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Incorporate the MycoApply® Certified 
logo on your packaging and assure 

your customers that you have selected 
only the highest quality mycorrhizae with 

the most diverse and effective strains avail-
able.  The mycorrhizae in your products are backed 
by expert technical and scientific support from the 
leaders in the mycorrhiza industry, authoring over 
100 technical papers and articles and accessing a 
research database of over 70,000 mycorrhiza studies 
from around the world.

Myco-What?
Ten years ago the mention of mycorrhizal fungi to a turf 
manager might have met with a blank stare. Today’s 
managers are much more knowledgeable regarding the 
benefits of mycorrhizae. Research studies have shown 
us all how these specialized fungi can improve fertilizer 
utilization, rooting depth, establishment, and drought 
resistance of turf. New tools, such as the use of beneficial 
mycorrhizal fungi, allow turf managers to improve the 
condition of both turf and soil.  

What are Mycorrhizae?
In their undisturbed natural environments, most grass 
species form a beneficial association with mycorrhizal 
fungi. The resulting structure is called a mycorrhiza, 
literally meaning “fungus-root.” Although there are 
several types of mycorrhizal fungi forming mycorrhizae 
with plants, the largest group, endomycorrhiza (also 
called arbuscular mycorrhizae) form with most grass 
species. Mycorrhizal fungi are present in soil as spores, 
and hyphae (filaments) in soil or as colonized roots.

Once the mycorrhizal association is established, it 
provides increased root surface area to support the 
exchange of nutrients between the fungus and the grass.
These filaments form an extensive system that grows 
into the surrounding soil, providing numerous and 
various benefits for the grass plants. This network of fila-
ments efficiently absorbs water and 15 major macro and 
micro nutrients, transporting these materials back to the 
turf root system and into the host plant. Mycorrhizae 
are especially important for the uptake of nitrogen and 
phosphorus as well as many hard-to-acquire micro nu-
trients. Conserving water and delivering fertility directly 
into the target turf grass is a key goal of turf managers. 
The mycorrhizal network improves water and nutrient 
utilization, which minimizes off-site groundwater move-
ment of fertilizer. It also binds soil particles together 
which improves soil porosity and enhances the move-
ment of air and water within the soil.

Mycorrhizae: Where are they?
Soils in natural settings are full of beneficial soil organ-
isms including mycorrhizal fungi. However, research 
indicates that many common landscape practices such 
as site preparation, grading, removal of natural vegeta-
tion and heavy use of chemical pesticides and fertilizers 
often degrade the mycorrhiza-forming potential of soil.  
Construction site preparation activities such as removal 
of topsoil, compaction, erosion and simply leaving soils 
bare can also reduce or eliminate healthy and diverse 
populations of mycorrhizal fungi (Amaranthus et al. 
1996;  Doer et al. 1984; Dumroese et al. 1998, Amaran-
thus and  Steinfeld 2003, Rider et al. 2007).

Research shows that putting greens constructed accord-
ing to U.S. Golf Association standards generally lack 
mycorrhizal fungi at the time of sowing and that my-
corrhizal populations are slow to establish in the greens 
(Koske et al. 1997, Hartin et al. 2007). Furthermore, 
laboratory analyses of root samples from hundreds of 
turf grass areas across the U.S. indicate that the major-
ity have less than 20 percent mycorrhizal colonization. 
Many samples were found to have no mycorrhizal colo-
nization at all. New mycorrhizal products designed for 
the turf grass industry are now restoring these ancient 
grass allies back to impacted soils.

Mycorrhizae and Turfgrass: Looking below the surface of turf management

Figure 1. Glomus spores and colonized root with spores 
(arrows) from MycoApply® inoculum.

Figure 2. The elaborate network of hyphae beneath 
the soil surface greatly increases the potential of the 
root system to access nutrients and water.
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Figure 3.  Site preparation eliminates populations of 
beneficial mycorrhizal fungi.



Show
 M

e the D
ata

M
ycorrh

izae are, by far, th
e m

ost research
ed 

aspect of soil biology. O
ver sixty th

ou
san

d 
stu

dies of th
e m

ycorrh
izal relation

sh
ip w

ith
 

plan
ts are available in

 th
e scien

tific literatu
re.  

