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FEATURE OPERATION POLLINATOR

Operation Pollinator sounds 
like a mission and in many 
respects that’s just what it is. 
Its underlying aim is to wage 
war on the disappearance of 
bees from the landscape and 
offer them the best possible 
incentives to return. 

This is being achieved by sowing 
the broadest range of pollen and 
nectar rich flowers to suit the tastes 
of the widest spectrum of these 
Hymenopterous (bees and wasps) 
insects. The essential difference is 
that instead of concentrating on 
traditional targets like meadows, 
natural down land and grass verges, 
Operation Pollinator focuses on 
golf courses by seeding out of play 
areas with a rich mix of annual and 
perennial flowering plants.

Operation Pollinator is the 
brainchild of Syngenta but has 
become a golf industry initiative in 
implementation. “It is a valuable 
opportunity for the golf industry to 
play a pivotal role in saving the bee 
population,” said Caroline Carroll, 
Marketing Communications Man-
ager at Syngenta.

“Golf courses can be real oasis for 
wildlife. Most have land resources 
and skilled managers that can 
create the habitat to encourage 
populations of bees and pollinating 
insects, without impinging on their 
members’ play.”

Golf courses are perhaps a better 
resource than other more tradi-
tional wild flower sites like grass 
verges. Indeed a recent report by 
the charity Plantlife drew attention 
to the ongoing deterioration of grass 
verges as habitats for wild flowers 
and pollinating insects caused by 
councils cutting too frequently.

The Operation Pollinator concept 
has its roots in a much earlier 
agricultural initiative, to establish 
wildflower and pollinating insect 
sanctuaries in field margins. The 
programme itself is based on 
knowledge and experience gained 
from the scientifically acclaimed 
‘Buzz Project’, with over four years 
of field trials conducted by indepen-
dent researchers.

So what are its objectives? 
Caroline explained: “The aim of 
Operation Pollinator is to establish 

a total of 250 hectares of pollen and 
nectar rich habitat across 500 golf 
courses in the UK and Ireland, to 
provide essential food sources and 
nesting sites for pollinating insects 
and especially bumblebees and 
wild bees in general.

“For members there is an 
enhanced visual and playing 
experience, and for managers a 
fast response to their endeavours. 
Experience shows an Operation 
Pollinator programme can deliver 
beneficial results and effects 60% 
quicker than conventional man-
agement techniques”.

What’s being done?
Operation Pollinator sites are 

established on free draining soils 
receiving sufficient light to encour-
age and promote both flowering and 
insect activity. South facing sites are 
ideal, whilst cold, north-facing sites 
with inherently prolonged wetness 
should be avoided. Site selection is 
based on these environmental and 
ecological considerations.

Out of play and undisturbed 
rough, alongside water resources, 
on fairway carries, alongside 
walkways between holes, around 
the backs of greens and woodland 
margins are all prime sites. Sites 
at the woodland edge, along hedge 
lines and across sunny banks will 
furnish additional nesting habitats 
for bumble bees and other pollinat-
ing insects.

Seed mix selection is very much 
a ‘horses for courses’ choice with 

Operation Pollinator recommend-
ing, rather than dictating, appro-
priate species combinations. Three 
seed mixtures - Parkland, Heath-
land and Links - are recommended 
with the exact species formulation 
created by specialist ecologists and 
entomologists, in conjunction with 
golf course designers and agrono-
mists.

Syngenta is not prescriptive in 
its approach to seed mix selection 
and choice. “We simply recommend 
these mixtures as a template, but 
courses do not have to use them”, 
said Caroline. ”Greenkeepers know 
their courses best and from experi-
ence what species of wild flowering 
plants are already established and 
thriving.” 

Different species of plant obvi-
ously have different requirements, 
revolving around factors like soil pH 
and nutrient status, while different 
species of bees clearly have differing 
flower and food requirements dic-
tated by flower morphology (shape 
and structure).

But courses should aim for plant 
species and an overall selection 
with established successful flower 
formation and display extending 
over the longest possible period of 
flowering.

According to Syngenta the speed 
and end result of habitat creation 
will largely depend on whether a 
course uses a perennial or annual 
plant seed selection. Perennial 
plants will not yield much in the 
way of flowers during the first year, 

while picking up in the second year 
and coming into their prime in year 
three onwards. Courses wanting 
a quick fix and to get members 
engaged in the project could initially 
opt for annuals, to provide a fast 
stunning display and quick source 
of pollen and nectar in the year of 
planting. The question is, what will 
come up the following year depend-
ing how successful self-seeding has 
been?

This is an instance where 
greenkeepers can take the initiative 
and develop an appropriate mix of 
perennials and annuals according 
to the course, their experience of 
wild flowers and of course their par-
ticular preferences. Some courses 
are opting for non-wild annual 
flower mixes giving stunning dis-
plays of cosmos daisies and other 
garden Asteraceae (Compositae) 
which are ‘honeypots’ for bees. 
Wildlife organisations and purists 
might be a bit ‘sniffy’ about sowing 
non-native species, but after all golf 
courses are not universally natural 
landscapes and many feature trees 
species from across the world.

And it’s not all about flowers 
because these mainly dicot (broad-
leaved) species will be growing 
within grass swards. Grass sward 
composition will have significant 
impact on seedling establishment 
and flowering success and there-
fore the visual and entomological 
impact of the end result.  Caroline 
recommends encouragement of 
fescue grasses over rough grasses, 

Bringing 
back the 
bees

Dr Terry Mabbett looks at how Operation 
Pollinator is making an impact at golf 
clubs nationwide and asks, what’s really 
in it for the greenkeeper?

