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	Executive summary (maximum 2 sides A4)
To tab in this section press the tab key and the Control key together
Press the DOWN arrow once to move to the next question.


Successful genetic improvement of important forage grass traits associated with growth, nutritive value and persistency in sustainable swards through breeding is underpinned by knowledge of the extent to which variation in the measured phenotype of individuals reflects genetic differences. The identification of quantitative trait loci (QTL) and the use of marker-assisted selection (MAS) enable more direct selection of relevant genes for improvement.  The project:

· Characterised a breeding population segregating for traits of interest in terms of flowering, seasonal yield and nutritive value.

· Used maps of genetic markers (AFLP, RFLP, SSR) in ryegrass to establish associations between markers and QTL for the traits of interest.

· Carried out selection for specific QTL based on flanking markers.

· Characterised marker selection lines for the primary selected trait and monitored correlated responses in other traits

· Identified the most useful QTL selection lines for variety production to improve the value and utilisation of grasses in sustainable livestock production

· Evaluated the range and nature of genetic variation for fatty acid composition 

· Assessed the potential for incorporating traits from fescues into ryegrass including monitoring the stability of hybrid-based material over seed generations.

With regard to nutritive value traits within the breeding population studied, genotypic variation was higher for water-soluble carbohydrate accumulation (WSC) than for digestibility (DMD). The average broad-sense heritability for WSC in Cuts 1, 2 and 3 was 43% compared to 29% for DMD. The average genotypic correlation between WSC and DMD was 0.52. Other growth traits generally had heritabilities ranging between 0.5 and 0.6. Traits associated with flowering generally had the highest heritabilities. This included heading date, aftermath heading and stemminess scores.

Additional genetic markers were added to the core map for the F2 family (milestone 01/05) using JoinMap, and the map was aligned with the International Lolium Genome Initiative (ILGI) reference map. Currently the map is based on 166 markers (62 RFLP, 14 functional probes, 54 AFLP, 22 SSR, 3 isozyme, 11 STS) assigned to 7 linkage groups and covering 515cM. 

QTL analysis using MapQTL was carried out on a range of nutritive quality and growth traits and 10 marker selections were made for WSC content based on flanking markers for 4 independent QTL. Priority was given to co-dominant markers and selections were made for aa and bb genotypes for markers in the region of the QTL on LG (Linkage Group) 1 and 2 and for aa, ab and bb genotypes for markers in the region of the QTL on LG5 and 6. In producing the selections an effort was made to maintain similar heading dates among them. This was made possible through a lack of association between the WSC QTL and heading date QTL.

The marker selections were evaluated in spaced plant and plot conditions. In the spaced plant trial, differences in WSC content averaged across the 3 harvests were in line with those expected for alternative alleles at QTL associated with WSC accumulation and confirmed the value of the flanking markers for marker selection. The highest WSC level was obtained for the aa selection on LG 1 followed by the aa allele on LG2, the bb allele on LG 5 and the LG allele on LG6. For the selection on LG5 and LG6 the ab selections were intermediate between the aa and bb selection which indicated mainly additive gene effects with little non-additive (dominance effects). Differences between selections for average digestibility (DMD) were not significant except for the selections on LG5 where the bb selection gave the highest overall DMD and the ab selection was again intermediate between the aa and bb selections. Based on this information there appears to be a strong relationship between WSC and DMD for the QTL on LG5 but not for the other QTL. The average WSC contents for the selections in the plot trial were about 1% lower than for the spaced plants but the pattern of differences was similar for the LG1 and LG2 selections. In each case the aa selection was higher than the bb selection and the aa selection on LG 1 was the highest overall. The relationship between the aa and ab selections on LG5 was similar to that found with the spaced plants although the ab selection on LG5 appeared relatively higher. There was a clearer difference in DMD between the aa and bb selections on LG1 and LG2 in the plots compared to the spaced plants. These were of the same order as the differences in WSC indicating a stronger relationship between these traits in a plot compared to a spaced plant environment. There was also a close relationship between WSC and DMD values from plot harvests for the aa and ab selections on LG6 and the ab selection on LG5. The average %N contents (x6.25=crude protein content) for the selections indicated a negative relationship between WSC and %N for the differences between selections on LG1 and LG6 but not for LG2. Differences in average plot yield of dry matter over the 6 harvests were generally small although for LG1 the difference was significant.  There was no evidence of any negative relationship between yield and WSC for any of the selections (the relationship was positive on LD1). Thus it appears that major yield QTL are not negatively associated with the 4 WSC QTL on which the selections were based.

