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Abstract
The effect of Neotyphodium grass endophyte on alkaloid profiles, dry matter
production and botanical composition of perennial ryegrass pastures
by
Sarah Louise McKenzie
This study involved three key experiments to examined the effect of Nil endophtye and novel
endophyte strains (AR1, AR37, Wild-Type (WT) and NEA2) of perennial ryegrass on dry-matter (DM)
production, botanical compositon, alkaloid profiles and possible effects on soil-pasture ecosystems
interactions.
A field trial measured DM production and composition of perennial ryegrass pastures sown with a
diversity treatment of with or without additional prairie grass, herb (chicory) and legume (white
clover). In the same trial, alkaloid and endophyte concentrations were examined in dissected
vegetative grass tillers to ascertain how alkaloids may potentially leave the plant and affect soilpasture ecosystems. Finally, a pot trial comparing the addition of live or dead perennial ryegrass
plant material was used to examine the effect of endophyte strain on the growth of associated
pasture species.
There was no effect of endophyte or diversity treatment on the total or seasonal herbage DM
production of the field trial, with a non-significant 18,540 kg DM/ha and 18,090 kg DM/ha total yield
for the diverse and monoculture treatments respectively over the 16 months of the trial. There was a
significant endophyte x diversity interaction in spring 2011 when monocultures of Nil and AR37 (5638
and 4963 kg DM/ha respectively) yielded significantly higher than that of their equivalent diverse
pastures (4099 and 4323 kg DM/ha). It is unclear the reasoning for this interaction.
The different seasons showed significant differences in the proportion of white clover in the diverse
swards with the highest in summer, and the lowest in winter (25% and 11% respectively as a
porportion of the total sward DM). There were minimal effects of endophyte on botanical
composition, with no significant differences for monocultures. The proportion of prairie grass
present in summer 2010/11 was significantly higher in WT diverse plots than other endophytes and
spring 2011 showed higher chicory present in WT and NEA2 diverse plots over AR37.
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Endophyte concentration differed for the different disected parts of the grass tillers and different
endophyte strains. The highest concentrations of endophyte was in the stem with 317 copies per ng
of gDNA. The leaves ranged from the youngest first leaf with 59 copies, increasing with leaf age to
268 copies in the remnant leaf. This is consistent with other findings of the endophyte being located
mainly at the base of the plant and having hyphae carried up as the leaf expands.
NEA2 had lower endophyte concentration with roughly 50% less copies of endophyte gDNA/ng than
the next closest treatment (AR1), approximately 66% less than WT, and 68% less than AR37. NEA2
had significantly less peramine than WT or AR1 for all tiller parts.
The pot trial live and dead plant material thatches differed in alkaloids. Peramine and Janthitrems
were higher in the live than the dead plant material. Lolitrem B concentrations for NEA2 were similar
in the live and dead plant material (1.55 and 1.34 ppm respectively), but higher in WT endophyte in
the dead compared to the live plant material (4.43 vs 1.04 ppm). Ergovaline was low (<0.01 ppm) for
NEA2 live and dead, but higher for WT live compared to dead plant material (0.30 vs 0.13 ppm).
Despite differences in alkaloids between live and dead thatch, there was little effect of endophyte on
shoot or root DM production. For the species tested, there was no evidence of endophyte exudates
from thatch affecting growth of prairie grass or Nil endophyte ryegrass companion pasture species.
White clover had an endophyte effect on the root: shoot ratio with AR37 and the no thatch control
resulting in a higher root: shoot ratio.
The addtion of thatch and thatch type affected plant growth. Addition of live plant material increased
shoot production over dead plant material addition for the ryegrass and prairie grass, but not for
white clover. This result is likely from the differing nutirent application from the plant thatch
material. The higher added nitrogen content from the live thatches (averaged 2.2% for live and 1% of
plant material for dead) has increased growth of the grasses, but had minimal effects on white
clover. Overall, the effects of endophyte were minor compared to the effects of either the live or
dead plant material. It could have been of interest to collect back any remaining plant thatch
material that was applied to the pots and have the samples bulk tested to identify the changes in
alkaloids or endophyte content over the time of the pot trial. There was no expression of any
alkaloids in any of the indicator plants.
It had been hypothesised that the decomposing plant material may indirectly affect associated
pasture plants in the sward through negatively impacting beneficial soil microbes and functions, or it
was proposed there could be a direct allelopathic impact of the chemicals present. It is concluded
that leaching from live and dead decaying plant leaf material of E+ plants is not a major mechanism
by which endophytes shape pasture plant communities.
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No allelopathic impact of alkaloids was observed. There may be more unanswered questions for
water soluble type endophyte alkaloids which may have a greater potential the transfer from the
plant. Questions are raised around endophytes which also express alkaloid chemicals in their roots
and protect from certain root feeding insects.
Keywords:, Neotyphodium, Epichloë, Lolium perenne, Trifolium repens, perennial ryegrass, white
clover, allelopathy, soil-pasture interactions, diverse pastures, chicory, prairie grass
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The aim of this thesis is to determine effect of novel endophyte strains of perennial ryegrass on dry
matter production, botanical composition, alkaloid profiles and possible effects on soil-pasture
ecosystems interactions. The study used a range commercially available endophyte strains (AR37,
AR1, NEA2, Wild-Type, Nil) grown in perennial ryegrass cultivar (Alto). Thus, the study was able to
separate out the effects and relative importance of difference alkaloids on surrounding pasture
species, without confounding effects of plant genotype .
The specific objectives of the thesis were to:
1. Determine the effect of endophyte strain on dry matter production and botanical
composition of pastures grown under irrigation.
2. Quantify the effect of vegetative tiller leaf age on endophyte strain’s alkaloid and endophyte
concentration.
3. Determine the effect of live or dead above ground thatch of varying endophyte strains on
common associated pasture species.
The objectives were examined in 3 studies. A field trial measured DM production and composition on
perennial ryegrass pastures sown with and without additional herb (Choice chicory) and legume
(white clover). In the same trial, alkaloid and endophyte concentrations were examined by plant part
and leaf age to ascertain how alkaloids may potentially leave the plant and affect plant-soil-animal
ecosystems. Finally, a pot trial with live and dead perennial ryegrass plant material was used to
examine the effect of endophyte strain on the growth of associated species.
Thesis structure:
The general introduction (Chapter 1) is followed by a review (Chapter 2) of literature on the effects of
endophyte grasses on dry matter production and what is currently known on the potential effect on
the surrounding environment, including insects and pest protection, pasture production, persistence,
animal growth and production, and soil-pasture interactions. Chapter 3 describes the field trial
measuring DM production and botanical composition. Chapter 4 investigates the effect of changes in
alkaloid and endophyte concentrations of different aged leaves of a tiller. Chapter 5 describes the
pot trial examining the effect of the varied soil surface applied thatch treatments. Chapter 6 covers
the general conclusions from this thesis.
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seed from the infected host plant (naturally occurring or artificial association). Novel endophytes are
selected for their desired chemical profiles and inoculated into a host plant forming an artificial
association. They are considered to be in a mutual non-parasitic association with their host grass
plant; with the endophyte gaining a host, as well as nutrients for growth and survival, and the plant
receiving the beneficial protection that the endophyte alkaloids have in protecting the plant against
certain pasture pest (Easton, 1999).

2.3 Alkaloids
2.3.1 The production and properties of alkaloids produced by Neotyphodium
endophytes.
The benefit of grass persistence and production is due to the alkaloid chemicals endophytes produce
and the pest resistance properties associated with these (Lane et al., 2000). The four major alkaloid
groups are ergopeptines, lolitrems, lolines and peramine. Janthitrems are a fifth group discovered in
recent years, but currently only one strain of N. lolii is known to produce them (Tapper & Lane,
2004).
The distribution of alkaloids in the plant is important as it will influence effects on insect pests and
also potentially how alkaloids may leave plant and affect plant-soil interactions. Spiering et al. (2005)
dissected grass tillers in to 16 different categories, with alkaloids differing significantly between the
tissues and genotypes. Concentrations followed an approximate basal – apical gradient, with similar
findings by Keogh et al. (1996); Lane et al. (1997); and Siegrist et al. (2010). Siegrist et al. (2010)
quantified alkaloid levels in live, standing dead, and senescing E + (Neotyphodium coenophialum
containing loline and ergot alkaloid) and E - tall fescue plant material. Standing dead E+ biomass had
significantly reduced alkaloid levels, with 6 – 19 times lower levels than measured in the
corresponding live E+ biomass. It was proposed that alkaloids were largely absent in standing dead
material, which is the typical input of plant material into the decomposition process.

2.3.1.1 Peramine (pyrrolopyrazine)
Peramine is a pyrrolopyrazine alkaloid that is an insect deterrent made up from a lipophilic ring
system and the hydrophilic guanidinium group, which is described as a novel structural feature not
reported in any other insect feeding deterrent (Tanaka et al. 2005). Peramine does not cause any
negative animal health impacts and has effect against two of New Zealand’ s major insect pests of
argentine stem weevil (ASW) and mealy bug.
Peramine appears to be continuously produced by certain endophyte strains, but does not
accumulate in the plant. There has not been reported any further metabolism of peramine, or
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mechanisms for its removal, and appears fairly evenly distributed in plant tissue, not accumulating in
older tissue (Ball et al. 1993, 1997a; Spiering et al. 2002, 2005).
Koulman et al. (2006) aimed to determine if peramine or peramine metabolites are detected in plant
fluid to determine if peramine is mobilized, metabolised or excreted by the plant, as well as to
determine if other fungal metabolites are mobilized by the plant. Cut leaf fluid and guttation fluid of
different grass endophyte associations were investigated (Lolium perenne with Neotyphodium lolii,
Festuca arundinacea with Neotyphodium coenophialum, and Elymus sp. with Epichloe sp.). Peramine
was detected in the cut leaf fluid of a range of different grass endophyte associations, indicating the
mobilization of fungal alkaloids into plant fluids by the host plant.
In WT infected perennial ryegrass, peramine was found to be relatively evenly distributed throughout
the plant except in the senescent leaf sheath where it was present in low levels (Davies et al. 1993).
It was identified that there was a reduction in the peramine levels in the 2nd leaf and the 3rd and 4th
leaves at the later harvest (Table 2.1). Further studies (Di Menna et al. 1992; Keogh & Tapper, 1993;
Keogh et al. 1996; Lowe et al. 2008) are consistent with the findings of Davies et al. (1993) with
peramine relatively evenly distributed through the plant.
Table 2.1

Lolitrem B, peramine, and ergovaline and pacilline* (ppm) in fractions of cv.
“Grasslands Marsden” perennial ryegrass with wild-type Acremonium lolii endophyte
at two harvest dates (Davies et al. 1993).
Lolitrem B

Plant Fraction

Peramine

Ergovaline

Paxilline*

March

April

March

April

March

April

March

April

1st leaf

0.4a

0.4a

22.9 a

28.5 a

0.3 a

0.2 a

6.3 a

4.0ab

2nd leaf

1.2b

0.6 a

23.8 a

20.8 b

0.4 a

0.4ab

5.1ab

5.5 a

3rd& 4th leaf

2.5 c

1.2 b

28.4 a

15.7 c

0.0 a

0.0 a

3.6 b

5.0 a

Upper pseudostem

3.4 c

1.8bc

22.7 a

25.0 a

0.5 a

0.8 b

5.8ab

2.2 b

Lower pseudostem

5.1 c

2.5 c

26.3 a

24.3 a

1.4 b

1.5 c

3.9ab

1.8 b

Senescent leaf sheath

10.9 d

5.7 d

9.0 b

6.5 d

0.6 a

0.0 a

4.4ab

2.3 b

* Paxilline-like compounds determined by ELISA in paxilline equivalents.
a–d

Means at same harvest with different superscripts differ significantly (P<0.05)

2.3.1.2 Lolitrem B (indole-diterpene)
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Lolitrem B is the most abundant indole-diterpene found in the N. lolii – perennial ryegrass endophyte
associations (Gallagher et al. 1984). Lolitrem B is the alkaloid that causes the mammalian mycotoxin
disorder “ryegrass staggers”. It has been shown to accumulate over time in older leaf tissue and
present only in low levels in young plant tissue (Spiering et al. 2005).
Davies et al. (1993) found that the Lolitrem B is concentrated towards the base of the plant,
particularly in the senescent leaf sheath where there were very high concentrations were found at
the April harvest (Table 2.1). Other studies of the distribution of lolitrem B in perennial ryegrass (Di
Menna et al. 1992; Keogh & Tapper, 1993) resulted in similar findings to that of Davies et al. (1993)
with lolitrem B being concentrated towards the base of the plant and leaf sheath.

2.3.1.3 Ergovaline (ergopeptine)
Ergovaline is the most predominant ergopeptine alkaloid produced by Neotyphodium endophytes
(Yates et al. 1985; Lane et al. 2000) and concentrated in the stem and basal leaf sheath (Spiering et
al. 2005). The production of ergovaline has been shown to deter black beetle from feeding on its host
and may also deter other insects (Ball et al. 1997b). The ergot alkaloid ergovaline is a concern due to
the toxicity to livestock and other grazing mammals which leads to questions as to whether there are
wider environmental implications of novel endophyte grasses. Ergovaline was shown to be
concentrated primarily in the lower pseudostem in perennial ryegrass with wild-type endophyte, and
is at relatively low levels elsewhere (Davies et al. 1993) (Table 2.1).

