme 1n an intensified acale ao we
have dome S0 far the chicken bresding project. So adequate
research and attentlion is neadsed %o improve the present

situation.

Study of body weight and its growth rate under various
time periods is an important aspect in the case. of birds
espoclally thoss having economic importance such s chicken
and ducks. Body welght being one of the most important
economic character of ducks, 1ts study will have asignificant
implications im the case of rearing of ducka., It is this
character which is moat concerned to the farmere point of
view 210 to zetd the meximum return. In order to study the
increase -in bedy weight end alac the growth rates in ducks,
mathematical growth models are to be fitted. To find the
optimum economic bedy weight these models czn be made use of.
The various meodels prevalent in zfudying the growth. rates
of birds are exponentizl; modified exponentiel Gompertz,

logietic, Von-Bertalanffy, sccond degree curve atc.



If 2 functional ra;ationahip botween body weight and
age ie availsble, then it will be gasy to find the pptimum

age to attain tho maximum body ueight_E::iiiizzw_;_az By
doing 3o, it will be always poazible to have 2 uegrul

future planning for the industry of rearing ducks a% a
whole, ) .

g0 far vory little work has been done in bhe study of
grOQtﬁ pattern and to find the optimum body waight in the
cage of ducks. The few refercnces availlable are th?t of
Kager ot 8l.(1971), Majna gt al./(1973), George ot al.(1980)
and(1981), Easwaran ot al. (1984) and Hemid g% al. S1988).

Ga&rge ot ales (1980) studied only Desi ducks uhereaa
Easwaran at al. (1984) atudied both Dosi and Ehaki Campboll
ducka. Both these suthors havo not maie their atudy
through functional relationship. No mathematiczl relation-
ahip suitable ggiihe increase in body weiglit over a;gericd

of time in the ozse of ducks have Been worked cut ao far.

No gerious atatistical analysis hes been done So far
in the cas® of wWhite Fekin ducks. Hence a‘atuﬁy on;the
increase of body weight of Desi as well as White Peéin ducks
using wathematiocal models is a necessity for the préaent
time. BEBased on such 2 astudy only, a suitsble matheﬁatical
model cen be identified for prediocting the optimum body
weigzht in the growth span of ducks. ' |



It ia also very essential to have a comparative study
| of the two prominani genetic groups viz. Desi and ¥White

Tekin in the growth pattern by considoringz the difference
in growth rates as well aa growth parameters. Hormally it
is believed that the growth pattern of ﬁhe-&iff@rent
gen@tie.grcups are differing betweon groups. Scometimes the
gsex of the birds also will have e significant role in
deciding the growth pattern. 41l these polnts necessitates
g8 detailed atudy of the growth pattern of the major génétic
groups of ducks namely Desi and Wﬁite Tekin.

With this in view & gtudy héﬁ been initlated usaing dey
0ld straight run ducklings of Desi ap well a8 White Fekin
reared in Eerals Agricultural University Duck Farm, Nennuthy.
Through the date generated a comparative study of growbh
pattern in ducks are done with the followinz objectives.

i) Io examine the pattern 0f growth in two breeda of
ducks ic. Dosl and White Pekin in University Duck
Farm, Mannuthy.

11) To compare them (&, betuesen genetic group (b) botwsen
malas and females in each genetic group (e betwoen
males of the genetic group (d) boetween females of

the genetic group.



14i) To fit eppropriate growth cﬁrves for prediction
of body welzht at different atagea of growth.

The date are being cetegorlised into six groups namely
Desi malen, Dosi fewmeles, WP malea, ¥P femalea, Desi ducks

irresypoctive of seax and WP ducks irrearective of sex.

To meet the first cbjective, the siz different growth
curves vig. exponential, modified exponential, Gomparte,
Logiatic,Von-Bertalanfiy and sccond degree are flsted and
the detailed invegtigation of the curves are mode. To neot
the second objectlve the growth rates of the fitted curves
are to be enalyned for the siz groups. The third objective
can be met by choosing the most auitable growth ocurve on
the basis of coefficient of determination (ra) and standard
error of the estimate (8, ard based on the most appropriate

growth curve the prediotion of the body woight can be done.

The sppropriate growth curves can also be obtéined
tarough graphical approach. Hence a study of the most
promiaing g:owth curves along with the actual data plotted
in the same graph paper for each of the siz groups can also

be investigeted.
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BEVIEW OF LITSRATUHRE

The literature sbounds with the study of growth
mainly in caitle, sheep, pigs, goats and poultry.
Conparatively less work was done on this zapect in ducks.
In generol growth is meanesured in terms of body welght.
Resacona for the examination of growth in terms of body

welght are many.

The body weipht, which is the first measuruvle
cheracter of an animnl has an econonic importonce, since
it provides = basic backeround for future performance. 1t
can be measured with reasonable accuracy and it indlomte
the duck's ability to grow znd aurvive. ¥ide varilsztion in
¥ ray provide opportunity for esrly selection cof ducks

for better performence at later otages.

Growth models that relato animals welght as a function
of ags are of value not only to nutritionists, but also te
genoticists, physiologiats, économistn, statistlicians and
maﬁagars. Typically, growth models relate the average
wolght of an;mals of ons breed of o specles as a Lfunction
of age. Irom such & model, one could detersine, the expected
average welzht of a group of'animala of the same broed et

any given 8go, within the limits of the model.



¥ishert (1938) while studying the growth rate of bacon
pig, fitted a second degree pasrabola for tho figures br each
piz. The method of 6rthogonal polynonial fitted wes that
of Aitken (3933). The Aitken polynomial fitted was

¥ =a +8y (22 - %6) + 8, (6x {x=1) ~ 452 4 120
(¥} 1 2 R
whers 'x' 13 the age in weeks =z2nd 'w' is the woight in (lbj).

Brant (1951) studled the eerly growth of domestic fowl
and reported thet the equation of the typel
vy = ae’*® + ¢ z&ve eacellent fit
where y = body weight in grams
x = the agoe in woekas

" &, b, ¢ are conatants.

In this equation *d' dezoribes the rate of growth of the
Towl from the and of first week to the end of $12th week. He
alsc reported that the velue of 'b* is hizhly significant

betwoen hatches snd 2180 betwesn neoxea.

@ilbreath and Upp (1952) have studied the growth matterns
¢f Cornisk fowl End reported that the body weight 2nd shank
length are the beat measuroments for mess =nd akeletal
davelepment. IHe nlso oba¥ved %that there exists eignificant
variability in body wolght within both sezes at the third

week of zge and also the variation due to sex were apparent.



Ash and Hothors (1964) conducted studlcs in ¥hite DPekin
market ducklings end observed that males are heavier
(Ce65 1b) than femeles by the end of 9 wecks. The food
conversicn rate 13 less in fomalea than in males., They &8lso
reported fh&t*the females should be marketed esriier than

malen i=2. ot the az0 of aeven weeks.

Roborts (1964 while atudyingz the rate of early growth
in two lines of White Leghorn chicken observed that the
graph for the males ond females of the two lines approaches
%o linearity upto 7 to B weeks of ezo. lie fitied 8 power
function of the form

yaatb

where .
¥ = body weight at time *H°
&8 = body welght at time ‘of

b = growth rate of the individual

Mohelks (1965) opined that the growith rate cof white Pekin
ducklinga is maximunm at 30-50 daya of age and the fattenings
finish at the aze of 60«55 days.

Susakl end Hamalmwa, (1965) constructed growih curves
from data on bedy welght of three broiler breeds and three

crosses upto ten weeks of age. Curves of the tyre
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vhere 'W' i3 the weight at time fg“t', *wo' i5 the initial
welght for the pericd of study and Ao and<are ccngﬁants.
*AL is fhe initial apscific growih rate and<messures the
rato of exponentisl decay of 'Ac'. They also opined that
when animales 23 distantly related as cows, mice andnehickon
are compared with respect to their growth curves, 15 becomes
evident that the growith curves are imposeablae. Spaciea
differcnces ars aprarent only in the scale differen?éa in

the tims and weight £xes.

i

Tallls (1968, suggested that growth and development
can be regarded as a gtochastic procesa in cantinuo&s tizo.
Horgover in some situation of primsry production, c%rtain
growth patterns muay be more economical or otherwiaetmore

deairable than othera. h

Ricklafs (1968) while atudying the pettern of érowth
in 105 species of birds opined that growth parameteés are
found to exhibit es much as 20 percentaze variationéwithin a
spoclies with respect to geographic locality and time of
nesting season.:: Growth patternsare correlated uithiother
parazetors of life history to evaluate the extent of diver-
sity in the course of growth. Low rate of growth aﬁa
zirolonggd growth perieds occur primerily in speciles i?large for
their families and on oceanic specles. The shapo of the
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growth curve ia not related to the mode of developent. He
alao observed that the weight specific growih rate aa
meabured by the consiants of fitted growth curves are noet
highly correlsted with the adult body size of the eéaciea~
end the brood size. He fitted the growth curvea such as

1o§15€ic. Gomportz and Von-Bertalenffy.

Pilimi &t al. (1969) while studying the growth rate of
chickena from six different c¢rosass found that the sinmple
expononvisnl function.

Vo= A -kt yielded & very good fit. Zslenka (1§ﬁ0)

while studying growih of chicken during tke early period of
post ombryenal life used exponential function '

Waa okt and the power function

YTwm atb
to calculate grouwth from 2 to 22 days of age in 40 Cockerals
and 9C chiéks of both sexes. Crowth wzo divided inﬁ§ 2
periodo. The firat pericd ended at 14 doys of age. . It was
markedly different from pericd two regardlens of thé funetion
used. In the firat experimenta and in the second period of
- the second experiment, no significent differonce was found
in the accuracy of the calculation betwaen two functiona.
In the sccond pericd of the experinent the power fun;tion

wBd EoYTe esocurate.
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141 jedhl (1970) used a mathematical funciion

A
y = A-!-Be)\x (1 +coe )

to give informetion about the zgrowth of broller chicken.
¥here 'y' is the body weight and *x* 19 age. All tho Lfour
paraneters A, 8, C and » are significontly different from
2610, For one of the forme in which the time difference
betveon the early end lete hatch of chicken teated Wes 8o
large that they repregsented two different stagea of genetic
inprovemente Statistically significant differences betwaen
two hatches were found in all four parameters. By n;_aking
second derivative of tho body welght funetion egual ?Lto 'mro,
Some importent growth characteoristics < such as lsn-ordinatoa

W G v b

of growth, rate, :~ ==, the correésponding inflexion weight

and proportion of body weizsht at slaughter (56 days)’& attained
at the point of inflexion (growth rate maximum) uare derived.
imong other things it was found that growth rate .’mcreaaed
upto a maximum of 29 g t0 45 g per day more in malea_.l then in
fowmale end 1t decrensed subsequently. The maximum olceured

" betwoen 36 and 48 days; later in meles than in femalea,

Kemor et al. (1971) studied the effect of crosﬁing in
the growth of ducka of E’ékm, Kﬁaki Campbell, Pekin ;1 Knhaki
Cempbell, Ehaki Campbell x Pokin found that for the ._I‘:four
groups body welght avereged 45.8, 35.8, 37.5 and 45.{‘;4 g at
hatohing, 462.3, 26645, 326.4 ond 425.7 g 8t 4th veek 1935,
1366, 1771 and 1971 at 12th week snd 2205, 1591, 185;5 and
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1954 g ab 24th woek of sgo. The differences between pure
breds cross brods and between the two crogs breds wers not
'siznificant oxcept thot between crossuvreds at 4 week. In all

group maximum weight gain occoured between 4 and 6 wveel,

Rickles) (1973) snalysed the growsh curves of 81 speéiea

of birds an@ found that the Comperisz equation geve excellent

£it to most of the speoies, Aleo anong epecies with aimilar
| modes of‘deﬁelopment growth rate decreases with increasing
body weight in an allometric manner, with slopes 0f -0.26
to «(.42 depanding on the group. Qnong those species that
can wallk at an early =3¢ but acquifo flight relatively late,
the rate of growth depends on primarily the relative sisze of

the musculature of the lower extremitiesa.

Mejna gt 81.(1973,) compared the growih intensity in
three type ﬁf meat-type ducks ie. Pekin, Pekin x Aylesbury _
and Pekin x White Campbell x Wild ducks and obwerved that the
body welght everaged 60.3, 47.2 and 39.9 g at hatching, 1641,
817 and 577 g (CeVe 13:4, 26.9 and 25.8 per cent respectively)
at 28 days and 2512, 2254 ond 1654 g (CeV. Ge8, 13.1 and
11.1 per oent respectively; at 53 days .of age.

A thorough review of Gompertz equation and other models
was presented by Buffington (1973). The Jompertz growth model
was fitted to dnta of mean weight as well =5 the data for the
curve formiﬁg 95 psr cent confidence limit of the mean weipht.
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The Gomperts equation provided an excellent fit in

Buffington's oxperiment. The fore considered was

-ot
¥= A O-B.

where
¥V = Wolght in kg at time 't°
t = age in days

Feremeters 4, 3, C were interpreted as
A o asymptotic weight appronched 1s. welizht in
kg at tize t aco
8 ¢ = Veight in kg at time t = O
C = Rate of exponentiel decay of specific growth

rﬁte par deys.

The velues of A, B and C in the Gompertz equation
which gave bect 2it, were found out by the author for mean
veighta of entire flock, weight of nll mnles énd for the
velzshta of . Lemales, Tpe Gompertz equation was alao fitted
to the twé-eurvas forning confidence limits to the mean
. welghta.
| Gibca'(1975) compared the growth rates of FPekin
domestic ducklings end wild millerds and observed that in
the Pekin, weight gain ond increases in linecr maasurements

vere more repid than in the millards. In both weight g2in wers
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fasteat at 4 week of ozos. After 5 weeks of age growthk

rete declined in both wild and domestic ducks.

A functional reletion between body woight and agé
if it could be eatnblished with the deiired closenesa
15 ugeful for planning and future anelysis (Surendren and
fie jagopalan, 1975). Tho growsh in body weight of domeatic
fowl has two phoees, viz. 30lf eccelerating phase and self
liciting phaae and the rote of growth in these phraes need

not be sinilar.

[ussain (1976) studied the rrowth rate of white iaghorn
Light JSussex and their reciprocal crosses under two environ-
ments and measured the rate of growth by meens of lineayr
end quedratic resression coofficients cmlculated by the

method of orthogonal polynomialg.

George ot nl. (19680, have atudled the groﬁth pattorn of
desi duckes and have obaerved that the body weight at Tth,
8th, 9th and 1Cth wecka of agze were 1033, 1139, 12C1 snd
1254 g reapectively. Ghe average daily gsins are 20.2,
19.6, 15.4_&5& 1743 g respactively. The averagse hatch
waeight was}42 &+ Also they have opined thet even though
they attein satisfactory market welght at 7 weske of age,

it is unecopomical to raise them for meat production,.



Ran-yu-2zeng and Hecker,(1981) have studied ths growth
patterns. of body welght smd asdominsl fa2f weihts in mele -
broiler chickens end found %thet the Gompertz curve gave
excellent5rif to the live weight deta as also the abdominal
fat weight. The equation considered was of the Laird (1967)
from uhicﬁ appliea the birth weight rather than maturs
welzht . ‘ ' |

(1 o a~kb)
° L/E(Y o )

W = Wo

whers *wt' 43 the weight of the broiler or its pert st
time 't'. The absolute growth rate

v | ‘ -kt
g'ﬁ':l.[uwto -] _

The co-ordinates (Wi, ti) of the point of inflexion znd the
aaynptote A are

t1a’ 1/ 10g (WX
¥ie'Wo @ (LJK)'i, A= Wo ol I/E)

4 = Upper msymptotic weight ma age 't' approaches infinity.
Itzia sn estimate of mature weight. Yo = lowoer ssymptotic
ueigh? e gge "4’ tends to sero. It 1s the estimate of
hatch weight or initiel weight of cnimuls. L = the slope
of the grdwth curve ihen t = O or the initial specific

growth rate,.
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E = the rate of exponentiel decny of the inlitiml
apeeific growth rate I, which measures the rate of decline
in the zrowth rete. Wi = Yelght at ago 'A' the age at
which the growth rate is maximum. This cccurs vhen the
grawth rate per day chenges an increasing to a decreasing
function of age. The initial weight spocific parcmeter (Vo)
used in Gomperte eguation 13 best ouited $o the wpocial
case of broiler chicken which have a short growth period
and are marketed before moturity. Hemce only Gomgerts
modol was used to mathematically dezcribe the live weight,
carcase welght and abdominal fat welght psrcentage measured

on & ueékly basis.

