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TAKE HOME MESSAGES: 

1. Cows milked 3X daily produced more milk (3.7 lbs/d) than cows milked 6X  
2. Cows milked 6X daily for 21 days and administered rbST at 63 days in milk produced 

more milk (10.1 lbs/d) throughout lactation than cows not given rbST  
3. Heifers milked 3X daily produced more milk (12.6 lbs/d) than those milked 4X & 2X 
4. Cows milked 3X daily produced more milk (9.5 lbs/d) than those milked 4X & 2X 
5. Fat percentages were higher for cows milked 4X & 2X (4.05 vs. 3.64%) vs. 3X 
6. Our data clearly indicate that IMF (6X vs. 3X or 4X and 2X vs. 3X) immediately after 

calving does not enhance performance, reproduction, or herd health parameters 
 

INTRODUCTION 
 Increasing milking frequency (IMF) has enhanced milk yield by 7.7 and 10.8 lbs/day (d) 

when cows were milked twice daily (2X) compared to milking 3 times (3X), or 4 times (4X), 
respectively, and there was a tendency for milk fat and protein percentages to be reduced 
(Erdman and Varner, 1995).  Although IMF has been demonstrated to increase milk synthesis 
during an established lactation (Erdman and Varner, 1995) its effects on milk yield when 
implemented for a short period (< 21 d) during early postpartum (PP) lactation are less clear.  
Bar-Peled et al. (1995), and Sanders et al. (2000) observed a 16.1 and 13.2 lbs/d increase in cows 
milked 6 times daily (6X) for the first 42 days in milk (DIM) compared to cows milked 3X.  
Hale et al. (2003) demonstrated that IMF (2X vs. 4X) in early lactation (1 to 21 DIM) enhanced 
milk yield (> 15.4 lbs/d) during 4X milking and the increase persisted (post-IMF) for up to 252 
DIM.  In addition, a recent field study reported IMF (6X vs. 3X) in early lactation (1 to 21 DIM) 
increased milk yield > 17.6 lbs/d and the enhanced production remained > 11 lbs/d after IMF 
ended according to the first 10 monthly DHIA tests (Dahl et al., 2004).  However, few studies 
have looked at the length of time IMF is required to have an immediate and subsequent effect on 
milk yield.  Minimal research has compared cows milked 4X compared to 3X (Hillerton et al., 
1990) and the combination of 4X followed by 2X has not been compared to 3X milking 
previously.  From an economic perspective it is important that research is focused on comparing 
the 4X and 2X combination compared to 3X, because more cows can be milked within a facility 
with the combination of 4X and 2X milking compared to 3X alone. 

Between November 2003 and March 2005 we conducted two IMF experiments (6X vs. 3X 
and 4X and 2X vs. 3X) to evaluate IMF effects on health, reproduction, and performance 
parameters of lactating cows. The 6X compared to 3X study objectives were to 1) determine if 
cows milked 6X during early lactation would produce more milk during the IMF routine; 2) 
evaluate the time necessary to milk cows 6X during early PP to have a positive impact on peak 
milk yield and lactation persistency, and 3) to determine if IMF in early lactation and subsequent 
rbST administration during established lactation are additive.  The 4X and 2X compared to 3X 
study objectives were to 1) determine the effects of 4X milking immediately PP followed by 2X 
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and its impact on milk yield compared to 3X milking;  2) determine the timing at which IMF 
treatment must be conducted PP to elicit carryover effects on lactation milk yield. 

 
COWS AND TREATMENTS 

6X vs. 3X 
Three hundred multiparous Holstein cows were randomly assigned to 1 of 5 treatment (trt) 

groups at freshening.  All cattle freshened between November 4, 2003 and February 10, 2004.  
Cows milked 6X were housed in a separate pen from cows milked 3X (during the IMF routine; ≤ 
21 DIM) and both pens were located near (287 ± 119 ft) the milking parlor (Table 1).  Cows 
milked 6X for 7, 14, and 21 d were moved to the pen housing the 3X cows immediately after 
their 6X regimens had ended (d 8, 15, or 22), and all cows were co-mingled in a single pen at 29 
DIM through the remainder of the 305-d trial.  The 5 trt groups (60 cows/trt) were: 1) cows 
milked 3X/d through 305 DIM, 2) cows milked 6X/d for 7 DIM and then 3X/d through 305 
DIM, 3) cows milked 6X/d for 14 DIM and then 3X/d through 305 DIM, 4) cows milked 6X/d 
for 21 DIM and then 3X/d through 305 DIM, and 5) cows milked 6X/d to 21 DIM and then 3X/d 
through 305 DIM.  Cows assigned to treatments 1, 2, 3, and 4 were administered rbST (Posilac, 
Monsanto, Saint Louis, MO) at 14-d intervals beginning at 63 ± 3 DIM and remained on rbST 
throughout the 305-d study.  Treatment 5 did not receive rbST.  The 3X group was milked at 8-
hour (h) intervals and groups 2 to 5 (6X) were milked at 4-h intervals during the IMF regimen.  

