
T
h

a
n

k
 fu

n
g

u
s

 fo
r th

a
t!

A
ll th

e
 p

la
n

ts
 in

 y
o

u
r g

a
rd

e
n

. A
ll th

e
 c

ro
p

s
 in

 y
o

u
r fie

ld
s
. A

ll th
e
 tre

e
s
 in

 y
o

u
r 

fo
re

s
ts

, a
n

d
 th

e
 g

ra
s

s
 o

f y
o

u
r p

a
s

tu
re

s
. A

ll d
e

p
e

n
d

 o
n

 fu
n

g
a

l a
s
s

o
c

ia
te

s
 in

 th
e

ir 
ro

o
ts

 to
 h

e
lp

 th
e

m
 g

ro
w

. 

P
lan

ts g
ain

 th
eir n

u
trien

ts b
y

 ab
so

rb
in

g
 m

in
erals an

d
 w

ater fro
m

 th
e so

il u
sin

g
 th

eir ro
o

ts. B
u

t th
ey

 g
et q

u
ite 

a lo
t o

f h
elp

 fro
m

 certain
 sp

ecies o
f fu

n
g

i. T
h

e relatio
n

sh
ip

 ap
p

ears to
 h

av
e started

 b
ecau

se th
e p

lan
t ro

o
ts 

alo
n

e are n
o

t ab
le to

 su
p

p
ly

 th
e p

lan
t w

ith
 all th

e n
u

trien
ts it n

eed
s. T

h
e fu

n
g

i asso
ciated

 w
ith

 p
lan

t ro
o

ts are 

called
M

Y
C

O
R

R
H

IZ
A

S, w
h

ich
 in

crease n
u

trien
t av

ailab
ility

 to
 th

e p
lan

t. T
h

e n
u

m
ero

u
s h

y
p

h
ae o

f th
e fu

n
g

i 

g
reatly

 in
crease th

e su
rface area av

ailab
le fo

r ab
so

rb
in

g
 m

in
erals. T

h
e h

y
p

h
ae can

 also
 g

o
 lo

o
k

in
g

 fo
r fo

o
d

; 

b
y

 g
ro

w
in

g
 in

to
 areas o

f fresh
 n

u
trien

ts. T
h

e relatio
n

sh
ip

 b
etw

een
 th

e p
lan

t an
d

 fu
n

g
u

s is m
u

tu
alistic; w

h
ich

 

m
ean

s th
at b

o
th

 sid
es g

ain
 so

m
eth

in
g

 fro
m

 h
av

in
g

 th
e o

th
er p

resen
t. T

h
e p

lan
t p

ay
s fo

r th
e p

riv
ileg

e o
f u

sin
g

 

th
is fu

n
g

u
s to

 b
rin

g
 it n

u
trien

ts b
y

 sh
arin

g
 u

p
 to

 2
5

%
 o

f th
e p

ro
d

u
cts o

f its o
w

n
 p

h
o

to
sy

n
th

esis w
ith

 th
e 

fu
n

g
u

s. T
h

e fu
n

g
u

s b
en

efits b
y

 tak
in

g
 read

ily
 av

ailab
le su

g
ars fro

m
 th

e p
lan

t. D
esp

ite th
is ‘tax

’ o
n

 its 

activ
ities, th

e p
lan

t g
ro

w
s m

u
ch

 b
etter th

an
 it w

o
u

ld
 w

ith
o

u
t th

e m
y

co
rrh

iza. 

 
S

o
m

e m
y

co
rrh

izal fu
n

g
i fo

rm
 a m

at o
f fu

n
g

al tissu
e aro

u
n

d
 th

e ro
o

t; th
e fu

n
g

al cells g
ro

w
 b

etw
een

 

th
e cells o

f th
e p

lan
t ro

o
t, b

u
t n

ev
er actu

ally
 cro

ss th
e p

lan
t cell w

alls. T
h

ese are called
 

‘E
C

T
O

M
Y

C
O

R
R

H
IZ

A
S’. In

 an
o

th
er m

y
co

rrh
izal p

artn
ersh

ip
 (called

 E
N

D
O

M
Y

C
O

R
R

H
IZ

A
S
) th

e fu
n

g
al cells en

ter 

th
e p

lan
ts cells. In

sid
e th

e p
lan

t cells th
ey

 m
ak

e stru
ctu

res th
at ex

ch
an

g
e n

u
trien

ts w
ith

 th
e p

lan
t cy

to
p

lasm
. 

