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ABSTRACT:  Eighty crossbred steers (avg initial wt 391 kg) were assigned by weight to 16 pens to determine the effects of two barley varieties and two backcross experimental lines on feedlot performance, nutrient digestion, and carcass characteristics.   Four diets based on: 1) Morex; 2) SM3; 3) SM5; and 4) Steptoe barley were balanced to be isonitrogenous (2.24% N) and isocaloric (2.01 Mcal/kg NEm and 1.35 Mcal/kg NEg).  Pen was the experimental unit in the 112-d experiment.  Steers were weighed and diet, ort, and fecal samples were obtained every 28 d.  Diet and fecal samples were composited by pen and analyzed for DM, OM, N, ADF, AIA, and starch.  Acid insoluble ash was used as an internal marker to estimate fecal output and to calculate nutrient digestion.  Steers were harvested when 70% were visually estimated to grade Choice.  Final weights and overall average daily gain did not differ (P > 0.10) among diets (avg 556 kg and 1.47 kg/d, respectively).  Intake was greatest (P = 0.002) for steers fed Morex (9.5 kg/d), and least for steers fed SM5 (8.4 kg/d).  Feed efficiency did not differ (P > 0.10) among diets (avg 16.1 kg gain/100 kg feed).  Steers fed Morex and SM5 had higher (P = 0.08) marbling scores than steers fed SM3 (avg 4.4 vs. 4.1).  No differences (P > 0.10) were detected for any other carcass characteristic (avg 331 kg hot carcass wt, 1.8% KPH, 1.1 cm fat thickness, 75.8 cm2 longissimus area, 2.9 yield grade, low choice quality grade).  Digestible DM and starch intake were greatest (P = 0.003) by Morex-fed steers (7.5 and 4.4 kg/d, respectively), intermediate for SM3-fed steers (avg 6.9 and 4.1 kg/d, respectively), and lowest for SM5-fed steers (6.4 and 3.9 kg/d, respectively).  SM3 and SM5 barleys had 4.0 and 4.8% greater (P = 0.05) NEm and NEg values than Morex and Steptoe (avg 2.45 vs. 2.36 Mcal/kg, and avg 1.76 vs. 1.68 Mcal/kg, respectively).  In this study, barley variety influenced nutrient digestion and marbling score, however, feedlot performance was not affected.  Experimental backcross barley lines SM3 and SM5 showed improved grain NEm and NEg values when compared to the parent lines, Morex and Steptoe.
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Introduction


Currently there are no industry specifications for determining barley feed quality as there are for barley malting quality. Barley variety has been shown to affect IVDMD (Surber and Bowman, 1998), digestible starch intake, and animal performance (Boss and Bowman, 1996a; Surber et al., 1998).  Barley variety has been shown to affect carcass characteristics such as marbling score, yield and quality grades (Boss and Bowman, 1996a), hot carcass weight, backfat, and ribeye area (Ovenell-Roy et al., 1998). However, little information is available concerning the cause of these differences in feeding value.  

Recent research has identified important feed quality traits that are important for improving animal performance, such as low ADF, low ruminal DMD, and high starch content (Bowman et al., 2001).  If adequate variation in these characteristics is available, it may be possible to select cultivars based on improved feed quality.

The objectives of this study were to determine impacts on feedlot performance, nutrient digestion, and carcass characteristics of feeder steers when feeding two barley varieties and two backcross experimental lines of barley.

Materials and Methods

Eighty crossbred steers (avg initial wt 391 kg) were assigned to 16 pens in a randomized complete block design for a 112-d growth trial.  Four diets based on: 1) Morex; 2) SM3; 3) SM5; and 4) Steptoe were balanced to be isonitrogenous (2.24% N) and isocaloric (2.01 Mcal/kg NEm and 1.35 Mcal/kg NEg).  Morex is a 6-rowed, malting barley adapted to growing areas in Minnesota, North Dakota, and South Dakota.  Morex was planted to 11,716 hectares in Montana in 2000 (Montana Agricultural Statistics Service Helena, MT).  In addition, Morex is the American Malting Barley Association’s standard malting variety (Rasmusson and Wilcoxson, 1979).  Steptoe is a 6-rowed, feed type barley adapted to high and low rainfall areas of Washington, Idaho, eastern Oregon, and Montana (Muir and Nilan, 1973).  SM3 and SM5 are backcrossed lines from Steptoe x Morex, and were selected to have the Morex allele at the ABA3 marker locus, which has been shown to mark digestibility (Gibson et al., 1994).  They also have a gene/marker on Chromosome 3 from Steptoe that results in increased yield.  The barleys were grown near Havre, MT.  All grains were cracked prior to being fed.  Barley straw was chopped to 5.1 cm.  Table 1 contains the composition of the grains and diets.

