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PREPARTUM SUPPLEMENTATION WITH PROTEIN OR FAT AND PROTEIN FOR GRAZING COWS IN THREE SEASONS OF CALVING1 
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 USDA-ARS, Miles City, MT 59301

ABSTRACT:(  A 2-yr study was conducted to evaluate prepartum supplementation of cows (n = 177) grazing native rangeland with a combination of safflower seed and meal (high fat, HF: 21.7% CP, 14.8% ether extract, EE) compared to safflower meal and barley (low fat, LF: 22.5% CP, 2.6% EE) on cow performance pre- and postpartum. Interactions with calving date and cow age were also evaluated. Each year, 30 cows (15 three-year-olds and 15 five-year-olds or older) from each of three seasons of calving (SC; February, April, or June) were assigned to supplementation type (ST). Cows were assigned to one of two pastures per SC and supplements were group fed within pastures for 49 d. Cows were then moved to drylot and fed sudangrass hay plus supplements until calving (average = 22 d). Quality of grazed forage varied from 4% CP in December of yr 2 to 17% in May of yr 1. Alfalfa hay was provided when snow cover prevented grazing. While effects of SC and cow age were pronounced for performance measures, effects of ST were limited and were only found in interactions. Changes in BW during the prepartum grazing period were affected by SC (P < 0.01), a year ( cow age interaction (P < 0.05), and an interaction among SC, year, and cow age (P < 0.05). Body condition score changes were affected by cow age and SC (P < 0.01). In the April calving group, proportion of 3-yr-olds exhibiting estrous cycles at the beginning of breeding was 0.46 compared with 0.92 in the older cows, but there was no effect of cow age in the February or June groups (SC ( cow age interaction, P < 0.05). Pregnancy rates exhibited an SC ( ST ( cow age interaction (P < 0.05; subclass n = 15). Three-year-old cows calving in February and 5-yr-old cows calving in April receiving HF had greater pregnancy rates than cows fed LF; the opposite effect was found for 3-yr-olds calving in April. There was no effect of ST on pregnancy rates of cows calving in June. Varying conditions associated with SC affected cow performance and response to supplementation.
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Introduction


A number of research reports have suggested that the feeding of lipids either pre- (Bellows et al., 2001) or postpartum (Williams and Stanko, 1999) can improve reproductive performance of cattle. There has been variation in response depending on the nutritive quality of diets fed between calving and breeding. Cattle grazing Northern Great Plains rangelands exist under a dynamic environment where rapid changes in forage quality can occur (Adams and Short, 1987). Time of calving and individual years can have significant impacts on the quality of postpartum diets for grazing cows. 

Some of the previous research on the impact of fat supplementation on reproduction has been conducted with first-calf heifers (Bellows et al., 2001). These heifers are under greater nutritional stress than older animals because of the compounding need for nutrients for both growth and milk production. Therefore, young cows may be more sensitive to fat supplementation than older cows. 

The objectives of the current study were to evaluate the impact of prepartum fat supplementation and time of calving on weight and body condition score changes of beef cows, along with reproductive performance. Additionally, we wished to determine whether these responses differed in cows that were 3-yr-old and pregnant with their second calf, compared to cows that were 5 to 7-yr-old. 

Materials and Methods

A 2-yr study was conducted at the Fort Keogh Livestock and Range Research Laboratory near Miles City, MT (460 22' N 1050 5' W). Climate is continental and semi-arid with vegetation dominated by western wheatgrass [Pascopyrum smithii (Rydb.) Love], threadleaf sedge [Carex filifolia Nutt.], needle and thread [Stipa comata Trin. and Rupr.], blue grama [Bouteloua gracilis (H.B.K.)], and downy [Bromus tectorum L.] and Japanese bromes [B. japonicus Thunb.]. Average annual rainfall in the area is 338 mm with 60% received during the 150-d, mid-April to mid-September growing season. 