Managers can create the 
habitat to encourage bees 
and other pollinating 
insects without impinging 
on members play. 
Undisturbed rough around 
the course at Bowood 
Golf and Country Club 
in Wiltshire (Picture 
Syngenta)
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OPERATION POLLINATOR

Ely City gets the buzz of 
promoting pollinators 

The Operation Pollinator wildflower areas established 
at Ely City Golf Club have generated many very positive 
comments from members over the summer, reported 
the club’s Deputy Head Greenkeeper and environmental 
champion, Simon Winters (above).

He believed a key aspect of its success has been the 
highly visible location of blocks selected for wildflowers 
- on the walkthrough to the tee for the 15th and 
surrounding the back of the green - meaning players are 
fully immersed in the colour and buzz of insect activity 
in the clearly signposted areas. Secondly, the decision 
to sow a mix of flowering annuals in the first year has 
created a blaze of colour and an instant response in 
pollinator and insect numbers. 

“We have also been very proactive with telling the 
members what we are doing,” he said. “Having got 
them engaged with the initiative and its objectives, and 
demonstrating quickly what could be achieved, they are 
very keen for more and to see it extended.” 

Whilst the wildflower areas have been focused on 
Sherriff Amenity annual seed mixes so far, Simon is keen 
to incorporate more native perennial wildflowers into the 
areas in the future. “The annuals have worked incredibly 
well and proven a big attraction for insects and players, 
but they will need to be recultivated and sown each year. 
That carries a cost and time element that is fine on a 
small scale, but could prove prohibitive on the larger 
Operation Pollinator ecological areas scheduled for the 
coming years. 

“Adding and developing areas of native perennial 
wildflower mix will add ecological diversity and a more 
natural appearance, and will also be easier to manage in 
the long-term.”

He added that the initiative has generated real interest 
and enthusiasm among the greenkeeping team. “Our first 
priority is producing the best possible playing surface. 
That has really improved over recent seasons and is now 
looking better than ever, which gives us the chance to give 
extra attention to the Operation Pollinator areas.” 

Although the course covers just 94 acres in total, 
Simon and Course Manager, Andy Baker, identified a 
number of areas where wildflower could be established 
without interfering with play, and still providing a visual 
enhancement to players’ rounds. 

Andy added: “I believe our experience shows that 
Operation Pollinator could be incorporated onto every 
golf course, and would add a beneficial feature for the 
environment, the greenkeeping team and the players, as 
well as the golf industry as a whole.”

like Yorkshire Fog (Holcus lanatus), 
in roughs. Not only will there be 
a better seeding success rate but 
the end result will look much 
better if the flowers are borne in a 
wispy open fine rough with fescue 
panicles blowing in the wind. 

Who’s in?
Caroline says 42 clubs are signed 

up and when the Marriott hotel 
group comes on board next year 
this number will rise to over 50. And 
you don’t have to be in Operation 
Pollinator to be doing the right 
thing. “Kings Hill Golf Club in Kent, 
for example, is doing everything 
within the objectives of Operation 
Pollinator without actually being 
part of it. However, the more that 
become part of the initiative, the 
greater weight it carries in promot-
ing golf’s true potential for ecologi-
cal enhancement.”

Syngenta has identified the fol-
lowing clubs as carrying out best 
practice and designated them 
Operation Pollinator ‘Champions’: 
Bowood Golf and Country Club, 
Cleveland Golf Club, Chesterfield 
Golf Club, Hanbury Manor Golf and 
Country Club, Hockley Golf Club, 
London Golf Club, Massereene Golf 
Club, Minchinhampton Golf Club, 
Naas Golf Club, Rutland County 
Golf Club, St Andrews Links Eden 
Course and The Grove. 

Many greenkeepers are clearly 

enthused and already convinced of 
the worth of the Operation Pollina-
tor Programme. Steve Thompson, 
greenkeeper at John O’ Gaunt 
Golf Club, said: “As we establish 
more wildflower areas around the 
course, the aim is that it will add 
to the experience of playing in a 
natural environment.”

What’s in it for greenkeepers?
The success of Operation Pollina-

tor ultimately rests with the level of 
enthusiasm shown by greenkeep-
ers, and bluntly - what’s in it for 
them. 

Good results from an Operation 
Pollinator programme will clearly 
raise the profile of the whole course 
management team giving a sense 
of pride and motivation. Enhance-
ment of knowledge and skills is 
clearly a major benefit. 

One benefit perhaps not auto-
matically obvious is the incentive 
to properly manage rough through 
‘rescue of the fescue’. Operation 
Pollinator should automatically 
increase the level of care when 
applying fertiliser and pesticide 
with more careful targeting provid-
ing better effect and less waste. 

It will give greenkeepers a broader 
and stronger profile for improved 
career development at the club or 
elsewhere. Last and perhaps most 
importantly it provides a way of 
engaging members and the club 

management, and a valuable 
reason to promote continuous 
dialogue. 

And if greenkeepers doubt 
members are onside they should 
consult a survey conducted by Syn-
genta: 81% of players say that it is 
important to have a natural looking 
course; 60% are not satisfied with 
environmental initiatives on their 
course; and 74% strongly agree 
with the statement “I enjoy seeing 
wildlife – birds, bees and butterflies 
– when I play.”

Caroline concluded: “If a club 
creates just 0.5 ha of Operation 
Pollinator it is the same effect as 
600 club members sowing a 2 x 4 m 
flower border at home.”

ABOVE: Wispy, open fine fescue 
rough at Kings Hill, West Malling 
(Picture Syngenta)

TOP RIGHT: Bombus pascuorum 
on Greater Plantain (Plantago 
major) (Picture Syngenta)

RIGHT: Annual garden flower 
mixes (including cosmos 
daisy shown here) give a quick 
colourful show which is highly 
attractive to bees and other 
pollination insects

BELOW: Bird’s foot trefoil is 
prostrate weed of fine turf but in 
other situations it is an upright 
and valuable wild flower which 
attracts bees (Picture Syngenta)
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EnDOPHyTES

Jonathan Knowles from Myerscough 
College unveils his latest research findings 
on endophytes – potentially a solution for 
sustainable turf management

Relationships

All plants have relationships and 
associations with animals, inverte-
brates, other plants, and microbes. 
This relationship or symbiosis 
can be beneficial, antagonistic or 
neither. Turf diseases are a good 
example of an antagonistic asso-
ciation and conversely, mycorrhizal 
fungi are a classic example of a ben-
eficial relationship. In this article I 
want to introduce, or at least review 
a symbiosis which may be new to 
you; a clandestine microbe - the 
aboveground fungal-endophyte.

