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Prediction of bird's production potential by using part record has 
been a topic of interest for the past several decades. Prediction equa—
tions for egg production of chicken have been reported by McNally (1971) 
and Gavora et al. (1971) and Timmermans (1973) discussed the stati-
stical and genetical significance of application of mathematical models to 
explain egg production curves in Poultry. In fact, Wood (1967) gave 
an algebraic model for lactation curve in cattle which was further impro—
ved by McNally (1971) to suit the egg production curve. McMillan et al. 
(1970) concluded that daily egg production of Drosophila was closely 
related to the egg production curve of laying hens and that the egg 
production was adequately described by growth models proposed by Von 
13ertalanffy (1934 and 1938). Gavora et al, (1971) gave detai led account 
of biological significance of McNally's equation, the estimation steps and 
test of significance. However, no report seems to be available on predi-
ction of egg production in Japanese quail. Therefore, in this paper linear 
quadratic, Wood's and McMillan's equations have been fit to the egg 
production data of Japanese quails and their relative efficiency has been 

evaluated. 

Materials and Methods 

Egg production data of random-bred flock of Japanese quail 
hatched during August (monsoon) and November (winter) and main—
tained under standard managerial and nutritional conditions at Poultry 
Research Division, I. V. R. I., Izatnagar (now the CARI, Izatnagar} were 
util ized for this study. Two hatches in each of the seasons witf~ 50 quail 
hens per hatch during monsoon season and 30 quail hens per hatch 
during winter season were considered. 

Egg production over 3 days' periods from 43rd day to 120th day 
was computed hatch-wise and season—wise. The data of 26 periods so 
formed were utilized to fit linear, quadratic, Wood's and McMillan"s 
equations. 
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The linear and quadratic equations were developed as described by 
Snedecor and Cochran (1967). Expected time of maximum production 
T (max) was calculated by the ratio--'~/2c. The Wood's equation as 
improved by McNally (1971) was defined as 

Y (T) - ATB exp (-CT-;-DT~•~~) where; 
Y (T) = no. of eggs laid in period T 

T = biweekly period 

A, 6, C and D were constants (partial regression coefficients) 
exp = a mathematical constant 

The above equation was solved as multiple regression equation on 
log scale i. e., 

Ln Y (T) - Ln A-}- B Ln (T) --CT -}- DT~•~~ as per 
methods described by Snedecor and Cochran (1967) Where; 

Ln indicates the Naperian logarithm. 

The McMillan"s function was described as 

Y(T) - A {1-Exp ~:-B (T--C) ~ } (Exp (-DT) where; 

Y(T) - No. of eggs laid in period T 
T - biweekly period 
A -- Potential maximum egg production per period 
B - Rate of increase in egg laying 
C = Initial period of laying 
D - Rate of decrease in egg laying (ageing effect) 

exp = A mathematical constant. 

In the first hatch of monsoon season and second hatch of winter 
season, the egg production in the first period (43rd to 45th day) was 
zero and hence, the same was ignored for fitting McMillan's function as 
suggested by Gavora at al. (1971). The constants A and D were calcu-
lated by log linear regression (after logarithmic transformation) of number 

of eggs on time T in the interval of production in which T ~ T (max). 

The constants B and C were computed between 1 <T~T (max.) 

Utilising the constants A,B,C and D obtained in the McMillan's 

function, the following were computed: 

T (max) == C-{- 
B 

Ln B p~-C 
Estimate of maximum roduction Y ( ) = Ex6 CD 

a) 
6 -F-D 1 -I-Dp ~ T max p ( ) ( ) C 

Total Production for Yr (o to 2s) _ 

=YT (0 to 60) 1-Exp (-D (26-C)) 1 +g ~ 1-Exp(-B(26-C) 
C \ / ~ C 
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Total production Yr (o t~ oo) =Total potential egg production. 
A Exp(—CD) 

D 1 -{_ 
D 

6) 
and egg development rate (instantaneous) K = B -{-D 

All the models developed were tested for their usefulness by calcul-
ating the expected values and developing correlation coefficient and 
coefficient determination (R-square) values. 