Each year, 30 cows (15 three-year-olds and 15 five-year-olds or older) from each of three seasons of calving (SC; February, April, or June) were assigned to supplementation type (ST). Data from three cows that did not calve within their assigned calving group were omitted. Data from a total of 177 cows were used in the final analysis. Supplements consisted of a combination of safflower seed and meal (high fat, HF: 21.7% CP, 14.8% ether extract, EE) or safflower meal and barley (low fat, LF: 22.5% CP, 2.6% EE). Safflower seeds were of the Morlin variety, which is high in linoleic acid, and were processed through a roller mill. Supplements were intended to be fed at equal levels of protein and energy, which required feeding the two supplements at differing levels and different amounts to be fed each year. Supplements were not pelleted and there was some variation in composition of the HF supplement throughout the study that caused the actual amount of protein fed to be less for the HF treatment. The LF supplement was fed at a rate of 1.8 kg/d (as fed basis) in yr 1 and 1.9 kg/d in yr 2. The HF supplement was fed at a rate of 1.6 kg/d in yr 1 and 1.8 kg/d in yr 2.

Cows were assigned to one of two pastures per SC, and supplements were group fed within pastures for 49 d. Pasture size varied from 36 to 89 ha. Pasture size and range sites were considered in allotting cows to pastures so that grazing pressure was equal between the two pastures within season rather than cow numbers per pasture. In yr 1, alfalfa hay was provided when snow cover limited or prevented grazing. The amount varied with the degree of snow cover. No hay was required in yr 2 as range forage was always accessible. 

At the end of the grazing period, cows were moved to drylot and fed supplements daily along with ad libitum access to sudangrass hay until calving (average = 22 d). The total days of supplementation during the grazing and drylot periods averaged 71 d.


The proportion of cows exhibiting estrus at the beginning of the breeding season was determined from progesterone concentrations in serum samples collected 7 d apart. Cows were bred by natural service during 32-d breeding seasons that included an injection of PGF2( given 7 d after the bulls had been turned in with the cows. Pregnancy status was determined in the fall by use of transrectal ultrasonography. 


Diet quality during grazing was assessed with the use of esophageally cannulated cows. Samples were collected monthly from each pasture by three to five cows allowed to graze for 30 to 45 min. Feed samples and lyophilized extrusa were ground to pass through a 1 mm mesh screen in a Wiley mill and analyzed for CP and EE (AOAC, 1990). 

To assess if fat supplementation altered ruminal fermentation kinetics, in vitro gas production was measured on simulated diets by combining estimated amounts of extrusa and supplement. Techniques for gas production measures followed the procedures of Blummel and Becker (1997). Rate and extent of gas production were determined using an exponential model with a lag phase using GraphPad Prism (1994) software. 

Analysis of variance was conducted using completely random design with a 2 (ST) ( 3 (SC) ( 2 (cow age) ( 2 (year) factorial arrangement of treatments using SAS (SAS Inst. Inc., Gary, NC). The effects of year, SC, and SC ( year were tested using (herd ( year) within pasture as the error term. Effects of ST, SC ( ST, ST ( year, and SC ( ST ( year were tested using the interaction of  ST ( (herd ( year) within pasture as the error term. All other effects were tested with the residual error. Covariates were included as appropriate.

Results and Discussion

Quality of grazed forage varied from 4% CP in December of yr 2 to 17% in May of yr 1 (Table 1). Alfalfa was fed at a rate of 4.1 kg/d from d 31 through d 35 and then 8.3 kg/d through the end of the grazing period for the February calving cows in yr 1. April calving cows received alfalfa hay at a rate of 8.3 kg/d for the first 10 d of the grazing period. Hay feeding was gradually decreased and ceased on d 18. June calving cows received no hay. No hay was fed in yr 2. 

Table 1. Chemical composition of extrusa and hay samples from three calving seasons in each of 2 yr

	
	Season of calving
	Hay

	
	February
	April
	June
	Sudan-grass 
	Alfalfa

	Yr 1
	
	
	
	
	

	  CP
	 5.5aA
	  7.6aA
	 13.8bA
	  5.4
	20.7

	  EE
	 2.34aA
	  1.40b
	  1.78c
	  1.2
	  1.0

	Yr 2
	
	
	
	
	

	  CP
	 4.9aA
	  4.5aB
	  7.4bB
	  8.9
	

	  EE
	 1.42abB
	  1.35a
	  1.72b
	  1.4
	


   abcMeans for extrusa within year with differing superscripts differ by season of calving, P < 0.05.

