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Multi-species Sward Selector App 
 
This document provides further information about the experimental literature that was 
used for the scoring of species traits in the app. 
 
Species traits are scored using a ‘thumbs’ system in the app, where ‘thumbs up’ indicates 
the highest performance, ‘thumbs horizontal’ indicates intermediate performance and 
‘thumbs down’ indicates lowest performance, compared to the other species in the 
functional group. Trait scores are based only on differences within the functional groups 
(legumes, forbs and grasses); they do not capture differences between functional groups. 
Traits were scored in this way because it corresponds to how suites of species were 
analysed in the experimental literature. 
 

Each species trait score in the app is accompanied by a ‘pop-up’ box, listing the number of 
studies that the trait score is based on. Further details about these studies are found below. 
Virtually all studies were experimental articles published in indexed, peer-reviewed 
international journals between 1960 and 2020. Virtually all studies used replicated trials in a 
field environment in the methodological design and inferential statistics for data analysis.  
 

Protein 
 
Definition: the crude protein content of plant tissue dry matter, which was harvested at the 
optimal grazing/ensiling time in most studies 
 

LEGUME 
species  

Score Studies with evidence 
supporting this score  

Studies with partial 
evidence for this score 

Studies with 
evidence contrary to 
this score  

Alsike 
clover 

 

Lang & Vejražka 
(2013) reported a 
similar crude protein 
for alsike clover 
compared to lucerne, 
red clover and birds-
foot-trefoil (but with 
no statistical analysis). 
Experts from 
Rothamsted Research 
and Cotswold Seeds 
favoured this score 
(pers. comm. 2020). 

 Kuusela (2004) found 
a lower crude protein 
content for this 
species, compared to 
red and white 
clovers.  

Birds-foot-
trefoil 
 
 

 

 Low protein content in 4 
studies (Chapman et al., 
2008; Kleen, Taube & 
Gierus, 2011; Lang & 
Vejražka, 2013; 
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Scharenberg et al., 2007), 
intermediate in 3 studies 
(Adjesiwor et al. 2017; 
Elgersma, Søegaard & 
Jensen, 2014; Fraser, 
Fychan & Jones, 2000) and 
high in 3 studies (Da Silva 
et al., 2013; Da Silva et al., 
2014; Molle et al., 2008). 
Taken together, the results 
suggest that an 
intermediate score should 
be allocated. 

Lucerne 
 
  

 
 

Low protein content in 4 
studies (Da Silva et al., 
2013; Da Silva et al., 2014; 
Elgersma & Søegaard, 
2016; Molle et al., 2008), 
intermediate in 6 studies 
(Albayrak et al., 2011; 
Adjesiwor et al. 2017; 
Elgersma, Søegaard & 
Jensen, 2014; Fraser et al. 
2004, Fraser, Fychan & 
Jones, 2000; Lang & 
Vejražka, 2013) and high in 
2 studies (Chapman et al. 
2008; Kleen, Taube & 
Gierus, 2011).Taken 
together, the results 
suggest that an 
intermediate score should 
be allocated. 

 

Red clover 

 

Intermediate protein 
content in 7 studies 
(Elgersma & Søegaard, 
2016; Eriksen, 
Askegaard, & 
Søegaard, 2014; Fraser 
et al., 2004; Fraser & 
Jones, 2000; Kuusela, 
2004; Lang & Vejražka, 
2013; Søegaard and 
Nielsen, 2012) 

 High protein content 
in 2 studies (Kleen & 
Gierus, 2011; Molle 
et al., 2008)  

Sainfoin 

 

Low  protein content 
in 4 studies (Adjesiwor 
et al., 2017; Albayrak 
et al., 2011; Aufre`re 
et al., 2008; 
Fraser, Fychan & 
Jones, 2000). 

 Intermediate protein 
content in 2 studies 
(Molle et al., 2008; 
Scharenberg et al, 
2007a) 
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Scharenberg (2007b) 
identified that the 
high condensed tannin 
content in sainfoin 
inhibited protein 
absorption, providing 
additional justification 
for allocating a low 
score for protein to 
this species. 

White 
clover 

 

High protein content 
in 5 studies (Da Silva 
et al., 2013; Elgersma 
& Søegaard, 2016; 
Eriksen, Askegaard, & 
Søegaard, 2014; 
Kuusela, 2004; Lang & 
Vejražka, 2013). 

 Intermediate protein 
content in 2 studies 
(Kleen and Gierus, 
2011; Molle et al., 
2008). 

 

FORB 
species  

Score Studies with evidence 
supporting this score  

Studies with partial 
evidence for this score 

Studies with 
evidence contrary to 
this score  

Chicory 

 

Harrington, Thatcher, & 
Kemp (2006) found that 
chicory was higher in crude 
protein than a perennial 
ryegrass control. Whilst we 
are not comparing across 
functional groups, this 
result does suggest chicory 
has a very high protein 
level for a forb. Jung et al. 
(1996) and Burke, Waghorn 
and Chaves (2002) found 
that chicory had a protein 
content comparable to 
some legumes. 

  

Plantain 

 

Elgersma, Søegaard and 
Jensen (2014) and Warner 
et al. (2010), found that 
plantain had higher crude 
protein content than 
chicory, which suggests 
plantain also warrants a 
high score. 

  

Sheep's 
burnet  
  

 Elgersma, Søegaard and 
Jensen (2014) found 
sheep’s burnet to be 
higher in protein than 
chicory whilst Stewart et 
al. (2019) found the 
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crude protein content to 
be very low. Taken 
together, these results 
suggest that an 
intermediate score 
should be allocated. 

Sheep's 
parsley 

 no data   

Yarrow  no data 
 

  

 

GRASS 
species  

Score Studies with evidence 
supporting this score  

Studies with partial 
evidence for this score 

Studies with 
evidence contrary to 
this score  

Cocksfoot 

 

High protein content in 3 
studies (Jensen et al., 2016; 
King et al., 2012;  
Sayar et al., 2014) 

  

Meadow 
fescue 

 

Intermediate protein 
content in 1 study 
(Schaefer, Albrecht & 
Schaefer, 2014). 

  

Meadow 
foxtail 

 

 Jensen (2016) found that 
meadow foxtail had 
lower crude protein 
content than cocksfoot, 
perennial ryegrass and 
timothy, whilst Rode 
(1986) and Waldie 
(1983) reported that 
meadow foxtail had a 
higher crude protein 
than timothy. Taken 
together, the results 
suggest that an 
intermediate score 
should be allocated. 

 

Perennial 
ryegrass 

 

High protein content in 5 
studies (Akdeniz et al., 
2019;  
Fulkerson et al., 2007; 
Jensen et al., 2016; Sayar 
et al., 2014;  
Totty et al., 2013). 

  

Tall 
fescue 

 

Intermediate protein 
content in 4 studies 
(Akdeniz et al., 2019; 
Bryant et al., 2017;  Sayar 
et al., 2014; Schaefer, 
Albrecht & Schaefer, 2014). 

 Low protein content 
in 1 study Jensen et 
al. (2016). 
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Timothy 

 

 Jensen (2016) found that 
timothy had higher 
crude protein content 
than meadow foxtail and 
tall fescue, whilst Rode 
(1986) and Waldie 
(1983) reported that 
meadow foxtail had a 
higher crude protein 
than timothy. Taken 
together, the results 
suggest that an 
intermediate score 
should be allocated. 

 

 
 

Digestibility 
 

Definition: the digestibility of plant tissue dry matter, which was harvested at optimal 
grazing/ensiling time in most studies and measured using IVTD, IVOMD, DOMD or NDFD. 
 

LEGUME 
species  

Score Studies with evidence 
supporting this score  

Studies with partial 
evidence for this score 

Studies with 
evidence contrary 
to this score  

Alsike 
clover 

 

Intermediate digestibility 
in 2 studies (Kuusela, 
2004; Huuskonen, 
Pesonen & Honkavaara, 
2017). 

 Low digestibility in 
Paplauskienė & 
Dabkevičienė 
(2012). 

Birds-foot-
trefoil 

 

Intermediate digestibility 
in 5 studies (Adjesiwor et 
al., 2017; Chapman et al., 
2008; Da Silva et al., 
2013;  
Elgersma, Søegaard & 
Jensen, 2014; Molle et al., 
2008).  

 Higher digestibility 
than Lucerne in 3 
studies, although 
still inferior to 
clovers (Christensen 
et al., 2015; Da Silva 
et al., 2014; 
Elgersma & 
Søegaard, 2016). 

Lucerne 

 

Intermediate digestibility 
in 6 studies (Adjesiwor et 
al., 2017; Brink, 
Sanderson & Casler, 
2015; Chapman et al., 
2008; Da Silva et al., 
2013; Elgersma, Søegaard 
& Jensen, 2014; Fraser et 
al., 2004).  

 High digestibility in 
2 studies (Fraser et 
al., 2004; Fraser, 
Fychan & Jones, 
2000). Low 
digestibility in 1 
study (Elgersma & 
Søegaard, 2016). 
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Red clover 

 

High digestibility in 4 
studies 
(Elgersma & Søegaard, 
2016; Fraser, Fychan & 
Jones, 2000; Fraser et al., 
2004; Johansen et al., 
2017). 
 

 Intermediate 
digestibility in 2 
studies (Huuskonen, 
Pesonen & 
Honkavaara, 2017; 
Kuusela, 2004). 

Sainfoin 

 

 Molle et al., (2008) found 
no significant difference 
between lucerne and 
sainfoin digestibility. 
Wang et al., (2007) found 
that sainfoin had a higher 
digestibility than lucerne, 
whilst Adjesiwor et al. 
(2017) reported sainfoin 
as having a lower value 
compared to lucerne and 
birds-foot-trefoil. Taken 
together, the results 
suggest that an 
intermediate score 
should be allocated. 
Sainfoin is known to 
exhibit high genetic 
variability (e.g. Zarrabian 
et al. 2013), which may 
account for the 
contradictory results 

 

White 
clover 

 

High digestibility in 4 
studies (Brink, Sanderson 
& Casler, 2015; Da Silva et 
al., 2013; Elgersma & 
Søegaard, 2016; Johansen 
et al., 2017). 
 
 

 Intermediate 
digestibility in 2 
studies (Huuskonen, 
Pesonen & 
Honkavaara, 2017; 
Kuusela, 2004). 

 

FORB 
species  

Score Studies with evidence 
supporting this score  

Studies with partial 
evidence for this 
score 

Studies with 
evidence contrary 
to this score  

Chicory 

 

High digestibility in 4 studies 
(Burke, Waghorn & Chaves, 
2002; Chapman et al., 2008; 
Hayes et al, 2010; Scales, Knight 
& Saville, 1995). 

 Low digestibility in 
1 study (Bryant et 
al., 2007). 

Plantain 

 

Intermediate digestibility in 2 
studies (Cheng et al., 2017; 
Minnee et al., 2017). 

 Low digestibility in 
1 study (Bryant et 
al., 2007). 

Sheep's  no data   
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burnet  

Sheep's 
parsley 

 no data   

Yarrow  no data   

 

GRASS 
species  

Score Studies with 
evidence supporting 
this score  

Studies with partial evidence for 
this score 

Studies with 
evidence 
contrary to this 
score  

Cocksfoot 

 

 Intermediate digestibility in 2 studies 
(Da Silva et al., 2013; Jensen et al., 
2016), high in 1 study (Sayar et al., 
2014), and low in 1 study ( Bilman et 
al., 2017). Taken together, the 
results suggest that an intermediate 
score should be allocated. 

 

Meadow 
fescue 

 

 High digestibility in 2 studies (Bilman 
et al., 2017; Schaefer, Albrecht, & 
Schaefer, 2014), low digestibility in 2 
studies (Da Silva et al. 2013; 
Elgersma & Søegaard, 2016). Taken 
together, the results suggest that an 
intermediate score should be 
allocated. 

 

Meadow 
foxtail 

 

 Waldie, Wright & Cohen (1983) 
reported meadow foxtail as having a 
higher digestibility than timothy, 
whilst Jensen et al. (2016) reported 
this species as having a lower 
digestibility than timothy, tall fescue 
but a similar value to cocksfoot. 
Taken together, the results suggest 
that an intermediate score should be 
allocated. 