2.3.1.4 Janthitrem
A strain of N. lolii named AR37 produces Janthitrem related compound 11, 12- epoxy-janthitrem
(Tapper & Lane, 2004). In 2006, AR37 was released commercially in four varieties of perennial
ryegrass (Milne, 2007). Epoxy-janthitrems are much less toxic than lolitrem B, but in some cases
ryegrass staggers have been identified in animals grazing AR37, although cases are infrequent and
short in duration (Fletcher, 2005). Little data is available on the distribution of Janthitrems through
the grass plant.

2.4 Alkaloid profiles of novel endophytes
There are a range of novel endophyte strains of perennial ryegrass which produce different alkaloid
profiles. These are summaries in Table 2.2, although no specific concentrations on analysis by plant
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part are presented for most endophyte strains except WT. The pest resistance properties of the
endophytes depend on the alkaloids produced.
Table 2.2

Alkaloid profiles of AR1, AR37, NEA2, Wild-type, Max P and U2 endophyte (adapted
from Popay & Gerard, 2007).
Spp.

Lolitrem B

Ergovaline

Peramine

Janthitrem

Loline

AR1

N. lolii

Nil

Nil

High

Nil

Nil

AR37

N. lolii

Nil

Nil

Nil

High

Nil

Standard “Wild-type”

N. lolii

High

High

High

Nil

Nil

moderate

Nil

Nil

moderate

Nil

Nil

AR6/Endo 5

N. lolii

Nil

NEA2*

N. lolii

low moderate

low moderate
low moderate

*NEA2 is a brand name and in some cultivars includes a mix of NEA2 and NEA6 endophyte
AR1 endophyte has been shown to produce peramine, but not lolitrem B and ergovaline (Bultman et
al. 2003). However, AR1 does produce several indole-diterpene intermediates, including paspaline,
13-desoxypaxilline, and terpendole C (Young et al. 2009).
AR37 does not produce lolitrem B, ergovaline, or peramine, but does produce epoxy-janthitrems, a
group of indole-diterpenoid alkaloids with structural similarity to lolitrems (Bultman et al. 2003;
Rasmussen et al. 2007, 2008, 2009a).
Host–endophyte interactions have been demonstrated to strongly influence endophyte presence,
alkaloid production, and host performance (Faeth & Bultman 2002; Faeth & Sullivan 2003). Although
endophyte genotypic variation may largely account for variation in alkaloid production, interactions
with the host plant genotype also result in variation (Easton et al. 2002; Rasmussen et al. 2007).

2.5 Impact of Neotyphodium Endophyte
2.5.1 Insects and pests
For the spectrum of resistance to insects for the different endophytes, refer to the publication of
Stewart et al. (2014).
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2.5.1.1Argentine stem weevil (ASW; Listronotus bonariensis)
Argentine stem weevil (ASW) is a primary insect pest of pastures in New Zealand found nationwide.
Two to three generations of ASW occur per year, depending on climate and location, with 1 to 2
cycles per year in Canterbury. ASW causes considerable damage to perennial ryegrass. The adults
feed on the leaves (Prestidge et al. 1991) and lay eggs on the pseudostems of the plant. The larvae
then hatch and burrow into the tillers of the plant (Popay & Thom, 2009). Each larvae may damage
between 3 and 8 tillers. Young pastures, less than 3 years old are most at risk because they are less
tolerant to insect attack (Prestidge et al. 1991). There are three key alkaloids that protect pasture
from ASW. Permaine alkaloids deter adult ASW when present a minimum of between 15 and 20 ppm
(Popay & Wyatt 1995). Lolitrem B affects the ASW larval development. Janthitrem alkaloids protect
grass plants from the argentine stem weevil larvae, but not adults. Larvae damage is reduced by
AR37, AR1 and WT endophyte. This was found by Popay & Thom (2009) (Figure 2.1) with reduction in
all years in comparison to nil endophyte treatments.

Image removed

Figure 2.1

(a) Argentine stem weevil adult feeding score/tiller, and (b) percentage of tillers
damaged by larvae on different endophyte treatments over 3 years (2006 to 2008)
(Popay & Thom. 2009)

Other trials have also shown similar results with adults showing preference for feeding and
ovipositing (laying eggs) on endophyte free plants over that of those infected with endophyte (Popay
& Ball. 1998), and that AR1 and WT are equally effective at reducing ASW adult feeding and larvae
damage compared to Nil endophyte treatments (Popay et al. 1999).

2.5.1.2 Black beetle (Heteronychus arator)
Black beetle is only a major pasture pest in the northern half of the North Island (Waikato, Bay of
Plenty and Hawkes bay, as well as Northland and Gisborne depending on soil type) and is not a
problem in the South Island. Ergovaline and Janthitrems are the important alkaloids that deter adult
black beetle. Pot trials have identified that WT endophyte reduced adult feeding compared to nil
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endophyte (Ball et al. 1994). Two field trials by Popay et al. (2001) were consistent with this and
showed WT endophyte deterred adult feeding (Figure 2.2) over that of AR1, although AR1 had
significantly lower feeding than that of Nil. A field trial by Popay et al. (1999) identified larvae
damage was similar for AR1 and WT. Sampling for larvae by Popay & Baltus. (2001) showed as
expected Nil had the highest presence, followed by AR1 and WT.

Image removed

Figure 2.2

Density of black beetle (larvae, pre-pupae, pupae, and adults) populations measured
annually between 2006 and 2008 in pastures of different endophyte treatments
(Popay & Thom. 2009).

AR37 has shown similar abilities for protection as WT endophyte with a significantly lower
percentage of plants with black beetle damage (8 and 9% respectively), than that of AR1 (29%)
(Hume et al. 2007). No literature was found from pot trials or bioassays that have tested AR37
resistance against black beetle larvae. AR37 has been shown to directly affect adult black beetle
feeding (Ball et al. 1994). A three year trial reported by Popay & Thom (2009) identified that black
beetle numbers were maintained low in AR37, WT, and AR1 pastures in year 1 and 2, but in the third
year AR1 treatments showed an increase in numbers of black beetle (Figure 2.2). There was no
identified critical alkaloid concentration of ergovaline or Janthitrems.

2.5.1.3 Porina (Winseana spp.) larvae
It is porina larvae that do the detrimental plant damage and are a significant pest problem in the
lower North Island, as well as in Southland and Otago. Popay et al. (1998) noted that porina showed
sensitivity to endophyte. Janthitrem alkaloids are both deterrent and toxic to porina larvae. Further
investigation of this was carried out in two pot trials by Jensen et al. (2004) showing AR37 reduced
9

larvae damage (Figure 2.3), and also reduced survival, larvae weights and head widths greater than
that of WT, AR1 and Nil. AR1 did not significant impact the survival of larvae, and there was no
significant difference of weights or head widths relative to WT.

Image removed

Figure 2.3

Cumulative damage (number of tillers) caused by W. cervinata (porina) larvae to (a)
Nil, WT or AR37 plants over 6 weeks or (b) feeding on Nil, WT, AR1 or AR37 plants over
4 weeks (Jensen et al. 2004).

When larvae were given a choice between AR37 or Nil endophyte tillers in a choice bioassay, AR37
slightly deterred the porina larvae feeding. On average the larvae consumed 17.5 mm of AR37 stem
compared 32.4 mm of Nil, and 6.1 mm of AR37 leaf compared to 33.5 mm of Nil (Table 2.3). Nil and
WT identified no preference between the two, and AR1 did not affect larvae feeding choices (Jensen
et al. 2004).
Table 2.3

Mean length of stem and leaf (mm) consumed over a 3-day period by 17-week old W.
cervinata larvae in a choice bioassay (Jensen et al. 2004)
Leaf1

Stem

1

E+2

E-

Significance

E+2

E-

Significance

WT vs Nil

25.5

24.5

Ns

20.1

10.8

ns

AR1 vs Nil

19.8

20.1

Ns

31.2

18.4

ms

AR37 vs Nil

17.5

32.4

*

6.1

33.5

*

analysis carried out on log-transformed data, 2E+ = WT, AR1 or AR37; E-= Nil, ns = not significant, * = P<0.05

2.5.1.4 Root aphid (Aploneura lentisci)
Root aphid (Aploneura lentisci) can be found throughout New Zealand and is an issue as they suck
the roots and create poor plant health. In a pot trial carried out by Popay & Gerard (2007), AR37 was
shown to strongly suppress root aphid numbers. This trial also showed WT had fewer aphids than
AR1 and Nil endophyte treatments which both provided similar low protection.
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Figure 2.4

Percentage-age of samples infested with root aphid measured annually between 2006
and 2008 in pastures of different endophyte treatments (Popay & Thom. 2009).

A field trial by Pennell et al. (2005) is consistent with this, with AR1 having the highest number for
root aphid per core (7.0), compared to WT (2.9) and AR37 (0.3). This indicates AR37 may have some
effect to reduce root aphid numbers and was also shown by Hume et al. (2007) identifying that AR37
treatments had lower scores of root-aphid infection. Popay & Thom (2009) identified AR37
treatments having consistently lower percentage of samples with root aphid infested than AR1 and
nil by 2008, although not different to WT (Figure 2.4).

2.5.1.5 Grass grub (Costelytra zealandica) larvae
Grass grub prefer free-draining soils and occur throughout New Zealand with the general exception
to north of the Waikato, and particular problem areas in Canterbury and Otago. Popay & Ball (1998)
identified that grass grub showed sensitivity to endophyte. A field trial reported by Popay & Thom
(2009) showed grass grub numbers increasing annually for all endophyte treatments (Figure 2.5),
with average populations of 12, 45 and 81/m2 respectively from 2006 to 2008. The Nil treatment was
an exception which had a decline in populations from 2007 to 2008. AR37 showed lower populations
consistently, although this was not significant due to the variability among replicates.

11

Image removed

Figure 2.5

Density of grass grub populations measured annually between 2006 and 2008 in
pastures of different endophyte treatments (Popay & Thom 2009)

A lab trial by Popay & Tapper (2007) compared the effect of endophyte on larvae consumptions of
seeds and newly germinated seedlings. In this trial AR37 also did not significantly reduced the
percentage of seed that was damaged compared to endophyte strains that produced loline alkaloids
(naturally occur in tall and meadow fescue), but did have less damage than the Nil endophyte
treatments. This would be expected as grass grub larvae are root feeding, and the alkaloids of AR37
are found in the leaves, while loline alkaloids have been known to produce concentrations in the
plant roots. The observed resistance of grass grub in field trials (Popay & Thom 2009) of AR37 grasses
may be possibly due to increased tolerance of AR37 infected plants from other insects, and not
actually resistance to grass grub larvae (Popay & Tapper 2007).

2.5.1.6 Pasture mealy bug (Balanococcus poae)
Pasture mealy bug is known to occur in Canterbury, Nelson and the Manawatu, although is generally
not considered a serious issue. Compared to some of the other pasture pests, there was not a lot of
literature on the resistance from endophyte. A trial by Pennell et al. (2005) did show endophyte had
lower populations that Nil treatment. Populations of pasture mealy bug were similar for endophyte
treatments, with AR37, AR1 and WT all having significantly lower populations (0.3, 1.0 and 0.6 per
core respectively) than Nil (16.8 per core) (Pennell et al. 2005).
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2.5.2 Endophyte impact on pasture production and persistence
In New Zealand’s pasture based farming systems, the ability to produce grass is the main livestock
feed source and hence a significant driver of meat and milk production. Farming systems which place
a high importance on pasture production and persistence, often justify the use of grass with novel
fungal endophyte due to benefits of increased resistance from insect attack leading to pasture
persistence and productivity gains over non-endophyte infected grasses (Easton 1999; Hume et al.
2007; Popay & Bonos 2008).
There is a close link between the pest pressure, resistances and the agronomic performance when
comparing endophytes. In the high pest regions of the upper North Island where there is potential
for summer drought, the commonly sown ryegrass pastures struggle with persistence unless infected
by endophyte (Table 2.4). The greatest benefits in ryegrass yields for AR37 were achieved in the
northern regions of New Zealand (36% and 17% for Kerikeri and Hamilton respectively), and were
greater in late summer/autumn (Hume et al. 2007).
The severe drought combined with the insect attack pressures almost completely wiped out the Nil
endophyte pastures in the DairyNZ paddock scale trial (Thom et al. 2008). After year 2, pastures with
less than 2000 tillers per m² were undersown with their same treatment. Three AR1 and WT
paddocks required re-sowing, compared to only one AR37 again indicating the persistence benefits
of ryegrass infected with AR37 under stressed conditions such as drought (Popay & Thom 2009;
Thom et al. 2008). Pasture renewal is a very costly investment and this should be factored in with
analysing performance of AR37 on a whole farm scale, not just considering the MS production. In
addition to this, it is sometimes justified to sown some proportion of pastures with Nil endophyte in
regions such as Canterbury. This occurs on the Lincoln University Dairy Farm and due to the access
to irrigation and nitrogen fertiliser, the healthy and actively growing plants can tolerate some
amount of the relatively low pest pressure in this region.
Novel endophytes such as AR1 and AR37 can provide benefits in increasing persistence and
maintaining a high producing pasture due to the protection provided against certain pasture pests
from their particular alkaloid profiles, but with reduced toxins that cause animal health problems
associated with WT endophyte (Easton 1999; Rattray 2003). WT endophyte is commonly found in
many older pastures throughout New Zealand and although high pest resistance, it causes animal
health problems from the high concentrations of lolitrem B and ergovaline that cause ryegrass
staggers and heat stress respectively (Easton, 1999; Rasmussen et al. 2007; Rattray, 2003).
Ryegrass infected with AR37 can have increased pasture production and persistence over that of AR1
and Nil. This is due to the higher pasture pest resistant properties from the janthitrem alkaloids,
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which explains the persistence and hence yield advantage over that of AR1 and Nil endophyte. The
initial field trials (mid-1990s) that identified AR37, showed it produced on average 12% higher DM
than WT endophyte over the 3-4 year trial, with the greatest differences in northern New Zealand,
particularly in late summer/autumn (Thom, 2008). A small plot trial by Hume et al. (2007) has shown
similar finding to a paddock scale field trial initiated by DairyNZ in 2005. The field trial reported by
Thom (2008), compared on the effects of endophyte on cow health, milk production and pasture
production which allowed insect analysis by Popay & Thom (2009).
Hume et al. (2007) reported AR37 as the highest yielding treatment (11,080 kg DM/ha/yr) producing
higher DM than both AR1 and WT (8810 and 8930 kg DM/ha/yr respectively) with a yield advantage
of 16 and 18%. Figure 2.6 shows the annual DM yield advantage of AR37 becoming more apparent
over time, particularly when the plant is put under added moisture stress (Hume et al. 2007).

