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In 2019 and 2022, the University of Vermont Extension Northwest Crops and Soils Program initiated two 

trials evaluating forage yield and quality of an array of cool season perennial grass species and varieties 

planted in monocultures. The grass species selected were Kentucky bluegrass, festulolium, meadow brome, 

meadow fescue, orchardgrass, perennial ryegrass, tall fescue, and timothy. Monitoring these stands over 

multiple years can help evaluate yield, quality, survivability, pest resistance, persistence, and other 

characteristics of these species and varieties to identify the most suitable forage species and varieties in our 

region over diverse weather conditions. 

 

MATERIALS AND METHODS 

 

Forage species and variety information for the trials are summarized in Tables 1 and 2. The plot design was 

a randomized complete block with five replications. Treatments were grass varieties seeded in monoculture 

and evaluated for forage yield and quality. 

 

Table 1. Perennial grass species and variety information- Trial 1 initiated 2019. 

Species Variety 

Kentucky 

bluegrass 

Balin 

Ginger 

Meadow 

brome 

Fleet 

Macbeth 

Montana 

Meadow 

fescue 
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characteristic of the forage and therefore is negatively correlated with animal dry matter intake. The portion 

of the NDF fraction that is estimated to be digestible after 30 hours of fermentation in rumen fluid is 

represented by the 30- hour NDF digestibility. Ethanol soluble carbohydrates (ESC) are simple sugars found 

in grasses. Water soluble carbohydrates (WSC) include simple sugars as well as fructose polymers called 

fructans



Table 4. 2022-2023 weather data for Alburgh, VT. 

 

2022 2023 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Average temperature (°F) 51.3 



These differences in distribution are important to consider when selecting a species to ensure that the 

productivity and timing of that productivity will meet your needs. Comparing over several years can also 

provide insight into the consistency of performance across variable weather conditions. 

 

 
Figure 1. Seasonal distribution of yield by species, 2023. 

Average quality parameters also varied by species across the season (Table 6). Crude protein levels were 

highest in meadow brome at 16.8%, however this was statistically similar to meadow fescue and Kentucky 

bluegrass. All other species were at least 2% lower on average. The ESC was highest in the perennial 

ryegrass, which was higher than all other species. Higher sugar content provides more potential energy to 

the cow when grazed fresh, but also increases the sugar available to support proper fermentation in 

fermented stored forages. Net energy for lactation ranged from 0.561 to 0.626 Mcal/lb of forage with 

timothy and perennial ryegrass averaging the highest levels while orchardgrass and meadow brome were 

the lowest. 

 

Table 6. Average forage quality characteristics by species, 2023. 

Species CP ESC NEL 30-hr NDFD Milk yield RFQ 

  % DM Mcal/lb % NDF lbs ton-1   

Kentucky bluegrass 16.4ab† 6.53bcd 0.590b 66.2c 3884bc 160cd 

Meadow fescue 16.8a 7.12b 0.597b 72.7a 4046a 172c 

Meadow brome 16.8a 5.82de 0.563c 72.4a 3789c 154d 

Orchardgrass 14.5cd 5.33e 0.561c 66.6c 3849bc 158d 

Perennial ryegrass 13.6d 7.93a 0.622a 71.5ab 3905b 192a 

Timothy 14.9bc 6.50c 0.626a 70.3b 4082a 182b 

Level of significance‡ *** *** *** *** *** *** 

Trial mean 15.1 6.51 0.594 69.9 3936 171 
†Treatments that share a letter performed statistically similarly to one another. 

Top performing treatment indicated in 



Fiber digestibility ranged widely from 66.2% to 72.7% with meadow fescue, meadow brome, and perennial 

ryegrass performing statistically similarly at the top. Overall, >60% NDF digestibility at 30hrs (NDFD) 

reflects very digestible forage and therefore all species in the trial produced satisfactory digestible forage. 

Fiber digestibility tends to decrease when conditions become very hot and moist. Although we had 

excessive moisture this season, below normal temperatures likely contributed to increased digestibility this 

season. Overall, milk yields from feeding 1 ton of each species ranged from 3789 to 4082 lbs ton-1. 

Similarly, relative forage quality (RFQ) ranged from 154 to 192 with perennial ryegrass having the highest 

rating. For comparison, a rating of 150 is typically considered suitable for a lactating dairy cow. Therefore, 

while all species produced forage that on average would be considered suitable for lactating dairy cows, 

perennial ryegrass and timothy produced premium qualities over meadow brome and orchardgrass. 

 



two varieties differed numerically in total yield, protein yield, and predicted milk yield with Ginger being 

higher but not statistically. The two varieties also exhibited similar maturation timing beginning heading 

early in the season around 12-May and being in full head around 18-May. 

 

Table 8. Yield and quality of two varieties of Kentucky bluegrass, 2023. 

