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Highlights
The literature on the importance of Epichloë grass 
endophytes during pasture renewal is reviewed. 
Perennial ryegrass endophyte strains such as AR1, 
NEA2, and Standard Endophyte (SE) as well as tall 
fescue and meadow fescue endophytes, significantly 
increase seedling survival at establishment under 
insect pressure, for example from adult Argentine stem 
weevil, grass grub, and African black beetle. However, 
in endophyte-infected ryegrass, insect-derived plant 
damage increases 10-43 days after sowing despite the 
presence of endophyte. Insecticidal seed treatments can 
mitigate the vulnerability to insect predation during this 
time. 

Keywords: African black beetle, Argentine stem 
weevil, fungal alkaloids, grass grub, seedling 
establishment
  
Background
New Zealand’s temperate climate enables pastoral-
based livestock farming throughout the year. Pasture 
renewal is a major component of farm management 
practices that increase pasture and farm production. 
However, over time pastures can deteriorate due to 
a combination of factors such as weed infestation, 
treading damage by livestock, poor persistence of 
sown species, drought, flooding, or pests and diseases. 
Such pastures are typically removed using herbicides 
(e.g., glyphosate) and resown with cultivars of grasses, 
legumes and/or herbs to restore pasture productivity 
and deliver the benefits of improved genetics (Bryant 
et al. 2010). Different techniques can be used to renew 
pastures, including cultivation and cropping before 
sowing the seed, or from ‘grass to grass’, for which the 
seed is drilled or broadcast (Stewart et al. 2014b). The 
economic value of pasture renewal is estimated to be 
$900/ha annually through improved feed supply and 
animal production (Glassey et al. 2010).

Over 80% of ryegrass seed sold in New Zealand is 
infected with a fungal endophyte (Epichloë festucae 
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var. lolii) (Milne 2007; Caradus & Johnson 2019). 
These fungi are maternally transmitted via seed and live 
between the plant cells of many cool-season grasses, 
including perennial ryegrass (Lolium perenne) and tall 
fescue (Festuca arundinacea), two important grass 
species in intensively managed, temperate pastures 
worldwide. The host grass and the endophyte live in a 
mutualistic relationship, in which both partners benefit. 
The grass supplies the endophyte with a habitat, nutrients, 
and a chance to propagate. In turn, the endophyte 
enhances the plant’s competitive ability to cope with 
biotic (Popay 2009) and abiotic (Malinowski & Belesky 
2000) stresses through the production of secondary 
metabolites (alkaloids). Some of these alkaloids 
strongly deter herbivorous insect pests (Prestidge & 
Van der Zijpp 1988), while other alkaloids can also 
have negative impacts on grazing livestock (Fletcher & 
Harvey 1981). The perennial ryegrass endophyte, which 
became naturalised in New Zealand, referred to here as 
New Zealand Standard Endophyte (SE), produces three 
main types of alkaloids: lolitrems, ergot alkaloids, and 
peramine (Johnson et al. 2013). Loline alkaloids are 
produced by the tall fescue endophyte (E. coenophiala), 
as well as peramine, and the meadow fescue endophyte 
(E. uncinata). Alkaloids are expressed in various 
combinations and concentrations, which are dependent 
on endophyte strain and influenced by grass genotype 
and environmental conditions (Spiering et al. 2005). 
The alkaloid compound and in planta concentration and 
distribution are the main drivers determining the toxicity 
to grazing livestock and/or insect pests. For example, 
ergovaline and peramine are highly active feeding 
deterrents to insects such as, respectively, African 
black beetle (Heteronychus arator) and Argentine stem 
weevil (ASW, Listronotus bonariensis), two major 
pests in improved New Zealand pastures (Rowan & 
Latch 1994; Ball et al. 1997a). Antibiosis caused by the 
loline-producing endophytes affects a range of insects, 
including grass grub (Costelytra giveni; previously 
called C. zealandica) (Patchett et al. 2011) and ASW 
larvae (Jensen et al. 2009). The identification of the 
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role of alkaloids has led to exploration of the use of 
Epichloë endophytes in integrated pest management 
in pastures. Selected endophyte strains, which retain 
insect resistance, but do not cause mammalian toxicity 
(or have only low levels of problematic alkaloids), have 
been available commercially since the early 2000s via 
seed, contributing an estimated $200M annually to New 
Zealand’s pastoral economy (Johnson et al. 2013). These 
commercial endophyte strains include AR1, AR37, 
NEA strain mixtures and Edge for perennial ryegrass, 
MaxP® (AR542/AR584) for tall fescue, GrubOut U2 
for Festulolium (hybrid of Festuca and Lolium), and 
MaxR™ for meadow fescue (Festuca pratensis). Here 
we review the literature on the role of Epichloë grass 
endophytes during pasture renewal. 