B
y

 g
reatly

 in
creasin

g
 th

e ab
so

rb
in

g
 su

rface o
f a h

o
st p

lan
t’s ro

o
t sy

stem
, m

y
co

rrh
izas im

p
ro

v
e th

e 

p
lan

t’s ab
ility

 to
 to

lerate d
ro

u
g

h
t an

d
 o

th
er ex

trem
es, lik

e h
ig

h
 an

d
 lo

w
 tem

p
eratu

res an
d

 acid
ity

. A
s m

an
y

 as 

9
5

%
 o

f all p
lan

ts h
av

e m
y

co
rrh

izal asso
ciatio

n
s, sh

o
w

in
g

 ju
st h

o
w

 im
p

o
rtan

t th
ese ty

p
es o

f fu
n

g
i are fo

r th
e 

g
ro

w
th

 o
f so

 m
an

y
 p

lan
ts, in

clu
d

in
g

 all th
e cro

p
 p

lan
ts w

e n
eed

 to
 feed

 th
e h

u
m

an
 p

o
p

u
latio

n
, an

d
 all th

e 

trees in
 all th

e fo
rests. 

A
ll y

o
u

r fa
rm

 a
n

im
a

ls
. Y

o
u

r b
e

e
f a

n
d

 v
e

a
l, in

c
lu

d
in

g
 m

ilk
 a

n
d

 d
a

iry
 p

ro
d

u
c

ts
. N

o
t 

ju
s
t c

a
ttle

, b
u

t s
h

e
e
p

, d
e
e
r, g

o
a
ts

, a
n

d
 e

v
e
n

 lla
m

a
s
, g

ira
ffe

 a
n

d
 a

n
te

lo
p

e
. M

e
a
t, 

c
e
rta

in
ly

, b
u

t o
th

e
r p

ro
d

u
c
ts

 to
o

, lik
e
 le

a
th

e
r, w

o
o

l a
n

d
 o

th
e
r fib

re
s
. E

a
c
h

 a
n

d
 e

v
e
ry

 
o

n
e
 d

e
p

e
n

d
s
 o

n
 fu

n
g

i in
 th

e
 g

u
t to

 d
ig

e
s
t th

e
 g

ra
s
s
. 

M
an

y
 an

im
als in

clu
d

in
g

 co
w

s, sh
eep

, g
o

ats, d
eer, an

d
 ev

en
 g

iraffes, are k
n

o
w

n
 as ru

m
in

an
ts. T

h
is is b

ecau
se 

th
ey

 h
av

e a sp
ecialised

 fo
u

r-ch
am

b
ered

 sto
m

ach
 n

eed
ed

 fo
r th

e d
ig

estio
n

 o
f th

eir ex
clu

siv
ely

 v
eg

etarian
 d

iet. 

T
h

e first ch
am

b
er th

e fo
o

d
 en

ters is called
 th

e ru
m

en
, h

en
ce th

e n
am

e ru
m

in
an

t. T
h

e ru
m

in
an

t w
e’re m

o
st 

fam
iliar w

ith
 is th

e co
w

, an
d

 w
e all k

n
o

w
 th

at co
w

s sp
en

d
 m

o
st o

f th
eir tim

e eatin
g

 g
rass an

d
 h

ay
. 

 
P

lan
t cell w

alls co
n

tain
 cellu

lo
se, w

h
ich

 is an
 ex

cellen
t so

u
rce o

f fib
re in

 th
e d

iet o
f m

o
st an

im
als. 