Results and Discussion 

The constants of linear, quadratic and Wood's equation are presented 
with their R-square values and correlation coefficients in Table-1. it can 
be observed that R-square values corresponding to linear equations were 
low and hence they are not ideal for predicting future egg production. 
Besides, the b value being positive in all the cases, the egg production, as 
predicted by the equation, continuously increases whereas !aging hen 
reaches a maximum production, continues to lay at peak for sometime and 
subsequently, the production decreases. 

The quadratic equations predicted to a greater extent, variations in 
egg production to a tune of 77 to 87 per cent. But, tl~e major set back is 
that when production of periods>36 is predicted the value will be zero or 
negative. That means to say that quails lay ony for a period of 108 to 
110 days, which is not true. This is expected because in a quadratic 
function rate of reduction in the dependant variable will be equal to rate 
of increment which is not the case in egg production. Besides, predicted 
period of maximum egg production by theequadraticequationswas between 
17th and 18th period whereas generally highest egg production was 
recorded between 10th and 15th period itself. 

The quadratic equations obtained were: 

Monsoon season: 
Hatch 1: 
Hatch 2: 

Y--5.30-13.01 X—•0.35x~ 
Y-4.11 -I-12.38X-0.35x2

Winter season: 

Hatch 1: Y~2.10+8.44X-0.24x" 
Hatch 2: Y=4.04-I-7.31 h-0.21 x2

The wood's equation gave high R-square values ranging from 82 
to 96 per cent indicating their high reliability. A similar opinion was also 
put forward by McNally (1971) after he improved the Wood's equation. 
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The following the Wood's equations obtained: 

:~ Monsoon season: 

Hatch 1: Y- 4.27T~~• 2 ~~ Exp (0.01 T-2.07T~~~~) 
Hatch 2: Y = 780.55T ~ •~~`-' Exp (-0.45T-7.18T~~ ~~) 

Winter season: 

Hatch 1: Y-2.37Tr•~r Exp (0.16T--0.41T~•~>) 
Hatch 2: Y-470.13T~~~3° Exp (-0.42T--6.55T~~~~) 

The constants and predicted variables of McMillan's function are 
presented in Table-ll. 

The predicted McMillan's equations were as follows: 

Monsoon season: 

Hatch 1: Y-109.8 ( (1-Exp {-0.4(T-2.90); ) JExp(-0.0021 T) 
Hatch 2: Y-110.6 ( (1-exp ~-0.53(T-2.00)} [Exp(-0.0037T) 

Winter season: 
Hatch 1: Y= 84.5 [ 1-Exp ~--0.30(T - 1.90); ]Exp (-0.0095T) 
Hatch 2: Y-67.9 J 1-Exp ~-0.45(T-2.50); J Exp (--0.0051 T) 

The potential maximum for monsoon hatched birds was approxi-
mately 1 10 per period (3 days) i. e., 73.33°0. For winter hatched birds 
there was a substantial difference between hatch -first hatch having a 
potential maximum of 85 eggs per period (94.44 ~o) while the second 
hatch had 68 eggs (75.56''/x ). It may be due to the fact that the birds of 
second hatch suffered severe winter stress during their growth and produ-
ction periods. However the potential maxima of winter hatched birds 
were greater than those of monsoon hatched birds and hence they 
produced more number of eggs per bird upto 120 days of age than the 
former. This is further reflected by the fact that rates of increase in egg 
production (B) per period for 50 birds in monsoon season were 0.41 and 
U.53 whereas, for 30 birds itself, the rate was 0.30 and 0.45 among 
winter hatched birds. Similarly, instantaneous egg production rate (K) 
were higher among winter hatched birds although rate of reduction in egg 
production (D) was lower in monsoon hatched birds than the winter 
hatched ones. The perusal of Table II further reveals that estimated 
initial period of laying (C), maximum period of laying (T max) maximum 
egg production (YT max) total production upto the end of the last period 
and the actual values were comparable. Total potential egg production 
was estimated to be 49779 (996 per bird), 22459 (589 per bird), 8464 
(282 per bird) and 12982 (432 per bird) in the case of hatch 1 and 2 of 
monsoon and winter hatched birds, respectively; the lower values for 
winter hatched bird is merely a reflection of higher D values (ageing 
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effect} recorded for them. The R-square values and the correlation 
coefficients in respect of McMillan's equation were also high except in 
the case of second hatch, monsoon season. 

