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SUMMARY

Response surface model of statistical analysis
was used to quantify the relationship between
non-genetic factors (NGF) such as days open
(DO), days in milk (DIM), age at calving and
milk production. Data included 103.776 records,
each ‘one had cow identification, non genetic
traits and production traits such as total milk pro-
duction, 305-milk yield and peak yield. Least
square means of three farms were 10467, 11047
and 10697 liters of milk respectively. Cows
calved on fall-winter season produced 10839 li-
ters, compared with 10636 liters for cows calved
in spring-summer season. Second lactation cows
gave the highest production (11, 105 liters), and
sixth lactation cows produced the lowest produc-
tion (10, 283 liters). Significant parameters
(p<:.0i) Supporied the lineér and quadratic rela-

tionship between age at calving and total yield,
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305-dyield and peak milk production, respective-
ly. The DIM had a significant linear effect on
milk production (p<.01). Also, quadratic repre-
sentation of DIM was observed along the whole
milk curve. Days open showed no linear signifi-
cant effect on milk production. However, signifi-
cant quadratic effect (p<.05) was found between
DO and 305-d yield. The ANOVA of fixed mod-
el showed a significant effect of NGF on produc-

tion traits.

INTRODUCTION

Systematic non-genetic factors have great impact
on milk production. Factors such as days opén
(DO), age at calving (AM) and days in milk
(DIM) can be accounted for, and milk production
can be corrected to remove much of the varia-
tions in production associated with these factors.

Therefore, studying the relationship between milk
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production and non-genetic factors is beneficia
in determining the cut off point of adequate days
open, age at. calving and days in milk which

achieve the optimum profitability of dairy COWS.

Grusenmeyer et al. (2002) found that milking
cows in late lactation is less profitable due to the
decline in production as indicated by the normal
lactation curves, and the loss per cow per day for
each day over 150 days in milk was o .17 Ibs. for

herds with production level over 16.000 Ibs. and
0.13 Ibs. for herds under 16.000 Ibs.

Regression coefficients of days open on milk pro-
duction was used by Marti and Funk (1994) who
found that cows had 1.1 to 1.3 more DO for each
100 kg more milk and regression coefficients
from four production groups showed an antago-
nistic relationship between days open and pro-
duction. However, DO were longer for cows with
higher production. When production records were
adjusted for days open, regression coefficients of
days open on production was 1.3 d for each 100
kg. Moreover, milk adjusted factors for DO were

similar in different production groups.

Ali et al. (2000) found that the difference in milk
yield between cows with days open < 60 days
and days open > 150 days was 1.021 liters of
milk. This difference was larger than that foung
by Oltenacu et al. (1980), Funk et a] . (1987) and
Schaeffer et al. (1972). The difference in milk

yield at early lactation decreased from | 021 ¢
. 0
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8.29 liters as the days open increased from 75 to
175 days, and this is probably due to the d¢¢[§§§q
in the conception impact on milking with adVanc
ing lactation. Furthermore, Linear and quac‘irat.icv
offects of days open on 305-day milk productigp
was noticed by Schaeffer et al. (1972) where g,
open period between 60 and 90 days was found
ideal in terms of efficient production. Miller et a],
(1970) noted that different age adjustment factors
are needed for different seasons of freshening.
Therefore. simultancous adjustment factors are
needed for age at freshening and season of calv-
ing. .
The objectives of this study were to examine the
type of relationship between DO, DIM and agg'tfh
month and milk yield. Also , the effects of farm,
lactation number, DIM, AM; season of caly?n_g,
milk level and year of calving on actual.‘{ﬁ”k
yield, peak yield and 305-day predicted milk )’-ié?»d

of Holstein cows in Saudi Arabia were deter
mined .

MATERIAL AND METHODS

Records of milk production and reProdudion
traits were collected from three dairy farms ( Hok
stein ) under the same managerial condition® d
AL-Maraie Company in the central regioﬂ'}‘o
Kingdom of Saudi Arabia during the period from
1991 to 1999. The data consisted of 103776

: . apout
records, each record included information ab

otation
farm number, animal identification, lact?
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numbers, birth date, calving date, age calving,
actual milk yield, 305-d milk yield and days in
milk. According to calving data, COWS  were
grouped into two scasons of calving: winter (S1)
for cows calved from October to March, and
cummer (82) for cows calved from April to Sep.
tember. Milk records were also divided into two
levels of milk production: level one (ML1) for
cows with production < 9500 liters, level two
(M12) for cows with milk production > 9500 |j-

ters of milk.