  
4X and 2X vs. 3X 

Two hundred multiparous and 100 primiparous Holstein cows were randomly assigned to 1 
of 5 trts at freshening.  All cattle freshened between December 16, 2004 and January 12, 2005.  
Cows milked 2X were housed in a separate pen from cows milked 4X (during the IMF routine; ≤ 
40 DIM) and all pens of cows were located near (376 ± 149 ft) the milking parlor (Table 2).  
Cows milked 4X for 10, 20, 30 and 40 d were moved to the pen housing 2X cows immediately 
after their 4X regimen ended (d 11, 21, 31 or 41), and all 2X cows were co-mingled in a single 
pen throughout the remainder of the 119 d trial.  The 5 trt groups (60 cows/trt) were: 1) cows 
milked 3X/d through 119 DIM, 2) cows milked 4X/d for 10 DIM and then 2X/d through 119 
DIM, 3) cows milked 4X/d for 20 DIM and then 2X/d through 119 DIM, 4) cows milked 4X/d 
for 30 DIM and then 2X/d through 119 DIM, and 5) cows milked 4X/d to 40 DIM and then 2X/d 
through 119 DIM.  The 3X group was milked at 8h intervals, the 4X group was milked at 6h 
intervals during the IMF regimen and the 2X group was milked at 12h intervals, respectively.  

 
Measurements  

In both studies cows calved at a commercial dairy near Buckeye, AZ and were fed a TMR 
formulated to meet or exceed NRC, (2001) requirements daily at 0400, 1200, and 2000 and were 
housed in dry lot corrals (permitting 530 sq. ft/cow) with shades (29.0 ft wide by 13.0 ft high; 
permitting 480 sq. ft/cow).  Use of animals on both trials was approved by the University of 
Arizona Institute of Animal Care and Use Committee.  Daily milk weights were measured 
electronically by Boumatic Computer software (Madison, WI) for each animal milking 
throughout the 305 and 119 day trials.  Monthly milk composition analysis and somatic cell 
count (SCC) was conducted at Arizona Dairy Herd Improvement Association (DHIA, Tempe, 
AZ).  Energy corrected milk (ECM) was calculated from milk, protein and fat volumes (0.7*milk 
lbs + 28.5*fat lbs + 15.9*protein lbs).  Pen DMI was monitored and recorded using 
PROFEED2000 (DairyWorks, Tempe, AZ) feed management software.  Cows were scored for 
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body condition at freshening and at 28 ± 4 d intervals.  Body condition scores (BCS) were based 
on a 5-point scale (Wildman et al., 1982).  Blood samples were collected from the coccygeal 
vein from a subset of 15 cows milked 6X or 3X (trial 1), or 27 cows milked 3X or 4X for 40 d 
(trial 2) at parturition and on d 7, 14, 21, 28 and 35 ± 1 PP and the harvested plasma was 
immediately frozen at -20ºC until analyzed for non-esterfied fatty acids (NEFA) concentration.   
 

Statistical Analyses  
All performance data from the 6X vs. 3X trial were analyzed for the first 9 wk PP and then 

from wk 10 to 44 to evaluate the effects of IMF during early lactation and the potential carry 
over effects after peak milk.  Treatments 1, 2, 3, and 4 were analyzed to evaluate the impact of 
IMF and trts 4 and 5 were analyzed separately to determine the impact of 6X milking for 21 d PP 
with and without rbST administration beginning at 63 DIM. Performance data for the 4X and 2X 
vs. 3X trial were analyzed through 119 DIM to evaluate the effects of IMF during early lactation 
and the potential carry over effects after peak milk.  Treatments from both trials were analyzed to 
evaluate the impact of IMF using PROC MIXED of SAS (1999, Cary, NC) and previous 305 d 
mature equivalent milk yields were included as a covariate in each analysis of multiparous cows.  

 
RESULTS 

6X vs. 3X 
Cows milked 3X daily tended (P = 0.08) to produce more milk (95.2 vs. 91.5 and 90.2 ± 2.43 

lbs/d; Figure 1) and more (P < 0.01) ECM (99.2 vs. 93.9 and 91.7 ± 1.5 lbs/d; Table 3) during 
the first 9 wk of lactation compared to cows milked 6X for 7 or 21 DIM, respectively.  Milk 
yields did not differ among milking frequency trts (84.4 ± 1.5 lbs/d) after wk 9 (Table 3 and 
Figure 1).  Yields of ECM were higher (P < 0.05) after wk 9 for cows milked 3X daily compared 
to 6X for 21 DIM (86.2 vs. 84.2 ± 0.9 lbs/d).  However, 3X cows had similar ECM yields as 
those milked 6X for 7 or 14 DIM, (85.5 lbs/d; Table 3).  Percentages of milk fat (3.80 ± 0.12) 
and protein (2.90 ± 0.06) did not differ between trts during the first 9 wk after calving (Table 3).  
However, cows milked 3X daily had increased (P = 0.01) yields of fat compared to cows milked 
6X for 7 or 21 DIM (3.7 vs. 3.4 ± 0.1 lbs/d; Table 3).  In addition, cows milked 3X or 6X for 7 or 
14 DIM produced more (P < 0.01) protein compared to cows milked 6X for 21 DIM (2.8 vs. 2.6 
± 0.07 lbs/d).  Somatic cell count (257 x 103 cells/ml) and BCS (3.60) did not differ between 
treatments during the first 9 wk after calving (Table 3).  However, SCC were higher (P = 0.02) 
between wk 10 and 44 for cows milked 3X and 6X for 21 DIM compared to cows that were 
milked 6X for 14 DIM (595 and 526 vs. 294 x 103 ± 111 cells/ml; Table 3).  Plasma NEFA 
concentrations (477 µeq/L) did not differ between the 3X and 6X 21 d trts (Table 3).   

