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IDENTIFICATION OF GENETIC MARKERS ASSOCIATED WITH FORAGE QUALITY CHARACTERISTICS IN LEWIS X KARL BARLEY LINES
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ABSTRACT:  Forage barley breeding programs have primarily selected new barley lines based on yield and awnless characteristics despite the importance of forage quality.  Our objectives were to evaluate forage quality in a 6-rowed population of Lewis/Karl barley lines, and identify quantitative trait loci (QTL) for forage quality and NO3-N.  The 146 lines were grown in a randomized complete block field trial (r = 2) under dryland conditions.  The experimental unit was entry within block.  Forage samples were collected at plant anthesis and at peak forage yield.  A 0.15 m clip sample of one row was cut at stubble height and dried at 60°C for 48 h.  Dry matter forage yield (FY) was determined.  Forage samples were ground to pass a 5-mm screen.  In situ DM digestibility (ISDMD) at 48 h was determined.  A sub-sample of each line was evaluated for NDF, ADF, N, and NO3-N.  Genetic variation was present between lines at plant anthesis for NDF, ADF, ISDMD, N, NO3-N, non-NO3-N and FY (P < 0.05) and at peak forage yield for ADF, ISDMD, N, NO3-N, and non-NO3-N (P < 0.05).  At the plant anthesis sampling, population N ranged from 1.9 to 3.8% (CV = 10.2%), NO3-N ranged from 0.04 to 0.55% (CV = 38.2%), and non-NO3-N ranged from 1.7 to 3.2% (CV = 10.6%).  At peak forage yield, ISDMD ranged from 62.6 to 79.9% (CV = 3.8%).  Correlation analysis indicated at plant anthesis, FY was negatively correlated with NO3-N (r = -0.20, P  < 0.01).  At peak forage yield, there was no relationship between FY and NO3-N (r = 0.04, P > 0.10).  At plant anthesis, there was a positive correlation between NO3-N and ISDMD (r = 0.20, P < 0.01).  However, at peak forage yield there was no relationship between ISDMD and NO3-N (r = -0.06, P > 0.10), indicating that selection for increased FY or ISDMD at peak forage yield should not increase NO3-N levels.  Major QTL were identified for N, NO3-N, non-NO3-N, and ISDMD at plant anthesis and peak forage yield and molecular markers associated with these traits were found on chromosomes 2, 3, 4, and 6.  Genetic variation in forage quality and NO3-N was present in the 146 Lewis/Karl barley genotypes.  This variation will be explored for the development of improved forage quality barley.
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Introduction


Barley is primarily used as a livestock feed and in the malting industry (Poehlman, 1985).  Hectares of annual forage barley grown in Montana are increasing. Annual forage barley is grown for preserved forage (hay and silage) and for grazing by ruminants.  Forage barley breeding programs have generally used yield and awnlessness as selection tools, however, forage quality characteristics are also important.  Most, if not all, forage barley cultivars have not been evaluated for forage quality prior to registration and release.


We are examining forage barley quality in both forage and grain barley varieties.  Most barley varieties are highly responsive to fertilizer and drought stress with respect to grain protein content, however, the grain barley variety “Karl” has been shown to relatively unresponsive (See, 2000). Under many different environmental conditions, Karl produces grain with low stable grain protein (Weston et al., 1993).  Low stable protein levels could be used as a selection tool in a forage barley breeding programs for livestock feeds.  We believe that grain protein content may have an association with nitrate accumulation.  

Our intent is to develop a forage barley variety with high forage quality and low nitrate accumulation potential.  Objectives of this research were to: (1) Evaluate Lewis/Karl recombinant inbred lines (RIL) for forage quality characteristics; and (2) Identify quantitative trait loci (QTL) for forage quality characteristics and nitrogen fractions in forage barley.

Materials & Methods

One hundred forty-six RIL from a Lewis/Karl cross were utilized to determine forage quality.  A complete medium density linkage map was developed in each of these 146 lines (See, 2000).  Lewis has normal grain protein percentage and was released in 1985 (Hockett et al. 1985).  Karl has low stable grain protein (Wesenburg et al., 1976). These experimental lines show a wide range of variation for many production and morphological characteristics. This experimental population was developed to generate new varieties with similar grain protein characteristics as Karl using marker assisted selection.

