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Kubota diesel engine. 
Dynatrol motion control foot pedal with dynamic breaking (patent pending). 
Smooth operating dual lift drop pedal design. 
Effortless steering with total machine control/power steering (optional). 
2 or 3 wheel drive. 
Many stainless and galvanised steel parts for long life and durability. 
Deluxe seat. 
Wide beam headlight. 

— Versa-Trac system not only controls wheel spin, it allows the operator to 
change from 2 wheel drive to 3 wheel drive at the flick of a switch. 

— Wide range of attachments for greens maintenance, bunker grooming and 
construction work. 

For further information, or a demonstration of 
Allett or Diamond equipment, please contact 
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Baden Powell Road • Kirkton Industr ial Estate 

Arbroath • Scotland DD11 3LS 

Telephone 01241 873841 Fax 01241 877419 
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The word Amycorrhizav is beginning to enter the language of 
greenkeeping. It now appears in several advert isements for 
companies selling biostimulant products. Here, I explain just 
w h a t a mycorrhiza is, wha t it does, and what my research group 
at Royal Hol loway is doing wi th it. 

Definition 
The word 'mycorrhiza' (pronounced 

mike- o- riza) comes from the Greek 
and literally means 'fungus root'. It is 
a generic term, given to any intimate 
association between a fungus and the 
roots of a plant. It is important to 
realise that use of the word on its own 
means little; it as specific as using the 

word 'grass' to describe the species of 
plant growing in a golf green. Now, 
plenty of disease-causing fungi could 
also be said to form intimate associa-
tions with plant roots, yet they do not 
fall under the description of mycor-
rhiza. The thing that sets this 
fungus-plant association apart from all 

others is that both fungus and plant 
gain from the relationship. The scien-
tific term used to describe such a 
relationship is mutualism. Clearly, in 
a plant-pathogen situation, there is no 
benefit for the plant and so it is not a 
mycorrhiza. 



Types of mycorrhiza 
A common misconception is that 

there is only one type or mycorrhiza, 
formed by one type of fungus with 
virtually any old plant. Nothing 
could be farther from the truth. In 
fact there are seven distinct types of 
mycorrhiza. Only four of these are at 
all common and of much relevance 
ecologically, and they are briefly out-
lined below. Another important point 
to realise is that the fungi which form 
any one type of mycorrhiza are tax-
onomically very different from those 
which form another type. 

Orchid mycorrhizas 
Everyone is probably familiar with 

the fact that orchids must have a fun-
gus in their roots to enable them to 
grow. All orchids pass through a rel-
atively long seedling stage, during 
which time they are unable to pho-
tosynthesise ana thus cannot fix their 
own supply of carbon from the 
atmosphere. As a result, they are 
totally dependent on the mvcorrhizal 
fungus in their roots, which supplies 
the plant with its entire carbohydrate 
need at this time. For most orchid 
species, the fungus continues to sup-
ply carbon and mineral nutrients to 
the plant, throughout its life. 

concentrations of essential nutrients 
such as nitrogen and phosphorus and 
if the fungus was absent, the plant 
root system is simply too inefficient 
at taking up sufficient quantities of 
these ions from the soil solution. 
However, the fungus is remarkably 
good at doing so, and the passing of 
these to the plant enables the plant 
to grow. There is a further added ben-
efit of the fungus which is that it also 
has a remarkable ability to take up 
metal ions which would normally be 
toxic to the plant. Examples are alu-
minium and iron which become very 
soluble at low pH and could occur at 
levels high enough to kill the plant. 
The fungus takes up these metals and 
stores them, thus reducing their tox-
ic effect on the plant. 

Ectomycorrhizas 
Ectomycorrhizas are very common. 

In fact virtually every woody plant 
forms an ectomycorrhizal associa-
tion. As with the Ericoid association, 
the fungus envelops the roots of the 
plant, giving rise to its name (ecto 
meaning outside). The fungi which 
form these mycorrhizas can live per-
fectly happily without a plant, as they 
are decomposing organisms. This 
means it is possible to culture them 
in the laboratory. Most of the toad-
stools that you see in a woodland in 
autumn are the fruiting bodies of 
these fungi. A few produce their fruit-
ing bodies below ground - these are 
the famous truffles. In autumn, turn 
over some leaf mould and you will 
see the strands of fungal mycelium 
(the 'roots' of the fungus) within. If 
some of this mycelium encounters 
the roots of a tree, then it forms the 
ectomycorrhiza, in which strands of 
the fungi penetrate the cells of the 
root. As with the Ericoid mycorrhiza, 
there is then an exchange of nutri-
ents, with mineral nutrients (mainly 
nitrogen and phosphorus) moving 
from fungus to plant and carbon com-
pounds moving the other way 
Clearly, it is beneficial for the fungus 
to do this; it involves much less ener-
gy to obtain carbon from a host plant 
than it does to secrete enzymes which 
decompose leaves. 

It is important to realise that these 
mushroom- or toadstool-forming 
fungi do not form mycorrhizal asso-
ciations with turfgrass. This was 
brought home to me quite recently 
when I was walking a golf course with 
the greenkeeper. "Look", he said, 
pointing to some fly agaric toad-
stools, growing in the rough, "I've got 
mycorrhizal fungi - they're beneficial 
to the grass, aren't they?" I replied 
that the only thing they were bene-
fiting was the silver birch tree we were 
standing beneath, and which, five 

minutes earlier, he had been com-i 
plaining was growing too quickly! 

