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ABSTRACT:  Grazing sheep and cattle together (i.e., common use or multispecies grazing) may increase livestock production on sagebrush-grass rangeland.  This study compared the dietary botanical composition, dietary nutritive quality, and weight gain of sheep and cattle grazed separately versus sheep and cattle grazed together.  The grazing trials were conducted during two summers at the U.S. Sheep Experiment Station near Dubois, Idaho.  The same moderate stocking rate was used both summers and for all four treatments:  cattle alone, sheep alone, 75% cattle/25% sheep, and 50% cattle/50% sheep.  The percentages of cattle and sheep describe the relative total live weight of each species at the beginning of the grazing trials.  Each treatment had three replicates.  Sheep and cattle ate grass-dominated diets in all treatments, and dietary overlap was high (86%) when sheep and cattle grazed together. Nutritive quality (CP and NDF) of sheep diets did not differ among treatments (P > 0.10), whereas cattle diets had less NDF (P = 0.09) when cattle grazed with sheep rather than alone.  Cattle ADG did not differ among treatments (P > 0.10) but trended higher when cattle grazed with sheep.  Sheep ADG also trended higher when sheep grazed with cattle (P < 0.01).  The amount of growing season precipitation influenced which treatment maximized total gain ha-1.  In a wet year, multispecies grazing produced more gain ha-1 than cattle alone (P < 0.01).  In a dry year, multispecies grazing produced as much gain ha-1 as cattle alone (P < 0.01).  Therefore, over the long-term gain ha-1 should increase by grazing cattle and sheep together.

Key Words:  Beef Cattle, Sheep, Multispecies Grazing

Introduction

Few livestock producers in the western United States raise more than one species of grazing livestock (e.g., cattle, sheep or goats), and even fewer producers purposely integrate the grazing management of multispecies (Meyer 1985). Potential benefits of multispecies livestock grazing include:  more uniform use of rangeland vegetation; increased animal production per unit area; improved individual animal performance by one or more species; biological control of noxious weeds or toxic plants; reduced livestock losses from poisonous plants; and increased economic efficiency (Walker 1994).  Disadvantages of multispecies livestock grazing include:  limited markets for less prevalent species such as sheep or goats; additional capital investment in better fencing when sheep or goats are added to an existing cattle operation; greater predation of smaller species; and a higher level of managerial expertise to meet the needs of multiple animal species (Glimp 1985).

Another limitation to multispecies livestock grazing is that few research studies have examined livestock response under different stocking combinations.  Information is especially scarce from sagebrush-grass rangelands.  The objective of this study was to examine sheep and cattle response to grazing under four diffferent combinations on sagebrush-grass rangeland.  Specific objectives were to:  1) evaluate the botanical composition and overlap of sheep and cattle diets, 2) evaluate the nutritive quality of sheep and cattle diets, 3) compare weight gain of each species, and 4) compare total weight gain ha-1.

Materials and Methods

Study Area

The study was conducted at the U.S. Sheep Experiment Station 10 km north of Dubois, Idaho. Vegetation is dominated by three-tip sagebrush (Artemisia tripartita) and bluebunch wheatgrass (Agropyron spicatum).  Other major species include thickspike wheatgrass (Agropyron dasystachyum), needleandthread grass (Stipa comata), prairie junegrass (Koeleria pyramidata), bluegrass (Poa spp.), cheatgrass (Bromus tectorum), and arrowleaf balsamroot (Balsamorhiza saggitata).  The habitat type was three-tip sagebrush/bluebunch wheatgrass (Hironaka et al. 1983).

Grazing Treatments

The 32-ha study area was divided into 12 paddocks and grazed by yearling Columbia ewes (50 kg) and yearling crossbred beef steers (290 kg).  Grazing treatments were applied for 28 days in 1994 and 1995.  Grazing periods were mid-July to mid-August 1994, and from early June to early July 1995.  Animals used in 1994 and 1995 had similar genetic potential and grazing experience.  Salt and mineral supplement were provided ad libitum throughout the study.