Image removed

Figure 2.6

Annual ryegrass dry matter yield (kg DM/ha) for three endophytesat a sites in
Hamilton. A full year consists of yields from spring to autumn of the following year
(Hume et al. 2007).

As seen in year 1 (Figure 2.6 and 2.7), there were no significant yield advantages of endophyte, but
over time, the advantages become more apparent. The relative seasonal yield differences (Figure
2.7) were particularly large in year 4 due to an extended summer with a particularly dry autumn, of
which AR37 was more persistent (Hume et al. 2007).
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Figure 2.7 Relative ryegrass yields for ryegrass infected with AR1 and AR37 endophyte compared
with standard endophyte (=100) for each season at a site in Hamilton (Hume et al.
2007).
Popay & Thom (2009) reported similar findings in the summer drought of 2008 in the 3rd year of the
DairyNZ trial with significantly reduced tiller densities of the WT, AR1, and Nil treatments (1930,
1680, and 810 tillers/m² respectively) compared to the increased tolerance of AR37 (3420 tillers/m²)
(Table 2.4).
Table 2.4

Ryegrass tiller density (tillers/m²) in autumn, and pasture yields (t DM/ha) (cut to
grazing height in grazing exclusion cages) (Adapted from Popay & Thom, 2009; Thom
et al. 2008).
AR37

AR1

WT

Nil

Significance

AR1 vs AR37

May 07

6040

4570

5250

4190

NS

NS

Mar 08

3420

1680

1930

810

***

**

May 08¹

5580

2430

3300

NC

**

**

Tiller density

% Area Re-sown
17
50
50
100
¹ Includes pastures undersown in late April 2008; NC, not continued; NS, not significant,
**P<0.01, ***P<0.001
Bluett et al. (2005) identified no differences in pasture yield or the nutritional value of AR1 compared
to WT endophyte pastures. The two year trials comparing AR1, WT and Nil endophyte perennial
ryegrasses, found similar results for both endophyte treatments with an average of 18.3 t DM/ha in
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year 1 and 13.8 t DM/ha in year 2, with ryegrass tiller density also being unaffected by endophyte
status (averaging 4660 tillers/m² 3 months after sowing, and 5780 tillers/m² over the rest of the
trial). These tiller densities found by Bluett et al. (2005) indicating persistence, are higher than those
recorded by Thom et al. (2008), showing the major effect that drought can have on ryegrass
persistence like that experiences in the summer of 2008. The yield values identified by Bluett et al.
(2003) comparing AR1 and WT are in keeping with the above literature. Yields of AR1 and WT were
similar with 14.7 and 14.4 t DM/ha respectively in year 1, and 14.1 and 12.9 t DM/ha in year 2.
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2.5.3 Potential wider implications of endophyte infected grasses
With novel endophyte becoming increasingly used in pasture grasses there is the need for greater
understanding of the wider effect of endophyte infected grasses on the environment. Matthews &
Clay (2001) reported that the direct effects of endophyte-infected grass communities on the growth
of other surrounding pasture plants, or subsequent sown plants are not yet well known or
understood. They noted that there were interesting indirect effects that can be investigated to
identify the causes of some plants to grow better on soils that have previously grown low endophyte
containing grasses (Matthews & Clay, 2001).
Although the ryegrass fungal endophytes are only present in above-ground plant tissue there are a
number of proposed ways that endophyte infected grasses may have an impact on the wider plant
communities. Some of the chemical by-products are translocated below ground, and have been
implicated in resistance to several root-feeding invertebrates (Popay & Gerard, 2007). These are
generally not associated with perennial ryegrass endophtyes and more with the loline alkaloid
producing endophytes. It is suggested that allelochemical by-products of E+ grasses could directly
enter the soil through root exudates or leaching from plant residues (Antunes et al. 2008;
Franzluebbers & Hill, 2005). Alternatively, endophyte-derived chemicals could indirectly enter the
soil through urine and faeces excreted by grazing livestock (Cripps et al. 2013; Gooneratne et al.
2012; Westendorf et al., 1993).

2.5.3.1 Pasture composition
Several field studies have noted observations of reduced legume content overtime when grown in
mixes with endophyte-containing grasses (E+), compared to nil endophyte grasses (E-) (Bryant et al.
2009; Malinowski et al. 1999; Takai, et al. 2010).
The preference for legumes and therefore the likelihood of selective grazing of clover by livestock
may further reduce its proportion within the sward. In early work, Edwards et al. (1993) noted that
sheep preferred E- over E+ herbage with WT endophyte. Such selection against WT endophyte and
selection for clover may place clover at a competitive disadvantage (Popay & Thom, 2009; Thom et
al. 2008). Other literature has also considered that the reduced clover content is not totally the
response on the increase ryegrass vigour, but possibly an allelopathic by-product of E+ grasses.
Possibly directly entering the soil through root exudates or could be leaching from plant residues
potentially negatively affecting the surrounding pasture species such as clovers (Sutherland &
Hoglund, 1989). Findings on this have been varied, with some note of positive effects of E+ grasses
on the germination and growth of other plants (Prestidge et al. 1992).
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Controlled experiments have suggested that the clover suppression may be due to the increased
vigour of host grass (Ravel et al. 1997) or alternatively due to allelopathic effects (Sutherland et al.
1999). A field trial by Sutherland & Hoglund (1989) showed a reduction in the density of white clover
(Trifolium repens L.) plants when in pasture mixes with high endophyte (WT) perennial ryegrass
regardless of whether they were mown or grazed (Sutherland & Hoglund, 1989). Thom et al. (1999)
also compared high and low WT endophyte ryegrass when sown with white clover (7 kg/ha ryegrass
and 3.5 kg/ha white clover). It showed clover was low (<2% of DM) during the first winter/spring, by
summer there was no significant differences in clover content between treatments (15%), but from
the following winter white clover treatments averaged <1% of DM, although the findings could not
be statistically analysed due to large variability.
It has been shown that when WT endophyte plant material was applied to a pot trial growing
subterranean clover there was reduced nodulation, root length, shoot and root dry weight (Snell &
Quigley, 1993). Other work has shown that the application of WT endophyte solution caused growth
inhibition of white clover (Sutherland et al. 1999), although some work (Prestidge, 1992) has
identified that the allelochemicals of endophyte plants had no direct influence white clover vigour
and growth.
This negative effect of endophyte is notoriously inconsistent, and varies with environmental
conditions, and host competitive characteristics. Ryegrass in general is known to be a vigorous
competitor against clovers. Some studies have found that the increased competitive ability of E+
grasses against legumes has been indirect and only realised under conditions where endophyte
provides a benefit, such as environmental stress (Eerens et al. 1998), or intense herbivory (Clay et al.
1993).
Some evidence suggests endophyte infected grass can overtime reduce species diversity. Tozer et al.
(2007) identified that AR542/MaxP infected tall fescue suppressed annual grass weeds compared to
nil tall fescue. It has been suggested that this may be due to the competitive advantage of the host
grass over that of Nil endophyte infected species (Rudgers & Clay, 2007) from the reduced
susceptibility to insect attack.

2.5.3.2 Nodulation
Snell & Quigley (1993) identified that mulch of senescent perennial ryegrass containing endophyte
reduced nodulation, root length and shoot and root dry weight of 32 –day old subterranean clover
(Trifolium subterraneum L.) plants, compared to those grown with lower endophyte containing
mulches. Rhizobium strains able to nodulate white clover are widely spread in soil. The nodules
formed can vary in their effectiveness of fixing nitrogen. Rhizobium trifolii is moderately tolerant of
low soil pH (Crush, 1987).
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2.5.3.3 Rhizosphere, root growth and mineral uptake
Different endophytes may use different strategies for mineral uptake in different grass genotypes
and when under different nutrient availability. This may include chemical modification of the
rhizosphere from root exudates containing phenolics-like compounds that can act as chelants
(Malinowski et al. 1998), or through changes in root growth and morphology increasing the root
surface area and accessibility to nutrients from endophyte infected grasses (Malinowski et al. 1999).
There is also speculation that root residing endophytes may affect root physiology by changes in
element transporters or through plant hormones (Rasmussen et al., 2008). Other suggestion include
that endophyte may modifying litter and OM decompositions or microbial communities therefore
also indirectly influencing the nutrients available for plant uptake (Antunes et al. 2008; Chu-chou et
al. 1992; Cripps et al. 2013; Lemons et al, 2005; Matthews & Clay, 2001; Omacini et al. 2006).
Endophytes may reduce the colonization by arbruscular mycorrhizal fungi either in the host plant
(Mack & Rudgers, 2008; Omacini et al. 2006), or in plants growing following the death of the host
plant (Antunes et al. 2008). There has been a suggested negative impact of foliar endophytes and soil
communities, with noted decreases in soil microbial biomass (Jenkins et al. 2006) and reduced
mycorrhizal fungi colonisation and spore abundance in the soil (Chu-Chou et al. 1992; Guo et al.
1992; Mack & Rudgers, 2008; Müller, 2003; Omacini et al. 2006).
Casas et al. (2011) demonstrated that 7 months growing an E+ endophyte grass was enough to
detect significant changes in the soil functional capacity and perceptible differences in activity of soil
fungi, and the structure of the bacterial communities. Some suggestions have been that E+ and Eplants have differences in root exudation which potentially modifies the quantity/quality or the host
plant rhizosphere (Malinowski et al. 1998). Malinowski et al. (1998) found an increase in Fe3+
reducing activity in E+ plants.
If endophyte can affect the depth or surface area of the rooting system of the plant, then this will
potentially increase sourcing and access of minerals and water to the root surfaces to be taken up.
Root growth and morphology are genetically controlled (McLaren & Cameron, 1996), although other
factors linked to endophye are hypothesised as affecting this. There has been reported altered root
architecture (Malinowski et al. 1998; 1999), and the increase in root biomass (De Battista et al. 1990;
Latch et al. 1985; Ren et al. 2007) from E+ perennial ryegrass and tall fescue plants. This has been
suggested to be due to the presence of indole-3-acetic acid (IAA; auxin; Yue et al. 2000), or possibly
other hormonally active metabolites of the endophyte.
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2.5.3.4 Nitrogen plant uptake and efficiency
The amount of plant nitrogen uptake is one of the main factors that affect the amount of nitrate
leached from the soil. Greater uptake results in lower potentially leachable concentrations in the soil
solution. Root morphology can impact the nitrate leaching losses. Plants with extensive root systems
have a greater ability to uptake and capture nitrate from the soil. Ryegrass plants typically have an
extensive root system throughout the top soil and therefore are efficient at capturing nitrate within
the soil (Cameron et al. 2007).
Crush et al. (2004) identified that Neotyphodium shoot endophytes (AR1 and AR37) can influence
root distribution in perennial ryegrass, possibly from the production of the secondary metabolite
alkaloids (Malinowski et al. 2000) and changes in the root morphology (Malinowski et al. 1999). With
endophyte affecting root distribution it could therefore potentially impact nitrate interception.
Popay & Crush (2009) found endophyte had no effect on plant N uptake or leaching of perennial
ryegrass.
Cheplick et al. (1989) suggested that endophyte may have an added metabolic cost on the host plant
(decreased growth), especially in nutrient limited conditions as they may compete for nutrients, but
Belesky et al. (1995) reported that the infection of endophyte did not affect carbohydrate
accumulation of host plants when in low N conditions. This trial concluded that endophyte was not
detrimental to host plant growth even in nutrient limiting situations. A trial by Lewis (2004) reported
that when grass plants were grown in low N conditions that E+ grasses used N more effectively that
E- grasses, other trials have found the relationship inconsistent. Arechavaleta et al. (1989) found
that endophyte infection in tall fescue and perennial ryegrass was only beneficial at high N
concentrations. Hamilton et al. (2010) also found E+ produced significantly higher root and total
biomass when nutrient and moisture were high, compared to when they were limited, but this was
not compared against E- plants. It is possible that specific associations are variable in terms of their
nutrient efficiency (Cheplick, 2007) and it was concluded by Hesse et al. (2003), that the response
can be dependent of the environmental conditions in the original habitat of the plants.

