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Abstract: The ‘Grazing Utilization’ sub-index within the Pasture Profit Index identifies perennial 

ryegrass varieties with high grazing efficiency. Grazing efficiency is assessed in plot trials conducted 

over a number of years. The objective of this study was to investigate the repeatability of variety 

grazing efficiency. Correlations were derived between variety performance in separate evaluation 

years and between variety performances in separate trials. Grazing efficiency was found to be mod-

erately repeatable, with correlation values ranging from 0.47 to 0.86 between years and ranging from 

0.51 to 0.84 between trials. The results will provide commercial seed companies with increased con-

fidence when developing variety mixes intended for intensive grazing. Farmers will benefit from 

improved variety selection and animal performance from their farms. 
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1. Introduction 

Employing grassland management techniques that increase the quantity and quality 

of pasture fed to dairy cows increases farm productivity and net profit [1,2]. Grazing to 

low post-grazing heights (about 4 cm) is a grassland management technique used by com-

mercial farmers to maintain/increase sward quality during the grazing season [3]. Com-

mercial farmers in Ireland reported that certain perennial ryegrass (PRG) varieties were 

easier to graze to these target post-grazing heights and thus eased grassland management 

on these farms [4]. Variety grazing efficiency was assessed over a number of years in plot 

trials [5]. These evaluations used grazing dairy cows to defoliate variety plots, which dif-

fers from traditional protocols that use mechanical harvesting machinery to assess variety 

herbage yield and digestibility parameters [6,7]. Using grazing animals to assess variety 

performance provides a better reflection of the environment in which perennial ryegrass 

varieties are exposed to on a farm in Ireland, where grazed grass makes up 75% of a cow’s 

annual diet [8]. 

Prior to pasture reseeding, farmers had no indication whether the varieties available 

for reseeding will be grazing efficient or grazing inefficient and therefore it was necessary 

to include a grazing efficiency trait in the Pasture Profit Index (PPI). The PPI is a variety 

selection tool used in Ireland that identifies the best varieties for dairy farms based on 

variety performance in a number of agronomically relevant traits [9]. The ‘Grazing Utili-

zation’ trait was included in the PPI in 2021 and identifies grazing efficient and grazing 

inefficient varieties [10]. 

Perennial ryegrass grazing efficiency is a relatively new variety trait. Sufficient data 

now exist to determine whether current the evaluation protocols are sufficient to identify 

superior grazing efficient varieties. The objective of this study was to use evaluation data 

to assess how repeatable grazing efficiency is as a PRG trait. The investigation focused on 
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how grazing efficiency is repeatable throughout the lifetime of a variety within a trial and 

also between evaluation trials. 

2. Materials and Methods 

Variety grazing efficiency was assessed in Teagasc Moorepark, in the South West of 

Ireland (50°70′ N, 8°16′ W). Relatively large (8 m × 4.5 m) plots were sown in a complete 

randomized block design. These plots were rotationally grazed by a herd of dairy cows; 

the swards were grazed when the average herbage mass across the collection of plots was 

estimated to be 1400 kg DM/ha [11]. The trial was grazed from February to November 

with 8 to 10 grazing rotations taking place. Pre-grazing measurements, including individ-

ual plot herbage mass and pre-grazing height, were recorded. Herbage mass was meas-

ured from mechanical harvests taken from a sub-section of each plot as described by [12]. 

Pre-grazing sward height was recorded with a rising plate meter (Jenquip, Fielding, New 

Zealand) as described by [13]. The herd then entered the trial plots and cows had free 

choice to graze whichever plot they chose. When the average post-grazing height of the 

sward was estimated to be 4 cm, cows were removed and individual post-grazing height 

was recorded from each plot in the same manner as pre-grazing height. The pre-grazing 

harvest sub-section was rotated across three discrete areas of each plot such that rejected 

herbage from previous grazing events was removed once every three rotations. Therefore, 

cows were presented with herbage from a section of each plot that was previously cut and 

herbage from a section that was previously grazed. 