Fiequency distribution of records by age in
month showed the first parity included cows
calved at age < 21 to > 32 months, whereas the
second parity included cows calved at age <33 to
> 44 months. Each parity thereafter included
cows calved at 12 months interval up to the sixth
parity which included cows calved at <8lto>
92 month. Age at calving was varying, therefore,
age at calving within lactation was divided into
four categories of three moths each. Lactation
records that began with an abortion or in which
milking were interrupted by injury or sickness

was discarded.

Statistical Models

Data were analyzed according to following two
models:

1) Response surface model was used to illustrate
and quantify the linear and quadratic relation-
ship between DO, DIM and AM; and total
milk yield, 305-d yield and peak yield.

Vet.Med.J. .Giza.Vol.52,N0.2(2004)

The model was as follows:

Y = J+ by (AM) + by (DIM) tby (DO) + by

(AM)? 4 b5 (DIM)2 4 b, (DO)? + Cross product
B

Where,

Y = represenis the actual total milk yicld, 305+
d predicted yield and peak yield.

1 = general mean.

AM = apc in month

DIM = days in milk. = CI - day dry
DO =days open. = CI - 285 days
b},by.... by, are regression coefficients.

E = Error term ~ N (0, lo2).

2) Fixed effects model
Fixed effects model was utilized to study the
effect of factors such as farm, season of calv-
ing, lactation number, year effect and milk lev-
el a fixed effects model was as follows:
Y=pu+FN+S+LN+ML+vy+bl (DIM) + by
(AM) + b3 (AM)2 + E

Where,

Y = actual total milk yield, 305-d predicted and
peak yield.

= general mean

FN = farm effect (1, 2, 3).

S =sgeasonof calving (1, 2).
ML = milk level {1, 2).

y = year effect (1991- 1999).
DIM = days in milk.

AM =age in month.

LN = lactation number (1, 2, i 6).
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ients.

E = Error term ~ N (0, I02).

RESULTS AND DISCUSSION

; . strated
Response surface analysis (table 1) demonstrs

. o g T ar ¢ d
that F-value was highly significant for linear an

quadratic response of total milk yield, 305-d milk
yield and peak yield. Values of R? were 0.46,
0.06 and 0.05 for the three traits, respectively.
More variation was noticed for total milk yield
where coefficient of variation was 13.12, 12.81
and 11.45 for milk yield, predicted 305-d yield
and peak yield, respectively. Insignificant F-
values (p <.01) for lack of fit of response surface
model (table 2) of the three traits (milk yield, pre-
dicted 305-d yield and peak yield) represent a sat-
isfied adequacy of applying the model to illus-

trate both linear and quadratic effects.

Relationship between milk yield, 305-d yield,
peak yield and age in month, days in milk, days
open were quantified by linear and quadratic co-
efficients of regression of total milk yield, 305-d
yield and peak yield on age in month, days in
milk and days open, (table 3). Parameter esti-
mates and standard error of linear, quadratic and
cross products regression coefficients of milk
yield, 305-d predicted and milk yield on age in
month, days in milk and days open are given in
table 3. Intercept of linear and quadratic regres-
sion coefficients of age in month and days in

milk were significant (p < .01) for total milk
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yield 305-d predicted yield and peak yielq, whigy
quggcslcd thaf both age and days in milk Were i

portant and the relationship between thege Yielgg

ind age or days in milk were curvilinear,
d d

Lincar regression coefficients of age in month o,
total milk yield, 305-d predicted yield ang peak

yiclds were positive. However, quadratic regres.

sion coefficients of age in month on the three
traits were negative which indicated a dimjpjgy.
ing response of age on month. Figure 1 depicteq
the curvature of milk give way with age in mopjj,
effect on production traits. Schmidt and v,
Vieck (1974) and Miller et al. (1967) reported
that genetic evaluation procedures generally re-
quire that records have to be adjusted to common
basis (mature equivalent) of age in month. This
adjustment will remove the bias in genetic evalu-

ation due to difference in age at freshening.