A 28-d adaptation period was used to adjust steers to their respective diets.  They were fed once daily at approximately 0900 and were given ad libitum access to water.  Diet, ort, and fecal samples were collected and steers were weighed every 28 d.  Initial and final weights were the average of weights obtained on two consecutive days.  Diet and fecal samples were combined by pen and analyzed for DM (AOAC, 2000), acid insoluble ash (AIA; Van Keulen and Young, 1977), and starch (AOAC, 2000).  Acid insoluble ash was used as an internal marker to estimate fecal output and to calculate apparent nutrient digestion.  Steers were implanted with Implus-S (Upjohn, Kalamazoo, MO) at 28 d.  

Steers were slaughtered when 70% were visually estimated to grade Choice, and hot carcass weights were collected.  All other carcass measurements were taken after a 24-h chill.  A USDA grader assigned quality grades and marbling scores.

Data were analyzed by the GLM procedure of SAS with pen as the experimental unit (SAS Inst. Inc., Cary, NC).  Digestibility data were analyzed using the repeated measures procedure of SAS.  Sums of squares were separated into effects of treatment, time on feed, and treatment x time interaction.  Treatment least square means were separated by the LSD method if the treatment F-test was significant (P < .10).

Results and Discussion


Final weights and overall average daily gain did not differ (P > 0.10) among diets (avg 556 kg and 1.47 kg/d, respectively).  These results differ from Boss and Bowman (1996a) who found significant differences among diets in final weight and ADG.  Intake was greatest (P = 0.002) for steers fed Morex (9.50 kg/d), and least for steers fed SM5 (8.4 kg/d).  Feed efficiency did not differ (P > 0.10) among diets (avg 16.1 kg gain/100 kg feed).  This agrees with results reported by Bradshaw et al. (1996), who found that barley variety did not affect ADG, DMI, or feed efficiency during the feeding period  

Steers fed Morex and SM5 had higher (P = 0.08) marbling scores than steers fed SM3 (avg 4.4 vs. 4.1).  This agrees with Boss and Bowman (1996a) who found differences in marbling score between barley varieties.  However, their results differ from this study in that they found differences in hot carcass weight, carcass quality grade, and yield grade due to barley variety.  In our study, no differences (P > 0.10) were detected for any other carcass characteristic (avg 331 kg hot carcass wt, 1.8% KPH, 1.1 cm fat thickness, 75.8 cm2 longissimus area, 2.9 yield grade, low choice quality grade).    

Digestible DM and starch intake were greatest (P = 0.003) by Morex-fed steers (7.5 and 4.4 kg/d, respectively), intermediate for SM3-fed steers (avg 6.9 and 4.1 kg/d, respectively), and lowest for SM5-fed steers (6.4 and 3.9 kg/d, respectively).  In contrast, Feng et al. (1995) observed no varietal differences for intake and digestion of DM, NDF, and starch.  Boss and Bowman (1996b) examined three barley varieties and found no difference in the amount of starch digestion but did find differences in DM disappearance.  This lack of agreement shows the nature of varietal differences that may lead to different responses when feeding.    

SM3 and SM5 barleys had 4.0 and 4.8% greater (P = 0.05) NEm and NEg values than Morex and Steptoe (avg 2.45 vs. 2.36 Mcal/kg NEm, and avg 1.76 vs. 1.68 Mcal/kg NEg, respectively).  These differences in energy composition are attributed to variety.  Fairbairn et al. (1999) also found energy variation between barley varieties, which supports the need for more accurate methods of estimating nutrient composition of barley before being used in feed formulation.  Cattle performance results indicate that energy values for barley have been underestimated by NRC (Owens et al., 1997).  
Implications

In this study, barley variety influenced nutrient digestion and marbling score, however, feedlot performance was not affected.  Experimental backcross barley lines SM3 and SM5 showed improved grain NEm and NEg values when compared to the parent lines, Morex and Steptoe.
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Table 1.  Composition of finishing diets based on Morex, Steptoe, SM3, and SM5 barleys
	Item
	Morex
	SM3
	SM5
	Steptoe

	Ingredient, % of DM
	
	
	
	

	   Cracked barley
	83.0
	83.0
	83.0
	83.0

	   Straw
	6.0
	6.0
	6.0
	6.0

	   Oil
	2.91
	2.91
	2.91
	2.91

	   Supplement
	
	
	
	

