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INFLUENCE OF SEASON AND GRAZING MANAGEMENT ON DIET QUALITY, DIGESTION, AND RUMINAL FILL IN CATTLE GRAZING NATIVE RANGE IN WESTERN NORTH DAKOTA.
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Abstract:  Objectives were to determine changes in diet quality, digestibility, and ruminal fill in response to season and grazing management.  Eight crossbred steers (initial BW 387.9 _ 11.6 kg) were fitted with ruminal cannulas and used in three concurrent experiments.  Steers grazed native mixed grass prairie in western North Dakota.  In Exp. 1, four steers were used to collect masticate samples on season long (SL) and twice over rotation (TOR) pastures.  Sampling dates were early June, mid-to-late June, early July, late July, late August, and mid-September.  Masticate samples were collected over 2 d with in sampling dates.  For Exp. 2, steers grazed either SL or TOR pastures. Sampling dates were late July, late August, and mid-September. In Exp. 3, four steers grazed a season long pasture.  Sampling dates were mid-to-late June, late July, late August, mid-September, and mid-November.  In Exp. 1, there was an interaction between grazing management and sampling period (P < 0.10).  In both SL and TOR, masticate ADF increased while CP decreased linearly (P < 0.01) with advancing season. At individual sampling dates, grazing management did not influence masticate NDF or CP percentages (P > 0.1). In Exp. 2, absence of interactions (P > 0.05) permitted pooling data across sampling dates.  Dietary chemical composition was not affected by grazing management (P > 0.14).  Likewise, digestibility (IVOMD; 56.4 vs 58.4 _ 1.7 %) and ruminal fill (56.2 vs 61.5 _ 1.2 kg) were not altered for SL and TOR respectively. In Exp. 3, steers grazing SL had declining dietary CP and  increasing ruminal fill (P < 0.01) as season advanced.  In vitro OM digestibility declined linearly with advancing season (P < 0.01; 70.3, 62.1, 53.0, 55.4, 47.1, _ 2.8%).  These preliminary data indicate that diet quality of grazed native range in western North Dakota declines with advancing season and is not greatly altered by grazing management.
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Introduction

North Dakota has over 11 million acres of grazing lands, which is approximately 25% of North Dakota’s landmass (Sedivec et al., 1991).  Much of these lands are located in the western half of the state and are used for livestock production.  Data regarding forage composition and digestion by cattle grazing western North Dakota rangelands is limited.  Seasonal patterns in nutrient quality and quantity rarely correspond with the nutrient requirements for grazing beef cattle (Hart, 1991).  Research in dietary composition of grazing cattle diets has been conducted at several locations in the United States (Funk et al.,  1987; Kirby and Parman,  1986; Olson et al., 1994).  Dormant grasses are usually deficient in nutrients needed to meet cattle requirements (Krysl and Hess, 1993).  Recently, the impact of grazing systems on forage nutrient quality has been evaluated in the Missouri Coteau region of North Dakota by Hirschfeld et al. (1996).  These researchers suggest that rotational systems of grazing management could provide cattle with the opportunity to consume greater amounts of higher quality forage.  However, recent work in western North Dakota suggests that cattle grazing under season-long management are deficient in degradable intake protein during November and December based on the 1996 NRC (Johnson et al., 1998).  Lack of adequate data regarding quality of forage consumed in various grazing regimes limits the development of proper management and(or) supplementation strategies.  Therefore, this study was conducted to evaluate seasonal changes in diet quality in response to grazing management strategies for beef cattle grazing mixed-grass prairie in western North Dakota.

Materials and Methods

Study Area

tc \l2 "Study AreaResearch was conducted approximately 35 km north and 5 km west of Dickinson, North Dakota, which is located in the western portion of the state.  Grazing sites were located on native, mixed-grass prairie.  During the experiment, two grazing management systems were used 3 pasture, twice-over rotation (TOR) and season-long grazing (SL).  Both systems had been established for over 15 years.  The vegetation is composed mainly of western-wheatgrass (Agropyron smithii), needle-and-thread (Stipa comata), blue grama (Bouteloua gracilis), and various sedges (Barker and Whitman, 1988).