Preliminary evidence of significant QTL for concentrations of several of the important fatty acids were obtained in the F2 mapping family. Freeze-dried leaf material from the plants in the F2 family were analysed for fatty acids and QTL analysis (MapQTL) was performed on the data to determine the location of genes associated with fatty acid composition. There were 2 main clusters of QTL on LG2 and LG6 but no obvious associations with growth traits were apparent.

Experiments were established to assess the stability of Lolium/Festuca hybrids over several generations of seed multiplication. Morphological characterisation of hybrid material from different generations of seed multiplication was carried out in the glasshouse and in the field. Six seed stocks of the variety Prior (bAB1), a cross between Lolium perenne and Festuca pratensis, representing different generations of seed multiplication and different stocks of the same generation have been completed. Significant variation in heading date was observed between the seed stocks (mean of 48 plants) when in the glasshouse. Although there was no difference in the seed yield per plant there were significant differences in the number and size of the components of seed yield. Detailed analysis of 20 inflorescences per plant revealed significant differences between seed stocks in inflorescence morphology i.e. spiked inflorescences and those with a branched appearance, resembling a panicle. The proportion of branched panicles ranged from 22% in the early generation seed stocks to >50% in the later generations. 

These stocks were also studied in field plots over 2 harvest years. Tiller numbers, reproductive tiller numbers, spikelets per inflorescence and florets and seeds per spikelet were measured. As in the glasshouse there was no difference between seed stocks in the total seed yield but significant differences in the seed yield components between the stocks. For example % seedset (proportion of florets forming seeds) was 60% in early generation stocks but nearer 40% in the later generation stocks. Differences in heading date were less evident than in the glasshouse however the differences in the proportion of spikes and panicle type inflorescences were also observed.  New hybrid material was also generated for further multiplication, as well as morphological and molecular analysis. Crosses between Italian ryegrasses containing some fescue genes with other Italian ryegrasses have been carried out to assess the stability of the fescue genes in different genetic backgrounds and to provide material for applying molecular techniques to monitor stability.

	Scientific report (maximum 20 sides A4)
To tab in this section press the tab key and the Control key together
Press the DOWN arrow once to move to the next question.


Objectives

Successful improvement of important traits in grass breeding depends on the relationship between measured phenotypes and underlying gene effects. The extent to which variation in phenotype among individuals reflects genetic differences (the heritability of a trait) controls response to selection. Heritability and selection response can be increased through more direct measurements of relevant gene effects including genetic mapping based on molecular markers, the identification of quantitative trait loci (QTL) and the use of marker-assisted selection (MAS). Specifically this project will:

1 a) Identify and/or create breeding populations which segregate for traits of interest in terms of flowering, seasonal growth, total yield, components of digestibility and nutritive value, disease resistance and environmental stress tolerance and assess the distribution and heritability of the genetic variation for these traits.

   b) Using existing knowledge concerning the distribution of genetic markers (AFLP, RFLP, SSR) in the ryegrass genome, establish and/or confirm associations between markers and QTL for the traits of interest using single gene segregation and interval mapping techniques.

   c) Identify relationships between QTL that could produce positive or negative correlated selection responses.

2 a) Carry out selection for specific QTL based on information concerning flanking markers.

   b) Characterise the marker assisted selection lines for primary trait expression and correlated selection responses.

   c) Identify the most useful QTL/selection lines in terms of response to selection and correlated selection responses.

   d) Develop QTL selection lines as varieties or hybridise them to produce new breeding populations for variety production to improve the value and utilisation of grasses in livestock production

The range and nature of genetic variation available within temperate grasses for novel traits associated with feeding value, such as PUFA and antioxidant content, will also be assessed. Potential for incorporating traits from a number of grass species (mainly from within the ryegrass-fescue complex) in ryegrass based varieties through conventional marker-assisted breeding will also be considered. Genetic markers will also be used to monitor the stability of hybrid-based material during variety development.