2.5.3.5 Partitioning to growth of root and shoot systems
A few studies have investigated the impacts of endophyte infection on partitioning between roots
and shoots. Greater partitioning of DM to the roots when nutrients are limiting may improve the
ability to locate nutrients and increase nutrient uptake. Azevedo et al. (1995) identified that the
electron dense granules within the fungal cytoplasm of hyphae growing epiphytically on tall fescue
roots contained high amounts of phosphorus relative to adjacent tissue which may be how they
benefit the endophyte infected plants in low soil phosphate conditions. Again it appears that the
responses may be dependent on the genotype of the host and endophyte, as other trials have
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reported increased root dry weight (De Battista et al. 1990) and root: shoot ratio for endophyte
infected ryegrass (Hesse et al. 2003; Lewis et al. 1996) which would have the potential to be
beneficial for plant persistence and increased growth and ability for water and nutrient sourcing.
Cheplick (2007) reported that in nutrient poor conditions that endophyte infection significantly
reduced the root: shoot ratio, and the proportion of the shoot that was alive and photosynthetic.
Reports of the cost of endophyte infection being greater than the benefits have been reported by a
few researchers (Ahlholm et al. 2002; Cheplick et al. 1989; Morse et al. 2002).
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3.1.3 Soil samples
Soil samples were collected on 14 March 2011 by digging an approximate 10 x 20cm area to a depth
of 10cm in each monoculture plot to determine macronutrient status. Two samples taken within
each plot, were passed through a 4mm sieve, homogenized within the same endophyte treatment
between the four blocks and analyzed for pH, basic nutrients, organic soil profile, mineral N profile,
trace elements (Table 3.2).

3.1.4 Endophyte presence
All five grass-endophyte combinations, including Nil endophyte plots were assessed for the presence
of endophyte in the field plots in January 2011. From each plot, 20 tillers were sampled and scored
for the presence or absence of endophyte mycelium in epidermal sheath strips by the staining with
aniline blue of the hyphae and microscope examination at x 400 magnification. Infection was 0, 90,
95, 100 and 100% for Nil, WT, AR37, NEA2 and AR1, respectively.

3.1.5 Herbage dry matter (DM) yield production
Herbage DM yield measurements were determined before each grazing with one cut width (0.6m) of
a rotary lawn mower to 3.5 cm height (approximate grazing height) along the 3 m length of each plot.
The fresh weight (FW) of the bulk sample from the catcher was made in the field, and a
representative subsample taken for determination of DM%. The FW of the subsample was recorded,
and then oven dried before re-weighing. Herbage DM yield of the individual plots was calculated by
multiplying the DM content of the subsample (subsample dry weight divided by subsample fresh
weight) by the total fresh weight of the cut herbage weighed in the field, then adjusting value by the
area mowed to estimate the DM yield in kg per hectare. The mower strip was rotated into different
positions along each plot at successive harvests to avoid only cutting in the same place. Within 24
hours of the measurement harvests, the experimental plots were grazed by dairy cows.
There were a total of 9 harvests during the trial period of 1 July 2010 to 29 November 2011. Table 3.1
describes the seasonal time split used to allocate the DM produced in each of the seasons for the 9
harvest dates.
Table 3.1

Description of the seasonal time split used to allocate the herbage DM produced in
each season from the 9 harvest dates from September 23 2010 to November 29 2011.
Season
Est. Winter
Spring 2010
Summer 2010/2011
Autumn 2011
Winter 2011

Time split
1 July 2010 – 31 August 2010
1 September 2010 – 30 November 2010
1 December 2010 – 28 February 2011
1 March 2011 – 31 May 2011
1 June 2011 – 31 August 2011
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3.1.6 Botanical composition
At each harvest, botanical composition was assessed in each sub plot by cutting the herbage using an
electric hand piece to ground level along the length of a 1 meter ruler randomly place diagonally
across the width of the plot (approximately an 8 cm width of the cutter). The sample collected was
mixed and a representative sub sample selected (approximately 50g fresh weight (FW)), sorted into
components (base grass, white clover, prairie grass, chicory, grass weeds, dicotylendonous weeds
and dead material of all species), before being dried and weighed (to the nearest 0.01g) to determine
the relative proportions of species within each plot.

3.1.7 Alkaloid concentrations
In February 2011, leaf material from indicator species (white clover, chicory and prairie grass) were
randomly sampled (approx. 100g FW) from the diverse half of the plots, freeze dried and analysed for
alkaloids to determine if any alkaloids leached in soil solution were taken up by surrounding plants in
the sward. The February harvest was chosen to sample, as late summer had been identified the time
when the alkaloid concentration are high in the endophyte infected grasses. This is also when there
would likely be higher dead thatch material built up in the plant base near the soil surface.
Analysis of the alkaloids (Gas chromatography–mass spectrometry – GC –MS) was carried out by
AgResearch Ltd, by the methods described in (Rasmussen et al. 2007). A standard sample of a known
alkaloid concentration is run at the start and end of each batch of samples to ensure there have been
no problems or changes during the extraction.

3.1.7.1 Peramine and ergovaline
Dried and ground plant material (50 mg) was extracted with 1 ml of 50% aqueous isopropanol
containing 1% lactic acid (w/v) and internal standards of ergotamine and homoperamine. The
extracted samples were analysed by HPLC as described by Spiering et al. (2002) and Rasmussen et al.
(2007).

3.1.7.2 Lolitrem B
Lolitrem B was extracted from approximately 50 mg of dried and ground plant material with 1 ml of
1:2 Methanol: Dichloromethane (liquid). Samples were rotated for one hour and then centrifuged at
5000 rpm for 5 minutes. After this contact with the liquid there is a known amount of separation of
the polar compounds which can be identified by purifying the sample by HPLC. Analysis of the
lolitrem B concentrations used a Phenomonexluna silica column HPLC. The particular compounds
bind to the column over a period of time from the separation of the polar compounds (Liquid
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chromatography). The lolitrem B concentration is estimated by comparing the peaks in the areas of
with those from an authentic external lolitrem B standard. This analysis is from an adaption of the
method of Gallagher et al. (1985) as described by Hunt et al. (2005).

3.1.7.3 Janthitrems
Janthitrems were extracted from plant material with 1 ml of 80% acetone and analysis by HPLC as
described by Tapper & Lane (2004).

3.1.8 Statistical analysis
Herbage DM yields at each harvest date were analysed as a split block ANOVA (GenStatTM version
14.1), with endophyte as the main plot effect, and diversity as the sub-plot effect.
The botanical composition of diverse and monocultures plots was analysed separately, as there was
known differences between each half of the plots sown with and without white clover, chicory and
prairie grass. These were analysed using a one-way ANOVA comparing the effect of different
endophyte treatments on the different individual species in the sward. Fisher’s protected least
significant difference (LSD) test was used to separate means when the ANOVA was significant
(α=0.05).
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3.2.2 Soil samples
The average soil pH of the plots was 6.3, with a range of 6.2 – 6.4 (Table 3.2). The Olsen P in the
topsoil ranged from 38 – 42 mg/L and there was low available N.
Table 3.2

Treatment

Soil analysis for each of the five grass-endophyte combinations. Optimum range
represents most favourable level for pasture production.
pH

Available N
(kg/ha)
96
68
57
83
59
Low

Olsen P
(mg/L)
41
38
42
41
40
High

Ca

Mg

(me/100g) (me/100g)
8.5
0.48
8.7
0.46
8.7
0.50
7.9
0.43
9.5
0.54
Med
Low

Nil
6.3
AR1
6.2
AR37
6.3
Nea2
6.2
WT
6.4
Classification Med
Optimum*
5.525-30
6.5
Analyses by Hill Laboratories, Hamilton, New Zealand.

K

Na

(me/100g)
0.26
0.30
0.20
0.34
0.36
Low

(me/100g)
0.13
0.20
0.14
0.18
0.16
Low

Sulphate sulphur
(mg/kg)
3
6
3
3
3
Low

0.30-1.00

7-15

3.2.3 Herbage DM production
There was no effect of endophyte or diversity on total herbage DM production. Total 1st year average
production was 12508 kg DM/ha (12107 kg DM/ha for monoculture and 12908 kg DM/ha for
diverse), and total accumulated yield over 16 months 18316 kg DM/ha (monocultures 18087 kg
DM/ha and 18543 kg DM/ha for diverse). Diversity had no effect on seasonal herbage DM
production. There was a trending significant effect of endophyte in spring 2011 when the herbage
DM production of AR37 and Nil was higher than other endophyte treatments (Table 3.3). In spring
2011, there was a significant (P = 0.008) endophyte x diversity interaction (LSD = 945). Monocultures
of Nil and AR37 (5638 and 4963 kg DM/ha respectively) yielded significantly higher than that of their
equivalent diverse pastures by 37% and 15% (4099 and 4323 kg DM/ha). There was no difference
between diverse and monoculture spring 2011 yields for NEA2, AR1 and WT.
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Table 3.3

Main effect of endophyte and diversity on herbage DM production (kg DM/ha). Means
followed by different letters are significantly different according to Fishers Test
following significant ANOVA.
Est.
Winter

Diversity
Diverse
Monoculture
SED
LSD
P value
Endophyte
Nea2
AR1
AR37
Nil
WT
Average
SED
LSD
P value
Diversity x Endo
SED
LSD
P value

2010/2011
Spring Summer

Autumn

Total

2011
Winter
Spring

Total Yield
Accumulated

1461
1432
138
438
NS

5175
5023
324
1030
NS

4410
3925
199
633
NS

1862
1727
311
989
NS

12908
12107
468
1490
NS

1445
1509
158
504
NS

4189
4470
246
783
NS

18543
18087
655
2085
NS

1414
1420
1413
1512
1473

5094
5277
5282
5154
4689

3993
3816
4458
4474
4099

1700
1692
1769
1988
1823

1446
209
455
NS

5099
329
716
NS

4168
521
1135
NS

1794
280
610
NS

12201
12205
12921
13127
12084
12508
931
2028
NS

1573
1275
1463
1511
1565
1477
244
531
NS

4223 ab
3936 b
4643 ab
4869 a
3978 b
4330
331
723
0.058

17997
17417
19027
19507
17626
18315
987
2151
NS

268
563
NS

496
1073
NS

648
1341
NS

456
997
NS

1186
2455
NS

313
657
NS

455
954
0.008

1384
2866
NS

3.2.4 Pasture composition
3.2.4.1 Monoculture plots
The average proportion of perennial ryegrass, white clover and weed varied between the seasons.
Although there was trending composition differences within seasons, there was no significant
endophyte effect on the botanical composition of the monoculture plots in any season studied (Table
3.4). Winter and spring 2010 had large amounts of Poa spp. present in some plots. The percentage
of weed (mainly Poa annua) was highest in the Nil endophyte plots, although not significantly
different from other endophyte treatments. Volunteer white clover established from the buried seed
bank, with the percentage highest in the sward in the late summer, early autumn harvests, and high
amounts in WT and Nil plots, spring 2010. Dead material accumulated over the summer and autumn
2011 (average 13.1 % and 15.3 % respectively; data not presented in table). There was a trending
significant difference (p = 0.53; SED 1.1), with high amounts of dead material in the Nil plots (10%),
compared the AR1, AR37 and WT (8.3%), and the lowest in NEA2 (6.7%).
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Table 3.4

Main effect of endophtye strain on botanical composition (% Dry weight basis) of
monoculture plots for sown ryegrass, white clover and weed (dicot and annual grass
weeds).
Endophyte
strain

Sown ryegrass

Average
P value
White clover

Average
P value
Weed

Average
P value

Spring
2010

Summer
2010/11

Autumn
2011

Winter
2011

Spring
2011

AR1
AR37
NEA2
Nil
WT

84.4
72.6
69.5
58.8
67.2
70.5
NS

78.1
75.6
65.6
63.7
70.5
70.7
NS

70.2
74.4
75.6
73.7
71.6
73.1
NS

85.4
87.9
89.3
85.4
87.8
87.5
NS

94.4
94.5
94.4
93.1
94.7
94.2
NS

AR1
AR37
NEA2
Nil
WT

2.6
0.8
6.9
11.7
17.6
7.9
NS

7.2
4.2
16.4
16.1
12.1
11.2
NS

13.2
10.4
11.6
6.3
13.5
10.9
NS

7.4
3.9
4.8
2.2
4.1
4.5
NS

0.6
0.0
0.5
0.2
0.2
0.3
NS

AR1
AR37
NEA2
Nil
WT

12.5
26.6
19.7
25.6
14.9
19.9
NS

0.6
6.4
3.2
4.1
2.2
3.3
NS

0.0
0.0
0.6
0.1
0.8
0.3
NS

0.3
0.2
0.0
0.2
0.1
0.1
NS

0.8
0.8
0.8
0.5
0.5
0.7
NS

3.2.4.2 Diverse plots
Diverse plots had a higher proportion of the white clover, chicory and prairie grass than that of the
monoculture plots as these were all sown species. There was no significant effect of endophyte on
the proportion of perennial ryegrass or white clover in any season in the diverse pastures. The
proportion of white clover in the diverse swards was the highest in summer (Table 3.5).
The percentage of chicory was higher in autumn, winter and spring 2011, than the spring 2010 or
summer 2010/11. There was no effect of endophyte in spring 2010, summer 2010/11, autumn 2011
or winter 2011 on the percentage of chicory. In spring 2011, the proportion of chicory was greater in
WT and NEA2, than AR37 (P = 0.033). In summer 2010/2011 there was a significantly higher (P =
0.01) proportion of prairie grass in the WT endophyte compared to the other strains. The amount of
prairie grass did not differ in the other seasons. The proportion of dead material in the diverse plots
was unaffected by endophyte effect in any season (data not presented).
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Table 3.5

