
HAL Id: hal-02807045
https://hal.inrae.fr/hal-02807045

Submitted on 6 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

How does nutrient availability rates of photosynthesis
and leaf respiration in Amazonian tropical forest ?

Joana Zaragoza-Castells, Patrick Meir, Owen Atkin, Keith Bloomfield, Lucy
Rowland, Jon Lloyd, Norma Salinas, Damien Bonal, Matthew Turnbull

To cite this version:
Joana Zaragoza-Castells, Patrick Meir, Owen Atkin, Keith Bloomfield, Lucy Rowland, et al.. How
does nutrient availability rates of photosynthesis and leaf respiration in Amazonian tropical forest ?.
European Geosciences Union General Assembly 2011, Apr 2011, Vienne, Austria. 15 p. �hal-02807045�

https://hal.inrae.fr/hal-02807045
https://hal.archives-ouvertes.fr


�
�
�
��
�
�
�
��
	

�
��
�

�


�

��

�
��
�

�
��
�
��
	
�
�
�
�
��


�
�
�

�
��
��

��
�
�
�
�
��


�
�
�
�
�
�
�

�
�
�

�
�
�
�

�
�
�
��
��
�
�

�
�

�
�
�
�
�
��
�
�
�
��

��
�
�
�
�
�

�

jz
c
a
s
te

l@
s
ta

ff
m

a
il

.e
d

.a
c
.u

k

J
o

a
n

a
J
o

a
n

a
Z

a
ra

g
o

z
a

Z
a
ra

g
o

z
a

-- C
a
s
te

ll
s

C
a
s
te

ll
s

, , 
P

. 
P

. 
M

e
ir

M
e
ir

, 
O

. 
, 

O
. 

A
tk

in
A

tk
in

, 
J
. 

L
lo

y
d
, 

K
. 

B
lo

o
m

fi
e
ld

, 
L
. 

R
o
w

la
n

d
, 

N
. 

, 
J
. 

L
lo

y
d
, 

K
. 

B
lo

o
m

fi
e
ld

, 
L
. 

R
o
w

la
n

d
, 

N
. 

S
a
lin

a
s
, 

D
. 

S
a
lin

a
s
, 

D
. 

B
o
n
a
l

B
o
n
a
l
a
n

d
 M

. 
T

u
rn

b
u
ll

a
n

d
 M

. 
T

u
rn

b
u
ll



�
�

�
�
�
	
�

�
�
�
�

L
M

A
 (

g
D

M
 m

-2
)

2
0

4
0

1
0

0
2

0
0

4
0

0
6

0
0

1
0

0
0

 Leaf respiration  at 25
o
C

(nmol CO2 gDM
-1

 s
-1

)

1

1
0

1
0

0
G

lo
p

n
e

t 
d

a
ta

 b
a
s
e

 (
W

ri
g

h
t 
e

t 
a

l.
 2

0
0

4
)

•
S

c
a

lin
g
 r

e
la

ti
o
n
s
h

ip
s
 

b
e
tw

e
e
n
 l
e

a
f 

re
s
p
ir
a
ti
o
n
 

a
n
d
 l
e
a
f 

tr
a
it
s
 (

e
.g

. 
L
M

A
, 

p
h
o
to

s
y
n
th

e
s
is

) 
o
n
 g

lo
b
a

l 
s
c
a
le

•
E

n
a

b
le

s
 g

e
n
e
ra

lis
a
ti
o

n
s
 t

o
 

b
e
 m

a
d
e
 i
n

 l
a
rg

e
-s

c
a

le
 

m
o
d
e

ls

T
h
in

n
e
r 

le
a
f

T
h
ic

k
e
r 

le
a
f

�
H

o
w

e
v
e
r,

…



•
P

h
o
s
p
h

o
ru

s
 (

P
) 

lim
it
a
ti
o

n
 i
s
 w

id
e

s
p
re

a
d
 i
n
 t
h
e
 t

ro
p
ic

s

•
C

u
rr

e
n
tl
y
, 

th
e
re

 i
s
 l
im

it
e
d
 i
n
fo

rm
a
ti
o

n
 o

n
 h

o
w

 t
h
is

 a
ff

e
c
ts

 

p
la

n
t 

m
e
ta

b
o

lic
 r

a
te

s
, 
a
lt
h
o

u
g

h
:

