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Description

TECHNICAL FIELD

[0001] The invention relates to grass endophyte enhanced attributes. More specifically, the invention relates to an
endophyte with improved fungicide resistance and stability when in combination with a cultivated plant or part thereof.

BACKGROUND ART

[0002] Itis known from New Zealand patent specification 233,083 that synthetic combinations of endophyte/herbage
cultivars can be made which are resistant to pests and can be less toxic to grazing animals than naturally occurring
combinations. These selected properties may be achieved by selecting synthetic combinations which produce relatively
high levels of peramine and relatively low levels of or no lolitrem B in ryegrass.

[0003] US 6,111,170 (the 170 patent), describes findings that selected endophytes of the genus Neotyphodium form
stable synthetic combinations with tall fescue hosts (Festuca arundinacea). The combinations described have improved
resistance to invertebrate pests as compared to tall fescue cultivars that do not contain such endophytes. The particular
strains of endophyte described in the 170 patent include AR501, AR502, AR510, AR542, AR572, AR577 and AR584.
This patent does not however describe, nor suggest other attributes of these endophytes and their combinations beyond
improved pest resistance and reduced toxicity.

[0004] Russian patent abstract, RU2201678C2 describes a biopreparation for protecting plants against fungus and
bacterial diseases. The biopreparation is based upon live cells and spores of endophytic bacterium Bacillus subtilis.
This bacterium has a high antagonistic activity to agents of fungus and bacterial diseases in vegetable, grain and fruit
cultures. No description is made regarding use of the bacterium in grasses. It is also not obvious from this abstract that
the bacterium described is resistant to fungicides. The description merely makes reference to the bacterium preventing
fungal infection of the plant in effect acting as a fungicide itself.

[0005] Meriaux et al describes the viability of ryegrass (Lolium perenne) seed infected with Neotyphodium endophyte
after treatment with fungicides. The fungicides used were prochloraze (prochloraz), triticonazole, bitertanol, and fluquin-
conazole administered at two doses or heat treated (oven treatment at 60 or 80°C). Seed germination is described as
being effected for treatment with prochloraze (1 g/kg), triticonazole (5 and 10 g/kg) and heat treatment at 80°C. No
reference is made or suggested towards endophyte viability or viability (seed or endophyte) when combined with cultivated
grasses. ltis the inventor’s experience that seed viability and endophyte viability are two very different issues with seeds
often retaining viability for longer than endophytes.

[0006] Rolston et al describes fungicide treatment effects on AR1 endophyte and ryegrass combinations. AR1 is a
Neotyphodium species endophyte that has a different alkaloid profile to AR584 in that AR1 does not produce loline
alkaloids and may produce terpendoles differently to AR584. The publication notes that AR1 endophyte viability was
not affected by the fungicide treatments including triazole and strobilurin fungicides. It is the inventor’s experience that
it is not obvious that a property noted for one endophyte in one type of plant would also exhibit the same properties with
another endophyte or plant. Anecdotal evidence exists showing that endophyte strain and plant species may result in
very different results. One reason for the variation is that different endophytes give different attributes to grass endophyte
combinations. One reason for the variation is that different endophytes have different levels and types of alkaloid profile.
As a result different endophytes in combination with different grasses have variable properties. In addition, different
species of grass also influence properties of combinations with endophytes.

[0007] Saiga et al describes the effects of Neotyphodium endophytes on plant characteristics including fungicide soak
treatments. The fungicide, benomyl (benzimidazole group) is described as being effective in killing endophyte in both
perennial ryegrass and tall fescue. Triforine (amide group) fungicide was effective in tall fescue and effective in some
perennial ryegrass plants. Thiophanate-methyl (benzimidazole precursor fungicide) had little effect on endophyte in
perennial ryegrass and had no effect on endophyte in tall fescue. The aim of the publication method is to remove
endophytes altogether from the grass. As a result, particularly strong doses of fungicides are used and the grass is
soaked in fungicide. No disclosure is made towards identification of endophytes with higher resistance to fungicides, or
disclosure regarding stability.

[0008] Hill et al describes tall fescue cultivars containing endophytes including Neotyphodium coenophialum. The
abstract discusses how to maintain viable endophyte in seedling plants by applying chloroneb (aromatic fungicide) and
terrazole (thiazole group) fungicides during the first 7 to 21 days post germination. Hill et a/ does not identify endophytes
with resistance to fungicides or identify AR584 as exhibiting any particular resistance. Further, the time period of analysis
described is only post germination and only in seedling plants.

[0009] Park et al describes development of a microbial fungicide that utilises endophytic bacteria for the control of
cucumber and red pepper anthracnoses caused by Collefofrichum orbiculare and C. coccodes and C. acutatum. Among
18 strains isolated, a bacterial strain EB215 isolated from cucumber roots displayed the most potent antifungal activity
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against Colletotrichum species. No mention is made regarding improved fungicide resistance due to endophyte, nor is
usage in terms of grasses such as tall fescue.

[0010] Bluett et aldescribes a trial comparing various properties between ryegrass (Lolium perenne) infected with wild
type endophyte, AR1 endophyte or no endophyte. AR1-infected ryegrass was found to produce similar pasture yields
as wild endophyte-infected ryegrass, while offering small improvements in milk yield with no incidence of ryegrass
staggers noted in grazing animals. No discussion is made on the endophyte effect with regard to fungicide treatment,
endophyte stability or to the endophyte AR584 or tall fescue grass cultivars.

[0011] Timper, P.; Gates, R. N.; Bouton J. H-’"Response of Pratylenchus spp. In tall fescue infected with different
strains of the fungal endophyte Neotyphodium coenophialum’ Nematology, Vol. 7 No 1, Pages 105-110 (2005) disclose
that a non-ergot producing endophyte strain of Neotyphodium AR584 maintains some resistance to nematode pests.
Timper et al are entirely silent regarding any relationship between endophyte viability and plant/endophyte fungicide
resistance.