 

Perennial 
ryegrass 

 

High digestibility in 9 
studies (Akdeniz et 
al., 2019; Frame, 
1989; Frame, 1991; 
Jensen et al., 2016; 
Johansen et al.,  
2017; King et al., 
2012; Lee et al., 
2018; Sayar et al., 
2014; Totty et al., 
2013). 

 Intermediate 
digestibility in 
1 study 
(Bilman, 2017).  

Tall 
fescue 

 

 3 studies found that tall fescue had a 
lower digestibility than perennial 
ryegrass (Akdeniz et al., 2019; 
Johansen et al., 2017; Lee et al 
2018). King et al. (2012) found it had 
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a digestibility lower than both 
perennial ryegrass and timothy, 
whilst Sayar et al. (2014) found it 
was lower than perennial ryegrass 
and cocksfoot. Jensen et al. (2016) 
found its digestibility to be lower 
than 4 other species. In contrast, 
Bilman (2017) found its digestibility 
to be higher than perennial ryegrass 
and cocksfoot and Da Silva et al. 
(2013) found that its digestibility was 
higher than cocksfoot and meadow 
fescue. Taken together, the results 
suggest that an intermediate score 
should be allocated. 

Timothy 

 

 Digestibility for timothy was found 
to be high in Da Silva et al. (2013), 
intermediate in Jensen et al. (2016) 
and low in King et al. (2012). Taken 
together, the results suggest that an 
intermediate score should be 
allocated. 

 

 
 

Minerals 
 
Definition: ‘thumbs up’ indicates species with a high content of one or more trace elements 
or macronutrients. Species are only scored as high in a particular mineral if the score is 
supported by two or more studies. 
 
LEGUME 
species  

Score Studies with evidence supporting this score  Studies with 
evidence 
contrary to 
this score  

Alsike 
clover 

 High in copper (Darch et al., 2020)  

Birds-
foot-
trefoil 

 

High in zinc (Forbes & Gelman; 1981; Pirhofer-Walzl et al., 
2011). Pirhofer-Walzl et al. also found birds-foot-trefoil to 
be high in molybdenum. 

 

Lucerne  1 study found Lucerne to be high in copper (Kunelius et al., 
2006) 

 

Red 
clover 

 

High in copper (Kunelius et al., 2006; Pirhofer-Walzl et al., 
2011; Lindstrom et al., 2012). Lindstrom et al. also found 
red clover to be high in cobalt, zinc, molybdenum, iron. 

 

Sainfoin  1 study found sainfoin to be high in calcium and magnesium 
(Scharenberg at al., 2008) 
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White 
clover 

 

High in copper (Forbes & Gleman,  1981; Lindstrom et al.,  
2012). Lindstrom et al. also found white clover to be high in 
cobalt at, zinc, molybdenum, iron. Kuusela (2006) found 
white clover to be high in sodium and calcium. 

 

 

FORB 
species  

Score Studies with evidence supporting this score  Studies with 
evidence 
contrary to this 
score  

Chicory  High in calcium,  magnesium, zinc, copper, sulphur, 
iron and molybdenum (Forbes & Gleman, 1981; 
Harrington, Thatcher, & Kemp, 2006; Belesky et al.,  
2001; Jung et al., 1996; Pirhofer-Walzl et al., 2011; 
Scales, Knight & Saville, 1995;  
Darch et al., 2020). 

 

Plantain   High in sulphur and calcium (Harrington, Thatcher, & 
Kemp, 2006; Forbes & Gleman, 1981; 
Forbes and Gleman 1981; Darch et al., 2020); TOMS 
unpublished data). 

 

Sheep's 
burnet 

   

Sheep's 
parsley 

 Forbes and Gleman (1981) found sheep’s parsley to 
be high in sodium, zinc 

 

Yarrow  High in potassium, copper and manganese (Alberski 
et al., 2009; Forbes & Gleman, 1981; Darch et al., 
2020; TOMS unpublished data). 1 study also found 
yarrow to have high levels for each of magnesium, 
zinc, boron, iodine, calcium. 

 

 

GRASS 
species  

Score Studies with evidence supporting this score  Studies with 
evidence 
contrary to this 
score  

Cocksfoot  High in manganese (Lindstrom et al., 2012; Darch et 
al., 2020; Forbes & Gleman, 1981). Forbes and 
Gleman also found cocksfoot to be high in copper. 

 

Meadow 
fescue 

 No data  

Meadow 
foxtail 

 1 study (Darch et al., 2020) found to be high in 
copper 

 

Perennial 
ryegrass 

 1 study (Darch et al., 2020) found to be high in 
colbat 

 

Tall fescue  No data 
 

 

Timothy  No data 
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Relative yield – under cutting 
 

Definition: dry matter yield under a ‘cutting only’ regime, when grown in a binary or multi-
species sward. 
 

LEGUME 
species  

Score Studies with evidence supporting this 
score  

Studies with evidence contrary 
to this score  

Alsike 
clover 

 Low yielding in 2 studies (Frankow-
Lindberg et al., 2009; Kunelius 2005) 

 

Birds-foot-
trefoil 

 
 
 
 
 

Low yielding in 6 studies (Adjesiwor et 
al., 2017; Gierus et al., 2012; Kleen, 
Taube & Gierus, 2011; Pirhofer-Walzl 
et al., 2011; Smit et al., 2008; 
Wiersma, Hoffman & Mlynarek, 1999). 

Intermediate in 1 study 
(Elgersma & Søegaard, 2016). 
 
 

Lucerne  
 
 
 
 

High yielding in 6 studies (Adjesiwor et 
al., 2017; Elgersma & Søegaard, 2016; 
Gierus et al., 2012; Pirhofer-Walzl et 
al., 2011; Sanderson et al., 2013; 
Wiersma, Hoffman & Mlynarek, 1999). 

Intermediate in 2 studies (Kleen 
et al., 2011; Smit et al., 2008). 

Red clover 

 
 
 
 

High yielding in 8 studies (Elgersma & 
Søegaard, 2016; Eriksen, Askegaard & 
Søegaard, 2014; Frame and Harkess,  
1987; Gierus et al., 2012; Husse et al., 
2016; Pirhofer-Walzl 2011; Smit et al., 
2008; Wiersma et al., 1999). 

Intermediate in 1 study ( 
Frankow-Lindberg et al., 2009) 
 

Sainfoin  Low yielding in 1 study (Adjesiwor et 
al., 2017). 

 

White 
clover  

 
 
 
 

Intermediate yield in 6 studies 
(Elgersma & Søegaard, 2016; Eriksen, 
Askegaard & Søegaard, 2014; Husse et 
al., 2016; Pirhofer-Walzl et al., 2011; 
Sanderson et al., 2013; Smit et al., 
2008). 

High yielding in 3 studies 
(Frankow-Lindberg et al., 2009; 
Gierus et al., 2012; Kleen, Taube 
& Gierus, 2011). 
 

 

FORB 
species  

Score Studies with evidence supporting this 
score  

Studies with evidence contrary to 
this score  

Chicory 
 

Intermediate yield in 1 study 
(Pirhofer-Walzl et al., 2011). 

 

Plantain  
 

High yielding in 1 study (Pirhofer-
Walzl et al., 2011). 

 

Sheep's 
burnet 

 Low yielding in 1 study (Pirhofer-Walzl 
et al., 2011). 

 

Sheep's 
parsley  

No data  

Sainfoin  
 

No data  

Yarrow  
 

No data  
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GRASS 
species  

Score Studies with evidence supporting 
this score  

Studies with evidence contrary to 
this score  

Cocksfoot 

 

Intermediate yield in 1 study (Da Silva 
et al., 2013). 
 

 

Meadow 
fescue  

Intermediate yield in 1 study (Frame 
and Harkess, 1987). 

High yielding in 1 study (Da Silva et  
al., 2013). 

Meadow 
foxtail  

Low yielding in 1 study (Fairey, 1991). 
 

 

Perennial 
ryegrass  

Intermediate yield in 1 study (Frame 
and Harkess, 1987). 

 

Tall 
fescue  

High yielding in 1 study (Da Silva et 
al., 2013). 

 

Timothy 

 

Intermediate yield in 2 studies 
(Frame and Harkess, 1987; Fairey, 
1991). 

High yielding in 1 study (Da Silva et  
al., 2013). 

 

Relative yield – under grazing 
 

Definition: dry matter yield under a ‘grazing only’ regime, when grown in a binary or multi-
species sward. 
 

LEGUME 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Alsike clover  
 

No data  

Birds-foot-
trefoil  

Low yielding in 3 studies (Barker et al., 1999; 
Deak et al., 2007; Kleen, Taube & Gierus, 2011). 

 

Lucerne 

 

Intermediate yield in 2 studies (Barker et al., 
1999; Deak et al., 2007; Kleen, Taube & Gierus, 
2011). 

 

Red clover 

 

High yielding in 3 studies (Eriksen, Askegaard & 
Søegaard, 2014; Deak et al., 2007; Kleen, Taube 
& Gierus, 2011). 

 

Sainfoin 
 

No data 
 

 

White clover 
 

High yielding in 2 studies (Deak et al., 2007; 
Kleen, Taube & Gierus, 2011). 

 

 

FORB 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Chicory 
 

High yielding in 1 study (Somasiri, 2016). 
 

 

Plantain  
 

High yielding in 1 study (Somasiri, 2016). 
 

 

Sheep's 
burnet  

No data  

Sheep's 
parsley  

No data  

Sainfoin  No data  
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Yarrow 
 

No data 
 

 

 

GRASS 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Cocksfoot 
 

High yielding in 1 study (Scott, 2001).  
 

 

Meadow 
fescue 

 
 
 

High yielding in 3 studies (Schaefer, Albrecht & 
Schaefer, 2014; Papadopoulos et al., 2012; Wilman & 
Gao, 1996). 

 

Meadow 
foxtail  

No data  

Perennial 
ryegrass  

 

High yielding in 3 studies (Bryant et al., 2017; 
Tharmaraj et al., 2014;  
Wilman & Gao, 1996). 

 

Tall 
fescue 

 
 
 

High yielding in 4 studies (Lee et al 2018; Tharmaraj et 
al.,  2014; Schaefer, Albrecht & Schaefer, 2014; 
Wilman & Gao, 1996). 

 

Timothy 
 

Intermediate yield in 1 study (Papadopoulos et al., 
2012). 

 

 
Persistence (grazing) 
 
Definition: productivity of species over the life-time of a temporary ley (4- 5 years). 
 

LEGUME 
species  

Score Studies with evidence supporting 
this score  

Studies with partial 
evidence for this score 

Studies 
with 
evidence 
contrary to 
this score  

Alsike 
clover  

No data   

Birds-
foot-
trefoil 

 

 2 studies found that this 
species has declined in 
the sward after two 
years’ monitoring 
(Brummer & Moore, 
2000; Douglas & Foote, 
1993) whilst another 
study found that it did 
not decline until the 
fourth grazing season 
(Sheaffer et al., 1992). 
Taken together, these 
results suggest an 
intermediate score. 

 

Lucerne 
 

Declined in the sward after two 
years’ monitoring, in 2 studies 

 Persisted 
for more 
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(Brummer & Moore, 2000; Douglas 
& Foote, 1993). Decreased steadily 
after the 5 years of monitoring, in 2 
studies (Hayes et al., 2010; 2017). 

than 4 years 
due to 
seedling 
recruitment 
Clark et al.,  
2013). 

Red 
clover 

 

Rapid decrease over first 2 grazing 
years and largely disappeared from 
sward by third year, in 3 studies 
(Sanderson, et al. 2005; Sanderson, 
2010; Tracy & Faulkner, 2006). 
Scott (2006) found red clover 
increased over the first 3 years in 
the sward but then disappeared. 

  

Sainfoin 
 

Declined over 2 grazing years in the 
sward (Mowrey & Matches, 1991). 

  

White 
clover 

 

White clover was the dominant 
species in several mixtures at the 
end of 3 grazing years (Deak et al., 
2007). There was no decline in 
abundance, after the 2 grazing 
years that were sampled (Brummer 
& Moore, 2000; Sanderson 2010). 