Early lactation milk yield (92.4 lbs/d) did not differ statistically between cows milked 6X for 
21 DIM that eventually received rbST starting at 63 DIM compared to those not assigned rbST 
administration (Table 4 and Figure 2).  Cows treated with rbST and milked 6X for 21 DIM 
produced more (P < 0.01) milk (85.5 vs. 75.4 ± 1.9 lbs/d; Figure 2) and ECM (86.0 vs. 76.1 ± 
0.9 lbs/d) compared to cows milked 6X for 21 DIM and not provided rbST between wk 10 and 
44 of lactation (Table 4). Milk fat (3.71) nor protein (2.86) percentages nor yields of fat (3.44 
lbs/d) differed during the first 9 wk after calving between the 2 treatment groups milked 6X for 
21 DIM (Table 4).  Average SCC (226 x 103 cells/ml) and BCS (3.58) were also similar between 
the 2 treatments during the first 9 wk after calving.  Milk fat and protein percent (3.62 and 2.91) 
were not affected by rbST administration, however yields of milk fat (3.02 vs. 2.78 ± 0.07 lbs/d) 
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and protein (2.47 vs. 2.21 ± 0.07 lbs/d) were higher (P < 0.01) for cows administered rbST and 
milked 6X for 21 DIM compared to cows not receiving rbST (Table 4).  Overall milk SCC (528 
vs. 252 x 103 ± 102 cells/ml) were increased (P < 0.01) and BCS decreased (3.53 vs. 3.56 ± 0.01; 
P < 0.05) for cows administered rbST after being milked 6X for 21 DIM compared to cows 
milked 6X for 21 DIM and did not receive rbST at 63 DIM. 

The percentage of cows pregnant (37%) within 65 d of the voluntary waiting period (80 
DIM), average DIM at pregnancy (126) and average service per conception (2.28) did not differ 
between treatments (X2 = 0. 96).  The number of cows that were sent to the hospital pen during 
the 305 d trial for mastitis (97), digestive disorders (14), respiratory issues (9), lameness (22), 
and/or retained placenta (16), were not affected by milking frequency or somatotropin trts (X2 = 
0.49; Table 5). 

 
4X and 2X vs. 3X 

Primiparous cows milked 3X daily (P < 0.01) produced more milk (81.4 vs. 68.8 ± 1.5 lbs/d) 
and tended (P = 0.08) to produce more ECM (86.0 vs. 77.6 ± 4.2 lbs/d) during the 17 wk trial 
compared to cows milked 4X for 10, 20, 30, or 40 DIM, respectively (Figure 3; Table 6).   Cows 
milked 4X for 10 or 20 DIM were lower (65.7 ± 1.5 lbs/d; P < 0.01) from cows milked 4X for 
30 or 40 (68.8 ± 1.5 lbs/d) DIM, however calculated yields of ECM were not different among trts 
(P = 0.08; Table 6).  Percentages of milk fat (P = 0.05) were higher for cows milked 4X for 10, 
20, 30, or 40 DIM compared to cows milked 3X (3.72 vs. 4.04 ± 0.11).  There was no difference 
between yields of fat (3.02 lbs/d ± 0.11), SCC (194 SCC/ml ± 63), and NEFA (557 μeq/L ± 40) 
concentration, respectively.  Percentage of protein (P = 0.02) was higher for cows milked 4X for 
10 or 20 DIM (2.86 ± 0.06; P = 0.02) however there was no difference between cows milked 3X 
or 4X for 30 or 40 DIM.  

Multiparous cows milked 3X daily (P < 0.01) produced more milk (98.6 vs. 89.1 ± 2.43 
lbs/d; Table 6; Figure 4) and more (P = 0.04) ECM (103.8 vs. 99.0 lbs/d ± 3.7 lbs/d) during the 
17 wk trial compared to cows milked 4X for 10, 20, 30, or 40 DIM, respectively.  Cows milked 
4X for 10 DIM followed by 2X thereafter had similar ECM (103.8 lbs/d ± 3.7 lbs/d) as cows 
milked 3X.  Fat percentages (P = 0.01) were higher for cows milked 4X for 10, 20, 30, or 40 
(4.05 vs. 3.64 ± 0.12) DIM than cows milked 3X.  Yields of protein (P = 0.01) were higher for 
cows milked 3X than for cows milked 4X for 10, 20, 30, or 40 DIM (1.28 vs. 1.19 ± 0.07), 
however, they were similar between cows milked 4X for 30 or 40 DIM compared to cows 
milked 3X or 4X for 10 or 20 DIM.  There was no difference between yields of fat (3.84 ± 0.11), 
protein percentages (2.80 ± 0.04), SCC (481 SCC/ml ± 132), BCS (3.11 ± 0.01). 

The percentage of cows pregnant (52.8 %) within 65 d of the voluntary waiting period (80 
DIM), average DIM at pregnancy (127) and average service per conception (1.74) did not differ 
between treatments (X2 = 0.81).  The number of cows that were sent to the hospital pen during 
the 305 d trial for mastitis (85), digestive disorders (0), respiratory issues (3), downer (5), 
lameness (5), and retained placentas (22); were not different between trts (X2 = 0.17; Table 7). 

 
DISCUSSION 

During established lactation, IMF consistently enhances milk synthesis, and recent data 
indicate that IMF during early lactation has an immediate impact on milk yield and this response 
is maintained even after the IMF regimen has ceased.  However, previous early lactation IMF 
studies have not directly evaluated the time (i.e. how many DIM) IMF needs to be implemented 
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PP in order to obtain a beneficial effect on immediate milk yield, peak milk levels and lactation 
persistency.  We evaluated the effect of milking cows 6X for as few as 7, 14, or 21 d PP and our 
data indicate IMF did not enhance milk yield during the IMF (≤ 21 d) regimen (78.9 lbs/d), nor 
during the first 9 wk of lactation (93.3 lbs/d) or after wk 9 (wk 10 to 44; 84.4 lbs/d). This is in 
contrast to findings by others (Bar-Peled et al., 1995; Sanders et al., 2000), who reported 16.1 
lbs/d (21%) and a 13.3 lbs/d increase (16%) in production when cows were milked 6X for 42 
DIM compared to 3X.   