Cow-calf pairs were placed on both TOR and SL on June 1.  Study pastures were stocked with cow/calf pairs.   Animal-unit-equivalent-month (L. L. Manske, personal communication) for SL and TOR, were 1.91 and 1.93, respectively.  There were 2 pastures in the SL system which were used as replicates.  Season-long pastures were grazed continuously throughout the season.  There were 3 pastures in the TOR system and 2 replications, for a total of 6 pastures.  In TOR, animals were moved every 15 d during the first rotation followed by a 20 to 30 d rotational pattern.  Lack of moisture and plant growth, were the reasons for varying the number of days during the second rotation.  Approximate rotation dates of TOR for Exp. 1 and 2 were as follows: June 1, June 15, July 1, July 15, August 15, September 15, and cattle were removed on October 15. In addition, there was a third SL pasture, which was continuously grazed June 1 until November 20 in Exp. 3. 

tc \l2 "
Animals

tc \l2 "AnimalsEight Angus crossbred steers (388 _ 12 kg initial BW) were fitted with ruminal cannulas.  Surgical procedures were conducted in a one-step, standing procedure (Streeter et al., 1990).  The procedures were performed according to the institutional procedures of North Dakota State University Animal care and Use Committee.  Steers had unlimited excess to fresh water and a commercial salt-mineral mix throughout the trial.  Steers continuously grazed either study pastures or other native range pastures that were similar in vegetation from June 1 until November 20.

Sampling Periods

tc \l2 "Sampling Periods
Experiment 1:  Steers were subjected to sampling procedures that allow for dietary composition to be determined on both replications of TOR and SL pastures.  Steers were used in a put-and-take fashion for collecting diet masticate samples.  Samples were collected during early June, mid-late June, early July, late July, late August, and mid-September.  At dawn on each collection day, four steers were transported  to either a TOR or SL pasture.  Rumens were evacuated, being sure to remove all contents and fluid with the use of a sponge.  This digesta was placed in plastic containers for later return to the animal.  Then, each steer was placed in a designated site and staked by a 6 meter lead tied to a steel post, to reduce the time required for sampling.  After grazing for 30 to 60 minutes, steers were gathered and diet masticate samples removed, sub-sampled and stored on ice until frozen.  Evacuated ruminal contents were returned once diet sampling was complete.
tc \l1 "
Experiment 1:  Steers were subjected to sampling procedures that allow for dietary composition to be determined on both replications of TOR and SL pastures.  Steers were used in a put-and-take fashion for collecting diet masticate samples.  Samples were collected during early June, mid-late June, early July, late July, late August, and mid-September.  At dawn on each collection day, four steers were transported  to either a TOR or SL pasture.  Rumens were evacuated, being sure to remove all contents and fluid with the use of a sponge.  This digesta was placed in plastic containers for later return to the animal.  Then, each steer was placed in a designated site and staked by a 6 meter lead tied to a steel post, to reduce the time required for sampling.  After grazing for 30 to 60 minutes, steers were gathered and diet masticate samples removed, sub-sampled and stored on ice until frozen.  Evacuated ruminal contents were returned once diet sampling was complete.
Experiment 2: Steers grazed either SL or TOR pastures. Sampling dates were late July, late August, and mid-September. Rumens were evacuated as previously described.  After sampling, evacuated ruminal contents were returned to each steer. Frozen masticate samples were transported to the NDSU nutrition lab and lyophilized before being analyzed for nutrient composition. A sub-sample of each steers’ lyophilized masticate was ground through a Wiley mill (2 mm screen) and used for in vitro estimates of digestibility (Tilley and Terry, 1963). Ten days after ruminal evacuations, total ruminal fluid was removed at 0700 from each steer and used as inoculum for in vitro digestibilities.  Ten in vitro tubes were used per steer.  They consisted of three lyophilized and ground masticate samples from individual steer, three alpha cellulose, two blanks and two brome standards. After 48 h of incubation at 39°C, tubes were frozen to stop microbial fermentation and transported to NDSU Nutrition Laboratory for incubation with pepsin. 

Experiment 3:  Four steers were allowed to graze a SL pasture. Sampling dates were, mid-to-late June, late July, late August, mid-September, and mid-November. Just as in Exp. 1, after the animals had grazed their respective pastures for 30 to 60 minutes, they were gathered and diet masticate samples removed from the rumen, sub-sampled and stored on ice until frozen.  During this grazing time total evacuated ruminal contents were weighed and sub-sampled to determine total ruminal fill. Evacuated ruminal contents were returned once sampling was complete. In vitro digestibilities were preformed on samples as discussed previously.  

Laboratory Analyses
Lyophilized (Genesis 25LL, Virtis, Gardiner, NY) and ground samples (2 mm screen) were analyzed for DM, ash, CP, and ADF according to AOAC (1990) procedures.  The method of Robertson and Van Soest (1982) was used to determine NDF content.  In vitro digestibilities were determined using a modified method of Tilley and Terry (1963).   Modifications include, incubation in a warmed air incubator and instead of a water bath, freezing to stop microbial action before the addition of pepsin, and tubes were inverted to mix instead of being shook. 