The other formo of thce non linesr curves considered -

was the logistic curve

=i
Wt a A(140 kt)

and Von Bartél&nf!y
T JRIRS.
~ Wt = A(1 ~ Be k)
where A, B, K and H are 7 paranocters.
Renchi et al. (1961, have otudied tho growth pattern
of Deal ducks to 12 weeks of ege with an objective to assess
their meat yproduction potential. The§ observed’that irres-

pective of age and housing system, male ducklings bad
significently highoer body welzht then femmles. The pettern
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of growth of Desi ducklings t411l 12 weeks of oge showed
thet the gzain in weigzht was uniformly fast till arourd 11th
woek of age and thereaftor the decline phose atartei. The

meen body welght at 12th week of aoge wos 1443 gz.

JacoblThoaaa and Surendran t1983} heve studied the
gréwfh pattern of domestic fowls upto 12 woeks of age and
observed that the modified exponential and szponential
curves are best gulted to predict the dbody wei:ht for 12
weeks date. '

Sharma et al.(1984) conducted studies on phenotypio
corrslation of extern:l body measurements with egg production -
apd body welzght in White Pekin ducklings end reported that
body t'weizht 1s significantly correlated with all body
meaourerents (Ce27-0.99) 2nd egg weizht (0.39-0.67) at most
ages. Generally egg production wes significantly correloted
with body measurement from 4C - 48 weeks of oge and with egg
weigﬁt from 22 to 30 ((.48 = 0.88) and 40 -~ 48 weeks of
age (0,66 - 0.79) '

Easwaran et al. (1984) reported that'irreapective of sex,
the pattern of growth both in Xhakl Campbcll and Desi
ducklings showed a linear incresse from dsy 0ld to the age
of 18th week. The incressed rate of growth in both genstic
group was observed uﬁto 11th week of age and thereafter the

rete of growth was conparatively leas. Jtatistical snalysis
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of the data indicated that tho rate of growth of Desi

males, Desi females, ihski Campboll femalea and malea were
in descending order of megnitude. There were no significant
corrclutions betwoen hatch weight and weight of 8th and 1éth
week on both genetic groups. Thé enalysis of bédy walzht
between tﬁe two groups -and between the two sezes indicated
that there wes significant difference between genetic

group and between sexes in respect of body weight.

Kapoun (1984, reported that the eerly bedy. woight iso
alweys better than ahenk length at the azme ages as a

predictor of final weight in broiler chickens.

Jacob Thomes and Surendran (1984 studied the srowth
rattern of domeatic fowla of two genetie grouys .and observed
that males in each genmstic groups hed a higher mean body
wveight than females., Also 24 weecks completely covers the
g;outh period of both groups. The exponential and Gomperts
curve were found suilteble for fitting 24 weeks body weizht
data, | '

Tierco and Nordsgkog (1985) analysed the body weight
and shenk length at 20 weeks of age and fitted an
exponentlal aquation of the tyme

B

where y = phank length and 'x' ia the body woight at 20

¥ Q‘o(x

weeka of age. OL and f?- are growth constants .
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Sahoo @t al.(1985; have conducted exporiments in
Eheki Cempbell ducklings reported that there is o significant
difference (P 0.01) in the mean weekly body weight as well
as live we;ght gaiﬁ between wecks of 2ge. Females were
having higher growth rate thaun males. Furiber tho woekly
averago live weight appoared %o be more then double that of
the preceeding week upto %rd week and more than one half in
the 4th wecek of age. The increass was moderate from Sth

to 12th week and low froci 13th to 16th week.

Indirabal et 21.(1985) reported that in brollor
chickens, the pattern of growth was well establlshed by
using a linear function of age and body welight.

Gronsman et al.{1985, used Logistic growth curve to
explain the pattern of growth in chicken. 'The logistic
curve used was choscn from among growth formulae that express '
rate of gain as & functions of initial bedy weight, final
becdy welght and'growth rate conctant. The loglatic function
expresscs rate of éain.(g%i proportional to growth rate |

conatant k welzht at 2 given time (x)} Wx and relative

Woo = Wx)

woight yet to be gained ( T

This ¢can be written as
d¥ . gix (Woo = Wz)/Nco

dt
. for wvhich we obtain upon integration from O to t

1 wm g
Wt =
1 4 (40 = 1) o~Kb
Wo
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where .¥o and Weo are inltisl and maxinum welights. Weight
.at the inflexion point 35

Wt* o Woo/2 where 't*' is the time to the point of
inflexion. The age at the point of inflezion

ve w (¥ - Wo) - In (vo)

Grossmen and Bohran (1985, studied the inheritance of
peraneters of the logistic curve and obaerxrved that growth
rate constant and age at inflexion point are having low

heritabiiity in ¢ach sex and lince.

Campbell et al. (1985, reported thet the body woight
averaged -2+55 and é.h} kz in the case of males and femules
of White Pekiln ducks at 8th wesk ‘of agees The daily gain wad
41.9 and 40.? z rospectively. '

Sﬁarma et al. (1986) reported that the hody Hei:ght at
10, 12 ard 14 wecks of age averaged 1186.0423.C, 1376.04422.0
and 1514218.0 2 respsctively in tﬁe cage of Zhekl Campbell
ducks. Also Lthe opiimum marketing 238 1s calculated ez 10

weeks of age.

Anthony gt al.(19856, have siudled the growth curvea of
Japanese qti_a:l.la as mod ified by divergeni seloction of 4 week
body welight of two welighi selected linea znd reported that



the Gompertz curve 1o best for describing the growth of
both the lines. The logistic curve uest fit the srowth
pattern of the low welght category. Also he obaerved that
the pattern of growth of both the sexes are identical.

Sicmons gt al. (1987) fitted & regresaion oquation
of the form '

W x 49469+ Te89 D + 0.81 D° to eaplodn tho body wolght
at a particulsar time in the broodirg pericd where
¥ = Individusl broiler weizht in gramé ard D = dey of the
brooding period.

Ibe and Wekalor (1987) fitted an allometric growth

curve of the form

- .
y = oX¥ in broller chickens
whef‘ :
% = Body welght

¥ = linear structural body paramotera

Suzzord gt al. (1988) have studied the growth pattern
of Desi and Ehaki Caanpbelld ducks under rurel condition and
obaerved that there is no s:l.gniﬂéant difference between
growth rate of Desi and Khaki Campbell ducks. The difference
if any 13 dve to non genetic influencos like poor nutrition,

m&énagenent ate. -
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Harpel Singh ¢t 2l. (1988) while studying the inheri-
tance of body weizht in uinez fowl observed that phenotypilc
correlations of the body weight with shank longth, keel
lenzth and breast angle at various ages were ull positive
and obseréed high values excepting with wolght at hetching.
7his indicates that the body weight st any age (except day
old) mey be considored for evaluating growth upto 20 weeks

ot lage .

Hamid ot 81, (1983) have compared the performance of
growing duckliings of Eheki Campbell, Indien Runnor and
JIndigoneous under farm conditions. 7The average finel body
veight anﬁ body wedght gain were found highest in ducklings
of Khaki Campbell (1788.44 3 and 1744.11 g, followed by -
Indien Runner (1743.28 and 1702.47 g) and Indigencouy ducks
(1703.89 and 1668 g) respectively. The growth rate was
eignificantly better in Khaki Campbell ducklings (82.218;
as oomparéd to that of Indien Runner (&85.138) and
Indigencous ducklings (83.48) vers significant (P<.0.01)

difference waa found ‘hetween then.



%m‘ez[é/j mfw{/ /}[ez‘éodﬂ 4
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MATERTALS ARD METHUDI

This study waslinitiateﬁ using day-old straighé{ run
ducklinga of Deai eighty onme in number uand that of White
Pokin, seventy two in numbers, from Keralz dsgriculiural
University Duck Farm, Hannuthy. The ducklings were hatched
on May 3%, 1988 and June 6, 1988. They wero serially numbered’
ard wing banded for identificetion.

Cn the day of hatching the ducklings were placed in
eloetrically operated, thermcutatically controlled battery
typo brobders. They were asalloecated to dififeront compartmenta
of the breooder at roandom. A‘commercial all-mash starter
rationwvas fed gd libitum, while the ducklings were brooded
in the batteries. Fresh water wus cede avaiiable et all
times.

After a few weeks, the ducklinga were moved to deep
litter houses/pens. They wore housed in two ad jacent
sections of a brooder house divided into sections. Adequate
tléor area end water space wore mede availuble. HRecesaary
warnth was provided by infra—red pulbs for four weeks. At
this stage the ducklings were fairly well feathsred and due

to temperate woather only modsrate brocder heat was roguired.



A1l the ducoklinge were fed on the sanme tgé& formula and

ghe panagement practices wore identical.

The weight of each duckling was recorded on all déya
during the firat seven day;a. Thereaftor it wes taken at
weekly intorvals., The weighing waa continued untii the ducka
attained an age of 12 vwoeks. At the end of the experiment
weighto were ﬁvailablé on 14 males end 25 femalez of deai
group end 26 males and 26 females of white pekin group. The
remaining ducklings either died during the course of the
experiment or the data on them were not svailable for recor-

ding body weight.

The date so gathered were used for the comparison of

the rates of growth of:

1) between genetio groups
$1) |YUetwoen meles and females of cach genetic group
111) betwesn males of the genebic groups
iv) - between.femalea of the genetic groups
v) to‘rit.appropriate functions of growth to
predict body ueight:at different agea.

‘The data corrésponding 6o e2ch duckling was plotfed on
a graph paper to asceriain the pattern of growth at different
tims pointa. ' ’ '
Mersuring body weizhts aloné y-axle and age alonz the
x=2x1#, the gravh of growth of sach duckling was drawh



serarately. The graph indicated & sigmoid curve in

goneral. The choice of an approyriate curve %o depict the
growth pattern in any situation 18 not easy. A3 the

pattern of growth approximated a sigmoid curve the following
mathematical models were tried.

3+1. Growth Curve Hodels

51z mathematical models vig. the exponential, the
mod4ified exﬁonential, the Gompertz, the logistic, the
Von-Bertalanffy and aecond degree curve were exsnined to
£ind out the best fit for o reprecentative curve for both
the: genetic groups.

3.1 1o Bxpgg!engjta; gg!gtlon

The form of the function considered was

y=a o0% uherc‘y)ia the body weight at age “x and 'a’

and 'b' are conatmnte. The constunta 'a' and 'b' are

calculated using the princlipls of least ﬁquaren.

¥hen the growth curve is fitted the rate of growth at
8 particuler pe;iod can be verified as the ratio of the
weizht during the periocd to the weight during the previous
reriod m;nua one. In the case of exponentinl, the rate of

growth is given as

(ae b(x+1) - a.bx_) -1
LA
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Belede Modified Exvonentisl function

The form of the modified exponentizl function

considered io

y= K + ab™
" R |

L ¥
where K, 2 and b arc conatantu.

for fitting bthis ecuation, the cbserved series i1a

21

divided into three equal parta. The ‘y velues for each part

¢ 1t ) [
erge guczed. The ccnstents &, b and & are determined as

8, = 8, In
b u-i———sé_a1)

whore 849 3, and 33 are the sum of the y values of the

three equal arts.

!
where n is the number 0f Obagervetions in each part.
approximate .,

The greowih rats at a particular pericd is given by

(ab(x‘”’ ~ ab® ) -(k + sb¥)

lexab® (b=1;/(k + 6b%;
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and the growth retes are not slznificently different
provided thatb's do not differ significantly.

Je1e3e Gomperts Curve

The CGompertz curve was fitted in the form

Z
ymabc

vhich take the logzarithmic form
og ym log & + (log b) e = A ¢+ o ¥

For fitting this curve the date io divided into three
equel rarts and the sum of the logarithma of the y values
are found out for each part. Let 'a' be the nucber of
chaervetions in emch part, then,

8, - &, J¥n
-3
‘ 2 1
where 8,4, 8, and 53 are sum of logaritbms of each part

¢ - 9

. an 1
A = ¥n (51 - ST log b))
The »ate of growth at = particular period con be

calculsnied ag

X
abccx*ij-}nahe -1

X
eb® (% -~ 1) - 1

and the agrowth rates Tdependisdpsn tho values of bS (=~

- - - Tl e
N e T
o T s _T — =T RS

e S TN P St Do O
ey Jeapnede T o L .
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341.4. logistic curve

The form of the curve conaidered

k
V= g 0

wvhere k, b and ¢ are ccnatants.

The curve 1z fitted by taking three points at equal
intervals. 1if Ygr ¥y &nd y, ore the threo points at. the
boginning, widdls and end of the data and 'n' is the numbor

of cbadervationa between these points than

' 2 yo J1 yz - 312 (80 + 32)
y 4
Yo 2 = 4
. ¢~y
b = log —0 )
Yo
e ¥n {lag -——(—--yo (kyy) }
' ‘ ’ 31 k‘,o)

2nd the growth rate at a particular period was giveﬁ by

k

"4 4 §C §+01
1 + 10 b"'ﬂ‘.x'!"‘)

The growth rate at a particuler period depends upon
the value of b and <.

Setebe Von-Bextalanffy Curve

The form of the curve considered -is-aoe given by

Ren=yu-Tgeng (1981).



ek D
¥ = A(1—h3ktj_

C

whera‘A is the mature weizht, whioh 1s known and b end k

are constants.
The curve teke the logarithmic form
ED “)
log (4~ (wt/8)'?) = logh ' =kt
y =B ¢+ Gt
The lecat squoare estimato of B and C arce obtained o8
C w —Ebfy -zt =y
- 2 2
s S - ( =%)°
B = 3; - O.E.
The growth rate at a ﬁarticular peint is gziven by
pe~ kb (1 07Ky
1 -1 e™kb
which deponds in the value of be %, = . " - T 4%

L - S - - - - M : P -
{ by .o - e o PP S
- P e ) - - - - SR LR e T

Jelebe Bacond Dogree Equation

The aecond degrec equatlon conslidered was of the form

Yy=8 4+ bz ¢ cxe

. t ! ¢! ’
wiaore &, b and ¢ are conctants.

30



.The polynomial is fitted by taking 32 2 X, and proceeding

ug in the case of multiple regression. The constants are

aevaluated as

8w Sz~ (y-7 =& -2 -

= (2 = 2°) (v =) Sla=E)=Pr?)
2
= (2702 2 (1Per2)? [E (2D (xPx?) ]

v o= S (2-E)2 = (5228 (3-3) -

=i {xmx) _ (%°=x°) =0 (3=3) (y=F)
- - > - -5 2
=, (z~x )2 = (x2-27)% —Eé (x=x) '(x'?'-x"",) ]
eand the growth rate at a particular perlod is given by

b 4+ efls2x)
a + bi + 012

1 +

The growth rate a{ o particular period is dependont on

' and 'e' valueo.

Z.2. Gomparison of Growth Curves

In order to compare the rela;aive efficiency of veriocus
growth curves and to selsct the one which veat £it the
observed data, two criterié cove, uged, viz.

(1) Coeffictent of determination (r?) and

{ii) standard error of the estimate (o).



Zecetse CoefPiclent of determination

It i3 calculated as the squere of the correlation coe-
fficient between the obgerved and predlcied values., A

large value of r° indicates best fit of the curve.

bedece abaniard Frror of the antimate

The standard orror of the estimute mensurds the
inadequacy of f£it of the J___ "% eguatlion or of the error
which is made in the catimetlon or prediction of y from
given values of 2. ihne a#andard error of the estimate is

caleulnted as

o |07y - 7y 0?

n -2

Tat
whore yy is the predicted values and 'n' is the number of
ovporvaetions., A suall value of 'a' Indicates guodnessg of

it of the curve.

