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ABSTRACT: Eighty steers (avg initial wt 346 kg) were allotted to 16 pens in a completely randomized design to determine the effects of four barley varieties on feedlot performance, nutrient digestion, and carcass characteristics.  Four diets based on: 1) Baronesse; 2) LB13; 3) Lewis; and 4) Valier were balanced to be isonitrogenous (2.24% N) and isocaloric (2.01 Mcal/kg NEm, 1.35 Mcal/kg NEg).  LB13 and Valier were offspring of a Lewis x Baronesse cross, selected from a larger population based on desirable agronomic characteristics.  Pen was used as the experimental unit in the 112-d trial.  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, N, ADF, and AIA.  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 weight (avg 511 kg) and ADG (avg 1.48 kg/d) did not differ (P > 0.10) among diets.  No differences (P > 0.10) were seen in intake (avg 8.35 kg/d), gain/feed (17.7 kg/100 kg) or carcass characteristics (avg 304 kg hot carcass wt, 4.9 marbling score, 2.1% kidney, pelvic and heart fat, 0.90 cm fat thickness, 73 cm2 longissimus area, low Choice quality grade, and 2.7 yield grade).  In vivo DM digestibility averaged 76.3% with no differences (P = 0.27) between diets.  However, barley NEm and NEg were greater (P = 0.10) for LB 13 and Valier than for the parents, Baronesse and Lewis (2.46 vs 2.37 Mcal/kg NEm; 1.76 vs 1.68 Mcal/kg NEg, respectively).  Valier was recently released by the Montana State University Experiment Station, and is the first barley variety to have documented feed quality prior to its release.
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Introduction


Barley is the predominant grain in feedlot diets in Montana at the present time. Barley lines are classified as malt quality or feed quality and specific criteria are used to determine malting standards.  If barley does not meet malting standards, it is classified as a feed barley.  No system is in place to evaluate barley feeding value, although Surber et al. (2000) suggest that feed quality of barley can be assessed by laboratory techniques such as nylon bag digestibility, grain ADF, grain starch, and particle size after dry rolling.


Barley variety has been shown to influence digestibility (Boss and Bowman, 1996b), feedlot performance (Boss and Bowman, 1996a; Surber et al., 1998), and carcass characteristics (Boss and Bowman, 1996a).  Differences have been shown to exist between barley varieties in energy content (Fairbairn et al., 1999).  These researchers indicated that ADF was the most significant factor affecting ME and DE variation in non-ruminants, and could be used to estimate energy values.  Our research program is currently working to determine barley energy values for ruminants.


The objectives of this study were to determine the effects of four barleys - two recombinant inbred lines, LB13 and Valier, and the parent lines, Lewis and Baronesse, on feedlot performance, nutrient digestion, and carcass characteristics, and barley energy value. 

Materials and Methods


Eighty crossbred steers (avg wt 346 kg) were allotted to 16 pens in a completely randomized design on an equal pen weight basis to evaluate feedlot performance, nutrient digestion, and carcass characteristics.  Steers were fed four diets based on: 1) Baronesse; 2) LB13; 3) Lewis; and 4) Valier.  Valier and LB13 were recombinant inbred lines of Lewis and Baronesse, selected from a larger population based on desirable agronomic characteristics.  Baronesse, a European 2-row feed variety, was planted to approximately 32 thousand hectares in Montana in 2000 (Montana Agricultural Statistics Service, Helena, MT), which was 6.2% of total state barley-seeded hectares.  Lewis, a 2-row variety released by the Montana Agricultural Experiment Station, was planted to approximately 76 hundred hectares in 2000, and made up 1.5% of total seeded hectares.  Barley varieties were grown under dryland conditions near Havre, Montana.  All diets were balanced to be isonitrogenous (2.24% N) and isocaloric (2.01 Mcal/kg NEm, 1.35 Mcal/kg NEg).  Barleys were coarsely cracked prior to feeding, and wheat straw was chopped before adding it to the diet.  Tables 1 and 2 present grain and diet compositions, respectively.

Diet and fecal samples were composited by pen and analyzed for DM, N (AOAC, 2000), ADF (Van Soest et al., 1991), and acid insoluble ash (AIA; Van Keulen and Young, 1977).  Acid insoluble ash was used as an internal marker to estimate fecal output and to calculate nutrient digestion.

Pen was used as the experimental unit in the 112-d trial.  Steers were weighed and diet, ort, and fecal samples were obtained every 28 d.  Initial and final weights were the average of weights obtained on two consecutive days.  Steers were given ad libitum access to water and were fed once daily at approximately 1000. 