The grazing treatments were four combinations of sheep and cattle:  cattle alone (100% cattle), sheep alone (100% sheep), cattle and sheep together at 75% cattle/25% sheep, and cattle and sheep together at 50% cattle/50% sheep.  The percentages of cattle and sheep describe the relative total live weight of each species in a treatment at the beginning of the grazing trial.  Each treatment had 3 replicates (i.e., paddocks).  Paddock size varied so that stocking rate (ha AUM-1) was equal among treatments.  A moderate stocking rate (0.9 ha AUM-1) was used (NRCS 1995).  The 100% cattle treatment consisted of 3 yearling steers on 1.62 ha.  The 100% sheep treatment also was applied to 1.62-ha paddocks and was grazed by 15 yearling ewes in 1994 and 17 yearling ewes in 1995.  More sheep were used in 1995 because the sheep weighed notably less than in 1994 (38 kg vs. 62 kg).  The 75% cattle/25% sheep treatment was applied to 2.16-ha paddocks stocked with 3 yearling steers and 5 yearling ewes in 1994 and 7 yearling ewes in 1995.  The 50% cattle/50% sheep treatment was applied within 3.24-ha paddocks stocked with 3 yearling steers and 15 yearling ewes in 1994 and 17 yearling ewes in 1995.

Sheep and Cattle Diets

Microhistological analysis of fecal samples was used to determine botanical composition of sheep and cattle diets (Sparks and Malechek 1968).  Fecal samples were randomly collected weekly from ( 5 fresh fecal deposits per species within each of the 12 paddocks.  Fecal samples were analyzed by experienced technicians at Washington State University’s Wildlife Habitat and Nutrition Laboratory.  Dietary overlap among sheep and cattle was calculated using Kulcyznski’s similarity index (Oosting 1956, Kingery et al. 1996).  

Nutritive Quality of Sheep and Cattle Diets

Composite samples (50 g each) of individual plant species used by cattle and sheep were obtained by hand-plucking (Edlefsen et al. 1960) concurrently with fecal sampling.  Plant parts were selected to simulate cattle and sheep foraging behavior.  Separate samples were collected for cattle and sheep after observing sheep and cattle foraging behavior via focal animal sampling (Altmann 1974).

Forage samples were oven-dried for 48 h at 55 (C and ground in a Wiley mill using a 1-mm screen.  Forage samples were then analyzed for CP (%N ( 6.25) via the Kjeldahl procedure (AOAC 1990) and NDF (Van Soest et al. 1991).  Percent CP and NDF in diets of cattle and sheep were calculated following Sowell et al. (1985).     

Animal Performance

All animals were individually weighed immediately before and after the grazing trial each year.  Animals were held overnight (16 h) without food or water prior to weighing.  Average daily gain (ADG) was calculated for each animal in a paddock.  Total gain ha-1 was calculated by summing the total weight gain of each animal and dividing by the number of hectares in the paddock.

Experimental Design and Statistical Analyses

Experimental design was completely randomized in a split-plot arrangement.  The four grazing treatments (100% cattle, 100% sheep, 75% cattle/25% sheep, 50% cattle/50% sheep) were the main plot factors and years were the subplot factors; each treatment had 3 replicates.  Analysis of variance was used to compare treatment effects on the botanical composition of animal diets, dietary overlap, nutritive quality of animal diets, and total weight gain ha-1.  Analysis of covariance was used to evaluate treatment effects on ADG; the covariate was each animal’s weight at the beginning of the grazing trials.  Least-squares means were used to compare treatment means.  Significant differences were declared at P ( 0.10.  When treatment ( year interactions occurred, each year’s data were analyzed separately.

Results and Discussion

Sheep and Cattle Diets

Cattle and sheep ate grass-dominated diets (Table 1).  Cattle diets averaged 80%, 19%, and 1% grasses, forbs, and shrubs, respectively.  Cattle ate less grass when cattle grazed with sheep (P = 0.10).  Sheep diets averaged 76% grasses, 22% forbs, and 2% shrubs.  Sheep and cattle diets were consistent with other studies from sagebrush-grass rangeland in summer (Harniss and Wright 1982, McInnis and Vavra 1987). 

When sheep and cattle grazed together, dietary overlap averaged 86% and did not differ between the 75% cattle/25% sheep treatment and the 50% cattle/50% sheep treatment (P > 0.10).  Vavra and Sneva (1978) similarly reported 78-86% dietary overlap among cattle and sheep during summer on sagebrush-grass rangeland of eastern Oregon.  However, in the more mesic and diverse mixed grass prairie of western North Dakota, Kirby et al. (1988) found only 30-35% dietary overlap between sheep and cattle in summer.

Nutritive Quality of Sheep and Cattle Diets

Nutritive quality of sheep diets did not differ between treatments (P > 0.10), averaging 7.6% CP and 62% NDF.  Dietary CP for cattle also did not differ between treatments (P > 0.10), averaging 6.8%.  Cattle diets were less fibrous (P = 0.09) in the 75% cattle/25% sheep treatment (63% NDF) than when cattle grazed alone (65% NDF).  This difference resulted from cattle eating less grass (Table 1) due to competition with the sheep. 

