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ABSTRACT:  Annual forage barley has become an important winter feed for Montana livestock producers.  The objectives of this study were to examine the variation in forage quality of commonly grown forage barley varieties, grain barley varieties, and experimental lines.  Fourteen lines were grown in 1999 and 12 lines were grown in 2000 in a replicated (r = 4) field trial near Bozeman, MT.  Forage samples were collected at soft dough stage of maturity.  Agronomic data collected included plant height, lodging index, heading date, and yield (t/ha).  In 1999, in situ DM digestibility (ISDMD) at 48 h was determined.  A sub-sample of each line was evaluated for NDF, ADF, CP, and NO3-N.  In 2000, samples were divided into heads and forage components, which were analyzed for NDF, ADF, CP and NO3-N.  Head and forage data were reconstituted to form whole plant data.  Six varieties were in common between 1999 and 2000.  In 1999, the range in ISDMD was 62.3 to 74.3% (CV = 3.8%), CP ranged from 10.5 to 15.8% (CV = 9.0%), and NO3-N from 0.12 to 0.56% (CV = 38.0%).  All forage quality characteristics were affected by variety (P < 0.10).  In 2000, the % heads ranged from 19.8 to 41.1% (CV = 20.1%), % forage from 58.9 to 80.2% (CV = 7.7%), head NO3-N from 0.01 to 0.33% (CV = 96.0%), and forage NO3-N from 0.02 to 0.92% (CV = 51.9%).  Barley variety affected forage NO3-N (P < 0.01), however, head NO3-N was not affected (P > 0.10).  Whole plant CP ranged from 10.5 to 18.3% (CV = 12.3%), NDF from 50.0 to 66.8% (CV = 5.8%), ADF from 24.1 to 44.1% (CV = 11.0%), and NO3-N from 0.08 to 0.73% (CV = 50.8%).  Year affected NDF and ADF (P < 0.002) when common variety data was combined, however, CP and NO3-N were not affected (P > 0.10).  Neutral detergent fiber was 13% lower (P < 0.001) and ADF was 7% lower (P < 0.01) in 2000 than 1999 (53.5 vs. 61.7%, 31.0 vs. 33.4, respectively).  Haybet barley had 8.8 % lower NDF (P < 0.01), 15.9% lower ADF (P < 0.001), and 28.6% lower NO3-N (P < 0.001) when compared to Westford barley.  Considerable forage quality variation is available to develop improved forage barley varieties.
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Introduction


Montana farmers and ranchers planted approximately 506 thousand hectares of barley last year (Montana Agricultural Statistics Service, Helena, MT). Annual forage barley has become an important winter feed source for Montana livestock producers.  From 1999 to 2000 there was a 53% increase in forage barley variety hectares planted.  Haybet is one of the most common barley varieties planted in Montana, second only to Harrington, a malting variety.  Haybet barley had a 39% increase in hectares planted (23,472 vs. 32,618) from 1999 to 2000.  Westford forage barley experienced the greatest increase in hectares planted from 1999 to 2000 (526 vs. 6232), which is greater than a ten-fold increase.


Western North American forage barley breeding programs focus on yield and awnlessness characteristics despite the importance of forage quality for livestock.  The awns can affect the palatability of barley forage and cause irritation inside of the cow’s mouth.  Neutral detergent fiber is negatively correlated to intake potential of the forage (Mertens, 1987).  Acid detergent fiber measures the less digestible fraction of fiber and is negatively related to digestibility potential for the animal (Reid et al., 1988). Nitrogen content is important because barley hay is typically fed in the winter and spring months when the animals’ protein requirement may be greatest.  Hay barley varieties are prone to nitrate accumulation, which can result in nitrate toxicity for the cattle which consume it (Yaremcio, 1991).  Low nitrate accumulation potential would be advantageous.  
Therefore, lower NDF, ADF and NO3-N accumulation and higher CP and digestibility would be desirable.  These are not difficult characteristics to measure, yet breeding programs do not use them as selection criteria.

We would like to implement a selection program for new forage barley varieties based on yield and forage quality characteristics.  The objective of this study was to examine the variation in forage quality of commonly grown forage barley varieties, grain barley varieties, and experimental lines.

Materials & Methods

Fourteen barley lines were grown under irrigated conditions in 1999 in a randomized complete block designed (r = 4) field trial near Bozeman, MT.  Entry within block was the experimental unit.  These lines included forage varieties and experimental forage barley lines. Forage samples were collected on average at stage of maturity.  Agronomic data collected included plant height, lodging index, heading date, DM percent, and yield (t/ha). In situ DM digestibility (ISDMD) at 48 h was determined.  A sub-sample of each line was evaluated for DM, CP,  NO3-N (AOAC, 2000)  NDF, and ADF (Van Soest et al., 1991).  In 2000, 12 forage, grain and experimental lines of barley were grown under irrigated conditions in a randomized complete block designed (r = 4) field trial near Bozeman, MT.  Forage samples were collected at soft dough stage of maturity.  Agronomic data collected included plant height, flag leaf width, lodging index, heading date, and yield (t/ha), DM percent, and kg of CP per hectare.  Samples were divided into heads and forage components.   Heads and forage were analyzed for DM, CP,  NO3-N (AOAC, 2000), NDF, and ADF (Van Soest et al., 1991). Head and forage data was reconstituted to form whole plant data.  Six varieties were in common between 1999 and 2000, including two of the leading forage varieties grown in Montana.  Haybet is a two-row, hooded, white kernelled forage barley released by the Montana Agricultural Experiment Station (Hockett et al., 1990).  Haybet was planted to 6.4 % of the total state barley acreage in 2000 (Montana Agricultural Statistics Service, Helena, MT).  Westford is a six-row, hooded forage barley variety released by Western Plant Breeders Bozeman, MT, and was planted to 1.2 % of the state total barley acreage. 