Variety 1st cut 2nd cut 3rd cut 
Season 

yield 
CP ESC 

30-hr 

NDFD 

Milk 

yield 

  Dry matter tons ac-1 lbs ac-1 tons ac-1 cwt ac-1 

Balin 1.36 0.632 0.765 2.76 879 407 0.935 109 

Ginger 1.27 0.876 1.10 3.25 1095 411 1.08 125 

Level of significance† NS‡ NS NS NS NS NS NS NS 

Species mean 1.32 0.754 0.931 3.00 987 409 1.01 117 







over 1.5 tons ac-1. At the second harvest these two varieties produced 1.3 tons ac-1 which was outyielded 

only by Barpenta with 1.57 tons ac-1. Yields differed numerically at third harvest, but were not statistically 

different. Total season yields ranged from about 2.5 tons to just over 4 tons ac-1. Protein and fiber 

digestibility were similar to the orchardgrasses averaging 14.9% and 70.3% respectively. Quality did not 

differ significantly by variety. The differences in yield, however, are reflected in the yield of quality 

components and predicted milk with the varieties Tuukka and Promesse yielding the highest protein, ESC, 

digestible fiber, and milk on a per acre basis. The timothy varieties headed at a similar time as the perennial 

ryegrasses. The earliest timothy varieties were Barfleo and Lischka which headed on 10-Jun. These were 

followed closely by Promesse on 11-Jun and all others on 12-Jun. 

  

 Table 13. Yield and quality of six varieties of Timothy, 2023. 

Variety 1st cut 2nd cut 3rd cut 
Season 

yield 
CP ESC 

30-hr 

NDFD 

Milk 

yield 

  Dry matter tons ac-1 lbs ac-1 tons ac-1 cwt ac-1 

Barfleo 1.48 0.649 0.993 3.12 864 438 1.03 129 

Barpenta 1.20 1.57 1.06 



Table 14. 



Table 15. Average forage quality characteristics by species, 2023. 

Species CP ESC NEL 
30-hr 

NDFD 

Milk 

yield 
RFQ 

  % DM Mcal/lb % NDF lbs ton-1   

Festulolium 16.3ab† 7.05b 0.616a 71.4a 3940a 163ab 

Mixtures 16.5a 6.85b 0.582b 70.1ab 3879ab 160a 

Orchardgrass 15.4b 5.56c 0.559c 67.4c 3846b 154b 

Tall fescue 16.0ab 



(either tall or meadow) and perennial ryegrass, are generally regarded as premium forages similar to 

perennial ryegrass with higher yields from the fescue. However, these data suggest other cool season grass 

species can produce more substantial yields and ultimately yield more of the desired quality components 

like sugars and digestible fiber per acre than festulolium. Festuloliums also typically do not persist in their 

vigor as long as other species so monitoring this species’ performance throughout the li



 

Table 18



contributed to the lack of statistical significance. First cut yields ranged widely from 0.521 tons to 1.83 tons 

ac-1 but were not statistically different. The second harvest was lower for all varieties averaging around 0.8 

tons ac-1. Yields increased at the third harvest and presented statistical differences between varieties. 

Greendale produced almost 2 tons ac-1 which was at least 0.3 tons ac-1 higher than all other varieties. All 

varieties continued to produce substantial biomass late into the fall and were harvested a fourth time 

yielding about 1 ton ac-1. Overall, season yields ranged from 3.65 to 5.94 tons ac-1 with Greendale and 

Goliath yielding over 5 tons ac-1, however, these were not statistically different from any other variety. No 

statistical differences were seen in average quality between the varieties. However, with some differences 

in dry matter yields, predicted milk yield on a per acre basis differed statistically. Greendale had the highest 

predicted milk yield of 230 cwt ac-1 followed closely by Goliath with 198 cwt ac-1. The lowest yielding 

variety, Teton, was predicted to yield only 138 cwt ac-1. 

 

Table 20. Yield and quality of six varieties of tall fescue, 2023. 

Variety 1st cut 2nd cut 3rd cut 4th cut 
Season 

yield 
CP ESC 

30-hr 

NDFD 

Milk 

yield 

  Dry matter tons ac-1 lbs ac-1 tons ac-1 cwt ac-1 

Dominate 1.33 0.691 1.60 1.04 4.66 1474 742 1.58 174 

Goliath 1.83 0.824 1.42 1.05 5.12 1604 839 1.73 198 

Greendale 1.68 1.07 1.93 1.26 5.94 1879 920 2.01 230 

Kora 1.42 0.806 1.52 0.987 4.74 1501 804 1.57 183 



Yield and quality data by variety across each cutting can be found in Tables 21-24 and Figures 3-6. It is 

important to recognize that these data only represent one year and should not alone be used to make 

management decisions. 
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Table 21. Dry matter yields 



Table 22. Average quality of 30 varieties of six perennial grass species (Trial 1), 2023. 

Species Variety 
CP ESC 

30-hr 

NDFD 
NEL RFQ Milk yield CP ESC 

30-hr 

NDFD 
Milk yield 

% of DM % of NDF Mcal lb-1   lbs ton-1 lbs ac-1 tons ac-1 cwt ac-1 

Kentucky Bluegrass 





Table 23. Dry matter yields 18 varieties of four perennial grass species (Trial 2), 2023. 

Species Variety 
Heading 

date 

DM Yield (tons ac-1) 





 





 

Figure 5. Dry matter yields over four harvests (Trial 2), 2023. 
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Figure 6. Dry matter yield distribution over four harvests (Trial 2), 2023. 
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