Despite the same regrowth intervals between grazing events (harvests), variety plots 

differed in pre-grazing height/herbage mass at each grazing event due to the influence of 

variety genetics and previous grazing effects (i.e., differences in post-grazing height). The 

differences in pre-grazing traits influenced subsequent grazing efficiency, with higher 

pre-grazing height/mass leading to higher post-grazing height. These pre-grazing differ-

ences between varieties needed to be accounted for to accurately assess grazing efficiency 

of varieties. A regression model was created that predicted the post grazing height of a 

variety based on that variety’s pre-grazing height, such that varieties with higher pre-

grazing heights were predicted to have higher post-grazing heights. The predicted post-

grazing height of a variety was subtracted from the actual post-grazing height achieved 

in trial to create the residual grazed height (RGH) of that variety [14]. If a variety’s actual 

post-grazing height is lower than predicted, the resulting RGH value is negative and that 

variety is grazing efficient; if a variety’s actual post-grazing height is greater than pre-

dicted, the resulting RGH value is positive and that variety is grazing inefficient. 

To determine the repeatability of variety grazing efficiency, four studies evaluating 

variety grazing efficiency were analyzed. All studies were conducted as outlined above. 

Studies differed in sowing years, harvest years, and varieties, although there was some 

overlap between harvest years and varieties. Three of the studies had data for 3 or more 

harvest years while Study 4 only had 1 year of data. The studies differed in the number of 

varieties evaluated, with Study 1, Study 2, Study 3, and Study 4 evaluating 59, 30, 23, and 

15 varieties, respectively. The statistical program SAS 9.4 (SAS Institute Inc, Cary, NC, 

USA) was used to analyze correlations between harvest years (i.e., within trial). Correla-

tions between studies (i.e., between varieties sown in different sowing years) were also 

determined. PROC CORR was used to determine correlations with both Pearson’s and 

Spearman’s rank investigated. 

3. Results 

A moderate correlation was found between harvest years for RGH, with average 

Pearson’s correlations of 0.47 to 0.66 found for Study 1 (Table 1). Similar values were 

found for Studies 2 and 3, with Pearson’s correlation values ranging from 0.48 to 0.86 and 

0.58 to 0.66, respectively. Spearman’s rank correlation between years was also moderate, 

with average values across years within Studies 1, 2, and 3 of 0.61, 0.67, and 0.64, respec-

tively. 
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Table 1. Average Pearson’s and Spearman’s rank correlations between evaluation years within trials. 

Study 1 (2015–2018) 

 2016 2017 2018 

2015 0.63 1 0.66 2 0.60 0.61 0.55 0.62 

2016 - - 0.66 0.65 0.59 0.63 

2017 - - - - 0.47 0.46 

Study 2 (2017–2019) 

 2017 2018 2019 

2017 - - 0.86 0.85 0.48 0.56 

2018 - - - - 0.49 0.60 

Study 3 (2019–2021) 

 2019 2020 2021 

2019 - - 0.62 0.69 0.58 0.66 

2020 - - - - 0.66 0.56 
1 Values in the left column (within year) are the Pearson’s correlation coefficients. 2 Values in the 

right column (within year) are the Spearman’s rank correlation coefficients. 

Pearson’s correlations between varieties evaluated within different studies (i.e., be-

tween sowing years) were moderately strong, ranging from 0.51 to 0.84 (excluding trials 

with less than three common varieties; Table 2). The greatest correlation was seen between 

Study 1 and Study 2 at 0.84, with 14 varieties common between these studies (Figure 1). 

The lowest correlation was seen between Study 1 and Study 3 at 0.51, with eight varieties 

common between both trials. When the average RGH of varieties across all evaluation 

studies was compared to the individual study results, Pearson correlations were high 

(ranging from 0.86 to 0.94). Similar results were found for Spearman’s rank correlation 

between varieties ranging from 0.43 to 0.88 (excluding trials with fewer than three com-

mon varieties). Again, comparing average variety RGH across trials to individual trial 

performance resulted in high Spearman’s rank correlations (from 0.89 to 0.95). 

Table 2. Pearson’s correlation between perennial ryegrass variety residual grazed height, evaluated 

in separately sown plot evaluations (differing sowing years) and the average residual grazed height 

value for each variety across all trials. 

