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1  | INTRODUC TION

Dairy systems that incorporate greater proportions of grazed for-
age in the diet of dairy cows have lower costs of production (Dillon, 
Roche, Shalloo, & Horan, 2005). Differences in the grazing efficiency 
of perennial ryegrass (Lolium perenne L. PRG) varieties are shown 
to influence the level of grass utilization on farm (Byrne, Gilliland, 
Delaby, Cummins, & O’Donovan,  2018). Swards with high grazing 

efficiency are those that are consistently grazed to low post-grazing 
sward heights and it is these swards that support the highest level of 
utilization (McCarthy et al., 2013). Employment of PRG varieties with 
superior performance within grazing systems has the capacity to in-
crease utilization and so enhance the profitability of these systems 
(O'Donovan, Hennessy, & Creighton, 2018).

The Irish Department of Agriculture, Food and the Marine is re-
sponsible for evaluating varieties of PRG in the Republic of Ireland 
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Abstract
The objective of this study was to compare the grazing efficiency of 30 perennial 
ryegrass varieties, differing in ploidy and heading date. Plots were grazed by lac-
tating dairy cows and managed under a rotational grazing system with 19 grazing 
events occurring over two years. Pre-grazing and post-grazing compressed sward 
heights were measured with a rising plate meter. A mixed model was used to predict 
the post-grazing sward height of each variety based on year, grazing event, block 
and pre-grazing sward height. Residual grazed height (RGH) was derived as the dif-
ference between the actual and predicted post-grazing sward height and was used 
as the measure of grazing efficiency. Negative RGH values indicated that the actual 
herbage removed was greater than that predicted and so indicated a superior grazing 
efficiency. Varieties differed in their level of grazing efficiency (p < .001), with RGH 
values ranging from −0.38 to +0.34 cm. Tetraploid varieties exhibited significantly 
greater grazing efficiency performance than diploids (p <  .001), with average RGH 
values of −0.13 and +0.13  cm respectively. A significant difference in grazing ef-
ficiency was found among recommended perennial ryegrass varieties that are not 
being recorded by mechanically harvested simulated grazing protocols. A variety re-
appraisal that included grazing efficiency could identify varieties capable of improv-
ing on-farm livestock productivity from grass.
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(Department of Agriculture, 2018). A protocol requiring frequent 
mechanical defoliation (8–10 harvests a year) is used to simulate 
rotational grazing in dairy systems. Varieties are trialled over a min-
imum of four years with herbage yield, nutritive quality and per-
sistence taken as measurements. Mechanical defoliation protocols 
may be limited in the information they provide as the cutting regime 
used differs from that experienced by the varieties when grazed on-
farm. Creighton et al. (2012) found no significant difference in herb-
age yield between variety plots that were mechanically harvested 
and those that were grazed by livestock. This relationship between 
cut and grazed protocols was also observed by Cashman, McEvoy, 
Gilliland, and O'Donovan (2016) where simulated grazing protocols 
were found to be reliable in identifying and screening elite variet-
ies for herbage yield and digestibility. However, differences in dry 
matter consumed were observed between varieties under grazing, 
indicating that they may be better performing within grazing sys-
tems than the cutting management indicated. Differences between 
varieties for grazed DM yield found by Byrne et  al.  (2017) high-
lighted that certain varieties possess specialist traits that make them 
better adapted to grazing systems. Arguably, therefore, the omis-
sion of the animal/plant interaction from most Recommended List 
schemes across the EU is a major disadvantage, especially as grass 
sward performance is realized through animal production (Wilkins & 
Humphreys, 2003).

Poorly grazed swards with high post-grazing sward heights 
(PostGSH) are more difficult to manage in subsequent rotations as 
lower digestible stem builds up in the sward (Peyraud, Mosquera-
Losada, & Delaby, 2004). Traditionally, such swards would be corrected 
to a lower PostGSH using mechanical defoliation (“topping”), but there 
has been a move away from this practice in recent years. Reasons for 
this include avoidance of the higher labour and fuel costs and to avoid 
the loss of the topped grass, none of which is utilized. Differences in 
the ability of cattle to graze different PRG varieties are recognized as 
achieving target PostGSH becomes challenging. Where grazing effi-
ciency is known to be poor, farmers opt to harvest silage from such 
varieties (Byrne et al., 2017). Farmers, recognizing differences in the 
efficiency in which PRG varieties can be grazed, now demand varieties 
with high utilization potential to be sown on their farms.

Grazing to low PostGSH ensures optimum utilization of pas-
ture and has been shown to increase the proportion of leaf within 
the sward (Tuñon et al., 2014). Leaf is the most nutritious fraction 
of a grass tiller with the highest level of organic matter digestibil-
ity relative to pseudo-stem, true stem and dead material (Beecher 
et al., 2015). Therefore, maximizing leaf in the diet of the cows will 
enhance milk yield and promote clean, even PostGSHs in subse-
quent rotations.

Ploidy and heading date differences between varieties are known 
to seasonally influence chemical and morphological characteristics 
within the sward, which subsequently influences the performance 
of grazing animals. Gowen et al. (2003) investigated the effect of va-
riety ploidy and heading date on milk production and herbage intake 
of dairy cows. It was found that later heading varieties had increased 
DM intakes and milk production over intermediate heading varieties 

but ploidy did not have a significant effect. A similar result was found 
by O’Donovan and Delaby (2005), with a 3% increase in milk yield 
observed between cows grazing late heading versus intermediate 
heading varieties. Later heading varieties maintain higher levels of 
digestibility later in the grazing season than intermediate heading 
varieties which lends itself to greater dry-matter intake (DMI) and 
subsequent greater milk yield. McClearn et al. (2019) examined 
the difference among ploidy groups on milk production. Tetraploid 
swards had lower PostGSH than diploid swards but milk production 
did not differ significantly (p < .08).