Rao (1958) suzgested u procedure for the compariscn of

retes of growth between different groups.

Iet y, denote the incrosse in body weight at time 4
end 'gi' is the wmezn of all_yi'a in ths exreriment. Then
Ygi' 1s the time metametor. The difference in the values

of y, are due to the time factor 'gl'. lience we may write

ynbgi
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and the methcd of least squares leads to
b ¥.8:/ 2
= 2.¥;85/ 584

this comparison of difference in rates of growth.
betwoen groups will obviously be a comparicson of "ba.
The value of ‘b° may be affected by initial body weizbt.
llence & covariance analysia of the b values taking initial
values as concomitant veriable can be adopted for comparing

the growth rates of the groups.
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IV RESULIS

The present etudy was initiated to asscss the growth
pattern of two breeds of ducks ie. Desi end white Tekin
and to compare the ratec of growth at d ifferent ages by
fitting nathematical modele. The study wes 213o simed %o
find ocut the best suiltable curve for the prediction of bvody
welzht at different agea. |

4.1« Average body weights

delote Average body weight upto seven days

The average body welghts of the Desi males during the
firat seven days vere 36.6428 g, 38.357V g, 41.2143 ¢,
4245 gy 4762143 g, 51.7143 g and $8.5 g recpectively
(Tebls 1). The corresponding figuves for Desi fomales were
38410 @y 40412 g, 42.2 g, 45.32 2, 50.28 g, 55.52 2 and
63.28 g respectively. Both the groups were having & con-
sistant increase in body weight during the first seven days.
The Desi femziles had a higher wmean body weight on all the
seven days. Tho average body weisht of the white Pekin (WP)
males during the first seven days wera 38.6538 g, 34.3462 g,
40,0769 7, 411923 g, 42,4615 z, 43.5769 g and 49.1153 g
respectively (Table t). -The average body weizhts of White



, - h

Pekin (WP) females during the first seven days ware
38.3846 3.3706154 £, 41,3462 z,45.8846 g, 46.0769 {3,
4741923 g and’ 55.3462 g respectively. )

y

On the seventh day the females in each genetic:group
had a higher average body woight than £2mnles. Conéidering
the two ganetic greups irrespective of sex, the Desi
ducklinge have an average body welght of 61.5641% g,.on the
seventh day whereag thelaverage bedy welght of White Pek;n

ducklings was 522308 g

4.1.2. Average body weight upto tuelve uwoeks

The average body weights of lesl males, Desi femaiea,
VP meles and VP femaleo for the first twalve weaks ara

(J

shown in Table 2. ' - ‘ : - . "

In twe lve weeks; Desl nalss aﬁtaihed a body weight ot
1291.76857 g, with a gtandsrd error of 59.7657 g. Séeady
increzase wés noted during tﬁe first fwelve weéks. The Desl
femnlos hed an average body welght of 1232.4 g, by the end
of 12 woeks (T=ble 2). This was leas by 52 g than the correa—
ponding average body weight of Desi males. Also the; body
weight showed a steedy increase during the 12 weeks) Whil
eonaidering the Desi ducklings irraapeotive of aax.;the body
weight averagpd 1258 & at the end of the 12¢h weok nith
a standard error of 35.6814 g.



'In the cese of WP group the WP femeles were, on an
average heavier than WP nmales. The average body welght
etteined 2t the end of twelfth week was 1021.7308 g, with
& standard error of 79.5385 g in the cuse of WP malea and
1401.6154 g with a stendard error of 73.0108 g for WP
females (Table 2). Thus a WP femals weighod about 360 g
porc tham WP male at the end of twelfth week. Considering
the WP group irrespective of z2ex, the average body weight
attained ot the end of Iéth week waz 1214.6154 g with n

stendard error of $58.5788 g.
4.2 Comparigon of body weight at different ages
4241 Initinl body weight

The analyais of verisonce of initial body weights o2
the four categories of birds were given in table 3. 1t was
fourd that the four groups viz. Desi males, Desi femnles,

WP males, WP females were homogeneoud.
4.2¢2« Fourth week body weight

Tne initial homogeneity in body weizhts of the groups
vere not maintained at later stages. The anelyais of
varliance of fourth week body weights were shown in table 4.
Fron the analyais of variance, 1t waa foundi that the three
groups viz. Desil males and WF malesa, Deuil females snd P

males and WP males and WP females were not homogeneocus.



~ The average body weight of the four groupe vig. Dess.

melos, Desi females WP males and WP females at the {end
of fourth week wore 289.4286 2, 345.72 g, 19043486 g and
2B6.5365 g respectively.

4.2+35+ Eilghth week body welight

The diffeorence botween the groups was signifiéfant in
the eighth week. During this week the Desi wales, :Desi
fowales, WP males and WP females bed an everage bodjy veight
of 633.9286 g, T09.2 g, 537.8846 g and 811.7308 g recpecti-
vely (table $). 7The analysis of variance of bedy wibight
indicated that the three groups viz. Desi males andi, WP
fornles, Desl femalea and WP fomnlos smd WP mzles a;i:d. WP

femnles were heterogeneocus. :

|
Zhe difference between the groups existed in the

4eceb4s Twelfth week body weight

twelfth weok 2l3o¢ The body welght of the four grou{‘ps vig.
Deai males, Desi fomales, WP males end WP fomales aiceriaged
1291.7860 g, 12394 gp 1023.269 g and 1401.539 g reégpeetively.
The WP fsmales had the highest mean body weight, Fj:from the
analysis of varience 1t was Founmd thzat the five gro}':;pa viz.
Desi males aznd WP males, Desi males end WP temalea,iji}esi'
ferales end WP males, Desi femmles and WP femeles, iﬁP males

and WP females were not homogeneous (Tzble 6).
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‘
From Teble 2 i1t could be cbaerved. thet the pléteau
in tho body weighta wes not attained till 12th week of
ﬁge. This indicates that 12 weeks do mot cover the growth

period of Deoi as well as white Pekin ducklings, i
4.3, Study tbrough Growth Curves - g
_ Io 'depict the pattern of growth exponential, modfied
éxponential, Gomperte, Logistic, Von-Bertalanffy and Second

degree curves were fitted.

W

451, Exponaﬁtial caurve | i

The oxponentiél curve was fitted for sach of the o1
_ - . I
birds ueing their body weightas for 12 weeks at weekly
intervalzs. The exponential curve considered was of the

form gy = aetx

lee 10g y = log a ¢+ bx ?
The ;alues-of 'a' and 'b' when the exponentiglﬂwaa.
fitted wes shown in tables 7 end 8. The °'b’ vglues%when,
exponential was fitted to Desi males and Desl femalos were
.4n tho range 0.2173 to 0.2916 &nd 0.2318 to 0.2970 :
respectively (Table 7). The square of the correlation
coefficient (coefficient of determination) between ;:he
cbacrved and expected body weishta for Desi males a%d Besi
fenalss were éhown in table 13. The valued of 'a' snd 'b’

ill
when the exponsntial curve was fitted to WP males and WP

"
t



ferales wore shown in teble 8. The 'b' values range
fron 002121 to 0.3174 for males and 0.2213 to 0.3264 for
females., The sguare of tho correlation coefficlent
{coefficient of 'determination) between obaerved and expe-
oted body weights were shown in teble 13,

'Tho atandard error of the estismate wlon tho exponentigcl
curve was fittad was shown in table 15. Prom the tabls it
was clsar that the etandard error of the estimate was
having a very high value roi_- almost all ducklings and thun
indicating lack of fit for tho cboerved data.

The analysis of variance of the 'b' values for the
four groups cbtained by fitting the -exponentia l law for
the 12 weeksa body woigzhts was given in table 17. Thers was
significant difforence between the four groups. The
average value of 'b' was highost for WP ferxalea followed
by WP males. The rate of growth was therefors highest for
WP females, neit highor for the WP males, third higher for
the Deel molen and le2st for Desl females.

4e3.24 Modified Hxponential Curve

The form of the modified exponenticl function fitted
to tho weekly body weights of four groups of duoklings was

y:k‘l-l.bx
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The valuea of the oonstants 'k', 'a' and 'b*' for
De3i Ealoa, Deci fomahgz, ¥P males and WP femules wers
shown in tables 9, 10, 11 and 12. The 'b’' values for Desi
ns:lea and Desi females ranged from 0.,1009 to 1.,1084 and
0,8495 %0 1.1698 respsotively whereas for WP males sni WP
fexales the 'b' values ranged from 1.,0648 to 1.2994 and
0.,9269 to 1.4917 recpectively.

The square of the correlation coefficient (coetficient
of deternination) between cbserved and expected values were
shown in teble 14. Tho coeffioient of detqrmination in
alroat all cases was groater than 0,95 thus indicating a
good fit. Almo the standiard error of the estimate was com-
paratively small (Table 16). The analysis of varience of 'b*
values for the four groups obtained by fitting the modified
exponential and for the 12 weeks body woight was given in
tabls 18. Thers was aignificant difference boetween the four
groupe. The average value of 'b' was highu'- for WP fenmnlea
followed by WP males. %ho rate of growth was therefore
higheat for WP females, next highor for WP males third
higher for Desi fomoales and lsast for Desi males.

4.3.3. Gomperts Curve
The Gomperts curve was also fitted using 12 week body
weights of each bird in the expoFimvit. The curve wan of

x
the fora y = ab?

te. Log y = log & + o (log b)
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The values of ’a’, 'b' and 'o' for the roﬁr aroups
wers given in tables 19, 20, 21 and 22. The square of the
correlation coefficient (coefficiont of determination)
batween the oﬁsorvod and expected values were shown in
table 27. In all the cases the value of r2 wvas greater than
0.92. Also the otendard error of the estimate when the

curve  wes fitted to the four groupse va2 shown in tadble 29.

The rate of growth when the Joapertz curve was fitted
vas depending upon the values of 'b°'. 3o analysis of
varianoe of 'b°' was cerried out and was shown in table 31.
From the enalyeis of varienco it was found that the four
groups were sisnificantly different in respsct of rate of
growth. The rate of growth wao maximun for Decl females
followed by Desi males 2nd lsast for WP males.

-#eJede Logintic curve

The logistic curve was also fitted to the data on body
weight upto 12 weeks for each bird of the four groups. '
The curve fitted as of the form

y = kwa
1 + 10

The valuea of 'k', 'b' end 'o' when the curve wae fitted
to the four groape vig. Deol males, Deal femalea, WP maoles
and WP femaleo were shoun in tables 23, 24, 25 and 26. The

TTUTCC2 curve fitting wae a failure for two ducklings

of the WP female group.




The aquare of the correlation coefficient (coefficient
of deteraination) botwoon the oboerved and expacted budy
wolghts were shown in table 28. The ctardard error of the
eatinate when the curve was fitted to the four groups wore

shown in table 30,
443.5. Von-Bertalantfy curve

The form of the curve fitted es given by Ren-yu~Tgeng
(1981) was

' 3
Ht w A{1 = b.-kt)

vhere A is the mature weight, vhioh was known and 'b! and

'k* were constanto.

The valuen of A were estimatod from the mature birds of
the Kerala Agricultural University Duck Farm, Mannuthy and
wers 2000 g, 1750 g, 3500 g and 3300 g for Desi moles, Desi
fomales, WP mnles and WP fonales respeotively. The values
of the constants 'b' ami 'k' when ths ourve was fitted to
Desi nalea, Deol fernles, WP malea end WP fomales were
shown in tables 32 and 33. The coeffioient of determination
of body weights when the curve was fitted to the four groups
wore chown in tables 40 and 41. In almost &)l the omcos the
oocoffioient of determination was around 0.95 and in no caae
it was leos than 0.88. The standard error of the entimate
wes also small for almost all birds (Tablo 38).
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The growth rate of the fitted Von-Bertalanffy curve
wu#s dopending upon the valngs or'be'k. Thus analyais of
veriance of be F values was carried out to toot the signi-
ficance of the‘tbur groups. From the analysin of variance
it was tﬁund that the four groups wore aignificantly
differant in respect of growth. The growth rate was highest
for WP males, noxt higher fur WP fenmles, ne;t hizher for

Dosi meloo and least for Desi fennlag,
4+3.6. Booond Dagree Eguation

The eecond degres equation fitted vas ét-ﬁhe forn

Y=o +bx + 012

The volues of 'a', "L’ and 'o' were shown in tables
34, 35, 36 and 37 for tho four groups. The coefficient of
deternminotion of body weights were shown in teble 41, Alao
the stendard error of the estimate wae calculated for the

four groups end were shown in tasble 39,
4.4+ Comparison of Growth Curves

In order to compars the effidionoy of the varicus
curves fitted =nd to 3udge'thg best auitable curve to depiot
the patiern of growth, the growth curvea wore fitted to tho
average body weights of ths four groups of ducklings and
algo the average weight of the two groups irrespoctive of



sex. The coefficient of dotermination (ra) and the
otordard error of the estimate (s} were used as the toola

to find out the sdequacy of f£it of these curvas.

The parcmeterc, coefficient of determination (rg) arnd
standard error of ths eatimate (8) of the 8six grouth
curves vig. the exponential, the modified exponentidl, the
Gonperteg, the Logimtic, the Von-bertalanffy and gecond degree
curves fitted to the average body wolghts of elx groups of
ducklingn wero shown in tablaes 43 to 48. |

4.4.1. Comperigon baned on coofficient of determination

The curvos having highest value of coeffioient:pr
determination was tagen as the best curve to deplct the
pattern of growth. The coefficient of determination when aix
curves viz. the exponential, the modified exponontigl. the
Gompertr, the Logistic, ths Von-Bertalanffy end second
degree fitted to the 8ix groups 0f ducklings were 0.9311,
0.9931, 0.99%4, 0.9435, 0.,9750 and 0.9688 respsctively for
Desi malea, 0.8752, 0.9844, 0.9933, 0.9470, 0.9758 aJnd
0.9357 respectively for Desi femoles, 0.9426, 0.9954, 0.9924,
0.9937, 0.9924 n2nd 0.9927 respectively for WP males, 0.8954,
0.9953, 0.9953, 0.9922, 049967 and 0.9825 fespactively for
WP fezales, 0.8973, 0.9881, 0.9934, 0.9450, 0.9747 and
0.9258'réapect1voly for Desi ducklinga irrcopoctive of aex
and 0.9202, 00,9967, 0.9949, 0.9938, 0.9962 and 0.9695
respoctively for WP ducklings irrespeotivo of sex.
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Fron the above vuluco it was found that for Desi
malos end Dosi femoles the Gobperts curve gave best fit
with r° = 0.99%4 and 0.9933 respectively. The fittod

equationa werc written aos
4
v = 1140.9350 (0,0256)%+7%40" 20» poss Eales
3 = 103599080 (0.0256)%°74CT" £op pasi females

For Desid ducklings iryeepective of acx, the Jomparte
curve gave best fit with r° = 0.9934. The fiited equation

was written ca
2
¥y = 1063.5950 (0.0259)0*7995

In the case of WP malos and WP ducklings irresrecitive
of sox, the modlfied exponentizl curve gave best £it with

r® a 0.9954 ond 0.9967 respactively. Tho fitted equations

wore wrifhten asg
¥ m -248.7951 + 261.4310 (1.1473)% for WP males ond

¥ = =420,5439 + 420.7679 (1.1259)* for WP ducklings
Arreapective of soXx.

The Von-Bertalanffy curve gave beoat fit to the 4P
fomale ducklings. The valuo of rg vas 0.9957 in that cese.

The fittod erquation was

¥y = 3300 (1 ~ 0.8161 ezp (-0.9916 t) ° for WF forales



4 4.2+ Compariscn bescd on standard error of the
" estimate (o) -

The stendsrd error of th:s estimate (w) when the aix
grovth curves vic. the exponential, the modified exponential,
tho‘ Gomperts, the logistiq, the Von-Bertalenffy and the
second degree fitted 1o the averaze body weight of the gix
groups Of ducklings were shown in tablss 43 to 4.