Greenkeeping, or sports turf 
management, is a skill requiring 
specialist training, education and 
an understanding of the balance 
between ecology, horticulture and 
agriculture.

I want to discuss how micro-
scopic fungi could potentially open 
up a new area of knowledge and 
broaden the understanding and 
fusion between ecology and sports 
turf. This area of microbe-inter-
action is already making progress 
in crop biotechnology and we are 
starting to see some early market-
ing for endophyte-infected seeds 
for the sports turf market already. 
The truth is this type of microbe-
interaction has been applied and 
used in turf and grassland man-
agement in other countries such as 
New Zealand for many years.  

Defining an Endophyte

An endophyte is a symbiont, typi-
cally a fungal or bacterial infection 
that lives within the plant. Some 
endophytes spend part of their 

life within the plant, while others 
spend all their lifecycle within the 
plant. Mycorrhizae is described as 
an endophyte, however, this article 
focuses on the fungal-endophytes 
that spend their life in the aerial 
shoots and leaves (plate 1 and 2).  

Grass-Endophyte Ecology & 
Sports Turf

The grass-endophytes symbiosis 
is not new knowledge.  In wild 
grassland ecology there is a rich 
source of information discussing 
the relationship – good and bad. 

At the moment sports turf 
endophyte research is limited, 
nevertheless, many of the grasses 
found in ecology and agricultural 
research are the commonly used 
in sports turf. So, from what we 
understand at the moment, there 
are around six different species 
of fungal-endophyte infecting UK 
sports turf species. 

That is they have the potential 
for infection, note we don’t have 
the data to suggest distribution or 
infection levels in UK sports turf 
just yet. These six species belong 
to one family of fungal endophyte - 
Clavicipitaceae. 

A mycologist may be familiar with 
ergot and choke the pathogenic 
fungal infections found in grass-
lands and pasture of rye-grass, 
cocks foot, tall fescue, red fescues, 
bent-grasses and purple moor 
grass. 

These antagonistic endophyte 
infections are caused by Epichloe 
spp. and Claviceps purpurea. 
Neither of these present an obvi-
ous threat to sports turf surfaces, 

especially as they are diseases of 
the inflorescence. However, seed 
houses may have concerns over 
choke, especially as it known to 
castrate some turf species. Inter-
estingly, for sports turf there is one 
prominent fungal-endophyte of 
significance - Neotyphodium spp. 
a derivative of Epichloe spp., for 
which infection is transmitted via 
the seed of the next generation. 

Importantly, this means there 
are no signs of disease or the associ-
ated outward visible growing fungal 
parts, such as sclerotia or conidia.  
So this type of endophyte (Neopty-
phodium) typical to our sports turf 
species is asymptomatic, hence it’s 
secretive infection.  

The Justification of 
Endophyte Research in Sports 
Turf 

Endophytes have been subject to 
many grassland, forage and ecology 
research studies mostly associated 
with the aspects of grass growth 
and development.  

Neotyphodium infection has 
been reported to have an effect on 
increased leaf area, tillering, root 
development, drought tolerance, 
pest resistance, nutrient deficient 
soil, and even an increased com-
petitive ability against inter and 
intra-specific species. This sug-

gests infected grasses are invasive 
in areas of non-infected broadleaf 
weeds and grasses. However, some 
studies show little to no effect of 
the infection, and there are some 
contradictions. 

These complications could be 
related to the environmental condi-
tions, grass species, the interacting 
endophyte species, and even the 
research methodology used. When 
these variables are combined with 
the fact that the symbiotic associa-
tion between endophyte and host is 
changeable, difficulties arise.

The association can be beneficial 
(mutualistic) and in contrast, under 
other conditions it can be detrimen-
tal (parasitic), so it can be difficult to 
conclude the benefits or otherwise. 
Indeed the benefits of the associa-
tion have to be interpreted for the 
context in which they are set. It’s 
not clear cut, these associations 
must be tested in a sports turf 
context to realise if the endophytes 
matter to the grasses and playing 
surfaces for sport. 

Endophyte Research Matters

Stateside, Rutgers University are 
slightly ahead of the game studying 
endophytes and sports turf (plate 
3). Their research has seen a Neo-
typhodium endophyte-mediated 
resistance to Dollar Spot and Red 

Researching 
Endophytes 
in UK 
Sports Turf

GLOSSARY

Endophyte Endo- meaning within and -Phyte meaning 
plant.  Endophytes are typically fungal or bacterial. But 
not limited to viral or any other microbial interaction 
within the plant.  Endophytes are obligate biotrophs.

Clavicipitaceae A family of fungi which consist 
of more than forty genera.  Claviceps purpurea is an 
example, commonly known as Ergot.  This grass disease 
leaves blackened fungal parts extruding (sclerotia) from 
the inflorescence.

Alkaloid A naturally forming chemical compound.  
Toxic alkaloids are common in fungal-endophytes.  These 
toxins can cause Ergotisim when consumed by humans 
(in cereals).  Many beneficial drugs such as anti-cancer, 
anti-viral, anti-malarial, and even against migraines 
(ergotamine).  All are derived from endophytic alkaloids.

Ecosystem A community of living organisms within 
an environment. Where both biotic and abiotic elements 
are considered to be linked through nutrient cycles and 
energy flows.

Immunoblot A commonly used analysis method for 
the recognition of anti-bodies. 