When we evaluated the effect of milking cows 4X for 10, 20, 30, or 40 d PP compared to 3X 
and our data indicated that IMF did not enhance milk yield during the IMF regimen, or over the 
first 17 wks of lactation. However, when cows milked 4X were changed to 2X, milk yield 
reduced (8.1 lbs/d ± 5.9) in primiparous and multiparous (6.5 lbs/d ± 2.5) cows, indicating that 
cows milked 4X were at an advantage every day they were on 4X vs. 2X. Our findings are 
similar to, Hale et al. (2003) who milked cows 2X vs. 4X for 21 DIM, and reported that cows 
milked 4X immediately PP produced up to 19.4 lbs/d more milk than those milked 2X during 
early lactation and this response in lactation persisted until 252 DIM. 

In the 6X vs. 3X study, monthly milk fat (3.8) and protein (2.9) percentages were not 
affected by IMF during the first 9 wk PP or from wk 10 to 44, which agrees with Bar-Peled et al. 
(1995) and Sanders et al. (2000).  In our study and others (Bar-Peled et al., 1995; Sanders et al., 
2000), milk samples were analyzed on a monthly basis (therefore the range in DIM at sampling 
was ± 28 d) and there were no differences observed in milk composition, whereas Hale et al. 
(2003) sampled weekly and detected differences. In our 4X and 2X vs. 3X study, monthly milk 
fat percentages increased during the 4X and 2X regimen compared to cows milked 3X in both 
primiparous (0.32 ± 0.05) and multiparous (0.41 ± 0.01) cows, since cows milked 4X did not 
have higher yields (although higher percentages) of milk fat this most likely resulted from fat 
being more concentrated within milk.   

In the 6X vs. 3X study, milk SCC were not affected by IMF during the first 9 wk PP and this 
agrees with other IMF trials (Bar-Peled et al., 1995; Sanders et al., 2000; Hale et al., 2003).  In 
contrast to early lactation, during wk 10 to 44 of lactation, cows previously milked 6X for 7 or 
14 DIM had reduced milk SCC compared to 3X or 6X for 21 DIM (Table 3); however the 
biological significance (if any) is difficult to interpret. Primiparous cows milked 4X and 2X vs. 
3X had lower (P = 0.07) SCC (93 vs. 219 X 1000 cells/ml ± 73) compared to those milked 4X 
followed by 2X.  There was no difference among SCC for multiparous cows milked 4X and 2X 
vs. 3X; respectively. 

Reasons why our IMF milk production data do not agree with others (Bar-Peled et al., 1995; 
Sanders et al., 2000; Hale et al., 2003; Dahl et al., 2004) are not clear, but facility logistics may 
have contributed to the discrepancies.  Unlike previous reports, where cows were housed in a tie-
stall environment or individual pens, (or where the impact of facility is not reported) cows used 
in our study were not individually penned.  Instead, they were housed in a dry lot facility located 
287 ± 119 ft (6X vs. 3X) or 376 ± 149 ft (4X, 3X, and 2X) from the milking parlor (Tables 1 and 
2).  Thus, cows in the 6X and 4X milking regimen walked further each day and spent on average 
6.5 h/d outside of their pen and consequently were physically away from feed and water longer 
than cows milked 2 or 3 times daily. Incidentally, although increased walking may have 
impacted estimated maintenance requirements the calculated increase was small (1.12 vs. 0.80 
Mcal/d; 2001 NRC), and compared to typical large commercial dairies, the total walking 
distance was nominal even for cows being milked 6X daily. Although cows milked 6X were 
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away from feed longer, average pen DMI during the 6X IMF regimen did not differ (42.5 lbs/d).  
In contrast, Bar-Peled et al. (1995) reported an increase in DMI (37.0 vs. 42.8 lbs/d, from 0 to 42 
DIM; and 44.3 vs. 49.4 lbs/d from 49 to 70 DIM) for cows milked 3X daily compared to 6X.  
Incidentally, DMI (for 6X and 3X treatments) immediately postpartum (0 to 21 DIM) in our 
study was similar to that reported for the cows milked 6X in Bar-Peled et al. (1995) in later 
lactation (i.e. ~ 40 DIM).  In contrast to Bar-Peled et al. (1995), our cows consumed similar 
amounts of feed while experiencing differing IMF regimens and cows milked 3X (on the current 
study) produced more milk than cows milked 6X on Bar-Peled et al. (1995) study, possibly 
suggesting that 3X milking under conditions utilized in this experiment maximized the potential 
for changes in milking frequency to enhance production during early lactation. 

 As previously sated, the exact reason why our milking frequency data doesn’t agree with 
others is currently not known.  An inadequate nutritional status is not likely as cows across trts 
averaged over 28,660 lbs of 3.5% fat corrected milk throughout lactation and overall nutritional 
status was certainly sufficient during established lactation as exogenous rbST increased (12%) 
milk yield consistently throughout lactation (Figure 2).  Furthermore, environmental factors such 
as heat stress were not an issue as the majority of the trials were conducted during the winter 
months and ambient temperatures (57 ± 15 ºF) and humidity (50 ± 25%) were low, respectively.  
A possible explanation may be that cows in all treatments had an average milk production of 
78.9 lbs/d during the first 21 DIM and this is difficult to compare because other studies (Bar-
Peled et al., 1995 and Sanders et al., 2000) administering a 6X milking regimen milked cows 6X 
through 42 DIM.   As a consequence, high producing cows, especially high producers that have a 
steep slope of milk yield increase may not be as responsive to increased milking frequency 
immediately after calving (≤ 21 DIM).  Although, Hale et al. (2003) demonstrated an increase in 
as little as 21 d after calving, their cows were milked 4X compared to 2X, not 6X compared to 
3X.   