The 146 Lewis/Karl lines were grown in a randomized complete block field trial (r = 2) under dryland conditions in Bozeman, MT.  Four-row plots were 3 m in length and spaced 0.3 m apart. Forage samples were collected at plant anthesis and peak forage yield.  A 0.15 m clip sample of one row was cut at stubble height and dried at 60°C for 48 h.  Dry matter forage yield (FY) was estimated using the following equation: FY, t/ha = ((DM wt of clip sample (g) x 87,120)/1,000,000) x 2.2.  Forage clip samples were ground to pass a 5-mm screen in a Wiley mill.  Nylon bags containing approximately 5 g of each barley genotype were incubated in the rumen of two cannulated cows for 48 h.  Cows were fed grass/legume hay and were adapted to this diet for approximately 21 d prior to the initiation of the nylon bag portion of the study. One empty bag per cow was included as a "blank" to measure microbial contamination and influx of particulate material. After removal from the rumen, the bags were washed in cold water until the rinse water ran clear and were dried in a forced air oven at 60°C for 48 h.  In situ DM digestibility (ISDMD) was calculated.  A sub-sample of each line was ground to pass a 0.5-mm screen and evaluated for neutral detergent fiber (NDF), acid detergent fiber (ADF; Van Soest et al., 1991), N and NO3-N (AOAC, 2000). Non-NO3-N was calculated by difference between N and NO3-N. Non-NO3-N represents the portion of the nitrogen that is amino nitrogen.

Data were analyzed to determine if significant (P < 0.10) variation existed among lines within the RIL population (SAS Inst. Inc., Cary, NC).  Entry within block was the experimental unit for the randomized complete block design experiment.  Mapmaker-QTL (Lander et al., 1987; Lander and Botstein, 1989) was used for QTL analysis.  Entry data were collected for each block, averaged and the averaged data was used in the QTL analysis.  We used PROC CORR procedure of SAS to determine simple trait correlations and Pearson’s correlation coefficients.

Results & Discussion

The Lewis/Karl RIL population means, ranges, associated standard deviations, and coefficients of variation for forage quality traits at plant anthesis and peak forage yield are presented in Table 1. Genetic variation was present between lines at plant anthesis for NDF, ADF, ISDMD, N, NO3-N, non-NO3-N and FY (P < 0.05) and at peak forage yield for ADF, ISDMD, N, NO3-N, and non-NO3-N (P < 0.05).  At the peak forage yield sampling, ISDMD ranged from 62.6 to 79.9% (CV = 3.8%).  Surber et al. (2000) reported similar variation within the Steptoe/Morex DH population for forage quality at plant anthesis and identified QTL markers for these same traits. At the plant anthesis sampling, population N ranged from 1.9 to 3.8% (CV = 10.2%), NO3-N ranged from 0.04 to 0.55% (CV = 38.2%), and non-NO3-N ranged from 1.7 to 3.2% (CV = 10.6%).  At peak forage yield, NO3-N ranged from 0.02 to 0.32% (CV = 40.9%).  Our mean NO3-N levels at plant anthesis and at peak forage yield were 0.24% and 0.13%, respectively.  Toxic NO3-N values are considered 0.4% and higher and NO3-N levels at 0.2% could induce toxicity symptoms and should be diluted with other forages (Cash et al., 1993).  Some of our NO3-N levels could potentially induce nitrate poisoning.  Our intent is to select forage barley varieties with reduced nitrate accumulation potential. 

Correlation analyses between the forage quality characteristics and FY for plant anthesis and peak forage yield are presented in Table 2.  At plant anthesis, FY was negatively correlated with NO3-N (r = -0.20, P  < 0.01), therefore, the higher the FY the lower the NO3-N.  At peak forage yield, there was no relationship between FY and NO3-N (r = 0.04, P > 0.10).  At plant anthesis, there was a positive correlation between NO3-N and ISDMD (r = 0.20, P < 0.01).  If selections were made at this stage of plant maturity for improved ISDMD subsequently there would be an increase NO3-N, which would be undesirable.  However, at peak forage yield there was no relationship between ISDMD and NO3-N (r = -0.06, P > 0.10).  It would be advantageous to make selections based on peak forage yield values.  Plant anthesis ISDMD was positively correlated with N (r = 0.40, P < 0.001) and non-NO3-N (r = 0.36, P < 0.001).  Ruminal digestion is dependent on the nitrogen being supplied to the microorganisms.  Peak forage yield correlation analysis found NO3-N was positively correlated with N (r = 0.25, P < 0.001) but negatively correlated with non-NO3-N (r = -0.15, P < 0.01).  Samples with high nitrogen had high nitrates.  However, it appears that different regions on chromosomes affect forage nitrogen and nitrate-nitrogen.  We would like to be able to select for these traits independently and our data suggest that we can break this correlation.  
Surber et al. (2000) found many of the same correlations in the Steptoe/Morex double haploid population, however, these researchers reported much higher correlation coefficients. 