The objective of this study was to examine varieties of PRG that 
are market leaders in Ireland, for differences in grazing efficiency. 
The null hypothesis for the study was that no differences in grazing 
efficiency would be recorded between varieties. The alternative hy-
pothesis was that some varieties would differ in grazing efficiency. 
Exposing the varieties to similar defoliation conditions to that ex-
perienced under good sward management practices on-farm (ro-
tational grazing systems) was key to reassessing their commercial 
production potential.

2  | MATERIAL S AND METHODS

2.1 | Experimental design

The study was conducted at Teagasc, Animal & Grassland Research 
and Innovation Centre, Moorepark, Fermoy, Co. Cork, Ireland (lat. 
50°07′N, long. 08°16′W). Soil type is a free draining acid brown 
earth soil of sandy loam texture. The experiment took place over 
two grazing seasons, 2017 and 2018.

Thirty varieties of PRG from the Republic of Ireland's 2016 
National/Recommended list were sown. The varieties were sown in 
randomized complete block design in 3 replicates (90 plots). Each plot 
measured 8 m × 4.5 m (36 m2). Table 3 displays the varieties sown 
and their ploidy and heading characterization. The varieties were 
sown in August 2016 with a Wintersteiger seeder (Wintersteiger 
Plotseed S; Wintersteiger AG., Ried im Innkreis, Austria). Diploid and 
tetraploid varieties were sown at 35 and 45 kg seed/ha, respectively, 
to account for differences in seed size. Prior to sowing, 4.95 t lime/
ha was spread and fertilizer was applied to the seedbed at 38 kg N/
ha, 38 kg P/ha and 75 kg K/ha. Post-emergence broadleaf herbicide 
was applied 4  weeks post-sowing to control broad leaved weeds. 
The plots were grazed on two occasions in 2016 during the estab-
lishment phase. Data recording began in February 2017.

2.2 | Grazing management

The plots were rotationally grazed on average every 28 days (rang-
ing from 15 to 43  days) when the average herbage mass across all 
plots was visually estimated to be 1,400  kg DM/ha above grazing 
level (3.5 cm) (O'Donovan, Connolly, Dillon, Rath, & Stakelum, 2002). 
Cows were allocated area based on the herbage mass present and a 
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total demand of 17 kg DM cow−1 day−1 minus supplementation in the 
diet, which typically resulted in three allocations (i.e. grazed by block). 
Cows remained within an allocation until the average PostGSH across 
the allocated area was 4 cm (visually assessed). On average 60 spring 
calving cows grazed the plots throughout the year. Dung pats were 
removed after each grazing, and fertilizer was applied to the plots 
post-grazing (Table 1) with the exception of 2018 where a late clos-
ing date and low growth rates during the closed period of 2017/2018 
warranted an early application of nitrogen to stimulate growth in early 
spring 2018 (“Pre-application”). As the plots were intensively grazed, 
high levels of fertilization were applied to ensure that soil nutrition 
was not a limiting factor to varietal performance. This level of nitrogen 
fertilization is greater than typically applied on Irish farms. However, 
previous research found little re-ranking of varieties for annual herb-
age accumulation at differing rates of nitrogen application (Lee et al., 
2018; Wilkins, Allen, & Mytton, 2000).

2.3 | Sward measurements

Pre-grazing herbage mass was determined by cutting a subsection 
(1.2  m  ×  5  m) of each plot with an Etesia motor harvester (Etesia 
Hydro 124D; Etesia UK Ltd.) to a height of 3.5 cm. The cut area was 
rotated across 3 non-overlapping areas of each plot. Mown herbage 
(fresh) was weighed and 0.1 kg dried at 90°C for 16 hr to determine 
DM content.

Pre-grazing sward height was measured as compressed sward 
height (Murphy, O’Brien, & Murphy, 2018) by conducting 10 mea-
surements on each plot using a Jenquip rising plate meter (Jenquip 
Rising Plate Pasture Metres, New Zealand; diameter 355  mm and 
3.2  kg/m2)(Jenquip,  2019) and taking the mean score from those 

measurements. Compressed sward height is measured as a function 
of sward height and density. PostGSH was measured in the same 
manner (Castle, 1976). PostGSH was not recorded from the cut area. 
Differing PostGSH had an effect on the subsequent regrowth of pad-
docks. This led to differing pre-grazing herbage mass (as measured 
by the Etesia cuts) between plots. Height consumed was calculated 
as the difference between pre-grazing sward height and PostGSH.

Herbage density was calculated as pre-grazing herbage mass di-
vided by pre-grazing sward height minus 3.5 cm (cut height) (Tuñon 
et al., 2014). Proportion of available herbage consumed was devel-
oped to compare the amount of herbage removed from varieties. 
This was calculated as height consumed multiplied by herbage den-
sity, divided by herbage mass available. As varieties grazed out to 
different PostGSH, this meant that different amounts of ungrazed 
DM were carried into the following rotation. To avoid herbage accu-
mulation being accounted in two rotations, the ungrazed DM within 
each plot from grazing event “n,” above 3.5 cm (cutting height), was 
subtracted from herbage mass of the same plot in grazing event 
“n + 1,” as measured by the Etesia cut.

2.4 | Morphological measurements

Tiller density was determined once the paddock had been closed 
for the winter period in November of each year. Three 100 cm2 sods 
were obtained from each plot. The number of PRG tillers, weed grass 
tillers and dicotyledon species present were counted by a destruc-
tive analysis (Jewiss, 1993).

