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Adjustment for the Calving Month and Parity on the
Total Milk Yield in Holstein Cows
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Summary

The daily milk yields of 261 Holstein lactations from the official records of the Advanced
Registry Test in Saga Prefecture during 1970-1975 were analyzed by the least squares
analysis to evaluate the effect of calving month and parity on the total milk yields through-
out the lactation up to the 43rd week.

The mathematical model of the lactation curve in cows was represented by the equation
y,=Ante=e", where y, is the weekly average of daily milk yield in the nth week after the
beginning of lactation, and 4, b and ¢ are constants. Expected total yields are obtained
by integrating the equation over the entire range of lactation.

The results obtained are summarized as follows:

Constants 4, b and ¢ showed highly significant variations associated with both calving
months and pavitics. There were apparent variations among the means of peak week,
peak yield and persistency, for cows calving in different months, suggesting that the shape
of the lactation curve was affected by calving month after the eliminating the effect of
parity. Also, the changes in the constants, and therefore in the curves they define, were
associated with the changes in parities.

The daily milk yield was depressed during summer months to an extent. The depres-
sion was independent of the stage of lactation. However, the differences in total milk
yicld were associated with the month of calving. Seasonality of the total milk yield by
calving month covers a range of 16.6%, from April (+7.7%) to August (—8.9%). The
total milk yields of summer calvers were about 1,000 kg lower than spring or autumn
calvers. The total milk yeilds also increased with number of calving up to the 3rd parity.

The correction factors were calculated for differences in calving month and parity.
It is considered that selection of dairy cows can be expected to bring about a further
improvement in milk production when adequate adjustments are made for the total milk
yield by calving month and parity.
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Table 1. Distribution of cows by nonth of calving and parity

Parity
Month of calving
1 2 3 4 and over Total
January 5 13 6 ‘ 3 27
February 4 5 8 9 26
March 2 6 6 5 19
April 2 4 2 3 11
May 4 0 2 4 10
June 5 8 7 5 25
July 6 7 6 2 21
August 1 4 7 1 13
September 1 3 6 4 14
October 1 5 5 2 13
November 8 8 8 3 27
December 18 16 15 6 55
Total 57 79 78 47 261
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Table 2. The least-squares equations to evaluate the influence of calving months and partities
in cows on the constant 4 of the function of lactation curve, y, = Anbe~c"
A i Ry g Ry g g Mg e By B By ne P P2 ps pa RHM
pe 261 27 2619 11 10 25 21 13 14 13 27 35 57 79 78 47 6848.66
my: 220 0 0 0 0 0 0 0 0 0 0 5 13 6 3 751.66
gt 26 0 0 0 0 0 0 0 0 0 0 4 5 8 9 678.61
my: 9 0o 0 0 0 0 0 0O 0O 0 2 6 6 5 589.66
my: it0 0o 0 0 0 0 0 0 2 4 2 3 337.11
s 0w o 0 0 0 0 0 0 4 0 2 4 298.93
mg: 25 0 0 0 0 0 O 5 8 7 5 674.97
iz 201 0 0 0 O 0 6 7 6 2 497.61
ng: B3 0 0 0 0 1 4 7 1 309.43
g 4 0 0 0 1t 3 6 4 357.17
Mgt 3 0 0 1 5 5 2 350.28
myy: 27 0 8 8 8 3 682.57
mygt 55 18 16 15 6 1320.66
Pt 57 0 0 0 1283.28
pat 9 0 0 2039.47
Dat 8 0 2170.01
ba: 47 1355.90
The off-diagonal cocfficients to the left of the main diagonal are omitted.
Table 3. The reduced set of least-squares equations, resulting from imposing the restrictions that
Sifiy=3] f;==0 and after completing the appropriate subtructions and additions by columns
and rows to cevaluate the influence of calving months and parities in cows on the constant 4
of the function of lactation curve, y, == AnPe=c"
A Wy Ay Ry vy Ry By Mg g My g B f P ps RHM -
p: 261 —28 ~29 ~36 —44 45 ~30 —34 —42 —41 —42 —28 10 32 3l 6848.66
my: 82 55 535 55 55 55 55 55 55 55 55 10 0 —6 —569.00
Myt 81 55 55 55 55 55 55 55 55 55 —17 —14 —10 —642.05
niy: 74 55 55 55 55 55 55 55 55 —13» -9 -8  ~731.00
ny: 66 55 55 55 55 55 55 55 —~13 —9 —10  —983.55
ms: 65 55 55 35 55 3% 55 —12 —14 —11 —1021.73
mg: 80 55 55 55 55 55 —12 ~7 —7  —045.69
ms: 7655 5 5 55 -8 -5 -5 —823.05
my: 68 55 55 55 ~12 -7 -3 101123
my: 69 55 55 —1I5 —~11 -7 —963.49
Myg: 68 55 —13 -7 -6 -—-970.38
Myt 82 -7 -5 -—4 —638.09
b 104 47 47 —72.62
pat 126 47 683.57
12 125 814.11