Stu
dies h

ave sh
ow

n
 th

at grass species in
 th

e 
fam

ily Poaceae ben
efit greatly from

 m
ycor-

rh
izal colon

ization
 in

 term
s of grow

th
 an

d 
n

u
trien

t acqu
isition

 (G
em

m
a an

d K
oske 1989; 

Sylvia an
d B

u
rks 1988; H

all et al 1984, R
ider 

et 
al. 

2007). 
W

arm
-season

 
grasses 

su
ch

 
as 

berm
u

da grass w
ith

 coarse root system
s are 

particu
larly depen

den
t u

pon
 m

ycorrh
iza for 

su
stain

ed grow
th

 (H
etrick et al 1988; 1990). 

R
ecen

t data in
dicates th

at cool-season
, fin

er 
rooted ben

tgrass species also form
 abu

n
dan

t 
m

ycorrh
iza an

d ben
efit from

 th
e relation

sh
ip, 

especially in
 soils in

 w
h

ich
 th

e ph
osph

oru
s 

levels are m
oderate or low

 (G
em

m
a et al. 

1995; G
em

m
a et al 1997; K

oske et al 1997).  
R

ecen
t fin

din
gs of im

proved tu
rf grass estab-

lish
m

en
t, 

root 
grow

th
, 

fertilizer 
u

tilization
, 

coverage h
as en

cou
raged m

an
y tu

rf m
an

ag-
ers 

to 
in

clu
de 

m
ycorrh

izal 
in

ocu
lation

s 
in

 
th

eir con
stru

ction
 an

d m
ain

ten
an

ce practices 
(H

artin
 et al 2005, R

ider et al. 2007). Tu
rf areas 

often
 in

cu
r en

viron
m

en
tal stresses cau

sed by 
com

paction
, frequ

en
t m

ow
in

g, an
d artificial 

san
dy su

bstrates lackin
g n

u
trien

t an
d w

ater 
h

oldin
g capacities. Th

e ben
efits of m

ycorrh
izal 

in
ocu

lation
 are especially apparen

t in
 su

ch
 

h
igh

-stress situ
ation

s.

W
ater, W

ater Everyw
here?

W
ater con

servation
 aw

aren
ess h

as in
creased 

as w
ater becom

es an
 in

creasin
gly expen

sive 
an

d en
viron

m
en

tally sen
sitive com

pon
en

t of 
tu

rf m
an

agem
en

t.  R
esearch

 h
as sh

ow
n

 th
at 

m
ycorrh

izae 
can

 
redu

ce 
m

oistu
re 

stress 
in

 
grasses (K

oske et al 1995; A
u

ge et al. 1995; 
A

llen
 et. al. 1991). Stu

dies pu
blish

ed in
 Jou

r-
n

al of Tu
rfgrass Scien

ce state th
at creepin

g 
ben

tgrass in
ocu

lated w
ith

 m
ycorrh

izal fu
n

gu
s 

tolerated 
drou

gh
t 

con
dition

s 
sign

ifican
tly 

lon
ger 

th
an

 
n

on
-m

ycorrh
izal 

tu
rf 

(G
em

m
a 

et al. 1997). M
ycorrh

izal-in
ocu

lated tu
rf also 

recovered from
 drou

gh
t- in

du
ced w

iltin
g m

ore 
qu

ickly th
an

 n
on

-m
ycorrh

izal tu
rf.  Th

e data 
also sh

ow
s th

at m
ycorrh

izal tu
rf m

ain
tain

ed 
sign

ifican
tly h

igh
er (avg. 29%

 m
ore) ch

loro-
ph

yll 
con

cen
tration

s 
th

an
 

n
on

-m
ycorrh

izal 
tu

rf du
rin

g drou
gh

t even
ts.  

Faster G
row

th and R
oot D

evelopm
ent

R
esearch

 (G
em

m
a et al, 1997; H

artin
 et al. 