Main effect of endophtye strain on botanical composition (% Dry weight Basis) of diverse plots
for the sown grass, white clover, weed (dicot and annual grass weeds), chicory and prairie grass.
Endophyte
Strain

Sown Grass

Average
P value
LSD
White Clover

Average
P value
LSD
Weed

Winter
2011

Spring
2011

70.9
64.2
56.4
55.0
55.2
60.3
NS
25.4

66.7
60.2
64.9
55.5
60.1
61.6
NS
16.2

65.1
67.6
73.9
61.9
58.8
66.9
NS
26.2

66.5
74.3
71.3
73.7
59.2
69.0
NS
26.6

AR1
AR37
NEA2
Nil
WT

10.1
14.8
19.2
15.9
18.0
15.6
NS
17.7

17.7
21.5
27.5
28.7
30.2
25.1
NS
25.1

11.4
9.0
15.7
15.3
13.7
13.0
NS
16.6

8.5
8.0
13.9
9.9
14.1
10.9
NS
14.2

9.1
6.7
11.9
11.0
13.4
10.4
NS
12.7

AR1
AR37
NEA2
Nil
WT

9.7
12.6
8.3
18.5
6.5
11.1
NS
14.5

0.5
1.6
3.3
4.6
1.0
2.2
NS
3.2

0.0
0.9
0.2
1.2
1.2
0.6
NS
1.3

0.8
0.0
0.0
0.7
0.3
0.3
NS
1.3

1.7
0.2
1.6
0.6
0.6
0.9
NS
1.7

AR1

1.52

1.91

8.17

8.11

9.03ab

AR37

1.08

1.39

11.33

9.06

3.42bc

NEA2

1.16

2.05

7.47

6.23

11.49a

Nil

0.94

1.79

8.44

9.77

9.04ab

WT

1.52

3.89

17.25

16.45

16.10a

1.2
NS
1.5

2.2
NS
2.4

10.5
NS
12.4

9.9
NS
11.9

9.8
0.033
7.3

0.21

0.90b

3.57

11.58

10.93

3.43

2.01b

5.37

8.78

12.07

1.56

2.47b

1.42

1.61

0.80

1.79

2.20b

5.77

3.33

1.19

2.44

5.17a

2.76

1.80

4.06

1.9

2.6

3.8

5.4

5.8

NS

0.01

NS

NS

NS

3.3

2.1

4.4

15.6

16.0

AR1
AR37
NEA2
Nil
WT

LSD

Autumn
2011

78.4
68.2
69.9
62.9
71.6
70.2
NS
28.5

Average
P value
LSD
Prairie Grass

P value

Summer
2010/11

AR1
AR37
NEA2
Nil
WT

Average
P value
LSD
Chicory

Average

Spring
2010
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3.2.5 Alkaloids
No alkaloids were found in any of the indicator species (white clover, chicory, and plantain) in
February 2011. Due to the cost of this analysis and the lack of any found, no further measurements
of this were taken.
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3.3 Discussion
3.3.1 Herbage DM production
3.3.1.1Effect of endophyte on DM production
There was no significant main effect of endophyte on seasonal or total DM production in this trial.
This contrasts with previous work carried out at Lincoln (Pennell et al. 2005) where AR37 resulted in
a higher DM production than AR1 and nil endophyte. The result from Pennell et al. (2005) was
related to the presence of both mealy bug and root aphid, with yield directly correlated to the extent
of the bug populations pressuring the different treatments. This trial was however over numerous
years, not just the first 14 months like the data presented in this thesis. Bryant et al. (2009) showed
similar results to the current work with no endophtye effect (AR37, AR1, Nil) on DM production
under similar irrigation and fertility conditions to this trial. This shows that the effect of endophyte
on herbage production depends on the variability of pest pressures. The reason for the lack of effect
of endophyte on herbage DM production in this current research can be linked to the low insect pest
pressures, the age and duration of the trial reported, and the relatively low environmental stresses
(e.g. irrigation and sufficient fertiliser) on the field plots.
Insect monitoring completed in addition to this study found minimal impact of Argentine Stem
Weevil (ASW). Tiller samples from adjacent paddock locations to this field trial, indicated very low
pest pressure in summer 2010/11 (Dr. Michael Cripps, unpublished). There was no presence of
porina or grass grub feeding observed during the measurement period. These insects typically are
not an issue following cultivation, and infestation in the second year are reduced if relatively low
pasture masses are maintained during spring moth flights (Barratt et al. 1990), like that in the first
year of this study. Insect monitoring work in nearby pastures by Dr. Michael Cripps was undertaken,
with low levels observed.
Harvests of this field trial are reported for 9 harvests from sowing, to a sward age of 14 months. It
has been shown that the advantages to endophyte increase and become more apparent over time
(Hume et al. 2007), particularly for AR37, when there are a wide range of pests pressures such as
root aphid (Popay & Gerard, 2007).
There was no significant moisture or heat stress for these plots as irrigation was available and used
moderately. The intensively grazed nature of grazing following harvest measurements minimized
animal preference and selection of certain species within the plots. The plots were not grazed during
winter, with minimal pugging and grazing damage. With sufficient nitrogen supply and no significant
water stress, the grass plants are able to grow and substitute for any minor pest attack.
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Spring 2011 had significant difference in the average yield (Diverse and monoculture combined) of
the different endophyte strains. The Nil and AR37 treatments were significantly higher than other
endophyte strains. It is uncertain as to why this was the case. The monocultures all had a high
proportion of the sown grass. The diverse Nil and AR37 treatments had the highest proportion of the
sown grass in spring 2011 although this was not significant, but could have contributed to providing
to the combined average.

3.3.1.2 Effect of diversity on DM production
There was no significant effect of diversity on seasonal or total herbage DM production. However,
after one year the diverse pastures were approximately 800 kg DM/ha higher than the monocultures,
dropping to approximately 400 kg DM/ha after 15 months. This is similar to findings in previous
studies (Minnee, 2011) showing inconsistent effect of the contribution of companion species to
herbage DM production. Minnee (2011) found that the addition of companion species (white clover,
red clover or chicory), either reduced or produced equivalent DM yields compared to monoculture
ryegrass pastures. The chicory contributed greatly in the warmer months of summer, which
commonly was associated with a decline in the sown grass. These links were not as strong or
consistent with the current trial when comparing chicory in a broader mix of both white clover and
prairie grass. This could be explained by the variation in location where these trials were carried out,
with Minnee (2011) in the Waikato, compared to Lincoln, Canterbury.

3.3.1.3 The endophyte x diversity interaction
Spring 2011 showed an interaction of endophyte and diversity treatments on herbage DM yield.
Monocultures of Nil and AR37 had higher yields than their equivalent diverse treatments. The reason
for this is not clear. However it was noticeable that, although not significant, the Nil monocultures
had a slightly lower proportion of the sown grass in Spring 2011, and there was a trending significant
higher amount of dead material in the Nil monoculture treatment than others. The time between
harvest in late May and then mid-September left a 110 day growth period of which dead material
would have accumulated in some of the plots.
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3.3.2 Botanical composition
3.3.2.1 Effect of endophyte
There was no endophyte effect of the proportions of perennial ryegrass in the monoculture or
diverse pastures over time or for any season.
The proportion of clover in pasture was moderate and unaffected by endophyte. This is consistent
with results of Bryant et al. (2009). Bryant et al. (2009) found white clover contributed less than 5%
of total DM in the first 6 months after sowing. This was not consistent with our trial with the diverse
plots having an average 16% clover proportion in the first spring 2010. The difference from the
current trial compared the Bryant et al. (2009), could be due to the differences in sowing date. The
trial by Bryant et al. (2009) was sown in early December, compared to mid-April for the current work.
Comparing both trials in the first spring shows more consistent amounts with an average of 11.1% for
the work by Bryant et al. (2009). Bryant et al. (2009) reported an increase in the amount of white
clover to 23% in the 2nd spring reported, however for the current trial it dropped off to 10.4% for the
current trial.
The study of Sutherland & Hoglund (1989) showed a reduction in the density of white clover
(Trifolium repens L.) plants when in pasture mixes with high endophyte perennial ryegrass regardless
of whether they were mown or grazed (Sutherland & Hoglund, 1989). The current work showed
minimal differences, likely due to the low pest attack and the competitive effect of ryegrass not
observed to lower the clover proportions. In the diverse treatment which had white clover sown as
part of the mix, although not significant, the WT diverse treatment generally had the highest white
clover proportion, with the lowest often in AR1 and AR37 diverse treatments.

3.3.3 Alkaloids
An important part of understanding the effect of alkaloids is determining whether they can get out of
the plant and whether they can be taken up by others. Potentially, this could impact insect resistance
to the other species. However, in this study no alkaloid (Janthitrems; peramine; lolitrem B;
ergovaline) were found in plants grown in situ. This may reflect that there are no pathways by which
alkaloids may leave, or alternatively may reflect that alkaloids were not present in sufficient
concentrations in material that could enter the soil and cause effect. For example, there was little
dead material and decomposition in this study due to relatively intensive crash grazing of the field
plots. Possible pathways are considered in further Chapter 4, where alkaloids in different grass plant
parts are measured. Chapter 5 investigates a possible pathway further by comparing the potential for
live and dead plant leaf material applied to the soil surface examining at the impact on already
existing plants.
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3.4 Conclusion
•

There was no effect of endophyte or diversity on total or seasonal herbage DM production,
except in spring 2011 when the herbage DM production of AR37 and Nil was higher than
other endophyte treatments

•

The different seasons showed significant differences in the proportion of white clover in the
diverse swards with the highest being in summer and the lowest in winter and spring 2011.

•

Within seasons there was no effect of endophyte on the proportion of ryegrass, white clover
or weed.

•

In spring 2011, the proportion of chicory was greater in diverse WT and NEA2 treatments,
than AR37 (P = 0.033). In summer 2010/2011 the proportion of prairie grass was higher in
the diverse WT treatment compared to the other endophyte strains. The amount of prairie
grass or chicory did not significantly differ in the other seasons.
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sugar content and endophyte concentration which may impact the alkaloid levels (Rasmussen et al.
2009b).

4.1.3 Alkaloid analysis (GC-MS)
Alkaloid analysis for lolitrem B, ergovaline, peramine and janthitrems was carried out for each
sample using the methods described in Chapter 3, Section 3.1.7.

4.1.4 Endophyte concentration
Concentrations of endophytes present in endophyte infected plant material were analysed using
quantitative polymerase chain reaction (qPCR) by methods described in Rasmussen et al. (2007).
Endophyte concentrations are estimated based on the qPCR of genomic DNA (gDNA) isolated from
the infected leaf blades and stem. Primers were made up that were suitable for use with the
perennial ryegrass plant material. The PCR protocol was described by Rasmussen et al. (2007).

4.1.5 Statistical analysis
Data was analysed using a split plot ANOVA with four replicated in Genstat (version 14.1). The main
plot factor was endophyte strain, and sub plot factor the leaf category. The two samplings on the
subsequent days were averaged before analysis. Analysis of the endophyte effect for each alkaloid
was restricted to those endophytes where the alkaloid was present.

37

4.2 Results
4.2.1 Endophyte concentrations
Leaf code had a significant effect (P< 0.001) on endophyte concentration as determined by qPCR
(Table 4.1). The highest concentration was in the stem (316.5 endophyte copies/ng gDNA), and the
remnant leaf (268.2 endophyte copies/ng gDNA). These were not significantly different, but both
were significantly higher than all other leaves. The 2nd and 3rd leaf (oldest) were not significantly
different from each other (179.8 and 215.1 endophyte copies/ng gDNA respectively), but both were
higher than the leaf sheath and 1st (newest) leaf endophyte concentrations (83.4 and 59.2 endophyte
copies/ng gDNA respectively; Table 4.1).
There was a significant effect (P< 0.001; LSD = 41.19) of endophyte strain on endophyte
concentration. NEA2 had lower endophyte concentration than all other treatments (AR1, AR37 and
WT). NEA2 had approximately 50% less copies of endophyte DNA/1ng than the next closest
treatment (AR1), and approximately 66% less than WT, and 68% less than AR37. AR1 had significantly
less endophyte copies/ ng DNA than both AR37 and WT which were similar (Table 4.1).
There was a significant interaction between endophyte and leaf code for endophyte concentration
(Table 4.1). When considering the differences endophytes for the different leaves, the 1st (newest)
leaf of WT had significantly higher endophyte concentration than NEA2, but none of the others were
significantly different (P <0.001; LSD = 100.88). For the leaf sheath, AR37 has significantly higher
endophyte concentration than the leaf sheath of NEA2 tillers, but there was no difference between
the others.
Table 4.1

Average endophyte concentration (copies per ng of gDNA) for the various endophyte
treatments and different leaf categories. Means within a row with the same letter are
not significant according to Fishers test following significant ANOVA.