[0012] US200515002 is the US national phase entry of W02002013616. This document describes grass having
improved stress tolerance and lower animal toxicity when infected with certain isolates of Neotyphodium fungi.

[0013] WO2004106487 describes an endophyte or endophyte culture of Neotyphodium lolli which in combination with
ryegrass does not cause typical symptoms of ryegrass toxicosis in grazing animals and which produces janthitrem
epoxide compounds.

[0014] It should be appreciated by a person skilled in the art that an endophyte plant combination that has increased
fungicide resistance would be of benefit to enhance existing turf and forage seed crop management practices. In addition,
increased stability during transport would also be an advantage.

[0015] It is an object of the present invention to address the foregoing problems or at least to provide the public with
a useful choice.

[0016] Itis acknowledged thatthe term’comprise’ may, undervarying jurisdictions, be attributed with either an exclusive
or an inclusive meaning. For the purpose of this specification, and unless otherwise noted, the term ’comprise’ shall
have an inclusive meaning - i.e. that it will be taken to mean an inclusion of not only the listed components it directly
references, but also other non-specified components or elements. This rationale will also be used when the term ’com-
prised’ or ‘comprising’ is used in relation to one or more steps in a method or process.

[0017] Further aspects and advantages of the present invention will become apparent from the ensuing description
which is given by way of example only.

DISCLOSURE OF INVENTION

[0018] For the purposes of this specification, the term endophyte’ or grammatical variations thereof refer to fungi of
Neotyphodium spp. living within cultivated grasses or axenic culture medium.

[0019] The term ’cultivated grasses’ or grammatical variations thereof refer to varieties of grasses that have been
created or selected intentionally and maintained through cultivation.

[0020] The term ’synthetic grass cultivar’ refers to the grass cultivar being produced through selective breeding tech-
niques including selection and development from an uncultivated population. For example, a synthetic grass cultivar
refers to where -

¢ reproducible units are from a cross-pollinated crop. This could encompass clones or inbred grasses for example;
¢ materials used are selected from their performance in combining ability or progeny tests;

¢ the cultivar is constituted by random inter-mating of the units;

* the units are maintained so that the synthetic can be reconstituted.

[0021] The term ’combination’ or grammatical variations thereof refer to the combination of an endophyte and culturally
improved grass varieties each of which have been isolated from nature, but the combination of which does not exist in
nature.

The term ’plant or a part thereof refers to the plant in entirety or selected portions of the plant during the plant life cycle
such as the plant seed, shoots, roots, flowers, stems and the like.

The term ’retain’ or grammatical variations thereof in relation to endophytes refers to the ability of the endophyte to
maintain a level of viability in combination with a host plant, or part thereof, at a level acceptable for a given circumstance
or set of circumstances over a given period of time and under a given set of conditions. It should be appreciated by
those skilled in the art that acceptable percentages for viability may vary depending on the generation or class of seed
to which it relates as well as by varying industry standards.

Theterm viable’ orgrammatical variations thereofrefer to the endophyte being capable of living, developing, or multiplying
under favorable conditions in symbiotic relationship with a host plant or in axenic culture.

The term ’‘treatment with fungicide’ refers to the combination being sprayed, powdered, infused or other methods of
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administration, by a fungicide containing composition.

[0022] The term fungicide’ refers to substances that destroy or inhibit growth of fungi.

[0023] According to afurther aspect of the present invention there is provided a method of retaining endophyte viability
in a plant or a part thereof after treatment with fungicide, produced by a combination a grass cultivar and endophyte
combination, wherein the endophyte is AR584 endophyte (AGAL deposit no. NM98/04676 dated 12 May 1998).
[0024] The inventor's have unexpectedly found that AR584 endophyte exhibits an improved ability to resist fungicide
treatments. It is envisaged that this attribute will have significant commercial benefit in farming. By way of example,
standard farm turf or seed crop management calls for spraying of fungicide treatments to the turf or seed crop to avoid
foliarand soil borne fungaldiseases. A problem with existing grasses and grass endophyte combinations is that, fungicides
commonly used in turf and seed crop management and control of unwanted fungal pathogens also tend to significantly
reduce endophyte viability. As a result, the favourable properties noted for endophyte and grass combinations may be
reduced or negated altogether. AR584 however has been noted by the inventors to have a resistance to standard
commercial fungicides to an extent that means a farmer can spray to avoid foliar diseases and unwanted soil borne
fungal pathogens and still retain adequate endophyte viability.

[0025] Preferably, at least a 50% or greater endophyte viability is retained after fungicide treatment.

[0026] Preferably, the fungicides used in treatment have systemic characteristics.

[0027] Preferably, the fungicides used in treatment have foliar disease control characteristics.

[0028] Preferably, the fungicide used in treatment has activity against soil borne fungicidal pathogens.

[0029] Preferably, fungicides used in treatment are selected from the triazole group, strobilurin group or combinations
of these two fungicide groups.

[0030] Preferably, atleast60% or greater endophyte viability is retained after being subjected to treatment with triazole
based fungicide.

[0031] Preferably, the combination retains at least 65% or greater endophyte viability, more preferably, greater than
80% viability, when subjected to a 50:50wt/wt combination of triazole based fungicide and strobilurin based fungicide.
[0032] Preferably, the fungicide treatment is applied to the grass cultivar and endophyte combination at standard rates
used in control of foliar diseases.

[0033] Preferably, triazole based fungicide treatment is applied as a spray at a rate of 1000 ml/ha. This is envisaged
to be the equivalent to 250g epoxiconazole/ha.

[0034] Preferably, strobilurin based fungicide treatment is applied as a spray at a rate of 1000 ml/ha. This is envisaged
to be the equivalent to 250g azoxystrobin/ha.

[0035] Preferably, the fungicide treatmentis applied at early flowering of the grass cultivar and endophyte combination.
[0036] Preferably, the fungicide treatment is applied to the combination at early flowering and re-applied again at late
flowering of the combination.