Results

With regard to phenotypic evaluation, 190 spaced plants belonging to an F2 mapping family, initially created on the basis of wide parental differences in water soluble carbohydrate (WSC) accumulation and heading date, were established in the field (Milestone 01/01) and traits were measured during 2000. The analysis of variation and heritability estimates for traits in 2000 are given in Table 1 (Milestone 01/02). 

Table 1

Environmental (Clones) and Genetic (Genotypes) components of variation together with estimates 

of broad-sense heritability

Trait



Variation between clones
Variation 

Broad sense





     within genotypes

between genotypes
heritability

Spring Growth 



  0.79

             3.53


0.54

Size1 Score 



  0.57

             2.66


0.55

Size2 Score 



  1.04

             4.39


0.52

Size3 Score 



  1.20

             4.24


0.46

Mean Size



  0.58

             2.77


0.56

Aftermath Heading 1


  1.31

             8.73


0.65

Aftermath Heading 2


  0.42

             3.21


0.69

Mean Aft Head



  0.54

             4.86


0.73

Cut 1 Dry Weight


29.23

         132.53


0.54

Cut 2 Dry Weight
    
              33.70

         177.63


0.59

Cut 3 Dry Weight


 29.76

         133.86


0.54

Cut 4 Dry Weight


   8.70

           44.63


0.58

Cut 5 Dry Weight


  7.89

           25.67


0.43

Mean Dwt



14.07

           78.68


0.60

Cut 1 WSC



27.88

           77.07


0.37

Cut 2 WSC



10.57

           95.92


0.73

Cut 3 WSC



28.89

           64.04


0.29

Cut 4 WSC



  9.52

           30.26


0.42

Cut 5 WSC



13.07

           55.83


0.52

Mean WSC



19.32

           58.74


0.40

Cut 1 08/5/00 DMD


  6.88


13.57


0.24

Cut 2 08/6/00 DMD


17.53


44.93


0.34

Cut 3 12/7/00 DMD


17.96


  7.38


0.29

Stemmy/Leafy Score 


  1.58

           12.75


0.70

Regrowth Score 


  1.36

             5.42


0.50

Heading date



23.07

         149.86


0.65

In general genotypic variation was higher for WSC than digestibility (DMD) and the average broad-sense heritability for WSC in Cuts 1, 2 and 3 was 43% compared to 29% for DMD. The average genotypic correlation between WSC and DMD was 0.52. Other growth traits generally had heritabilities ranging between 0.5 and 0.6. Traits associated with flowering generally had the highest heritabilities. This included heading date, aftermath heading and stemminess scores.

Additional genetic markers were added to the core map for the F2 family (milestone 01/05) using JoinMap and the map was aligned with the International Lolium Genome Initiative (ILGI) reference map (Armstead et al 2002). Currently the map is based on 166 markers (62 RFLP, 14 functional probes, 54 AFLP, 22 SSR, 3 isozyme, 11 STS) assigned to 7 linkage groups and covering 515cM (Figure 1). 

Figure 1


[image: image1]
The identification of Quantitative Trait Loci (QTL) associated with traits of importance in improving the agronomic and feeding value of grasses is the first step in developing new strategies of Marker Assisted Selection (MAS) in forage grass breeding. MAS will increase the efficiency and effectiveness of forage breeding by allowing specific genes to be targeted. QTL analysis requires both phenotypic (trait) and genotypic (genetic marker) data to be collected from plants of known genetic relationships. QTL analysis using MapQTL was carried out on a range of nutritive quality traits and plants were identified for 10 initial marker selections (milestone 02/01) associated with 4 independent water-soluble carbohydrate (WSC) QTL. Priority was given to co-dominant markers and selections were made for aa and bb genotypes for markers in the region of the QTL on LG1 and 2 and for aa, ab and bb genotypes for markers in the region of the QTL on LG5 and 6 (Table 2).
Table 2

Marker selections made in 2001

Linkage group

Marker

Type




1
 
cdo 580

RFLP



PGI/2

isozyme
2 

R3349

RFLP




cdo 1417 
RFLP 

M15-185
SSR
5   

CDO1380.2
RFLP

GSY60.2
functional probe

E39M4909
AFLP

6

C37

RFLP

AlkInv.2/3
functional probe

CDO718
RFLP

AlkInv.1/4
functional probe

RZ87

RFLP

Initially, small amounts of seed based on the 4 marker selections were produced in isolation glasshouses in 2001 and progeny were evaluated in 2002 (milestones 02/02 and 02/03) as spaced plants with some limited plot data for a restricted number of selections. Further seed was produced in 2002 and sown in plot trials for evaluation in 2003.  In producing the selections an effort was made to maintain similar heading dates among them. This was made possible through a lack of association between the WSC QTL and heading date QTL and is reflected in the progeny heading dates for the selections given in Table 3.