Endophyte

1st Leaf
(newest)

2nd Leaf

3rd Leaf
(oldest)

Remnant

Leaf
sheath

Stem

AR1
AR37
NEA2
WT

44.1 b
57.9 d
15.9 c
118.8 b

163.8 a
184.6 c
78.4 abc
291 a

209.2 a
258.4 bc
93.0 abc
299.8 a

295.8 a
348.8 b
121.4 ab
306.9 a

60.6 b
157.8 cd
31.1 bc
84.3 b

228.9 a
540.7 a
153.9 a
342.4 a

167.1
258.0
82.3
240.5

59.2 c

179.8 b

215.1b

268.4 a

83.4 c

316.5 a

187.0

Average

Average

SED – endophyte = 20.65
SED – Leaf code = 25.28
SED – Interaction (Endophyte x leaf code) = 50.57
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4.2.2 Endophyte alkaloid concentrations
Peramine was higher in total in AR1, than WT, which was higher than NEA2 (24.71, 22.01 and 6.67
ppm peramine respectively). For the combined peramine containing endophytes, peramine was
highest in the 2nd leaf. Significantly more than the 1st leaf, remnant leaf, sheath and stem. There was
a significant endophyte x leaf code interaction for the concentration of peramine (Table 4.2). NEA2
had lower peramine for all of the leaf codes than the other two endophytes which produce
peramine. Peramine was absent in leaf sheath of NEA2. The peramine concentration of WT and AR1
plants were not significantly different within a leaf code.
Lolitrem B concentration was lower in NEA2 than WT in all leaf codes (P < 0.001). Lolitrem B
concentration increased from the 1st (newest) to the oldest leaf in both WT and NEA2, with the
remnant leaf highest. Leaf sheath and stem had higher lolitrem B concentration than the leaves.
There was a significant endophyte, leaf age effect and interaction on the concentration of ergovaline.
Ergovaline concentration was higher in WT than NEA2 for all leaf codes except leaf sheath. Ergovaline
remained low (0.03 – 0.14 ppm) in all leaf categories for NEA2, with the highest concentration in the
stem (0.14 ppm). Ergovaline concentration decreased with increasing leaf age in WT (0.29, 0.21 and
0.18 for the first to 3rd leaf), and dropped lower in the remnant and sheath (0.11 and 0.06) and had
the highest concentration in the stem (0.69 ppm) consistent with the trends in NEA2. For NEA2 the
leaf sheath had higher ergovaline than the remnant leaf, but was the opposite for WT with
ergovaline higher in the remnant leaf over the sheath.
In AR37, Janthitrem concentration was significantly higher in the stem, than the sheath, and all the
leaf codes (Table 4.2). The leaves were not significantly different.
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Table 4.2

Summary of alkaloid concentrations (ppm) for the different endophytes and various
leaf codes.
1st leaf
(newest)

Average
Peramine
(ppm)

Average
Lolitrem B
(ppm)

Average
Ergovaline
(ppm)

2nd
leaf

3rd leaf
(oldest)

Remnant
leaf

Leaf
sheath

Stem

Average

AR37

-

-

-

-

-

-

AR1

27.02

36.88

31.17

23.91

0.66

29.15

24.71 a

NEA2

6.88

9.25

8.14

5.29

0.00

8.90

6.67 c

WT

25.13

31.83

30.03

21.16

1.13

22.77

22.01 b

Nil

-

-

-

-

-

-

19.68 bc

26.31 a

23.11 ab

16.92 c

0.43 d

20.33 bc

AR37

-

-

-

-

-

-

AR1

-

-

-

-

-

-

NEA2

0.14

0.32

0.56

0.80

2.76

2.15

1.13

WT

0.52

1.89

2.72

4.10

7.45

4.82

3.58

Nil

-

-

-

-

-

-

0.33 e

1.11 d

1.64 d

2.45 c

5.10 a

3.49 b

AR37

-

-

-

-

-

-

AR1

-

-

-

-

-

-

NEA2

0.11

0.09

0.04

0.03

0.09

0.14

0.08

WT

0.29

0.21

0.18

0.11

0.06

0.69

0.26

SED
Endo

Leaf

Interaction

1.212

1.713

2.968

0.201

0.348

0.492

0.0199

0.0344

0.0487

Nil
Average
Total
Janthitrems
(ppm)

0.20 b

0.15 bc

0.11 cd

0.07 d

0.08 d

0.42 a

AR37
AR1

5.06c

9.13dc

12.40c

10.11c

47.84b

75.82a

-

-

-

-

-

-

NEA2

-

-

-

-

-

-

WT

-

-

-

-

-

-

Nil

-

-

-

-

-

-

26.7

6.98
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4.3 Discussion
4.3.1 Endophyte concentration
Endophyte concentration, as measured by qPCR, increased with leaf age from the 1st (newest) to 3rd
(oldest) leaf, with the highest concentration occurring in the oldest remnant leaf and lowest in the
newest leaf. This pattern was consistent across endophtye strains. These patterns reported with
endophyte concentrations for separate parts of a grass tiller were not consistent to those reported
by Spiering et al. (2005) for the distribution of endophyte (assessed as GUS activity). Endophyte is
known to be concentrated at the base of the leaf (Ball et al. 1995; Spiering et al. 2005; Christensen et
al. 2008), and the work by Spiering et al. (2005) showed this, as well as the lower parts of the newer
leaves having more endophtye than the older leaves, as well as decreasing from the lower to the
upper section of leaf blade. The current work did not separate tillers and found endophyte
concentration increased with age with lowest for newest leaf, and highest in the remnant leaf. The
current work found the stem to have higher concentrations than that of the leaves which differed
from Spiering et al. (2005), but if the separated individual leaves were combined (i.e. sampled a
whole leaf like in the present work) then averages may have been similar to the current study. The
average leaf and stem concentrations found were consistent with the work of Ball et al. (1995) who
reported the separate endophyte concentration in the basal and leaf regrowth over time. The time of
year the current work was sampled is consistent with Ball et al. (1995). The total average endophtye
concentration for whole ryegrass tillers has been reported, with some similarities to the current
work, but generally lower concentrations (Ball et al. 1995; Rasmussen et al. 2007; Spiering et al.
2005; Tian et al. 2013). Tian et al. (2013) reported lower total endophyte concentrations (endophyte
biomass), although plant age was younger than used for the current experiment, as well as being an
indoor hydroponic experiment which may have had an impact in the differing results.
The individual leaf blades were not separated between base of the leaf closest to the stem and tip,
which was the case for the research described by Spiering et al. (2005). This could have resulted in
differences from the findings as leaves 1, 2, and 3, as whole leaves were sampled, dried, ground and
measured, whereas in the remnant leaf had only approximately half of the leaf left after previous
grazing to sample. Leaves 1, 2 and 3 possibly could have being diluted if there was less endophyte at
the leaf tips compared to the base and may partly contribute to the significantly higher endophyte
concentration in the remnant leaf. Spiering et al. (2005) did report differences between the upper
and lower part of leaves which even though reported in a different unit for endophyte concentration
(GUS activity concentration), the trends appear different to the present study.
Total endophyte concentration was highest for WT and AR37 endophyte, intermediate in AR1 and
lowest in NEA2. The NEA2 data has not been reported previously in the Alto cultivar, although work
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by Tian et al. (2013) reported findings from Bronsyn showing NEA2 similar and to other endophyte
strains (WT, AR1, AR37, NEA2, NEA3, NEA6) which does not agree with the current work. The findings
for the total endophyte concentrations for the individual endophytes are not consistent with the
findings of Rasmussen et al. (2007), who found AR37 had a lower endophyte concentration than AR1
and WT. The reason for the differences are not clear but may be linked to endophyte strain
interactions with cultivar; in this study, the cultivar used was Alto, whereas in the study of
Rasmussen et al. (2007), the cultivars used were AberDove and Fennema. Further differences may be
related to variation in the timing of sample collection. Samples were collected in this study in
February, and no attempt was made to account for variability in endophyte concentration associated
with season. Work by Tian et al. (2013) did not show AR37 to have lower endophyte concentrations
than AR1 when compared in the cultivar Bronsyn.
This current trial confirms a relatively consistent pattern across the range of endophyte strains. It
was notable that endophyte concentration was low in NEA2, and the likely reason for this is due to
the endophyte and cultivar interactions.

4.3.2 Alkaloids
Alkaloid patterns within the plant have previously been described (Ball et al. 1997a; Davies et al.
1993; Keogh et al. 1996; Lowe et al. 2008; Spiering et al. 2005) although much work focused on WT
endophyte. This study extended this analysis, examining across 4 endophyte strains.
In AR37, janthitrems were present in all leaf and stem material. Generally the concentration
increased with leaf age, with markedly higher concentration in leaf sheath and stem. The alkaloid
concentrations for leaf material were within the range previously reported (Hume et al. 2007; Meale
et al. 2013; Moate et al. 2012), but there is no comparable data for janthitrems in other leaf and
stem components.
The concentration of peramine was similar across most leaf material, which is consistent with
previous studies that note peramine concentration does not accumulate in older tissue (Ball et al.
1997a; Spiering et al. 2002, 2005; Tian et al. 2013; Lowe et al. 2008). For the combined peramine
producing endophytes, peramine was highest in the 2nd leaf. Significantly more than the 3rd leaf,
remnant leaf, sheath and stem.
The concentration of average total peramine ranged from 6.7 – 24.7 ppm, but individual leaves
ranging from the lowest 6.8 in NEA2 to 36.8 ppm in AR1. Tian et al. (2013) presented similar findings
for a range of endophtyes although the concentrations were on average lower possibly linked to an
age or cultivar variation (cultivars Bronsyn vs Alto). The peramine range reported by Lowe et al.
(2008) in a range of ryegrass cultivars in WT and AR1 agree with the present study.
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NEA2 had significantly less peramine for all leaf categories than WT or AR1. The exact reason for this
is unclear but may reflect the low overall endophyte concentration in NEA2, contributing to low
peramine production. NEA2 in a different perennial ryegrass cultivar may react differently, although
Tian et al. (2013) found very similar results. Rowan et al., (1990) identified that peramine
concentrations of 1 µg/g was sufficient to deter adult ASW in a feeding choice test, and 10 µg/g in a
non-choice test. With the exception of the leaf sheath, AR1 and WT had sufficient levels of peramine,
more than double the required 10µg/g to deter adult ASW feeding. None of the leaves of the NEA2
had more than 10 µg/g, with the leaves ranging from 5.3 – 9.3 ppm of peramine.
The concentration of ergovaline varied with leaf code and endophyte. The stem had the highest
amount, with declining amounts from the youngest to the oldest leaves. This is consistent with the
findings for Tian et al. (2013) and Lowe et al. (2008). The leaf sheath and remnant leaf both had
significantly lower amounts. NEA2 had significantly less ergovaline than WT. The current work had
lower ergovaline in NEA2 than reported by Tian et al. (2013), although similar for WT. This pattern
has been previously reported. Ergovaline is known to deter African black beetle which is a significant
pasture pest in the upper North Island and has extensive implications to pasture production and
persistence. There was no identified critical alkaloid concentration of ergovaline for deterring adult
black beetle. Further, ergovaline is known to cause heat stress; however there remains uncertainty
over the critical concentration (Fletcher et al. 1999).
The lolitrem B concentration was highest in the leaf sheath and lowest in 1st leaf. These are
consistent with the patterns recorded by Spiering et al. (2005) and Keogh et al. (1996). Di Menna et
al. (1992) reported staggers in lambs when lolitrem B levels reach 2 – 2.5 ppm. These results confirm
that alkaloid concentration of stem and leaf sheaf material is likely to lead to ryegrass staggers and
will be accentuated at time so year when animals are forced to eat into dead material. When
averaged across all the leaf codes the average lolitrem B concentration for NEA2 of 1.13 ppm falls
below the animal health threshold, whereas for WT it is well above at 3.58 ppm, with a number of
the leaf codes siting above 2 ppm.
In work reported by Rasmussen et al. (2007), alkaloid concentration varied linearly with endophyte
concentrations, with the exception for ergovaline. This current study which investigated this more in
depth looking at the endophyte and alkaloid concentrations of the different tiller components found
this not to be consistent. The alkaloid pattern for dissected tillers has previously been described by
Spiering et al. (2005) using an experimental endophyte strain, and by Davies et al. (1993) and Ball et
al., (1993) with WT endophyte. Endophyte concentration in relation to leaf stage did not always
match alkaloid patterns. For example for WT and Nea2, peramine and ergovaline was not linear with
endophyte concentration, although the concentration of lolitrem B did seem to be the general trend.
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The exception to this was the leaf sheath which had a very high amounts of alkaloid compared to a
very low endophyte concentration. For AR1, peramine concentrations were not linear to endophyte
concentrations for the tiller components, neither were the Janthitrems in AR37. This may indicate
that for certain endophyte strains the endophyte concentration and alkaloid distributions are
decoupled. The reports by Spiering et al. (2005) were consistent with the current findings of a weak
relationship between alkaloid and endophyte concentration.