While comparing the growth curvos of the six grours
baseld cn atandard error sore result was obtained as in
their oese of comparison _na‘:lng ra valuos. The otaendard error
of the estimate whon the Gomperts curve was fitted to Desi
males, Deni females and Desi ducklings irrespsctive of ssx
ware 27.1346, 28.1021 and 27.4707 respectively. Alao the
values of 's' vhen the modifiel exponential was fitted
$0 WP males and WP duc_kl’mgs irreapective of sgx were
21.8033 and 22.2852 respsctively. In the case of WP - -
fqnalol the Von-Dertalanffy curve had a stapiari error of
28,9758,

4 5 o‘ Rao'a Fethod

By the nmethod of fAmo (\19‘38) the groﬁth paraseter ‘bt
was eotimated for each bird. Imch of theoe values ulr'ua
enoruously lerge, numbering into thousanda. %o reduce this



t0 = managesble oige, ench wec divided by 10000. TIhe
resulting values of 'b' were prosented in tablos 49 ard 50,

The gréwth paranster had & mean value of 29.7571 for
Daai mzloa, 49.9364 for Desl females, 28.3723 for wPInalss
and 51.0782 for WP fomalss.

The analyels of covarience of 'b' valuen tsking
initial body welght as concomitant variable vas yresented
in teble 5. The initizl body weight hed siznificant rela~
tiom with the *b' velueg. It woo also found that the rate
of growths of 2ll the four groups wers dietinot. The growth
rate wes higheat for WP females next .higher for Dcsijteualna.
next hicher for Deni males and lesst for WP fe:alua:

She gfapha of the growth curves which gave beat f1t

to the @iz groups of ducklings wore drawn ard waro. gliven in
Figures I=6. Iho graphs vere drawn by taking the nuﬁbor of
weeks on x-sxis and the nean weskly bedy weight on y-azis.
¥or Desi manlga, Desl fenales, Desi ducklings irrespective
of sex, WP males, WP auéklinga irrespective of gex, .
‘Gﬁnperts and modified exponential curves wore drawn whoress
for WP fernles CGomports e2nd Von-Bertaleonffy curves were
drawn along with tho curves of the obscrved valnes for ths

Boke 0f COnpRPinON.
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Table 1

Means end standard errors of body weight (in g) of aix groups of ducklings from the

firast geven days

Deaj males

Deal femmles

WP males

WP females

Deai ducklingg WP ducklings

Days irrespective irrespective
of sex of sex

1. 36.6428:0.5704 38.16340.6026 38.6538+0.5318  38.3846£0.6565 37.615340.3739 38.4423+0.2308
2. 38.5751:0.4873  40.1240.5206 34.346240.5112  37.615410.7423  39.487210.3971 37.480740.4466
3. 41.2143:0.5155  42.20+0.9715 40.0769+0.7882  41.346240.9097 41.8462+0.4132 40.711530.6025
4. 42.500040.6934  45.32£0.8539 41.192341.7169  45.8846+0.9928  44.3077+0.6343 44.288410.6867
5. 47.214340.7857 50.2841.1966 42.461540.9385  46.0769+1.0840  49.179540.8440 44.269240.7536
6. 51.714341.0865 55.5231.5249 43.576941.1055  47.19234+1.2000 54.153841.0833 45.384610.8465
7. 58.500042.3008 63.2821.8371 49.115341.6261  55.346241.8245 61.5641+1.4679 52.230841.2862

.



Means and standard

Pable 2

errors of body weights (in g) of six groups of ducklings upto 12 weeks of age

+ Deal ducklings

WP duckIlngs

Veeks Desl male Desl female WF nmales WP females g;rggimctiva zirsziective
0.  36.6426:0.5704  3B8.1610.6026  3B.6538:0.5318  38.384610.6565  37.615310.3739  38.442310.2308
1. 58.5000+2.3008 63.2841.8371 49.115341.6261 55.346241.8245 61.564141.4679 52.230841.2862
2.  108.359145.7880 118.0846.4057 84.269244.2148  105.076945.5824  114.5897.4.6151 74.673143.7569
3.  190.4785412.2795 210.80415.0442 134.153619.6694 188.5769413.8538 203.4872410.6142 161.365419.1912
4. 2B9.4285+21.1864 345.60426.7933 202.6923415.6217 293.84614+25.4454 325.4359419.4049 245.4807+16.6825
5. 412.2142430.9867 495.20436.8022 277.8462424.3026 431.03851+38.2648 465.4103426.6075 354.4423424.8731
6. 491.07435.2196  :573.00442.6947 309.1923+26.8709 492.3077440.7528 543.5897430.5518 400.7500427.3568
7. 536.0700435.2874 609.80+39.1977 46B.4651431.0443 7T06.1530458.7461 583.3333428.1254 568.4615+39.8507
8. 633.8800438.4135 709.00+44.4700 537.8846+44.4047 811.7308462.4173 682.0513431.8745  6T74-8077142.4943
9. 757.8500445.8085 813.00+44.4259 637.3076+52.9834 935.5769+60.8904 793.2051432.7900 786.4422145.0875
10.  839.2857456.3175 892.40444.0673 781.7307459.1510 1145.7692463.7451 B873.3333£34.5368 963.7500+50.0313
11. 931.7857448.8623 928.80+41.2667 964.2307471.4727 1309.6154466.9822 929.8718431.3482 1136.9231354. 1892
12,

1291.7857459.7857 1239.40445.0836 1021.7308+79.5385 1401.6154+73.0109

1258.2051435.6814 1214.6154458.5788




i

Table 3
Analysis of veriznce of Initicl bedy woilght of four groups of

ducklinzs
Source " defe 138 P
Botween groups 3 13.2708 : 1.7746 B.5
Within groups 87’ T.4783 - ]
T : Hean Table
Groups Flean body weights
(in g)
Desi malces _ 36 .6429
Desil femalee 38.1600
VP males - 38,6539
¥P femnleo 28.3846



Table 4

Anolysis of wveriance of the fourth week body weizht of four groups of ducklings

Source d.f. M33 P
Betweon groups . 3 105836 .3 7.7891%=
Within groups 87 13587.69

- — e — e

®¢ Indicates aignificance at 1% level

CD for the comparison between

Groupa Desi mrloes Desl fomales WP males WP females Mean body weilzhta
Deni males . T7.3159 . 76.7803  76.76803 289.4285%
Desl femalss 64.8783  64.8783 345.7200"P

VP moles 64.2390 190.3846°
VP femzlas 286.53853P




Table §

Analysis of veriance of eighth week body weighte of four groupa of ducklings

Source defs K I F
Botucen groups 3 - 342317.4 ‘54652908
" Within groups 87 6055563

¥& Indicetes significance at 1% level

CD for the compurison betwoen

WP females [lean body weight

aroupl : Deai salea Desi femalea WP malea

Dopi males 163.22 162.0893 162.0893 633.9286%

Depl femaleo 136.9631 136.9631 705.200070
VP males 135.6137 537.8846%

WP fomoles 811 .7308>

§8



iable 6

Analyzis of varisnco of Twelfth week body weight of four groups of &ucklings

Source . d.fa N P
Betueen groups - ) 643840 5.95718%#
Within groups 87 108079.8 '

e Indicates significance at 1% lsvel

CD for the comparison between

Groups Desi malep Lesil fomzles WP malea WP feomulesa NHean body welght
Desi males 218.0562 216.5457 216.5457 1291,7860%
Dosi females : 182.9779  182.9779 1239.4000%P

WP males ~ 181.1754 1G23.2690

¥P ferales . : - 1401.5390°P

ES



Table 7T

Parametera of Growth curves of individual Desi melss and

females in the exponential form y = ae

bx for 12 weeks,

-

Noe e Degl males Desl_females ___
a b a b

1. 54,5831 0.2688 48.9232 0.2730
2. 70.3613 0.2501 51.5375 0.2748
3. 90.5578 0.2755 54.55865 0.2699
4. 54.9537 0.2600 104.1730 0.2779
5. 68.5717 0.2736 93.8811 0.2664
6. 56,5386 0.2815 66,5596 0.2699
7. 59,0975 0.2173 76,2667 0.2830
8. 67.9917 0.2842 59.3970, . 0.2549
9. 63.8296 0.2725 105.0115 0.2565
10. 64,1811 0.2916 88,2889 0.2517
© 11, 68.3721 0.2597 60.4557 0.2484
12, 56,6524 0,2868 61.8598  0,2490
13, 62.9901 0.2798 78.6505 0.2528
14, 74.4097 0.2838 88.2764  0.2671
15, 74.8556 0.2669
16. 86 .9000 0.2651
17. 68.4296  0.2576
18, 61,8598  0.2490
19. 65.9328  0.2460
20, 46.1975 0.2716
21, 94.1292 0.2676
22, 68.8876 0.2783
23. 62.1555  0.2318
24, 101.0114  0.2687
25, 74.3119, 0.2970




Tab

lea 8

Parsmeters of Growth curve of individual WP males and'

females in the exponentisl form y = aabx

for 18 weeka

- s

No. —e HP_@gles WP femaloa
a b a b
1. 55,2209 0.2685 98.7715 0.3018
2. 5742555 0.2975 74.0686 0.2867
3, 39.0279 0.2389 76,6957 0.3064
4. 38.6062 0.2530 67.5347 0.2913
5. 44.9767 0.2395 68.8996 0.2933
6. 37.6153 0.3055 56 .0609 0.3182
7. 41,8776 0.2896 38.8558  0.2213
8. 53,0331 0.2121 T1.6056 0.3090
9. 72,5166 0.2985 33.0459 0.2924
10. 53.2369 0.3174 55.2485 0.3123
1. 75.2868 0.3128 52.4013 0.3137
12, 49 .8250 0.2878 37.6661 0.2917
13. 50.4350 0.2983 74.9376 0.2882
14. 36.2166 0.2683 77.3631 0.3071
15, 62.2426 0.2680 45.9631 0.2823
16. 62,4041 0.3157 58.4116 0,3018
17. 41.4809 0.2864 66,0550 0.3065
18. 39.6483 0.2303 56.6183 0.3C75
19. 59.9992 0.2746 B2.6316 0.2957
20. 61.8331 0.2844 63.6944 0.3239
21, 53.8412 0.2782 37.5218  0.2786
22, 39,2025 0.2364 72,8669 0.2826
23. 43.8582 0.2476 51,0882 0.2593
24. 45 .5084 0.2259 74.915 0.3128
25. 51.9175 0.2786 40.2124 0,2899
26. 0.2727 64.6653  0.3264

44.4918

—— ——

61



Table 9

Parameters ¢of tho Growth curve of individusl Deal males
for twolve wooks in the Hodifled ezponential fora y = E+ab®

Hoe. K a b
1. -392,0433 40641595 1.1044
2 =0877.6210 0878.28930 1.0071
o I8 5746 .3250 =58064+3130 0.9762
4s 359043250 -3623.3320 0.9801
5 -1534.9570 15248220 1.,0486
Ge -439.1822 450.5016 1.1084
T -5727.0140 575443000 1.0069
8o 2812.8910 -28867. 3240 049578
9. 4549 8770 ' -4599.6580 0.9794

10, -10366.0300 10316.9400 041009

11, -464.6250 491.9454 1.0995

12, -887.0508 87445153 1.0711

13, «2432.5390 240446210 1.0327

14, 2344.4660 0.9408

«2440,0290




Tabls 10

Parameterns of the Growth curve fitted to individual
Deai femanles for Twelve weeks 1n the modified
exponential form y = K 4+ ab®

No. K a b
1. -558.5598 553.60%1 1,0823
2. -840.6453 829.3912 1.0639
3. -905.2712 891.9690 1,0624
4. 2132.7340 -2306.9820 0.8964
5% 1637.6540 =1764.3110 0.8917
6, 6110.8640 =-6150.3480 0.9852
7. 2636.6980 -2731.3190 0.9467
8. -474.7256 483.0128 1.0817
9. 1535.,5630 -1648.5870 0.8802
10. 1081.3970  —1199,2430 0.8495
1. - -586.5211 603.0282 1.0742
12, 3311.5790 -3362.9260 0.9669
13. 1300.5010 -1375.2660 0.9035
14. 1428.8160 -1569.8710 0.8763
15. 2033.4950 -2105.7770 0.9402
16. 1947.5850 -2033.6130 0.9256
17. -18175.0000 18160.3100 1,0042
18. 21045.3100 -21059.0100 0.9967
19. -188.7025 234.4906 1.1435
20, ~145.4605 166.5296 1-1698
21. 1411.9450 -1585.1430 0.8565
22. 2280.4340  -2384.3600 0.9423
23. 3017.2980  -3019.4300 0.9804
24. 1817.6090 -1964.6060 0.8902
25. 2436.2780 -2583.8120 0.9309

63



Table 11

Parameters of Growth curves of individual WF males for
Twelve weeks in the modlfied exponential form y = K + ab®

No. K a
1. -191.2503 216 .6875 1-1634
2, -243.3244 256 .T155 1.1766
3. -4.8607 40.2958 1.2772
4. ~35.5510 64.37179 1.2347
Be: =36.1510 72 .5710 1.2230
6. -35.7852 61.9823 1.2994
7. -68.8115 93.0530 1.2444
8. -198.0000 232.7391 1.1018
9. -797.7798 789.9142 1.1021
10. =-137.5383 T04.1233 1.1023
1. -1848.6250 1786 .5450 1.0648
12, -117.1871 143.1103 1.2122
13, -88.2222 118.8936 1.2463
14. -73.8608 93.9470 1.2043
15, -50.8763 103.7014 1.2542
16. -486.7515 475.3893 1.1434
17. -53.4252 77.9632 1.2627
18. -76.5992 102.0791 1.1656
19, -357.5332 372.2158 1.1265
20. -589.0046 581.2256 1,1042
21, -162.4009 188.1907 1.1815
22, -51.3113 78.4831 1.1999
23. -111.4810 136.9683 1.1639
24. -20.1248 62.5030 1.2204
25, -194.9116 216,0299 1.1645
26. -135.1566 151.8551 1.,1806




Table 12

Parameters of Growth curve of individual WP females for
twelve weeks in the modified exponential form y = K + ab®

No, K a b
1. 3348.6320 -3567.4810 0.9269
2. -519.84™M1 526.5580 1.1262
3. -4529,5790 4187.4470 1.0309
4., -1274.8580 1246.3370 1.0675
5. -2818.8020 2774.2820 1.0358
6. -308.,9548 302.4160 1.1829
T -T089.7500 709%.2680 1.0044
B. =30T78.2490 3007.6290 1.0403
9. -30.2008 54,7745 1.2828

10. -218.0434 228.4734 1.2004

11, 38,6679 13,7284 1.4917

12. -1721.7510 1692.8840 1.0557

13, 89042.7800 -89152,7400 ¢.9983

14, =-33,.7802 T2.10839 1.2740

15. -582.015%4 568.4683 1.1137

16. -B859.5871 830.0349 1.0989

17. =575 .8060 556.9786 1.1183

18. -1663%.3790 1634.1790C 1.0647

i9. -699.2376 662.2980 1.1261

20. 10,4005 29.4673 1.3608

21. -528,3008 536.1495 1.1188

22. -123.7935 152.1503 1.1797

23. ~-2829.6760 2758.6790 1.0453

24. -14.2673 48,3706 1.3231

25. -873.4829 833.9853 1.1105

26, -154.2535 ) 168.8789 1.23085




Table 13

8quare of the correslation coefficlient (coefficient of
determination) between observed and sxpected values of four
groupd of ducklings for 18 weeks when the exponential
ourve was fitted

No. Desi males Doai females WP males WP females
1. 0.9234 0.9701 0.9478 0.6627
2. 0.9232 0.9530 0.9323 0.9208
30 0.8643 0.9279 0.9067 0.8238
4. 0.9092 0.7429 0.9732 0.8463
5, 0.9300 0.8325 0.9609 0.8707
6. 0.9610 0.9223 0.9624 0.8583
7. 0.9349 0.8236 0.9552 0.9192
B 0.8984 049555 0.9699 0.7757
9. 0.9030 0.8447 0.8939 | 0.9585

10, 0.9025 0.8304 0.9028 0.9350

11, 0.9761 0.9418 0.8506 0.9195

12. 0.9395 0.8779 0.9588 0.9506

13. 0.9140 0.8397 0.9423 0.8544

14, 0.8721 - 0.8227 0.9503 0.7794

15. 0.8308 0.8842 0.9727

16, 0.8322 0.9368 0.9252

17. ‘ 0.9224 0.9510 0.8998

18. 0.9464 0.9599 0.8869

19. C 0.9764 0.9457 0.8819

20, 0.9711 0.9160 0.8858

21, ST 0.7881 0.9500 0.9701

22, 0.7216 0.8988 0.9487

23, 0.9211 0.9539 0.9503

24, 0.7533 0.9854 0.8670

25, 0.7902 0.9594 0.9319

26.