Table 3
Heading dates of marker selections assessed in 2002

Selection                                                Days after 1st April







	LG5 aa
	
	52

	LG5 ab
	
	48

	LG5 bb
	
	58

	LG6 aa
	
	48

	LG6 ab
	
	47

	LG6 bb
	
	61

	LG2 aa
	
	57

	LG2 bb
	
	48

	LG1 bb
	
	51

	LG1 aa
	
	47

	
	LSD
	4.1

	
	
	

	
	
	


The 2001 sown spaced plant trial comprised 20 plants of each selection in a fully randomised design. The plants were harvested on 3 occasions during 2002 (At ear emergence (Table 3), 1st August, 16th September)

The 2001 sown plot trial for a limited number of selections with 3 replicates in a fully randomised trial was harvested on 6 occasions during 2002 (11th April, 20th May, 2nd July,16th August,, 30th September, 31st October)

Spaced Plant performance in 2002
Harvested material was dried, ground and analysed for WSC content and digestibility (DMD). Significant differences were obtained between selections for WSC content (P<0.001) as shown in Figure 2. The differences in WSC content averaged across the 3 harvests are in line with those expected for the selection of alternative alleles at QTL associated with WSC accumulation and confirmed the value of the flanking markers for the marker selections. The highest level was obtained for the aa selection on LG (Linkage Group) 1 followed by the aa allele on LG2, the bb allele on LG 5 and the LG allele on LG6. For the selections on LG5 and LG6 the ab selections were intermediate between the aa and bb selections which indicated mainly additive gene effects with little non-additive (dominance effects).

Figure 2
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Differences between selections for average digestibility (DMD) are shown in Figure 3. These were not significant except for the selections on LG5 where the bb selection gave the highest overall DMD and the ab selection was again intermediate between the aa and bb selections. Based on this information there appears to be a strong relationship between WSC and DMD for the QTL on LG5 but not for the other QTL.

Figure 3
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Plot performance in 2002

The average WSC contents for the selections in plots (Figure 4) were about 1% lower than for the spaced plants but the pattern of differences was similar for the LG1 and LG2 selections. In each case the aa selection was higher than the bb selection and the aa selection on LG 1 was the highest overall. The relationship between the aa and ab selections on LG5 was similar to that found with the spaced plants although the ab selection on LG5 appeared relatively higher.

There was a clearer difference in DMD between the aa and bb selections on LG1 and LG2 in the plots compared to the spaced plants (Figure 5). These were of the same order as the differences in WSC indicating a stronger relationship between these traits in the plot compared to the spaced plant environment. There was also a close relationship between WSC and DMD values from plot harvests for the aa and ab selections on LG6 and the ab selection on LG5.

The average %N contents (x6.25=crude protein content) for the selections are shown in Figure 6. There was a negative relationship between WSC and %N for the differences between selections on LG1 and LG6 but not for LG2.

Figure 4
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Figure 5 
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Figure 6
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Differences in average plot yield of dry matter over the 6 harvests were generally small although for LG1 the difference was significant (Figure 7). There was no evidence of any negative relationship between yield and WSC for any of the selections (the relationship was positive on LD1). Thus it appears that major yield QTL are not negatively associated with the 4 WSC QTL on which the selections were based.

Figure 7
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Fatty acids

Dewhurst et al. (2001) noted highly significant species × cutting date interaction effects for fatty acid content and concluded that leaf content is very important in determining fatty acid content. After the flush of reproductive stem growth during May and June, leaf content increases to the end of the season with Italian ryegrass staying stemmier for longer than hybrid ryegrass and perennial ryegrass being the least stemmy. Italian ryegrass and hybrid ryegrass had higher levels of total fatty acids and 18:3n-3 in the early- and late-season when compared with perennial ryegrass. These effects indicated the potential for manipulating forage fatty acids through genetic manipulation of flowering times and flowering propensity and highlight the importance of correct management to maximise benefits from genetic differences.