The off-diagonal coeflicients to the lelt of the main diagonal arc omitted.




B - WA - R LA ORILER RIET A A LERER O IE 77

Table 4. The matrix inverse to the reduced least-squares matrix

7 i itz My a8 s s iy 7y g Ao M p I s
14946 —1537 —1741 —345 2682 2894 —1447 —7171 2083 1265 1921 —1694 810 —747 —969
y 36409 —2066 —2760 —5709 —7718 —1539 —1941 —d4658 4752 —4451 1199  —43 ~—2755 910
My 37468 —2575 --5860 —5884 —1815 —2882 5184 —3905 —5033 —1907 1090 1634 291
s 48880 ~—7058 —8118 —2950 —3872 5965 —5249 —5851 —2995 1723 ~278  —82
o 80922 —10967 —6067 —6885 —9746 —8862 —9297 —6032 403  —780 1806
ws 91069 —6961 —7808 -—11390 —9479 —11115 —6684 ~3029 4637 2201
Mg 1 38127 ~—2493 —5055 —4604 —4972 —1629  —67 —374 385
ny 44896 —5566 —5646 —5659 —1889 —1797 —713 200
iy 70190 —7205 —7394 —4731 1799 —703 —3462
g 65022 —7380 —4703 2384 1074 1553
Mo 69386 —4854 1955 —1511 ~—1277
Myl 36012 —1937 170 115
pri 13554 —3628 —3839
pe t 10872 —2296
pa M

Elements to the left of the main diagonal arc omitted.  All clements are multiplied by 1075
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Table 5. Least-squares means of the effects of calving months and parities for the constants A,

b and ¢ of the function, y, = dnte=c"

Least-squares mean

Class of effect
Constant ¢

Constant 4

Constant b

fi:

Ay

26.624.0.39
28.05 - 1.088be

0.126--0.010
0.171-0.027x"

0.028--0.001
0.0354-0.003*

Ly 25,404 1.09¢¢ 0.185+-0.027#" 0.035-1-0.003*
A by 30.38-+1.28° 0.157+0.032vb¢ 0.0384-0.003*
A1y 30.534-1.67* 0.048--0.042¢4 0.020--0.004"
Al 30.09-£1.77sb 0.0214-0.0444 0.0194-0.005%¢
A-afg: 26.89 4 1.1 ]8bed 0.057 +-0.028«¢ 0.020+4-0.003b
A1 24.11-.1.22¢ 0.104--0.031bed 0.0204-0.003%
A4l 23.024-1.56¢ 0.008--0.039¢ 0.0134-0.004¢
Sy 24.454-1.49¢ 0.180-0.037=> 0.034--0.004*

A-Fiy:
fi iRy gz

26.33 4 1,550
25.65-- 1,070

0.160 - 0.0393b¢
0.2244.0.027»

0.029-4-0.004=>
0.039.+0.003®

Sodetitge: 24.57 -+ 0.764 0.199.-6.019° 0.034--0.002*
A4-py: 23.094-0.79¢ 0.112:1.0.020v 0.024-4-0.0020
A-tps: 26.16-£0.66" 0.125.4-0.0172> 0.028-1-0.0022®
A-tpy: 28.53-+-0.65* 0.126--0.016"® 0.029--0.0027"
Atpy 28.714-0.83¢ 0.1434-0.021» 0.030- 0.002*

a1 the avergae daily milk yield in the ath week. 4 is a constant representing the scale of the
production of the cow, b is a parameter representing the rate of increase to peak yield, and ¢ represents
the rate of decline afier peak.