0.9547 0.8739




Table 14

dquare of the correlation coefficlent (coefficlent of

determination) between observed and expected values of
four groups of ducklings for 12 weeka when the Modified
Exponentiel curve was fitted

—

Ho. Desi males Depgl fomalss ¥P malas WP femalea
1. 0.9957 0.9869 0.9929  0.9612
2, 0.9904 0.9899 0.9945  0.9941
3. 0.9841 0.9891 0.9524  0.9895
4. 0.9722 10,9702 0.9951  0.9913
5. 0.9875 0.9682 0.9948  0.9901
6. 0.9865 0.9884 0.9943  0.9456
7. 0.9759 0.9763 0.9986  0.9857
8, 0.9812 0.9866 0.9893  0.9809
9. 0.9723 0.9769 0.9955 0.9964

10, 0.9904 0.9628 0.9938  0.9975

". 0.9905 0.9735 0.9826  0.9760

12, 0.9898 0.9855 0.9979  0.9887

13. 0,9896 0.9703 0.9909  0.9783
14. 0.9772 0.9604 0.9958  0.9978

15. 0.9761 0.9445  0.9764

16, 0.9837 0.9952  0.9945

17, 0.9918 0.995t  0.9951.

18. 0.9845 0.9893  0.9953

19. 0.9923 0.9925  0.9880

20, 0.9878 0.9942  0.9968

21. 0.9567 0.9984  0.9968

22, 0.9659 0.9583  0.9906

23, 0.9897 0.9913  0.9896

24. 0.9714 0.9940  0.9893

25, 0.9678 0.9956  0.9951

26, 0.9950  0.3924

~.1



Standard error of the estimate of four groups of ducklings

Table 15

for 12 weeks when the exponentizl curve was fltted

No,. Desi malea Desl femalss WP malea WP femalss
1.  98.5579 97.3482 128,1779  738.2389
2. 157.8335 126 .7156 221.9775  268,0571
3. 362.4103 151.3184 67.7167  491.9807
4. 144.2763 527.6917 46.3851  333.1532
5. 207.9927 354.6538 52.8992 33545516
6. 142.3911 194.5812 107.4686  348.4846
T  66.507T 361.7240 112.3169 56.4306
8. 273.6176 85 .6839 44.5449  507.5307
9. 208.T477 337.1795 351. 3475 80.7107

10. 279.9694 265.3236 321.4297  249.9538

11, 111.819 109.1757 493.5063  250.8320

12, 183.9359 247.3216 132,9264 91.9032

13. 221.3500 238.0670 173.3942  350.5814

14. 322.8684 338.6707 75.9780  534.8020

15. 281.5413 167.6454 87.5657

16. 322.1044 320.1162  247.9210

17. 171.6540 101.7525  345.1275

18. 116.0585 45.0130  305.8254

19. 85 .6030 162.107T1  408.2155

20. 88.2425 222.6149  429.9344

21. 387.8068 142.1857 58.6997

22, 351.9081 69.1970  222.0333

23, 105.3775 67,4551 97.2454

24. 446.3034 28,2984 - 481.6258

25. 447.0422 130.3733  114.9141

26. 101.7889  478.3837




Table 16

3tandard error of the estimate of four groups of duck-
lings for 12 weeke whon the wmodified exponential ocurve
was fitted

" No. Desl males Deei females WP males WP females
1. "+ 18.2185 30.4226 26.4551 136.4647
2. 27.1256 28.0169 32.6753 37.7139
3. 58.6002 . 30,3380 41.3756 58,8133
4. 41.3381 95,8134 14,0417 42.213%6
5. 40.2187 77.18%6 15.1105 44.9906
6. 37,7551 34.5197 26.5713  128.6262
7. 24.7434 65.2936 12,0183 14,6216
8. 51,4266 26,2863 15,7923 77.6459
9. 54,1654 64.7349 34.9470 16,2045

10. 38.3068 65.9206  36.6974 25.1071
11, 30.2779 40.3504 80.6435 56.4476
12. 34.6250 43.0165 16.8720 50,4060
13. 36.0982 54,6841 39.4070 85.5196
14. 61.8967 81.9154 14.0496 15 .3389
i5. " 55,1780  104.4698 72.94717
16. 51.4836 38.0831 38,4604
17. 26.8172 22,2584 32,4638
18, 30.8574 15,8117 38.0725
19, 23.9254 30,2865 66,8313
20, 29,0205 30,3503 15,4287
21. 92.3186 14.0276 25.5305
22. 72.5760 35.0428 25.9756
23. 20.7367 19.5890 60.6894
24. ' 82.4109 13,8267  35.0033
25, 84.1882 21.6686 43.2315

26. 19.719% 44.0663




Teble 17

Analysis of varience of 'b' valnes (growth rate) when the ezponential curve

_ Hes fitted for 12 weeks

Jource de.fe M33 x
Between grouns ) 3 0.00501 10,1811 %%
Within grours 87 . 0.00049

%3 Tndicates significance at 1% leveol

CD for the comparison beiween

Groupa Deoi males Desi femalos WP males WP females Hean 'b' valunes
Deai maleg 0.0147 T 0.0146  0.0146 0.2704%

Desl females 0.0123  0.0123 ¢e2638%P

WP males 0.0122 0.2726°F

WP females C.2962

0L



Table 18

Analysis of variance of 'b’ values (growth rate) when the modified exponential
was fitted for twelve weoks )

Source Gefe K33 4
Botween groupa 3 0-2896 16.4474"
Within groups - 87 ) 0.0176

%% Tndicaten oignificance at 1% level

CD for the commarison betuwecn

aroupn Desi mnlce Desl femaloa WP males WP females Mean 'b' values
Deai males 0.0880 0.0874 0.0874 0.9581%
Desi femalas 0.0739 0.0739 0.9737%
VP males - 0.0731 1.1853P
WP femalen 1.1383"

1L



Tcbls 19

Paramctors of Growth curve 0f individual Desi maleg for
twelve veeks in the Gomperdz formn y w ape™

NG n b G
1. 15632970 0.,0219 . 0.8571
2, 972.2749 003502 0.7656
3 142046500 0.0222 0.7432
4 - 812,8108 0.0267 0.7723
5, 1341.5430 0.0242 047995
6 166244150 0.0199 - 0.8437
7 - 672.4063 0.0596 0.830%
8. 10972400 0.0197 047513
9 1025,7740 0.0240 0.7609
10, 128043660 0.0187 0.7661"
11. - 1495.8T1 040276 0.6411
12 14045340 0.0197 0.8145"
13. - 1253.1440 0.0214 07680

14s - 1167.7370 0.0191 0.7209




Tabls 20

Parameters of Orowth ourve fitted to individual Desi
femalse for twelve vweeks in the Gompsrts form ¥y = ab®

No. a b c
1. 1218.3760 0.0221 0.8345
2. 1220.1700 0.0224 0.8261
3. 1214.9390 0.0223 0.8192
4. 1483.1600 0.0165 0.6869
5.4 1161.4110 0.0212 0.6872
6. 1030.9790 0.0262 0.7639
7. 1230.7040 0.0186 0.7259
8, 1245.5170 0.0258 0.8544
9. 1164.7500 0.0267 0.6908

10, ,899.8826 0.0268 0.6725

i, 1237.2890 0.0296 0.8445

12. 1105.8220 0,0264 0.7511

13, 890.9308 0.0280 0.7088

14, 1088.2020 0.0263 0.6825

15. 1032 .4900 0.0299 0.7251

16. 1138,4620 0.0232 0.7142

17. 1030.8240 0.0307 0.7842

18. 857.9836 0.0356 0.7895

"19. 2293%,2550 0.0295 0.8880

20. 2604,9570 0.0122 0.8908

21. 1136.2840 0.0184 0.6630

22, 1128,0780 0.0184 0.6630

23, 708.6017 0.0423 0.7848

244 1131.1990 0.0194 ' 0.6879

25, 1335.6380 0.0134 0.7080




Table 21

Parametera of Growth curve of individual WP malea for

twelve weeks in the Gompertz form y = abc*

No. a b c
1, 2874.3640 0.0131 0.8877
2. 3815.5480 0.0092 0.8781
3. 1.70148 + 38 5.8775 0.9982
4. 34674 .5800 9.3808 0.9519
5. 15115,1900 0.0025 0.9452
6. 1965353000 0.00016 0.9543
7. 17628.2600 0.0018 0.9327
8. " 1134.5520 0.0347 0.8864
g. 2290.8860 0.0152 0.8216

10. :2013.6900 0.0114 0.8159

11, 2232.5360 0.0124 0.7879

12, 5794.5990 0.0061 0.9068

13, 15311.6600 0.0024 0.9243

14. 45203500 0.0059 0.9168

15, 14840.3200 0.0034 0.9317

16. 2690.1610 0.0112 0.8330

17. 32299.7400 0.0010 0.9413

18. 2370.8370 0.0127 0.9149

19. 1921.7020 0.0182 0.8523

20. 1922.0350 0.0164 0.8354

21, 3406.5630 0.0106 0.8897

22. 10294.6900 0.0030 0.9409

23, 2876,5370 0.0115 0.9099

24, 40991.,7400 0.0010 0.9593

25. 2507.4430 0.0134 0.8771

26, 2940.5840 0.0099 0.8931

-

!

—
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Table 22

Parameters of Growth curves of individual WP females
b4
for Twelve weeks in the Gompertz form y = ab®

—— —— — —

No. a b c

1. 18§98.5290 0.0114 0.7022
2, 2648.7460 0.0155 0.8475
3 1945.6530 0,0139 0.7732
a, 1761 .1860 0.0163 0.8026
5. 1576 .4220 0.0174 0.7824
6. 6313.9900 0.0051 0.8848
1. 486 .5866 0.0459 0.8186
8. 1942.9730 0.0127 0.7756
9.  1513668.0000 1.9124 E-5 0.9672
10. 5204.5930 0.0066 0.6846
11, 3. 3.0162 14,8605 1.0748
12, 1825.0160 . 0.0178 0.8001
13, 1839.7160 0,013 ,0.7556
14. 98469.3400 0.00039 0.9531
15. 2098.5060 0.0143 0.8335
16. 2258.7680 . 0.0132 0.8186
17, 2287.0180 0.0119 0.8333
18, 2060.0000 0.0166 0.7930
19. 3073.8210 0.0095 0.8315
20. 2.3563 E-9 1.5980 E+10  1.0115
21, 2278.5850 0.0175 0.8418
22. 3724.4660 0.0099 0.9063
23., 2069.5650 0.01310 0.7790
24. 1.1062 E+17 3.3487 - 0.9910
25. 2659.9050 0.01009 0.8128
26. 9962.4490 0.0035 0.9066

Note: Ein = 10 3% 1pt 4g any number.



Table 23

Pamﬂiou of Growth curves for individual Desi males
for 12)weeks in the logiatic form

y ow e

1 4 100%%
fo.- e b c
1. 1656 .7930 1.6413 ~0.1728
2. 1232.1170 1.5470 -0.,2088
3o 1649.0870 . 1.6543 =0.2568
4. 10561380 1.4523 =0.2004
Se 1433.3090 1.5768 =042220
6. 1224,1410 1.6471 -0.1902
Te 938.4976 1.4249 ~0.1792
8. 1552.2920 . 1.6004 «0.2333
9.  1265.1780 . 1.4653 ~042369
10.  1582.8100 1.6456: -0.2336
19, 1672.1800 .  1.6107 041847
12, 1660.7040 1.6304 =0.2001%
13, 1417.2850 .  1.5717 -0.,2180




Paremeters of Growth curve fitted to individual Desl

Teble 24

females for 12 weeks in the Logistlc form

No.

2.
3.
4.
5.
6.

8.

10.
11,
12,
13,
14.

‘15,
16.
17.
18.
19,
20,
21.
22.
23.
24,
25.

K
¥ 1 4 10Tk
- K b e
1384.2600 1.5154 -0.1769
1370.9850 1,5692 -0.1895
1158,3830 1.4579 -0.1953
. 1669.0620 1.6098 -0.2956
1485.6360 1.5693 -0.2649
1427.3560 1.5997 © =0.2241
1457.4760 1.6351 -0.2678
1355.9290 1.5172 -0.1618
1623.3650 1.5865 -0.2623%
"1396.8370 1.5305 -0.2492
1780.4240 1.6614 -0.1474
1314.9440 1.5034 -0.2323
1189.6490 1.4815 ~0.2409
1475 .5690 1.5549 -0.2635
1214.3670 " 1.5276 -0.2553
1378.9740 1.5476 -0.2569
1232,9350 1,5095 -0.2165
1126.1850 1.4338 -0.1944
1535 .3300 1.5615 -0.1636
1342,1040 1.5852 -0.1709
1506.1060 1.5754 -0.2774
1029.0600 1.4533 =0.2921
917.5786 1.3645 -0.1907
1505,5060 1.5752 -0.2863
1586 . 7840 1.6102 -0.2696
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Table 25

Parameters of Growth curve of individual WP maleg for 12

wagka in the Logiatic form
y = Kk/1 .+ 10b+cx

No. K . b c
1. 1155.7940 1.4686 -0.1867
2. 1813.2780 1.6695 ~0.1822
3. 16425570 1.6496 ~0.1076
4. 3076,1330 1.8914 -0.1107
5. 1437.7320 1.5216 ~0.1178
6., 2927.4120 1.8810 ~0.1399
7. 1702.1640 1.6298 ~0.1486
8. 940,5587 1.3412 -0.1306
9. 1748.7610 1.6774 -0.2232

10. 1655.2150 1.6784 -0.2274

Vi, 2075 .6280 1.7066 . -0.2284

12. 1750.2090 1.6309 ~0.1604

13, 1916 .8840 1.7059 ~0.1674

14, 1151.,5800 1.5302 ~0.1395

15, 1555 . 4450 1.5359 ~0.1599

16. 2152.9660 1.7228 ~0.2050

17, 2136.6630 1.7195 ~0.1367

18. 859.6698 t.3595 -0.1252

19, 1402 .6960 1.5553 -0.1836

20, 1494.0140 1.5179 -0.1893

21. 1476 .0930 ’ 1.5664 -0.1681

22, = B24.2018 1.3279 -0.1227

23. 1010.1100 1.4079 ' -0.1387

24. 1527.0380 1.5703 -0.1151

25, 1473.8700 1.6014 ~0.1699




Table 26

Parameters of Growth curve of individuasl WP females for
18 weeks in the Logistic form '

v = k/V + 1R Hex
No K b ¢
1, 1782,9670 1.6620 ~0.2955
2, 1706.0930 1.5573 -0.2058
3, 1738,9210 1.6749 -0.2523
4. 1387.3740 1.5745 -0.2289
5. 1522.9070 1.5919 -0.2240
6. 18736 . 3300 2.6697 -0,1369
7. 484.2730 1.1802 -0.1663
8. 1583.9770 1.6588 - =0.2474
9. 1594,8530 1.6490 -0.1422
10, 2034.4260 1.6978 -0.1866
11. 2013.5230 1.6716 -0.1781
12, 1515.,7660 | 1.6139 -0.2282
13, 1699.8540 1.6408 -0.2598
14. 2239.7310 1.7630 -0,1443
15. 1647.9280 1.6270 -0.2077
16. 1824.0820 1.6494 -0.2145
17. 1526.4940 ' 1.5930 -0.2113
18. 1841.8180 1.6764 -0.2355
19. 2211.1980 1.7458 -0.2109
20. 1829.6450 ~1.5789 -0.1936
21. 1277.7130 1.4906 -0.1503
22. 1997.2720 1.7123 -0.2431
23, 1840.9670 _ 1.6762 ' -0.1420