Animal Performance

Daily weight gain of the yearling steers did not differ among treatments (P > 0.10), but trended higher as the proportion of sheep increased (Table 2).  Olsen et al. (1999) found that ADG of beef calves was greater when cattle grazed alone rather than mixed with sheep.  The montane forest and grassland site studied by Olsen et al. (1999) was a much more productive environment than our study site and may have enabled cattle to consume more nutritious forage when sheep were absent.

Across treatments and years, ADG of yearling ewes trended higher when sheep grazed together with cattle rather than alone (P < 0.01).  Similar results were reported by Abaye et al. (1994), Matthews et al. (1986), Merrill and Young (1954), and Olsen et al. (1999).  The relative absence of treatment effects on botanical composition and nutritive quality of sheep diets suggests that the greater ADG by sheep grazed with cattle may have resulted from reduced stress.  We hypothesize that the presence of cattle in close proximity enabled sheep to gain more weight because they expended less energy on predator vigilance.  Hulet et al. (1987) demonstrated that coyote depredation of sheep could be reduced by grazing cattle and sheep together in close proximity, and coyotes and red foxes were commonly observed on our study site.

Weather conditions caused a treatment ( year interaction (P < 0.01) for total weight gain ha-1 (Table 2).  Total growing season precipitation (April+May+June) in 1994 was 72% (88 mm) of the long-term average of 123 mm (NOAA 1994), whereas growing season precipitation in 1995 registered 227% (279 mm) of the long-term average (NOAA 1995).  In the dry year (1994),  treatments that included cattle (either alone or with sheep) gained more than the 100% sheep treatment (P < 0.01).  In the wet year (1995), however, the 100% sheep treatment produced the greatest gain ha-1, the 100% cattle treatment produced the least, and gains ha-1 from the combinations of cattle and sheep were intermediate to either cattle or sheep alone (P < 0.01).  Total gain ha-1 has typically increased with multispecies grazing in other rangeland vegetation types, including oak-grass savanna in Texas (Merrill and Young 1954) and montane forest-grassland in Utah (Matthews et al. 1986, Olsen et al. 1999).  
Conclusions

Sheep and cattle ate grass-dominated diets, and dietary overlap was very high when sheep and cattle grazed together.  Nutritive quality of sheep diets was unaffected when sheep grazed with cattle.  Cattle diets were less fibrous when cattle grazed with sheep than when cattle grazed alone.  Cattle ADG trended higher as the proportion of sheep increased, and sheep ADG trended higher when sheep grazed with cattle rather than alone.

The amount of growing season precipitation influenced which combination of sheep and/or cattle maximized total gain ha-1.  In a wet year, multispecies grazing produced more gain ha-1 than cattle alone.  In a dry year, multispecies grazing produced as much gain ha-1 as cattle alone.  Therefore, over the long-term gain ha-1 should increase by grazing cattle and sheep together.  Only after determining whether the added costs of operating a multispecies livestock grazing program outweigh the accrued benefits (economic and ecological) can one determine whether multispecies grazing is appropriate for a specific ranch business (Hopkin 1954).
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   Table 1.  Mean botanical composition (%) of diets from sheep and cattle grazing alone and together on

   sagebrush-grass rangeland in summer.
	
	Sheep
	
	Cattle

	Forage
	100% Sheep
	50% Cattle

50% Sheep
	75% Cattle

25% Sheep
	
	100% Cattle
	75% Cattle

25% Sheep
	50% Cattle

50% Sheep

	Grasses
	 76 a1
	76 a
	75 a
	
	82 a
	78 b
	80 b

	Forbs
	22 a
	23 a
	22 a
	
	17 a
	21 a
	20 a

	Shrubs
	  2 a
	  1 a
	  3 b
	
	  1 a
	  1 a
	  0 a


        1Means within rows and within livestock species followed by the same letter are not different (P > 0.10).

   Table 2.  Mean ADG (kg/day) and total weight gain per hectare (kg/ha) by yearling steers and yearling ewes

    grazing alone and together on sagebrush-grass rangeland in summer.

	
	Stocking Treatment

	Variable
	100% Cattle
	75% Cattle

25% Sheep
	50% Cattle

50% Sheep
	100% Sheep

	Cattle ADG
	0.41 a1
	0.46 a
	0.53 a
	N/A

	Sheep ADG
	N/A
	0.05 ab
	0.07 b
	0.03 a

	Gain/Ha
	
	
	
	

	1994
	0.3 a
	-9.1 a
	-13.2 a
	-49.8 b

	1995
	48.6 a
	59.2 b
	74.4 c
	83.4 d


        1Means within rows followed by the same letter are not different (P > 0.10).
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