[0037] In preferred embodiments, the fungicide is applied as a spray although this should not be seen as limiting as
the fungicide may be applied by other methods such as immersion, powders, dusting, gels or combinations thereof. It
is envisaged that this could be applied to the plant or part thereof.

[0038] According to an aspect of the present invention there is provided a method of retaining endophyte viability in
a plant or a part thereof after treatment with fungicide, produced by a combination of a grass cultivar and endophyte
combination, wherein the endophyte is AR584 endophyte (AGAL deposit no. NM98/04676 dated 12 May 1998) wherein
the combination retains viable AR584 endophyte therein after the combination is subjected to temperatures of between
15°C and 55°C for a time period of at least 3 days.

[0039] Preferably the combinationretains atleast 60% or greater endophyte viability when the combination is subjected
to a temperature of up to 40°C and a relative humidity of up to 100% for at least a time period of 3 days.

[0040] Preferably, the plant or a part thereof produced by the combination of the endophyte and grass cultivar com-
bination as described above is further characterised by retaining endophyte viability when the grass and endophyte
combination is subjected to temperatures above 20°C.

[0041] Preferably, the AR584 endophyte in the combination retains at least a 50% or greater endophyte viability.
[0042] Preferably, the endophyte viability is retained when the endophyte and plant or part thereof combination is
subjected to temperatures of 35°C to 45°C.

[0043] Preferably, endophyte viability is retained when the endophyte and plant or part thereof combination is subjected
to temperatures of 40°C.

[0044] Preferably, endophyte viability is retained when the endophyte and plant or part thereof combination is subjected
to a temperature increase as described over on a continuous basis. Preferably, endophyte viability is retained when the
temperature is increased over time periods of at least 3 days.

[0045] Preferably, the plant or a part thereof produced by the endophyte and grass cultivar combination is further
characterised by retaining endophyte viability when the grass and endophyte combination is subjected to a relative
humidity of 70% or greater.

[0046] Preferably, the endophyte viability is retained when the combination is subjected to a relative humidity of 70%
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or greater for at least 3 days.

[0047] Preferably, the plant or a part thereof produced by the endophyte and grass cultivar combination is able to
maintain viability when subjected to relative humidity of up to 100%. Preferably, endophyte viability is retained when the
endophyte and plant or part thereof combination is subjected to a humidity increase as described over on a continuous
basis. Preferably, endophyte viability is retained when the humidity is increased over time periods of at least 3 days.
[0048] Preferably, at least 75% or greater endophyte viability is retained.

[0049] Preferably, the combination:

(a) retains at least 60% or greater endophyte viability when the combination is subjected to a temperature of up to
40°C and a relative humidity of up to 100% for at least a time period of 3 days; and,
(b) retains at least a 50% or greater endophyte viability after treatment with fungicide.

[0050] Theinventors have also unexpectedly found that AR584 endophyte has a surprisingly high tolerance to elevated
temperatures and humidities allowing it to remain viable within a plant or part thereof for extended periods of time in
such conditions. This attribute is of commercial benefit where plants or parts thereof are transported as few special
treatments such as refrigeration are required therefore also reducing the cost of transport.

[0051] Preferably, the plant or part thereof is the entire plant or selected portions of the plant. It is envisaged that this
may encompass the plant seed(s), shoot(s),leaves, stem(s), flower(s), root(s) and combinations thereof.

[0052] Preferably, the plant or part thereof is a seed or seeds.

[0053] Preferably, the grass cultivar is selected from one or more tall fescue plant varieties.

[0054] Preferably, this may be selected from the group including: Grasslands Flecha, Grasslands Advance, Kentucky
31, Georgia 5, Jesup, Jackal, Quantum, and combinations thereof.

[0055] Preferably, the combinationis produced by inoculating the grass cultivar with an axenic culture of the endophyte.
[0056] Preferably,the combinationis produced by crossing the endophyte/grass cultivar combination with an endophyte
free grass cultivar to form a grass cultivar infected with endophyte. Preferably, the grass cultivar is a synthetic grass
cultivar.

[0057] It should be appreciated from the above description that there is provided new methods for AR584 strain
endophyte. In particular, the plant or part thereof produced by the combination of AR584 endophyte and a grass cultivar
has significant new and unexpected advantages including an enhanced level of resistance to fungicides commonly used
to prevent foliar diseases in grass. This attribute means that a farmer can apply standard fungicides without need for
any special handling.

[0058] The plantor part thereof also has a significantly improved stability compared to other existing endophyte / grass
cultivar combinations with respect to retaining endophyte viability when the plant or part thereof is subjected to extremes
of temperature and humidity. One major benefit from this attribute is in transport, for example of seeds, where viability
may be reduced using existing endophyte / grass combinations due to poor handling practices or extremes in temperature
and humidity experienced in certain climates and countries. One such example may be when quantities of seed are
transported in the holds of ships across varying climatic zones in uncontrolled storage environments.

BRIEF DESCRIPTION OF DRAWINGS

[0059] Further aspects of the present invention will become apparent from the following description which is given by
way of example only and with reference to the accompanying drawings in which:

Figure 1 is agraph comparing endophyte viability levels of AR584, AR542 and AR502 in combination with two different
grass cultivars with five different fungicide treatments;

Figure 2  isagraph comparing endophyte viability levels of AR584, AR542 and AR502 in combination with two different
grass cultivars with either 0 days or 3 days accelerated aging (AA); and,

Figure 3  is a graph comparing viable endophyte levels for AR542 and AR584 in two different grass cultivars treated
with three different fungicides treatments.

BEST MODES FOR CARRYING OUT THE INVENTION

[0060] The invention methods is now described with reference to trials completed by the inventors.
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TRIAL 1
Introduction
[0061] The trial was undertaken to determine the tolerance of three endophytes (AR502, AR542 and AR584) to
fungicides commonly used in grass seed production for the control of foliar diseases.
[0062] The fungicides evaluated belong to two different chemical groups. The first group relate to triazole fungicides

including:

*  Opus@ with active ingredient epoxiconazole and
* Folicur® with active ingredient tebuconazole.