Data were analyzed using the GLM procedure of SAS to test the effects of genotype and year (SAS Inst. Inc., Cary, NC).  When a significant F-value was found (P < 0.05), means were separated using LSD.  In 2000, type (forage vs. grain varieties) was added to the model.

Results & Discussion

All forage quality characteristics were affected by variety (P < 0.10).  The population means, ranges, SD, and CV for forage quality and agronomic characteristics of barley lines grown in 1999 are shown in Table 1. In 1999, the range in ISDMD was 62.3 to 74.3% (CV = 3.8%), CP ranged from 10.5 to 15.8% (CV = 9.0%), and NO3-N from 0.12 to 0.56% (CV = 38.0%).  Mean NO3-N values were 0.24%, a level where it is generally suggested to limit hay barley to less than half of the total dry ration for pregnant animals (Undersander et al., 2000).

The population means, ranges, SD, and CV for forage quality and agronomic characteristics for barley lines grown in 2000 are shown in Table 2.  In 2000, the % heads ranged from 19.8 to 41.1% (CV = 20.1%), % forage from 58.9 to 80.2% (CV = 7.7%), head NO3-N from 0.01 to 0.33% (CV = 96.0%), forage NO3-N from 0.02 to 0.92% (CV = 51.9%).  Barley variety affected forage NO3-N (P < 0.01), however, not head NO3-N (P > 0.10).  When the plant is stressed the roots accumulates nitrate faster than the plant can store it, and tend to accumulation in the stalk or lower parts of the leaves. Whole plant CP ranged from 10.5 to 18.3% (CV = 12.3%), NDF from 50.0 to 66.8% (CV = 5.8%), ADF from 24.1 to 44.1% (CV = 11.0%), and NO3-N from 0.08 to 0.73% (CV = 50.8%).  Maloney et al. (1999) reported higher forage quality for Chopper and Chilton barley varieties when compared to our means for CP, NDF and ADF.  Plant height ranged from 75 to 107 cm  (CV = 10.8%).  Plant height was similar to results reported by Sheaffer et al. (1994) who compared forage quality and yield of semi-dwarf and conventional barley types.

Statistical analysis comparing forage and grain type barley lines are presented in Table 3.  Grain varieties had lower (P < 0.05) whole plant NDF and ADF than forage lines.  Whole plant CP was greater (P < 0.08) for forage barley when compared to grain types.  When forage types were compared to grain types no differences were seen for whole plant, head, or forage NO3-N.  Forage NO3-N was at toxic levels.  Forage types were taller and later maturing (P < 0.05) that grain types.  However, forage yield was not different (P > 0.10) between types.  As expected, grain types had a greater (P < 0.01) percentage of whole plant represented as heads and less as forage when compared to forage types.

The population means, ranges, SD, and CV for forage quality and agronomic characteristics for combined data of forage and experimental barley lines grown in 1999 and 2000 are presented in Table 4.  Year affected NDF and ADF (P < 0.002), however, CP and NO3-N were not affected (P > 0.10).  Neutral detergent fiber was 13% lower (P < 0.001) and ADF was 7% lower (P < 0.01) in 2000 than 1999.  Statistical analysis comparing the six barley lines common between 1999 and 2000 are presented in Table 5. Haybet barley had 8.8 % lower NDF (P < 0.01), 15.9% lower ADF (P < 0.001), and 28.6% lower NO3-N (P < 0.001) when compared to Westford barley.  In a recent study, Robison et al. (2001) compared Haybet and Westford barley for backgrounding steers.  These researchers found that steers fed Haybet had ate more, and had greater ADG after 59 days on feed than steers fed Westford. 