Considering Wood's and McMillan's functions, the latter is prefer-
able although both are equal ly useful in predicting egg production. This 
is because of the fact that the constants developed in the McMillan's 
function are extremely useful for selecting the birds, when the equation 
developed on individual bird data. The birds may be selected for higher 
A,B and K values or for lower D value. 

Hence, it may be concluded that Wood's or McMillan's model 
may be util ized for the egg production data of Japanese quails and the 
constants developed from the McMillan's model on individual bird's 
record can be included in the selection indices in breeding programmes. 

Table I 

Regression coefficients of linear, quadratic and Wood's equations 

Linear 

Monsoon 

Hatch 1 

Winter

Hatch 2 Hatch 1 Hatch 2 

a 39.3 48.6 32.5 30.6 
b 3.5 2.8 1.9 1.6 
r 0.72 0.69 0.71 0.70 
R~~ 52.56 48.29 50.85 49.58 

Quadrati c 

a --5.30 4.11 2.10 4.04 
b 13.01 12.38 8.44 7.31 
c -0.35 - --0.35 - 0.24 -0.21 
r 0.88 0.90 0.93 0.93 
R2 (%) 77.07 81.52 86.1 1 87.35 
T(Max) 18.4 17.5 17.5 17.3 

Wood's Equation 

A 4.27 780.55 2.37 470.13 
B 4.25 7.02 1.61 6.30 
C -0.01 0.45 0.16 0.42 
D - 2.07 -7.18 0.41 - 6.55 
r 0.91 0.95 0.91 0.98 
R2(%) 82.04 90.24 82.25 96.88 
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Table I l 

Constants and estimates-McMillan's function 

Monsoon Winter 

Hatch 1 Hatch 2 Hatch 1 Hatch 2 

A 109.80 
B 0.41 
C 2.9 
D 0.0021 
Initial period of laying 2.0 
n 

110.6 
0.53 
2.0 
0.0037 
1.0 

84.5 
0.30 
1.9 
0.0095 
1.0 

67.9 
0.45 
2.5 
0.0051 
2.0 

T (max) 15.8 11.3 13.6 12.5 
T (max) 

n 

13.0 10.0 14.0 15.0 

Y (T rnax) 105.7 105.3 71.9 62.9 
Y (T max) 

n 

122 111 80 68 

Y (0 to 26) 2370 2521 1786 1481 
Y T (0 to 26) 2234 2264 1521 1364 
Egg prod~,ction (~°) 64.60 63.30 68.90 69.60 

~~ 
Y T (0 to 00) 49779 29459 8464 12987 
K 0.41 0.54 0.31 0.46 
r 0.9 0 U.78 0.92 0.89 

R2(%,) 80.99 61.61 85.28 79.00 

Summary 

Egg production data of Japanese quails in two hatches during 
Monsoon and during winter over 26, 3-day periods (43rd day to 120th day 
of age) were utilized for regression analysis, Linear, Quadratic, Wood's 
and McMillan's equations were fit and the suitability of each of them for 
predicting the egg production was discussed. It was concluded that 
either Wood's or McMillan's function is appropriate for predicting egg 
production of Japanese quails. The McMillan's function is particularly 
useful for selection of birds in breeding experiments. 
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