Exogenous bovine somatotropin consistently increases milk yield by 10 to 15% /cow 
(Bauman and Vernon, 1993).  In our study, 2 groups of cows were milked 6X for 21 DIM, 1 
group received rbST beginning at 63 DIM the other did not.   We did not see a milk response to 
IMF, however cows milked 6X and treated with rbST (wk 10 to 44) produced more milk (12%) 
and more ECM (12%) than cows that did not receive rbST.  It has been demonstrated that 
somatotropin does not alter the normal relationship between milk yield and mastitis (White et al., 
1994).  In the current study, mastitis was the number one reason for cows visiting the hospital 
pen in all treatments; however, there was no difference in clinical mastitis incidence between 
cows given rbST and those not given rbST.  As previously reported (White et al., 1994) with 
respect to mastitis, the performance and health of cows administered rbST appears to be similar 
to that of cows not administered rbST but yielding similar amounts of milk.   

Reproductive variables (cows pregnant within 65 d of the voluntary waiting period, average 
DIM at pregnancy; and average service per conception) and the number of cows that were sent to 
the hospital pen (for mastitis, digestive disorders, respiratory issues, lameness, and/or retained 
placenta) were not affected by IMF (6X, 4X, 3X, or 2X) nor with use of somatotropin during our 
trials.  This suggests that IMF with or without rbST had no impact on animal health and 
reproductive performance.  Therefore, the decision to implement a 6X milking regimen for 7, 14, 
or 21 d  or a 4X milking regimen 10, 20, 30, or 40 d PP in an attempt to immediately increase 
milk synthesis or enhance lactation persistency compared to 3X does not appear to be warranted 
under the management conditions of the current study. 
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CONCLUSIONS 

Our data clearly indicate that IMF (6X vs. 3X or 4X and 2X vs. 3X) immediately PP did not 
affect performance, reproduction, herd health, or culling variables. Cows receiving rbST (at 63 
DIM) produced 10.1 lbs/d more milk compared to cows milked 6X for 21 DIM and not 
administered rbST.  Although there is scientific evidence to support 4X vs. 2X milking for 21 
DIM followed by 2X milking thereafter and/or 6X milking for 42 DIM followed by 3X, our data 
indicate that 6X milking for either 7, 14, or 21 or 4X for 10, 20, 30 or 40 DIM compared to 3X 
milking is not effective.  More research needs to be conducted to evaluate milking intervals 
(hours between milkings) during different IMF regimens and the number of d that 4X and/or 6X 
milking might be conducted after calving to elicit the potential increases in milk and subsequent 
carryover effects.     
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Table 1.  Impact of facility on cows milked 3 times (3X) or 6 times (6X) daily during early 
lactation 
  Milking Frequency 
Item 3X 6X 
Number of cows in pen   

Average 39 44 
Range 20 to 70 1 to 70 

Walking distance (feet)   
1-way 168 406 
Per d 1,008 4,872 

Time out of pen (minutes)   
Average 195 390 
Range 180 to 225 270 to 450 

Time milking (minutes)   
Range 60 to -75 45 to 75 

   
 
 
 
 
 
 
Table 2.  Impact of facility on cows milked 2X, 3X, or 4X daily  
  Milking Frequency 
Item 2X 3X 4X 
Number of cows in pen    

Average 240 240 150 
Range 220-250 220-250 1-168 

Walking distance (feet)    
One way 227 227 525 
Per d 908 1,362 4,200 

Time out of pen (minutes)    
Average 185 278 230 
Range 180-190 270-285 220-240 

Time milking (minutes)    
Range 90-95 90-95 55-60 
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Table 3. Performance of cows milked 3 times (3X, control) or 6 times (6X) daily for 7, 14 or 21 
DIM followed by milking 3X daily thereafter 
                           6X milking (DIM) 
Item 0 (control) 7 14 21 SEM P  
First 9 wk postpartum  
Milk, lbs/d 95.2 91.5 95.7 90.2 2.4 0.08 
ECM, lbs/d 99.2a 93.9b 97.9a 91.7b 1.5         < 0.01 
Pen DMI1 lbs/d 42.6 42.7 42.7 42.7 NA NA 
Fat, % 3.90 3.77 3.77 3.74 0.12 0.50 
Fat, lbs/d 3.70a 3.44bc 3.62ac 3.37b 0.11 0.01 
Protein, % 2.90 2.95 2.89 2.85 0.06 0.40 
Protein, lbs/d 2.78 2.71 2.78 2.56 0.07        < 0.01 
SCC/ml 347 255 136 288 119 0.32 
BCS 3.60 3.63 3.58 3.57 0.03 0.29 
NEFA,μeq/L 489 - - 464 73 0.74 

 
Wk 9 to wk 44 
Milk, lbs/d 85.3 83.6 84.9 84.0 1.5 0.60 
ECM, lbs/d 86.2ac 84.4ab 86.2c 84.2b 0.9 0.04 
Fat, % 3.63 3.64 3.69 3.60 0.07 0.70 
Fat, lbs/d 3.11 3.04 3.13 3.02 0.07 0.27 
Protein, % 2.93 2.95 2.95 2.93 0.04 0.82 
Protein, lbs/d 2.51 2.60 2.49 2.47 0.02 0.26 
SCC/ml 595a 362bc 294b 526ac 111 0.02 
BCS 3.54a 3.57b 3.54a 3.53a 0.01       < 0.01 
a,b,c Means with unlike superscripts within row differ P < 0.05.  
1 Total feed fed to the 3X and 6X pen minus refusals divided by the number of cows in the pen 
daily.  
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Table 4. Production variables of cows milked 6 times (6X) daily for 21 DIM followed by 3 times 
(3X) daily thereafter 
     21 DIM of 6X milking  
Item1  No rbST  rbST SEM P 