Arbuscular mycorrhizas 
From the turfgrass point of view,! 

these are the important ones. O n ] 
encountering the roots of a plant, the ] 
fungi do not form a coat or sheath, J 
instead many individual strands of I 
fungus (known as hyphae) penetrate ] 
the roots. These hyphae grow within 
the roots and inside the cells form \ 
structures which under a powerful ' 
microscope look like small Christmas 
trees, called arbuscules. These are the j 
sites of nutrient exchange, with nitro-
gen and phosphorus moving to the 
plant and carbon compounds mov-
ing to the fungus. Unlike all the 
previous types of mycorrhiza, the I 
fungi which form this association 
cannot obtain their carbon by decom-
position. They are utterly dependent 
on the plant and so cannot be cul-
tured on agar in a laboratory Neither 
can you add carbon to the soil to feed 
these fungi. These fungi never pro-
duce toadstools, their spores are 
invisible to the naked eye and are 
formed in the soil. Arbuscular myc-
orrhizas are the type which associate 

Above: Heather depends on 
its mycorrhiza for growth in 
acidic, poor soils 

Ericoid mycorrhizas 
As its name suggests, this type of 

mycorrhiza only associates with 
members of the Ericaceae, or heather 
family. The fungi grow in soils and 
when they encounter the roots of a 
plant of this family, they form an 
enveloping sheath over the tips. 
Some elements of the fungus from 
this sheath penetrate the roots of the 
plant. Inside there is an exchange of 
nutrients, with mineral nutrients 
moving from fungus to plant and car-
bon compounds moving from plant 
to fungus. It is thought that the pres-
ence of this mycorrhiza in soils allows 
heather to grow on acidic, nutrient 
poor soils. These soils have very low 

Above right: Fly agaric 
toadstools are the fruiting 
bodies of an ectomycorrhiza 
which associates with trees, 
not grasses 



the fungi appear to be able to reduce 
the growth of annual meadow grass. 
This grass happens to be one of the 
30% of non-mycorrhizal species. If 
one grows Poa annua with a mycor-
rhiza then the growth of the plant is 
reduced. One of the major parts of 
our research programme is to find out 
the mechanism for this. However, 
this does add another unique benefit 
to mycorrhizas in turf - they have the 
potential to control the growth of this 
weed. 

found that the levels of AM fungi in 
turfgrass are much lower than in nat-
ural grasslands. An often cited reason 
for this is the amount of fungicide 
applied. However, in recent experi-
ments, we could detect no short term 
effect of fungicides on the mycon-
hiza in a golf green. There was a 
detrimental effect in a football pitch, 
though. The reason? The putting 
green had a well developed thatch 
layer, which was lacking in the foot-
ball pitch. Thatch is a remarkably 
good biological filter and bacteria 
within it rapidly degrade the fungi-
cide before it reaches the mycorrhiza 
in the root. Probably the main rea-
son why mycorrhizal fungi are rare in 
fine turf is the amount of compaction 
this environment receives. We are 
continually being told that aeration 
is of the utmost importance for the 
health of the grass. It is also of impor-
tance for the health of the fungus. I 
and my students continually perform 
surveys of AM fungi in golf greens, 
to elucidate the factors which deter-
mine the occurrence of the 
mycorrhiza. 

Our research has also revealed that 

with grasses and herbs and therefore tems, plants are limited by P avail-
of importance to turfgrass. About ability, because this nutrient is 
70% of the herbaceous plants of the immobile in soils. There are thou-
world form an arbuscular mycor- sands of experiments which show 
rhiza. that the AM fungus increases plant 

P uptake and therefore growth. 
How arbuscular However, in turfgrass, this is virtual-
mycorrhizas benefit plants ly irrelevant. Most turf soils have very 

Unlike the other mycorrhizal types, nigh P levels and the plant can obtain 
the arbuscular mycorrhizal (AM) its needs on its own. Therefore, in 
fungi can confer a variety of benefits turf, the benefits of forming a myc-
on a plant. These are: orrhiza are mainly the last three items 

in the list above. I have found this 
• increased uptake of misconception to be widespread; in 

phosphorus fact some professional scientists have 
• increased uptake of nitrogen tried to tell me that AM fungi are 

(nitrate and ammonium) irrelevant in turf, because they 
• increased trace mineral thought that P uptake was the only 

uptake, e.g. zinc and copper benefit conferred. 
• increased resistance to It is an interesting quirk that in the 

drought 30% of plants that do not regularly 
• increased resistance to insect form an arbuscular mycorrhiza, the 
¿ pests fungus may still try to enter the root. 

•̂ increased resistance to Sometimes it succeeds and is able to 
Idiseases remove carbon, thereby acting as a 

parasite. When it does, plant growth 
It is a common mistake to think is reduced, 

that the only benefit to a plant is the 
uptake of P. This misconception has AMfungi in turf grass 
arisen because in all natural ecosys- Research at Royal Holloway has 

The future 
The current situation is that we 

know that AM fungi are rare and spo-
radic in turf. We also have found that 
they can be inoculated into turf, 
resulting in better seedling establish-
ment of bentgrass ana reduced 
growth of Poa. We are currently 
investigating how effective they are 
in enhancing the disease resistance of 
grasses. There is much we need to 
learn about these strange fungi, but 
my prediction is that they will 
become one of the standard biostim-
ulant products in years to come. 
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