24. 2039.8180 1.7216 =0,2303

— -
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Table 27

dquare of the Correlation coefficient {coefficient of
determination) between observed ahd expected values for
the four groups of ducklings for 12 weeks when the
Gompertz curve was fitted

No. Desl males Desl fomales WP males WP femalea
1. 0.9950 0.9841 0.9878 0.9899
2. 0.9897 0.3948 0.9967 0.9884
3. 0.9835 0.9942 0.9483 0.9940
4. 0.9824 0.9928 0.9941 0.9968
5. 0.9835 ©.9789 0.9899 0.9903
6. 0.9858 0.9931 0.9932 0.9515
7. 0.9755 0.9913 0.9991 0.9934
8. 0.9853 0.9935 0.9899 0.9910
9. 0.97681 0.9935 0.9907 0.9967

10. 0.9961 0.9933 0.9972 0.9964

11. ©.9783 0.9765 0.9914 0.9962

12. 0.9955 0.9926 0.9939 0.9708

13, 0.9934 “0.9866 0.9911 0.9914

14, 0.9870 0.9844 0.9945 0.9932

15, 0.9867 0.9205. 0.9967

16. 0.9939 0.9950 0.9935

17. 0.9936 0.9350 0.9935

18, 0.9865 0.9895 0.9945

19. 0.9926 0.9826 0.9884

20. 0.9900 0.9972 0.9541

21, 0.9854 0.9965 0.9969

22. ©.9867 0.§b02 0.9910

23, 0.9944 0.9884 0.9904

24. 0.9941 0.9898 0.9910

25. 0.9946 0.9877 0.9880

26. 0.9964 0.9554




Table 28

Square of the Correlation coefficient (coefficient of
determination) between obaerved and expected valuea for
the four ‘groupe of ducklings for 12 weeks when the Logiatilc
curve wasg fitted

S — = 1y, T — -

No. Desl males Desl females WP males WP females
1, 0.9605 0.9540 0.9787 0.9824
2, 0.9349 0.,9559 0.9953 0.9840
3. 0.9460 0.9774 0.9433 0.9851
4. 0.9418 0.9615 0.9862 0.9929
5. 0.9563 0.9318 0.9819 0.9814
6, 0.9455 0.9224 0.9867 0.8747
T. 0.8853 0.9518 0.9957 0.9868
8. 0.9217 0.9541 0.9832 0.9868
9. 0.9306 0.9150 0.9867 0.9932

104 0.9467 0.8826 0.9833 0.9962

1. 0.3504 0.9536 0.9815 0.9961

12. 0.9397 0.9565 0.9949 -

13. 0.9564 0.925% 0.9894 0.9846

14. 0.9287 0.9199 0.9911 0.9854 -

15, 0.9521 0.9055 0.9938

16. 0.9500 0.9865 0.9687

17. 0.9451 0.9854 0.9900

18, 0.9466 0.9913 0.9913

19. 0.9746 0.9861 0.9813

20, 0.9810 0.9925 0.9897

21, 0.9224 0.99T1 -

22. 0.9826 0.9564 0.9863

23. 0.9404 0.9889 0.9924

24, 0.9592 0.9919 0.9780

25. 0.9573 0.9925 0.9786

26. 0.9960 0.9906




Table 29

Standerd error of the estimate of four groups of ducklings
for 12 weeks when Gompertz curve was fitted

No. Deni mnlen Desl femalen WP males WP females
1. 20,5000 34,6566 35.3083 69,5503
2. 27.7823 21.2251 24.7033  54.0075
3. 58.9723 22.2188 48.0421  45.6809
4. 33,2187 46.2425 15.9761 25,1255
5. 46.5611 62.1188 22,4342 45.2558
6. 38.9715 26.8557 29,0741 122.9137
7. 25.2118 39.1713 9.4767  10.4514
8. 45.4248 18,3067 15,1405  52.9070
9, 48.7904 34.1853 51.4087  15.6391
10, 24.5468 28.1475 24.8154  32.8951
11. 46,0422 37. 7311 56.0084 30.8409
12. 22,6933 30.5269 36.3090  63.1022
13. . 28.2328 36.1564 39.0283  43.9022
14. 47.2123 50.9320 16.5612  48.5945
15. 40.4789 131.7605  19.9648
16. 30.8988 T1.517T7  94.3692
17. " 23.5103 23.8405  43.9266
18. 30.1828 15.6182  35.5860
19. 23,2882 47,1263  60.5248
20, 25,8176 20.5742  46.8733
21. 52.7629 20.2515  16.1995
22. 45.1175 34.3538  43.1089
23, 15.0310 23.9014  26.6374
24. 36.8273 19.2303  57.8975
25, - 36.0143 37-3745  39.4397

26. 16.3883 43,4247




Table 30

Standard error of the eatimate of four groups of ducklings ,
for 12 weeks when logistic curve was fitted

- —— ———— T B = S T —— " T

No. Desi males Degi females WP males WP femalesa
1. 111.3193 123.9161 59.4623 107.3325
2, 136.1116 123.3398 44.4710 76.7426
3. 187.4925 . 84.7647 65.74917 90.9440
4. 111.6436 173.7145 40.0598 49.0502
5. 146 ,7061 1890500 43.1021 83.7864
6. 159.2067 194.0107 - 63.3964 304.4880
T. 123.6882 173.5760 34.8999 22.5468
8, 212.1824 97.1557 28.92172 85 .1701
9. 185 . 4460 243.6428 79.0117 33,4726

10. 187.1648 239.1490 110.1262 38,5894

1. 140.6159 80.5690 114.4779 49.8655

12, 176.3228 138.5192 35.0269 -

13, 144.8660 158.9094 62,5501 76 . 8052

14, 222.,8417 215.0948 '32,8021 88,9610

15, 137.2909 156.1724 43.5170

16. 158.2458 87.9088 . 100.0714

17, 141.1186 63.6398 70.1682

18, 120.6435 18.7446 48.8805

19. 78.4596 51,5083 105.3158

20, 66 .0029 48.2486 79.9245

21, 216.5470 26.2941 -

22. 64.3456 48.5725 84.9031

23, 98.9025 28.8092 32.1123

24, 159.1714 21.4539 132.6992

25. 182,1046 36.0139 77.5224

26, 22,2273 78.8113




Table 31

Analyois of varianco of ratas of growth bascd on Gompsrtz Curve for twelve weeks

3ource | defe M33 F
Between groups 3 0.0105 333234 0%

Within groupe 85 0.000315

&% Tndicates significance zt 1% lavel

CD for ths Commsrioon betvaen

Groups Desl ctales Desl femnles WP nales WP fenales Mean b values
Deni males 0.0118 0.0117 0.,0119 0.0512%

DeBl fomales 0.0099 0.010% 0.0619%

VP males : 0.0099 0.0166

¥P fenaleo 0.0270
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Table 32
Parameters of the Growth curve of individuzl Desl males and
TP
Deai females in the Von-Bertalanffy form y; = A(i-~be kt)

for 12 wesks. A4 = 2000 (desi malea) and A = 1750 (Desi

femalesn )
) Desi males hﬁggi females -
No- b k b k
1. 0.8149 0.1107 0.8251 0.1185
2 0.7422 0.1022 0.8204  0.1233
3 0.7836 0.1694 0.7918 0,177
4. 0.7653 0.0932 0.8457 0.2549
5 0.7941 0.1314 0.7579 0.1800
6. . 0.8414 0.1300 0.7992 0.1424
T. 0.7372 0.0690 0.7934 0.1760
8. 0.7980 0.1490 0.7905 0.1021
9. 0.7768 0.1185 0.7797 0.1953
10. 0.8228 0.1478 0.7324 0.1423
11, 0.7995 0.1217 0.7640 0.1052
12. 0.8378 0.1333 0.7566 0.1439
13, 0.7966 0.1279 0.7161 0.1246
14. 0.7907 0.1513 0.7567 0.1705
15. " 0.7367 0.1374
16. . 0.7407 0.1594
17. 0.7594 0.1234
18, 0.7589 0.1062
19. 0.7756 0.1147
20. 0.8200 0.1108
21. 0.7478 0.1812
22. 0.7336 0.1384
23, 0.7254 0.0866
24. , 0.7430 0.1962

25, 0.8518 0.2093




Table 33

Parameters of the Growth curve of individusl WP males and

females in the Von-Bertalanffy form y; = A(1-be

—kt)3

for

12 weeks A = 3500 for WP males and A& = 3300 for WP females

- —— o — —

o __.¥P pales WP fomeles
No. b k b X
1. 0.8076 0.0708 0.7445 0.1297
2. 0.8325 0.0919 0.8102 0.1039
3, 0.8123 0.0467 0.7982 0.1179
4. 0.8252 0.05730 0.7908 0.0947
5. 0.8085 0.0515 0.7926 0.0980
6. 0.8700 0.0796 0.8576 0.1135
7. 0.8443 0.0730 0.7931 0.0397
8. 0.7794 0.0435 0.7941 0.1125
9. 0.8698 0.1046 0.8575 0.0685
10. 0,8400 0.0991 0.8641 0.1092
1. 0.8205 0.1207 0.8670 0.1068
12. 0.83598 0.0796 0.8786 0.0803%
13. 0.8457 0.0874 0.7844 0.0996
14. 0.8301 0.0560 0.7894 0.1175
15, 0.8195 0.0809 0.8407 0.0774
16, 0.8557 0.1142 0.8359 0.1007
17. 0.8471 0.0721 0.8298 0.1178
18. 0.8069 0.0437 0.8293% 0.0999
19, 0.8042 0.0773 0.7973 0.1166
20. 0.8068 0.0844 0.866% 0.1297
21, 0.8171 0.0755 0.8531 0.0690
22, 0.8082 0.0452 0.8087 0.0997
23. 0.8093 0.0529 - 0.8058 0.0658
24. 0.B8029 0.0468 0.823% 0.1267
25. 0.8188 0.0741 0.8522 0.0761
26. 0.8222 0.0647 0.8670 0.1068




Teble 34

Parameters of Growth curve of :l.nd:iv:l.dual Deal pales fgr
12 weeks in the second Degree form y =& + bx 4 ox

Ho, 2 b (<]
1. 0,8686 7.0105 7.4844
2. 44,0884 ' 2.9556 " 7.7867
3, 104.9614 1.7308 12,0146
4. 40,0444 2.5599 | 6.6027
5. 44,3701 4,8057 9.2821
6. © 4.9795 78337 845958
1. 11.7808 3,2193 542135
8. 64.47TT1 3.6109 9.9356
9. 53,9251 3,1848 844718
10, 59.5819 4.3741 949942
11. © 5.3186 743956 8.6277
12. 21.6792 6.6284 8.8049
13. 49.9709 4.0949 8.9261
14, 86 .0084 2.3871 10.6642




Table 35

Parameters of Growth curve of individusl Desl females

for 1R weeks in the second Degree form y =& + bx + cx2

e A e L At T i T T T e S e B ek el S e S e e R e (P ey B P finf AP N i S A e b

Ho a b c
1o 3.4511 6.3621 6.9521
2. 15.4356 5.6523 7.2838
3. 34,6129 3.8267 7.1916
4. 186 .4081 -4.0454 13.6265
5. 119.6994 -0.4575 11.3932
6. 43.4650 4.2602 8.7410
7. 109.0615 0.3636 10.6535
8. 8.7448 5.0135 6.2173
9. 117.1518 -5.2947 11.8495

10. 92,9246 0.1194 9.6410

1. 22.5525 4.1179 6.7763

12, 78.7073 1.5674 9.3300

13. B85.9695 -0.0355 B.6156

14, 114.3776 -0.3996 10.8342

15. 94.6983 -0.0499 9.1459

16, 110,6044 -0.4176 10,4380

17. 47.7033 3.0659 B8.0334

18, 29.1383 3.6309 6.8877

19. 9.3072 5.7917 T.3773

20, 1.9904 " 6.0754 6.4850

21, 136.9730 -1.9070 11,4863

22, 127.1529 -2.6583 9.0221

23, 36.6579 1.8147 5.9060

24. 165.2602 ~-3.6119 12.257%

25. 132.0714 -0.4670 11.6162




Table 36

Pafametera of Growth curvea of individusl WP meles for 12

weeks In the second Degree form y =8 + bx + cx
No. a b c
1. 18.6544 5.4116 7.3560
2. 25,3292 7.6159 9,7318
3. 15.1224 2.4491 4.0729
4. -3.0659 4.7363 4.7284
5. 2.0260 4.2488 4.8558
6o -20.7173 9.5305 7.4076
7. -0.7358 7.0874 6.9227
8. 14.7522 2.3467 4.4157
9, 67.4316 5.89861 , 11.9728
10. 48.5949 6.4820 10.4672 °
1. 103.5230 . 4.8506 13.8352
12. 1.4400 7.9226 8.0466
13, 4.5655 8.6763 8.8921
14, 6.4271 4.2103 4.9108
15. -8,0898 9.1119 8.7036
16. 25.5354 10,4206 12.4158
17. -7.1744 7.5260 6.7927
18, 9.9256 2.5579 3.8653
19. 25.7084 5.7313 8.3427
20, 45.9426 4.9695 9,1710
21. 16.0964 6.2223 7.8176
22. 17.9471 2.0420 3.8176
23, . 10.6684 3.6504 4.9517
24, -2.7583% 4.1209 4.4391
25. 11.1539 6.4176 7.6114

26. 11.7722 5.0190 6.2099




Table 37

Faremeters of Growth curves of individual WP femalea for

12 weeks in the aecond Dagree form y =8 + bx + cx2
-No. a b Q
B 243,6704 -6.4176 15.5336
2, 46.9421 6.9481 11.2659
3, 121.2518 2.3526 13,1142
4. 86 .4897 2.4556 10.2448
5. 81.8292 3,2368 10,7089
6. " 48.5370 7.7378 11.4207
7. 23,7218 0.7837 3.3638
8. 132.1704 0.7857 12.3915
9. -10.1313 6.8017 5.7557
10. 11.4725 10,2967 10.8703
11, 14.0066 9,76847 10.4596
12, -49.7233 11,7562 7.1622
13, 91.5810 2,7048 11.0853
14. 146.3456 .0.2148 13,1350
15. -13.9206 8.4920 7.2948
16. 26,2637 8.0879 10,3088
17. 58,8063 6.7652 11.7889
18, 53.4186 5.7023 10.1874
19. 90.2777 4.8432 13.1609
20, - 61.2678 8.5235 13,2934
21, ~26.4236 8.3796 6.0414
22, 32,7223 7.6294 10,8316
23. 13.4395 . 4.8462 6.3481
24. 98,2732 5.,188% | 13.7935
25. -6.1114 7.5619 6.8102
36. . 75.3681 7.4451 13.5869




Table 38

Standard error of the estimate of four groups of
ducklings for 12 weeks when Von-Bertalanffy curve was
i

fitted

Ko. Des i males Desl females WP males WP females
1. 54.3845 82.4783 41.5534  151.9284
2, 81.0735 76 .8700 46,2477 58.7313
3. 34,1241 42,4986 34,1774 46.5413
4, 41.6917 71.1304 36.2313 38.1277
5. 43.9294 77.9678 39.5570 36.7014
6. 99.2789 92,7408 81.8121 112.6618
T 62.6298 69.3139 47.8963 16.7444
8. 24.1394 70.6180 21.5932 79.0825
9. 93.5323 106.3366 43.5004 50.3449
10. 72,6336 108.2121 32.8981 81.0524
11, 138.7769 67.1124 60.8273 75.7618
12, 80,7506 54.9543% 59.8362  128.2972
13. 92.0996 73.1120 T1.7822 45 .4008
14, 34.4608 92.6436 29.1528 77.6266
15, 57.5570 156.3444 71.5681

16. 59,6896 88.4910 84.1459
17. 60,7360 62.2111 41.6778
18, 56 .8521 18.3462 37.3695
19, 76 . 3880 42.8416 40.7188
20, 66.3788 21.8524 66 .8421
21, 94,9525 37.7180 78.1929
22. 70.3537 36.0743 59.4753
23, 45.4411 28.7905 36.2975
24. 67.6327 34,7701 49,1031
25, 76 .0423 45.4333 69.2226
26. ) 26.1862 50,5703
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Table 39

Stamdard error of the estimate of four groums of ducklings
for 12 weeks when second Degree Equation was fitted

v

No. Desi males Desi females WP males WP females
1. 75.5315 65.4986 59.0605 326.4560
2, 110.1429 69.2575 60.9739 88.5094
3. 173.3137 67.8161 49.8949 163.0248
4. 87.3331 267.6602 38.2391  121.0899
2. 95.9545 195.7322 50.3829 117.3133
6. 89.7634 11,1614 56.7970 125.9985
7. 90,0698 166.4069 35.1866 49.4475
8. 130.3472 T1.0195 60,9854 182.2231
9. 107.1617 210.7106 103.6819 35.2626

10. 111.2460 185.0927 65.6569 46.8981

1. 95.6630 85.2042 146.3636 54.4541

12. 94.5610 132.8923 45 .8542 102.7817

13, 97.0890 153.3225 55.6542 133.3686

14. 148.0969 192.5473 35.9254  196.4481

15. 150.1649 148.8638 49.9130

16. 175.2676 59.2823 80.7242 .