Linear and quadratic effects showed a significant
effect (p < .01) for days in milk on total yield but
not on peak yield (table 2). A linear relationship
was observed from 200 to 400 days in milk (fig-
ure 2). Quadratic representation was noticed
along the whole curve (figure 2). Positive param
eter of linear and quadratic of days in milk effec
Was expected (table 3) probably due to the accl-
mulation of more milk as more days the cows
continue to milk. These findings were confirted
with the results of fixed effect model (table 4.)
which were reflected in high correlation coeff

cients (r =0.68) between DIM and milk yield: o
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numbers, birth date, calving datq, age :

actual milk yield, 305-d milk yieidgz:; c(i:;:"i
milk. According to calving déta, cCows v;/crc
grouped into two seasons of calving: winter (S1)
for cows calved from October to March, and
summer (S2) for cows calved from April to Sep-
tember. Milk records were also divided into two
levels of milk production: level one (ML1) for
cows with production < 9500 liters, level two
(M12) for cows with milk production > 9500 li-

ters of milk.

Fiequency distribution of records by age in
month showed the first parity included cows
calved at age < 21 to > 32 months, whereas the
second parity included cows calved at age <33 to
> 44 months. Each parity thereafter included
cows calved at 12 months interval up to the sixth
parity which included cows calved at <8l to>
92 month. Age at calving was varying, therefore,
age at calving within lactétion was divided into
four categories of three moths each. Lactation
records that began with an abortion or in which
milking were interrupted by injury or sickness

was discarded.

Statistical Models
Data were analyzed acco
models:

1) Response surface m

and quantify the linear and quadratic relation-
0, DIM and AM; and total

rding to following two

odel was used to illustrate

ship between D
milk yield, 305-d yield and peak yield.
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The model was as follows:

Y =p+b (AM) + b, (DIM) +by (DO) + by

(AM)2 + bS (DIM)? + by, (DO)2 + Cross product

+I

Where,

Y = vrepresents the actual total milk yield, 305+
d predicted yield and peak yield.

1L = general mean.

AM = agce in month,

DIM = days in milk. = CI - day dry.

DO =days open. = CI - 285 days

bj,bs.... by, are regression coefficients.

E = Error term ~ N (0, 102).

2) Fixed effects model
Fixed effects model was utilized to study the
effect of factors such as farm, season of calv-
ing, lactation number, year effect and milk lev-
el a fixed effects model was as follows:
Y=p+FN+S+LN+ML+y+bl (DIM) + by
(AM) + by (AM)2 +E

Where,

Y = actual total milk yield, 305-d predicted and
peak yield.

p = general mean.

EN = farm effect (1, 2, 3).
g =season of calving (1. 2).
ML = milk level (1,2).

y =year effect (1991- 1999).

DIM = days in milk.
AM =agein month.

LN = lactation pumber (1, 2. e 6. 7
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. icients.
by, by,.....,bN A€ regression coefficien
I - ) ,
E = Error term ~ N (0, Io%).
RESULTS AND DISCUSSION
,monstrated
Response surface analysis (table 1) demons )
ifi inear an
that F-value was highly significant for linear "
ilk yi -d mt1
quadratic response of total milk yield, 305-d 1
R2 were 0.46,

yield and peak yield. Values of

0.06 and 0.05 for the three trait
More variation was noticed for total milk yield
n was 13.12, 12.81

s, mspec(ively.

where coefficient of variatio
and 11.45 for milk yield, predicted 305-d yield
and peak yield, respectively. Insignificant F-
values (p <.01) for lack of fit of response surface
model (table 2) of the three traits (milk yield, pre-
dicted 305-d yield and peak yield) represent a sat-
isfied adequacy of applying the model to illus-

trate both linear and quadratic effects.

Relationship between milk yield, 305-d yield,
peak yield and age in month, days in milk, days
open were quantified by linear and quadratic co-
efficients of regression of total milk yield, 305-d
yield and peak yield on age in month, days in
milk and days open, (table 3). Parameter esti-

mates and standard error of linear, quadratic and

redicted yield and peak yielq, Whip,

ggested that‘ both age and days in milk Were i
su ¥

the relationship between thege ie] ds

yield, 305-4 P

portant and

g re curvilinear

- days in milk we )

and age of

- cfficients of age i R
ession €O €€ In montp, on

yield, 305-d predicted yield anqg peak

Lincar rcgl
total milk

yiclds were positive. However, quadratic regres.

sion coefficients of age in month on the thiee

traits were negative which indicated a diminigy.

ing response of age on month. Figure 1 depicteq
the curvature of milk give way with age in month
effect on production traits. Schmidt and Vg,
Vieck (1974) and Miller et al. (1967) reporteq
that genetic evaluation procedures generally re-
quire that records have to be adjusted to common
basis (mature equivalent) of age in month. This
adjustment will remove the bias in genetic evalu-

ation due to difference in age at freshening.