Trial Study 1 Study 2 Study 3 Study 4 Average 

Study 1 - 0.84 (14) 1 0.51 (8) 1.0 (2) 0.94 (21) 

Study 2 - - 1.0 (2) 0.64 (3) 0.93 (3) 

Study 3 - - - 0.83 (5) 0.91 (5) 

Study 4 - - - - 0.86 (6) 
1 Values in brackets indicate the number of varieties common between trials. 
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Figure 1. Relationship between varieties common to Study 1 and Study 2 for residual grazed height 

(r = 0.84). 

4. Discussion 

The repeatability estimates of grazing efficiency ranged from 0.47 to 0.66. The results 

are similar to repeatability estimates of other PRG traits with [15,16] finding similar re-

peatability values for PRG herbage yield and PRG digestibility, respectively. The large 

ranges in correlations between some years were similar to those reported in [15], which 

found mean rank correlations of 0.46 and 0.72 between the first and third year and second 

and third year DM yield evaluations, respectively. Such results show that while one-year 

evaluation results may provide an indication of a variety’s agronomic potential for a trait, 

the inclusion of additional evaluation year(s) is necessary before recommendations, etc., 

can be fully determined. Ref. [17] found that first year DM yield results were less reflective 

of lifetime variety performance than second harvest year results, further emphasizing the 

importance of including additional harvest years. 

The variances in variety herbage yield between harvest years can be explained by 

differences in the meteorological conditions between years, which has a large effect on 

PRG herbage growth [18]. Despite this, evidence suggests that PRG varieties do not differ 

in their levels of drought tolerance as rank correlation between varieties for herbage yield 

is maintained [14]. The effect of weather on grazing efficiency is likely to be less than that 

of herbage yield as plant growth structure/morphology has a greater influence on grazing 

efficiency [19]. Ref. [20] found that varieties with higher levels of digestibility and leaf 

proportion had greater grazing efficiency, which agrees with [5,21]. Plant growth struc-

ture is greater influenced by variety genetics, while weather conditions determine the rate 

at which this growth structure is expressed [22]. Considering this, yearly variation in graz-

ing efficiency may be expected to be less than that of herbage yield. Further investigations 

are needed to determine the extent to which plant growth habit is repeated in subsequent 

years of evaluation. Ref. [23] hypothesized that PRG plants concentrate resources into the 

rapid production of leaf in the first production year, but place a greater emphasis on root 

development for storage in the second year. This explained why a decline in yield is often 

observed in the second production year of a sward. Animal grazing of grass swards also 

influences their morphology [24], but it may require successive grazings for a sward to 

reach a consistent morphology. Investigations should focus on how perennial ryegrass 

growth strategy and morphology change from establishment to maturity. 

The strong correlation observed between varieties sown in differing trials adds fur-

ther evidence that grazing efficiency is a repeatable PRG trait. The inclusion of an 
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additional sowing year to a variety’s overall RGH value provides a high level of accuracy. 

Promising candidate varieties should be assessed under grazing for a minimum of 2 years 

prior to recommendation to give an indication of a variety’s grazing potential. Once a 

variety is recommended, a second sowing/evaluation should be conducted to increase the 

robustness of variety grazing efficiency evaluation. Variety evaluation in Ireland has pro-

gressed over the past decade and now large trial networks and datasets exist. The on-farm 

variety evaluation study [4] is an example of such networks. An interesting extension to 

these trials would be to assess variety grazing efficiency at participating farms or, at a 

minimum, surveying farmers for their perception of variety grazing efficiency on their 

farms. These studies could be compared against the results observed in plot evaluations. 

Such a system would remove the need to assess grazing efficiency in a number of plot 

trials at different locations [17], allowing resources within the evaluation system to be bet-

ter spent. 

5. Conclusions 

Perennial ryegrass grazing efficiency was found to be repeatable, displaying similar 

levels of correlation to existing perennial ryegrass traits such as herbage yield. The results 

provide assurance to stakeholders in the forage seed industry when making variety selec-

tion decisions. Commercial farmers can be confident that a variety chosen for high grazing 

efficiency will deliver gains in grazing management on the farm. 
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