   ABMeans for extrusa within season of calving with differing superscripts differ by year, P < 0.05.

In vitro gas production kinetic parameters were not affected by ST (P > 0.10; data not shown). While high levels (greater than 10%) of fat in the diet may depress forage digestion (Palmquist and Conrad, 1978), lower levels do not. Fat concentration in the diets of the HF supplemented cows was estimated to be about 3.5 to 4% EE. Miner and Peterson (1989) found no effects of a supplement containing protein and fat on NDF digestion rates compared with protein alone for cows grazing Montana rangeland in winter.

 Rate of gas production and lag time were affected (P < 0.05) by SC (Table 2). Cows calving in June had diets with shorter lag times and faster rates of gas production than cows in other seasons.

Table 2. Average in vitro gas production kinetic parameters of simulated diets for three calving seasons 

	
	Season of calving

	
	February
	April
	June

	Rate of gas production,     ml/250 mg/h
	      0.053a
	      0.058a
	  0.080b

	Extent of gas production,   ml/250 g DM
	65.5
	68.3
	 69.4

	Lag time, h
	     1.88a
	    1.78a
	 1.29b


abMeans in rows with differing superscripts differ, P < 0.05.
Cows calving in June gained an average of 52 kg during the grazing period compared to less than 14 kg for the other seasons (Table 3). Weight change relationships were not consistent among SC, cow age, or year (year ( cow age and SC ( cow age ( year interactions, P < 0.05).

Body condition score (BCS) changes during grazing were affected by cow age and SC (P < 0.01; Table 3). Younger cows lost more or gained less condition than older cows. February calving cows of both ages lost condition during the grazing season, whereas June calving cows gained condition during this period.


Body condition scores at calving were low for 3-yr-old cows, averaging only 4.2, compared to 5.2 for older cows (P < 0.01; Table 3). A SC ( ST interaction (P < 0.05) occurred due to a higher condition score for cows receiving LF in the February calving group compared to those receiving HF; the opposite was true for the April calving group, and there was no difference due to ST within the June calving group. These interactions were overcome by the beginning of the breeding season when BCS was affected only by SC and cow age.

There were numerous interactions for the proportion of cows exhibiting estrus at the beginning of the breeding season (Table 3). In the April calving group, proportion of 3-yr-olds exhibiting estrous cycles at the beginning of breeding was 0.46 compared with 0.92 in the older cows (Table 3), but there was no effect of cow age in the February or June groups (SC ( cow age interaction, P < 0.05). Proportion of cows cycling was lower in yr 1 than yr 2 for most subclasses except for April calving cows fed LF in yr 1, with 91% of the cows exhibiting estrus (SC ( Y ( ST interaction, P < 0.05).

Pregnancy rates exhibited an SC ( ST ( cow age interaction (P < 0.05; subclass n = 15; Table 3). Three-year-old cows calving in February and 5-yr-old cows calving in April receiving HF had greater pregnancy rates than cows fed LF; the opposite effect was found for 3-yr-olds calving in April. There was no effect of ST on pregnancy rates of cows calving in June. Varying conditions associated with SC affected cow performance and response to supplementation. Bellows et al. (2000) also reported differences in response to prepartum fat supplementation between February and April calving cows. 


In most subgroups in this study, reproduction was not impaired. However, reproduction was low in 3-yr-old cows calving in April and providing a high fat supplement during the prepartum period did not improve this situation. These cows were under some degree of nutritional stress as evidenced by low condition scores at calving. 