4.3.3 Implications of alkaloid and endophyte concentration
An important objective of this work was to determine pathways of how endophytes or the alkaloids
produced could potentially escape the plant and affect soil, plant, livestock ecosystem interactions.
Pathways of entry into soil systems include decomposition, through intake and excretion. Based on
these results remnant leaves that hold varied endophyte alkaloids could potentially enter through
the decomposition pathway if left un-grazed. Across endophyte strains the remnant leaves contained
relatively high amounts of lolitrem B, moderate amounts of peramine and janthitrems, and low
amounts of ergovaline. Further, alkaloids lolitrem B and janthitrem were present in high amounts in
the leaf sheath material.
All alkaloids were found in leaf material and these could affect the soil-animal ecosystem if
consumed. The concentration of endophyte remains high in leaf material, therefore when consumed,
may enter the soil, through urine and faeces. Cripps et al. (2012) found a reduced decay rate of novel
endophyte-derived faeces (AR1 and AR37) compared to the nil endophyte derived faeces, indicating
the effect endophyte grasses can have on a wider ecosystem process.
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4.4 Conclusions
•

The highest concentration of endophyte was found in the stem of the plant material. This is
consistent with other findings of the endophyte being located mainly at the base of the plant
and having hyphae carried up as the leaf expands

•

Endophyte concentration increases with leaf age. The remnant leaf had highest leaf
concentration of endophyte, but could possibly be overstated if there is a dilution effect if
there was a whole leaf sampled and not just the half remaining from the previous grazing.

•

NEA2 had a lower endophyte concentration than all other endophytes. It had less than half
the endophyte of the next closest treatment (AR1); 68% less than WT and 68% less than
AR37.

•

The WT youngest leaf had significantly more endophyte than NEA2 youngest leaf. Similarly
AR37 leaf sheath had significantly more endophyte than NEA2, with no difference between
the other endophytes.

•

NEA2 had significantly lower alkaloids when compared against those that produce the same,
with less peramine for all leaf codes than WT or AR1 and significantly less lolitrem B and
ergovaline than WT.

•

Peramine was not found to accumulate in older material, and was similar across all leaf
codes.

•

Ergovaline was highest in the stem, and increase in the leaf with age.

•

Lolitrem B was highest in the leaf sheath and increased with leaf age.

•

This trial observed endophyte cultivar interactions when comparing previously reported
literature. Of particular note are the low endophyte and alkaloid concentrations of Alto NEA2
in the current work which is not a cultivar currently commercialised. The endophytes tested
may react differently in different grass host cultivars.
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Each pot was placed on top of an individual tray to catch excess drainage water that had run through
the pot. Pots were watered from the top of the pots when required to the point where water soaked
through the soil and was present in the pot trays to ensure moisture was non-limiting and maintain
the soil moisture near its holding capacity. There was no addition of mycorrhizal-inocula to any of the
pots as the soil collected and used in the pot trial was collected from a diverse pasture of low P level
growing all the species to be used in the trial (perennial ryegrass, white clover and prairie grass), and
was thus assumed suitable inocula would be naturally present in the soil. The pots were placed in a
heated glass house (mean daily temperature 18.2°C, range 14 – 31.2°C).

5.1.2 Experimental design
The experiment was a 6 x 2 x 3 factorial carried out in the Lincoln University greenhouse as a
randomised complete block design with six replicates (216 pots). The treatments were 6 levels of
endophyte herbage thatch material applied to the pots. (1) Thatch: AR37, AR1, NEA2, Wild-type, Nil
endophyte thatch, plus a no thatch control); 2 levels of thatch type (Live and dead thatch); and 3
levels of indicator plant species (White clover, prairie grass, and Nil endophyte perennial ryegrass, cv.
Alto).

5.1.3 Thatch collection
On the 24 March 2011, the thatch to be used for the pot trial was collected from the endophyte field
plots described in Chapter 3 Section. 3.3.1. Electric hand shears were used to cut the grass plants
within a treatment to ground level. Grass from endophyte strains within all replicates was combined.
The plant material was stored in the fridge in plastic bags to be sorted the following day into the
dead and live thatch conditions.
The thatch was split in to two levels:
Live: Thatch of the live above grazing height grass shoots (1st 2nd and 3rd leaf lamina). This is material
that is known to contain live endophyte and alkaloids (Refer Chapter 4), and is what would be grazed
or could be trampled into the ground during grazing.
Dead: Thatch from below grazing height of the oldest leaf that is begining to die and scenece
(remnant leaf), and the leaf shealth. This material that would typcially decay to form a litter on the
soil surface.
Plant material that was yellowing or part way through senescing was disregarded. Once separated
into the two thatch levels, the plant material for the live and dead thatch conditions was chopped
into small pieces (<2cm length).
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5.1.4 Thatch application
On the 26 March 2011 the seedlings were thinned to two seedlings per pot, and the thatch
treatments were applied to the top of the pot surrounding the seedlings. A total of 1 g dry weight,
equivalent in fresh weight, was applied to the top of the pots for both thatch treatments. This was
approximately 2 g fresh weight of the dead thatch material, and 4 g fresh weight of the live material.
The thatch was spread evenly around the surface of the pots allowing space for the seedlings. Bulked
samples of the two thatches were freeze dried and analysed for relevant alkaloids (GC-MS; methods
Section 4.1), with two samples per strain analysed from a bulked sample for chemical analysis of
approximately 200 g. The nutrient chemical composition analysis of the thatch treatments applied to
the pots was carried out using a 200 g sample randomly collected from the bulk sample thatch that
was applied to the pots. Two samples were tested per endophyte strain, for the live and dead thatch
treatments. The C, N, P, and K concentration was determined to compare the effect of the different
thatch conditions and growth observed. Any weed seedlings that emerged during the experiment
were removed. As mentioned in Section 5.1.1 each pot had an individual tray to ensure any excess
water or leached alkaloids were not lost. All pots were top watered to promote the chemical
compounds from the thatch to leach in to the soil and were kept well watered and moist to promote
rot and decay.

5.1.5 Harvests
The indicator plants were harvested in keeping with their different growth characteristics. On 21
April 2011, Four weeks (26 days) following thatch application, when the grasses (perennial ryegrass
and prairie grass) were at their approximate 3 full leaf stage, the leaves were clipped to roughly 1 cm
above the ligule (42 days after sowing, 21 April). A 1.5 cm length of leaf from each pot was bulked for
the reps of each endophyte thatch treatment, freeze-dried and tested for the presence of alkaloids
(GC-MS). The remaining shoot from each pot were kept separate, and over dried, with the dry
weights of the clippings added to the final shoot dry weight of the grasses. Since the same 1.5 cm
length of leaf was taken from each sample, the amount was not considered significant and
disregarded in the total shoot weight. White clover was not harvested at this point and not included
in the sample bulked to be assessed for alkaloids within the plant material.
A second harvest for the grass plants and first for the white clover was conducted on the 20 May,
almost 8 weeks (55 days) after thatch application to the top of the pots (71 days after 10th March
sowing). At the final harvest the shoots of all the three different plant species (perennial ryegrass;
prairie grass; and white clover) were clipped to the soil surface, were put on ice, before being frozen,
freeze dried and then ground in liquid nitrogen. Following the freeze dried weights being recorded; a
bulk sample within each plant species was selected across the replicates for the individual
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treatments, and tested for the selected alkaloid present in their thatch treatment. The roots were
washed to remove soil, oven-dried and weighed.

5.1.6 Assessment of effect on rhizobia by clover nodulation score
White clover roots were visually assessed for the number of active nodules, determined by size and
pink colouration, and assigned a score on a modified ranking system of Corbin et al. (1977). Samples
were assigned a number score (0 - 5) based on the number, size and distribution (whether located at
the crown (top 1 cm) or elsewhere) of active nodules on the root system (1 = 0 on crown, 5 to 9
elsewhere; 1.5= 0 on crown, >10 elsewhere; 3 = 5 to 9 on crown, >10 elsewhere; 5 = greater than 10
on both crown and elsewhere; Table 5.2). All shoots and roots were dried at 70°C for 48 hours, and
the dry weights were recorded to the nearest 0.01 g.
Table 5.2

Classification of white clover nodulation (Adapted from Corbin et al. 1977)

Description and number of effective nodules*
Crown (top 1 cm)
Elsewhere
0
0
0
0.5
0
1-4
1
0
5-9
1.5
0
≥ 10
2
Few
0
2.5
Few
Few
3
Few
Many
4
Many
Few
5
Many
Many
Few = 3 – 5 ; Many = > 5
Effectiveness judges on the basis of the nodule size and external (pink) colour; ineffective
nodules that were small and white were not considered.
Crown regarded as top 1 cm of root system.
Nodule Score

5.1.7 Statistical analysis
Data was analysed by ANOVA as a randomised complete block design using GenStatTM version 14.1.
The dependent variables compared in each ANOVA for the response plants were root, shoot, and
total dry weight per plant. The shoot samples analysed, included the total from both harvests for the
prairie grass and perennial ryegrass, and the total from the individual harvest from the white clover.
White clover nodule scores were compared using the non-parametric Kruskal-Wallis test
incorporating the correction for ties.
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5.2 Pot trial Results
5.2.1 Nutrient concentrations
Table 5.3 shows chemical composition of live and dead thatch. Due to limited replication (2), no
statistical analysis was performed and trends are noted. The live material applied had a higher N
content than the dead thatch, but C concentration was not different. The C:N ratio was
approximately 2 times higher in the dead than the live thatch.
The dead thatch from Nil endophyte had a higher concentration of chromium (Cr) than the other
endophyte strains, live or dead. There were similar high trends for other micro nutrients (Cu, Mo, Zn)
present in the dead material of the Nil endophyte grass. There was also notably high nickel (Ni)
present of 10.2 mg/kg with the next highest sample in the other endophyte treatments all being
between 0.9 and 1.2 mg/kg of plant material (Table 5.3).
Table 5.3

Effect of endophyte strain on nitrogen (N), carbon (C), C: N ratio, magnesium (Mg),
phosphorus (P), potassium (K), chromium (Cr) and nickel (Ni) content (%) of green leaf
material and the dead leaf sheath plant material collected for use in the pot trial.
Endophyte treatment
Thatch
condition

N (%)
C (%)
C:N ratio
Mg (mg/kg)
P (mg/kg)
K (mg/kg)
Cr (mg/kg)
Ni (mg/kg)

Live
Dead
Live
Dead
Live
Dead
Live
Dead
Live
Dead
Live
Dead
Live
Dead
Live
Dead

AR1

AR37

Wild type

NEA2

Nil

1.96
1.05
42.53
40.71
22:1
39:1
1606
1211
3130
1386
10,222
2094
0.53
2.22
0.77
0.95

2.02
1.05
42.56
40.25
21:1
38:1
1535
1350
2601
1113
10,413
2045
0.53
2.81
0.40
1.17

2.53
0.99
42.73
40.38
17:1
41:1
1652
1265
3221
1180
14,243
2139
0.58
2.09
2.43
1.04

2.30
0.98
42.55
39.69
19:1
40:1
1659
1245
3574
1300
12,727
1952
0.52
2.81
0.60
1.11

2.25
1.17
42.14
41.13
19:1
37:1
1598
1339
3069
1197
11,425
1883
0.95
23.29
0.62
10.23
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5.2.2 Alkaloid concentration
Alkaloid analysis of the plant material of the different thatch treatments are shown in Table 5.4.
There was no peramine present in the dead leaf material for AR1 and NEA2, although it was present
in WT. The lolitrem B concentrations in the live and dead thatch plant material for the NEA2 were
similar (0.21 ppm difference). The WT dead material had 4 times the amount of lolitrem B than the
live material.
Table 5.4

Endophyte
AR1
AR37
WILD
NEA2
Nil

Alkaloid concentration (ppm) of the live and death thatch from bulked samples for
each of the 5 grass-endophyte combinations.
Thatch
condition
Live
Dead
Live
Dead
Live
Dead
Live
Dead
Live
Dead

Total Epoxy-janthitrems
(ppm)

Ergovaline
(ppm)

Peramine
(ppm)
39.32
0.00

Lolitrem B
(ppm)

0.30
0.13
< 0.1
< 0.1

43.27
1.06
12.22
0.00

1.04
4.34
1.55
1.34

45.39
34.26

5.2.3 Alkaloid expression in target plants
No alkaloids were present in the Nil endophyte ryegrass or prairie grass indicator species from the
bulked material collected at first harvest, 4 week following thatch application. Due to the unlikely
nature of alkaloids being present, alkaloid concentrations of plant indicator species were not
analysed in further harvests.