[0063] The second group relate to the strobilurin fungicides including Amistar® with active agent azoxystrobin.
[0064] It is the inventor's experience that the above chemical groups account for over 90% of the fungicides used in
tall fescue grass production and management.
[0065] The accelerated aging (AA) process is a high temperature (40°C) and high relative humidity (RH) (100% RH)
treatment of seed to simulate long term storage effects. Based on prior trials, accelerated aging is a useful and accurate
predictor of long term natural storage stability.
Methods
Field Trial
[0066] Plants of two tall fescue cultivars *Jesup’ and ‘Georgia 5’ were inoculated with endophyte and transplanted into
trial plots. Each plot consisted of 4 plants of each cultivar, in rows 1.0 m apart. Treatments were replicated three times
in a randomised block design.
Fungicides
[0067] Five fungicide treatments were evaluated as follows:

1. Control

¢ Nil fungicide;

2. Opus@

Epoxiconazole 250 g active ingredient per litre, triazole group sprayed at the label rate of 1000 ml/ha;

3. Amistar®

Azoxystrobin 250 g active ingredient per hectare, strobilurin group

4. Opus® and Amistar®

Opus® at 500 ml/ha (half label rate) and Amistar® 500 ml/ha and applied as a tank mix;
5. Folicur®
1. Tebuconazole 430 g active ingredient per litre; triazole group at the label rate of 440 ml/ha.

[0068] The doses used were the approximate recommended label rates for use of the above products. It should be
noted that growers commonly use less than the label rate particularly if they plan to apply the fungicide more than once.
As a result, the dosing rates used in this trial present a significant challenge to endophyte viability.

[0069] Fungicides were applied twice during the trial to replicate normal turf practice. Applications were made at
Zadocks Growth Score (GS) 69 (early flowering/anthesis) and at Zadocks growth score (GS) 71 (caryopsis water ripe).
This timing of application was as per those recommended to growers and coincides with the period of most disease
pressure in crops.
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Accelerated aging

[0070] Seeds were suspended on a fine mesh above water enclosed within plastic sealed containers and placed in
an incubator set to maintain a temperature of approximately 40°C and with the seed chamber controlled to 100% relative
humidity.

Endophyte Assessment by Grow-out test

[0071] Six replicates (each of 48 seedlings) consisting of duplicates from each treatment, were raised in peat-based
trays and grown in a greenhouse for at least 6 weeks before blotting.

Endophyte detection

[0072] Cut tillers from the seedlings after 6 weeks growth were blotted on nitro-cellulose paper and developed using
an antibody/antigen reaction.

[0073] The development process is completed by immersing nitrocellulose membrane sheets in blocking solution for
atleast two hours at room temperature. The blocking solution is composed of 2.42g of Tris (hydroxymethyl) methylamine,
2.92g of NaCl, 5g of non-fat milk powder and 10ml HCI (1 M) in 1 L of water that has been passed through a reverse
osmosis (RO) system. The pH of the solution is 7.5. During the immersion, any unbound site prior to the application of
primary antibody is blocked.

[0074] After removing the blocking solution, 25ml of fresh blocking solution per sheet is added along with 25ul of
primary antibody per sheet. The sheets are soaked overnight at 4°C and shaken to keep the solution moving over the
sheets. The next day, the blocking solution and primary antibody are removed and the sheets are rinsed several times
with fresh blocking solution. Afterwards, the sheets are soaked and shaken for two hours at room temperature in 25ml
of fresh blocking solution with 12.5ul of secondary antibody added. An enzyme is conjugated to this secondary antibody.
Subsequently, blocking solution and the secondary antibody are decanted off and the sheets are rinsed by fresh blocking
solution.

[0075] In order to develop the colour that allows endophyte identification, the nitrocellulose membranes are immersed
into chromogen. This product is prepared by dissolving 75mg of Fast Red in 12.5 ml of Tris buffer (For one litre of RO
water, the Tris buffer is composed of 24.2g of Tris (hydroxymethyl) methylamine (pH: 8.2)) per sheet and by dissolving
separately 12.5mg of napthol as-mx phosphate in 12.5 ml Tris buffer per sheet and these solutions combined. The
sheets are incubated on shaker for 15 minutes. At the end of the 15 minutes, the chromogen is removed and the sheets
are rinsed in water that has been passed through a reverse osmosis system. The sheets are then ready to be read.

Statistical Analysis

[0076] Data analysis was undertaken using a statistical package - GenStat. Version 7.

Results

Endophyte effect

[0077] The average viable endophyte level of AR584 endophyte was significantly higher (P<0.001) than AR542 and
AR502 for both fungicide treatment and accelerated aging experiments. AR584 averaged 81% viable endophyte after
all treatments, while AR542 and AR502 averaged 60 and 56% respectively (Table 1).

[0078] Thethree endophytes were also noted as behaving differently between the main treatmentvariables: endophyte

x cultivar; endophyte x accelerated aging (AA) and endophyte x fungicide (Table 1).

Table 1.Viable endophyte comparison of three endophyte strains (AR584; AR542 and AR502). Each value is averaged
across two cultivars, two accelerated aging treatments, five fungicides and six repetitions).

Endophyte E+%
AR584 81
AR542 60
AR502 56
LSD 5% 51
F probability
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(continued)

Endophyte E+%
Endophyte <0.001
Endophyte x cultivar 0.005
Endophyte x accelerated aging <0.001
Endophyte x fungicide <0.001

Fungicide effect

[0079] The two fungicides significantly reduced the level of viable endophyte (means of all other treatments) from 92%
in the nil fungicide treatment to 61% for the Opus@ and Amistar® mix; and 38% for the Opus@ only treatment (Table 2).
[0080] The data points to epoxiconazole as being the component most significantly reducing viable endophyte levels.