Statistical Analyses

Data for Exp. 1 and 2 were analyzed in a spilt-plot design (Gill and Hafs,  1971).  Model included effects for grazing treatment, replicate, sampling period, animal (grazing treatment), and treatment by sampling period interactions.  Linear, quadratic, and cubic effects of period were determined using contrasts.  Grazing treatment effects were separated using the method of least significant difference.  When grazing treatment by sampling period interactions were detected (P < 0.01), simple effect means were reported.

In Exp. 3, data were analyzed  in a completely randomized design (Cochran and Cox, 1957), with the model containing sampling period.  Contrasts were used for estimating linear, quadratic, and cubic responses.  All statistical computations were calculated using SAS (SAS Inst., Inc., Cary, NC).

Results and Discussion

Experiment 1:  There was an interaction between grazing treatment and sampling period (P < 0.10).  In both SL and TOR, masticate CP decreased linearly (P < 0.01) with advancing season.  This is supported by many other researchers (McCollum et al., 1985; Kirby and Parman, 1986; Brandyberry et al., 1991). Crude protein levels remained above the requirement for a lactating cow (9.7%; NRC, 1984) through early July and dropped below requirements during the rest of the grazing year (Table 1).  This is in contrast to observations in western North Dakota by Johnson et al. (1998), who found CP levels remained adequate through early October on similar pastures.  The differences may be due to rainfall.  During their work, rainfall from May to June was 14.2 cm.  During the current study, rainfall from May to June was 5.1 cm.  

Grazing treatment did not influence masticate NDF (P > 0.10) at individual sampling dates.  However, ADF increased linearly over the season (P < 0.01, Table 1). Other researchers have observed increases in forage fiber content with advancing season (Caton et al., 1993;  Park et al., 1994;  Johnson et al., 1998).   Acid detergent fiber also followed cubic (P < 0.01) trends in the SL treatment.  There was a decrease from mid-late June and an increase in early July, after which, ADF increased linearly.

tc \l1 "Experiment 2:  There were no grazing treatment by sampling period interactions (P > 0.05) for dietary composition, in vitro digestibility, or total ruminal fill (Table 2).  Dietary NDF, ADF, and CP were not affected by grazing treatment  (P > 0.14) during late July, late August, and mid-September.  Dietary NDF and ADF increased with advancing season, whereas dietary CP declined (P < 0.04).  In vitro organic digestibility (IVOMD) was not affected by grazing treatment and was similar throughout Exp. 2 (P > 0.21).  Johnson et al, (1998) observed a decline in IVOMD across the season.  However, in their data, samples were collected earlier and later in the growing season. Total  ruminal fill was not affected by  SL and TOR.  Amount of ruminal fill was lowest in late July-early August and highest in late August, then declined (Table 2).  An increase in total ruminal fill across the season was also observed by Johnson et al. (1998).  

Experiment 3:  Results found in Exp. 3 are very similar to SL results found in Exp. 1.  This was expected, because both grazing treatments were SL, even though they were different pastures.  The dates that samples were taken were also similar.  As with Exp. 1, masticate samples on SL in Exp. 3 had declining dietary CP (P < 0.01) as season advanced (Table 3).  In vitro OM digestibility declined linearly (P < 0.01) with advancing season.  Johnson et al, (1998) observed a decline in IVOMD across the season as well.  Total ruminal fill increased linearly with advancing season (P > 0.02).  The same trends in ruminal fill were also observed in Exp. 2, as well as by Johnson et al. (1998).

Implications

tc \l3 "Implications
In order to optimize animal performance, nutrient intake from grazed forages must be determined.  Producers can then supplement nutrients the to meet cattle  requirements once deficiencies are identified.  We observed a decline in CP, increasing NDF and ADF, and an increase in total rumen fill with advancing season in both the season-long and twice-over-rotation management systems.  These data indicate that diet quality of grazed native range in western North Dakota declines with advancing season and was not greatly altered by grazing management.
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	Table 1.  Influence of advancing season on diet quality by steers grazing season-long (SL) or twice-over rotation (TOR) management on mixed-grass prairie in the northern Great Plains.