Ground scores of each plot were also measured during the win-
ter closed period by visual assessment using a scale of 0–9 where 
0 = 0%–10% PRG and 9 = 90%–100% PRG (Camlin & Stewart, 1976).

Nitrogen Phosphorus Potassium

Timing 2017 2018 2017 2018 2017 2018

Pre-application – 43 – 18 – 75

Grazing 1 44 45 15 15 30 30

Grazing 2 44 45 15 15 30 30

Grazing 3 68 50 – – – –

Grazing 4 44 50 15 – 30 –

Grazing 5 51 50 – – – –

Grazing 6 33 50 11 – 22 –

Grazing 7 33 – 11 – 22 –

Grazing 8 – – – – – –

Grazing 9 – N/a – N/a – N/a

Grazing 10 – N/a – N/a – N/a

Grazing 11 – N/a – N/a – N/a

Cumulative 317 333 67 48 134 135

Note: Pre-application: Fertilizer was applied to plots in early spring 2018 before the first grazing 
event to stimulate growth. Climatic differences between years resulted in less grazing events 
taking place in 2018 (n = 8). Grazing rotation 8 took place after 15 September in both years. No 
artificial fertilizer could be applied after this date.

TA B L E  1   Summary of post-grazing 
application of inorganic fertilizer (kg/ha) 
to perennial ryegrass variety plots in 2017 
and 2018
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2.5 | Statistical analysis

The statistical package SAS (SAS Inst. Inc.) was used for statistical 
analysis using the PROC MIXED procedure. The dependent variables 
pre-grazing herbage mass, pre-grazing sward height, PostGSH, tiller 
density and ground score were analysed with block used as a ran-
dom variable in the model. The equation used for the model was:

where
Y = observation;
μ = mean;
Yi = year effect (i = 1…2);
Pj = ploidy effect ( j = 1…2);
Bk = block effect (k = 1…3);
Hl = heading date effect (l = 1…2);
Cm = variety (ploidy*heading date) effect (m = 1…30);
Gn = rotation (within year) effect (n = 1…11);
(Yi × Pj) = year × ploidy interaction;
(Yi × Hl) = year × heading date interaction;
(Pj × Hl) = ploidy × heading date interaction;
(Gn × Pj) = rotation (within year) × year interaction;
(Gn × Hl) = rotation (within year) × heading date interaction;
eijklmn = residual error term.

In addition, differences in pre-grazing sward height were shown to 
have a significant positive relationship (p < .001) with PostGSH (r2 = 0.68).  

Comparing grazing efficiency of varieties based solely on PostGSH is 
biased towards varieties with lower pre-grazing sward height. To accu-
rately account for this pre-grazing sward height effect on PostGSH, a 
second mixed model was created based exactly on the original model 
with pre-grazing sward height included as an additional factor within 
the model. This model was used to predict the PostGSH of each vari-
ety at each grazing event. The predicted PostGSH was then subtracted 
from the actual PostGSH achieved by each variety. The resulting figure 
is termed the “Residual Grazed Height” (RGH). Where a variety achieved 
a lower PostGSH than the predicted PostGSH, the resulting RGH value 
is negative. This was defined as indicative of good grazing efficiency. 
Greater values of negative RGH are desirable; i.e., a variety with a RGH 
value of −0.4 has greater grazing efficiency than a variety with a RGH 
value of −0.05. In cases where the achieved PostGSH was greater than 
that predicted, the resulting RGH value is positive and therefore the 
variety is deemed to have poor grazing efficiency. Greater values of 
positive RGH are indicative of poorer grazing efficiency.

3  | RESULTS

3.1 | Weather

Mean monthly air temperatures were higher than the 30-year av-
erage in all months in 2017 with the average temperature being 
0.5°C higher than the 30-year average. Temperatures in early spring 
2018 were below the 30-year average which created low growth 
rates but from April temperatures increased. Annual temperatures 
in 2018 were 0.5°C of the 30-year average. There were substantial 

Y= � +Yi +Pj +Bk +Hl +Cm +Gn +

(

Yi ×Pj

)

+

(

Yi ×Hl

)

+

(

Pj ×Hl

)

+

(

Gn ×Pj

)

+

(

Gn ×Hl

)

+eijklmn

Total Rainfall (mm) Average daily temperature (˚C)

2017 2018
30 - year 
mean 2017 2018

30 - year 
mean

January 85.3 138.4 131.4 6.3 6.3 5.6

February 108.4 40.4 97.8 6.6 4.0 5.7

March 115.8 88.5 97.6 8.3 4.5 6.9

April 19.3 174.8 76.5 9.0 9.0 8.4

May 72.4 48.7 82.3 12.0 12.6 10.9

June 93.3 32.4 80.9 14.8 16.1 13.5

July 54.1 44.2 78.8 15.7 17.4 15.3

August 72.3 43.3 96.8 14.6 15.6 15.2

September 115.7 60.0 94.6 12.9 12.4 13.3

October 102.2 72.4 138.2 11.5 9.8 10.5

November 65.5 167.1 120.0 7.2 8.1 7.8

December 110.4 168.2 133.1 6.3 8.5 6.1

Yearly totals/
averages

1,014.7 1,078.4 1,227.9 10.4 10.4 9.9

Proportion 
of 30-year 
average

0.83 0.88 1 1.05 1.05 1

Note: Met Eireann (2018).