–
P

 l
im

it
a

ti
o

n
 h

a
s
 b

e
e

n
 s

h
o
w

n
 t
o

 r
e
d

u
c
e

 b
o

th
 p

h
o

to
s
y
n

th
e
s
is

 a
n

d
 l
e

a
f 

re
s
p

ir
a

ti
o

n
 (

R
e

ic
h

 e
t 

a
l.
 2

0
0

9
; 

M
e

ir
e

t 
a

l.
 2

0
0

1
)

–
U

n
c
le

a
r 

h
o

w
 t
h

is
 a

lt
e
rs

 t
h

e
 g

lo
b

a
l 
s
c
a

lin
g
 r

e
la

ti
o

n
s
h

ip
 b

e
tw

e
e

n
 L

M
A

 
a

n
d

 l
e

a
f 
re

s
p

ir
a

ti
o

n
, 
O

R
 b

e
tw

e
e

n
 l
e

a
f 
re

s
p

ir
a

ti
o

n
 a

n
d

 p
h

o
to

s
y
n

th
e

s
is

 

N
.H

. 
B

a
tj
e
s

2
0
0
3
; 
IS

R
IC

-W
IS

E
 d

a
ta

s
e
t 
a
t 
0
.5

x
0
.5

 d
e
g
re

e
 r

e
s
o
lu

ti
o
n
, 
v
.1

.0
. 
IS

R
IC

-W
IS

E
 

S
o
il 

D
a
ta

b
a
s
e
. 
2
0
0
3

G
lo

b
a
l 
d
is

tr
ib

u
ti
o
n
 o

f 
s
o
ils

 w
it
h
 a

 h
ig

h
 i
n
fe

rr
e
d
 P

 d
e
fi
c
ie

n
c
y

2
0
0
3



�
�
��
�

�
�
�
�

1
. 

D
o

 t
h

e
 s

c
a
li

n
g

 r
e
la

ti
o

n
s
h

ip
s
 b

e
tw

e
e
n

 l
e
a
f 

re
s
p

ir
a
ti

o
n

 (
R

) 
a
n

d
 r

e
la

te
d

 l
e
a
f 

tr
a
it

s
 (

e
.g

. 
L

M
A

) 
d

if
fe

r 
b

e
tw

e
e
n

 A
m

a
z
o

n
ia

n
 T

ro
p

ic
a
l 
F

o
re

s
ts

a
n

d
 t

h
e
 

G
lo

p
n

e
t

d
a
ta

s
e
t,

 t
h

a
t 

is
 b

a
s
e
d

 l
a
rg

e
ly

 o
n

 N
o

rt
h

e
rn

 
H

e
m

is
p

h
e

re
 e

c
o

s
y
s

te
m

s
?

 

2
. 

D
o

 g
ra

d
ie

n
ts

 i
n

 s
o

il
 [

P
] 

a
v
a
il
a
b

il
it

y
 i

n
 A

m
a
z
o

n
ia

n
T

ro
p

ic
a
l 
E

c
o

s
y
s
te

m
s

re
s
u

lt
 i
n

 s
y
s
te

m
a
ti

c
 c

h
a
n

g
e
s

 
in

 r
a
te

s
 o

f 
R

a
n

d
 t

h
e
 r

e
la

ti
o

n
s
h

ip
 b

e
tw

e
e
n

 R
a
n

d
 

o
th

e
r 

le
a
f 

tr
a
it

s
 (

i.
e
.
L

M
A

, 
P

h
o

to
s

y
n

th
e
s
is

 (
A

))
. 

�
T

o
 w

h
a
t 

e
x
te

n
t 

is
 t

h
e
 b

a
la

n
c
e
 b

e
tw

e
e
n

 R
a
n

d
 A

a
lt

e
re

d
 u

n
d

e
r 

h
ig

h
 v

e
rs

u
s
 l

o
w

 [
P

]?



F
re

n
c
h

 G
u

ia
n

a
 –

P
a
ra

c
o

u G
x
1
-9

 &
 G

x
7

•T
h
re

e
-f

o
ld

 d
if
fe

re
n
c
e
 i
n
 

s
o
il 

e
x
tr

a
c
ta

b
le

 P
 

c
o
n
c
e
n
tr

a
ti
o
n
s
.