DNA Sequencing A process for determining the order 
of the nucleotide molecules specific to the DNA being 
analysed.

Neotyphodium Genera of fungal-endophytes, for 
which there are fourteen species.  Reproduction by 
asexual or vertical means.  Example species: N. lolii.  
Example host grasses: Festuca, Lolium, Bromus, 
Melica, and Poa.

Epichloe Genera of fungal-endophyte, for which there 
are ten species.  Reproduction by Sexual or horizontal 
means.  Example species: E.typhina. Example host 
grasses: Agrostis, Bromus, Dactylis, Elymus and Poa.

Choke See Epichloe.
Interspecific competition Competition between 

different species.
Intraspecific competition Competition between the 

same species.
Ergot See Clavicipitaceae
MycorrhizaeA mutualistic association between 

root and fungi.  Grasses typical form associations with 
vesicular arbuscular mycorrhizae. 

Sheath tissue The basal part of the grass.  Leaves 
surround the stem in multiple layers.

Symbiosis An association or relationship between 
individual species.  A symbiotic association can be 
antagonistic, parasitic, mutualistic, or communalistic 
(no benefit or determent to host).

Sustainability An approach which safeguards the 
future by limiting environmental damage, maintaining 
social equity and enduring economic demands.  

Inflorescence The flower head of grasses.  An 
aggregation of flowers on the stem.

Mutualistic A beneficial association for both host and 
symbiont.

Parasitic A beneficial association for symbiont 
organism or parasite. Causes harm, not necessarily 
immediate death.

Biotechnology Loosely means; applying technology 
that uses a biological system, living organism, or 
derivative whether modified or not.

Propiconazole Active ingredient of a broad-spectrum 
fungicide.  Example, Syngenta’s Banner Maxx to control 
Fusarium, dollar spot, anthracnose, rhizoctonia and 
bipolaris.  

Argentine stem weevil A small brown weevil (3 mm 
in length).  A significant turfgrass pest in New Zealand.  

Claviceps purpurea See Clavicipitaceae

Quiz

1. Select the three correct 
reasons why endophytes could 
benefit sports turf?

2. Where is the evidence that 
endophytes in sports turf may be 
beneficial?

3. There is no evidence of Poa 
annua being endophyte infected 
in UK sports turf.  However, what 
species of endophyte could we 

TOP: The sheath cells of tall fescue 
stained blue with endophytic 
hyphae threading intercellularly 
X400 magnification. Image 
sourced - Prof. N. Hill, University 
of Georgia.

ABOVE: Electron Scanning 
Microscope image of endophytic 
hyphae (tubular, white and 
branching) situated here between 
the cell walls of the sheath tissue of 
tall fescue. Image sourced - Prof. 
N. Hill, University of Georgia.

RIGHT PAGE: Image from 
the 2005 investigation of the 
suppression of red thread 
(Laetisaria fuciformis) and pink 
patch (Limnomyces roseipellis) 
using endophyte infected red 
fescues.  From the two plots it is 
clear to see endophyte infected turf 
on the right suppressing the onset 
of disease.   Image source Dr. S. 
Bonos, Rutgers University.

expect to detect living within Poa 
annua?

4. What methods are being 
used to detect infection at the 
University of Central Lancashire 
and Myerscough College?

5. The immunoblot 
membrane image, on page 
46, shows endophyte-infected 
grasses.  

What percentage on the 
membrane is infected?
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starting to see some early market-
ing for endophyte-infected seeds 
for the sports turf market already. 
The truth is this type of microbe-
interaction has been applied and 
used in turf and grassland man-
agement in other countries such as 
New Zealand for many years.  

Defining an Endophyte

An endophyte is a symbiont, typi-
cally a fungal or bacterial infection 
that lives within the plant. Some 
endophytes spend part of their 

life within the plant, while others 
spend all their lifecycle within the 
plant. Mycorrhizae is described as 
an endophyte, however, this article 
focuses on the fungal-endophytes 
that spend their life in the aerial 
shoots and leaves (plate 1 and 2).  

Grass-Endophyte Ecology & 
Sports Turf

The grass-endophytes symbiosis 
is not new knowledge.  In wild 
grassland ecology there is a rich 
source of information discussing 
the relationship – good and bad. 

At the moment sports turf 
endophyte research is limited, 
nevertheless, many of the grasses 
found in ecology and agricultural 
research are the commonly used 
in sports turf. So, from what we 
understand at the moment, there 
are around six different species 
of fungal-endophyte infecting UK 
sports turf species. 

That is they have the potential 
for infection, note we don’t have 
the data to suggest distribution or 
infection levels in UK sports turf 
just yet. These six species belong 
to one family of fungal endophyte - 
Clavicipitaceae. 

A mycologist may be familiar with 
ergot and choke the pathogenic 
fungal infections found in grass-
lands and pasture of rye-grass, 
cocks foot, tall fescue, red fescues, 
bent-grasses and purple moor 
grass. 

These antagonistic endophyte 
infections are caused by Epichloe 
spp. and Claviceps purpurea. 
Neither of these present an obvi-
ous threat to sports turf surfaces, 

especially as they are diseases of 
the inflorescence. However, seed 
houses may have concerns over 
choke, especially as it known to 
castrate some turf species. Inter-
estingly, for sports turf there is one 
prominent fungal-endophyte of 
significance - Neotyphodium spp. 
a derivative of Epichloe spp., for 
which infection is transmitted via 
the seed of the next generation. 

Importantly, this means there 
are no signs of disease or the associ-
ated outward visible growing fungal 
parts, such as sclerotia or conidia.  
So this type of endophyte (Neopty-
phodium) typical to our sports turf 
species is asymptomatic, hence it’s 
secretive infection.  

The Justification of 
Endophyte Research in Sports 
Turf 

Endophytes have been subject to 
many grassland, forage and ecology 
research studies mostly associated 
with the aspects of grass growth 
and development.  