2005, R
ider et al. 2007) in

dicates th
at m

y-
corrh

izal in
ocu

lation
 at th

e tim
e of sow

in
g 

tu
rfgrass can

 in
crease its rate of establish

m
en

t.
Th

is 
qu

ick 
establish

m
en

t 
of 

tu
rfgrass 

in
 

san
dy soils h

as attracted th
e atten

tion
 of golf 

cou
rse m

ain
ten

an
ce m

an
agers becau

se faster 
establish

m
en

t an
d earlier playability h

as a 
sign

ifican
t econ

om
ic payback. O

th
er recen

t 
trials in

 O
regon

 an
d C

aliforn
ia dem

on
strated 

th
at 

m
ycorrh

izal 
in

ocu
lan

ts 
applied 

at 
th

e 
tim

e of sow
in

g dou
bled th

e percen
t of grass 

cover in
 th

e early establish
m

en
t period an

d 
sign

ifican
tly 

in
creased 

th
e 

root 
biom

ass 
of 

treated tu
rf. 

*Full references to this article are available at w
w

w.
m

ycorrhizae.com
.

R
educe N

utrient Loss and Pollution
O

n
ly 

a 
fraction

 
of 

th
e 

syn
th

etic 
fertilizers 

placed in
 U

.S. soils are u
tilized by plan

ts as in
-

ten
ded. M

u
ch

 of th
ese applied m

aterials resu
lt 

in
 th

e m
ovem

en
t of n

u
trien

ts in
to grou

n
dw

a-
ter or w

aterw
ays an

d en
d u

p dam
agin

g th
e 

su
rrou

n
din

g en
viron

m
en

t.  Som
e is volatized 

in
to th

e air, con
tribu

tin
g to acid rain

 an
d cli-

m
ate ch

an
ge, w

h
ile m

u
ch

 of it travels past th
e 

root zon
e of th

e target plan
ts, th

rou
gh

 th
e soil 

profile an
d in

to grou
n

dw
ater an

d n
eigh

borin
g 

stream
s, lakes an

d ocean
s.

Ph
osph

oru
s is a n

u
trien

t th
at is essen

tial to 
aqu

atic plan
t grow

th
. Ph

osph
oru

s pollu
tion

 
accelerates 

a 
process 

called 
eu

troph
ication

, 
w

h
ich

 is essen
tially th

e biological death
 to a 

body of w
ater du

e to depleted oxygen
.  W

h
en

 
aqu

atic 
plan

ts, 
su

ch
 

as 
algae, 

absorb 
an

 
abu

n
dan

ce of ph
osph

oru
s, th

ey can
 grow

 ou
t 

of con
trol. 

O
n

e pou
n

d of ph
osph

oru
s can

 resu
lt in

 th
e 

grow
th

 of 350-700 lbs. of green
 algae!  Excess 

am
ou

n
ts of ph

osph
oru

s an
d n

itrogen
 cau

se 
rapid grow

th
 of ph

ytoplan
kton

, or algae, cre-
atin

g den
se popu

lation
s, or bloom

s. Th
e algae 

u
ltim

ately sin
k an

d are decom
posed by bac-

teria, depletin
g th

e bottom
 w

aters of oxygen
. 

Like 
h

u
m

an
s, 

m
ost 

aqu
atic 

species 
requ

ire 
oxygen

. W
h

en
 th

e oxygen
 in

 deep w
ater is 

gon
e, fish

 an
d oth

er species w
ill die u

n
less th

ey 
m

ove aw
ay to areas of su

itable h
abitat. O

n
 

th
e econ

om
ic side, excessive algal grow

th
 du

e 
to n

u
trien

t pollu
tion

 in
creases w

ater treatm
en

t 
costs, degrades fish

in
g, boatin

g activities, an
d 

can
 im

pact tou
rism

, property valu
es an

d even
 

h
u

m
an

 h
ealth

.
Soil biology is critical to captu

rin
g an

d stor-
in

g fertility in
 th

e grou
n

d (R
ead et al. 1992). 

A
n

 acre of h
ealth

y topsoil can
 su

pport an
 im

-
m

en
se array of livin

g organ
ism

s an
d th

e asso-
ciated w

eb of life th
at assim

ilates an
d captu

res 
lon

g-term
 fertility (A

m
aran

th
u

s et. al 1989).  It 
is clear th

at u
tilizin

g biological am
en

dm
en

ts is 
a n

ecessary paradigm
 sh

ift for th
e u

tilization
 

an
d con

servation
 of soil n

u
trien

ts th
at is avail-

able to m
an

agers today.