F
ib

re is im
p

o
rtan

t as it p
ro

v
id

es ro
u

g
h

ag
e w

h
ich

 k
eep

s th
e ex

cretio
n

 o
f w

aste p
ro

d
u

cts reg
u

lar. H
o

w
ev

er 

co
w

s, lik
e all an

im
als, d

o
 n

o
t p

ro
d

u
ce en

zy
m

es cap
ab

le o
f d

ig
estin

g
 cellu

lo
se th

em
selv

es; so
 w

ith
o

u
t h

elp
 

th
ey

 can
’t ex

tract th
e n

u
trien

ts th
e g

rass co
n

tain
s. T

h
e co

w
 o

v
erco

m
es th

is p
ro

b
lem

 b
y

 h
av

in
g

 sp
ecial fu

n
g

i 

in
 th

e ru
m

en
 called

 C
H

Y
T

R
ID

S; o
r m

o
re g

en
erally

 called
 ru

m
en

 fu
n

g
i. T

h
ese fu

n
g

i are an
aero

b
ic, m

ean
in

g
 

th
ey

 are ab
le to

 su
rv

iv
e w

ith
o

u
t o

x
y

g
en

. E
v

en
 w

ith
o

u
t o

x
y

g
en

, ch
y

trid
s are ab

le to
 d

ig
est p

lan
t cell w

alls b
y

 

m
ak

in
g

 sp
ecific en

zy
m

es called
 cellu

lases. T
h

e ru
m

en
 acts lik

e a larg
e ferm

en
ter b

ecau
se th

e g
rass is sto

red
 

th
ere w

h
ilst th

e fu
n

g
al en

zy
m

es fro
m

 th
e ch

y
trid

s b
reak

 d
o

w
n

 th
e cellu

lo
se. 

 
A

fter th
e p

lan
t m

aterial is p
ro

cessed
 in

 th
e ru

m
en

, it is b
ro

u
g

h
t b

ack
 u

p
 in

to
 th

e m
o

u
th

 o
f th

e co
w

. 

T
h

is m
aterial is n

o
w

 called
 ‘cu

d
’ an

d
 th

e co
w

 ch
ew

s it ag
ain

 to
 g

rin
d

 it d
o

w
n

 fu
rth

er. W
h

en
 it is sw

allo
w

ed
 

fo
r th

e seco
n

d
 tim

e it p
asses th

ro
u

g
h

 th
e n

ex
t th

ree ch
am

b
ers o

f th
e sto

m
ach

. T
h

e ch
y

trid
s are th

o
u

g
h

t to
 

p
ass fro

m
 o

n
e an

im
al to

 th
e n

ex
t b

y
 b

ein
g

 tran
sferred

 in
 saliv

a, b
u

t th
ey

 also
 o

ccu
r in

 larg
e n

u
m

b
ers in

 co
w

 

d
u

n
g

. F
ro

m
 th

e d
u

n
g

 th
e fu

n
g

i g
et attach

ed
 o

n
to

 su
rro

u
n

d
in

g
 g

rass. W
h

en
 an

o
th

er co
w

 co
m

es alo
n

g
 an

d
 eats 

th
e g

rass, th
e fu

n
g

i carry
 o

n
 th

eir w
o

rk
 in

 th
e n

ew
 h

o
st. 

T
h

e relatio
n

sh
ip

 b
etw

een
 ch

y
trid

s an
d

 ru
m

in
an

ts is said
 to

 b
e sy

m
b

io
tic. T

h
is m

ean
s th

at b
o

th
 th

e 

fu
n

g
i an

d
 th

e co
w

 b
en

efit fro
m

 h
av

in
g

 th
e o

th
er p

resen
t. In

 th
is case th

e co
w

 b
en

efits b
ecau

se p
lan

t m
aterial 

th
e an

im
al can

’t d
eg

rad
e is d

ig
ested

 an
d

 tu
rn

ed
 in

to
 m

aterials th
e co

w
 can

 ab
so

rb
. In

 retu
rn

, th
e fu

n
g

i liv
e o

ff 

so
m

e o
f th

e n
u

trien
ts o

b
tain

ed
 fro

m
 th

e co
w

’s fo
o

d
, an

d
 liv

e o
u

t th
eir liv

es in
 th

e co
w

’s ru
m

en
. 