	      Calcium carbonate
	2.22
	2.06
	1.90
	1.68

	      Ground barley
	2.04
	2.04
	2.04
	2.04

	      Sodium bicarbonate
	1.30
	1.30
	1.30
	1.30

	      Urea (45% N)
	0.80
	0.95
	1.11
	1.33

	      Potassium chloride
	0.80
	0.80
	0.80
	0.80

	      Sodium chloride
	0.50
	0.50
	0.50
	0.50

	      TM premix
	0.25
	0.25
	0.25
	0.25

	      Oil in supplement
	0.09
	0.09
	0.09
	0.09

	      Vitamin A, D, E premix
	0.05
	0.05
	0.05
	0.05

	      Rumensin, 60 g/lb
	0.02
	0.02
	0.02
	0.02

	      Tylan, 40 g/lb
	0.01
	0.01
	0.01
	0.01

	      Microgrits - color
	0.01
	0.01
	0.01
	0.01

	Chemical composition, % of DM
	
	
	
	

	   DM, %
	91.50
	90.14
	92.08
	90.53

	   CP, % 
	13.53
	13.01
	12.47
	11.72

	   ADF, %
	4.93
	5.63
	5.19
	7.22

	   Starch, % 
	54.64
	55.10
	56.29
	55.38

	   Density, kg/L
	0.59
	0.57
	0.58
	0.58


Table 2.  Performance and carcass characteristics of steers fed finishing diets based on Morex, Steptoe, SM3 and 

SM5 barley

	Item
	Morex
	SM3
	SM5
	Steptoe
	SE
	P-value

	No. of pens
	4
	4
	4
	4
	-
	-

	Weight, kg
	
	
	
	
	
	

	   Initial
	390.5
	391.3
	391.7
	390.9
	11.92
	0.99

	   112 d
	561.9
	552.0
	557.3
	553.5
	16.51
	0.78

	ADG, kg/d
	1.53
	1.43
	1.47
	1.45
	0.088
	0.35

	DMI, kg/d
	9.50c
	8.74ab
	8.40a
	9.08bc
	0.196
	0.002

	FE, kg 
	15.87
	16.13
	16.67
	15.87
	0.14
	0.52

	
	
	
	
	
	
	

	Hot carcass wt, kg
	335.71
	325.73
	331.54
	330.22
	10.37
	0.51

	KPH fat, %
	1.8
	1.8
	1.7
	1.9
	0.08
	0.36

	Fat thickness, cm
	1.11
	1.09
	1.02
	.99
	0.03
	0.58

	Longissimus muscle area, cm2
	76.75
	74.18
	77.4
	74.82
	0.22
	0.59

	Marbling score
	4.4b
	4.1a
	4.4b
	4.2ab
	0.10
	0.08

	USDA quality grade
	11.9
	11.7
	11.8
	11.9
	0.11
	0.32

	USDA yield grade
	3.0
	3.0
	2.8
	2.9
	0.11
	0.48


a,b,c Within a row, means lacking a common superscript letter differ (P < 0.10).

Table 3.  In vivo nutrient digestibility by steers fed finishing diets based on Morex, SM3, SM5, and 

Steptoe barley for 112 d
	Item
	Morex
	SM3
	SM5
	Steptoe
	SE
	P-value

	No. of pens
	4
	4
	4
	4
	-
	-

	Intake, kg/d
	
	
	
	
	
	

	   DM
	9.50c
	8.74ab
	8.40a
	9.08bc
	0.196
	0.002

	   OM
	8.76c
	8.06ab
	7.72a
	8.41bc
	0.190
	0.003

	   N
	0.231b
	0.209a
	0.206a
	0.226b
	0.005
	0.002

	   ADF
	0.718 a
	0.679 a
	0.704 a
	0.772 b
	0.017
	0.003

	   Starch
	4.57c
	4.21 b
	3.97 a
	4.32 b
	0.095
	0.0007

	In vivo digestibility, %
	
	
	
	
	
	

	   DM
	78.81b
	79.07 b
	75.81 a
	80.13 b
	0.765
	0.002

	   OM
	80.04 b
	80.37 b
	76.92 a
	81.09 b
	0.777
	0.003

	   N
	81.08 b
	80.93 b
	77.78 a
	83.51c
	0.856
	0.0004

	   ADF
	22.86
	19.05
	15.77
	21.49
	2.773
	0.30

	   Starch
	96.92 a
	98.22c
	97.65 b
	98.61c
	0.227
	0.0001

	Digestible intake, kg/d
	
	
	
	
	
	

	   DM
	7.49c
	6.91b
	6.37 a
	7.27bc
	0.173
	0.003

	   OM
	7.02c
	6.48 b
	5.94 a
	6.82bc
	0.169
	0.003

	   N
	0.187 b
	0.169 a
	0.160 a
	0.189 b
	0.0047
	0.0001

	   ADF
	0.166
	0.128
	0.111
	0.169
	0.0209
	0.15

	   Starch
	4.43c
	4.13 b
	3.87 a
	4.26bc
	0.093
	0.001


a,b,c Within a row, means lacking a common superscript letter differ (P < 0.10).
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