First 9 wk postpartum 
Milk, lbs/d 94.6 90.2 2.06 0.12 
ECM, lbs/d 95.5 91.7 1.59 0.03 
Fat, % 3.68 3.74 0.13 0.68 
Fat, lbs/d 3.48 3.37 0.11 0.38 
Protein, % 2.86 2.85 0.06 0.80 
Protein, lbs/d 2.69 2.56 0.04 0.02 
SCC/ml 164 288 125 0.34 
BCS 3.59 3.57 0.04 0.79 

     
Wk 9 to wk 44 

Milk, lbs/d 75.4 85.5 2.0 < 0.01 
ECM, lbs/d 76.6 86.0 0.9 < 0.01 
Fat, % 3.64 3.60 0.07 0.63 
Fat, lbs/d 2.73 3.09 0.07 < 0.01 
Protein, % 2.90 2.92 0.04 0.53 
Protein, lbs/d 2.21 2.47 0.07 < 0.01 
SCC/ml 252 528 102 < 0.01 
BCS 3.56 3.53 0.01 0.03 
1Both groups were milked 6X for 21 DIM and then 3X thereafter. Starting on d 63, 
recombinant bovine somatotropin (rbST) was administered at 14-d intervals to cows in 
the group scheduled to receive rbST.  
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Table 5. Reproductive, herd health and culling measures for cows milked 3 times (3X, control) 
or 6 times (6X) daily for 7, 14 or 21 DIM followed by 3X milking thereafter 

 6X milking (DIM) 
Item 0 (control) 7 14 21 21 no rbST 
Reproduction      

% Pregnant by VWP+65 d1 37 43 40 31 32 
DIM @ pregnant 125 124 127 127 127 
Times bred 2.33 2.03 2.24 2.47 2.31 

      
%, and total cows that visited hospital2       

Mastitis  50 (16) 65 (22) 58 (19) 67 (22) 60 (18) 
Digestive   9 (3) 9 (3) 6 (2) 6 (2) 13 (4) 
Respiratory   9 (3) 6 (2) 9 (3) 3 (1) 0 
Lame 19 (6) 15 (5) 6 (2) 18 (6) 10 (3) 
Retained placenta 13 (4) 6 (2) 12 (4) 6 (2) 13(4) 
Other3 0 0 9 (3) 0 3 (1) 

      
%, and total that left the herd      

Diarrhea  25 (1)     0 0 25 (1) 50 (2) 
Downer  14 (1)  30 (2) 30 (2)  14 (1) 14  (1) 
E. Coli Mastitis 0  33 (2) 0  17 (1) 51 (3) 
Lame  13 (2)  44 (7) 13 (2)  25 (4)  6 (1) 
Pneumonia  50 (2)  25 (1) 25 (1) 0 0 
Reproduction  25 (1)  25 (1) 0 0    50 (2) 
1Percentages of cows pregnant within 65 d of the voluntary waiting period did not differ across 
groups (X2 = 0.96), 2 Percentages of cows that visited the hospital did not differ across groups (X2 = 
0.49), 3 2 cows on 6X milking for 14 DIM were downer cows and 1 cow had a skin condition; the 1 
cow on 6X milking for 21 DIM, no rbST was also a downer cow. 
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Table 6. Performance of Primiparous and Multiparous cows milked 3X (control) or 4X daily for 10, 20, 
30, or 40 DIM followed by 2X daily thereafter 
 Milking Frequency  
Item Control (3X) 4X-10 d 4X- 20 d 4X-30 d     4X- 40d       SEM            P  

Primiparous  
  Milk, lbs/d 81.4a 64.8b 66.8b 71.0c 72.5cd 1.5       < 0.01
  ECM, lbs/d 86.0 76.3 76.7 81.1 76.7 4.2          0.08 
  Fat, % 3.72a 4.15b 3.94ab 4.02b 4.05b 0.15          0.05 
  Fat, lbs/d 3.15 2.93 2.88 3.09 2.93 0.11          0.39 
  Protein, % 2.76a 2.91b 2.82ab 2.76ac 2.76ac 0.06          0.02 
  Protein, lbs/d 2.36a 2.07b 2.09b 2.16ab 2.03b 0.11          0.03 
  SCC x 1,000/ml 93 329 160 160 226 63          0.07 
  BCS 3.09a 3.12a 3.07a 3.05ab 3.02bc 0.02          0.02 
  NEFA,μeq/L     535        579       40          0.44 
        
  

Multiparous  
  Milk, lbs/d 98.5a 91.5b 89.9bc 86.7c 88.2bc 2.4 <0.01
  ECM, lbs/d 103.8a 103.8a 101.2ab 95.2b 96.3b 3.7 0.04
  Fat, % 3.64a 4.03b 3.99b 4.13c 4.06bc 0.12 0.01
  Fat, lbs/d 3.79 4.15 3.86 3.68 3.70 0.11 0.42
  Protein, % 2.77 2.82 2.79 2.82 2.78 0.04 0.26
  Protein, lbs/d 2.82a 2.78a 2.69a 2.51b 2.54b 0.09 0.01
  SCC x 1000/ml 303 561 566 389 587 132 0.40
  BCS 3.13 3.13 3.11 3.07 3.12 0.01          0.09 
  NEFA,μeq/L     523        428       60          0.08 
Means with unlike superscripts within row differ P < 0.05.   
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Table 7. Reproductive, herd health and culling parameters of 3X (control) or 4X daily for 10, 20, 
30 or 40 DIM followed by 2X daily thereafter. 