O
n

ly
 fu

n
g

i c
a
n

 d
e
g

ra
d

e
 w

o
o

d
y
 lig

n
in

. W
ith

o
u

t fu
n

g
a
l w

o
o

d
 d

e
c
a
y
 th

e
 w

o
rld

 w
o

u
ld

 
fill u

p
 w

ith
 d

e
a
d

 tim
b

e
r. L

ik
e
 it d

id
 in

 C
a
rb

o
n

ife
ro

u
s
 d

a
y
s
 w

h
e
n

 c
o

a
l s

e
a
m

s
 w

e
re

 la
id

 
d

o
w

n
! 

E
v

er w
o

n
d

ered
 w

h
at h

ap
p

en
s to

 all th
e leav

es th
at fall fro

m
 th

e trees, o
r th

e b
ran

ch
es th

at fall to
 th

e g
ro

u
n

d
 

in
 sto

rm
s, o

r w
h

en
 a tree d

ies? S
o

m
eh

o
w

 th
ere’s n

ev
er a b

u
ild

 u
p

 o
f all th

is o
rg

an
ic m

atter, b
u

t w
h

at h
ap

p
en

s 

to
 it? W

h
ere d

o
es it g

o
? W

ell, it’s b
ro

k
en

 d
o

w
n

 an
d

 recy
cled

. M
an

y
 sm

all o
rg

an
ism

s lik
e b

acteria, in
sects, 

w
o

rm
s an

d
 m

an
y

 ty
p

es o
f fu

n
g

i b
reak

 d
o

w
n

 th
e p

lan
t m

aterial. T
h

e resu
ltan

t h
u

m
u

s is n
u

trien
t rich

 an
d

 can
 

b
e u

sed
 b

y
 p

lan
ts fo

r th
eir g

ro
w

th
. 

 
T

h
e cell w

alls o
f p

lan
ts are v

ery
 stro

n
g

. T
h

e co
m

p
o

n
en

ts th
at p

ro
v

id
e th

e stren
g

th
 are C

E
L

L
U

L
O

S
E

an
d

L
IG

N
IN

. F
u

n
g

i are v
ery

 im
p

o
rtan

t fo
r th

e d
ecay

 o
f w

o
o

d
 b

ecau
se th

ey
 are th

e O
N

L
Y

o
rg

an
ism

s cap
ab

le o
f 

b
reak

in
g

 d
o

w
n

 B
O

T
H

 cellu
lo

se an
d

 lig
n

in
. C

ellu
lo

se is a p
o

ly
m

er o
f g

lu
co

se th
at fo

rm
s fib

res th
at are 

in
cred

ib
ly

 stro
n

g
. B

ro
w

n
 ro

t fu
n

g
i b

reak
d

o
w

n
 cellu

lo
se. B

ro
w

n
 ro

t fu
n

g
i are so

-called
 b

ecau
se th

e lig
n

in
 

rem
ain

s in
tact so

 th
e w

o
o

d
 k

eep
s its b

ro
w

n
 co

lo
u

r. T
h

e en
zy

m
es released

 b
y

 b
ro

w
n

 ro
t fu

n
g

i b
reak

 th
e 

cellu
lo

se ch
ain

s in
to

 sin
g

le m
o

lecu
les o

f g
lu

co
se su

g
ar th

at can
 b

e re-u
sed

 b
y

 th
e fu

n
g

u
s. L

ig
n

in
 is th

e o
th

er 

stro
n

g
 p

o
ly

m
er. It is th

e seco
n

d
 m

o
st ab

u
n

d
an

t n
atu

ral p
o

ly
m

er o
n

 E
arth

 after cellu
lo

se. F
u

n
g

i th
at b

reak
 

d
o

w
n

 lig
n

in
 are called

 w
h

ite ro
t fu

n
g

i; th
is is b

ecau
se as th

e co
n

ten
t o

f lig
n

in
 is d

ecreased
, th

e w
o

o
d

 

b
eco

m
es lig

h
ter in

 co
lo

u
r. W

h
ite ro

t fu
n

g
i d

eg
rad

e lig
n

in
 b

y
 p

ro
d

u
cin

g
 o

x
id

isin
g

 en
zy

m
es th

at are released
 

fro
m

 th
eir h

y
p

h
ae –

 th
ey

 ‘b
u

rn
’ th

e w
o

o
d

 in
 an

 en
zy

m
e-co

n
tro

lled
 w

ay
. L

ig
n

in
 co

n
tain

s p
h

en
o

ls an
d

 th
e 

w
h

ite ro
t fu

n
g

i are th
e o

n
ly

 o
rg

an
ism

s th
at can

 d
eal w

ith
 th

em
. 