Importance of pasture establishment
Pastures are most vulnerable during the early estab-
lishment phase when insect predation can have signif-
icant long-term effects on plant community composi-
tion, productivity and pasture resilience. Their small 
size and palatability make seedlings an attractive food 
source for many herbivores. For example, adult ASW 
can seriously damage developing perennial ryegrass 
seedlings during pasture renewal. Adult weevils feed 
on the emerging shoot towards the base of the plant 
often completely severing the emerging shoot near the 
soil surface, causing plant death or severe stunting (Pot-
tinger 1961; Ruppert et al. 2017). Furthermore, African 
black beetle, grass grub, and grey field slugs (Deroc-
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(cv. One50), NEA2 (cv. Trojan with a 50:50 mixture of endophyte strain NEA2 and NEA6) 

and SE were significantly less damaged by adult ASW, especially during the first week after 

sowing, resulting in increased survival and higher DM than seedlings without endophyte or 

seedlings infected with the non-peramine producing AR37 strain (Figure 1Figure 1) (Ruppert 

et al. 2017). However, measured in a separate experiment despite the presence of peramine, 

plant damage by adult ASW increased as the seedling matured from about 10–43 days after 

sowing (Figure 2Figure 2) (Ruppert et al. 2017).  

Figure 1 Seedling survival (%) and mean dry matter (DM) production (g/plant ±SEM) of 64-

day old perennial ryegrass plants infected with endophyte strains AR1, NEA2, 

Standard endophyte (SE), AR37, or endophyte-free after exposure to adult Argentine 

stem weevil when seedlings were 7–22 days old. Dead plants were excluded from DM

production analysis. NEA2 contains a mix of two endophyte strains NEA2 and NEA6. 

For each variable, mean values with the same letter are not significantly different at 

P<0.05. Graph redrawn from Ruppert et al. (2017).

The underlying reason for such seedling vulnerability to insect predation during pasture 

establishment is the dilution of alkaloids due to rapid seedling growth (Figure 2Figure 2).

Even though the endophyte starts its own alkaloid synthesis as early as 6 days after sowing 

(Hewitt et al. 2020), the developing seedling grows faster than new alkaloids are being 
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eras reticulatum) can se-
verely damage young grass 
seedlings, reducing plant 
vigour or even causing es-
tablishment failure (Popay 
& Baltus 2001; Popay & 
Tapper 2007; Wilson & 
Barker 2011). Farmers ex-
pect the sown species to 
be dominant, contributing 
significantly to dry matter 
(DM) production. How-
ever, poor pasture estab-
lishment can lead to gaps 
in the sward that can be 
occupied by weeds which 
can eventually become 
dominant (Tozer et al. 
2011). Successful seedling 
establishment during pas-
ture renewal is therefore a 
crucial initial component of 
productive, persistent, and 
resilient pastures.

Figure 1 	 Seedling survival (%) and mean dry matter (DM) production (g/plant±SEM) of 
64-day old perennial ryegrass plants infected with endophyte strains AR1, NEA2, 
Standard endophyte (SE), AR37, or endophyte-free after exposure to adult 
Argentine stem weevil when seedlings were 7-22 days old. Dead plants were 
excluded from DM production analysis. NEA2 contains a mix of two endophyte 
strains NEA2 and NEA6. For each variable, mean values with the same letter are 
not significantly different at P<0.05. Graph redrawn from Ruppert et al. (2017).

Role and efficacy of endophyte strains in seedlings
Endophyte alkaloid concentrations in seeds can be up 
to 13-fold greater than concentrations in other parts 
of the grass (Ball et al. 1997b). Alkaloids in seeds are 
translocated into the emerging shoot upon germination, 
resulting in an initial concentration peak approximately 
10 days after sowing (Hewitt et al. 2020). Insect pests 
such as adult ASW are able to distinguish between 
endophyte-infected and endophyte-free ryegrass 
seedlings and concentrate their feeding on those 
lacking the fungus (Stewart 1985). Argentine stem 
weevil seedling resistance is dependent on endophyte 
strains that express the fungal alkaloid peramine such 
as AR1, NEA endophyte strain seed mixes, and SE. 
Ryegrass seedlings infected with AR1 (cv. One50), 
NEA2 (cv. Trojan with a 50:50 mixture of endophyte 
strain NEA2 and NEA6) and SE were significantly less 
damaged by adult ASW, especially during the first week 
after sowing, resulting in increased survival and higher 
DM than seedlings without endophyte or seedlings 
infected with the non-peramine producing AR37 strain 
(Figure 1, Ruppert et al. 2017). However, measured in a 
separate experiment despite the presence of peramine, 
plant damage by adult ASW increased as the seedling 
matured from about 10-43 days after sowing (Figure 2, 
Ruppert et al. 2017). 