Implications

Considerable forage quality variation is available to develop improved forage barley varieties, and forage quality should be used as a selection criterion in forage barley breeding programs. 
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Table 1.  Population means and ranges for forage quality and agronomic characteristics (DM Basis)  in 14 forage and experimental barley lines grown 1999

Item
n
Min
Max
Mean
SD
CV

NDF, % 
56
44.6
59.8
53.4
3.0
5.6

ADF, % 
56
25.5
35.9
31.1
2.3
7.4

CP, %
56
10.5
15.8
13.0
1.2
9.0

NO3-N, %
56
0.12
0.56
0.24
0.09
38.00

ISDMD, %
56
62.3
74.3
69.0
2.6
3.8

Plant height, cm
56
85
105
94
4.9
5.2

Heading date, Julian date
56
178
188
182
3.2
1.7

Lodging index
56
0
60
13
20.8
155.0

DM, %
56
19.4
40.1
32.7
4.1
12.6

Yield, t/ha
56
3.8
7.8
5.9
0.83
13.0

Table 2.  Population means and ranges for forage quality and agronomic characteristics (DM Basis)  in 12 forage, grain and experimental barley lines grown in 2000

Item
N
Min
Max
Mean
SD
CV

Whole Plant







  NDF, % 
48
50.0
66.8
61.4
3.5
5.8

  ADF, % 
48
24.1
44.1
32.5
3.6
11.0

  CP, %
48
10.5
18.3
14.3
1.8
12.3

  NO3-N, %
48
0.08
0.73
0.31
0.16
50.83

Forage







  NDF, % 
48
57.0
69.2
63.2
3.0
4.8

  ADF, % 
48
23.3
48.6
37.1
4.4
11.8

  CP, %
48
8.9
19.4
14.2
2.3
16.4

  NO3-N, %
48
0.02
0.92
0.40
0.21
51.94

Heads







  NDF, % 
48
34.3
66.9
57.4
6.7
11.6

  ADF, % 
48
11.2
38.0
21.3
4.7
22.0

  CP, %
48
12.4
17.9
14.5
1.1
7.5

  NO3-N, %
48
0.01
0.32
0.06
0.06
96.07

Plant height, cm
48
75
107
86.2
9.3
10.8

Flag leaf width, mm
48
9
21
13.8
4.0
29.2

Heading date, Julian date
48
179
185
181.9
1.9
1.1

Lodging index
48
0
30
3.8
6.8
181.4

Heads, %
48
19.8
41.1
27.8
5.6
20.1

Forage, %
48
58.9
80.2
72.2
5.6
7.7

DM, %
48
20.6
30.4
24.7
2.3
9.3

Yield, t/ha
48
7.8
11.5
9.4
0.72
7.7

CP, kg/ha
48
934.0
1666.8
1196.2
134.2
11.2

Table 3.  Forage quality and agronomic characteristics (DM Basis) of grain and forage barley lines grown in 2000


Variety Type 



Item
Forage
Grain
SE
P

n
32
16
-
-

Whole Plant





  NDF, % 
62.2
59.9
0.5
0.04

  ADF, % 
33.3
31.0
0.5
0.02

  CP, %
14.6
13.7
0.3
0.08

  NO3-N, %
0.32
0.27
0.02
0.26

Forage





  NDF, % 
63.5
62.5
0.4
0.33

  ADF, % 
36.8
37.7
0.6
0.44

  CP, %
14.6
13.2
0.3
0.05

  NO3-N, %
0.41
0.38
0.03
0.69

Heads





  NDF, % 
58.6
55.2
1.0
0.10

  ADF, % 
22.8
18.2
0.7
0.0008

  CP, %
14.5
14.5
0.01
0.96

  NO3-N, %
0.06
0.06
0.2
0.78

Plant height, cm
88.5
81.6
1.3
0.02

Flag leaf width, mm
14.3
12.9
0.6
0.31

Heading date, Julian date
182.6
180.6
0.3
0.0007

Lodging index
4.5
2.2
1.0
0.27

Heads, %
23.7
34.0
0.8
0.0001

Forage, %
75.6
66.0
0.8
0.0001

DM, %
24.0
25.9
0.3
0.006

Yield, t/ha
9.3
9.6
0.01
0.18

CP, kg/ha
1213.1
1162.3
19.4
0.23

Table 4.  Population means and ranges for forage quality and agronomic characteristics (DM Basis) in forage, grain and experimental barley lines grown during 1999 and 2000

Item
n
Min
Max
Mean
SD
CV

NDF, % 
48
47.3
66.8
57.6
5.2
9.0

ADF, % 
48
24.1
44.1
32.2
3.5
10.9

CP, %
48
11.7
17.7
13.9
1.3
9.5

NO3-N, %
48
0.09
0.72
0.28
0.12
44.6

Plant height, cm
48
76
107
90.1
8.5
9.5

Heading date, Julian date
48
178
188
182.9
2.7
1.5

Lodging index
48
0
60
7.5
14.2
187.7

DM, %
48
19.4
38.2
27.9
5.2
18.5

Yield, t/ha
48
3.8
10.3
7.6
1.9
24.9

Table 4. Forage quality of common varieties grown in 1999 and 2000

Item
Haybet
MT910207
MT981060
MT981061
MT981063
Westford
SE
P 

NDF, % 
55.69a
55.99ab
57.86ab
58.00b
57.09ab
61.04c
0.97
0.006

ADF, % 
29.00a
31.83b
32.18b
32.69bc
33.18bc
34.49c
0.90
0.005

CP, %
14.25
13.02
14.13
13.56
13.70
14.66
0.43
0.134

NO3-N, %
0.18a
0.21ab
0.26bc
0.28c
0.26bc
0.46d
0.03
0.001

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