Preliminary evidence of significant QTL for concentrations of several of the important fatty acids was obtained in the F2 mapping family. Freeze-dried leaf material from the plants in the F2 family were analysed for fatty acids with means as shown in Table 4. 

Table 4

Mean fatty acid composition of plants belonging to the F2 mapping family

C8
C12
C14:0
C15:0
C16:0
C16:1
C17 ante
C17:0
C18:0
C18:1, cis-9
C18:1, cis 11
C18:2


0.011
0.059
0.198
0.329
4.148
0.034
0.003
0.035
0.510
0.437

0.052

2.951

C18:3
C20:0
Total (g/KgFDM) 

24.255
1.021
34.042

QTL analysis (MapQTL) was performed on the data to determine the location of genes associated with fatty acid composition (Figure 8). There were 2 main clusters of QTL on LG2 and LG6. Comparisons with Figures 9 and 10 indicate no clear associations with growth or photosynthetic traits.

Figure 8

QTL for fatty acid components of ryegrass
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Figure 9
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Figure 10
QTL for photosynthetic traits
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Stability of Lolium/Festuca hybrid derived material

Experiments were established to assess the stability of Lolium/Festuca hybrids over several generations of seed multiplication.  Morphological characterisation of hybrid material from different generations of seed multiplication was carried out in the glasshouse and in the field. Six seed stocks of the variety Prior (bAB1), a cross between Lolium perenne and Festuca pratensis, representing different generations of seed multiplication and different stocks of the same generation have been completed. Significant variation in heading date was observed between the seed stocks (mean of 48 plants) when in the glasshouse. Although there was no difference in the seed yield per plant there were significant differences in the number and size of the components of seed yield. Detailed analysis of 20 inflorescences per plant revealed significant differences between seed stocks in inflorescence morphology i.e. spiked inflorescences and those with a branched appearance, resembling a panicle. The proportion of branched panicles ranged from 22% in the early generation seed stocks to >50% in the later generations. 

These stocks were also studied in field plots over 2 harvest years. Tiller numbers, reproductive tiller numbers, spikelets per inflorescence and florets and seeds per spikelet were measured. As in the glasshouse there was no difference between seed stocks in the total seed yield but significant differences in the seed yield components between the stocks. For example % seedset (proportion of florets forming seeds) was 60% in early generation stocks but nearer 40% in the later generation stocks. Differences in heading date were less evident than in the glasshouse however the differences in the proportion of spikes and panicle type inflorescences were also observed. 

A significant amount of additional new material was generated for further seed multiplication, as well as morphological and molecular analysis. Crosses between Italian ryegrasses containing some fescue genes with other Italian ryegrasses have been carried out to assess the stability of the fescue genes in different genetic backgrounds and to provide material for applying molecular techniques to monitor stability. Crosses between Bx421, an Italian ryegrass with a number of fescue genes and a range of Italian ryegrass varieties (Bb2458, Bb2459, Bb2422, Bb2408, Barlizzy and Ligrande) have been carried out. In excess of 200 crosses between individual genotypes have been completed. Progeny (max. of 40 seeds) from these crosses has been sown and DNA extracted from these individuals and from the parental material. Collaborative research in LS3620 is using SSR’s (simple-sequence repeats) that are present in Fescue but not in Lolium. The use of these SSR’s as markers to screen for Fescue genes within a Lolium genetic background could provide an additional tool for the rapid identification of Italian ryegrass lines containing fescue genes. The presence of this marker in this material is being verified. 

Bx421 has also been used to provide additional populations for stability studies.  Two approaches have been taken. Two polycrosses (40 plants in each) have been carried out in pollen proof isolation houses.  Seed from these crosses is being sown to produce a further generation. Morphological and molecular analysis of this material is being carried out.   Crosses (>100) between individual genotypes of Bx421 have also been carried out. A number of crosses are currently being identified for further multiplication. This will provide material for further field studies and provide opportunities to measure the agronomic performance of this material