	
	
	Sampling Period
	
	
	Contrasta

	Item
	Early June
	 Mid-Late

 June
	 Early July
	Mid-Late

July
	 Mid-Late

Aug
	 Early Sept
	SE
	Pb
	L
	Q
	C

	CP
	
	
	
	
	
	
	
	
	
	
	

	
	SL
	10.6
	10.2
	8.9
	7.8
	7.5
	7.2
	0.30
	0.01
	0.01
	0.01
	0.15

	
	TOR
	10.9
	10.1
	8.9
	8.0
	7.8
	6.3
	0.37
	0.01
	0.01
	0.55
	0.89

	
	SE
	3.1
	3.1
	3.1
	3.1
	3.1
	3.1
	-
	-
	-
	-
	-

	
	Pc
	0.41
	0.84
	0.96
	0.64
	0.57
	0.20
	-
	-
	-
	-
	-

	NDF
	
	
	
	
	
	
	
	
	
	
	

	
	SL
	68.0
	65.7
	70.0
	68.3
	72.1
	69.6
	1.3
	0.02
	0.02
	0.80
	0.09

	
	TOR
	68.7
	68.3
	70.4
	66.0
	68.9
	68.6
	1.1
	0.12
	0.91
	0.80
	0.49

	
	SE
	1.2
	1.2
	1.2
	1.2
	1.2
	1.2
	-
	-
	-
	-
	-

	
	Pb
	0.71
	0.13
	0.84
	0.17
	0.65
	0.51
	-
	-
	-
	-
	-

	ADF
	
	
	
	
	
	
	
	
	
	
	

	
	SL
	36.3
	35.6
	40.1
	41.3
	43.4
	42.6
	0.57
	0.01
	0.01
	0.07
	0.01

	
	TOR
	38.1
	37.4
	40.3
	39.7
	40.6
	42.1
	0.58
	0.01
	0.01
	0.66
	0.73

	
	SE
	0.67
	0.67
	0.67
	0.67
	0.67
	0.67
	-
	-
	-
	-
	-

	
	Pb
	0.06
	0.05
	0.85
	0.07
	0.002
	0.55
	-
	-
	-
	-
	-

	a Observed significance level for contrast effects:  L = Linear, Q = Quadratic, and  C = Cubic.

b Standard error and observed F-test significance for period.

c Standard error and observed F-test significance for treatment.


	Table 2. Influence of advancing season on diet quality, total ruminal fill and digestibility by steers grazing season-long  (SL) or twice-over rotation (TOR) management on mixed-grass prairie in the northern Great Plains.

	
	Grazing Treatment
	
	Sampling Period
	
	Effect

	Item
	SL
	TOR
	SE
	Late July

Early Aug
	Late Aug
	Mid Sept
	SE
	TRT
	PD
	TRT

 x

 PD

	CP, % DM
	7.6
	7.4
	0.27
	7.7
	7.8
	7.0
	0.26
	0.79
	0.04
	0.27

	NDF, % DM
	66.3
	67.5
	0.86
	64.9
	66.1
	69.5
	0.84
	0.47
	0.01
	0.06

	ADF, % DM
	41.0
	40.9
	0.81
	39.9
	40.3
	42.6
	0.79
	0.99
	0.03
	0.95

	IVOMD, %
	56.4
	58.4
	1.7
	60.5
	56.4
	55.3
	2.0
	0.46
	0.22
	0.36

	Fill, kg
	56.2
	61.5
	1.2
	52.7
	66.5
	57.4
	1.5
	0.45
	0.02
	0.66


	Table 3.  Influence of advancing season on diet quality, digestibility, and total ruminal fill by steers grazing season-long management on mixed-grass prairie in the northern Great Plains.  

	
	Sampling Period
	
	
	

Contrastsb

	Item
	Late June
	Late June

Early Aug
	Late Aug
	Mid Sept
	Mid Nov
	SE
	Pa
	L
	Q
	C

	CP, % DM
	10.5
	7.9
	7.6
	7.1
	6.2
	0.54
	0.01
	0.01
	0.14
	0.14

	NDF, % DM
	62.3
	65.5
	64.6
	70.6
	71.8
	2.4
	0.08
	0.82
	0.04
	0.38

	ADF, % DM
	37.0
	37.9
	40.9
	43.5
	43.1
	2.4
	0.27
	0.04
	0.75
	0.51

	IVOMD %
	70.3
	62.1
	53.0
	55.4
	47.1
	2.8
	0.01
	0.01
	0.33
	0.29

	FILL, kg
	45.4
	50.3
	60.9
	52.7
	65.9
	3.3
	0.02
	0.01
	0.67
	0.29

	a Observed significance level of the F-test for period.

b Observed significance level for contrast effects:  L = Linear, Q = Quadratic, and  C = Cubic.