Neotyphodium infection has 
been reported to have an effect on 
increased leaf area, tillering, root 
development, drought tolerance, 
pest resistance, nutrient deficient 
soil, and even an increased com-
petitive ability against inter and 
intra-specific species. This sug-

gests infected grasses are invasive 
in areas of non-infected broadleaf 
weeds and grasses. However, some 
studies show little to no effect of 
the infection, and there are some 
contradictions. 

These complications could be 
related to the environmental condi-
tions, grass species, the interacting 
endophyte species, and even the 
research methodology used. When 
these variables are combined with 
the fact that the symbiotic associa-
tion between endophyte and host is 
changeable, difficulties arise.

The association can be beneficial 
(mutualistic) and in contrast, under 
other conditions it can be detrimen-
tal (parasitic), so it can be difficult to 
conclude the benefits or otherwise. 
Indeed the benefits of the associa-
tion have to be interpreted for the 
context in which they are set. It’s 
not clear cut, these associations 
must be tested in a sports turf 
context to realise if the endophytes 
matter to the grasses and playing 
surfaces for sport. 

Endophyte Research Matters

Stateside, Rutgers University are 
slightly ahead of the game studying 
endophytes and sports turf (plate 
3). Their research has seen a Neo-
typhodium endophyte-mediated 
resistance to Dollar Spot and Red 

Researching 
Endophytes 
in UK 
Sports Turf

GLOSSARY

Endophyte Endo- meaning within and -Phyte meaning 
plant.  Endophytes are typically fungal or bacterial. But 
not limited to viral or any other microbial interaction 
within the plant.  Endophytes are obligate biotrophs.

Clavicipitaceae A family of fungi which consist 
of more than forty genera.  Claviceps purpurea is an 
example, commonly known as Ergot.  This grass disease 
leaves blackened fungal parts extruding (sclerotia) from 
the inflorescence.

Alkaloid A naturally forming chemical compound.  
Toxic alkaloids are common in fungal-endophytes.  These 
toxins can cause Ergotisim when consumed by humans 
(in cereals).  Many beneficial drugs such as anti-cancer, 
anti-viral, anti-malarial, and even against migraines 
(ergotamine).  All are derived from endophytic alkaloids.

Ecosystem A community of living organisms within 
an environment. Where both biotic and abiotic elements 
are considered to be linked through nutrient cycles and 
energy flows.

Immunoblot A commonly used analysis method for 
the recognition of anti-bodies. 

DNA Sequencing A process for determining the order 
of the nucleotide molecules specific to the DNA being 
analysed.

Neotyphodium Genera of fungal-endophytes, for 
which there are fourteen species.  Reproduction by 
asexual or vertical means.  Example species: N. lolii.  
Example host grasses: Festuca, Lolium, Bromus, 
Melica, and Poa.

Epichloe Genera of fungal-endophyte, for which there 
are ten species.  Reproduction by Sexual or horizontal 
means.  Example species: E.typhina. Example host 
grasses: Agrostis, Bromus, Dactylis, Elymus and Poa.

Choke See Epichloe.
Interspecific competition Competition between 

different species.
Intraspecific competition Competition between the 

same species.
Ergot See Clavicipitaceae
MycorrhizaeA mutualistic association between 

root and fungi.  Grasses typical form associations with 
vesicular arbuscular mycorrhizae. 

Sheath tissue The basal part of the grass.  Leaves 
surround the stem in multiple layers.

Symbiosis An association or relationship between 
individual species.  A symbiotic association can be 
antagonistic, parasitic, mutualistic, or communalistic 
(no benefit or determent to host).

Sustainability An approach which safeguards the 
future by limiting environmental damage, maintaining 
social equity and enduring economic demands.  

Inflorescence The flower head of grasses.  An 
aggregation of flowers on the stem.

Mutualistic A beneficial association for both host and 
symbiont.

Parasitic A beneficial association for symbiont 
organism or parasite. Causes harm, not necessarily 
immediate death.

Biotechnology Loosely means; applying technology 
that uses a biological system, living organism, or 
derivative whether modified or not.

Propiconazole Active ingredient of a broad-spectrum 
fungicide.  Example, Syngenta’s Banner Maxx to control 
Fusarium, dollar spot, anthracnose, rhizoctonia and 
bipolaris.  

Argentine stem weevil A small brown weevil (3 mm 
in length).  A significant turfgrass pest in New Zealand.  

Claviceps purpurea See Clavicipitaceae

Quiz

1. Select the three correct 
reasons why endophytes could 
benefit sports turf?

2. Where is the evidence that 
endophytes in sports turf may be 
beneficial?

3. There is no evidence of Poa 
annua being endophyte infected 
in UK sports turf.  However, what 
species of endophyte could we 

TOP: The sheath cells of tall fescue 
stained blue with endophytic 
hyphae threading intercellularly 
X400 magnification. Image 
sourced - Prof. N. Hill, University 
of Georgia.

ABOVE: Electron Scanning 
Microscope image of endophytic 
hyphae (tubular, white and 
branching) situated here between 
the cell walls of the sheath tissue of 
tall fescue. Image sourced - Prof. 
N. Hill, University of Georgia.

RIGHT PAGE: Image from 
the 2005 investigation of the 
suppression of red thread 
(Laetisaria fuciformis) and pink 
patch (Limnomyces roseipellis) 
using endophyte infected red 
fescues.  From the two plots it is 
clear to see endophyte infected turf 
on the right suppressing the onset 
of disease.   Image source Dr. S. 
Bonos, Rutgers University.

expect to detect living within Poa 
annua?

4. What methods are being 
used to detect infection at the 
University of Central Lancashire 
and Myerscough College?

5. The immunoblot 
membrane image, on page 
46, shows endophyte-infected 
grasses.  

What percentage on the 
membrane is infected?