  

 

FORB 
species  

Score Studies with evidence supporting this score  Studies with 
evidence 
contrary to this 
score  

Chicory 

 

Chicory substantially decreased over the 2 grazing years that 
were monitored (Deak et al., 2007; Soder et al., 2006; 
Skinner et al., 2006). Chicory decreased in the first 2 grazing 
years and had almost disappeared by the third (Sanderson 
et al., 2005). Chicory declined over four grazing years (Clark 
et al., 2013). 

 

Plantain  
 
 

Plantain did not persist beyond 2 years in simple or complex 
mixtures (Sanderson et al., 2003). 

 

Sheep's 
burnet  

Sheep’s burnet declined after 2 years under mob grazing 
(Douglas & Foote 1993). 

 

Sheep's 
parsley  

No data   

Yarrow 
 

No data 
 

 

 

GRASS 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Cocksfoot 

 

The dominant species in several mixtures at the end 
of 3 grazing years (Deak et al., 2007; Sanderson et 
al., 2005; Soder 2006), 4 grazing years (Tracy & 
Faulkner, 2006) and 5 grazing years (Hayes et al., 
2017; Scott & Pennell, 2006). 

Brummer and Moore 
(2000) found that 
cocksfoot decreased 
over 2 grazing years. 
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Meadow 
fescue 

 

Low persistence under all the experimental regimes 
and had decreased substantially after 3 grazing 
years (Gooding and Frame, 1997). 

 

Meadow 
foxtail  

  

Perennial 
ryegrass 

 

Perennial ryegrass increased in abundance over 4 
grazing years (Tracy & Faulkner, 2006), or remained 
stable, which was found to be due to seedling 
recruitment (Clark, 2013). 
  

Nie et al. (2004b) found 
that this species failed to 
persist in many regions 
beyond 3–4 years after 
establishment. Deak et 
al. (2007) found that it 
accounted for a large 
proportion of the dry 
matter in the first 2 
years but was short 
lived. 

Tall 
fescue 

 

Tall fescue increased in abundance over 2 grazing 
years (Brummer & Moore, 2000), 3 grazing years 
(Deak et al., 2007; Denison & Perry, 1990; 
Sanderson et al., 2005; Skinner et al.,2006), 4 
grazing years (Clark, 2013; Tracy & Faulkner, 2006). 

 

Timothy 
 

 Timothy persisted over the three grazing seasons 
(Gooding & Frame, 1997).   

 

 
Tolerance to frequent cutting/grazing 
 
Definition: productivity or persistence, as measured specifically under a cutting or grazing 
regime based on low residual height thresholds, continuous or high density stocking. 
Partially overlaps with the ‘persistence’ trait. 
 

LEGUME 
species  

Score Studies with evidence supporting this score  Studies with 
evidence contrary 
to this score  

Alsike clover  No data  

Birds-foot-
trefoil  

This species did not persist under continuous, 
intensive grazing (Brummer & Moore, 2000). 

 

Lucerne 

 

This species did not persist under continuous, 
intensive grazing (Brummer & Moore, 2000) or a 
high grazing frequency (Deak et al., 2007). 
Lucerne could only persist in stands with a long 
regrowth interval, of 40 days (Jung et al. 1996). 

 

Red clover 

 

Red clover was suppressed by grazing regimes 
with continuous stocking with heifers and 5 cm 
residual height, whereas white clover was not 
(Eriksen, Askegaard & Søegaard, 2014). 

 

Sainfoin 
 

Could only tolerate extensive grazing (Pecetti et 
al., 2009). 

 

White clover 
 

This species persisted well under continuous, 
intensive grazing (Ter Heerdt, Bakker & De 
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Leeuw, 1991; Brummer & Moore, 2000; Pavlu et 
al., 2003). White clover increased in abundance 
under moderate- and hard-grazed set-stocked 
treatments (Scott, 2001). Red clover was 
suppressed by grazing regimes with continuous 
stocking with heifers and 5 cm residual height, 
whereas white clover was not (Eriksen, 
Askegaard & Søegaard, 2014). White clover did 
not thrive under a regime of three cuts per year, 
since its stoloniferous growth habit and 
continuous vegetative renewal is better suited to 
frequent harvesting (Frame & Harkess, 1987). 

 

FORB 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Chicory 

 

This species did not cope with intensive grazing 
through damage to the tap root (Powell et al. 2007;  
Labreveux & Sanderson, 2004; Sanderson et al., 
2003). The key principles to avoid tap root damage 
include not grazing to below 5 cm and maintaining a 
rotation length of 3–6 weeks to reduce the grazing 
pressure. 

 

Plantain  

 

This species did not cope with intensive grazing 
through damage to the tap root (Pavlu et al., 2003; 
Powell et al. 2007; Labreveux & Sanderson, 2004; 
Sanderson et al., 2003). The key principles to avoid 
tap root damage include not grazing to below 5 cm 
and maintaining a rotation length of 3–6 weeks to 
reduce the grazing pressure. 

 

Sheep's 
burnet  

Would be expected to exhibit poor tolerance due to 
having a taproot, as discussed by Kemp et al. (2010). 

 

Sheep's 
parsley  

Would be expected to exhibit poor tolerance due to 
having a taproot, as discussed by Kemp et al. (2010). 

 

Yarrow 

 

This species could not cope with continuous grazing, 
probably due to damage to the tap root (Pavlu et al., 
2003). 

 

 

GRASS 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Cocksfoot 

 

Frequent and severe cutting reduced 
abundance of this species (Griffith and Teel, 
1965), as did continuous grazing (Brummer 
& Moore, 2000; Pavlu et al., 2003) and a 
high stocking rate (Scott, 2001). 

Species abundance was not 
influenced by grazing schedule 
(high intensity versus low 
intensity) but that could be 
due to the dry weather in both 
years of the experiment (Deak 
et al., 2007).  

Meadow 
fescue 

 

The annual dry matter yield was lower than 
tall fescue under all harvesting frequencies 
at 5 cm residual height, suggesting it has a 
low cutting and grazing tolerance (Brink, 
Sanderson & Casler, 2015). Schaefer, 

 



16 
 

Albrecht and Schaefer (2014) also found that 
meadow fescue could not tolerate the same 
defoliation frequency as tall fescue. 

Meadow 
foxtail 

 

This species could not cope with continuous 
grazing (Pavlu et al., 2003). 

The yields of this species were 
virtually unaffected by 4 cuts a 
year, as compared to 1-2 cuts 
a year (Fairey, 1991). 

Perennial 
ryegrass 

 

Perennial ryegrass was well suited to 
frequent grazing (20-day interval), coping 
with residual sward heights that were often 
less than 4 cm  
(Beleskey & Fedders, 1994). This species 
performed best under frequent cutting (Jung 
et al. 1996; Deak, Hall & Sanderson, 2009). 
Perennial ryegrass was found to be tolerant 
of frequent defoliation, compared to 
timothy (Hoglind et al., 2001). 

 

Tall 
fescue 

 

Tall fescue persisted well under continuous 
intensive grazing (Brummer & Moore, 2000). 
This species was found to be tolerant of 
frequent defoliation, compared to meadow 
fescue (Hoglind et al., 2001). 
Schaefer, Albrecht and Schaefer (2014). 

 

Timothy 

 

The yields of this species were reduced by 4 
cuts a year, as compared to 1-2 cuts a year 
(Fairey, 1991). Timothy was most abundant 
under the low stocking-rate treatments, and 
under mob stocking as compared to set 
stocking (Scott, 2001). Timothy was less 
tolerant of frequent defoliation, than 
perennial ryegrass (Hoglind et al., 2001) and 
recovers slowly following defoliation 
(Gooding & Frame, 1997). 

 

 
 

Anthelminthic properties 
 
Definition: consumption of this species was shown to reduce faecal egg count, egg 
hatchability or larval mortality of gastro-intestinal parasites, in sheep or cattle (excepting 2 
studies based on results in vitro and 2 studies based on parasite incidence in other animal 
species). 
 
LEGUME 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Alsike 
clover 

 No data  

Birds-
foot-
trefoil 

 Exhibited anthelminthic properties in 4 studies 
(Heckendorn et al., 2007; Niezen et al., 1998; 
Marley et al., 2003a; Ramirez-Restrepo 2005). 
 

No antihelmintic 
properties exhibited in 
1 study (Tzamaloukas 
et al., 2005). 
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Lucerne  No antihelmintic properties exhibited for 3 
studies (Aufrere et al., 2013; Heckendorn et al., 
2007; Marley et al., 2005). 
 

Antihelmintic 
properties exhibited in 
1 study (Scales et al., 
1995). 

Red 
clover 

 Exhibited anthelminthic properties in 1 study but 
only abomasal worms were reduced – was not 
effective for parasites in the small intestine 
(Marley et al., 2005). 

 

Sainfoin  Exhibited anthelminthic properties in 4 studies 
(Häring et al., 2008; Heckendorn et al., 2007; 
Ojeda-Robertos et al., 2010; Rios-de Alvarez et 
al., 2008). 

 

White 
clover 

 No anthelminthic properties exhibited in 2 
studies (Tzamaloukas et al., 2005; Grace et al., 
2019). 

Antihelmintic 
properties exhibited in 
1 study (Marley et al., 
2005). 

 

HERB 
species  

Score Studies with evidence supporting this score  Studies with 
evidence contrary 
to this score  

Chicory  Exhibited anthelminthic properties in 9 studies  
(Heckendorn et al., 2007; Hoskin et al., 1999; Marley 
et al., 2003a; Marley et al., 2003b; Molan et al., 
2003; Niezen et al., 1998; Pena-Espinoza et al., 2016; 
Scales et al., 1995; Tzamaloukas et al., 2005). 

No anthelminthic 
properties 
exhibited in 1 
study 
(Athanasiadou et 
al., 2005). 

Plantain   Plantain displayed significant anthelmintic 
activity against pinworms, Syphacia obvelata and 
Aspiculuris tetraptera, in mice (Kozan, Küpeli & 
Yesilada, 2006). 

 

Sheep's 
burnet 

 No data  

Sheep's 
parsley 

 No data  

Yarrow  Exhibited anthelmintic properties in 1 study ( 
Tariq et al., 2008). Yarrow is high in eugenol 
(Lourenco 1999), which showed potent anthelmintic 
activity in vitro (Asha 2001). Yarrow reduced 
incidence of the nematode parasite ‘donkey 
strongyles’ in vitro (Buza 2020). 

 

 

GRASS 
species  

Score Studies with evidence supporting this score  Studies with 
evidence contrary 
to this score  

Cocksfoot  No anthelmint-ic properties exhibited for 1 study (Scales et 
al., 1995). 

 

Meadow 
fescue 

 Unlikely to have an anthelmintic effect as no record of 
sesquiterpene lactones, eugenol or condensed tannins for 
this species, the two plant secondary metabolites that are 
proven to exert an antihelmintic effect in vitro/in vivo. 
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Meadow 
foxtail 

 See ‘cocksfoot’  

Perennial 
ryegrass 

 No anthelmintic properties exhibited for 4 studies (Grace 
et al., 2019; Heckendorn et al., 2007; Marley et al., 2005; 
Tzamaloukas et al., 2005). 

 

Tall 
fescue 

 See ‘cocksfoot’  

Timothy  
 

See ‘cocksfoot’  

 
Bloat safe 
 
Definition: Consumption of this species did not cause ruminal or abomasal bloat in sheep or 
cattle 
 

LEGUME 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Alsike 
clover 

 Caused bloat in 2 studies (Jones and Lyttleton, 1971; 
Wang, Majak & McAllister et al., 2012). 

 

Birds-
foot-
trefoil 

 Did not cause bloat in 4 studies (Berard et al., 2011; 
Fay et al., 1990; Jones and Lyttleton, 1971; Li, Tanner 
& Larkin, 1996). 

 

Lucerne  Caused bloat in 4 studies (Hancock et al., 2014; Majak 
et al., 1983; Majak, Garland & Lysyk, 2003; McMahon 
et al., 1999). 