Table 2. Effect of fungicides on viable endophytes (data means averaged across two endophytes, two cultivars and
six repetitions).

Fungicide E+%
nil 81
Amistar® 76
Folicur® 70
Opus@ + Amistar® 61
Opus@ 45
LSD 5% 6.6
F probability
Fungicide <0.001
Fungicide x endophyte <0.001

Endophyte and Fungicide Interaction

[0081] The endophyte and fungicide interaction as shown in Table 1 is further broken down in Table 3 below.
[0082] Itistheinventor's unexpected findings that the interaction appears to arise because AR584 is significantly more
tolerant of the two fungicides compared to the control and other endophyte combinations tested.

[0083] Withthe Opus@ and Amistar® mixture treatment, AR584 had atleasta 50% higher endophyte viability compared
to other endophytes (73% viable endophyte compared to 49% in AR542). For Opus@ only treatments, AR584 had more
than three times the level of viable endophyte compared to AR542. The interaction is shown in more detail in Figure 1.

Table 3. AR584 and AR542 viable endophyte for fungicide treatments (means of two cultivars accelerated aging
treatments and six repetitions).

Endophyte
AR584 AR542 AR502

Fungicide Endophyte Viability [%]

Nil 93 91 58
Amistar 93 73 63
Folicur 89 70 51
Opus + Amistar 73 49 46
Opus 60 17 61
LSD 5% 11.3

Cultivar Effect

[0084] There was a small cultivar effect, with Georgia 5 cultivar having higher endophyte levels than Jesup cultivar
following fungicide treatments (Table 4). The cultivar and endophyte interaction was statistically significant.
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Table 4. Viable endophyte for two cultivars (means averaged for three endophytes, five fungicides and six
repetitions).

Cultivar Endophyte Viability [%]
Georgia 5 68

Jesup 63

LSD 5% 5

F probability
Cultivar 0.02
Cultivar x Endophyte 0.005
Accelerated Aging

[0085] Three days of accelerated aging were tested to determine endophyte viability levels for AR584, AR542 and
AR502 (Table 5).

[0086] The results found show that AR502 appears to be very sensitive to the accelerated aging treatment (Table 5
and Figure 2) and AR584 has a significantly improved resistance to the elevated temperature and humidity.

Table 5. Effect of 0 or 3 days accelerated aging (AA) on viable endophyte (means of two cultivars, five fungicides

and 6 reps).
Days accelerated aging
Endophyte 0 AA 3 AA
AR584 89 74
AR542 61 60
AR502 79 33
LSD 5% 10

[0087] Time periods of longer than 3 days were also tested and gave proportionally similar results as above however,
with reduced rates of endophyte viability.

Conclusion

[0088] The data strongly supports the contention that AR584 has unique properties compared to other endophytes in
retaining seed viability characteristics when plants are treated with fungicides during seed development. AR584 was
found to be more robust to fungicides of different chemical activities, especially to the fungicide "Opus®".

[0089] AR584 was also found to have increased resistance to extremes in heat and humidity when compared to other
endophytes.

TRIAL 2
Introduction

[0090] This trial was done to supplement the results shown in trial one. The tolerance of two endophytes, AR584 and
AR542 in two tall fescue cultivars, "Jesup’ and 'Georgia 5° when treated with three different fungicide treatments was
tested.

[0091] The fungicide treatments tested included:

1. Nil treatment
2. Opus only applied at 1.0 L/ha; and
3. a mixture of Opus@ and Amistar® applied at 0.5 + 0.5 L/ha

[0092] The accelerated ageing (AA) process was also adapted. As discussed above in trial 1, AA was undertaken by
incubating seeds at a high temperature of 40°C and 100% Relative Humidity (RH).
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Method
Field Trial

[0093] A field trial was conducted on two tall fescue cultivars, "Jesup’ and 'Georgia 5’ that were inoculated with the
two endophytes AR584 and AR542. The field trial was carried out as described above in Trial one, wherein the plants
of were inoculated with endophyte and then transplanted into trial plots. Each plot consisted of 4 plants of each cultivar,
in rows 1.0 m apart. Treatments were replicated three times in a randomised block design.

Fungicides
[0094] Three fungicide treatments where trialed as outlined below:

1. Nil treatment;
2. Opus@ only (O), applied at 1.0 L/ha; and
3. a mixture of Opus@ applied at 0.5 L/ha and Amistar® (O+A) applied at 0.5 L/ha.

[0095] Again, the doses used were the approximately the recommended label rates for use of the above products.
The timing of the fungicide application was as per those recommended to growers and coincides with the period of most
disease pressure in crops.

[0096] The accelerated ageing, Endophyte Assessment by Grow-out test, Endophyte detection and Statistical Analysis
was also carried out as outlined above in Trial 1.

Results
Endophyte and Fungicide effect

[0097] Figure 3 and Table 6 shows the viability of each endophyte when treated with the various fungicide treatments.
As shown, AR584 had 81% viability when treated with a mixture of Opus@ and Amistar® (O+A) and 64% viability when
treated with Opus@ (O) only in the Georgia 5 cultivar. The endophyte viability for the Jesup cultivar was 70% and 69%
for the respective treatments. In comparison, AR542 had 63% and 24% viability in the Georgia 5 cultivar and 35% and
11% viability in the Jesup cultivar.

[0098] Theseresults show thatthere was a cleardifference in endophyte viability of both endophytes afterthe treatment
of the various fungicides.

Table 6. The percentage of viable endophyte for AR542 and AR584 in two cultivars (Georgia 5 and Jesup) when
treated with: no fungicide, Opus@ + Amistar® (O+A) fungicide or Opus@ (O) fungicide alone.