The underlying reason for such seedling vulnerabil-
ity to insect predation during pasture establishment is 
the dilution of alkaloids due to rapid seedling growth 
(Figure 2). Even though the endophyte starts its own 

Resilient Pastures – Grassland Research and Practice Series 17:                 339-346    (2021)



341

alkaloid synthesis as early as 6 
days after sowing (Hewitt et al. 
2020), the developing seedling 
grows faster than new alkaloids 
are being produced or trans-
located. However, the vulner-
ability to adult ASW feeding 
lessens as the seedling matures 
and the level of damage be-
comes relatively minor in older 
seedlings. After the initial vul-
nerable phase,  ryegrass  seed-
ling growth and alkaloid pro-
duction are synchronised, and 
able to protect the mature plant 
against adult ASW predation 
(Hewitt et al. 2020).

Endophyte infection in tall 
fescue and meadow fescue also 
significantly increases seedling 
survival under grass grub at-
tack (Figure 3), which is linked 
to the presence of loline alka-
loids (Popay & Tapper 2007). 
It is unknown, but likely, that 
loline concentrations are di-
luted similarly, with seedling 
growth potentially leaving the 
seedling vulnerable until alka-
loid production is synchronised 
with plant growth, as seen with 
ryegrass alkaloids. 

Management strategies
Reducing insect damage to 
emerging seedlings is of high 
priority during pasture renewal. 
The management strategies de-
pend on the history of the pres-
ent pasture as well as under-
standing the insect behaviour. 
For instance, if the previous 
pasture was heavily damaged 
by African black beetle larvae 
and grass grub, the old insect 
infestation can carry over, re-
sulting in high insect pressure 
on the emerging seedlings, es-
pecially when renewing from 
grass to grass. In the northern 
North Island, the normal time 
for pasture renewal in autumn 
coincides with the emergence 
of adult African black beetle, 
which can destroy young seed-
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produced or translocated. However, the vulnerability to adult ASW feeding lessens as the 

seedling matures and the level of damage becomes relatively minor in older seedlings. After 

the initial vulnerable phase, ryegrass seedling growth and alkaloid production are 

synchronised, and able to protect the mature plant against adult ASW predation (Hewitt et al. 

2020). 

Figure 2 The relationship between peramine concentration and adult Argentine stem weevil 

(ASW) feeding in endophyte-infected perennial ryegrass seedlings during the early 

establishment phase. NEA2 contains a mix of two endophyte strains NEA2 and 

NEA6. Adult ASW feeding activity was scored on a scale of 0–6 whereby: 0 = no 

damage; 1 = little feeding, test nibbles can be seen; 3 = feeding on base of tiller; 4 =

feeding on base and tip of tiller; 5 = seedling severed by chewing and detached from 

seed; 6 = seedling dead after extensive feeding. Vertical bars represent ± standard 

error of the mean. Graph redrawn from Ruppert (2016).

Figure 2 	 The relationship between peramine concentration and adult Argentine stem 
weevil (ASW) feeding in endophyte-infected perennial ryegrass seedlings 
during the early establishment phase. NEA2 contains a mix of two endophyte 
strains NEA2 and NEA6. Adult ASW feeding activity was scored on a scale 
of 0-6 whereby: 0 = no damage; 1 = little feeding, test nibbles can be seen; 
3 = feeding on base of tiller; 4 = feeding on base and tip of tiller; 5 = seedling 
severed by chewing and detached from seed; 6 = seedling dead after extensive 
feeding. Vertical bars represent ± standard error of the mean. Graph redrawn 
from Ruppert (2016).

6

Endophyte infection in tall fescue and meadow fescue also significantly increases seedling 

survival under grass grub attack (Figure 3Figure 3), which is linked to the presence of loline 

alkaloids (Popay & Tapper 2007). It is unknown, but likely, that loline concentrations are 

diluted similarly, with seedling growth potentially leaving the seedling vulnerable until 

alkaloid production is synchronised with plant growth, as seen with ryegrass alkaloids. 