Major QTL were identified for N, NO3-N, non-NO3-N, and ISDMD at plant anthesis and peak forage yield and molecular markers associated with these traits were found on chromosome 2, 3, 4, and 6.  Forage quality characteristics measured at plant anthesis and peak forage yield mapped to the same regions on the same barley chromosomes. Nitrogen mapped to regions on chromosomes 2, 3, and 6.  Nitrate-nitrogen mapped to regions on chromosome 3 and 6.  Non-NO3-N mapped to regions on chromosome 2, 3, and 6.  It appears that forage N, NO3-N and non-NO3-N map to different regions of chromosomes than grain protein as reported by See (2000).  In situ DM digestibility mapped to regions of chromosome 4 and 6.  Gibson et al. (1994) reported QTL controlling variation in barley grain digestibility was found on chromosome 4.

Implications


Substantial genetic variation in forage quality and NO3-N accumulation was present in the 146 Lewis/Karl barley genotypes.  It appears that traits like NO3-N accumulation can be selected for independently and improvements can be made without adversely affecting other traits. These forage quality characteristics could be used in a selection program for superior forage quality barley. 
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Table 1.  Population means and ranges for forage yield and forage quality characteristics (DM basis) at plant anthesis and peak forage yield in 146 Lewis/Karl recombinant inbred lines

Item
n
Min
Max
Mean
SD
CV

Plant Anthesis







  Forage yield, t/ha
292
2.5
13.8
7.4
1.83
24.72

  DM, %
292
89.3
95.1
93.6
1.00
1.06

  NDF, % 
292
46.6
63.1
55.8
2.74
4.92

  ADF, % 
292
22.7
38.2
29.7
2.56
8.63

  ISDMD, %
292
56.3
83.5
74.2
3.09
4.17

  N, % 
292
1.90
3.78
2.61
0.09
10.24

  NO3-N, % 
292
0.04
0.55
0.24
0.27
38.20

  Non-NO3 –N, %
292
1.67
3.23
2.38
0.25
10.58

Peak Forage Yield







  Forage yield, t/ha
292
3.8
18.9
10.5
2.47
23.50

  DM, %
292
91.9
97.2
94.4
0.72
0.77

  NDF, % 
292
35.7
67.4
48.3
5.97
12.36

  ADF, % 
292
15.1
53.5
25.9
6.09
23.54

  ISDMD, %
292
62.6
79.9
72.6
2.77
3.81

  N, % 
292
1.16
2.16
1.64
0.06
8.31

  NO3-N, % 
292
0.02
0.32
0.13
0.14
40.94

  Non-NO3 –N, %
292
0.96
1.86
1.50
0.13
8.86

Table 2.  Correlations for forage yield (FY) and laboratory analyses in 146 Lewis/Karl recombinant inbred lines at plant anthesis and peak forage yield

Item
FY
NDF
ADF
ISDMD
N
NO3-N

Plant Anthesis






  NDF, %






    r = 
0.13
-
-
-
-
-

    P-value =
0.02
-
-
-
-
-








  ADF, %






    r = 
-0.06
0.52
-
-
-
-

    P-value =
0.34
0.0001
-
-
-
-








  ISDMD, %






    r = 
-0.17
-0.20
-0.10
-
-
-

    P-value =
0.004
0.0008
0.08
-
-
-








  N, %






    r = 
-0.18
-0.25
-0.15
0.40
-
-

    P-value =
0.002
0.0001
0.009
0.0001
-
-









  NO3-N







    r = 
-0.20
-0.06
0.19
0.20
0.34
-

    P-value =
0.0006
0.29
0.001
0.0007
0.0001
-








  Non-NO3-N, %






    r = 
-0.12
-0.24
-0.23
0.36
0.94
0.006

    P-value =
0.04
0.0001
0.0001
0.0001
0.0001
0.92








Peak Forage Yield






  NDF, %







    r = 
-0.02
-
-
-
-
-

    P-value =
0.67
-
-
-
-
-









  ADF, %







    r = 
0.09
0.49
-
-
-
-

    P-value =
0.14
0.0001
-
-
-
-









  ISDMD, %







    r = 
-0.25
-0.19
-0.20
-
-
-

    P-value =
0.0001
0.0015
0.0004
-
-
-









  N, %







    r = 
-0.25
-0.18
-0.20
0.19
-
-

    P-value =
0.0001
0.0015
0.0004
0.0015
-
-









  NO3-N







    r = 
0.04
0.32
0.15
-0.06
0.25
-

    P-value =
0.48
0.0001
0.009
0.31
0.0001
-








  Non-NO3-N, %






    r = 
-0.28
-0.32
0.21
0.21
0.92
-0.15

    P-value =
0.0001
0.0001
0.0002
0.0002
0.0001
0.008

* r = Pearson’s correlation coefficient.
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