Thread in red fescues. Potentially 
we could be unearthing a biotech-
nical answer for the future of sus-
tainable turf disease management. 
But, there is no evidence to suggest 
endophytes benefit UK sports turf. 

While we interpret the benefits 
we must also understand the rela-
tionship being changeable. For 
example, it has been discovered 
that a Neotyphodium sp. can pre-
vent wilt during drought, however, 
following the drought period the 
infection becomes parasitic divert-
ing the plants resources for its own 
survival weakening the plant to 
further stress.  

Another example is the hasten-
ing of the grass’s maturity. There 
is some evidence to suggest 
endophyte-infected plants die 
prematurely. 

Possibly not an issue with an 
over-seeding regime, but we can 
assume a weakening of the sward 
that could be susceptible to the 
threats of disease, pests and  
weeds. 

Also there is evidence that alka-
loid producing endophytes have 
the ability to deter pests such as 
the Argentine stem weevil in New 
Zealand, however there is no evi-
dence the effect would be similar in 
UK sports turf against pests such 

as chafer grubs or even parasitic 
nematodes. 

After all, many of the cool-season 
turf grasses have evolved in north-
ern Europe with the endophytes 
and the associated turf feeding 
invertebrates.

It is reasonable to hypothesize 
the pests could be unaffected by 
the toxins, without the testing we 
would not know. 

Similarly for nematodes, it is only 
a limited species of endophyte that 
produces the alkaloids that have 
the anti-biological toxins to resist 
invertebrate herbivores. 

There are many species of 
endophytes, it may be a case that 
certain endophyte infections hold 
beneficial traits against herbivo-
rous insects while other species are 
ineffective. 

Even so there needs to be an 
understanding of endophytes in 
our surfaces. 

The understanding or manage-
ment of endophytes will need intro-
ducing as a new area of knowledge 
in sports turf. 

A good example is the storage of 
seed; infection in the seed will only 
survive for around a year stored 
at 21C, however it is reported to 
persist for a decade stored at 4C. 
Moreover, there is an issue with 
the application of commonly used 
broad-spectrum fungicides eradi-
cating the infection, particularly by 
Propiconazole. 

Endophyte infected cultivars are 
starting to appear in sports turf 
management and quite possibly 
managers are starting in earnest to 
incorporate these endophytes into 
the surface with good intentions. 

However, they could be unwit-
tingly removing the endophyte with 
a fungicide application (unproven, 
but theoretically possible). 

Current Research for Sports 
turf

Myerscough College and the Uni-
versity of Central Lancashire are 
investigating potential sustainable 
methods for sports turf manage-

ment, and endophytes are a cur-
rent area of research. The aim is  
to examine some of the funda-
mental questions and whether 
endophytes matter in sports turf 
management. 

Using DNA analysis and immu-
noblot technology (plate 4 and 5) we 
have started detecting the presence 
of endophytes in UK sports turf, 
both in seed and surface. 

The next stages will be to trial 
whether the infection has benefits 
or detriments for sports turf against 
the stresses of pests, disease and 
drought; and look at the effects of 
endophytes interaction with the 
immediate ecosystems of sports 
turf.  

Endophytes could potentially 
be a solution towards sustainable 
turf management through a better 
understanding; and potentially 
reduce the application of harmful 
plant protection products and 
synthetic fertilisers.  

Ultimately endophytes could 
bio-technically enhance the per-
formance of sports turf surfaces, 
nevertheless, we need to know 
more about their ecology and our 
sports turf management towards 
them. 

Acknowledgement: Dr Andy 
Owen (Myerscough College) 

46  GI  DECEMBER 2013 @BIGGALtd @BIGGALtd DECEMBER 2013  GI 47

EnDOPHyTES

The products of DNA 
sequencing carried at 
the university of Central 
Lancashire.  This particular 
gel evidences the presences 
of neotyphodium in two 
sampled perennial ryegrass 
cultivars used in UK sports 
turf in lanes 8, 10, 11, 14 
and 15.

BELOW: Immunoblot testing 
carried out at Myerscough 
College.  This membrane is 
imprinted with seven cultivars 
(numbered) with ten replicates.  
For clarity the insert magnifies 
an example of an infected 
reaction.  On this membrane 
there are four positive 
infections. Control seeds at the 
bottom show infected to the 
left and non-infected above the 
red line to the right. All these 
cultivars are available for UK 
sports turf.
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Greenkeeper 
Training

BIGGA is actively involved in raising the standard 
of Greenkeeper Training.
The Association is a member of the Greenkeepers’ 
Training Committee and strives to enhance 
the level of education through various means, 
including Section, Regional and National 
workshops, seminars and conferences.

The range and quality of training now available throughout the UK 
means there is a training course for every greenkeeper.

This should improve the quality of greenkeeping and help to 
produce better quality golf courses to the benefit of all within the 
industry.

Golf Course Managers should ensure that their staff are trained to 
the highest standards.

This begins by selecting a training provider that meets the criteria 
laid down by the GTC.

There is a clear link between education, training and economic 
success and all clubs should invest in the education of their staff.

There are now a number of 
GTC Quality Assured Centres and 
Training Providers identified by 
the GTC Quality Assured logo

SCOTLAND ENGLAND

Sami Strutt
Head of Learning & 

Development
BIGGA

01347 833800
sami@bigga.co.uk
www.bigga.org.uk

Cupar, Fife, KY15 4JB
Contact: Michael.clark@sruc.ac.uk
www.sruc.ac.uk/elmwood
01334 658969
Full-time National Certificate Greenkeeping, Block Release 
/Fast Track and Work-based Learning options for SVQ Levels 2 
& 3 Sports Turf. SVQ Level 4 & 5 Management (online learning).
HNC/D Golf Course Management (full time and distance 
learning), HNC/D Golf Facility Management (full time).
Short course in Chainsaw, Tree Climbing and Rescue 
Techniques, Plant Operations, Pesticide Spraying and Noroso 
Certification/Courses

A guide to the range of training provided throughout the UK
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50 Brook Street, Glasgow, G40 2AB

Contact: Lesley Lowrie 0141-556-3999  
Fax: 0141-556-4999  learn@gostatraining.co.uk

SVQ Level 2 and 3 and Modern Apprenticeship in Greenkeeping/
Sportsturf and Landscape.   Attendance Day release or Distance 
Learning. SVQ Level 4 Management is available with flexible 
learning options. Lantra and NPTC Industry related short courses 
with certification include Pesticide courses, Chainsaw, full range of 
Machinery training, First Aid and many more. Candidates may use 
their Individual Learning Account to fund many of the courses.
Training courses are available in Glasgow and Edinburgh areas 
throughout the year. 