B
a

ra
lo

to
e

t 
a

l.
2

0
0

5

P
e
ru

 –
T

a
m

b
o

p
a
ta

P
lo

t 
3
 &

 P
lo

t 
4

•T
w

o
-f

o
ld

 d
if
fe

re
n
c
e
 i
n
 l
e
a
f 

P
 

c
o
n
te

n
ts

.
F

y
lla

s
e

t 
a

l.
2

0
0

9

�
F

re
n

c
h

 G
u

ia
n

a
 –

P
e
ru

: 
6
 f

o
ld

 i
n

c
re

a
s
e
 i

n
 s

o
il

 a
v
a
il

a
b

le
 [

P
],

 a
n

d
 s

o
il

 [
N

] 
in

c
re

a
s
e

s
 b

y
 ~

4
0
%

 
(H

ä
tt

e
n

s
c
h

w
ile

r
e

t 
a

l.
 2

0
0

8
; 

Q
u

e
s
a

d
a

 e
t 

a
l.
 2

0
0

9
)

•
F

ie
ld

 t
ri
p
: 

M
a

y
-J

u
ly

 2
0
1

0

•
F

ie
ld

 t
ri
p
: 

O
c
to

b
e
r-

N
o
v
e

m
b
e
r 

2
0
1

0
N

u
tr

ie
n

t
R

ic
h

N
u

tr
ie

n
t

P
o

o
r



P
h

o
to

s
y
n

th
e
s
is

:

•
S

a
tu

ra
te

d
 i
rr

a
d
ia

n
c
e
 a

n
d
 a

m
b
ie

n
t 

C
O

2
(A

s
a

t)

•
S

a
tu

ra
te

d
 i
rr

a
d
ia

n
c
e
 a

n
d
 s

a
tu

ra
te

d
 C

O
2

(A
m

a
x
)

L
e
a
f 

R
e
s
p

ir
a
ti

o
n

 i
n

 d
a
rk

n
e

s
s
 (

R
)

•
N

u
tr

ie
n

t 
A

n
a
ly

s
is

:

–
N

 a
n
d
 P

–
S

u
g

a
r 

a
n
d
 s

ta
rc

h

–
R

u
b
is

c
o

M
o

re
 t

h
a
n

 4
0
0
 t

re
e

s
 

b
e
lo

n
g

in
g

 t
o

 o
v
e
r 

2
0
0
 

s
p

e
c
ie

s
 w

e
re

 m
e
a

s
u

re
d

M
e

a
s
u

re
m

e
n

ts
:

L
i

L
i --

C
o

r
C

o
r

6
4
0
0

6
4
0
0



 
�
�
	
�

�
��
�
�

�
�
�
�!
�

"
��
�
�
�



L
M

A
 (

g
D

M
 m

-2
)

2
0

4
0

1
0

0
2

0
0

4
0

0

Leaf respiration  at 25
o
C 

(nmol CO2gDM
-1

 s
-1

)

1

1
0

1
0

0

P
e

ru
 a

n
d

 F
re

n
c
h
 G

u
ia

n
a

G
lo

p
n
e

t 
d

a
ta

 b
a
s
e

 (
W

ri
g

h
t 
e

t 
a

l.
 2

0
0

4
)

�
�
�
�
�
��
�
�
	

�
��
��


�
�
��

�
�
�
��
�
�
��
��
�
�
�
��

�
�
�
��
�
��
�
�
�

�
�
�
��
�
�
�
��
�
�

�
��


�
��
�
�
 
�
�
�

�
�	
�
!

�
��
�
�
��
�"
�
�
�

#
��

�
�
�

��
$

�
��

�
%�


�
�
��
&�
��
�
�
$
�
��


��
$

�
�

�
�
�
�

�
'
"
�
(

�
#
��
�
�"
��
�
�

��
)
*

�
#
��
��
�



�
�
�

T
h
in

n
e
r 

le
a
f

T
h
ic

k
e
r 

le
a
f



 
�
�
	
�

�
��
#
�
�
	
�!
�
�

�
�
�
�
�
�
�"
	
�
�


L
M

A
 (

g
D

M
 m

-2
)

2
0

4
0

1
0

0
2

0
0

4
0

0

 Leaf respiration  at 25
o
C

(nmol CO2 gDM
-1

 s
-1

)

1

1
0

1
0

0
F

re
n
c
h
 G

u
ia

n
a
 (

L
o

w
 P

)

P
e

ru
 (

H
ig

h
 P

)

•
N

u
tr

ie
n

t 
a

v
a

ila
b

ili
ty

 

h
a

s
 n

o
s
y
s
te

m
a

ti
c
 

e
ff

e
c
t 
o

n
 R

-L
M

A
 

s
c
a

lin
g

.