 Milking Frequency 
Item Control 

(3X) 
4X-10d 4X-20d 4X-30d 4X-40d 

Reproduction      
% Pregnant by VWP+65 d1 40 60 62 54 48 
DIM @ pregnant 127 122 128 129 127 
Times bred       1.65       1.81        1.79        1.70       1.74 

      
%, and total cows that visited hospital2       

  Mastitis 88 (15) 67 (20) 79 (23) 55 (11) 59 (16) 
  Digestive       0       0       0     0         0 
  Respiratory       0       0       0   10 (2) 4 (1) 
  Downer       0 3 (1) 3 (1)     0       11 (3) 
  Lame 6 (1)       0 7 (2) 5 (1) 4 (1) 
  Retained placenta 6 (1)     30 (9)     10 (3)   30 (6) 22 (6) 

      
%, and total that left the herd      

  Digestive        10 (1) 20 (2) 30 (3)      20 (2) 20 (2) 
  Downer        0        0    100 (1)      0          0 
  E. Coli Mastitis 27 (3) 18 (2) 27 (3) 18 (2)    9 (1) 
  Lame        0 25 (1)        0 25 (1)  50 (2) 
  Pneumonia 67 (2)        0 33 (1)      0          0 
  Reproduction        0 20 (1) 20 (1) 60 (3)          0 
1Percent pregnant within 65 d of the voluntary waiting period did not differ across groups (X2 = 81), 
2Percentages of cows that visited the hospital did not differ across groups (X2 = 0.17).  
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Figure 1. Milk yields during the first 9 wk of lactation and then from wk 10 to 44 postpartum for 
cows milked 3 (3X) or 6 times daily (6X) for 7, 14, or 21 DIM (broken vertical line indictates 
end of wk 9).  = 3X milking,  = 6 X milking for 7 d postpartum,  = 6X milking for 14 d 
postpartum, X = 6X milking for 21 d postpartum.  All cows were milked 3X daily except for 
experimental periods in the first 3 wk . 
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Figure 2. Milk yield of cows milked 6 times (6X) daily for 21 DIM and subsequently receiving 
or not receiving rbST beginning at 63 DIM. Milk yields include the first 9 wk of lactation 
indicated by broken vertical line and then wk 10 to 44 postpartum after initiation of injections of 
rbST.  = 6X milking for 21 DIM going to receive somatotropin (rbST) beginning at wk 9,   = 
6X milking for 21 DIM not going to receive somatotropin (rbST) throughout the 44-wk trial. 
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Figure 3. Milk yields of primiparous cows milked three times (control) or 4X times daily for 10, 
20, 30, or 40 DIM followed by two times daily thereafter. 

 = 3 times per day milking,  = 4 times per day milking for 10 days postpartum,  = 4 times 
per day milking for 20 days postpartum, x = 4 times per day milking for 30 days postpartum, ■ = 
4 times per day milking for 40 days postpartum. 
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Figure 4.   Milk yields of multiparous cows milked three times (control) or 4X times daily for 10, 
20, 30, or 40 DIM followed by two times daily thereafter. 

 = 3 times per day milking,  = 4 times per day milking for 10 days postpartum,  = 4 times 
per day milking for 20 days postpartum, x = 4 times per day milking for 30 days postpartum, ■ = 
4 times per day milking for 40 days postpartum. 
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 MILK 
 Arizona Owner Barn# Age Milk  New Mexico Owner Barn #       Age Milk 
 * Stotz Dairy 18288 03-03 37,960  * Providence Dairy 5627 03-05 41,040  
 * Mike Pylman 7185 04-11 37,600  * Providence Dairy 8567 05-04 40,660  
 * Mike Pylman 7378 04-09 37,600  * Providence Dairy 9553 04-09 39,630  
 * Dairyland Milk Company 2314 04-02 36,780  * Tallmon Dairy 788 03-08 39,490  
 * Stotz Dairy 18160 03-03 36,640  * Tallmon Dairy 796 03-10 39,250  
 * Stotz Dairy 19908 03-03 36,220  * New Direction Dairy 1286 ----- 38,740  
 * Goldman Dairy 8551 ----- 35,570  * Providence Dairy 8833 04-11 38,270  
 * Withrow Dairy 6608 03-06 35,520  * New Direction Dairy 951 ----- 38,110  
 * Stotz Dairy 17770 03-08 35,350  * Providence Dairy 4746 05-01 36,810  
 * Stotz Dairy 16917 04-03 35,340  * Pareo Dairy 1263 06-05 36,810  
  
 FAT 
 * Shamrock Farms 8477 03-04 1,854  * Pareo Dairy 1433 07-00 1594 
 * Shamrock Farms D165 01-11 1,673  * Tallmon Dairy 796 03-10 1517 
 * Stotz Dairy 17959 03-06 1,662  * Pareo Dairy 1263 06-05 1509 
 * Stotz Dairy 19633 07-04 1,618  * Pareo Dairy 91 04-09 1492 
 * Shamrock Farms 7927 03-07 1,546  * Vaz Dairy 2321 04-02 1458 
 * Stotz Dairy 15490 05-03 1,456  * New Direction Dairy 1286 ----- 1428 
 * Shamrock Farms 7148 03-10 1,387  * Pareo Dairy 1449 07-08 1425 
 * Stotz Dairy 15805 05-00 1,368  * Pareo Dairy 7895 05-00 1411 
 * Shamrock Farms 3563 04-11 1,364  * New Direction Dairy 951 ----- 1410 
 * Withrow Dairy 4330 05-07 1,364  * Flecha Dairy 7821 05-06 1374 
          