Linear and quadratic effects showed a significant
effect (p < .01) for days in milk on total yield but
not on peak yield (table 2). A linear relationship
was observed from 200 to 400 days in milk (fig
ure 2). Quadratic representation was ‘noticed
along the whole curve (figure 2). Positive param”
eter of linear and quadratic of days in milk effect
Was expected (table 3) probably due to the &%
mulation of more milk as more days the cows
continue to milk, These findings were confirtn
With the results of fixed effect model (b
Which were reflected in high correlation coell

cients (r =0.68) between DIM and milk yield: o
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Table (1): F-value of Linear, Qquadratic
predicted yield, and peak yield,

and cross product effect of milk yield, 30-d

Source df Milk yield Predicted 305-d peak yield
yield
F I ¥
Linchl.. 3 1955%+ 128,37+ 69.99**
Quadratic b 1745%* S| 3 TEIT
Cross produc-t 3 612NS 2.6NS 0.79NS
Total regression 9 657.9%* 50,7%* 42.15%*
Root MSE 1630 1503 6.2
Response mean 12431 11731 54.51
R? 46 06 05
Coeffcient of variation 13.12 12.81 11.45
** (P<.0])
NS= Non sigmificant
Table (2): Lack of fit ANOVA of response surface maodel.
Mille yigid Predlct_ed 305-d peak yield
yield
Source
i MS F MS F | Ms | F
Lack of fit 6924 | 2672521 | 1.311NS | 2264274 | 1.159NS | 39,0 | 1.12NS
Pure Error 123 | 2038010 1953806 348
Total 7047 | 2661446 2258855 38.9

NS= Non sigmificant

Vet.Med.J.,Giza.Vol.52,No.2(2004)
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oefficient (£ standard

jon ¢ . :
. and cross producs o TZZ’?: month, lactation period
, d uadrnllc.a eak yi€

Table (3): '_*'"c?élzn 30q5,d predlclfld ‘?;M"'—I—J‘Eak yield

error) .Of m;:(k an d,a S0 : Ivin l)rcdictcd 305-d T;‘E—-"ﬂ_ﬂ@ﬁtcr SE
r@ﬂls—'iﬂ'—) A pamameter | S v | 2.9
e LS e | O ] —

meercept | 2T | S w5 [370° 037
e P e Y .

Linear e [96 16377 | 5T 014

AM SRR B 3.3 :

- e |36 s 001 .009
l)lh' - I ”’23‘# 2.2 b

— 133 |25 j_/_/,/

D 3. S -
e T 043 -.002** .000
Quadratic 17~ [.329** - |
AM*AM -3091 s o 0041 | .000"™ .00001
DIM*DIM | 0.0145** |- T 002 1002™ .00001
BoDO | -o062r | 003|006 |7

Cross product e e 022 000" .00000
B T om0 | N el
AMTDO 051* 025 035 .006 .000 .

NS - it

DO* DlM _.002N5 .006 _.0 [ 4* .006 .00 -00000

AM= Age in month, DIM= days in milk and DO= days open
* (P <.05), ** (P<.01), NS = Non significant.
Y= b; AM+ By DIM + b3 DO + by (AM *AM) + bs (DIM * DIM) + bg (DO*DO) + by (AM*AIM) + bg

(AM*DO) + bg (DIM*DO) +E.

Table (4): ANOVA of fixed effects on total milk yield, 305-d predicted and peak yield.