W
hen to U

se M
ycorrhizae?

Tu
rf areas are gen

erally devoid of m
ycorrh

izal 
popu

lation
s follow

in
g con

stru
ction

 an
d site 

preparation
 (G

em
m

a et al 1997, H
artin

 et 
al. 2005, R

ider et al. 2007) an
d are prim

e 
can

didates for ach
ievin

g th
e ben

efits of th
e 

m
ycorrh

izal in
ocu

lation
. Th

e in
ocu

lu
m

 can
 be 

in
corporated du

rin
g con

stru
ction

, by aerifica-
tion

, or “over th
e top”, if soils are porou

s an
d 

en
ou

gh
 w

ater is available to leach
 th

e m
ycor-

rh
izal spores in

to th
e soil profile.  Th

is places 
th

e 
m

ycorrh
izal 

propagu
les 

in
 

th
e 

rootin
g 

zon
e w

h
ere th

ey w
ill be effectively u

tilized. A
 

good tim
e to apply th

e in
ocu

lu
m

 is w
h

en
 roots 

are m
ost active su

ch
 as sprin

g an
d fall. M

ycor-
rh

izal 
colon

ization
 

assessm
en

ts 
are 

sim
ple 

tests th
at are n

ow
 available at m

an
y soil test-

in
g laboratories (go to w

w
w

.m
ycorrh

izae.com
 

for m
ore in

fo on
 m

ycorrh
izal fu

n
gi an

d th
eir 

practical application
).

U
se D

iverse Species  
of M

ycorrhizal Fungi
N

atu
ral areas gen

erally con
tain

 an
 array of 

m
ycorrh

izal fu
n

gal species.  N
ot all m

ycor-
rh

izal fu
n

gi h
ave th

e sam
e capacities an

d 
toleran

ces.  B
ecau

se of th
e w

ide variety of soil, 
clim

atic, an
d biotic con

dition
s ch

aracterizin
g 

tu
rf 

en
viron

m
en

ts, 
it 

is 
im

probable 
th

at 
a 

sin
gle m

ycorrh
izal fu

n
gu

s cou
ld ben

efit all 
tu

rf grasses an
d adapt to all con

dition
s. M

y-
corrh

izal fu
n

gi species h
ave varyin

g abilities 
to protect tu

rf again
st drou

gh
t. Likew

ise, som
e 

m
ycorrh

izal fu
n

gi are better at produ
cin

g en
-

zym
es th

at facilitate m
in

eral u
ptake su

ch
 as 

ph
osph

oru
s an

d iron
. Still oth

er m
ycorrh

izal 
fu

n
gi can

 better access organ
ic form

s of n
itro-

gen
. Selectin

g m
ycorrh

izal produ
cts con

tain
-

in
g several m

ycorrh
izal species can

 provide a 
ran

ge of ben
efits to th

e plan
t n

ot fou
n

d w
ith

 
on

ly on
e species.

M
aking a Com

m
itm

ent
H

ow
 often

 do you
 th

in
k abou

t th
e im

pact 
of you

r m
an

agem
en

t practices on
 tu

rf an
d 

en
viron

m
en

tal 
qu

ality? 
A

n
n

u
ally? 

W
eekly? 

D
aily? If you

 respon
ded w

eekly or daily you
 

are probably a person
 w

h
o is in

terested in
 

en
viron

m
en

tally-frien
dly 

produ
cts 

th
at 

w
ill 

im
prove tu

rf an
d soil qu

ality. M
ycorrh

izal fu
n

-
gi are n

ot n
ew

, tren
dy, gen

etically en
gin

eered 
organ

ism
s. Th

ese specialized fu
n

gi h
ave been

 
fu

n
dam

en
tal to th

e su
rvival an

d grow
th

 of 
plan

ts for over 400 m
illion

 years. 
Scien

tific advan
cem

en
ts in

 th
e cu

ltu
re of 

certain
 ben

eficial m
ycorrh

izal species are rap-
idly creatin

g m
ore cost-effective m

ycorrh
izal 

produ
cts to th

e tu
rf m

an
agem

en
t m

arketplace. 
M

ycorrh
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d m
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 m
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