These results differ from previous studies at this location were pregnancy rates were improved in first-calf, 2-yr-old heifers consuming corn silage and hay based diets and receiving oilseeds. First-calf heifers in that study had BCS of 5 to 6 at calving. Differences in response may be related to cow age or diet nutrient concentrations both pre- and postcalving. Bellows et al. (2000, 2001) also suggested that season of calving could play a role in the reproductive response to prepartum high fat diets by altering postcalving nutrition.
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Table 3. Pre- and postpartum performance of cows as affected by season of calving (SC), cow age (CA), supplement type (ST), year (Y), covariates, and interactions

	
	Season of calving
	
	Covariates, main effects

	
	February
	April
	June
	
	and interactions with

	                                            Cow age
	3
	5+
	3
	5+
	3
	5+
	SEM
	P < 0.05

	Item
	
	
	
	
	
	
	
	

	Weight change during grazing, kg
	
	
	
	
	
	1.08
	SC, Y ( CA, 

	  Yr 1
	   9.0
	   8.4
	   4.1
	   3.7
	 50.3
	 40.5
	
	SC ( CA (Y

	  Yr 2
	 14.3
	 22.3
	   1.1
	  -1.8
	 51.4
	 67.6
	
	

	
	
	
	
	
	
	
	
	

	BCS1 change during grazing
	  -0.5
	  -0.1
	  -0.5
	   0.3
	   0.1
	   0.7
	0.041
	Initial BCS, SC, CA 

	
	
	
	
	
	
	
	
	

	Weight at calving, kg
	
	
	
	
	
	
	3.83
	SC, Y, CA, 

	  Yr 1
	441
	546
	468
	554
	502
	584
	
	

	  Yr 2
	473
	570
	466
	592
	496
	613
	
	

	
	
	
	
	
	
	
	
	

	BCS at calving
	
	
	
	
	
	
	0.058
	SC, CA, SC ( ST, 

	  Yr 1
	
	
	
	
	
	
	
	ST ( Y, SC ( Y

	    LF2
	   4.0
	   4.8
	   3.3
	   4.0
	   5.1
	   5.4
	
	

	    HF2
	   3.6
	   5.1
	   4.2
	   4.8
	   4.9
	   5.7
	
	

	  Yr 2
	
	
	
	
	
	
	
	

	    LF
	   4.6
	   5.8
	   3.8
	   5.2
	   4.5
	   5.5
	
	

	    HF
	   4.3
	   5.0
	   4.1
	   5.8
	   4.3
	   5.1
	
	

	
	
	
	
	
	
	
	
	

	Weight at the breeding season, kg 
	
	
	
	
	
	4.07
	SC, CA, SC ( Y

	  Yr 1
	440
	517
	532
	613
	488
	583
	
	

	  Yr 2
	441
	531
	487
	605
	467
	605
	
	

	
	
	
	
	
	
	
	
	

	BCS at the breeding season
	   4.1
	   4.9
	   4.5
	   5.7
	   4.3
	   5.5
	0.057
	SC, CA

	
	
	
	
	
	
	
	
	

	Proportion of cows exhibiting estrous cycles3
	
	
	
	
	
	0.027
	Days from calving to beginning of breeding, CA, SC ( ST, 

SC ( CA,

SC ( ST ( Y,

	  Yr 1
	
	
	
	
	
	
	
	

	    LF
	   0.59
	   0.53
	   0.92
	   0.90
	   0.71
	   0.86
	
	

	    HF
	   0.44
	   0.79
	   0.39
	   0.71
	   0.63
	   0.98
	
	

	  Yr 2
	
	
	
	
	
	
	
	

	    LF
	   1.0
	   0.91
	   0.30
	   1.0
	   1.0
	   0.92
	
	SC ( Y ( CA

	    HF
	   0.99
	   1.0
	   0.24
	   1.0
	   1.0
	   0.82
	
	

	
	
	
	
	
	
	
	
	

	Proportion of cows pregnant
	
	
	
	
	
	
	0.026
	SC ( ST ( CA

	  LF
	   0.75
	   0.93
	   0.97
	   0.80
	   0.86
	   0.93
	
	

	  HF
	   0.93
	   0.84
	   0.63
	   0.99
	   0.80
	   0.93
	
	


1BCS = Body condition score, 1 = devoid of fat to 9 = obese.

2LF, HF = Low (2.6% EE) and high (14.8%) EE fat supplements, respectively.

3At the beginning of the breeding season.

( 1 This research was conducted under cooperative agreement between USDA-ARS and the MT Agric. Exp. Sta. USDA-ARS is an equal opportunity/affirmative action employer and all agency services are available without discrimination.