5.2.4 Shoot DM production
Total shoot DM production per plant was greater (P< 0.001) for the treatments with live thatch
applied than dead for prairie grass and perennial ryegrass, but not for white clover (Table 5.5).
Applying live thatch grew significantly more prairie grass shoot than either dead thatch or no thatch
applied which were not significantly different. For perennial ryegrass, live thatch provided more
growth than dead thatch, but there was also a benefit to shoot growth in applying dead thatch over
the no thatch control. There was no significant benefit to applying thatch compared to the control no
thatch treatment for the total shoot DM of the white clover plants.
There was no effect of endophyte strain or endophyte x thatch type interaction on shoot DM in
prairie grass, perennial ryegrass, or white clover.
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Table 5.5

Effect of thatch type (Dead and Live) and endophyte strain on total shoot and root
DM/plant (g) and root: shoot ratio for the three indicator species compared to the
control of No Thatch.
Total Shoot DM/plant

Total Root DM/plant

Root:shoot Ratio

No Thatch

Dead

Live

No Thatch

Dead

Live

No Thatch

Dead

Live

0.26 b

0.28 b

0.39 a

0.14 b

0.12 b

0.21 a

0.53 a

0.45 b

0.53 a

AR1

0.28

0.36

0.12

0.19

0.45

0.53

AR37

0.29

0.38

0.13

0.20

0.44

0.54

NEA2

0.30

0.41

0.13

0.23

0.46

0.56

NIL

0.26

0.39

0.13

0.19

0.48

0.49

WILD

0.27

0.41

0.11

0.21

0.43

0.52

Prairie Grass Average

SIGTHATCH VS CONTROL

<0.001

0.002

NS

SIGTHATCH TYPE

<0.001

<0.001

0.001

SIGENDOPHYTE

NS

NS

NS

SIGINTERACTION
Perennial Ryegrass

NS

NS

NS

0.22 c

0.25 b

0.33 a

AR1

0.25

AR37

0.13

0.12

0.12

0.30

0.12

0.26

0.33

NEA2

0.24

NIL
WILD

0.56 a

0.46 b

0.36 c

0.12

0.45

0.37

0.13

0.11

0.48

0.32

0.36

0.13

0.15

0.5

0.4

0.24

0.32

0.11

0.12

0.44

0.36

0.29

0.34

0.12

0.12

0.42

0.34

SIGTHATCH VS CONTROL

<0.001

NS

<0.001

SIGTHATCH TYPE

<0.001

NS

<0.001

SIGENDOPHYTE

NS

NS

NS

SIGINTERACTION
White Clover

NS

NS

NS

0.20

0.26

0.28

AR1

0.30

AR37

0.05

0.06

0.25

0.07

0.26

0.28

NEA2

0.21

NIL
WILD
SIGTHATCH VS CONTROL

0.21

0.21

0.05

0.23

0.21

0.06

0.08

0.22

0.29

0.30

0.04

0.06

0.18

0.18

0.19

0.23

0.04

0.04

0.21

0.18

0.33

0.32

0.07

0.05

0.2

0.18

NS

0.05

0.23

NS

NS

SIGTHATCH TYPE

NS

NS

NS

SIGENDOPHYTE

NS

NS

0.002

SIGINTERACTION

NS

NS

0.073

5.2.5 Root DM production
The effect of thatch on root growth varied with plant species. Root growth was greater in live than
death thatch, or no thatch control for prairie grass, but unaffected by thatch type in perennial
ryegrass and white clover (Table 5.5). Applying thatch had no impact of the root growth of the
perennial ryegrass or white clover. There was a trending negative effect of applying dead WT thatch
to prairie grass showing the largest root depression, although this was not significant. There was no
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significant endophyte effect (P > 0.05) on the total root DM production per plant (Table 5.5). Root
growth within species was similar to the no-thatch control.

5.2.6 Root: Shoot ratio
There was a significant thatch type effect on the prairie grass root: shoot ratio. The addition of live
thatch or no thatch resulted in a high root: shoot ratio than the application of dead thatch (Table
5.5). This indicates the application of dead thatch caused a reduced root: shoot ratio.
For perennial ryegrass, the root: shoot ratio was lower where thatch was applied than the no-thatch
control, and significantly lower for live than dead, indicating bigger increases in shoot over root
growth. Root growth stayed similar with the application of thatch or no thatch, whereas the shoot
growth was significantly increased for live thatch application.
There was a significant (P=0.002) effect of endophyte species on the root: shoot ratio of white clover.
For combined thatch type (dead and live), AR37 endophyte and the no thatch control had a
significantly high white clover root: shoot ratio, with a greater proportion of root compared to white
clover shoot. There was a trending endophyte x thatch interaction (p=0.073) for the root: shoot ratio
of white clover.

5.2.7 White clover nodulation
There were no significant effect of the endophyte or thatch condition on the mean rankings of the
white clover nodule score (Table 5.6).
Table 5.6

Mean white clover nodulation (0-5 scale) for white clover plants treated with no
thatch (control) or with live or dead thatch from different endophyte strains.
No thatch control

Dead

Live

1.6

2.5

1.4

AR1

4.6

1.7

AR37

2.3

1.5

NEA2

2.2

1.9

NIL

1.0

1.3

WILD

2.6

0.7

Significance

NS

NS

Average Nodulation
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5.3 Pot trial Discussion
5.3.1 Thatch characteristics
The experiment was designed to test the effect of application of dead and live thatch from different
endophyte strains on associated plant growth. Alkaloid concentration was generally greater in live
than dead thatch (Table 5.4). This most likely reflects the alkaloid concentrations in relation to plant
part. In chapter 4, it was shown that alkaloids were generally greater in stem and leaves than the leaf
sheath and in agreement with this the live thatch differed from dead thatch for certain alkaloids.
These findings are also in line with what is expected (Ball et al. 1997a), and with the differences
between the endophyte strains. The concentrations present could have been different if samples
were taken at a different time of year. There have been seasonal differences reported for the
production of alkaloids (Ball et al. 1997a; Davies et al. 1993; Reed et al. 2011).
There was one interesting finding of the WT dead thatch containing a much higher amount of
lolitrem B than the live plant material. This finding was consistent with the alkaloid analysis
completed as part of Chapter 4, with the leaf age trial showing the remnant leaf, and leaf sheath also
containing the highest amounts of lolitrem B, compared to the concentrations of the 1st, 2nd and 3rd
leaves.
The thatch nutrient concentration varied with higher N and lower C in live than dead thatch. This is
consistent with previous studies, where C increases as N decreases as plants age. Higher
concentrations of micro nutrients particularly Cr were identified in the Nil endophyte thatch
compared to other endophytes. The reasoning for this is unclear, but may reflect different uptake
patterns as affected by endophyte. Previous studies have identified endophyte impact on nutrient
uptake of plants, with suggestions that tall fescue endophytes can enhance nutrient uptake of
phosphorus in low P conditions (De Battista et al. 1990; Malinowski et al. 2000). Analysis in this work
found that AR37 had the lowest P levels (mg/kg DM) in both live and dead thatches, with this
followed by Nil endophyte thatches. NEA2 had the highest P levels when comparing both live and
dead thatches.

5.3.2 Endophyte alkaloids
No alkaloids were observed to be taken up by indicator species by means of live or dead thatch
application around existing plants. This indicates non-host species will not benefit directly from
increased resistance to insect pests. This does not rule out possible indirect effects associated with
pests targeting or avoiding these species due to feeding affecting of dominant ryegrass.
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5.3.3 Effect of Endophyte on DM production
The effects of endophytes on DM production in the field and pot studies are well documented. These
have primarily been the effect of endophyte resistance to insect pests, or improved drought
tolerance (Easton, 1999; Hume et al. 2007; Popay & Bonos, 2008). In this study it was tested whether
thatch of different endophytes would promote or inhibit growth of indicator species independent of
pest effects. The study showed little effect of endophyte strain on DM production and little evidence
of thatch endophyte strain effect; which would arise from difference in alkaloids (Peramine,
ergovaline, lolitrem B, Janthitrem) in respective live and dead material. The only effect was observed
in white clover with an endophyte effect on root: shoot ratio with AR37 live treatments being higher,
similar to the no thatch control. This may indicate the higher rate of increased shoot growth of AR37
treatments over that of the root development, although there were no significant endophyte effects
on plant root growth.
The finding of little impact of thatch or exudates derived from thatch on DM production contradicts
previous studies. Snell & Quigley (1993) noted lower root and shoot growth in subterranean clover
with endphyte infected thatch. Other work has shown that the application of an endophyte solution
from WT caused growth inhibition of white clover (Sutherland, 1999), although some work (Prestidge
et al. 1992) has identified that the allelochemicals of endophyte plants had no direct influence white
clover vigour and growth.
The reason for the lack of effect may reflect the low concentrations of alkaloids in the live or dead
thatches, or the methods used (e.g. thatches versus alkaloids). Although alkaloid profiles differed
between endophyte strains, it is likely there may have been little endophyte alkaloid escape or leach.
Alkaloid contained within the plant material would have not had sufficient time to decompose during
the time period of this trial, reducing possible impacts.

5.3.4 Thatch (Live vs Dead)
As expected the live thatch material had the higher nutrient addition and resulted in a benefit in
biomass production with increased shoot growth for both grasses and increased root growth for the
prairie grass. There was no effect for the white clover biomass production between thatches, or the
root growth of the perennial ryegrass. This result is likely from the differing nutirent application from
the plant material, mainly the nitrogen addition (averaged 2.2 % for live and 1 % of plant material for
dead) with the results depending on how the plants are affected by N (Griffith et al. 2000). In this
case it has increased growth of the grasses, with white clover less affected.
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5.3.5 Root DM production
Root production of prairie grass but not white clover and perennial ryegrass was affected by thatch.
Prairie grass root production was higher with thatch than the control and the live thatch produced
more than dead thatch treatment. Although not significant applying dead WT thatch to prairie grass
reduced the root DM/ plant. This result may represent the high concentration of lolitrem B in dead
WT thatch. The small effect on root growth contrasts with previous studies from literature. The
reasons may be low concentrations of alkaloids, and growth conditions, as the pots were well
watered. Antunes et al. (2008) used the application of E+ and E- of two stains of Neotyphodium
coenophialum (Common and commercial novel strain) tall fescue thatch to a Bromus spp. grass and
identified the arbuscular mycorrhizal (AM) fungi colonization significantly reduced. Mycorhizae fungi
were not studied here but in known to be important for the production of perennial ryegrass. Studies
using ryegrass Neotyphodium endophytes have been carried out by Liu et al. (2007), identifying E+
treatments having significantly less AM colonization than the E- treatment.

5.3.6 White clover nodulation
There was no significant effect of thatch type or endophyte on white clover nodulation. This
contrasts with the study of Sutherland & Hoglund (1989) that showed a reduction in the density of
white clover (Trifolium repens L.) plants when in pasture mixes with high endophyte perennial
ryegrass regardless of whether they were mown or grazed.
The current trial used only a visual estimation and perhaps a more accurate measure would have
been to cut off nodules, dry and weigh these. Further, this pot trial was concluded 70 days after the
sowing of the indicator species. This time period may have not been suitable to allow a good
assessment as nodes would have just been appearing, as approximately 70 days in the earliest
nodulation time for white clover (Jones, 1962; Williams, 1987)
The difference in alkaloids did not show negative impacts on the clover nodulation of the white
clover response plants. It was shown that there were equal numbers of active root nodules on the
white clover which indicates that the rhizobia populations in the soil were not affected by the input
of the thatches.
It has been shown that when wild- type endophyte plant material was applied to a pot trial growing
subterranean clover there was reduced nodulation, root length & shoot & root dry weight (Snell &
Quigley, 1993). Other work has shown that the application of wild-type endophyte solution caused
growth inhibition of white clover (Sutherland et al. 1999), although some work (Prestidge, 1992) has
identified that the allelochemicals of endophyte plants had no direct influence white clover vigour
and growth.
56

5.4 Conclusions
•

Live and dead thatches differed in alkaloids similar to that reported from the different tiller
parts report in Chapter 4. Although there were alkaloid differences, no allelopathic impact of
alkaloids was observed and effects of endophyte were minor compared to the effects of
either the live or dead plant material.

•

Addition of live plant material increased shoot production over dead plant material addition
for the ryegrass and prairie grass, but not for white clover. This result is likely from the
differing nutirent application from the plant material, mainly the nitrogen addition

•

For the species tested, no evidence of exudates from thatch affected growth.

•

It could have been of interest to collect back any remaining plant thatch material that was
applied to the pots and have the samples bulk tested to identify the changes in alkaloids or
endophyte content over the time of the pot trial.

•

There was no expression of any alkaloids in any of the indicator plants.

•

It is concluded that leaching from live and dead decaying plant leaf material of E+ plants is
not a major mechanism by which endophytes shape pasture plant communities.
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Lolitrem B concentrations of 2 – 2.5 ppm have been reported to cause staggers in lambs (Di Menna
et al. 1992). The current trial found the high alkaloid concentration of stem and leaf sheath material
is in the range to lead to ryegrass staggers and will be accentuated at times of year when animals are
forced to eat into dead material. When averaged across all the leaf codes the average lolitrem B
concentration for NEA2 of 1.13 ppm falls below the animal health threshold, whereas for WT it is
well above at 3.58 ppm, with a number of the leaf codes siting above 2 ppm.
Objective 3: Determine the effect of live or dead above ground thatch of varying endophyte strains
on common associated pasture species.
The pot trial found no observed effect of endophyte on associated pasture species by means of
transfer from the live or dead plant material. Although there were alkaloid differences in the
thatches applied, no allelopathic impact of alkaloids was observed and effects of endophyte were
minor compared to the effects of either the live or dead plant material
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