Figure 3 Seedling survival (%) of 15-day-old tall fescue, meadow fescue, and perennial 

ryegrass seedlings infected with different endophyte strains after grass grub feeding. 

Endophyte strains AR542 and AR584 are sold as MaxP® endophytes. Graph 

modified with permission from Popay & Tapper (2007).

Management strategies 
Reducing insect damage to emerging seedlings is of high priority during pasture renewal. The 

management strategies depend on the history of the present pasture as well as understanding 

the insect behaviour. For instance, if the previous pasture was damaged heavily by African 
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Figure 3 	 Seedling survival (%) of 15-day-old tall fescue, meadow fescue, and perennial 
ryegrass seedlings infected with different endophyte strains after grass grub 
feeding. Endophyte strains AR542 and AR584 are sold as MaxP® endophytes. 
Graph modified with permission from Popay & Tapper (2007).
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lings (Popay & Baltus 2001; Bell et al. 2011). While 
high populations of African black beetle and grass grub 
can take several years to develop, adult ASW can in-
vade new pastures quickly, especially when present 
in high numbers in the previous pasture. Several farm 
management strategies can be implemented, however, 
to reduce the risk of invertebrate damage and increase 
seedling establishment. 

One of the most important management 
strategies alleviating insect damage during seedling 
establishment is the use of seeds coated with a systemic 
insecticide (such as Gaucho® a.i. imidacloprid or 
Poncho® a.i. clothianidin, Nichol & Walker 2013). 
Systemic insecticidal seed treatments or granules 
drilled along with the seed protect the emerging 
seedling from insect predation. Such treatments form a 
protective barrier around the seed, get taken up by the 
developing roots, and transported into the developing 
shoot. Even though insecticidal seed treatments are 
recommended for high seedling establishment (Nichol 
& Walker 2013), the active ingredients commonly 
used (e.g., in Poncho® or Gaucho®) belong to the 
neonicotinoids, a group of compounds associated 
with bee deaths and ecotoxic effects (Rundlöf et al. 
2015). The use of neonicotinoids as seed treatments 
in integrated pest management has been debated 
intensely, especially in flowering plant species such 
as brassica and maize (Tooker et al. 2017). In general, 
grasses are wind and/or self-pollinated (Humphreys et 
al. 2010), and not a food source to bees. Therefore, 
neonicotinoid seed treatments of grass seeds are 
believed to be a minor threat to pollinators. However, 
only 1-10% of neonicotinoids applied to the seed get 
absorbed, while the rest remains in the soil where 
it poses a risk to beneficial insects and organisms 
as well as a risk of leaching into the groundwater 
(Krupke et al. 2017). For such reasons, neonicotinoids 
have been banned in the European Union since 2018 
(European Commission 2018). Although appropriate 
seed treatments can improve the seedlings’ ability 
to withstand insect attack, fungal endophytes remain 
a critical tool in improving pasture establishment, 
even though alkaloids are diluted by rapid seedling 
growth for a period of time after sowing leaving the 
seedling vulnerable to insect predation (Hewitt et al. 
2020). The greatest risk of severe insect damage is 
when seedlings have emerged from the soil and are 
very young. At this stage the endophyte provides some 
protection, as shown here by the significantly higher 
survival rates of insecticide-free seedlings infected 
with peramine-producing endophyte strains (AR1: 
68%, NEA2/NEA6: 75%, SE: 85%) compared with 
seedlings without endophyte (30%) or infected with 
a non-peramine producing endophyte strain (AR37: 
35%) (Ruppert et al. 2017). Once seedlings are 

established after approximately 20 days, peramine-
producing endophyte-infected plants are naturally 
able to withstand adult ASW attack as rapid plant 
growth compensates for their feeding. Although 
endophyte strain AR37 does not protect against adult 
ASW (Popay & Wyatt 1995), ryegrass plants with 
this endophyte are highly resistant to the larval stage 
(Popay et al. 2017) and to adult African black beetle 
but not larvae (Hume et al. 2007). Nevertheless, 
fungal endophytes do not match the effectiveness of 
insecticidal seed treatments. The consequences of 
such insecticidal treatments being withdrawn in New 
Zealand are understudied, increasing the pressure for 
pesticide manufacturers to find alternatives. Such 
alternative seed treatments may include synthetic 
insecticides such as chlorantraniliprole, which 
reduced armyworm feeding (Mythimna unipuncta) in 
corn seedlings (Carscallen et al. 2018).