Fungicide treatment

Cultivar Endophyte nil O+A Opus
Georgia 5 AR542 91 63 24
Georgia 5 AR584 92 81 64

Jesup AR542 90 35 11
Jesup AR584 93 70 69
LSD 5% 11.6

[0099] When the averages of the percentage viability of the different entophytes are compared across the treatments
and cultivars, the difference between AR584 and AR542 as shown in Table 7, is highly significant. The data shows that
AR584 endophyte has a higher viability of 76% compared to AR542, which had 54% viability across the different cultivar
and fungicide treatments.

Table 7. Endophyte for data averaged over the different cultivar, fungicide and accelerated aging.

Endophyte E+%
AR584 76
AR542 54
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(continued)

Endophyte E+%
LSD 5% 13
F prob <0.001

[0100] There was no difference in the level of viable endophyte for both AR548 and AR542 endophytes for nil fungicide
treatment. However, when the fungicide Opus@ was applied, there was a significant interaction of P<0.001. As shown
in Table 8 below, when AR584 endophyte inoculated plants where treated with Opus@, the viable endophyte level
(average of nil and 3 day AA) dropped to 60%. In contrast AR542 for the same treatment was 17%.

Table 8. Percentage viability of endophyte for AR584 and AR542 endophyte and treatment of Opus® fungicide.

nil Opus
AR584 93 60
AR542 91 17
LSD 5% 9.2
F prob <0.001

Cultivar effect

[0101] Table 9 below shows that there was also a significant interaction (P=0.045) between the endophyte, cultivar
and fungicide. This interaction is the result of the Opus@ fungicide treatment, which considerably dropped the level of
viable endophyte. The percentage result of this was less in Georgia cultivar in comparison to the Jesup cultivar.
[0102] However, this difference between AR584 endophyte and the AR542 endophyte in comparison to the cultivar
type was comparable over both treatments.

Table 9. Shows the interaction between the various Endophyte, Cultivar and Fungicide.

Fungicide AR584 nil Opus AR542 nil Opus
Cultivar Georgia 5 93 64 91 24

Jesup 93 55 91 11

LSD 5% 18.4

F prob 0.045

Conclusion

[0103] This trial showed that the AR584 endophyte was more robust than AR542 endophyte when treated with various
fungicide treatments. As shown, the AR584 endophyte had an improved tolerance to the various fungicide treatments,
when compared to AR542 endophyte. This relationship was the same in both tall fescue cultivars tested.

[0104] This robustness is particularly evident when tall fescue combined with AR584 endophyte was exposed to
Opus®, a triazole rust control fungicide.

TRIAL 3

[0105] To test whether or not endophytes can be transferred to other species of grass besides Jesup and Georgia 5,
results are now included for a different endophyte, AR1 showing that this endophyte can be inoculated into cultivars
‘Grasslands Advance’ type grass and Kentucky 31 tall fescues.

[0106] Inoculation data for inter-species inoculation of AR1 (Neotyphodium lolii) into Tall Fescue *(Schedonorus phoe-
nix) and Meadow Fescue (Fesfuca pratensis) hosts. (*previously Festuca arundinacea)

Tall Fescue:
plant fungus pos neg dead % positive live
949 AR1 19 24 20 44
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(continued)

plant fungus pos neg dead % positive live

K31 AR1 26 53 37 33

949 = four replicates of 10 - 18 plants
K31 = seven replicates of 10 - 19 plants

Meadow Fescue:

plant fungus pos neg dead % positive live
J103 AR1 2 5 13 29
J110 AR1 3 27 37 10

J103 = one replicate of 20 plants
J110 = six replicates of 4 - 2- plants

[0107] It should be appreciated from the above that there is provided an improved endophyte which in combination
with a plant cultivar, addresses problems associated with current turf management practice and transport issues.
[0108] Aspects of the present invention have been described by way of example only and it should be appreciated
that modifications and additions may be made thereto without departing from the scope thereof.

Claims
1. A method of retaining endophyte viability in a plant or a part thereof produced by a combination a grass cultivar and
endophyte combination, wherein the endophyte is AR584 endophyte (AGAL deposit no. NM98/04676 dated 12 May

1998), comprising treating the combination with fungicide.

2. Themethod as claimed in claim 1 wherein the AR584 endophyte in the combination retains at least a 50% or greater
endophyte viability after treatment with fungicide.

3. The method as claimed in claim 1 or claim 2 wherein the fungicide used in treatment has systemic characteristics,
foliar disease control characteristics, or activity against soil borne fungicidal pathogens.

4. The method as claimed in any one of claims 1 to 3 wherein the fungicide used in treatment is selected from: the
triazole group, strobilurin group or combinations of these two fungicide groups.

5. The method as claimed in any one of claims 1 to 4 wherein at least 65% or greater endophyte viability is retained
when the combination is treated with 50:50wt/wt combination of triazole based fungicide and strobilurin based

fungicide.

6. The method as claimed in claims 1 to 5 wherein the fungicide used in treatment is triazole based and applied to the
combination as a spray at a rate of 1000 ml/ha.

7. The method as claimed in any one of claims 1 to 5 wherein the fungicide used in treatment is strobilurin based and
applied as a spray at a rate of 1000 ml/ha.

8. Themethod as claimedinanyoneofclaims 1to 7 wherein the fungicide usedin treatmentis applied to the combination
at early flowering of the combination, or is applied at early flowering and re-applied again at late flowering to the

combination.

9. The method as claimed in any one of claims 1 to 8 wherein the fungicide is applied to the combination in the form

12
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selected from: a spray, an immersion, a powder, a gel, and combinations thereof.

A method as claimed in any one of claims 1 to 9 comprising subjecting the combination to temperatures of between
15°C and 55°C for a time period of at least 3 days.

A method as claimed in claim 10, wherein the combination is produced by inoculating the grass cultivar with an
axenic culture of the endophyte.

The method as claimed in claim 10 or 11 wherein the AR584 endophyte in the combination retains at least a 50%
or greater endophyte viability.