17, 1028613 48.5230  83.9104

18. 83.4260 41.6548 T79.1684

19, 79.2926 66.3074 132.6140

20. 50.4508 72.6976 89.1204

21, 220.8937 48.7046 59.2064

22. 177.0052 53.6709 73.6139

2%. 90.4218 46.5974 52.3097

24. 243.0420 48.3253 134.0320

25. 189.7166 49-9431 57.1433

26. 38.1043 99.1878




Table 40

Square of the correlstion coefficient (coefficient of
determination) between observed and expected values of
four groups of ducklings for 12 weeks when the
Von-Bertalanffy curve was fitted

No. Deei males Desl femeles WP malesa WP femmrles
1. 0.9771 0.9427 0.9867 0.9532
2. 0.9747 0.9533 0.9922 0.9888
3. 0.9680 0.9842 0.9674 0.9943
4. 0.9708 0.9858 0.9788 0.9937
5. 0.9647 0.9733 0.97118 0.9946
6. 0.9459 0.9466 0.9657 0.9659
Te 0.9730 0.9784 0.9854 0.9858
8. 0.9820 0.9432 " 0.9855 0.9818
9. 0.9753 0.9570 0.9943 0.9787

10. 0.9826 0.9276 0.9963 0.9824

11, + 0,9672 0.9513 0.9917 0.9843

12, 0.9639 0.9813 0.9813 0.9176

13, 0.9590 0.9580 0.9784 . 0.9921%

14. 0.9817 0.9595 0.9868 0.9842

15. 9780 0.8836 0.9692

16, 0.9813 _ 0.9816 0.9746

17. 0.9700 0.9742 0.9952

18. 0.9650 0.9890 0.9948

19. 0.9484 ' 0.9886 0.9955

20. 0.9584 0.9976 0.9914

21, 0.9608 0.9913 0.9520

22. . 0.9686 0.9594 0.9874

23. 0.9250 0.9851 0.9866

24. 0.9820 0.5730 0.9945

25, 0.9798 0.9862 0.9690

26. ' 0.9937 0.9950

e e
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Table 41

Square of the Correlation Coefficlent (Coefficient of
determination) between observed and expected values of
four groups of ducklings for 12 weeks when the second
dagree curve was fitted

No. Desi males Desl females WP males WP females
1. 0.9743 0.9776 0.9890 0.8163
2. 0.9522 0.9769 0.9949 0.9860
3 C.9375 €.9805 0.9589 0.9454
4. 0.9500 0.8482 0.9896 0.9536
54 0.9768 0.9019 0.9807 0.9635
6. 0.9688 0.9549 0.9812 0.9572
7. 0.9244 0.9141 0.9943 0.9568
8. 0.9481 0.9662 0.9817 0.9178
9. 0.9536 0.8972 0.9802 0.9888

10. 0.9637 0.8713 0.9889 0.9950

1. 0.9739 0.9629 0.9618 0.9913

12, 0.9654 0.9408 0.9935 0.9382

13. 0.9686 0.8940 0.9888 0.9532

14. 0.9389 0.86889 0.9899 0.9145

15. 0.9086 0.9024 0.9879

16. 0.9063 0.9955 0.9819

17, 0.9609 0.9848 0.9863

18. 0.9697 0.9878 0.9814

19, 0.9831 0.9902 0.9723

20, 0.9882 0.9862 0.9852

21. 0.9629 0.9957 0.,9702

22. 0.8440 0.9477 0.9947

23. 0.9452 0.9864 0.9894

24. 0.8476 0.9882 0.9699

25. 0.8989 0.9945 0.9771

26. 0.9965 0.9829




Tablo 42

Analysis of varlance of rates of growth besed on Von Bertlanffy Lquation
for twelve. weeks '

Jdource AT, . H33 P
Between mroups 3 0.0478 50,9171 %%
0.00092

Within groups 87

** Tndicetes eignificance at 1% lavel

CD for the comparison betueen

Groups Desi males Dosi females WP malos WP females Meen be™~ valuo
Desi malea 0.0201 0.0199 = 0.0199 0.6997
Desi femalaes ' 0.0169 0.0169 0.6675
WP males ’ 0.0167 0.7647
WP females ' 0.7459




Table 43

Parameters, Coefficient of determination (r®) and standard error of the
eatimate (9) of the Growth curve fitted to the average body weight upto

1@ weeks in the exponentizl form y = ae’*

No. Gemetic group a b r? 8 Fitted Equation

1. Deni males 65 .8189 0.2713 0.9311 192.2346 ¥ = 65.8189' 8xXp (0.271_3 x)
2. Deai females 74.9940 0.2643 0.8752 244.8711 ¥ = 74.9940 exp (0.2643 x)
3 WP males 51.3660 0.2779 Ov9426 142.0726 ¥ = 51.3660 exp (0.2779 x)
4. VWP females " 62.7081 0.2983 0.8954 295.5382 y = 62.7081 exp (0.2983 1)
5 Desl ducka T1.6246 0.2668 0.8973 226.4729 ¥ = T1.6246 exp (0.2668 x)
6. Pekin ducks 57.1734 0.2891 0.9202 213.8537 ¥ =57.1734 exp (0.2891 x)




Table 4

Parameters, Qo fficient of determination-(rz) and standard error of the sstirate (=)
of the Growth curve fitted tc the average bedy weight upto 12 weeks in the modifled
exponential form y = k + ab®

No. Genetic group k a: b r? a Fitted Equation

1. Desi males -4428.3080 4406.7500 1.0179 0.9931 27.2762 y = -4428.3080+4406.7500(4.1079)%
2. Desi femmles  2426.4740 -2485.2600 0.9540 0.9844 43.3115 y = 2426.4740-2485.2600 (0.954C)>
3. WP males -248.7951  261.4310 1.1473 0.9954 21.8033 y = —248.79514261.4310 (1.1473)%
4. WP females ~695.5954 679.1788 1.1G38 0.9953 31.3015 y = -695.5954+5679.1778 (1.1038)%
5. Desi ducks 4117.8960 -4162.5340 0.9758 0.9881 37.0013 y = 4117.8960-4162.5320(0.9758)%
6. Pekin ducks -420.5439  420.7679 1.1259 0.9967 22.2852 y = —420.5439+420.7679 (1.1259)%

L6



Table 45

Parameters, Coefficient of determination (ra) and standaerd error of estimate (3)
of the growth curve fitted to average body weight uptec 12 weeks of four groups
p 4

- 0T ducklings when Gompertz curve waa fitted

y = &bt

No. Genetic group a b c r2 8 Fitted equation

I. Desimales  1140.9350  0.0256  0.7840 0.9934 27.1346 ¥ = 1140.9350(0.0256)0-7840"
2. Desi females 1039.9080  0.0256 0.7407 0.9933 28.1024 § = 1039.9080(0.0256)0'74071
3. WP males 2307.8780 0.0138 0.8719 0.9924 28.9761 y = 2307.8750(0.0138)0-8719x
4. WP females  2114.5660  0.0143  0.8272 0.9953 32.4552 3 = 2114.5660(0.0143)0-8272"
5. Desi ducks 1063.5950  0.0259 0.7555 0.9934 27.4707 y = 1063.5950(0.0259)0-755"

6. DPekin ducks  2131.1280  0.1459 0.8476  0.9949 28,5039 y = 2131.1280(0.1459,0+8476"




Table

46

Parameters, Coefficient of determination (rz) and staniard error of the estimate (8)
of the growth curve fitted to average body weight upto 12 weeks of four groupe of
ducklings in the Ioglatic form ¥y k

1 4 100+C%

FNo. Genetic group k b . c r2 "8 Pitted Equation

1. Desi males 1412.8690  1.5747  -0.2169 0.9435 162.3944 1412.8690/1410"2747-0.2169x
2. Desi females 1299.7010  1.5193 _*0.2360 0.9470 153.2978 1299.7010/1+10%+3133+0-2360x
3. VWP males 1371.5140  1.5376  -0.1669 0.9937 32.2365 1371.5140/1410} *7376-0.1669x
4. WP females  1569.8190  1.6009  -0.2101 0.9922 51.1721 1569.8190/1+10' -6009-0-2101x
5. Desi ducks 1335.3520  1.5390  -0.2293  0.9450 158.0741 1335 3320/1+1o‘ +5390-0.2293x
6. Pokin ducks  1438.7670  1.5605  -0.1912  0.9938 37.3429 1438.7670/1+10%-5605-0.1912x
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Table 47

Pareneters, Coefficient of determination (r2) and standard error of the estimate (s)
of the Growth curve fitted to the average body weizht upto 12 weeks in the Von-Bertalanffy

form y, = 15(1—'k:|e_k-t)3
Yo. Genetic group b k r2 8 Fitted Eguation '’
1. Desi males 0.7858 0.1229  0.9750  62.6304 y, =2000{1:0.7858 exp(-0.1229 t)) E
(4 = 2000) T
2. }(]isi fema)lea 0.7548 0.1400 0.9758 61.0716 ¥y = 1750( 1-0.7548 exp(-o.14oc>t)) 3
= 1750
3. WP pales 0.8166 0.0727 0.9924 32,7318  y; = 3500(1-0.8156 exv(~0.0727 t)) 3
(& = 3500)
4. VP females C.8161 0.9916  0.9967  28.9756  y, = 3300 (1-0.8161 exp(~0.9916%)) 7
(4 = 3300)
5. Desi ducks 0.7605 0.1218  0.9747 62.5480 3, = 2000 (1-0.7605 exp(~0.1218t)) 2
(4 = 2000) ' 5
6. Pekin ducks 0.8158 0.0837 0.9962 27.707% ¥, = 3500 (1-0.8158 exp(~0.0837¢))
(A = 38007 .

001



form y =

Table 48
Parameters, (oefficient of determination (ra) and standard error of the eatimate(s) of
the growth curve fitted to the average body weight upto
a + bx + 012

Genetic group

Desi males
Desl feﬁales
WP males

WP famales
Deai ducks
Pekin ducks

42,3207
77.0358
20.4062
56 .7821
64.5940
37.2087

4.4099
1.4926
5.4388
5.4172
2,5386
5.5456

0.9688
0.9357
0.9927
0.9825
0.9258
©.9895

12 weeks in the second degree
L)

Fitted equationm

42.3207+4.4099x+8.7428x°
77.0358 + 1.4926x + 9.1056x°
20.406245.4388x + 7.3907x°
56.782145.4172x + 10.3907x°
64.594042.5386x + 8.9749x°
= 37.208745.5456x + 8.8897x°

I fl Il |

10T



Table 49

Initial body weights (yoj and 'b' values of Desi
meles and females by Reo's Method

- — e

14,
15.
16.
117.
18,
19.
20,
21.
22,
23.
24,
25,

o

Desi males'

Deal females

N b To b
37 28.6606 41 42.5676
34 26.2629 36 44.8483
36 32.4553 39 36.1854
36 19.8882 40 57.5847
37 28.6999 39 47 .6965
28 35.5934 35 52.6878
34 19.5195 33 54.5785
38 33.3988 40 41.6078
40 26.3333 41 59.0886
35 34.5357 40 59.1596
40 31.4726 38 38.8841
38 37.2155 40 43,5874
37 29.7353 38 44.1581
33 32,8098 40 55.3456
’ 35 44.1938
38 46 .2308
37 41.1020
40 34.9971
a1 39.3190
34 37.1976
39 58.1677
35 29.1131
38 . . 31.4725 .
39 52.5086
38 56.4377

10

ot



Teble 50

Initial body weights (yy) and 'b' values of WP males
and females by Rac's Method

— —— —_

L23 ;ales WP females
S T N
1. 38 27.6569 38 62.0844
2. 38 37.5028 46 52,2269
3. 36 13.6291 36 60.6972
4. 39 18.8139 36 44.6451
42 18.4368 38 50.5135
6. 38 35.7455 40 72.2034
T 39 28.7355 30 12.9531
8. 41 12.5673 34 57.3173
9. 36 42.9014 35 30.9718
10. 34 36.9730 40 59.6710
1. 4Q 42.7112 42 56,5258
12. 40 33.5953 37 43.8288
13. 37 38.9261 36 52.1445
14. 33 19,0586 38 59.4676
15. 44 45.1920 38 40.5790
16, 40 50.3719 38 57.4716
17. 40 28.1126 40 59.1871
18, 36 12,0517 38 50.2868
19, 38 32,2240 38 61.2953
20. 44 31.1623 39 71.8568
21. 39 29.6141 40 34.1920
22, 37 13.9307 47 50.6504
23, 38 18.5596 40 31.3727
24. 40 16.1452 38 67.5662
25. 36 ' 30.4285 38 37-1140
26, 42 23,0309 38 67.5279
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Table 51
Anolyeis of Covariance of Initial body weight (yo) and *b* valuea by Rac’s Fethod

Source d.f 33(x) SP(zy) 83(yi Agjusteﬂ A4 justed F

of. M33

Between groups 3 39.8125 1%6.8125 0427 .453 3 306%.431
Within groupe 67 650.6004 614.4375 10369.81 85 113.8318 26.9128#
fotal 90 690.4219 751.25 19797.27 89

#% Indiontes significance at 1% level
CD for the comparison between

Groups Dtai_ nales Deal fe.amalee ¥P males WP fomalea .ﬁ?af;a Iues ;:guftfii‘;fl%g:)
Desi males ] T.0776 ) T.0286 T.0286 29.7571 31.1634
Dosi fenales S «9384 5.9384 45 .9364 45.9098
WP malss 2.8798 28.3723 27.8794
¥P females 51.7062 514675

Regresaion estimate (b) = 614.4375/650.6094 = 0.9444

To tost b’ 2
F(1,86) . = ;615.%2751 45§o.§024 = 5.0977¢
13.8318
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V. DISCUSIION

The repults of the procent investigotion "Comparative
study of growth pattern in ducks - A gtatistical approach”
were given in Chapter IV. On the basis of these rogults
tho following discussions, conclusions and reconmendations

wye - made .

Besed on thc results of mean body welghts ond standapd
errors of the glx groups of ducklings for the firat seven
days, 1t oould be observed that the initisl body welght was
8lightly higher for White Pakin (WP) malss followsd by
besi malea. The standard error wea leagt for WP naloa
followed by Desi malos. The initial mean body woeight of
Dosl malep and femalcs were 36.6428 g and 38.16 g which
were less thon the 42.64 g and 43.33 g reported by
Baswaran at al. (1984). The mean initiel body woight of
Deni duckling irrospoctive of sex was 37.6153 g which was
also less than the mean body weight of 42 g reported by
Goorgo et gl. (1980). The mean initial body weight of WP
duckling irreopective of sex was 38.4423 g which waa also
not in agreement with tho findings of Xemar et nl. (1971)
and Majne et al. (1973).