In collaboration with LS3620, material from a cross between Gemini x Felopa (P197/13) (bBF62) have been grown in the field (F1’s) and F2 seed has been sown in the isolation house to produce F3 seed. Plants from a cross between Gemini and Solino (bBF61) have been grown in the field .F2 seed will be sown and potted up for production of F3 seed in an isolation house in 2004. Seed from all of these crosses will be sown for glasshouse studies and in the field for future stability studies. 
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10 marker selection lines for water soluble carbohydrate accumulation
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		5		01_Select2_Low		bb		30.19		22.83		24.41		16.33		17.29		9.66		20.12

		6		01_Select3_Low		bb		31.41		24.27		27.09		13.08		15.59		8.18		19.94

		7		01_Select4_High		aa		31.72		25.79		27.19		16.30		18.25		9.88		21.52

		8		AberDart				28.69		30.21		33.87		23.87		26.10		9.71		25.41

		9		99/02_Aurora				35.97		27.09		34.40		19.90		19.75		10.28		24.56

		10		99/01_Perma				28.95		28.76		30.99		17.92		21.44		6.66		22.45

		%DMD Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		85.98		71.61		72.87		66.33		68.45		71.17		72.73

		2		01/35_LG6_Select1		aa		86.28		72.60		70.20		63.75		69.54		70.11		72.08

		3		01/36_LG6_Select2		ab		86.15		70.34		69.83		62.65		68.82		71.64		71.57

		4		01_Select1_High		aa		86.77		70.60		73.54		64.79		70.14		70.61		72.74

		5		01_Select2_Low		bb		83.56		70.80		70.56		65.81		70.42		70.19		71.89

		6		01_Select3_Low		bb		85.45		72.51		72.62		64.64		69.18		70.59		72.50

		7		01_Select4_High		aa		85.46		72.45		71.66		66.12		69.94		72.64		73.04

		8		AberDart				84.39		75.73		77.74		71.20		75.57		72.60		76.20

		9		99/02_Aurora				86.06		71.03		77.81		68.19		71.38		70.61		74.18

		10		99/01_Perma				84.99		78.44		75.84		68.63		74.38		71.15		75.57

		%N Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		2.80		1.57		1.53		2.24		2.54		4.23		2.49

		2		01/35_LG6_Select1		aa		2.58		1.59		1.27		2.05		2.56		4.08		2.35

		3		01/36_LG6_Select2		ab		2.74		1.55		1.58		2.40		2.63		4.27		2.53

		4		01_Select1_High		aa		2.59		1.48		1.49		2.12		2.60		4.13		2.40

		5		01_Select2_Low		bb		2.77		1.63		1.52		2.01		2.52		4.00		2.41

		6		01_Select3_Low		bb		2.88		1.72		1.50		2.22		2.48		4.13		2.49

		7		01_Select4_High		aa		2.63		1.47		1.45		2.02		2.33		4.13		2.34

		8		AberDart				2.60		1.44		1.34		1.63		2.01		3.91		2.16

		9		99/02_Aurora				2.25		1.29		1.33		1.69		2.13		3.68		2.06

		10		99/01_Perma				2.73		1.73		1.39		1.87		2.30		4.16		2.36

		Total Dry Matter Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		56.33		336.73		167.65		119.98		71.13		15.33		127.86

		2		01/35_LG6_Select1		aa		59.00		362.90		192.66		100.28		70.05		14.00		133.15

		3		01/36_LG6_Select2		ab		51.50		337.56		122.88		117.23		72.88		15.00		119.51

		4		01_Select1_High		aa		53.00		333.95		141.03		121.11		72.32		11.33		122.12

		5		01_Select2_Low		bb		51.33		297.03		158.00		136.98		62.85		14.67		120.14

		6		01_Select3_Low		bb		30.33		254.42		158.62		124.94		74.78		14.00		109.52

		7		01_Select4_High		aa		85.41		384.01		167.39		154.18		88.86		17.00		149.48

		8		AberDart				183.80		371.40		244.19		175.09		115.03		18.33		184.64

		9		99/02_Aurora				150.70		391.03		176.23		139.83		106.18		16.00		163.33

		10		99/01_Perma				118.46		323.04		257.86		161.21		98.14		13.33		162.01
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		%WSC Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		31.97		24.40		27.90		15.00		15.57		8.42		20.54