 

Red 
clover 

 Caused bloat in 4 studies (Agnew, Morris & Cullen, 
2000; Carruthers et al., 1992; Majak et al., 1983; Li, 
Tanner & Larkin, 1995). 

 

Sainfoin  Did not cause bloat in 3 studies (McMahon et al., 
1999; Waghorn and McNabb, 2003; Wang et al., 
2006). 

 

White 
clover 

 Caused bloat in 5 studies (Agnew, Morris & Cullen, 
2000; Hancock et al., 2014; Li, Tanner & Larkin, 1996; 
Majak et al., 1983; Schils et al., 2000). 

 

 

Drought tolerant 
 
Definition: species was shown to survive, and/or be productive, under periods of prolonged 
moisture deficit. 
 
LEGUME 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Alsike 
clover 

 
 

Poor drought tolerance in 3 studies (Davis, 
1991; Fairey, 1991; Lang & Vejražka, 2013). 

 

Birds-
foot-
trefoil 

 
 

 

Good drought tolerance in 5 studies (Fairey, 
1991; Davis, 1991; Douglas & Foote, 1993; 
Hopkins et al., 1996; Lang & Vejražka, 2013). 

Poor drought tolerance in 1 
study (Langworthy et al., 
2018). 

Lucerne  Good drought tolerance in 9 studies (Fairey,  
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1991; Goh & Bruce, 2005; Hayes et al., 2010; 
Hayes et al., 2016; Lang & Vejražka, 2013; 
Langworthy et al., 2018; Neal et al., 2009; 
Peel et al., 2004; Skinner et al., 2006). 

Red 
clover  

 
 

Poor drought tolerance in 5 studies (Davis, 
1991; Elgersma & Søegaard, 2016; 
Lang & Vejražka, 2013; Langworthy et al., 
2018; Skinner, Gustine & Sanderson, 2004). 

Good drought tolerance in 1 
study (Hoekstra et al., 
2018). 

Sainfoin 
 

Good drought tolerance in 2 studies 
(Carbonero et al., 2011; Peel et al., 2004). 

 

White 
clover 

 
 
 
 
 
 

Poor drought tolerance in 7 studies (Goh & 
Bruce, 2005; Hoekstra et al., 2018; 
Knowles, Fraser & Daly, 2003; Lang & 
Vejražka, 2013; Neal et al., 2009; Schaefer, 
Albrecht & Schaefer, 2014; Skinner et al., 
2006). 

 

 

HERB 
species  

Score Studies with evidence supporting this 
score  

Studies with evidence 
contrary to this score  

Chicory 

 
 
 
 

Good drought tolerance in 7 studies 
(Cranston et al., 2016; Goh & Bruce, 2005; 
Hoekstra et al., 2018; Langworthy et al., 
2018; Perera, Cullen & Eckard, 2019; 
Skinner, Gustine & Sanderson, 2004; 
Skinner, 2008). 

Poor tolerance in Hayes et al. 
(2016) was not included as 
results were based on severe 
drought. 

Plantain  
 
 
 

 
 

Good drought tolerance in 2 studies 
(Cranston et al., 2016; Langworthy et al., 
2018). 
 

Poor drought tolerance in 1 
study (Goh & Bruce, 2005).  
Poor tolerance in Hayes et al. 
(2016) was not included as 
results were based on severe 
drought. 

Sheep's 
burnet 

 
 
 

Good drought tolerance in 3 studies 
(Douglas & Foote, 1993; Douglas et al., 
1990; Douglas, Robertson & Chu, 1991). 

 

Sheep's 
parsley 

 
 

No data  

Yarrow  
 

No data  

 

GRASS 
species  

Score Studies with evidence supporting this score  Studies with evidence contrary 
to this score  

Cocksfoot 

 
 
 
 

Good drought tolerance in 3 studies (Hayes 
et al., 2017; Hayes et al., 2010; Volaire, 
Conéjero & Lelièvre, 2001; Volaire & 
Lelièvre, 2001; Sheaffer et al., 1992). 

Poor drought tolerance in 3 
studies (Perera, Cullen & Eckard, 
2019; Langworthy et al., 2018; 
Suleiman et al., 1999). Poor 
tolerance in Hayes et al. (2016) 
was not included as results were 
based on severe drought. 

Meadow 
fescue 

 
 
 

Poor drought tolerance in 4 studies 
(Elgersma & Søegaard, 2016; Schaefer, 
Albrecht & Schaefer, 2014; Wilman, Gao & 
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 Leitch, 1998; Zimmermann & Nösberger, 
1999). 

Meadow 
foxtail  

Poor drought tolerance in 1 study (Fairey, 
1991). 

 

Perennial 
ryegrass  

 
 
 
 
 
 

Poor drought tolerance in 8 studies 
(Anderson et al., 1999; Hoekstra et al., 2018; 
Langworthy et al., 2018; MacFarlane, 1990; 
Nie et al., 2004; Perera, Cullen & Eckard, 
2019; Reed, 1974; Waller et al., 2001). 
Poor tolerance in Wilman, Gao & Leitch, 
(1998) was not included as results were 
based on severe drought. 

 

Tall 
fescue  

 
 
 
 
 

Good drought tolerance in 6 studies 
(Cougnon et al., 2014; Langworthy et al., 
2018; Schaefer, Albrecht & Schaefer, 2014; 
Skinner et al., 2006; Volaire & Lelièvre, 2001; 
Wilman, Gao & Leitch, 1998). 

Poor drought tolerance in 2 
studies (Hayes et al., 2010; 
Perera, Cullen & Eckard, 2019). 
Poor tolerance in Hayes et al. 
(2016) was not included as 
results were based on severe 
drought.  

Timothy 
 

Good drought tolerance in 1 study (Elgersma 
& Søegaard, 2016). 

Poor drought tolerance in 1 
study (Sheaffer et al., 1992). 

 

 
Waterlogging tolerant 
 
Definition: survival following a prolonged period of standing water in the rooting zone of the soil 
 

LEGUME 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Alsike 
clover 

 
 No data  

Birds-
foot-
trefoil 

 
 

Good survival in 2 studies (Dear, Reed & Craig, 
2008; Heinrichs, 1970).  

Lucerne 
 
 

Poor survival in 3 studies (Berhongaray, Basanta 
& Jauregui, 2019; Finn et al., 1961; Thompson & 
Fick, 1981). 

 

Red 
clover  

Poor survival in 1 study (Frankow-Lindberg et al., 
2009). 

 

Sainfoin  
 

Poor survival in 1 study (Heinrichs, 1970).  

White 
clover  

 

Good survival in 4 studies (Annicchiarico et al., 
1995; Finn et al., 1961; Frankow-Lindberg et al., 
2009; Heinrichs, 1970). 

 

 

HERB 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Chicory  No data  

Plantain   Good survival in 1 study (Banach et al., 2009).  
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Sheep's 
burnet 

 
 

No data  

Sheep's 
parsley  

No data  

Yarrow 
 

Poor survival in 1 study 
(Banach et al., 2009). 

 

 

GRASS 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Cocksfoot 
 

Poor survival in 1 study (Rogers & Davies, 1973). 
  

Meadow 
fescue  

No data  

Meadow 
foxtail  

Good survival in 1 study (Wenick, Svejcar & Angell, 
2008). 

 

Perennial 
ryegrass  

No data  

Tall 
fescue  

Good survival in 1 study Rogers & Davies, 1973).  

Timothy 
 
 

Good survival in 3 studies (Banach et al., 2009; 
Jørgensen, Torp & Mølmann, 2020; Rogers & Davies, 
1973). 

 

 
 

Tolerant of low fertility soils 
 
Definition: productive under low soil phosphorus, low soil nitrogen or pH extremes. 
 

LEGUME 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Alsike 
clover 

 Tolerant of acidic soil (pH 5.0) (1 study (Jo, 
Yoshida & Kayama, 1980). 
 

 

Birds-foot-
trefoil 

 Tolerant of acidic soil (Dear, Reed & Craig, 2008) 
and low soil phosphorus (Davis, 1991; Hopkins et 
al., 1996). 

 

Lucerne  Requires pH 6.5 -7.5 (Jo, Yoshida & Kayama, 
1980; Rice, 1982; Rice, Penney & Nyborg, 1977). 

 

Red clover  Requires pH > 5 (Jo, Yoshida & Kayama, 1980; 
Rice, Penney & Nyborg, 1977). 

 

Sainfoin  Requires alkaline soil (pH 7.0 – 8.0) (Cicek et al., 
2020; Peel et al., 2004;  
Tufenkci, Erman & Sonmez, 2006). 

 

White 
clover 

 Intolerant of low soil fertility (Davis, 1991; 
Hopkins, 1996). 
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HERB 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Chicory  No data  

Plantain   Tolerant of low soil fertility (Hoveland et al., 
1976; Olff & Bakker, 1991). 

 

Sheep's 
burnet 

 No data  

Sheep's 
parsley 

 No data  

Yarrow  No data  

 

GRASS 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Cocksfoot  Intolerant of low soil fertility (Reid, 1985; Scott, 
2001). 

 

Meadow 
fescue 

 No data  

Meadow 
foxtail 

 No data  

Perennial 
ryegrass 

 Intolerant of low soil fertility (Lambert et al., 
1986; Reid, 1985). 

 

Tall fescue  No data  

Timothy  Tolerant of low soil fertility (King et al., 2012; 
Scott, 2001).  

 

 

Tolerant to hard frosts 
 
Definition: survival following a prolonged period of heavy freezing. 
 

LEGUME 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Alsike 
clover 

 High tolerance (Caradus, 1995; Meyer & 
Badaruddin, 2001). 

 

Birds-
foot-
trefoil 

 No data  

Lucerne  
 

Low tolerance (Meyer & Badaruddin, 2001).  

Red 
clover 

 Exhibited poor tolerance in Skinner & Gustine 
(2002) but omitted because results were based 
on temperatures that were considerably lower 
than UK. 

 

Sainfoin  High tolerance (Adjesiwor et al., 2017; Irani et 
al., 2015; Meyer & Badaruddin, 2001). 
 

 

White 
clover 

 No data  
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HERB 
species  

Score Studies with evidence supporting this score  Studies with evidence 
contrary to this score  

Chicory  High tolerance (Skinner & Gustine, 2002). 
 

 

Plantain   Exhibited poor tolerance in 3 studies but these 
were omitted because results were based on 
temperatures that were considerably lower 
than UK (Sanderson et al., 2003; Skinner & 
Gustine, 2002; Skinner & Stewart, 2014). 

 

Sheep's 
burnet 

 No data  

Sheep's 
parsley 

 No data  

Yarrow  No data  

 

GRASS 
species  

Score Studies with evidence supporting this score  Studies with evidence contrary 
to this score  

Cocksfoot  No data  

Meadow 
fescue 

 High tolerance (Fjellheim et al., 2009).  

Meadow 
foxtail 

 No data  

Perennial 
ryegrass 

 Low tolerance (Höglind et al., 2010; Kunelius 
et al., 2006) 

 

Tall 
fescue 

 High tolerance (Niemeläinen, Jauhiainen & 
Miettinen, 2001). 

 

Timothy  High tolerance (Annicchiarico et al., 1995; 
Höglind, Schapendonk & Van Oijen, 2001;  
Hoglind et al., 2010). 

 

 
  



24 
 

References 
 
Adjesiwor, A. T., Islam, M. A., Zheljazkov, V. D., Ritten, J. P., & Garcia y Garcia, A. (2017). Grass‐legume seed mass 

ratios and nitrogen rates affect forage accumulation, nutritive value, and profitability. Crop Science, 57(5), 
2852-2864. 

Agnew, K. E. M., Morris, C. A., & Cullen, N. G. (2000). Evaluation of a liquid formulation of monensin to control 
bloat in pasture-fed milking cows. New Zealand veterinary journal, 48(3), 74-77. 

Akdeniz, H., Hosaflioglu, I., Koc, A., Hossain, A., Islam, M. S., Iqbal, M. A., & El Sabagh, A. (2019). Evaluation of 
herbage yield and nutritive value of eight forage crop species. Applied Ecology and Environmental 
Research, 17(3), 5571-5581. 