TA B L E  2   Monthly total rainfall and 
mean daily air temperatures including the 
30-year average



     |  257TUBRITT Et AL.

differences in growing conditions between 2017 and 2018, as shown 
by the rainfall and air temperature figures in Table 2 (Met Eireann, 
2018). Annual rainfall was 0.83 and 0.88 of the 30-year average, in 
2017 and 2018 respectively. The reduced level of rainfall in summer 
2018 (43% of the 30-year average for June, July and August) created 
drought conditions, which impacted negatively on growth rate and 
subsequently reduced total herbage accumulation for the year.

3.2 | Pre-grazing herbage mass and herbage 
accumulation

Herbage accumulated was derived from pre-grazing herbage mass. 
Pre-grazing herbage mass comprised the herbage accumulated since 
the last grazing plus the ungrazed DM left after the previous grazing. 
Pre-grazing herbage mass was higher than herbage accumulated for 

TA B L E  3   Seasonal and total herbage accumulation (kg DM/ha year−1) and rank of varieties examined under grazing (mean 2017/2018 
values)

Variety (ploidy)
Heading category 
(date) Spring Rank Summer Rank Autumn Rank Total Rank

AberChoice (D) L (09 June) 1,742 9 7,667 17 3,197 2 13,253 6

AberMagic (D) I (29 May) 1,558 22 7,626 19 3,157 4 12,341 12

Boyne (D) I (22 May) 1,593 19 8,839 1 3,251 1 13,683 2

Clanrye (D) L (06 June) 1,827 5 8,833 2 3,170 3 13,830 1

Drumbo (D) L (07 June) 1,811 7 8,433 7 3,087 5 13,331 4

Glenroyal (D) L (05 June) 1,528 24 8,212 11 2,834 11 12,574 10

Glenveagh (D) L (02 June) 1,487 26 7,550 21 2,799 12 11,836 21

Kerry (D) L (01 June) 1,574 21 7,926 16 2,744 15 12,244 18

Majestic (D) L (02 June) 1,608 18 8,822 3 2,866 9 13,297 5

Nifty (D) I (27 May) 1,718 10 8,396 8 2,852 10 12,966 9

Piccadilly (D) L (03 June) 1,403 29 8,510 5 2,467 20 12,380 14

Rosetta (D) I (24 May) 1,873 4 8,319 9 2,921 7 13,114 8

Solomon (D) I (21 May) 1,668 16 8,144 12 2,544 19 12,356 15

Stefani (D) L (01 June) 1,352 30 7,513 22 2,547 18 11,412 24

Tyrella (D) L (04 June) 1,635 17 6,962 30 2081 30 10,679 30

AberGain (T) L (05 June) 1,992 1 8,315 10 2,777 13 12,436 12

AberPlentiful (T) L (09 June) 1,895 2 8,742 4 2,710 16 13,347 3

Alfonso (T) L (04 June) 1,472 28 7,125 29 2,236 27 10,833 29

Aspect (T) L (06 June) 1,789 8 7,967 15 2,774 14 12,531 11

Astonenergy (T) L (02 May) 1,482 27 7,400 25 2,361 23 11,243 25

Carraig (T) I (24 May) 1,590 20 7,364 26 2,227 28 11,182 26

Delphin (T) L (02 June) 1,514 25 7,354 27 2,138 29 11,006 28

Dunluce (T) I (30 May) 1,827 6 7,598 20 2,916 8 12,341 16

Kintyre (T) L (07 June) 1,553 23 7,453 23 2,446 21 11,452 22

Magican (T) I (22 May) 1,684 14 7,430 24 2,308 26 11,422 23

Navan (T) L (06 June) 1,669 15 7,657 18 2,566 17 11,892 20

Seagoe (T) I (28 May) 1,689 13 7,136 28 2,337 24 11,163 27

Solas (T) L (10 June) 1,890 3 8,094 14 2,413 22 12,397 13

Twymax (T) L (07 June) 1,705 12 8,497 6 2,942 6 13,143 7

Xenon (T) L (11 June) 1,706 11 8,132 13 2,324 25 12,162 19

Mean - 1,661 - 7,934 - 2,666 - 12,262 -

S.E.M - 99 - 290 - 154 - 395 -

Variety - *** - *** - *** - *** -

Year - *** - *** - *** - *** -

Variety*year - NS - NS - NS - NS -

Note: Ploidy: (D) = Diploid; (T) = Tetraploid. Heading: I = intermediate (21 May to 31 May); L = late (1 June to 11 June) (as per Department of 
Agriculture, 2018).
***p < .001. 
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all varieties at each grazing. The average difference between pre-
grazing herbage mass and herbage accumulation at each grazing 
event was 139 kg DM/ha (1,431 kg DM/ha for pre-grazing herbage 
mass versus 1,292  kg  DM/ha for herbage accumulation). Pearson 
rank correlation between both measures was 0.92. This high correla-
tion existed for annual pre-grazing herbage mass and annual herbage 
accumulated with a Pearson rank correlation of 0.95 between both 
measures (Table 7).

Due to the drought conditions experienced in summer 2018, the 
14.19  t  DM/ha of herbage accumulated in 2017 was significantly 
(p < .001) higher than in 2018, by 3.86 t DM/ha. Despite this annual 
herbage accumulation difference, Pearson rank correlation for varietal 
herbage accumulation between 2017 and 2018 was 0.83, indicating 
that the ranking of varieties between the two years was largely consis-
tent. The average change in rank between varieties was 4 places which 
ranged from no change (2 varieties) to 11 places (3 varieties).