		2		01/35_LG6_Select1		aa		33.73		25.32		27.19		13.56		15.57		8.49		20.64

		3		01/36_LG6_Select2		ab		32.00		23.55		24.17		10.39		14.68		9.06		18.98

		4		01_Select1_High		aa		35.47		24.10		28.96		13.71		16.31		8.02		21.09

		5		01_Select2_Low		bb		30.19		22.83		24.41		16.33		17.29		9.66		20.12

		6		01_Select3_Low		bb		31.41		24.27		27.09		13.08		15.59		8.18		19.94

		7		01_Select4_High		aa		31.72		25.79		27.19		16.30		18.25		9.88		21.52

		8		AberDart				28.69		30.21		33.87		23.87		26.10		9.71		25.41

		9		99/02_Aurora				35.97		27.09		34.40		19.90		19.75		10.28		24.56

		10		99/01_Perma				28.95		28.76		30.99		17.92		21.44		6.66		22.45

		%DMD Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		85.98		71.61		72.87		66.33		68.45		71.17		72.73

		2		01/35_LG6_Select1		aa		86.28		72.60		70.20		63.75		69.54		70.11		72.08

		3		01/36_LG6_Select2		ab		86.15		70.34		69.83		62.65		68.82		71.64		71.57

		4		01_Select1_High		aa		86.77		70.60		73.54		64.79		70.14		70.61		72.74

		5		01_Select2_Low		bb		83.56		70.80		70.56		65.81		70.42		70.19		71.89

		6		01_Select3_Low		bb		85.45		72.51		72.62		64.64		69.18		70.59		72.50

		7		01_Select4_High		aa		85.46		72.45		71.66		66.12		69.94		72.64		73.04

		8		AberDart				84.39		75.73		77.74		71.20		75.57		72.60		76.20

		9		99/02_Aurora				86.06		71.03		77.81		68.19		71.38		70.61		74.18

		10		99/01_Perma				84.99		78.44		75.84		68.63		74.38		71.15		75.57

		%N Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		2.80		1.57		1.53		2.24		2.54		4.23		2.49

		2		01/35_LG6_Select1		aa		2.58		1.59		1.27		2.05		2.56		4.08		2.35

		3		01/36_LG6_Select2		ab		2.74		1.55		1.58		2.40		2.63		4.27		2.53

		4		01_Select1_High		aa		2.59		1.48		1.49		2.12		2.60		4.13		2.40

		5		01_Select2_Low		bb		2.77		1.63		1.52		2.01		2.52		4.00		2.41

		6		01_Select3_Low		bb		2.88		1.72		1.50		2.22		2.48		4.13		2.49

		7		01_Select4_High		aa		2.63		1.47		1.45		2.02		2.33		4.13		2.34

		8		AberDart				2.60		1.44		1.34		1.63		2.01		3.91		2.16

		9		99/02_Aurora				2.25		1.29		1.33		1.69		2.13		3.68		2.06

		10		99/01_Perma				2.73		1.73		1.39		1.87		2.30		4.16		2.36

		Total Dry Matter Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		56.33		336.73		167.65		119.98		71.13		15.33		127.86

		2		01/35_LG6_Select1		aa		59.00		362.90		192.66		100.28		70.05		14.00		133.15

		3		01/36_LG6_Select2		ab		51.50		337.56		122.88		117.23		72.88		15.00		119.51

		4		01_Select1_High		aa		53.00		333.95		141.03		121.11		72.32		11.33		122.12

		5		01_Select2_Low		bb		51.33		297.03		158.00		136.98		62.85		14.67		120.14

		6		01_Select3_Low		bb		30.33		254.42		158.62		124.94		74.78		14.00		109.52

		7		01_Select4_High		aa		85.41		384.01		167.39		154.18		88.86		17.00		149.48

		8		AberDart				183.80		371.40		244.19		175.09		115.03		18.33		184.64

		9		99/02_Aurora				150.70		391.03		176.23		139.83		106.18		16.00		163.33

		10		99/01_Perma				118.46		323.04		257.86		161.21		98.14		13.33		162.01
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Sheet1

		%WSC Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		31.97		24.40		27.90		15.00		15.57		8.42		20.54