Albayrak, S., Mevlüt, T. Ü. R. K., Yueksel, O., & Yilmaz, M. (2011). Forage yield and the quality of perennial legume-
grass mixtures under rainfed conditions. Notulae botanicae horti agrobotanici cluj-napoca, 39(1), 114-118. 

Alberski, J., Grzegorczyk, S., Kozikowski, A., & Olszewska, M. (2009). Habitat occurrence and nutrition value of 
Achillea millefolium L. in grasslands. Journal of Elementology, 14(3), 429-436. 

Andersen, C., Nielsen, T. S., Purup, S., Kristensen, T., Eriksen, J., Søegaard, K., ... & Fretté, X. C. (2009). Phyto-
oestrogens in herbage and milk from cows grazing white clover, red clover, lucerne or chicory-rich 
pastures. Animal, 3(8), 1189-1195. 

Anderson, M. W., Cunningham, P. J., Reed, K. F. M., & Byron, A. (1999). Perennial grasses of Mediterranean origin 
offer advantages for central western Victorian sheep pasture. Australian Journal of Experimental 
Agriculture, 39(3), 275-284. 

Annicchiarico, P., Bozzo, F., Parente, G., Gusmeroli, F., Mair, V., Marguerettaz, O., & Orlandi, D. (1995). Analysis of 
adaptation of grass/legume mixtures to Italian alpine and subalpine zones through an additive main effects 
and multiplicative interaction model. Grass and Forage Science, 50(4), 405-413. 

Asha, M. K., Prashanth, D., Murali, B., Padmaja, R., & Amit, A. (2001). Anthelmintic activity of essential oil of 
Ocimum sanctum and eugenol. Fitoterapia, 72(6), 669-670. 

Athanasiadou, S., Tzamaloukas, O., Kyriazakis, I., Jackson, F., & Coop, R. L. (2005). Testing for direct anthelmintic 
effects of bioactive forages against Trichostrongylus colubriformis in grazing sheep. Veterinary 
parasitology, 127(3-4), 233-243. 

Aufrere, J., Dudilieu, M., Urra, J. D. A., Poncet, C., & Baumont, R. (2013). Mixing sainfoin and lucerne to improve 
the feed value of legumes fed to sheep by the effect of condensed tannins. Animal, 7(1), 82-92. 

Banach, K., Banach, A. M., Lamers, L. P., De Kroon, H., Bennicelli, R. P., Smits, A. J., & Visser, E. J. (2009). 
Differences in flooding tolerance between species from two wetland habitats with contrasting hydrology: 
implications for vegetation development in future floodwater retention areas. Annals of botany, 103(2), 341-
351. 

Barker, J. M., Buskirk, D. D., Ritchie, H. D., Rust, S. R., Leep, R. H., Barclay, D. J., ... & Hartnell, G. (1999). Intensive 
grazing management of smooth bromegrass with or without alfalfa or birds-foot-trefoil: heifer performance 
and sward characteristics. The professional animal scientist, 15(2), 130-135. 

Belesky, D. P., & Fedders, J. M. (1994). Defoliation effects on seasonal production and growth rate of cool‐season 
grasses. Agronomy journal, 86(1), 38-45. 

Belesky, D. P., Turner, K. E., Fedders, J. M., & Ruckle, J. M. (2001). Mineral composition of swards containing 
forage chicory. Agronomy Journal, 93(2), 468-475. 

Berard, N. C., Wang, Y., Wittenberg, K. M., Krause, D. O., Coulman, B. E., McAllister, T. A., & Ominski, K. H. (2011). 
Condensed tannin concentrations found in vegetative and mature forage legumes grown in western 
Canada. Canadian Journal of Plant Science, 91(4), 669-675. 

Berhongaray, G., Basanta, M., & Jauregui, J. M. (2019). Water table depth affects persistence and productivity of 
alfalfa in Central Argentina. Field Crops Research, 235, 54-58. 

Billman, E. D., Goff, B. M., Baldwin, B. S., Prince, K., & Phillips, T. D. (2017). Effects of vegetative cool‐season 
grasses on forage removal by dairy heifers. Agronomy Journal, 109(4), 1540-1550. 

Bretschneider, G., Santini, F. J., Fay, J. P., & Faverin, C. (2001). Effects of maize silage supplementation before 
lucerne grazing on the occurrence of bloat in cattle. New Zealand Journal of Agricultural Research, 44(4), 241-
251. 

Brink, G. E., Casler, M. D., & Martin, N. P. (2010). Meadow fescue, tall fescue, and orchardgrass response to 
defoliation management. Agronomy Journal, 102(2), 667-674. 

Brink, G. E., Sanderson, M. A., & Casler, M. D. (2015). Grass and legume effects on nutritive value of complex 
forage mixtures. Crop Science, 55(3), 1329-1337. 



25 
 

Brummer, E. C., & Moore, K. J. (2000). Persistence of perennial cool‐season grass and legume cultivars under 
continuous grazing by beef cattle. Agronomy Journal, 92(3), 466-471. 

Bryant, R. H., Miller, M. E., Greenwood, S. L., & Edwards, G. R. (2017). Milk yield and nitrogen excretion of dairy 
cows grazing binary and multispecies pastures. Grass and Forage Science, 72(4), 806-817. 

Burke, J.L.; Waghorn, G.C.; Chaves, A.V. 2002. Improving animal performance using forage-based diets. 
Proceedings of the New Zealand Society of Animal Production 62: 267-272. 

Buza, V., Cătană, L., Andrei, S. M., Ștefănuț, L. C., Răileanu, Ș., Matei, M. C., ... & Cernea, M. (2020). In vitro 
anthelmintic activity assessment of six medicinal plant aqueous extracts against donkey strongyles. Journal of 
Helminthology, 94. 

Caradus, J. R. (1995). Frost tolerance of Trifolium species. New Zealand Journal of Agricultural Research, 38(2), 
157-162. 

Carbonero, C. H., Mueller-Harvey, I., Brown, T. A., & Smith, L. (2011). Sainfoin (Onobrychis viciifolia): a beneficial 
forage legume. Plant Genetic Resources, 9(1), 70. 

Carruthers, V. R., Holmes, C. W., MacDonald, K. A., Norton, D. H., Alexander, A., & Dodemaide, W. R. (1992). Effect 
of avoparcin on the yield and composition of milk and on bloat in pasture-fed dairy cows. New Zealand Journal 
of Agricultural Research, 35(2), 171-175. 

Chapman, G., Bork, E., Donkor, N., & Hudson, R. (2008). Forage yield and quality of chicory, birds-foot-trefoil, and 
alfalfa during the establishment year. The Open Agriculture Journal, 2(1). 

Cheng, L., Judson, H. G., Bryant, R. H., Mowat, H., Guinot, L., Hague, H., ... & Edwards, G. R. (2017). The effects of 
feeding cut plantain and perennial ryegrass-white clover pasture on dairy heifer feed and water intake, 
apparent nutrient digestibility and nitrogen excretion in urine. Animal Feed Science and Technology, 229, 43-
46. 

Christensen, R. G., Yang, S. Y., Eun, J. S., Young, A. J., Hall, J. O., & MacAdam, J. W. (2015). Effects of feeding birds-
foot-trefoil hay on neutral detergent fiber digestion, nitrogen utilization efficiency, and lactational 
performance by dairy cows. Journal of dairy science, 98(11), 7982-7992. 

Cicek, H., Ates, S., Ozcan, G., Tezel, M., Kling, J. G., Louhaichi, M., & Keles, G. (2020). Effect of nurse crops and 
seeding rate on the persistence, productivity and nutritive value of sainfoin in a cereal‐based production 
system. Grass and Forage Science, 75(1), 86-95. 

Clark, S. G., Ward, G. N., Kearney, G. A., Lawson, A. R., McCaskill, M. R., O’Brien, B. J., ... & Behrendt, R. (2013). Can 
summer-active perennial species improve pasture nutritive value and sward stability?. Crop and Pasture 
Science, 64(6), 600-614. 

Cougnon, M., Baert, J., Van Waes, C., & Reheul, D. (2014). Performance and quality of tall fescue (F estuca 
arundinacea S chreb.) and perennial ryegrass (L olium perenne L.) and mixtures of both species grown with or 
without white clover (T rifolium repens L.) under cutting management. Grass and Forage Science, 69(4), 666-
677. 

Cranston, L. M., Kenyon, P. R., Morris, S. T., Lopez‐Villalobos, N., & Kemp, P. D. (2016). Morphological and 
physiological responses of plantain (Plantago lanceolata) and chicory (Cichorium intybus) to water stress and 
defoliation frequency. Journal of Agronomy and Crop Science, 202(1), 13-24. 

Da Silva, M. S., Tremblay, G. F., Bélanger, G., Lajeunesse, J., Papadopoulos, Y. A., Fillmore, S. A., & Jobim, C. C. 
(2013). Energy to protein ratio of grass–legume binary mixtures under frequent clipping. Agronomy 
Journal, 105(2), 482-492. 

Da Silva, M. S., Tremblay, G. F., Bélanger, G., Lajeunesse, J., Papadopoulos, Y. A., Fillmore, S. A., & Jobim, C. C. 
(2014). Forage energy to protein ratio of several legume–grass complex mixtures. Animal Feed Science and 
Technology, 188, 17-27. 

Darch, T., McGrath, S. P., Lee, M. R., Beaumont, D. A., Blackwell, M. S., Horrocks, C. A., ... & Storkey, J. (2020). The 
Mineral Composition of Wild-Type and Cultivated Varieties of Pasture Species. Agronomy, 10(10), 1463. 

Davis, M. R. (1991). The comparative phosphorus requirements of some temperate perennial legumes. Plant and 
soil, 133(1), 17-30. 

Deak, A., Hall, M. H., & Sanderson, M. A. (2009). Grazing schedule effect on forage production and nutritive value 
of diverse forage mixtures. Agronomy journal, 101(2), 408-414. 

Deak, A., Hall, M. H., Sanderson, M. A., & Archibald, D. D. (2007). Production and nutritive value of grazed simple 
and complex forage mixtures. Agronomy Journal, 99(3), 814-821. 

Dear, B. S., Reed, K. F. M., & Craig, A. D. (2008). Outcomes of the search for new perennial and salt tolerant 
pasture plants for southern Australia. Australian Journal of Experimental Agriculture, 48(4), 578-588. 

Denison, R. F., & Perry, H. D. (1990). Seasonal growth rate patterns for orchardgrass and tall fescue on the 
Appalachian Plateau. Agronomy journal, 82(5), 869-873. 



26 
 

Douglas, G. B., & Foote, A. G. (1993). Growth of sheep's burnet and two dryland legumes under periodic mob-
stocking with sheep. New Zealand journal of agricultural research, 36(4), 393-397. 

Douglas, G. B., Robertson, A. G., & Chu, A. C. P. (1991). Autumn regrowth of established field-grown sheep's 
burnet. New Zealand journal of agricultural research, 34(2), 161-166. 

Douglas, G. B., Robertson, A. G., Chu, A. C. P., & Gordon, I. L. (1990). Establishment and growth of sheep's burnet 
in the lower North Island of New Zealand. New Zealand journal of agricultural research, 33(3), 385-394. 

Elgersma, A., & Søegaard, K. (2016). Effects of species diversity on seasonal variation in herbage yield and nutritive 
value of seven binary grass-legume mixtures and pure grass under cutting. European Journal of Agronomy, 78, 
73-83. 

Elgersma, A., Søegaard, K., & Jensen, S. K. (2014). Herbage dry‐matter production and forage quality of three 
legumes and four non‐leguminous herbs grown in single‐species stands. Grass and Forage Science, 69(4), 705-
716. 

Eriksen, J., Askegaard, M., & Søegaard, K. (2014). Complementary effects of red clover inclusion in ryegrass–white 
clover swards for grazing and cutting. Grass and Forage Science, 69(2), 241-250. 

Fairey, N. A. (1991). Effects of nitrogen fertilizer, cutting frequency, and companion legume on herbage 
production and quality of four grasses. Canadian Journal of Plant Science, 71(3), 717-725. 

Fay, J. P., Cheng, K. J., Hanna, M. R., Howarth, R. E., & Costerton, J. W. (1980). In vitro digestion of bloat-safe and 
bloat-causing legumes by rumen microorganisms: gas and foam production. Journal of Dairy Science, 63(8), 
1273-1281. 