Means in the same column with different superscripts are significantly different (P<20.01).
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Table 6. Teast-squares means of the effects of calving months and parities for the peak week,
peak yield and persistency of the function, y, = Ante~c"

Least-squares mean

Class of effect

Peak week Peak yield (kg) Persistency

E 4.46--0.21 29.574-0.36 4.193+-0.031
Ay 4.704-0.590¢ 32.03-+1.00 3.988--0.087¢
Aty 4.88-1-0.60%0° 29.15+1.01bed 4.0252-0.0880¢
Ay 4.134-0.708bed 33.26-.1.18¢ 3.8584-0.103¢
Ay 2.69+4-0.9]¢¢ 32.82-1.5400 4.144 40,134
A 1.96 4+ 0.964 30.35 % 1.630bed 4.244 4 0.142b¢
A A-ilg: 3.544-0.610¢4 27.96-1.02¢ 4,295--0.089"
ARy 5.83--0.66¢ 27.32--1.12%¢ 4.618--0.098*
g 4.34 - 0.8580bed 24.01 4 1.44¢ 4.693-+-0.125"

A1y
fi--Pyg:
iy
Ays:

5.180--0.81c
5.35.£0.85b¢
5.42-1-0.59+
5.504-0.41"

27.76 4-1.374¢
30.07 4 1.430bed
31.41-10.99b¢
28.724-0.704

4.1434-0.120v¢
4,167+ 0.124%°
3.994.0.086¢

4.144--0.061*¢

Atpy 4.65+-0.43 25.3140.72¢ 4.2724-0.063
A-bpa: 4.31-40.36 28.88--0.61° 4.2054-0.053
Atpy 4.344-0.35 31.444+0.60* 4.11740.052
Atpy 4.54--0.45 48.654-0.76* 4.1774-0.067

This model reaches a maximum when n=:b/c and expected maximum yicld is A(bfc)%e~?. Per-
sistency is given by — (b-+1) log, ¢.
Means in the same column with different superscripts are significantly different (£<<0.01).
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Table 7. The least-squares means of milk yield during the period of the first 43 weeks of lactation
by calving month and parity, and the correction factors for estimating total milk yield
from incomplete records

Class of effect I;?lse:fflzi{aéf s Dif?;:{;e)n ce Eféz;t Correction factor
A 6,482 72
Ay 6,671 +2008 +189 +2.9 0.9717
A 6,337 -+-202¢0 — 145 —2.2 1.0229
Ay 6,502 -+ 2364 +20 0.3 0.9969
Ay 6,978+ 309 -+ 496 +7.7 0.9289
Ay 6,629 326> -+ 147 +2.3 0.9778
g 6,300--205 - 182 —2.8 1.0289
Akl 6,478 225 —4 —0.1 1.0006
Aty 5,902 -+-288b -~ 580 —8.9 1.0983
f-fafg: 6,053 -+.275% - 429 6.6 1.0709
Ay 6,889 - 286+ +407 -+6.3 0.9409
A4y 6,532-4-291%0 +50 +0.8 0.9923
A ifyse 6,512 -4 1408b +30 +0.5 0.9954
A-tpr 5,813 4 145¢ — (69 —10.3 1.1151
fA-+pe: 6,307 4-122% —175 —2.7 1.0277
A-t+py: 6,793+ 1200 311 +4.8 0.9542
Atpat 7,015+ 153" -+ 533 -+ 8.2 0.9240

The effect is expressed as a percentage of the least-squares mean.
Means in the same column with different superscripts are significantly different (P<0.01)
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