  Steers were harvested when 70% were visually estimated to grade Choice.  Hot carcass weights were obtained on the day of slaughter.  All other carcass measurements were taken after a 24-h chill.  Marbling score and quality grade were assigned by a USDA grader.  

Data were analyzed by the GLM procedure of SAS (SAS Inst. Inc., Cary, NC) for a completely randomized design with pen as the experimental unit.  Planned comparisons of Valier and LB13 vs Baronesse and Lewis were used (offspring vs mean of parents).  Treatment least square means were separated by the LSD method if the treatment F-test was significant (P < 0.10).

Results and Discussion

Performance and carcass characteristics are presented in Table 3.  After 112 d on feed, final weight (avg 511 kg) and ADG (avg 1.48 kg/d) did not differ (P > 0.10) among diets.  These results disagree with Boss and Bowman (1996a) where they found that ADG differed among barley varieties.  These researchers used two 2-row varieties (Harrington and Gunhilde) and one 6-row variety (Medallion).  This study also disagrees with Boss et al. (1999) who used the same experimental lines and parents.   In their study, both of the experimental lines, LB13 and Valier had an 8.6 and 10% increase in ADG compared to the parent varieties, respectively.  No differences (P > 0.10) were seen in intake (avg 8.35 kg/d).  Our results agree with Boss et al. (1999) who found no differences in DMI.  Interestingly, DMI was one kilogram more in Boss et al. (1999) than when compared to this study.  No differences were seen in gain/feed (17.7 kg/100 kg).  This contrasts with Boss et al. (1999) who found that steers fed Valier had better gain/feed ratios than those fed the parent lines.

Carcass characteristics (avg 304 kg hot carcass wt, 4.9 marbling score, 2.1% kidney, pelvic and heart fat, 0.90 cm fat thickness, 73 cm2 longissimus area, low Choice quality grade, and 2.7 yield grade) did not differ among diets.  This supports Boss et al. (1999) and Ovenell-Roy et al. (1998) who also found no differences in carcass characteristics among different barley cultivars.  Our results disagree, however with Boss and Bowman (1996a) who found differences in hot carcass weight, marbling score, quality grade, and yield grade.

Table 4 summarizes intake, diet digestibility and digestible intake data.  In vivo DM digestibility averaged 76.3% with no differences (P = 0.27) between diets.  Recently, Surber et al. (2000) identified barley grain characteristics that are important feed quality traits with respect to feedlot performance.  These include high starch, low ADF, low ISDMD, and large particle size after dry rolling.  Valier had the lowest grain ADF content and the highest grain starch content.  Valier had lower (P < 0.01) ADF intake when compared to the other treatments.  However, this result did not influence animal performance.

Barley NEm and NEg were greater (P = 0.10) for LB13 and Valier than for the parents, Baronesse and Lewis (avg 2.46 vs avg 2.37 Mcal/kg NEm; avg 1.76 vs avg 1.68 Mcal/kg NEg, respectively).  In a review, Owens et al. (1997) reported that barley ME reported in the literature was 4% greater than NRC (1996) estimates of ME for barley.  These researchers suggested that cattle performance results indicate that ME values for barley are considerably higher than published tables imply.  

Implications

Valier was recently released by the Montana State University Experiment Station, and is the first barley variety to have documented feeding quality prior to its release.  Valier and LB13 were selected for their improved agronomic performance.  Although feeding value was equal, these lines showed improved agronomic characteristics when compared to the parent lines and this is of economic importance.  
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Table 1.  Composition (DM basis) of Baronesse, Lewis, LB 13 and 

Valier barley

	
	Baronesse
	Lewis
	LB13
	Valier

	DM, %
	93.35
	 92.67
	91.86
	92.12

	CP, % 
	14.84
	15.58
	15.64
	15.75

	ADF, %
	  5.33
	  5.36
	  5.49
	  4.83

	Starch, %
	 50.87
	51.87
	 52.58
	 52.60

	Density, kg/L
	0.60
	0.60
	0.61
	0.62


Table 2.  Composition (DM basis) of finishing diets based on Baronesse, Lewis,

 LB13 and Valier barley

	Item
	Baronesse
	Lewis
	LB13
	Valier

	Ingredient
	
	
	
	