There were significant differences in seasonal herbage accumu-
lation between varieties (p  <  .01). Seasonal herbage accumulation 
refers to DM production within each of the three grass growing sea-
sons: spring (February to April), summer (May to August) and autumn 
(September to November). A herbage accumulation difference of 640 
and 1,170 kg DM/ha was recorded between the highest and lowest 
spring and autumn yielding varieties respectively. As expected, vari-
eties performed better for one seasonal yield trait (spring, summer 
or autumn) than others. For example, Boyne was intermediate for 
spring accumulation but one of the highest yielding varieties for sum-
mer and autumn (Table 3). In contrast, AberGain yielded highest for 
spring accumulation but was intermediate for summer and autumn. 
Overall, the variety seasonal profiles were consistent with their pub-
lished performances in Recommended List trials. Consequently, rank 
correlations between varieties for spring/summer, spring/autumn and 
summer/autumn yields were only 0.41, 0.32 and 0.72 respectively. 
Overall Clanrye achieved the highest herbage accumulation across 
the two years at 13.83 t DM/ha. Tyrella had the lowest herbage accu-
mulation, producing 3 t less than Clanrye at 10.68 t DM/ha. Diploid 
varieties had significantly higher (12.62t versus 11.90  t  DM/ha, 
p < .002) herbage accumulation than tetraploids over both years and 
in each individual year (Table 4). Year × variety effects were not signif-
icant indicating that varietal herbage accumulation ranking was main-
tained in both years. Variation in herbage accumulation potential of 
varieties within ploidy was evident as the highest yielding tetraploid, 
AberPlentiful (T), had the 3rd highest herbage accumulation ranking 
overall (13.35 t DM/ha), while the lowest yielding variety overall was 
a diploid (Tyrella). There were no significant herbage accumulation dif-
ferences among heading date groups.

The proportion of available herbage consumed differed signifi-
cantly between varieties (p  <  .001). Astonenergy had the highest 
proportion of available herbage consumed with a value of 1.02, 
which was 0.17 higher than the lowest performing variety, Boyne 
(Table 7). Tetraploid varieties had a significantly higher proportion 
of available herbage consumed than diploids (0.95 versus 0.90, 
p < .001). The mean across all varieties for the proportion of avail-
able herbage consumed was 0.92.

3.3 | Pre-grazing sward height

The mean pre-grazing height for all varieties was 10.10  cm, con-
firming that overall, the target entry height had been achieved as 
planned (Table  5). The difference in growing conditions between 
the two years resulted in a slightly above target pre-grazing height 
of 10.70 cm in 2017 and slightly below target value of 9.26 cm, in 
2018 (p < .001). Nonetheless, individual varieties were found to dif-
fer significantly in their pre-grazing height (p < .01). Boyne had the 
highest pre-grazing height and Astonenergy had the lowest at 11.05 
and 8.99 cm respectively. Within this varietal variation, there was a 
consistent difference associated with the ploidy of each variety. On 
average, diploids had a significantly higher pre-grazing height to the 
tetraploids (10.16 v 9.77 cm, p < .001).

3.4 | Post-grazing sward height

The average PostGSH was 4.10  cm, with significant differences 
(p  <  .001) recorded between varieties (Table  5). There was a 
1.06 cm difference between the lowest and highest average va-
rietal PostGSH across the 2 years (Astonenergy, 3.51 cm; Boyne 
4.57 cm) and an average difference of 1.38 cm between the lowest 
and highest varieties at each grazing event. Although there was 
again a significant difference between years, the Pearson rank 
correlation tests indicated that there was no year × variety inter-
action (r = 0.85) and so differences could be attributed to varietal 
variation, as shown in Figure 1.

Tetraploids had significantly (p  <  .001) lower PostGSH than dip-
loids, 3.90 cm versus 4.23 cm, respectively, across the two years and 
consistently in each year (Table 6). Furthermore, late heading varieties 
had significantly lower (p <  .05) PostGSH than intermediates at 4.04 
and 4.09 cm, respectively, although such a difference is agronomically 
minor. There was, however, a significant heading x ploidy interaction 
(p < .02), in which late diploid varieties were grazed to lower PostGSH 

Year Diploid Tetraploid S.E.M Year Variety Year*Variety

2017 14,586 13,792 264 – *** NS

2018 10,653 10,015 264 – *** NS

Mean 12,620 11,903 237 *** *** NS

***p < .001. 

TA B L E  4   Mean annual herbage 
accumulation (kg DM/ha) of diploids and 
tetraploids examined over 2 years under 
grazing
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than intermediate diploids but late and intermediate tetraploids were 
grazed to the same PostGSH of 3.90 cm. Figure 2 also shows that while 
the mean and median of the diploids are higher than those of the tet-
raploids, there is a large overlap within the 50% range box. While there 
is a tendency for diploids to have a higher PostGSH than tetraploids, it 
was not the case that all diploids had higher PostGSH than tetraploids.

3.5 | Residual grazed height

Figure 3 shows the range of RGH values for each variety in sequen-
tial order, which comprised a significant difference across varieties 

of p < .001. Varieties with negative RGH values have lower PostGSH 
than that predicted within the model and thus have superior grazing 
efficiency. Grazing efficiency increased from Seagoe to Astonenergy 
and declined from AberPlentiful to Clanrye, with only the PostGSH 
of Nifty and Magician matching their predicted value (RGH  =  0). 
Astonenergy achieved the lowest RGH value of −0.38, indicating 
that it displayed the greatest efficiency in which it was grazed by cat-
tle. Clanrye had the highest RGH value at +0.34 (Table 7). Re-ranking 
of varieties occurred when comparing PostGSH and RGH. The great-
est change in rank was 10 places where Kerry had a rank of 8th low-
est pre-grazing sward height and therefore was predicted to have a 
PostGSH of 4.03 cm (rank 8) but only achieved a PostGSH 4.19 cm 

Variety Pre-grazing height (cm) Post-grazing sward height (cm)