GTC QuALITy 
ASSURED 
CENTRES AND 
TRAINING 
PROVIDERS
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Quality Assured 

A full list of GTC 
approved training 
providers can be 
obtained from 
the GTC. The 
Greenkeepers Training 
Committee (GTC) are 
continually reviewing 
the approved status of 
centres and training 
providers offering 
greenkeeper training 
courses.

For more information 
contact the GTC on: 
01347 838640 or visit: 
www.the-gtc.co.uk
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Only £10 
to BIGGA 
members
per Skills Collection

(+VAT)

• There is no 
limit to how 
many times you 
complete the 
course
• You have 12 
months access to 
the programme
• All your learning 
takes place online 
and can be taken 
at a place and 
time to suit you

Microsoft online learning packages have been 
updated and now offer Microsoft Offi ce 2007 or 
2010 applications as a Skills Collection.

Each Skills Collection includes beginners, 
intermediate and advanced training for each of the 
following applications: Excel, Word, PowerPoint, 
Access and Outlook.

Thanks to the support of the Gold and Silver Key 
contributors to the Learning and Development 
Fund (shown below), each of the Skills Collections 
is available to BIGGA Members for £10 + VAT.

For further information, contact the Learning and 
Development Department on 01347 833800 
Option 3.

(+VAT)

Microsoft Offi ce 2007 and 2010
Skills Collections Now Available
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50 Brook Street, Glasgow, G40 2AB

Contact: Lesley Lowrie 0141-556-3999  
Fax: 0141-556-4999  learn@gostatraining.co.uk

SVQ Level 2 and 3 and Modern Apprenticeship in Greenkeeping/
Sportsturf and Landscape.   Attendance Day release or Distance 
Learning. SVQ Level 4 Management is available with flexible 
learning options. Lantra and NPTC Industry related short courses 
with certification include Pesticide courses, Chainsaw, full range of 
Machinery training, First Aid and many more. Candidates may use 
their Individual Learning Account to fund many of the courses.
Training courses are available in Glasgow and Edinburgh areas 
throughout the year. 
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GTC QuALITy 
ASSURED 
CENTRES AND 
TRAINING 
PROVIDERS
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A full list of GTC 
approved training 
providers can be 
obtained from 
the GTC. The 
Greenkeepers Training 
Committee (GTC) are 
continually reviewing 
the approved status of 
centres and training 
providers offering 
greenkeeper training 
courses.

For more information 
contact the GTC on: 
01347 838640 or visit: 
www.the-gtc.co.uk
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Only £10 
to BIGGA 
members
per Skills Collection

(+VAT)

• There is no 
limit to how 
many times you 
complete the 
course
• You have 12 
months access to 
the programme
• All your learning 
takes place online 
and can be taken 
at a place and 
time to suit you

Microsoft online learning packages have been 
updated and now offer Microsoft Offi ce 2007 or 
2010 applications as a Skills Collection.

Each Skills Collection includes beginners, 
intermediate and advanced training for each of the 
following applications: Excel, Word, PowerPoint, 
Access and Outlook.

Thanks to the support of the Gold and Silver Key 
contributors to the Learning and Development 
Fund (shown below), each of the Skills Collections 
is available to BIGGA Members for £10 + VAT.

For further information, contact the Learning and 
Development Department on 01347 833800 
Option 3.

(+VAT)

Microsoft Offi ce 2007 and 2010
Skills Collections Now Available

MICROSOFT_FILLER_A4L.indd   1 12/12/2011   09:14
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ENGLAND

GTC QuALITy 
ASSURED  
CENTRES  
AND TRAINING 
PROVIDERS

A full list of GTC approved training providers can 
be obtained from the GTC. The Greenkeepers 
Training Committee (GTC) are continually reviewing 
the approved status of centres and training 
providers offering greenkeeper training courses.

For more information contact the GTC on: 01347 
838640 or visit: www.the-gtc.co.uk

ENGLAND

Smallford Campus, Hatfield Road, St Albans,
Hertfordshire, AL4 0JA
Contact: Andrew Wight  01727 737735
andy.wight@oaklands.ac.uk
www.oaklands.ac.uk 
Oaklands College offers on demand, on-line learning in City and Guilds levels 
2 (Craft), 3 (Supervisory) and 4 (Management) Greenkeeping, Sports Turf 
Management and Horticulture throughout the South East.
In addition we provide on-demand workbased apprenticeships at Levels 2 and 3.
 Full time courses on offer include Level 2 in Greenkeeping and Sports Turf 
Management and Horticulture Entry L3 to Level 3. 
We also offer short courses for PA1, 2 and 6.