T
h

ese tw
o

 ty
p

es o
f fu

n
g

i h
av

e im
p

o
rtan

t ro
les in

 th
e recy

clin
g

 o
f n

u
trien

ts. W
ith

o
u

t th
em

, o
ld

 p
lan

t 

m
aterial w

o
u

ld
 n

o
t d

ecay
 an

d
 th

e so
il n

u
trien

ts w
o

u
ld

 b
e lo

ck
ed

 in
to

 an
 accu

m
u

latin
g

 m
ass o

f u
n

d
eg

rad
ab

le 

b
io

m
ass.

S
o

m
e
 o

f th
e
 w

o
n

d
e
r d

ru
g

s
 o

f to
d

a
y
 c

o
m

e
 fro

m
 fu

n
g

i. S
ta

tin
s
 c

o
n

tro
l y

o
u

r 
c
h

o
le

s
te

ro
l le

v
e
l to

 p
ro

te
c
t y

o
u

 fro
m

 h
e
a
rt d

is
e
a
s
e
. C

y
c
lo

s
p

o
rin

 s
to

p
s
 re

je
c
tio

n
 in

 
tra

n
s
p

la
n

t p
a
tie

n
ts

. A
n

d
 w

e
 s

till d
e
p

e
n

d
 o

n
 p

e
n

ic
illin

 –
 th

e
 w

o
n

d
e
r d

ru
g

 o
f th

e
 

1
9

4
0

s
. A

ll fro
m

 fu
n

g
i!

M
o

st o
f u

s ap
p

reciate th
at if w

e h
av

e to
o

 m
u

ch
 ch

o
lestero

l th
e b

o
d

y
 is n

o
t ab

le to
 u

se u
p

 th
e ex

cess so
 it 

stick
s to

 th
e in

sid
e w

alls o
f o

u
r b

lo
o

d
 v

essels. T
h

is b
u

ild
 u

p
 red

u
ces th

e d
iam

eter o
f th

e v
essels, an

d
 th

is 

restricts b
lo

o
d

 flo
w

. If b
lo

o
d

 v
essels th

at su
p

p
ly

 b
lo

o
d

 to
 th

e h
eart b

eco
m

e clo
g

g
ed

 u
p

 lik
e th

is it can
 cau

se a 

h
eart attack

, b
ecau

se th
e h

eart m
u

scle d
o

es n
o

t receiv
e en

o
u

g
h

 o
x

y
g

en
 to

 fu
n

ctio
n

 p
ro

p
erly

. T
o

 co
n

tro
l h

eart 

d
isease it’s im

p
o

rtan
t th

at h
u

m
an

s reg
u

late th
eir ch

o
lestero

l lev
el.  

 
T

h
e m

o
st effectiv

e ch
o

lestero
l lo

w
erin

g
-ag

en
ts w

e h
av

e to
d

ay
 are called

 S
T

A
T

IN
S, an

d
 th

ese are 

p
ro

d
u

ced
 b

y
 fu

n
g

i. T
h

e tw
o

 fu
n

g
i u

sed
 to

 p
ro

d
u

ce statin
s are called

 A
sp

erg
illu

s terreu
s an

d
P

en
icilliu

m

citrin
u

m
. S

tatin
s in

h
ib

it en
zy

m
es n

eed
ed

 to
 m

ak
e ch

o
lestero

l, so
 p

ro
d

u
ctio

n
 o

f ch
o

lestero
l is slo

w
ed

 d
o

w
n

. 

A
d

d
 d

ietary
 co

n
tro

l, an
d

 y
o

u
 can

 sig
n

ifican
tly

 d
ecrease th
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