The initial increase in body weight of the WP males
were not maintaincd on the 7th day. OUn tho soventh day,
Desifmales showed the highest mean body weight (6328 g).
While considering the ducklings 1ri-oupoct1n of sox, Desl
ducklings were on &n average heavisr then tho WP ducklings,
but the standard error was high for Deoi ducklings coapared
to WP duakitnga on the seventh day., While conaidering sex
8150 Deal males and females weore on an average heavier than

¥P mnles and fenales.

In the case of WP ducklings, there was a drop in the
body weight on the second day. The decrense was noticed '

in the case of nalos and femnles alao.

Baced on the moan and etanderd errors of body wc‘ight
of oix groupos of ducklings on weokly basis upto 12 veeks of
age, it oould be obaerved that on the 4th weelk, the body
weight averaged 289.,4285 g with a standierd error of
21,1864 g in the ceas of Desi malea and 345.6 g with a
standard error of 26,7935 g for Desi femalos. Thede were
not in agrecment with the findings of :aswaran st al. (1984)
The 8th end 12th gook body weight wae also less than the
body weight reported by Easwaran gt al. (1984). While
oonocidering tho Desi duckling irrespective of cox the body
weight averaged 1258.2051 g which wae less than the mean
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body weight reported by Renchi st a2l. (1981). On the 12th
weok Desi males wore heavier than the Desl females.

In the casg of WP males end femalcs the mean body
weight at 4th week were less then the mean body weight of
the Desi males end ferales of the sare gge. bBut on ths
B8th week WP malos showod an average body weight which was
legs than that of Dosi males whercae WP fenales were heavior
than that of Deal females. Jame was the case on the 12th
week. On the 12th wesek WP females were heavier thon WP makbs

While considering the WP duckling irrespective of sox,
the 4th week body welight averazed 245.4807 g which was leas
then the nmean body weight of 325.4359 £ in the cage of
Desl duoklingo end algo tho findings of Kopar gt al. (1971)
and Majna gt al. (1973). On the Bth week Desi ducklings
were on an averago heavier than WP ducklings. The 8th week
body welght was also not in agreement with the findings of
Kemar st g1. (1971).and HEajne ot al. (1973) «» On the 12¢th
week of Desi ducklings wers heavier then the WP ducklings.
The standard error wes amsll for Desi ducklingo oclanpared
to' WP ducklings. | |

The analyais of varience of thc initial body weight,
body weightse at 4th, 8th end 12th week revealsd that there
was no significant difference in initial body weight of the



four groupBiV1g. Desi mnles, Desi fomales, WP males ard

WP fenales. But tho 4th, Bth and 12th woek body woighta
vere signif%cantly different for the four groups. Zhe sip-
nificance at the 4th weck was duo to the highor average
body weight 'of Deol females whereas on the 8th and 12th
voek the aiénificance wes due to the higher avcrage body
weizht of Ui fennles compared to the other three groupa.

A plateou in body welight waze not obsorved in the case of
Dgoi snd white Fakin groups on tho 12th week of eage. This
indicate th?t the firat 12 weeks 40 not cover the entire

growth period of those two genetic groups.

From the exponentinrl growth curve fitted to the four
groupas of d;cklinga vig, Doe3i malea, Desl femclew, WP wmales
and WP femalea on individual basis showed that the cosfficient
of determination wae fairly laorge whoreas the stendard error
of the esti?ato wad higher for almost all ducklings. This
indicates tho lack of £it of the curve to the observed
vaelues. DBased on the titting of the saze curve on the
average baa}u, HP males ohowed higher value of r° (0.9426)
and & high value of 'e' (142,0726). From the analyais of
variance of the growth rate of the exponentinl ourve, it
was found that the four groupe were significantly different
in respect of growth. The growth rate was higher for WP
forales followed by WP males and leaost for Desi gemalea.
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q
The n;dified exponential fitted to the four groups

of duocklings on the iniividuzl basis revoaled that the
coefficient of determination was very high for slmost all
ducklinga and the stendard error of the eatinmate (8) was
comperativoly leas and thus indicating goodneze of fit to
the observed data. When the curve was fitted to the aix
aroups viz. besi males, Desi Iamaloa,-HP'nalns, HP fonales,
Dol dunkungﬂ 1rreapect1ve of £6x and ¥F ducklings irres-
pootive of 86X On an average basis observed that the
ooefficient of determination (r ) wvas higheat for WD duok—
linge irrespeotive of @sex (r = 0.9967) followed by WP nales
(2° = 0.9954). Tho stondard error was lsant for WP males
{» = 21.8033) followsd by WP gucklings irrespective of

gex (o = 2?.2852). The enalysis of varisnce of the growth
rate reveclad that WP males hed a higher growth rate than
WP femalea. This was Jjust reveraé of the findings on the
basie of the exponentisl curve. The rate of growth was

least for Deci nales,.

The Gomportz curve fitted to the four groups of duck-
1ingo on the individual basis showod that for almost all
duoklings of the four groups, the coefficiont of determi-
nation (raj uas of the highost order and the standerd error
of the estinnte was least. This indicates tho goodness of

it of tho curve. OUn the ‘laverage basis, the curve chowed
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a high value of r° (0.9953) for WP females followed by

WP ducklinge irrespective of 0ox (r° = 0.9949). The
stondard error of tho gotimato was least for Deol mpales

(s = 27.1346) followed by Deai ducklings irreapcotive of
sex (9 = 27.4707). The analysis of varionce of the growth
‘rato on the‘bania of Gomperts curve rovealed that thore
was significant difference betwoen tho growth rate of tha
four groups of ducklings. The rate of growth was maxioum
for Deni females and least for WP malea.

Based on the logistio curvo fitted to the four groupa
of duéklinéé on the individusl basis showed a large value
of cooffiolent of determination (r2) but the otandard error
of the estimate was high for almoot all ducklings. This
indicates that curve 13 a poor f£it to the observed desta,
When the curve was fitted to the six groups on the average
basis, the coefficiont of determination (r°) was high for
WY males and WP duoklingo irrespactive of sex. The standard

orror was aloo least for theae two groupsa.

The Von-Bertalanffy curve was also fitted to the body
weight of the individual ducklings of the four groupa. The
ocofficient of deteraination in thisc casce was large for
alpont all duckiinga and the standard error of the estimate
ves &lso omall, and tlme indicating goodness of fit to the

observed values. When the curve wes fitted to the avorsge



111

" body weight of the six groups of ducklingo, WP females
showed a hi-ge value of coefficient of detormination

(ra' = 0,9967) followed by WP ducklings irrespective of sex
(r‘? = 0,9962), 7The standard error of the estimate was

least for WP duckling irrespective of sox followed b} WP
femalen. The analyois of varlance of the growth rate showsd
that the four groups vore significantly different in reapsct
of growth. WP males had a higher rate of growth followed by
WP females. The rato of growth wap least in the case of
Desi fomales.

Baged on the necond degroe eguation fittod to the four
groups of ducklings on individual basis the coefficient of
determination w22 higher for all groups whereas the standard
error 0f the estimate was very high for almoat all ducklings.
This indicates lack of fit of the equation to the obaerved
data, When the ‘curve was fitted on the average basis, WP
males showed the highest value of !‘2 (r » 0.9927) with least
standard error (s = 50.2407). '

Baped on the nnalyais of the growth parameter eatu;ato
(b) ss explained by Rao (1958) and by initinl body woight
(5o) 28 concomitant variablo it wac found that there was
significant rolationship betwoon initial body weight and

the 'b' values. Tho amnalysis of covariance was conducted



and wao given in Toble 51, It was found that the four
groups wero highly significantly different end the WP
fornles had the moxisum 'b' value followed by Desl females.

From the six curvos viz. the oxponential, modified
exponential, Gompertz, lLogistic, Von-Dertslanffy and second
dogree fitted to the oix groups of ducklings on individusl
and average besis, 1t was found that the Gompertsz, modified
exponsntial and Von-Bertalanffy curves gave best fit to the
8ix groupsz. The Gomportsz curve gave beat fit to Desl males,
Denl femnles ond Desl ducklings irrespective of sex wvhoreas
the moiifiod exponential gave beat fit to ., WP males and
¥P duoklings Arrespective of sex. The Von-Bertalanffy curve
gove best to WP fomales: Tho forms of the best fitted equa-
tion wore given in Table 44, 45 and 47 along with the
coefficlient of determination and stendard error of the
estimato.

Tho graph of the two bost fitted curves Qomperts end
modified ox%onential wore plottod along with obsorved
values for five groupa of ducklings except WP femalcs and
were shown in Flgures t, 2, 3, 5 and 6. For WP females
Gompertz and Von-Bertalanffy curvo were plotted along with
oﬁnerved values and wore shown in Flgz.4. Tho graphical
representation also confirms the appropriateness of theoe
curves viz. Gompertz,medified exponential and Von-Bertalanffy.
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Among the threo curves vig. Gonpertz, modified
exponential and Von-bBertalanffy, the Gompertz curve wns
conalatently superiocr when the iz groups wers considercd.
Hence the goneral conclusion one cen make is that the
model suitoble for fitting the trend of body weight in
the case of ducklings irrespactive of breed ocnd sox,
Gompertgz 1o the bent. The second best curve is the

wodified exponentisl.

Ths mein recommendation of the study is that the
Gompertz form is the best curve to fit the growth of body
velght in ducklings in general. This 1s in ngreement with
the f£indinzd of Ricklefs (1973) for birds in general,
Buffington (1973) and Ren-yu-Tgeng and Becker (1981, also
suggested Gompertz curve for fitiing the body veight data
in broller chicken.
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SUMMARY

With a view to conpare the rates of growth of two
breeds of ducklings ie. Desi and White Pekin (WP) and
to f1rd out a cuitablo matheantical model to predict
the body weight at difforent atages of growth, an oxpori-
pment was initiated on May 3ist, 1988, It consiated of
91 day 014 ducklinge of which 14 véro Deai malen, 25 Deal
females, 26 WP pales end 26 WP females. Body woights of
these ducklinzs were recorded for 12 weeks at wookly
interval:s along with daily woilghts for oeven days. The
ducklings wore hatched and reared at Eerala Agriocultural
Univbraity Duck Farm, Hannuthy under same feed formula

and identical management practicea.

The initial body woizhts were 36.6328 g, 3B8.16 g,
38.6538 g, 3B.3846 g, 37.6153 g ond 38.4423 g rospectively
for Descl malen, Desi femalog, WP malesa, WP femalos, Desai
ducklings irreapective of asex and WP ducklinze Arrespective
of aex. WP males showed a high initial body wveight followed
by WP females. Deol mnles showed the least initinl body
woight. While considering tho two groups Airregpcctive of
aci, ¥P ducklings showed a higher mean initial body wvelght
. than tho Desi ducklings.



Steady inoreaso in body welght woo noticcd'during
the firot 12 woeke. At the end of 12th weok the =moon body
weighta of the six groups vic. Deol males, Donl females,
WP mplen, WP females, Desi ducklingl irresdpoctive ot:aéx
and WP ducklinga irrcapective of sex were 1291.7657 g,
1239.4 g, 1021.7308 g, 1401.6154 g, 1258.2051 g and
1214.6154 g respectively. 1In the case of WP ducklings,
femzles wers on an average hoavier than malss in all the
12 wooks whoreas in the case of Desi ducklings, females
meintaired their high body wo:lgl.zt upto 10th wesk of égﬂ.
¥While considering irrocspeotive of sex, Desl ducklings were
on &n sverage heavier than WP ducklings at 12th wgek of

age.

The snalynis of varlance of the initial body weight
and body weight at 4th, 8th and 12th weeks showed that
there eixist no significant differonce in initial body
veight. Theo difference in body weight botwoen groupé 8 trrted
from 4th week onwards. OUn the 4th, 8th and 12th weeks -
non-significant difference in body weight wvas obtained for
males cnd femalea of Doal group wherees in WP group 1t ves
signifiocant.



To depiot the pattern of growth and to prediot body
veight at different ageo, exponential, medified exponential,
Go-porté, logiotic, Von-Dertalanffy mnd aecond degree

ocurves wero tried.

Amongz the above olx curves fitted, Gompertes, modified
exponential and .Von-3ertalanffy gave best fit to the data
on individuel and on avorago basio. The graphical repreasen-
totion of the fitted curves also .confirme the oppropriate-
ness of these curves. The (Gompert® curve gave best fit to
the Dosi mnles, Desl femnles and Dosi ducklinge irrespoctive
of sex. Tho analyais of varisnce of the growth rate (bC)
when the Gomporte curve was fitted showed significant
difforence botwoen groups. The modified exponential gave
best fit to WP males and WP ducklings irrespective of pox.
The enslyais of varience of the growtg rate (b) shoued
oignificant difference betweon groups. The Von-BLertalanffy
curve gave beat fit to WY fomales. The enalysis of variance
of the growth rate (be*k) showed significant difference

betweon groups.

By the method of Rao (1958) the growth rate )
estimate (b) were calculated for each group. The 'b’ values
had eignificant relationship with the initial body woight (yq) e
Hence the analysis of covarience of 'b' velues taking
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~ initial body weight (3b) a3 conccomitant variable was
conducted. The four groups were signiflcantly dirfafont_

and the WP female chowed the maxirzum growth rate,
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AB3TRACY

An investigaticn based on 14 Desi males, 25 Daa':t
fernleo, 26 White Fekin (WP) nalse end 26 VP formales
belonged to the Kercle Agriculturcl University Duck
Fars, Mannuthy was undertaken (i) to exanine the pattern
of growth in the two breeds of ducks (1i) to compare the
rates of growth botween ond within each genetic groups
ond (114) to fit sppropriate growth curves for predictinn
of body welght at difforent stages of growvth.

Tho ducklings were roered under uniforn feed formla
and identical manageront practices. fThe initisl msan bodj
weights of tho six groups of ducklings vig. Desi malas,
Vezl femcles, WP nales, WP femmloa, Dedi ducklings
irregpective of gox and WP ducklings irreopective of sex
were 36,6420 g, 38.16 g, 38.6538 g, 38.3486 g, 37.6153 g
end 38,4423 8 redpsctively. Fexales in each genetic
groups had a higher meen boudy ue.i,ght than males except ‘l‘l-th
end ‘12th week in the case of Desi ducklings. On the }2th
veek the body weight avarcged 1291.7857 g, 1239.4 2,
1021.73C8 g, 1401.6154 z, 1258.2051 g and 1214 g for Desi
males, Dosi females, WP males, uUP fomales, Dezil ducklings
1rre;spectivo of gex and WP ducklinsa irrespective of gex

reapectively.



The initial body weight wud non oigpificant tor-a;l
the four groupe whersss the 4th, 8th end 12th week body
veights showed usignificant difference botwesn groups.

It cculd be oboerved that & platesu in body weight
was not sttained on the 12th weck of age for Dasi und
¥hite Pekin ducklings.

Gomparts (y = -bex). acdified expcnential (y w ksab®)
ond Ven-pertalanffy (y, = A{i-bo'kt)3 were found guitable
for fitting body weigbta for the firat 12 weeksa. Thl
fira% two gave good f£1t to almort ull birds on individual
and averapge basins.

¥hen the growth rates of the fitted curvea wore
compared, Goppertz curve showed significent difforsnce
betwecn groups. The maximum growth rate waa noticed in
Desl females, Baaed on modified exponentinl ond |
Von-Bertelanffy the rate of growth wss significant and
saxizum growth wsa noticed for WP maloa. By the zmethod of
oso (1958) the initisl dody weizht hed significant relntion
with the grou%h rate (b). The rato of growth wae mezigum
for WP femalea followcd by Deal femalea. The graphs . of
the best fitted. curves - Gompertes, nodified exponont;ul
and Von-bertalanffy were drawn for all the six groups
along with the cbserved values and that also confires the
.above findinazs.