  
 PROTEIN 
 * Shamrock Farms 8477 03-04 1,254  * Tallmon Dairy 796 03-10 1276 
 * Stotz Dairy 17959 03-06 1,237  * New Direction Dairy 1286 ----- 1233 
 * Mike Pylman 7185 04-11 1,152  * New Direction Dairy 951 ----- 1220 
 * Stotz Dairy 19908 03-03 1,100  * Tallmon Dairy 489 05-02 1207 
 * Stotz Dairy 18160 03-03 1,086  * Providence Dairy 8833 04-11 1173 
 * Shamrock Farms X309 06-03 1,061  * Providence Dairy 9553 04-09 1138 
 * Stotz Dairy 18288 03-03 1,046  * Providence Dairy 8567 05-04 1131 
 * Goldman Dairy 3046 07-07 1,027  * Providence Dairy 5627 03-05 1131 
 * Shamrock Farms N517 08-01 1,019  * Providence Dairy 4786 05-00 1121 
 * Shamrock Farms 794 05-10 1,010  * New Direction Dairy 586 ----- 1085 
          
 
 *all or part of lactation is 3X or 4X milking 

HIGH COW REPORT
SEPTEMBER 2005



ARIZONA - TOP 50% FOR F.C.M.b

SEPTEMBER 2005 
OWNERS NAME 

 
Number of Cows 

  
MILK 

  
FAT 

  
 3.5 FCM 

  
RR 

* Stotz Dairy West 2,108  27,481  989  27,914  38 
* Red River Dairy 5,162  27,681  951  27,385  27 
* Triple G Dairy, Inc. 4,500  25,191  937  26,081  38 
* Del Rio Dairy, Inc. 1,163  25,258  894  25,413  40 
* Zimmerman Dairy 1,193  24,066  871  24,525  37 
* Stotz Dairy East 1,063  23,898  849  24,096  38 
* Mike Pylman 5,702  23,970  845  24,062  38 
* Arizona Dairy Company 5,805  23,370  818  23,365  37 
* Goldman Dairy 2,287  23,227  808  23,141  38 
* Dairyland Milk Co. 3,180  23,013  811  23,097  37 
* Joharra Dairy 1,400  23,264  786  22,800  27 
   Parker Dairy 4,164  22,369  808  22,770  37 
* Paul Rovey Dairy 180  21,939  812  22,649  37 
* Withrow Dairy 5,047  23,643  759  22,527  38 
* Danzeisen Dairy, Inc. 1,328  22,263  791  22,449  36 
* Dutch View Dairy 1,665  21,817  784  22,142  36 
* Shamrock Farm 8,395  22,409  750  21,847  38 
* DC Dairy, LLC 1,042  21,254  770  21,672  37 
* RG Dairy, LLC 1,111  21,144  757  21,414  37 
   Lunts Dairy 601  20,568  768  21,343  29 
* Jerry Ethington 504  20,714  750  21,114  37 
          
          
          
          

NEW MEXICO - TOP 50% FOR F.C.M.b

SEPTEMBER 2005
OWNERS NAME Number of Cows  MILK  FAT   3.5 FCM  RR 
* Tallmon Dairy 478  27,008  954  27,148  29 
* Pareo Dairy #1 1,477  25,754  920  26,055  29 
* Flecha Dairy 2,184  24,779  916  25,568  28 
   Ken Miller 401  25,190  849  24,660  32 
* Providence Dairy 2,745  25,146  848  24,624  28 
* Pareo Dairy #2 3,352  23,499  847  23,896  27 
* Macatharn 994  23,614  835  23,751  39 
* Vaz Dairy 1,706  23,107  846  23,710  33 
* Milagro 3,317  23,549  826  23,577  31 
* New Direction Dairy 2 1,919  22,708  839  23,424  31 
* Do-Rene 2,358  24,019  801  23,375  41 
* Goff Dairy 1 4,321  22,853  821  23,195  34 
* SAS Dairy 1,873  23,312  797  23,004  36 
* New Direction Dairy 40  21,320  801  22,208  36 
* Baca Linda Dairy 1,258  22,061  778  22,155  31 
          
          
          
 
* all or part of lactation is 3X or 4X milking 
b average milk and fat figure may be different from monthly herd summary; figures used are last day/month 
 



ARIZONA AND NEW MEXICO HERD IMPROVEMENT SUMMARY
FOR OFFICIAL HERDS TESTED SEPTEMBER 2005

  ARIZONA NEW MEXICO 
1. Number of Herds 41  23  
2. Total Cows in Herd 68,811  39,520  
3. Average Herd Size 1,678  1,718  
4. Percent in Milk 86  87  
5. Average Days in Milk 210  196  
6. Average Milk – All Cows Per Day 53.8  66  
7. Average Percent Fat – All Cows 3.5  3.5  
8. Total Cows in Milk 59,759  34,549  
9. Average Daily Milk for Milking Cows 62.1  74.0  

10. Average Days in Milk 1st Breeding 84  73  
11. Average Days Open 163  144  
12. Average Calving Interval 14.1  14.0  
13. Percent Somatic Cell – Low 85  78  
14. Percent Somatic Cell – Medium 9  14  
15. Percent Somatic Cell – High 6  6  
16. Average Previous Days Dry 61  66  
17. Percent Cows Leaving Herd 34  31  

      
  STATE AVERAGES 
 Milk 21,262  22,982  
 Percent butterfat  3.62  3.53  
 Percent protein 2.94  3.09  
 Pounds butterfat 778  813  

 Pounds protein 640  705  
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