Finn, B. J., Bourget, S. J., Nielsen, K. F., & Dow, B. K. (1961). Effects of different soil moisture tensions on grass and 
legume species. Canadian Journal of Soil Science, 41(1), 16-23. 

Fjellheim, S., PaŠakinskiené, I., Grønnerød, S., Paplauskiené, V., & Rognli, O. A. (2009). Genetic structure of local 
populations and cultivars of meadow fescue from the Nordic and Baltic regions. Crop science, 49(1), 200-210. 

Forbes, J. C., & Gelman, A. L. (1981). Copper and other minerals in herbage species and varieties on copper‐
deficient soils. Grass and Forage Science, 36(1), 25-30. 

Frame, J. (1989). Herbage productivity of a range of grass species under a silage cutting regime with high fertilizer 
nitrogen application. Grass and forage science, 44(3), 267-276. 

Frame, J. (1991). Herbage production and quality of a range of secondary grass species at five rates of fertilizer 
nitrogen application. Grass and Forage Science, 46(2), 139-151. 

Frame, J., & Harkess, R. D. (1987). The productivity of four forage legumes sown alone and with each of five 
companion grasses. Grass and Forage Science, 42(3), 213-223. 

Frankow‐Lindberg, B. E., Halling, M., Höglind, M., & Forkman, J. (2009). Yield and stability of yield of single‐and 
multi‐clover grass‐clover swards in two contrasting temperate environments. Grass and Forage Science, 64(3), 
236-245. 

Fraser, M. D., Fychan, R., & Jones, R. (2000). Voluntary intake, digestibility and nitrogen utilization by sheep fed 
ensiled forage legumes. Grass and Forage Science, 55(3), 271-279. 

Fraser, M. D., Speijers, M. H., Theobald, V. J., Fychan, R., & Jones, R. (2004). Production performance and meat 
quality of grazing lambs finished on red clover, lucerne or perennial ryegrass swards. Grass and Forage 
Science, 59(4), 345-356. 

Fulkerson, W. J., Neal, J. S., Clark, C. F., Horadagoda, A., Nandra, K. S., & Barchia, I. (2007). Nutritive value of forage 
species grown in the warm temperate climate of Australia for dairy cows: grasses and legumes. Livestock 
science, 107(2-3), 253-264. 

Fustec, J., Bernard, F., & Corre-Hellou, G. (2010). Potential contribution of Bird's-foot trefoil and of Alsike clover to 
the productivity of multispecific pastures on silt soils. Fourrages, (204), 247-253. 

Gierus, M., Kleen, J., Loges, R., & Taube, F. (2012). Forage legume species determine the nutritional quality of 
binary mixtures with perennial ryegrass in the first production year. Animal feed science and 
technology, 172(3-4), 150-161. 

Goh, K. M., & Bruce, G. E. (2005). Comparison of biomass production and biological nitrogen fixation of multi-
species pastures (mixed herb leys) with perennial ryegrass-white clover pasture with and without irrigation in 
Canterbury, New Zealand. Agriculture, ecosystems & environment, 110(3-4), 230-240. 

Gooding, R. F., & Frame, J. (1997). Effects of continuous sheep stocking and strategic rest periods on the sward 
characteristics of binary perennial grass/white clover associations. Grass and Forage Science, 52(4), 350-359. 

Grace, C., Lynch, M. B., Sheridan, H., Lott, S., Fritch, R., & Boland, T. M. (2019). Grazing multispecies swards 
improves ewe and lamb performance. animal, 13(8), 1721-1729. 

Griffith, W. K., & Teel, M. R. (1965). Effect of Nitrogen and Potassium Fertilization, Stubble Height, and Clipping 
Frequency on Yield and Persistence of Orchardgrass. Agronomy Journal, 57(2), 147-149. 



27 
 

Hancock, K., Collette, V., Chapman, E., Hanson, K., Temple, S., Moraga, R., & Caradus, J. (2014). Progress towards 
developing bloat-safe legumes for the farming industry. Crop and Pasture Science, 65(11), 1107-1113. 

Häring, D. A., Scharenberg, A., Heckendorn, F., Dohme, F., Lüscher, A., Maurer, V., ... & Hertzberg, H. (2008). 
Tanniferous forage plants: agronomic performance, palatability and efficacy against parasitic nematodes in 
sheep. Renewable Agriculture and Food Systems, 19-29. 

Harrington, K. C., Thatcher, A., & Kemp, P. D. (2006). Mineral composition and nutritive value of some common 
pasture weeds. New Zealand Plant Protection, 59, 261-265. 

Hayes, M. A., Jesse, A., Tabet, B., Reef, R., Keuskamp, J. A., & Lovelock, C. E. (2017). The contrasting effects of 
nutrient enrichment on growth, biomass allocation and decomposition of plant tissue in coastal 
wetlands. Plant and Soil, 416(1-2), 193-204. 

Hayes, R. C., Dear, B. S., Li, G. D., Virgona, J. M., Conyers, M. K., Hackney, B. F., & Tidd, J. (2010). Perennial pastures 
for recharge control in temperate drought-prone environments. Part 1: productivity, persistence and herbage 
quality of key species. New Zealand Journal of Agricultural Research, 53(4), 283-302. 

Hayes, R. C., Li, G. D., Conyers, M. K., Virgona, J. M., & Dear, B. S. (2016). Lime increases productivity and the 
capacity of lucerne (Medicago sativa L.) and phalaris (Phalaris aquatica L.) to utilise stored soil water on an 
acidic soil in south-eastern Australia. Plant and Soil, 400(1-2), 29-43. 

Hayes, R. C., Li, G. D., Norton, M. R., & Culvenor, R. A. (2018). Effects of contrasting seasonal growth patterns on 
composition and persistence of mixed grass‐legume pastures over 5 years in a semi‐arid Australian cropping 
environment. Journal of Agronomy and Crop Science, 204(3), 228-242. 

Heckendorn, F., Häring, D. A., Maurer, V., Senn, M., & Hertzberg, H. (2007). Individual administration of three 
tanniferous forage plants to lambs artificially infected with Haemonchus contortus and Cooperia 
curticei. Veterinary parasitology, 146(1-2), 123-134. 

Heinrichs, D. H. (1970). Flooding tolerance of legumes. Canadian Journal of Plant Science, 50(4), 435-438. 
Hoekstra, N. J., Suter, M., Finn, J. A., Husse, S., & Lüscher, A. (2015). Do belowground vertical niche differences 

between deep-and shallow-rooted species enhance resource uptake and drought resistance in grassland 
mixtures?. Plant and Soil, 394(1-2), 21-34. 

Höglind, M., Bakken, A. K., Jørgensen, M., & Østrem, L. (2010). Tolerance to frost and ice encasement in cultivars 
of timothy and perennial ryegrass during winter. Grass and Forage Science, 65(4), 431-445. 

Höglind, M., Schapendonk, A. H. C. M., & Van Oijen, M. (2001). Timothy growth in Scandinavia: combining 
quantitative information and simulation modelling. New Phytologist, 151(2), 355-367. 

Hopkins, A., Martyn, T. M., Johnson, R. H., Sheldrick, R. D., & Lavender, R. H. (1996). Forage production by two 
Lotus species as influenced by companion grass species. Grass and Forage Science, 51(4), 343-349. 

Hoskin, S. O., Barry, T. N., Wilson, P. R., Charleston, W. A. G., & Hodgson, J. (1999). Effects of reducing anthelmintic 
input upon growth and faecal egg and larval counts in young farmed deer grazing chicory (Cichorium intybus) 
and perennial ryegrass (Lolium perenne)/white clover (Trifolium repens) pasture. The Journal of Agricultural 
Science, 132(3), 335-345. 

Hoste, H., Martinez-Ortiz-De-Montellano, C., Manolaraki, F., Brunet, S., Ojeda-Robertos, N., Fourquaux, I., ... & 
Sandoval-Castro, C. A. (2012). Direct and indirect effects of bioactive tannin-rich tropical and temperate 
legumes against nematode infections. Veterinary Parasitology, 186(1-2), 18-27. 

Hoveland, C. S., Buchanan, G. A., & Harris, M. C. (1976). Response of weeds to soil phosphorus and 
potassium. Weed Science, 194-201. 

Husse, S., Huguenin-Elie, O., Buchmann, N., & Lüscher, A. (2016). Larger yields of mixtures than monocultures of 
cultivated grassland species match with asynchrony in shoot growth among species but not with increased 
light interception. Field Crops Research, 194, 1-11. 

Huuskonen, A., Pesonen, M., & Honkavaara, M. (2017). Effects of replacing timothy silage by alsike clover silage on 
performance, carcass traits and meat quality of finishing Aberdeen Angus and Nordic Red bulls. Grass and 
Forage Science, 72(2), 220-233. 

Irani, S., Majidi, M. M., Mirlohi, A., Karami, M., & Zargar, M. (2015). Response to drought stress in sainfoin: Within 
and among ecotype variation. Crop Science, 55(5), 1868-1880. 

Jensen, K. B., Robins, J. G., Rigby, C., & Waldron, B. L. (2016). Comparative trends in forage nutritional quality 
across the growing season in 13 grasses. Canadian Journal of Plant Science, 97(1), 72-82. 

JO, J., YOSHIDA, S., & KAYAMA, R. (1980). Growth and nitrogen fixation of some leguminous forages grown under 
the acidic soil conditions. Japanese Journal of Grassland Science, 25(4), 326-334. 

Johansen, M., Søegaard, K., Lund, P., & Weisbjerg, M. R. (2017). Digestibility and clover proportion determine milk 
production when silages of different grass and clover species are fed to dairy cows. Journal of dairy 
science, 100(11), 8861-8880. 



28 
 

Jones, W. T., & Lyttleton, J. W. (1971). Bloat in cattle: XXXIV. A survey of legume forages that do and do not 
produce bloat. New Zealand journal of agricultural research, 14(1), 101-107. 

Jørgensen, M., Torp, T., & Mølmann, J. A. B. (2020). Impact of waterlogging and temperature on autumn growth, 
hardening and freezing tolerance of timothy (Phleum pratense). Journal of Agronomy and Crop Science, 206(2), 
242-251. 

Jung, G. A., Shaffer, J. A., Everhart, J. R., & Varga, G. A. (1996). Performance of ‘Grasslands Puna’ chicory at 
different management levels. Agronomy Journal, 88(1), 104-111. 

Kemp, P. D., Kenyon, P. R., & Morris, S. T. (2010). The use of legume and herb forage species to create high 
performance pastures for sheep and cattle grazing systems. Revista Brasileira de Zootecnia, 39, 169-174. 

King, C., McEniry, J., Richardson, M., & O'Kiely, P. (2012). Yield and chemical composition of five common 
grassland species in response to nitrogen fertiliser application and phenological growth stage. Acta 
Agriculturae Scandinavica, Section B–Soil & Plant Science, 62(7), 644-658. 

Kleen, J., Taube, F., & Gierus, M. (2011). Agronomic performance and nutritive value of forage legumes in binary 
mixtures with perennial ryegrass under different defoliation systems. The Journal of Agricultural 
Science, 149(1), 73. 

Knowles, I. M., Fraser, T. J., & Daly, M. J. (2003). White clover: loss in drought and subsequent recovery. Legumes 
for dryland pastures. Grassland Research and Practice Series, 11, 37-41. (Produced by Journal of New Zealand 
Grasslands). 

Kozan, E., Küpeli, E., & Yesilada, E. (2006). Evaluation of some plants used in Turkish folk medicine against parasitic 
infections for their in vivo anthelmintic activity. Journal of Ethnopharmacology, 108(2), 211-216. 

Kunelius, H. T., Dürr, G. H., McRae, K. B., & Fillmore, S. A. E. (2006). Performance of timothy‐based grass/legume 
mixtures in cold winter region. Journal of Agronomy and Crop Science, 192(3), 159-167.  

Kuusela, E. (2004). Annual and seasonal changes in production and composition of grazed clover-grass mixtures in 
organic farming. Agricultural and Food Science, 13(3), 309-325. 