Milk yield Predicted 305-d Peak yield
yield

SV Df MS F MS F MS F
FN 2 2612E108 | 146.09°* [ 2436E+08 | 175.01%* [ 7079.0 | 2366
ML I | 4407E£09 | 2464.80** |3 318E+08 | 2743%% 22184 | 741.4%*
S I [To211E = .
i L 4I9E1:_+os 57.27 1.093E+08 [ 78.53** | 333a 129.8**

AI19E+07 | 41.77%+
. , 7.527EH07 [54.08%* [ 5702 190.58%*

L.996E+10 | T1162.2%+ L.793E+07 [ 12.38% [ 177 2>
LN 3 | 39M9E+67T [2225% TS 07 | : 2!
- H 021E+07 [36.07°* [ 9613 154.14%%

I 2.303E+07 12.88** [ 33%E07 ool -

AM*AM I | 5166E+0q '“‘Ns'\ .. L \_24'34“ 4l i

. D, \_i -
Error 11268 | m\2.89 - G207 | B 35w Al el

Socl B 3 (13926705 =
R SR il 29.92
\

FN=farm nymp ;
number, ¢ ML= milk level, §=

Scas Y onlay:
* (P<.05), on of calving,

Y=ycar .
(P<01), Ns= Non significan clleet, DIM = days in milk, LN=lactation
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correlation coefficients (r = 0.01) between peak

yeld and DIM (table 6) and between predicted

305-day yield and DIM (r = 0.12),

No linear effects were observed of days open on
total milk yield or peak yeild (table 3). The insig-
pificant (p > .05) effect of linear or quadratic ef-
ects of days open on peak yield (table 6) reflects
the small coefficient of correlation of this trait
with milk and peak production (r =0 . 16 and 0
04). Significant (p < .05) quadratic regression
paramete‘rs in table 3 fqr predicting total milk
yield and 305¥d yield support the semi-curvature
relationship between actual yield and DO (figure
3). Schaeffer et al (1972) found that as days open
increased, average 305-d milk yield increased in
a curviliﬁéz;r fashion and for 10 days increase in
days open beyond 70 days, the increase in milk

production became smaller.

Both days open and calving interval have been
viewed as environmental factors that need to be
considered to obtain more accurate estimates of
genetlc tralt for production traits (Wilton et al.
1976 ; Oltenacu et al .1980 and Sadek and free-
man , 1992). Smith and Becker (2002) found that
calving interval of 13 to 13.4 month was associat-
ed with the highest average milk yield (18,498
Ibs) while a longer calving interval of 16 to 164
months was related to the lowest production
(14, 884 Ibs).
Grusenmeyer et al. (2002). They reported that the
highest production (16,464 Ibs) was given at 12.9

Similar results were found by

Vet.Med.J.,Giza.Vol.52,No0.2(2004)

to 13.3 month calving interval class and the low-
est production was related to 14.0 to 14.3 month
calving interval. The ANOVA of fixed effects
model showed a significant effect of non-genetic
factors such as farms, milk level, season of calv-
ing, year of calving, days in milk and age of calv-
ing.

Frequency distribution of milk yield showed that
the production of dairy cows ranged from 5000 to
more than 20.000 liters and about 48% of the
records .showed a range of total production

12.000 to 14.000 liters of milk or more (Figure
4),

Least square (LS) means of milk yield, 305-d pre-
dicted and peak yield (table 5), showed that the
averages of the three farms were 10467, 11047
and 10697 liters, respectively. The difference be-
tween the three farms were significant (p < .01) .
LS means of two seasons of calving were 10839
and 10636 and significant differences (p < .01)
were found between the Fall-Winter calving and
Spring-Summer calving season. Significant dif-
ferences (p < .01) also were found between two
milk levels. The LS means were 9687 a:nd 11787
liters for the two milk levels. The second lacta-
tion was characterized by the highest production
(11105 liters ). However, the sixth lactation had
the lowest production ( 10283 liters ). Significant
differences were found among the years from
1991 to 1999. Least square means for 305-d pre-