The method as claimed inany one of claims 10 to 12 wherein the endophyte viability is retained when the combination
of endophyte and plant or part thereof is subjected to temperatures of 35°C to 45°C.

The method as claimed in any one of claims 10 to 13 wherein endophyte viability is retained when the combination
is subjected to a relative humidity of 70% or greater for least 3 days.

A method as claimed in any one of claims 1 to 9, wherein the combination retains at least 60% or greater endophyte
viability when the combination is subjected to a temperature of up to 40°C and a relative humidity of up to 100% for
at least a time period of 3 days.

The method as claimed in claim 15 wherein at least 75% or greater endophyte viability is retained.

A method as claimed in any one of claims 1 to 9, comprising subjecting the combination to a temperature of up to
40°C and a relative humidity of up to 100% for at least a time period of 3 days, wherein the combination retains at
least 60% or greater endophyte viability, when the combination is subjected to the temperature of up to 40°C and
the relative humidity of up to 100% for at least a time period of 3 days, wherein the combination retains at least a

50% or greater endophyte viability after treatment with fungicide.

The method as claimed in any one of claims 1 to 17 wherein the plant or part thereof is selected from: seed(s),
shoot(s), stem(s), flower(s) or root(s) and combinations thereof.

The method as claimed in any one of claims 1 to 18 wherein the grass cultivar is a tall fescue plant variety.

The method as claimed in any one of claims 1 to 19 wherein the grass cultivar is a synthetic grass cultivar.

Patentanspriiche

1.

Verfahren zum Bewahren der Endophyten-Lebensfahigkeit in einer Pflanze oder einem Teil derselben, die durch
eine Kombination aus einer Grassorte und einer Endophytenkombination erzeugt wird, wobei der Endophyt der
AR584-Endophyt ist (AGAL-Deposit-Nr. NM98/04676 mit Datum vom 12. Mai 1998), das die Behandlung der Kom-
bination mit Fungizid umfasst.

Verfahren nach Anspruch 1, wobei der AR584-Endophyt in der Kombination eine Lebensfahigkeit von mindestens
50 % oder mehr nach einer Behandlung mit Fungizid bewahrt.

Verfahren nach Anspruch 1 oder 2, wobei das Fungizid, das bei der Behandlung verwendet wird, systemische
Merkmale, Merkmale zur Kontrolle von Blattkrankheiten oder eine Aktivitat gegen bodenbedingte fungizide Patho-
gene hat.

Verfahren nach einem der Anspriiche 1 bis 3, wobei das Fungizid, das bei der Behandlung verwendet wird, unter
folgenden ausgewahlt wird: Triazol-Gruppe, Strobilurin-Gruppe oder Kombinationen dieser beiden Fungizid-Grup-
pen.

Verfahren nach einem der Anspriiche 1 bis 4, wobei eine Lebensfahigkeit des Endophyten von mindestens 65 %

oder mehr bewahrt wird, wenn die Kombination mit einer Kombination von 50:50 Gew-% eines Fungizids auf Triazol-
Basis und einem Fungizid auf Strobilurin-Basis behandelt wird.
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Verfahren nach einem der Anspriiche 1 bis 5, wobei das Fungizid, das bei der Behandlung verwendet wird, auf
Triazol basiert und auf die Kombination als Spray mit einer Rate von 1000 ml/ha angewendet wird.

Verfahren nach einem der Anspriiche 1 bis 5, wobei das Fungizid, das bei der Behandlung verwendet wird, auf
Strobilurin basiert und als Spray mit einer Rate von 1000 ml/ha angewendet wird.

Verfahren nach einem der Anspriiche 1 bis 7, wobei das Fungizid, das bei der Behandlung verwendet wird, auf die
Kombination bei der friihen Blite der Kombination angewendet wird oder bei der friihen Bliite angewendet und bei
der spaten Bliite auf die Kombination wieder angewendet wird.

Verfahren nach einem der Anspriiche 1 bis 8, wobei das Fungizid auf die Kombination in der Form angewendet
wird, die aus Folgendem ausgewahlt wird: ein Spray, eine Immersion, ein Pulver, ein Gel und Kombinationen
derselben.

Verfahren nach einem der Anspriiche 1 bis 9, umfassend das Einwirken von Temperaturen zwischen 15 °C und 55
°C flr eine Zeitdauer von mindestens 3 Tagen auf die Kombination.

Verfahren nach Anspruch 10, wobei die Kombination durch Impfen der Grassorte mit einer axenischen Kultur des
Endophyten erzeugt ist.

Verfahren nach Anspruch 10 oder 11, wobei der AR584-Endophyt in der Kombination eine Lebensfahigkeit des
Endophyten von mindestens 50 % oder mehr bewahrt.

Verfahren nach einem der Anspriiche 10 bis 12, wobei die Lebensfahigkeit des Endophyten bewahrt wird, wenn
die Kombination aus Endophyt und Pflanze oder einem Teil derselben Temperaturen von 35 °C bis 45 °C ausgesetzt
wird.

Verfahren nach einem der Anspriiche 10 bis 13, wobei die Lebensfahigkeit des Endophyten bewahrt wird, wenn
die Kombination einer relativen Feuchtigkeit von 70 % oder mehr Uber mindestens 3 Tage ausgesetzt wird.

Verfahren nach einem der Anspriiche 1 bis 9, wobei die Kombination eine Lebensfahigkeit des Endophyten von
mindestens 60 % oder mehr bewahrt, wenn die Kombination einer Temperatur von bis zu 40 °C und einer relativen
Feuchte von bis zu 100 % flir mindestens eine Zeitdauer von 3 Tagen ausgesetzt wird.

Verfahren nach Anspruch 15, wobei die Lebensfahigkeit des Endophyten von mindestens 75 % oder mehr bewahrt
wird.