Kuusela, E. (2006). Annual and seasonal changes in mineral contents (Ca, Mg, P, K and Na) of grazed clover-grass 
mixtures in organic farming. Agricultural and Food Science, 15(1), 23-34. 

Labreveux, M., Hall, M. H., & Sanderson, M. A. (2004). Productivity of chicory and plantain cultivars under 
grazing. Agronomy Journal, 96(3), 710-716.  

Lambert, M. G., Clark, D. A., Grant, D. A., & Costall, D. A. (1986). Influence of fertiliser and grazing management on 
North Island moist hill country 2. Pasture botanical composition. New Zealand journal of agricultural 
research, 29(1), 1-10. 

Lang, J., & Vejražka, K. (2013). Yields and quality of forage legumes under imbalanced year precipitation conditions 
on south Moravia. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 60(6), 217-224. 

Langworthy, A. D., Rawnsley, R. P., Freeman, M. J., Pembleton, K. G., Corkrey, R., Harrison, M. T., ... & Henry, D. A. 
(2018). Potential of summer-active temperate (C3) perennial forages to mitigate the detrimental effects of 
supraoptimal temperatures on summer home-grown feed production in south-eastern Australian dairying 
regions. Crop and Pasture Science, 69(8), 808-820. 

Lee, J. M., Clark, D. A., Clark, C. E. F., Waugh, C. D., Roach, C. G., Minneé, E. M. K., ... & Chapman, D. F. (2018). A 
comparison of perennial ryegrass‐and tall fescue‐based swards with or without a cropping component for 
dairy production: Animal production, herbage characteristics and financial performance from a 3‐year farmlet 
trial. Grass and Forage Science, 73(2), 340-354. 

Li, Y. G., Tanner, G. J., & Larkin, P. J. (1995). Towards producing bloat-safe Medicago sativa L. through protoplast 
fusion. In Current Issues in Plant Molecular and Cellular Biology (pp. 185-190). Springer, Dordrecht. 

Li, Y. G., Tanner, G., & Larkin, P. (1996). The DMACA–HCl protocol and the threshold proanthocyanidin content for 
bloat safety in forage legumes. Journal of the Science of Food and Agriculture, 70(1), 89-101. 

Lindström, B. E. M., Frankow‐Lindberg, B. E., Dahlin, A. S., Wivstad, M., & Watson, C. A. (2013). Micronutrient 
concentrations in common and novel forage species and varieties grown on two contrasting soils. Grass and 
Forage Science, 68(3), 427-436. 

Lourenco, P. M. L., Figueiredo, A. C., Barroso, J. G., Pedro, L. G., Oliveira, M. M., Deans, S. G., & Scheffer, J. J. C. 
(1999). Essential oils from hairy root cultures and from plant roots of Achillea 
millefolium. Phytochemistry, 51(5), 637-642. 

MacFARLANE, A. W. (1990). Field experience with new pasture cultivars in Canterbury. In Proceedings of the New 
Zealand Grassland Association (Vol. 52, pp. 139-143). 

Majak, W., Garland, G. J., & Lysyk, T. J. (2003). The effect of herbage mixtures of alfalfa and orchardgrass on the 
incidence of bloat in cattle. Canadian journal of animal science, 83(4), 827-829. 

Majak, W., Howarth, R. E., Cheng, K. J., & Hall, J. W. (1983). Rumen conditions that predispose cattle to pasture 
bloat. Journal of dairy science, 66(8), 1683-1688. 



29 
 

Marley, C. L., Cook, R., Barrett, J., Keatinge, R., Lampkin, N. H., & McBride, S. D. (2003). The effect of dietary forage 
on the development and survival of helminth parasites in ovine faeces. Veterinary Parasitology, 118(1-2), 93-
107. 

Marley, C. L., Cook, R., Keatinge, R., Barrett, J., & Lampkin, N. H. (2003). The effect of birds-foot-trefoil (Lotus 
corniculatus) and chicory (Cichorium intybus) on parasite intensities and performance of lambs naturally 
infected with helminth parasites. Veterinary parasitology, 112(1-2), 147-155. 

Marley, C. L., Fraser, M. D., Fychan, R., Theobald, V. J., & Jones, R. (2005). Effect of forage legumes and 
anthelmintic treatment on the performance, nutritional status and nematode parasites of grazing 
lambs. Veterinary Parasitology, 131(3-4), 267-282. 

McMahon, L. R., Majak, W., McAllister, T. A., Hall, J. W., Jones, G. A., Popp, J. D., & Cheng, K. J. (1999). Effect of 
sainfoin on in vitro digestion of fresh alfalfa and bloat in steers. Canadian Journal of Animal Science, 79(2), 203-
212. 

Meyer, D. W., & Badaruddin, M. (2001). Frost tolerance of ten seedling legume species at four growth stages. Crop 
Science, 41(6), 1838-1842. 

Minneé, E. M. K., Waghorn, G. C., Lee, J. M., & Clark, C. E. F. (2017). Including chicory or plantain in a perennial 
ryegrass/white clover-based diet of dairy cattle in late lactation: Feed intake, milk production and rumen 
digestion. Animal Feed Science and Technology, 227, 52-61. 

Molan, A. L., Duncan, A. J., Barry, T. N., & McNabb, W. C. (2003). Effects of condensed tannins and crude 
sesquiterpene lactones extracted from chicory on the motility of larvae of deer lungworm and gastrointestinal 
nematodes. Parasitology International, 52(3), 209-218. 

Molle, G., Decandia, M., Sölter, U., Greef, J. M., Rochon, J. J., Sitzia, M., & Rook, A. J. (2008). The effect of different 
legume‐based swards on intake and performance of grazing ruminants under Mediterranean and cool 
temperate conditions. Grass and forage science, 63(4), 513-530. 

Mowrey, D. P., & Matches, A. G. (1991). Persistence of sainfoin under different grazing regimes. Agronomy 
Journal, 83(4), 714-716. 

Neal, J. S., Fulkerson, W. J., Lawrie, R., & Barchia, I. M. (2009). Difference in yield and persistence among perennial 
forages used by the dairy industry under optimum and deficit irrigation. Crop and Pasture Science, 60(11), 
1071-1087. 

Nie, Z. N., Chapman, D. F., Tharmaraj, J., & Clements, R. (2004). Effects of pasture species mixture, management, 
and environment on the productivity and persistence of dairy pastures in south-west Victoria. 1. Herbage 
accumulation and seasonal growth pattern. Australian Journal of Agricultural Research, 55(6), 625-636. 

Nie, Z. N., Chapman, D. F., Tharmaraj, J., & Clements, R. (2004). Effects of pasture species mixture, management, 
and environment on the productivity and persistence of dairy pastures in south-west Victoria. Australian 
Journal of Agricultural Research, 55(6), 637-643. 

Niemeläinen, O., Jauhiainen, L., & Miettinen, E. (2001). Yield profile of tall fescue (Festuca arundinacea) in 
comparison with meadow fescue (F. pratensis) in Finland. Grass and Forage science, 56(3), 249-258. 

Niezen, J. H., Robertson, H. A., Waghorn, G. C., & Charleston, W. A. G. (1998). Production, faecal egg counts and 
worm burdens of ewe lambs which grazed six contrasting forages. Veterinary parasitology, 80(1), 15-27. 

Olff, H., & Bakker, J. P. (1991). Long-term dynamics of standing crop and species composition after the cessation 
of fertilizer application to mown grassland. Journal of Applied Ecology, 1040-1052. 

Papadopoulos, Y. A., McElroy, M. S., Fillmore, S. A. E., McRae, K. B., Duyinsveld, J. L., & Fredeen, A. H. (2012). 
Sward complexity and grass species composition affect the performance of grass-white clover pasture 
mixtures. Canadian Journal of Plant Science, 92(6), 1199-1205. 

Paplauskienė, V., & Dabkevičienė, G. (2012). A study of genetic diversity in Trifolium hybridum varieties using 
morphological characters and ISSR markers. Žemdirbystė-Agriculture, 99, 313-318. 

Pavlů, V., Hejcman, M., Pavlů, L., & Gaisler, J. (2003). Effect of rotational and continuous grazing on vegetation of 
an upland grassland in the Jizerské Hory Mts., Czech Republic. Folia Geobotanica, 38(1), 21-34. 

Pecetti, L., Annicchiarico, P., Battini, F., & Cappelli, S. (2009). Adaptation of forage legume species and cultivars 
under grazing in two extensive livestock systems in Italy. European Journal of Agronomy, 30(3), 199-204. 

Peel, M. D., Asay, K. H., Johnson, D. A., & Waldron, B. L. (2004). Forage production of sainfoin across an irrigation 
gradient. Crop Science, 44(2), 614-619. 

Pena-Espinoza, M., Thamsborg, S. M., Desrues, O., Hansen, T. V., & Enemark, H. L. (2016). Anthelmintic effects of 
forage chicory (Cichorium intybus) against gastrointestinal nematode parasites in experimentally infected 
cattle. Parasitology, 143(10), 1279-1293. 

Perera, R. S., Cullen, B. R., & Eckard, R. J. (2019). Growth and physiological responses of temperate pasture species 
to consecutive heat and drought stresses. Plants, 8(7), 227. 



30 
 

Pirhofer‐Walzl, K., Søegaard, K., Høgh‐Jensen, H., Eriksen, J., Sanderson, M. A., Rasmussen, J., & Rasmussen, J. 
(2011). Forage herbs improve mineral composition of grassland herbage. Grass and Forage Science, 66(3), 415-
423. 

Powell, A. M., Kemp, P. D., Jaya, I. K. D., & Osborne, M. A. (2007). Establishment, growth and development of 
plantain and chicory under grazing. In Proceedings of the conference-New Zealand Grassland Association (Vol. 
69, p. 41). (Produced by The Journal of New Zealand Grasslands). 

Ramírez-Restrepo, C. A., Barry, T. N., Pomroy, W. E., López-Villalobos, N., McNabb, W. C., & Kemp, P. D. (2005). 
Use of Lotus corniculatus containing condensed tannins to increase summer lamb growth under commercial 
dryland farming conditions with minimal anthelmintic drench input. Animal Feed Science and 
Technology, 122(3-4), 197-217. 

Reed, K. F. M. (1974). The productivity of pastures sown with Phalaris tuberosa or Lolium perenne. 1. Pasture 
growth and composition. Australian Journal of Experimental Agriculture, 14(70), 640-648. 

Reid, D. (1985). A comparison of the yield responses of four grasses to a wide range of nitrogen application 
rates. The Journal of Agricultural Science, 105(2), 381-387. 

Rice, W. A. (1982). Performance of Rhizobium meliloti strains selected for low-pH tolerance. Canadian Journal of 
Plant Science, 62(4), 941-948. 

Rice, W. A., Penney, D. C., & Nyborg, M. (1977). Effects of soil acidity on rhizobia numbers, nodulation and 
nitrogen fixation by alfalfa and red clover. Canadian Journal of Soil Science, 57(2), 197-203. 

Rios de Alvarez, L., Greer, A. W., Jackson, F., Athanasiadou, S., Kyriazakis, I., & Huntley, J. F. (2008). The effect of 
dietary sainfoin (Onobrychis viciifolia) on local cellular responses to Trichostrongylus colubriformis in 
sheep. Parasitology, 135(9), 1117-1124. 

Rode, L. M., & Pringle, W. L. (1986). Growth, digestibility and voluntary intake by yearling steers grazing timothy 
(Phleum pratense) or meadow foxtail (Alopecurus pratensis) pastures. Canadian Journal of animal 
science, 66(2), 463-472. 

Rogers, J. A., & Davies, G. E. (1973). The growth and chemical composition of four grass species in relation to soil 
moisture and aeration factors. The Journal of Ecology, 455-472. 

Sanderson, M. A. (2010). Stability of production and plant species diversity in managed grasslands: A retrospective 
study. Basic and Applied Ecology, 11(3), 216-224. 

Sanderson, M. A., Brink, G., Stout, R., & Ruth, L. (2013). Grass–legume proportions in forage seed mixtures and 
effects on herbage yield and weed abundance. Agronomy Journal, 105(5), 1289-1297. 