Year 2017 2018 Mean
Mean 
Rank 2017 2018 Mean

Mean 
Rank

AberChoice (D) 10.95 9.34 10.14 22 4.50 3.79 4.14 19

AberMagic (D) 10.28 8.62 9.45 4 4.32 3.68 4.00 14

Boyne (D) 11.60 10.49 11.05 30 4.74 4.41 4.57 30

Clanrye (D) 11.47 10.15 10.81 27 4.79 4.32 4.55 29

Drumbo (D) 11.29 9.77 10.53 25 4.60 4.02 4.31 25

Glenroyal(D) 10.74 9.11 9.93 15 4.40 3.86 4.13 18

Glenveagh (D) 10.45 9.26 9.86 13 4.43 3.91 4.17 21

Kerry (D) 10.38 8.81 9.60 9 4.42 3.89 4.15 20

Majestic (D) 10.73 9.49 10.11 19 4.48 3.94 4.21 23

Nifty (D) 10.87 9.50 10.19 23 4.38 3.80 4.09 17

Piccadilly (D) 10.40 9.70 10.05 18 4.49 4.19 4.34 27

Rosetta (D) 11.42 10.16 10.79 26 4.70 3.95 4.33 26

Solomon (D) 11.16 9.59 10.37 24 4.66 4.08 4.37 28

Stefani (D) 10.15 8.83 9.49 5 4.14 3.74 3.94 11

Tyrella (D) 9.64 8.60 9.12 3 4.04 3.73 3.88 8

AberGain (T) 11.79 10.20 11.00 29 4.39 4.04 4.21 22

AberPlentiful (T) 11.63 10.03 10.83 28 4.50 3.99 4.25 24

Alfonso (T) 10.43 8.78 9.60 8 4.18 3.58 3.88 7

Aspect (T) 10.82 9.44 10.13 20 4.18 3.61 3.90 9

Astonenergy (T) 9.49 8.49 8.99 1 3.71 3.31 3.51 1

Carraig (T) 9.86 8.24 9.05 2 3.94 3.40 3.67 2

Delphin (T) 10.49 8.90 9.70 10 4.09 3.58 3.83 4

Dunluce (T) 10.58 8.95 9.77 11 4.22 3.67 3.95 12

Kintyre (T) 10.46 8.58 9.52 6 4.10 3.44 3.77 3

Magican (T) 10.63 9.23 9.93 16 4.32 3.78 4.05 16

Navan (T) 10.41 9.27 9.84 12 4.16 3.65 3.91 10

Seagoe (T) 10.31 8.80 9.56 7 4.29 3.61 3.95 13

Solas (T) 10.86 8.98 9.92 14 4.33 3.69 4.01 15

Twymax (T) 10.90 9.01 9.96 17 4.18 3.52 3.85 6

Xenon (T) 10.72 9.55 10.13 21 4.00 3.68 3.84 5

Mean 10.70 9.26 10.10 - 4.32 3.79 4.06 -

Note: Ploidy: (D) = Diploid; (T) = Tetraploid.

TA B L E  5   Perennial ryegrass variety 
pre-grazing and post-grazing sward 
heights and ranking for 2017 and 2018
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(rank 16). Kerry had an RGH ranking of 26th. AberGain increased 9 
places going from a PostGSH rank of 22nd to an RGH rank of 13th.

Figure 4 displays a positive relationship between RGH and herb-
age accumulation but given the low correlation (r2 = 0.33) yield po-
tential is not a strong predictor of RGH. Tetraploids dominate the 
left (negative) side of both Figures 3 and 4 indicating better grazing 
efficiency than diploids. While the average RGH value of tetraploids 
was −0.13 compared to +0.13 for diploids, there is again evidence of 
varieties that perform differently to this general trend. For example, 

AberPlentiful as a tetraploid performs more like a diploid. Similarly, 
Stefani as a diploid has a lower RGH than Magician (T) despite having 
similar yields.

3.6 | Tiller density and Ground score

Significant differences in tiller density were recorded between dip-
loids and tetraploids (p < .007), with the average over the two years 

F I G U R E  1   Varietal post-grazing sward 
height in cm (mean of 19 grazing events 
throughout 2017 and 2018)
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TA B L E  6   The effect of ploidy and heading classification on post-grazing sward height, predicted post-grazing sward height and residual 
grazed height

Ploidy Heading

S.E.M YearDiploid Tetraploid Significance Intermediate Late Significance

Post-grazing sward height 
(cm)

4.23 3.90 *** 4.09 4.04 * 0.05 ***

Predicted post-grazing sward 
height (cm)

4.09 4.02 *** 4.06 4.06 NS 0.06 ***

Residual grazed height (cm) +0.13 −0.13 *** 0.02 −0.02 * 0.02 ***

Note: Residual grazed height: The difference between achieved post-grazing sward height and predicted post-grazing sward height.
NS p > .05, *p < .05, ** p < .01, *** p < .001.

F I G U R E  2   Box plots displaying the 
difference in post-grazing sward height 
between diploid and tetraploid groups (◊ = 
mean, — = median, ┬ = 95th percentile, ┴ = 
5th percentile)
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being 4,255 and 3,770 tillers per m2 respectively (Table  8). There 
were, however, no significant differences between varieties of 
the same ploidy or in association with differences in heading date. 
Tetraploids were also found to have declined by 0.2 units in their an-
nual ground score between 2017 and 2018. This was not, however, a 
statistically significant change and likewise there were no declines in 
either the diploid group or within the heading date groups.