•
E

x
p

la
n

a
ti
o

n
 f

o
r 

lo
w

 R

in
 t

ro
p

ic
s
 m

a
y
 b

e
 t

h
e

 

th
e

rm
a

l 
h

is
to

ry
?

�
N

e
e
d
 c

o
m

p
le

te
d
 l
e

a
f 

n
u
tr

ie
n
t 

a
n

a
ly

s
is



 
�
�
	
�

�
��
#
�
�
	
�!
�
�

�
�
�
�
�
�
�"
	
�
�


•
H

ig
h

e
r 

R
/A

m
a

x
in

 

F
re

n
c
h

 G
u

ia
n

a

–
E

s
p
e
c
ia

lly
 a

t 
h
ig

h
 A

m
a

x

•
G

re
a

te
r 

%
 o

f 

c
a

rb
o

n
 g

a
in

 i
s
 

lo
s
t 

th
ro

u
g

h
 R

a
t 

lo
w

 n
u

tr
ie

n
t 

a
v
a

ila
b

ili
ty

A
m

a
x 
(n

m
o

l C
O

2
 g

D
M

-1
 s

-1
)

0
1

0
0

2
0

0
3

0
0

4
0

0
5

0
0

6
0

0

Leaf respiration (nmol CO2 gDM
-1

 s
-1

)

05

1
0

1
5

2
0

2
5

3
0

3
5

F
re

n
c
h
 G

u
ia

n
a
 (

L
o

w
 P

)

P
e

ru
 (

H
ig

h
 P

)



 
�
�
	
�

�
��
$
�

�
��
�
�
�
�

�
�

�
�
�
�
��
�
	
�

�
�
��

�
�
�
��
�

�

S
it
e

/C
o

u
n
tr

y

L
o

w
 P

-F
G

H
ig

h
 P

-F
G

L
o

w
 P

-P
H

ig
h
 P

-P

R/A

0
.0

0

0
.0

5

0
.1

0

0
.1

5

0
.2

0

0
.2

5
R

/A
s

a
t M

e
a

n
  

R
/A

m
a
x
 M

e
a

n
  

F
re

n
c
h
 G

u
ia

n
a

P
e

ru

a

b
b

a

y

z
z

z

•
R

/A
is

 n
o

t
c
o

n
s
ta

n
t

•
S

o
il 

fe
rt

ili
ty

 a
ff

e
c
ts

 

w
it
h

in
 a

n
d

/o
r 

b
e

tw
e

e
n

 

th
e

 t
w

o
 c

o
u

n
tr

ie
s

�
R

e
s
p

o
n

s
e

s
 w

it
h

in
 

s
p

e
c
ie

s
, 
o

r 
d

u
e

 t
o

 

d
if
fe

re
n

t 
s
p

e
c
ie

s
 b

e
in

g
 

fo
u

n
d

 a
t 
h

ig
h

 v
e

rs
u

s
 

lo
w

 n
u

tr
ie

n
t 

a
v
a

ila
b

ili
ty

A
L

L
 S

P
E

C
IE

S



 
�
�
	
�

�
��
$
�

�
��
��
�
	
�

�
�

F
re

n
c

h
 G

u
ia

n
a

L
o

w
 P

H
ig

h
 P

R/Asat

0
.0

0

0
.0

5

0
.1

0

0
.1

5

0
.2

0

0
.2

5

•
D

if
fe

re
n

c
e

s
 m

a
in

ta
in

e
d

 c
o

m
p

a
ri

n
g

 s
a

m
e

 s
p

e
c
ie

s

•
L

o
w

 f
e

rt
ili

ty
 h

a
s
 a

n
 e

ff
e

c
t 
o

n
 t
h

e
 r

e
la

ti
o

n
s
h

ip
 R

/A

L
o

w
 P

H
ig

h
 P

P
e

ru *

S
P

E
C

IE
S

 C
O

M
M

O
N

 A
C

R
O

S
S

 P
L

O
T

S



%
�
�
�
�	
�
��
�
�
�

1
.