Sanderson, M. A., Labreveux, M., Hall, M. H., & Elwinger, G. F. (2003). Forage yield and persistence of chicory and 
English plantain. Crop Science, 43(3), 995-1000. 

Sanderson, M. A., Soder, K. J., Muller, L. D., Klement, K. D., Skinner, R. H., & Goslee, S. C. (2005). Forage mixture 
productivity and botanical composition in pastures grazed by dairy cattle. Agronomy Journal, 97(5), 1465-1471. 

Sayar, M. S., Han, Y., Yolcu, H., & Yücel, H. (2014). Yield and quality traits of some perennial forages as both sole 
crops and intercropping mixtures under irrigated conditions. Turkish Journal of Field Crops, 19(1), 59-65. 

Scales, G. H., Knight, T. L., & Saville, D. J. (1995). Effect of herbage species and feeding level on internal parasites 
and production performance of grazing lambs. New Zealand Journal of Agricultural Research, 38(2), 237-247. 

Schaefer, M. R., Albrecht, K. A., & Schaefer, D. M. (2014). Stocker steer performance on tall fescue or meadow 
fescue alone or in binary mixture with white clover. Agronomy Journal, 106(5), 1902-1910. 

Scharenberg, A., Arrigo, Y., Gutzwiller, A., Soliva, C. R., Wyss, U., Kreuzer, M., & Dohme, F. (2007a). Palatability in 
sheep and in vitro nutritional value of dried and ensiled sainfoin (Onobrychis viciifolia) Birds-foot-trefoil (Lotus 
corniculatus), and chicory (Cichorium intybus). Archives of Animal Nutrition, 61(6), 481-496. 

Scharenberg, A., Arrigo, Y., Gutzwiller, A., Wyss, U., Hess, H. D., Kreuzer, M., & Dohme, F. (2007b). Effect of 
feeding dehydrated and ensiled tanniferous sainfoin (Onobrychis viciifolia) on nitrogen and mineral digestion 
and metabolism of lambs. Archives of Animal Nutrition, 61(5), 390-405. 

Scharenberg, A., Heckendorn, F., Arrigo, Y., Hertzberg, H., Gutzwiller, A., Hess, H. D., ... & Dohme, F. (2008). 
Nitrogen and mineral balance of lambs artificially infected with Haemonchus contortus and fed tanniferous 
sainfoin (Onobrychis viciifolia). Journal of animal science, 86(8), 1879-1890. 

Schils, R. L. M., Boxem, T. J., Jagtenberg, C. J., & Verboon, M. C. (2000). The performance of a white clover based 
dairy system in comparison with a grass/fertiliser-N system. II. Animal production, economics and 
environment. NJAS-Wageningen Journal of Life Sciences, 48(3), 305-318. 

Scott, D. (2001). Sustainability of New Zealand high‐country pastures under contrasting development inputs. 7. 
Environmental gradients, plant species selection, and diversity. New Zealand Journal of Agricultural 
Research, 44(1), 59-90. 

Scott, D., & Pennell, C. G. L. (2006). Agronomic methods: Evaluation by multiple‐species pasture mixtures. New 
Zealand Journal of Agricultural Research, 49(2), 191-200. 



31 
 

Sheaffer, C. C., Marten, G. C., Jordan, R. M., & Ristau, E. A. (1992). Forage potential of kura clover and birds-foot-
trefoil when grazed by sheep. Agronomy journal, 84(2), 176-180. 

Sheaffer, C. C., Peterson, P. R., Hall, M. H., & Stordahl, J. B. (1992). Drought effects on yield and quality of 
perennial grasses in the North Central United States. Journal of production agriculture, 5(4), 556-561. 

Skinner, R. H. (2008). Yield, root growth, and soil water content in drought‐stressed pasture mixtures containing 
chicory. Crop Science, 48(1), 380-388. 

Skinner, R. H., & Gustine, D. L. (2002). Freezing tolerance of chicory and narrow‐leaf plantain. Crop science, 42(6), 
2038-2043. 

Skinner, R. H., Gustine, D. L., & Sanderson, M. A. (2004). Growth, water relations, and nutritive value of pasture 
species mixtures under moisture stress. Crop science, 44(4), 1361-1369. 

Skinner, R. H., Sanderson, M. A., Tracy, B. F., & Dell, C. J. (2006). Above‐and belowground productivity and soil 
carbon dynamics of pasture mixtures. Agronomy Journal, 98(2), 320-326. 

Skinner, R. H., & Stewart, A. V. (2014). Narrow‐leaf plantain (Plantago lanceolata L.) selection for increased 
freezing tolerance. Crop Science, 54(3), 1238-1242. 

Smit, H. J., Nepal, S., Van Vilsteren, D., Witkowska, I. M., & Elgersma, A. (2008). Seasonality of apparent nitrogen 
fixation, nitrogen transfer, and productivity of four forage legume-grass under cutting. In 22nd General 
Meeting of the European Grassland Federation (pp. 628-630). 

Soder, K. J., Sanderson, M. A., Stack, J. L., & Muller, L. D. (2006). Intake and performance of lactating cows grazing 
diverse forage mixtures. Journal of Dairy Science, 89(6), 2158-2167. 

Soegaard, K., & Nielsen, K. A. (2012). White and red clover in highly productive short-lasting grassland 
mixtures. Grassland Science in Europe, 17, 172-174. 

Somasiri, S. C., Kenyon, P. R., Kemp, P. D., Morel, P. C. H., & Morris, S. T. (2016). Mixtures of clovers with plantain 
and chicory improve lamb production performance compared to a ryegrass–white clover sward in the late 
spring and early summer period. Grass and Forage Science, 71(2), 270-280. 

Stewart, E. K., Beauchemin, K. A., Dai, X., MacAdam, J. W., Christensen, R. G., & Villalba, J. J. (2019). Effect of 
tannin-containing hays on enteric methane emissions and nitrogen partitioning in beef cattle. Journal of 
animal science, 97(8), 3286-3299. 

Suleiman, A., Okine, E. K., Goonewardene, L. A., Day, P. A., Yaremcio, B., & Recinos-Diaz, G. (1999). Yield and 
feeding of prairie grasses in east-central Alberta. Rangeland Ecology & Management/Journal of Range 
Management Archives, 52(1), 75-82. 

Tariq, K. A., Chishti, M. Z., Ahmad, F., & Shawl, A. S. (2008). Anthelmintic efficacy of Achillea millifolium against 
gastrointestinal nematodes of sheep: in vitro and in vivo studies. Journal of helminthology, 82(3), 227. 

Ter Heerdt, G. N. J., Bakker, J. P., & De Leeuw, J. (1991). Seasonal and spatial variation in living and dead plant 
material in a grazed grassland as related to plant species diversity. Journal of Applied Ecology, 120-127. 

Tharmaraj, J., Chapman, D. F., Hill, J., Jacobs, J. L., & Cullen, B. R. (2014). Increasing home-grown forage 
consumption and profit in non-irrigated dairy systems. 2. Forage harvested. Animal Production Science, 54(3), 
234-246. 

Thompson, T. E., & Fick, G. W. (1981). Growth response of alfalfa to duration of soil flooding and to 
temperature. Agronomy journal, 73(2), 329-332. 

Totty, V. K., Greenwood, S. L., Bryant, R. H., & Edwards, G. R. (2013). Nitrogen partitioning and milk production of 
dairy cows grazing simple and diverse pastures. Journal of Dairy Science, 96(1), 141-149. 

Tracy, B. F., & Faulkner, D. B. (2006). Pasture and cattle responses in rotationally stocked grazing systems sown 
with differing levels of species richness. Crop Science, 46(5), 2062-2068. 

Tufenkci, S., Erman, M., & Sonmez, F. (2006). Effects of phosphorus and nitrogen applications and Rhizobium 
inoculation on the yield and nutrient uptake of sainfoin (Onobrychis viciifolia L.) under irrigated conditions in 
Turkey. New Zealand Journal of Agricultural Research, 49(1), 101-105. 

Tzamaloukas, O., Athanasiadou, S., Kyriazakis, I., Jackson, F., & Coop, R. L. (2005). The consequences of short-term 
grazing of bioactive forages on established adult and incoming larvae populations of Teladorsagia circumcincta 
in lambs. International Journal for Parasitology, 35(3), 329-335. 

Volaire, F., & Lelièvre, F. (2001). Drought survival in Dactylis glomerata and Festuca arundinacea under similar 
rooting conditions in tubes. Plant and soil, 229(2), 225-234. 

Volaire, F., Conéjero, G., & Lelièvre, F. (2001). Drought survival and dehydration tolerance in Dactylis glomerata 
and Poa bulbosa. Functional Plant Biology, 28(8), 743-754. 

Waghorn, G. C., & McNabb, W. C. (2003). Consequences of plant phenolic compounds for productivity and health 
of ruminants. Proceedings of the Nutrition Society, 62(2), 383-392. 



32 
 

Waldie, G., Wright, S. B. M., & Cohen, R. D. H. (1983). The effects of advancing maturity on crude protein and 
digestibility of meadow foxtail (Alopecurus pratensis) and timothy (Phleum pratense). Canadian journal of 
plant science, 63(4), 1083-1085. 

Waller, R. A., Sale, P. W. G., Saul, G. R., & Kearney, G. A. (2001). Tactical versus continuous stocking in perennial 
ryegrass-subterranean clover pastures grazed by sheep in south-western Victoria. 1. Stocking rates and 
herbage production. Australian Journal of Experimental Agriculture, 41(8), 1099-1108. 

Wang, Y., Barbieri, L. R., Berg, B. P., & McAllister, T. A. (2007). Effects of mixing sainfoin with alfalfa on ensiling, 
ruminal fermentation and total tract digestion of silage. Animal Feed Science and Technology, 135(3-4), 296-
314. 

Wang, Y., McAllister, T. A., & Acharya, S. (2015). Condensed tannins in sainfoin: composition, concentration, and 
effects on nutritive and feeding value of sainfoin forage. Crop Science, 55(1), 13-22. 

Wang, Y., Berg, B. P., Barbieri, L. R., Veira, D. M., & McAllister, T. A. (2006). Comparison of alfalfa and mixed 
alfalfa-sainfoin pastures for grazing cattle: Effects on incidence of bloat, ruminal fermentation, and feed 
intake. Canadian journal of animal science, 86(3), 383-392. 

Wang, Y., Majak, W., & McAllister, T. A. (2012). Frothy bloat in ruminants: cause, occurrence, and mitigation 
strategies. Animal feed science and technology, 172(1-2), 103-114. 

Warner, D., Jensen, S. K., Cone, J. W., & Elgersma, A. (2010). Fatty acid composition of forage herb species. 
In Grassland in a changing world: 23th General Meeting of the European Grassland Federation, Kiel, Germany, 
August 29-September 2, 2010 (pp. 491-493). 

Wenick, J. J., Svejcar, T., & Angell, R. (2008). The effect of grazing duration on forage quality and production of 
meadow foxtail. Canadian journal of plant science, 88(1), 85-92. 

Wiersma, D. W., Hoffman, P. C., & Mlynarek, M. J. (1999). Companion crops for legume establishment: forage 
yield, quality, and establishment success. Journal of Production Agriculture, 12(1), 116-122. 

Wilman, D., & Gao, Y. (1996). Herbage production and tiller density in five related grasses, their hybrids and 
mixtures. The Journal of Agricultural Science, 127(1), 57-65. 

Wilman, D., Gao, Y., & Leitch, M. H. (1998). Some differences between eight grasses within the Lolium‐Festuca 
complex when grown in conditions of severe water shortage. Grass and Forage Science, 53(1), 57-65. 

Zarrabian, M., Majidi, M. M., & Ehtemam, M. H. (2013). Genetic diversity in a worldwide collection of sainfoin 
using morphological, anatomical, and molecular markers. Crop Science, 53(6), 2483-2496. 

Zimmermann, M., & Nösberger, J. (1999). Effect of Management Intensities and Sward Structures on Dry‐matter 
Production of Meadow Fescue (Festuca pratensis Huds.) in Permanent Grassland. Journal of Agronomy and 
Crop Science, 182(3), 145-152. 

 
 