Stoke Climsland, Callington, Cornwall, PL17 8PB
Rosewarne, Camborne, Cornwall, TR14 0AB
Contact:  Liz Clarkson 0845 609 9599
liz.clarkson@duchy.ac.uk      www.duchy.ac.uk
A range of courses delivered throughout the South West:  Levels 2 and 
3 Workbased Diplomas and Apprenticeships in Horticulture including 
Greenkeeping and Groundsmanship.  NVQ 4 Amenity Horticulture 
(Management).  Level 2 and 3 Diplomas in Horticulture (including 
Sustainable Horticulture) FdSc and BSc (Hons) Horticulture.
HND/HNC in Garden and Landscape Design.  RHS Level 1, 2 and Advanced 
Certificate.  Also short courses in pesticides, plant machinery vehicles, and 
chainsaws.  Distance learning available via e-portfolios. 
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Smallford Campus, Hatfield Road, St Albans,

Nantwich, Cheshire CW5 6DF
Contact: Gareth Phillips 01270 613236
enquiries@reaseheath.ac.uk
www.reaseheath.ac.uk

Block release, industry tailored, courses including Level 2 and 
Level 3 Work Based Diplomas and apprenticeships in Horticulture, 
Greenkeeping and Groundsmanship
Also full time Level 2 and Level 3 Diplomas in Horticulture.
Short courses include NPTC pesticide application, chain saw 
operation, safe use of mowers and manual handling.
Bespoke courses and overseas programmes available on request.
Please see website for details of open evenings and information events 
throughout the year.
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17 8PB

Study at: Pershore or Moreton Morrell Centre, one day fortnightly. 
Qualifi cation: Intermediate/Advanced Apprenticeship in Horticulture, 
specialising in Sports Turf. 
The apprenticeships in Sports Turf Management have routes in groundsman 
and groundkeeper. Apprenticeships are a great way for students to earn and 
learn and fantastic for employers to have trained and skilled staff . Short courses 
also available at both sites, covering PA1, PA2, PA6, Chainsaw, P & D, First Aid, 
Landscape design and many more. 
Ask about training delivered on-site and bespoke courses for employers.

Contact: Helen Dickson 
Call Pershore: 01386 551185 / Moreton Morrell: 01926 318307
Mobile: 07864 933651.  Email: hdickson@warkscol.ac.uk

Sports Turf 
Apprenticeship

Information: Part-time courses: New Sports Management NVQ Level
4 - on-line distance learning course, Sports Turf Diploma Level 3 -
on-line distance learning, Sports Turf Apprenticeship Diploma Level 3,
Greenkeeping Apprenticeship Diploma Level 2, Groundsmanship
Apprenticeship Diploma Level 2, Automatic Turf Irrigation Systems
NPTC Certificate, NPTC courses including Safe Use and Operation of
Mowers, Tractor Driving, Hedge Trimmers, FEPA Spraying and others.

Please contact us for up-to-date listings, qualifications and advice on
courses and funding. Open evenings are held regularly at the College.

Worplesdon, Guildford, Surrey GU3 3PE   www.merristwood.ac.uk

Contact: Philip Mayes 07896 67 47 89  pmayes@guildford.ac.uk
or Andrew McEvoy 07896 67 47 86  amcevoy@guildford.ac.uk 

Worplesdon, Guildford, Surrey GU3 3PE   www.merristwood.ac.uk

Contact: Philip Mayes  07896 67 47 89  pmayes@guildford.ac.uk
or Andrew McEvoy  07896 67 47 86  amcevoy@guildford.ac.uk

Sports Turf Management NVQ Level 4 - on-line distance learning, 
Sports Turf Diploma Level 3 - on-line distance learning, Sports 
Turf Apprenticeship Diploma Level 3, Sports Turf Apprenticeship 
Diploma Level 2, Automatic Turf Irrigation Systems NPTC Certificate 
of Competence, NPTC Safe Use and Operation of Mowers, Tractor 
Driving, Hedge Trimmers, Turf Maintenance Equipment & FEPA 
Spraying, Safe Use of Aluminium Phosphide for Mole Control.
Please contact us for up-to-date listings, qualifications and advice on
courses and funding. Open evenings are held regularly at the College.

Plumpton College, Ditchling Road, Nr Lewes, East Sussex 
BN7 3AE.  01273 890454  www.plumpton.ac.uk
Apprenticeships offered at Levels 2 and 3. Diploma in 
Horticulture, Levels 2 and 3. Part time courses: Work based 
Diploma: Level 2: Greenkeeping. Groundsmanship, Landscaping 
and Horticulture.  Level 3: Greenkeeping, Groundsmanship, 
Landscaping and Horticulture. Level 4 : Horticulture. RHS Levels 
2 and 3, both Theory and practical. Short courses available, 
including FEPA Spraying and Chainsaw. Bespoke Training, 
e.g: Manual handling. Mower use and Maintenance. Risk 
Assessment. Strimmers and Hedgetrimmers.

G
r

G
r

G
erer
eeee
nene
knkn
ekek
eeeeeee

ppppepeepe

epep rere srsr TrTrT arar iaia nini inin nini gngn CCCCooooCoCCoCCoCCoC

momommmmm
i

m
i

m
titi tttt etet eeee

Qewes, East Qewes, East uewes, East uewes, East 
BN7 3AE.  01273 890454  www.plumpton.ac.uk

u
BN7 3AE.  01273 890454  www.plumpton.ac.uk

ewes, East Qewes, East uewes, East Qewes, East aewes, East aewes, East 
BN7 3AE.  01273 890454  www.plumpton.ac.uk

a
BN7 3AE.  01273 890454  www.plumpton.ac.uk

ewes, East uewes, East aewes, East uewes, East 
l

ewes, East 
l

ewes, East 
BN7 3AE.  01273 890454  www.plumpton.ac.uklBN7 3AE.  01273 890454  www.plumpton.ac.uki

ewes, East 
i

ewes, East 
BN7 3AE.  01273 890454  www.plumpton.ac.ukiBN7 3AE.  01273 890454  www.plumpton.ac.uktiti ytyt AsAsA su

ussex 
u

ussex russex russex 
uru

ussex 
u

ussex russex 
u

ussex eussex eussex dussex dussex 

BE 
SEEN
HERE
your training provider could 
appear here, as an advert or 
listing, in our next edition of 
Greenkeeper Training

Get in touch with our Sales team 
on 01347 833800 to find out more
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