4  | DISCUSSION

The magnitude of the climatic differences observed between the 
two years of experimentation was not unusual for this location. Such 
genotype × environment interaction effects on variety performance 
are well documented, both in PRG variety evaluation trials and on-
farm (Conaghan, Casler, McGilloway, O’Kiely, & Dowley, 2008). Re-
ranking of varieties for herbage yield is accepted in established PRG 
variety evaluation protocols as acute climatic differences can result 

in superior/inferior performance of a variety compared to its long-
term mean (Jafari, Connolly, & Walsh, 2003). Therefore, a variety's 
performance potential is normally defined as an average of two or 
more growing years and/or locations. The causal factors in this study 
were poor spring growth and drought conditions and yet re-ranking 
of varieties for mean annual yield was minimal with a Pearson rank 
correlation of 0.83 between both years. As interactions between 
year and grass parameters were largely absent, the two-year mean 
results offer a robust definition of the relative variety ranking for 
grazing efficiency.

While annual yield variation is largely unpredictable, differences 
in seasonality are a varietal characteristic and the observed yield 
distributions were consistent with the known performance profiles 
of these 30 varieties. Research investigating the effect of individual 
PRG traits on farm profitability increasingly point to the importance 
of spring and autumn herbage production and so increased selection 
for improvements in these traits will continue (Chapman et al., 2017; 
O'Donovan, McHugh, McEvoy, Grogan, & Shalloo, 2016). This raises 

F I G U R E  3   Mean residual grazed 
heights with LSD bars. Residual grazed 
height is calculated as the difference 
between achieved post-grazing sward 
height and predicted post-grazing sward 
height Negative values indicate greater 
grazing efficiency. Achieving lower post-
grazing sward height than predicted is 
indicative of greater grazing efficiency and 
so negative residual grazed height values 
are superior
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F I G U R E  4   Relationship between 
residual grazed height and herbage 
accumulation of perennial ryegrass 
varieties
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the question as to whether differences in grazing efficiency might 
have a greater impact on animal performance at the shoulders of 
the growing season and would be an interesting extension of the 
current study.

This study is consistent with other animal grazed variety eval-
uation trials. For example, PostGSH also differed significantly in 
a plot study by Cashman et  al.  (2016) although to a lesser extent 
with a 0.3  cm PostGSH difference observed between varieties. 
McDonagh (2017) also found significant differences between vari-
eties and ploidy for PostGSH. Similar to this study, tetraploid va-
rieties (Astonenergy and Delphin) were grazed lower than diploids 
(Tyrella and Glenroyal) with a 0.35 cm difference recorded between 
ploidy. Care must be taken when interpreting grazing results as leg-
acy effects of high(er) post-grazing sward heights may influence sub-
sequent grazing performance (Tuñon et  al.,  2014). By rotating the 
mechanical defoliation (for yield assessment) across three non-over-
lapping areas of each plot, any indigestible plant matter that devel-
oped was removed and therefore the possible negative effects of an 
uncharacteristic poor grazing would not affect variety performance 
for the remainder of the grazing season. The number of varieties 
examined in the previous trials mentioned was smaller than in the 
present study (n = 10 and n = 4, respectively) which suggests that 
a wider and more representative sample of the varietal variation in 
PRG has now been quantified. Nonetheless, several varieties are 
common to each study with Astonenergy the lowest grazed variety 
in all three studies. Astonenergy's superior performance is allied to 
its known low tiller density and higher proportion of leaf within the 
sward (Wims, McEvoy, Delaby, Boland, & O'Donovan, 2013). In con-
trast to these studies, Gowen et al. (2003) found no significant effect 
of variety, ploidy or heading date on PostGSH, in a long-term, farm 
systems cow grazing study. Only four varieties were examined which 
may have contributed to observations of no effect.

Compressed sward height is calculated as a function of plant height 
and plant density (Holshof, Stienezen, & Galama, 2015). Between and 
within ploidy groups, sward morphology is known to differ which may 
have an effect on the accuracy of pre- and post-grazing sward heights. 
Holshof et al.  (2015) found that rising plate meters could be used to 
reliably measure sward height (and herbage yield) but concluded that 
the effect of differing sward density is lacking from our knowledge of 
rising plate meters. Acknowledgement of this fact must be observed 
when assessing sward height measurements. As higher pre-grazing 
height was linked to higher yield and higher PostGSH, using PostGSH 
alone as the definitive measure of grazing efficiency would create bias 
favouring varieties with lower pre-grazing heights and lower yields. 
To eliminate this bias, the RGH evaluation was developed using the 
same approach as residual feed intake (RFI) that predicts animal feed 

use efficiency (Koch, Swiger, Chambers, & Gregory,  1963). Like RFI, 
negative values represent the more desirable performance potential. 
Negative values can become a point of confusion for farmers which 
may limit its understanding and acceptance (Connor, 2014). Therefore, 
for advisory use, it may be better to express RGH “positively,” such as 
converting it to an economic value within a selection index. Pasture 
Profit Index (PPI) is a PRG variety selection tool used to identify va-
rieties that offer the greatest economic return to farmers (McEvoy, 
O’Donovan, & Shalloo, 2011). Incorporating grazing efficiency into the 
PPI will be a future output from this research.