	  Cracked barley
	83.00
	83.00
	83.00
	83.00

	  Chopped wheat straw
	  6.00
	  6.00
	  6.00
	  6.00

	  Oil
	  3.00
	  3.00
	  3.00
	  3.00

	  Calcium carbonate
	    2.603
	    2.823
	    2.843
	    2.873

	  Ground wheat middlings
	   2.039
	    2.039
	    2.039
	    2.039

	  Sodium bicarb
	 1.30
	  1.30 
	  1.30
	  1.30

	  Potassium chloride
	   .80
	    .80
	    .80
	    .80

	  Sodium chloride
	  .50
	    .50
	   .50
	   .50

	  Urea
	  .41
	    .19
	   .17
	   .14

	  TM premixa
	  .25
	    .25
	   .25
	   .25

	  Vitamin A, D, E premixb
	  .05
	    .05
	   .05
	   .05

	  Rumensin, 60 g/lbc
	    .024
	      .024
	     .024
	    .024

	  Tylan, 40 g/lbd
	    .013
	     .013
	     .013
	    .013

	  Microgrits – color
	    .011
	     .011
	     .011
	    .011

	
	
	
	
	

	Chemical Composition
	
	
	
	

	  DM, %
	   91.14
	 91.46
	91.49
	  91.65

	  N, %
	 2.39
	  2.33
	 2.33
	 2.34

	  ADF, %
	 9.13
	  9.50
	 8.99
	 8.35


aContained 20.0% Mg, 6.0% Mn, 5.0% Fe, 2.7% S, 1.5% Cu, 0.11% I, 0.01%Se, and 0.01% Co.

bContained 30,000 IU/g Vitamin A, 6,000 IU/g Vitamin D, and 7.5 IU/g Vitamin E.

cContained 132 g/kg of monensin.

dContained 88 g/kg of tylosin.

Table 3.  Performance and carcass characteristics of steers fed finishing diets based on 

Baronesse, Lewis, LB13, and Valier barley for 112 days

	Item
	Baronesse
	Lewis
	LB13
	Valier
	SE
	P

	No. of pens
	4
	4
	4
	4
	-
	-

	Weight, kg
	
	
	
	
	
	

	   Initial
	347.1
	345.8
	344.3
	345.6
	5.42
	0.99

	   112-d
	512.4
	509.2
	514.8
	509.1
	7.29
	0.93

	ADG, kg/d
	      1.47
	      1.46
	      1.52
	      1.46
	   0.038
	0.60

	DMI, kg/d
	      8.47
	       8.47
	      8.34
	      8.11
	   0.224
	0.64

	FE, kg gain/100 kg feed
	  17.4
	   17.2
	   18.2
	   18.0
	   0.414
	0.31

	Hot carcass wt, kg
	306.6
	 303.5
	 303.9
	 303.5
	 4.69
	0.96

	Kidney, pelvic, and heart fat, %
	    2.0
	     2.1
	     2.1
	     2.0
	 0.08
	0.31

	Fat thickness, cm
	      0.94
	      0.81
	      0.89
	      0.94
	 0.06
	0.51

	Longissimus muscle area, cm2
	     72.26
	    71.62
	    73.55
	    74.84
	 1.35
	0.35

	Marbling scorea
	     5.0
	    5.0
	    5.0
	     4.7
	 0.22
	0.73

	USDA quality gradeb
	   12.4
	  12.5
	  12.6
	   12.3
	 0.24
	0.82

	USDA yield grade 
	     2.8
	    2.7
	    2.7
	     2.6
	 0.11
	0.84


aMarbling score:  Slight = 3, Small = 4, Modest = 5, etc.

bCoded as Se = 11, Ch- = 12, Cho = 13, Ch+ = 14.

Table 4.  In vivo nutrient digestibilities by steers fed finishing diets based on 

Baronesse, Lewis, LB13, and Valier barley for 112 d

	Item
	Baronesse
	Lewis
	LB13
	Valier
	SE
	P

	No. of pens
	4
	4
	4
	4
	-
	-

	Intake, kg/d
	
	
	
	
	
	

	  DM
	8.46
	8.46
	8.33
	8.11
	0.124
	0.15

	  N
	2.02
	1.97
	1.94
	1.90
	0.035
	0.13

	  ADF
	   0.78bc
	 0.81c
	0.75b
	.068a
	0.019
	    0.0002

	In vivo digestibility, %
	
	
	
	
	
	

	  DM
	76.63
	73.86
	77.18
	77.37
	1.400
	0.27

	  N
	80.34
	78.29
	81.38
	80.23
	1.393
	0.47

	  ADF
	18.91
	17.54
	20.70
	17.31
	5.030
	0.96

	Digestible intake, kg/d
	
	
	
	
	
	

	  DM
	6.50
	6.25
	6.43
	6.27
	0.157
	0.63

	  N
	1.62
	1.54
	1.58
	1.53
	0.044
	0.37

	  ADF
	0.20
	0.17
	0.18
	0.14
	0.039
	0.77


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