dicted yield followed a similar pattern across

237

m CamScanner


https://v3.camscanner.com/user/download

ndard error 10

* total milk, 305

-d predicted and peak

st e —— 1
6 (5): ] sast square means and s a//d._tga/-’j Peak ylcld
Tﬂb ¢ R //" P lc IC
: . 05-day P |
yield il milk ylc_i/ 3 = /S’E’/ Mean SE
— SE ea L —
= Mean __/,_E/"“‘g—']T’ 48.9 31
sour /"767. 9780
I, a . e b
"FN | | 10467 ,__/5"’-'—“675_.1’/ 51.5 31
__.-—-———’F"""Tﬁf’g/ 10355 -
2| 11047 : %—’gg‘g"" 49.1% 30
___—-————"c"“'_—"']ﬁ‘ 10039 K -
—5 | 10697 Tl e | 41| 28
_,,._’-——1—0—5—9-,—3-"’6’5[2’ ot | % 1
A e o | 424 —0339° | 375 50.4 17
AR L 573 | 515 26
R LR W7 10199 57.
i U : 88.0 51.6™ 40
4 10821° 99.7 10147 . . _ —
5 10715° 152.1 10070° 134.2 51.5 -
6 [ 10383° | 2421 | 98746 213.6 51.1% .99
S 1 10839° 70.4 10162° 62.1 50.5° 28
2 10636° 76.0 9953° 67.1 49.2° 31
ML | | 9687° 78.8 9080° 69.5 .47.5" 32
2 11787° 71.2 11035° 62.8 52.2° 29
y | 1| t1oo1r 143 9409° 126 49.69 59
i I o 9720° 78 558° | 36
3 | . 10567 B
: 79 9933 70 46.6* 32
10936° 75 a
: — 10217 66 47.9* .30
= 10555° 66 1508 i
= 9.9 31
6 10969 75 103000 ]
: 67 49.1° 31
B 7 11056* 84 —W— : ’ J
: ___\i 49.9% 34
Different | '
LI:I: :?:nnc;t:;]glc;olumns means significant at (p< 01)
= lactatj = 3 ;
v yea(r: :};_:gtlnumbcr_ _ i‘/’l?ﬁ?‘l]c?/g lcalwng,
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farms, lactation numbers, season of calving, years
of calving and milk levels.

[n the last decade, milk production of dairy cows
i AL-Maraie Company has increased from 6.000
7,000 to 10,000 -11,000 liters. This increase was
the result of the continuous health improvement,
management and the use of high quality semen
from progeny tested bulls from the ABS Al Com-
pany. Another study of different dairy farms in
saudi Arabia (Al Jumaah, 1995) found that least
square means of milk yield of the first four pari-
ties and overall data were 6653, 7659, 7482, 6988
and 7614 liters , respectively. Lactation period
for the four parities and overall data were 358,
367, 350, 363 and 364 days respectively. In this
study, first lactation gave the!least peak of 43.1 li-
ters and the fourth lactation had the highest peak
of 51.6 liters (table 5). Furthermore, no signifi-
cant differences were found between cows calved

in winter and those calved in summer.

High producing cows had a peak 52.2 1l’iters and
low producing ones had a peak of 47.5 liters. Dif-
ferences between peaks across different years of

calving explain the different shapes of the lacta-
tion curves for different years of calving Al Seaf
et al. (2003) showed that cows that calved in win-
ter had carlier peak, high maximum milk yield
and more persistent milking than cows calved in
summer. Cows in first lactation were more persis-

tent and reached peak milk yield at low levels of
milk.

Conclusions

Least square means of non-genetic factors are
necessary to compute correction factors to adjust
lactation yield records for largely environmental
effects of age at calving and days open. Standard
305-d lactation period with adequate days opén
and dry period 60-80 days will enable cach farm-
er to have on average calving interval of !2-13
months. obtaining maximum total production and
more live time production. Adjustment of 305-
day records for mature equivalent and for days
open appears necessary and would not introduce
genetic bias. Response surface methodology can
determine an adequately the cut off point of DO
and illustrates the relationship between produc-
tive traits and both age and days in milk.

Table (6): Phenotypic correlation coefficients among non-genetic factors and yields

MY Pj5 PE AM DIM DO T
MY 1.00 .76 .50 22 68 | .16
Pj5 .76 1.00 73 ./38 12 12
PE .50 73 1.00 .56 .01 04
AM 22 38 .56 1.00 -.02 09
DIM .68 A2 .01 -.02 1.00 12
DO .16 A2 .04 .09 A2 1.00

MY=milk yield, PJ5=predicted 305-d yield, PE=peak yield
AM=age in month, DIM= days in milk, DO= days open.
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Fig. (1) Relationship between Age in month and actual milk yield (AMY).
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Fig. (2): Relationship between DIM and milk yield .
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Fig. (3): Relationship between actual milk (AMY) yield and days open.
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Fig. (4): Frequency distribution of milk yield.
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