		2		01/35_LG6_Select1		aa		33.73		25.32		27.19		13.56		15.57		8.49		20.64

		3		01/36_LG6_Select2		ab		32.00		23.55		24.17		10.39		14.68		9.06		18.98

		4		01_Select1_High		aa		35.47		24.10		28.96		13.71		16.31		8.02		21.09

		5		01_Select2_Low		bb		30.19		22.83		24.41		16.33		17.29		9.66		20.12

		6		01_Select3_Low		bb		31.41		24.27		27.09		13.08		15.59		8.18		19.94

		7		01_Select4_High		aa		31.72		25.79		27.19		16.30		18.25		9.88		21.52

		8		AberDart				28.69		30.21		33.87		23.87		26.10		9.71		25.41

		9		99/02_Aurora				35.97		27.09		34.40		19.90		19.75		10.28		24.56

		10		99/01_Perma				28.95		28.76		30.99		17.92		21.44		6.66		22.45

		%DMD Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		85.98		71.61		72.87		66.33		68.45		71.17		72.73

		2		01/35_LG6_Select1		aa		86.28		72.60		70.20		63.75		69.54		70.11		72.08

		3		01/36_LG6_Select2		ab		86.15		70.34		69.83		62.65		68.82		71.64		71.57

		4		01_Select1_High		aa		86.77		70.60		73.54		64.79		70.14		70.61		72.74

		5		01_Select2_Low		bb		83.56		70.80		70.56		65.81		70.42		70.19		71.89

		6		01_Select3_Low		bb		85.45		72.51		72.62		64.64		69.18		70.59		72.50

		7		01_Select4_High		aa		85.46		72.45		71.66		66.12		69.94		72.64		73.04

		8		AberDart				84.39		75.73		77.74		71.20		75.57		72.60		76.20

		9		99/02_Aurora				86.06		71.03		77.81		68.19		71.38		70.61		74.18

		10		99/01_Perma				84.99		78.44		75.84		68.63		74.38		71.15		75.57

		%N Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		2.80		1.57		1.53		2.24		2.54		4.23		2.49

		2		01/35_LG6_Select1		aa		2.58		1.59		1.27		2.05		2.56		4.08		2.35

		3		01/36_LG6_Select2		ab		2.74		1.55		1.58		2.40		2.63		4.27		2.53

		4		01_Select1_High		aa		2.59		1.48		1.49		2.12		2.60		4.13		2.40

		5		01_Select2_Low		bb		2.77		1.63		1.52		2.01		2.52		4.00		2.41

		6		01_Select3_Low		bb		2.88		1.72		1.50		2.22		2.48		4.13		2.49

		7		01_Select4_High		aa		2.63		1.47		1.45		2.02		2.33		4.13		2.34

		8		AberDart				2.60		1.44		1.34		1.63		2.01		3.91		2.16

		9		99/02_Aurora				2.25		1.29		1.33		1.69		2.13		3.68		2.06

		10		99/01_Perma				2.73		1.73		1.39		1.87		2.30		4.16		2.36

		Total Dry Matter Cuts 1-6 Average 2002 Block 4 Plots

								Cut 1		Cut 2		Cut 3		Cut 4		Cut 5		Cut 6		Average

		1		01/33_LG5_Select2		ab		56.33		336.73		167.65		119.98		71.13		15.33		127.86

		2		01/35_LG6_Select1		aa		59.00		362.90		192.66		100.28		70.05		14.00		133.15

		3		01/36_LG6_Select2		ab		51.50		337.56		122.88		117.23		72.88		15.00		119.51

		4		01_Select1_High		aa		53.00		333.95		141.03		121.11		72.32		11.33		122.12

		5		01_Select2_Low		bb		51.33		297.03		158.00		136.98		62.85		14.67		120.14

		6		01_Select3_Low		bb		30.33		254.42		158.62		124.94		74.78		14.00		109.52

		7		01_Select4_High		aa		85.41		384.01		167.39		154.18		88.86		17.00		149.48

		8		AberDart				183.80		371.40		244.19		175.09		115.03		18.33		184.64

		9		99/02_Aurora				150.70		391.03		176.23		139.83		106.18		16.00		163.33

		10		99/01_Perma				118.46		323.04		257.86		161.21		98.14		13.33		162.01
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						LG5		LG6		LG2		LG1

				aa				2.35		2.40		2.34

				ab		2.49		2.53

				bb						2.41		2.49

				Total Dry Matter Cuts 1-6 Average 2002 Block 4 Plots

						LG5		LG6		LG2		LG1

				aa				133.15		122.12		149.48

				ab		127.86		119.51

				bb						120.14		109.52
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