A
m

a
z
o

n
 s

p
e
c
ie

s
 e

x
h

ib
it

 l
o

w
e
r 

ra
te

s
 o

f 
R

 a
t 

2
5

o
C

 f
o

r 
a
 

g
iv

e
n

 L
M

A
, 
th

a
n

 t
h

e
 G

lo
p

n
e
t

d
a
ta

b
a
s

e
.

•
L

o
w

 [
P

] 
a
p

p
e
a
rs

 n
o

t
to

 b
e
 t

h
e
 m

a
in

 f
a
c
to

r 
e
x
p

la
in

in
g

 t
h

is
, 
ra

th
e
r 

g
ro

w
th

 t
e
m

p
e
ra

tu
re

 
a
p

p
e
a
rs

 t
o

 b
e
 i
m

p
o

rt
a
n

t.

2
.

U
n

d
e
r 

lo
w

 [
P

] 
th

e
re

 i
s
 l
it

tl
e
 e

ff
e
c
t 

o
n

 R
, 
b

u
t 

A

d
e
c
li

n
e
s
 s

tr
o

n
g

ly
. 

T
h

e
re

fo
re

, 
R

/A
is

 n
o

t 
c
o

n
s
ta

n
t;

 
th

e
re

 i
s
 a

 n
e
g

a
ti

v
e
 e

ff
e
c
t 

o
n

 p
la

n
t 

n
e
t 

c
a
rb

o
n

 g
a
in

.

3
.

M
o

d
e
ls

 s
h

o
u

ld
 n

o
t

a
s
s
u

m
e
:

–
T

h
e
 G

lo
p

n
e
t

d
a
ta

b
a
s

e
 c

a
n

 p
re

d
ic

t 
R

in
 A

m
a
z
o

n
ia

n
 

T
ro

p
ic

a
l 
F

o
re

s
t

–
T

h
a
t 

R
/A

is
 c

o
n

s
ta

n
t



�
�
�
&
'
(
))

�
�
�
&
'
(
))

�
�
*
�
�
�
��
�
+
�
�
�
�

�
�

•• F
o

re
s
t 

P
lo

ts
 D

a
ta

b
a
s
e

F
o

re
s
t 

P
lo

ts
 D

a
ta

b
a
s
e
: 

L
o
p
e
z
-G

o
n
z
a
le

z
 e

t 
a
l.

U
n
iv

e
rs

it
y
 o

f 
L
e
e

d
s

P
E

R
U

P
E

R
U

F
R

E
N

C
H

F
R

E
N

C
H

G
U

IA
N

A
G

U
IA

N
A

•P
o
n
ti
fi
c
ia

U
n
iv

e
rs

id
a

d
 C

a
tó

lic
a

d
e
l 
P

e
rú

•I
N

R
A

 G
ro

u
p
e

R
é
g
io

n
a

l
d
e
 G

u
y
a
n
e



L
M

A
 (

g
D

M
 m

-2
)

4
0

1
0
0

2
0
0

Asat 

(nmol CO2gDM
-1

 s
-1

)

1

1
0

1
0
0

1
0
0
0

P
e

ru
 a

n
d

 F
re

n
c
h
 G

u
ia

n
a

G
lo

p
n
e

t 
d

a
ta

 b
a
s
e

 (
W

ri
g

h
t 
e

t 
a

l.
 2

0
0

4
)



•
Y

e
s
, 

lo
w

 f
e

rt
ili

ty
 

h
a

s
 a

n
 e

ff
e

c
t 

o
n

 

th
e

 r
e

la
ti
o

n
 R

/A
.

C
o

u
n
tr

y

F
re

n
c
h
 G

u
ia

n
a

P
e

ru

R/Asat

0
.0

0

0
.0

5

0
.1

0

0
.1

5

0
.2

0

0
.2

5
4

 s
p

e
c
ie

s
 p

re
s
e

n
t 
in

 b
o

th
 c

o
u
n
tr

ie
s

*