Endophyte infection reduces slug populations in 
established perennial ryegrass and tall fescue swards 
(Pennell et al. 2018). However, it is unknown if 
endophyte infection protects the emerging seedling 
against slug feeding. The additional application of 
molluscicide during autumn sowing can reduce slug 
damage to emerging seedlings, especially after a wet 
summer (McCallum & Thomson 1990).

The timing of pasture renewal can also influence 
successful seedling establishment. Pastures are typically 
renewed in autumn and spring when temperatures and 
rainfall/irrigation facilitate rapid germination and plant 
growth. Insect damage during germination, such as with 
adult ASW, can be reduced when pastures are sown in 
autumn once egg-laying has finished and adults have 
entered reproductive diapause in which weevils are 
less active (Goldson & Penman 1979). This diapause 
is induced by photoperiod and is usually between early 
March and late July (Goldson 1981).

Soil cultivation before sowing may decrease the risk of 
insect damage to pastures. A study using different types of 
soil cultivation techniques showed that soil disturbance 
reduced grass grub numbers (Stewart 1986). Depending 
on soil type, deep soil cultivation such as ploughing is 
typically used following a crop, while direct drilling 
can be used in grass to grass renewal. There are various 
drawbacks to full cultivation, including comparatively 
high cost, longer waiting time before pasture can be 
grazed, and reduced environmental sustainability (less 
conserved soil moisture, deterioration of soil physical 
properties, organic carbon loss; e.g., Eijsackers 2011). In 
addition, although soil cultivation reduces the grass grub 
population to very low levels, it also reduces the natural 
pathogens which can regulate grass grub populations 
(Popay 1992). This often leads to an outbreak of grass 
grub 2-4 years later. Livestock treading and heavy 
rolling of the pasture in winter can reduce grass grub 

Resilient Pastures – Grassland Research and Practice Series 17:                 339-346    (2021)



343

populations, which is attributed to soil movement/
disturbance and compaction. It has been suggested that 
reduced soil oxygen levels in these conditions may play 
a part in grass grub population reduction (Atkinson & 
Slay 1994).

Furthermore, if populations of pest insects have 
resulted in the need for pasture renewal, a break crop 
can reduce or eliminate them. Crop rotation removes 
the insect food source, naturally interrupting the insects’ 
breeding cycle (Eerens et al. 2005). For example, if 
present pasture has been damaged severely by ASW, 
turnips can be used as a break crop to reduce insect 
pests and weed infestation (Gerard et al. 2009; Densley 
et al. 2011). In such instances it is not recommended 
to use Italian ryegrass (Lolium multiflorum) as a 
short-term break crop to feed stock during winter, as 
this ryegrass is a preferred host for ASW (Prestidge 
1991). Argentine stem weevil will overwinter on this 
break crop and adult weevils invade new seedlings the 
following spring.

Conclusions
Seedling survival during pasture renewal has a major 
impact on pasture persistence and production. Newly 
sown pastures are especially vulnerable to insect 
predation, causing seedling death, which then can lead to 
open, weedy swards. Endophyte infection is an essential 
tool in minimising seedling damage of ryegrasses, tall 
fescue and meadow fescue in developing pastures. 
Peramine-producing ryegrass endophyte strains such as 
AR1, NEA2 and SE, and loline-producing tall fescue/
meadow fescue strains such as MaxP, can provide 
significant benefit by increasing pest resistance during 
seedling establishment via the presence of deterrent 
alkaloids. However, ryegrass seedlings with peramine-
producing endophytes do become susceptible to 
insect feeding from 10-43 days after sowing due to a 
dilution-reduction in the peramine concentration and 
chemical defence as the seedling grows. After the initial 
vulnerable phase, ryegrass seedling growth and alkaloid 
production are synchronised, and able to protect the 
mature plant against insect predation depending on 
the endophyte strain and insect pest (Stewart et al. 
2014a; Gange et al. 2019). It may be expected that 
loline alkaloids are similarly diluted with seedling 
growth potentially leaving the seedling vulnerable 
until alkaloid production is synchronised with plant 
growth as seen with ryegrass alkaloids, although this 
needs verification. Farmers are encouraged to be aware 
of local pests that affect seedling establishment and 
select suitable endophyte strains for their location. 
Additionally, insecticide-treated seeds should be used to 
ensure seedling survival, improving pasture resilience 
during the important establishment phase.

Further research is needed to i) develop effective seed 

treatments which do not contain ecotoxic compounds; 
ii) determine the potential of using summer crops as a 
sustainable management tool with the aim of reducing 
pest problems before autumn pasture renewal occurs; 
and iii) identify endophytes in a wider range of pasture 
grasses which are able to perform in a more variable 
and drier climate. 
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