Although tetraploids in general displayed a higher efficiency in 
which they could be grazed, with superior performances for RGH 
and proportion of available herbage consumed, it must be rec-
ognized that the method of evaluation was a relative assessment 
between varieties. While it would still be expected that tetraploid 
varieties would display greater grazing efficiency than diploids the 
disparity between varieties may not be as pronounced in practice. 
This is a possibility as livestock rarely have a choice of what variety 
to graze and so may be less discriminating and so less reluctant to 
graze certain varieties. This aspect may warrant further investiga-
tion. Nonetheless, genetic diversity, as revealed by atypical perfor-
mances of some varieties within each level of ploidy, indicates the 
opportunity for future breeding improvements in grazing efficiency. 
Many other studies reveal similar genetic diversity and so breeding 
opportunities. O’Donovan and Delaby (2005) found that tetraploids 
had greater grazing efficiency than diploids with intermediate tet-
raploids grazed 0.63 cm lower than intermediate diploids in a cow 
grazing study. No significant difference in PostGSH was recorded 
between the intermediate and late heading varieties but late heading 
varieties improved milk yield. Gowen et al. (2003) also identified milk 
yield increases from late heading varieties. Increased proportion of 
leaf within late heading varieties was identified as the main contrib-
uting factor. Byrne et al.  (2018) identified higher digestibility, free 
leaf lamina and tiller mass as plant characteristics related to greater 
grazing performance. Tetraploids excelled for these characteristics 
relative to diploids in the same study and had better grazing perfor-
mance. Within the study, tetraploids were grazed 0.3 cm lower than 
diploids to 3.8 cm. In agreement with Byrne et al. (2018), the pres-
ent study found that later heading varieties tended to have lower 
PostGSH but within this study the magnitude was small (0.05 cm) 
and would not be agronomically significant. Finally as the current 
study revealed only a weak association between grazing efficiency 
and yield, breeders should be able to improve grazing performance 
of varieties without having to compromise on their herbage yield 
potential. Farmers and breeders must be mindful of the negative 
effects of overgrazing. Grant, Barthram, and Torvell (1981) found 

TA B L E  8   Tiller density (tillers per m2) and ground score of diploid and tetraploid varieties examined over a 2-year period under grazing

Tiller density Ground score

2017 2018 SEM Difference 2017 2018 SEM Difference

Diploids 4,025 4,486 239 +461 4.1 4.1 0.14 0

Tetraploids 4,060 3,480 247 −580 4 3.8 0.14 −0.2
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that intensely defoliated plants had reduced leaf area, relative to 
laxly grazed plants, and therefore had reduced capacity for photo-
synthesis and lower regrowth rates. Grazing to such low PostGSH 
(<3.5  cm) may lead to the plant drawing on its water soluble car-
bohydrate (WSC) reserves in order to produce sufficient energy 
for regrowth (Davidson & Milthorpe, 1965). WSC reserves are fur-
ther depleted by grazing below 4 cm where the majority of these 
reserves are held (Lee, Donaghy, & Roche, 2008). Increased use of 
high grazing efficiency varieties may, in theory, increase the risk of 
overgrazing. However, given the fact that varieties with the same 
grazing efficiency had different yields, this indicates that some were 
better adapted to tighter grazing than others. This difference could 
be exploited by grass breeders to develop greater grazing efficiency 
in future varieties. It would also mean that farmers wishing to have 
swards with better grazing efficiency can be guided to the most ap-
propriate varieties if the technique used in this study was applied to 
variety recommended list testing. Although likely to be a lower risk, 
where known varieties are at a higher risk of overgrazing, farmers 
can reduce this risk by adjusting their grazing management, such as 
by increasing pasture allocation in paddocks containing high grazing 
efficiency varieties.

Incorporation of this grazing efficiency trait into Recommended 
List trials would incentivize breeders to make improvements as they 
actively target the traits assessed by the evaluation trials (Stewart & 
Hayes, 2011). While using separate animal grazing and mechanical 
harvesting evaluation protocols is recognized as the most accurate 
evaluation method for PRG varieties, such practices require sub-
stantially more resources and skill set (Wilkins, 1991). The current 
RGH method only requires controlled mob grazing of plots and pre/
post-grazing sward height measurements. Assessing yield on these 
grazed plots would add complexity requiring pre and post-harvest 
measurements (Stewart & Hayes, 2011) plus a correction for any un-
grazed grass carried over into the next rotation, as conducted in the 
current study. If such corrections are not completed then the dispar-
ity in yield between well grazed and poorly grazed varieties would be 
grossly inflated. It would be preferable to continue to record yields 
under a cutting regime and so conduct a combination of grazing and 
cutting protocols either within the same plot (split-plot design) or in 
separate plots in another study. Literature is not unanimous on the 
effect of harvest regime on herbage yield. A study by Binnie and 
Chestnutt (1991) found that cut swards consistently yielded more 
than when animal grazed. Conversely, Lantinga, Deenen, and Van 
Keulen (1999) found that grazed swards consistently yielded more 
than cut swards at 250 kg N. Unlike the present study, animal fae-
ces were not removed so the additional growth may be attributed 
to higher N supplied to grazing plots. More recent studies, such as 
Cashman et al. (2016), have found cutting of swards is an accurate 
reflection of relative herbage yield performance of varieties under 
grazing. Retaining the status quo of yield measurement under cut-
ting would limit the additional costs of including mob grazing assess-
ment of grazing efficiency. This would be much less cost-prohibitive 
than conducting full grazing performance assessments on large 
numbers of varieties.

5  | CONCLUSION

This study has confirmed that PRG varieties differ in their level of 
grazing efficiency. This is a highly desirable trait particularly on in-
tensive grazing farms where the majority of the cows’ diet is made 
up as grazed grass. It influences grazing-out of paddocks with sub-
sequent effects on sward productivity and quality in following 
rotations. Overall, tetraploids exhibited significantly better graze-
out performance over two years, than diploids. This suggests that 
the proportion of tetraploid varieties in intensively grazed swards 
should be optimized. The observed genetic variation between varie-
ties within each ploidy showed that breeding for improvements in 
grazing efficiency is possible. This justifies its future incorporation 
in variety assessment trials and the development of a grazing effi-
ciency sub-index within varietal selection indexes.
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