Verfahren nach einem der Anspriiche 1 bis 9, umfassend das Einwirken einer Temperatur von bis zu 40 °C und
einer relativen Feuchte von bis zu 100 % Uber eine Zeitdauer von mindestens 3 Tagen auf die Kombination, wobei
die Kombination eine Lebensfahigkeit des Endophyten von mindestens 60 % oder mehr bewahrt, wenn die Kom-
bination der Temperatur von bis zu 40 °C und der relativen Feuchte von bis zu 100 % Uber eine Zeitdauer von
mindestens 3 Tagen ausgesetzt wird, wobei die Kombination eine Entwicklungsfahigkeit des Endophyten von min-
destens 50 % oder mehr nach einer Behandlung mit Fungizid bewahrt.

Verfahren nach einem der Anspriiche 1 bis 17, wobei die Pflanze oder ein Teil derselben aus Folgendem ausgewahlt
wird: Saat(en), Trieb(e), Stangel, Blite(n) oder Wurzel(n) und Kombinationen derselben.

Verfahren nach einem der Anspriiche 1 bis 18, wobei die Grassorte eine groRe Schwingelpflanzenvarietat ist.

Verfahren nach einem der Anspriiche 1 bis 19, wobei die Grassorte eine synthetische Grassorte ist.

Revendications

Méthode de conservation de la viabilité des endophytes dans une plante ou une partie de celle-ci produite par une
combinaison d’un cultivar de graminée etd’'une combinaison d’endophytes, dans laquelle 'endophyte est’endophyte
AR584 (dépdt AGAL n° NM98/04676 daté du 12 mai 1998), comprenant le traitement de la combinaison par un
fongicide.
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Méthode selon la revendication 1, dans laquelle 'endophyte AR584 dans la combinaison conserve au moins 50%
ou plus de viabilité des endophytes aprés traitement par un fongicide.

Méthode selon la revendication 1 ou la revendication 2, dans laquelle le fongicide utilisé dans le traitement posséde
des caractéristiques systémiques, des caractéristiques de contréle de maladies foliaires, ou une activité contre les
pathogénes fongicides du sol.

Méthode selon 'une quelconque des revendications 1 a 3, dans laquelle le fongicide utilisé dans le traitement est
choisi parmi : le groupe des triazoles, le groupe des strobilurines ou des combinaisons de ces deux groupes de
fongicides.

Méthode selon I'une quelconque des revendications 1 a 4, dans laquelle au moins 65% ou plus de la viabilité des
endophytes est conservée lorsque la combinaison est traitée par une combinaison de 50:50 p/p d’un fongicide a
base de triazole et d’'un fongicide a base de strobilurine.

Méthode selon les revendications 1 a 5, dans laquelle le fongicide utilisé dans le traitement est a base de triazole
et est appliqué a la combinaison sous forme de pulvérisation a un taux de 1000 ml/ha.

Méthode selon 'une quelconque des revendications 1 a 5, dans laquelle le fongicide utilisé dans le traitement est
a base de strobilurine et est appliqué sous forme de pulvérisation a un taux de 1000 ml/ha.

Méthode selon 'une quelconque des revendications 1 a 7, dans laquelle le fongicide utilisé dans le traitement est
appliqué a la combinaison a la floraison précoce de la combinaison, ou est appliqué a la floraison précoce et
réappliqué de nouveau a la floraison tardive a la combinaison.

Méthode selon I'une quelconque des revendications 1 a 8, dans laquelle le fongicide est appliqué a la combinaison
sous une forme choisie parmi : une pulvérisation, une immersion, une poudre, ungel, et des combinaisons de ceux-ci.

Méthode selon 'une quelconque des revendications 1 a 9, comprenant la soumission de la combinaison a des
températures comprises entre 15°C et 55°C pendant une période de temps d’au moins 3 jours.

Méthode selon larevendication 10, dans laquelle la combinaison est produite par 'inoculation du cultivar de graminée
par une culture axénique de 'endophyte.

Méthode selon la revendication 10 ou 11, dans laquelle 'endophyte AR584 dans la combinaison conserve au moins
50% ou plus de viabilité des endophytes.

Meéthode selon 'une quelconque des revendications 10 a 12, dans laquelle la viabilité des endophytes est conservée
lorsque la combinaison des endophytes et de la plante ou d’une partie de celle-ci est soumise a des températures
allant de 35°C a 45°C.

Meéthode selon 'une quelconque des revendications 10 a 13, dans laquelle la viabilité des endophytes est conservée
lorsque la combinaison est soumise a une humidité relative de 70% ou plus pendant au moins 3 jours.

Méthode selon I'une quelconque des revendications 1 a 9, dans laquelle la combinaison conserve au moins 60%
ou plus de viabilité des endophytes lorsque la combinaison est soumise a une température allant jusqu’a 40°C et
une humidité relative allant jusqu’a 100% pendant au moins une période de temps de 3 jours.

Méthode selon larevendication 15, dans laquelle au moins 75% ou plus de la viabilité des endophytes est conservée.

Méthode selon 'une quelconque des revendications 1 a 9, comprenant la soumission de la combinaison a une
température allant jusqu’a 40°C et une humidité relative allant jusqu'a 100% pendant au moins une période de
temps de 3 jours, ou la combinaison conserve au moins 60% ou plus de viabilité des endophytes, lorsque la
combinaison est soumise a la température allant jusqu’a 40°C et ’lhumidité relative allant jusqu’a 100% pendant au
moins une période de tempsde 3 jours, ol lacombinaison conserve au moins 50% ou plus de viabilité des endophytes
aprés traitement par un fongicide.

Méthode selon I'une quelconque des revendications 1 a 17, dans laquelle la plante ou une partie de celle-ci est
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ou une ou plusieurs racines, et des combinaisons de celles-ci.

Méthode selon 'une quelconque des revendications 1 a 18, dans laquelle le cultivar de graminée est une variété

de fétuque élevée.

Meéthode selon 'une quelconque des revendications 1 a 19, dans laquelle le cultivar de graminée est un cultivar de

graminée synthétique.
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