
P
os
te
d
on

A
u
th
or
ea

12
A
p
r
20
22

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
64
97
50
58
.8
04
21
24
3/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Two path length effects emerging from ontogenetically stable axial

xylem design affect the conductance of inner sapwood rings

Giai Petit1, Maurizio Mencuccini2, Marco Carrer1, Angela Luisa Prendin1, and Teemu
Holtta3
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Abstract

The process of sapwood/heartwood transition in trees is not fully understood. We tested whether the ontogenetically-stable

apex-to-base conduit widening generates path length effects limiting the conductance of inner sapwood rings. The axial scaling

( b) of conduit hydraulic diameter ( Dh) was estimated at annual resolution in a spruce and beech tree. We compiled a global

dataset of sapwood ring number ( NSWr), their average width ( SWrw), tree height ( H ) and stem elongation rate ( ΔΗ )

in conifer and angiosperm trees. A numerical model simulated the effects of H and ΔΗ on the conductance of each xylem

ring ( KRING). b resulted ontogenetically stable. Simulations well predicted the observed patterns of increasing NSWr with

H and decreasing NSWr with ΔΗ , assuming that heartwood forms when the marginal conductance gain of maintaining the

functionality of an inner ring becomes negligible. Sapwood/heartwood transition minimizes the C costs associated to allocation

to secondary growth and maintenance of living sapwood required to attain a given sapwood conductance. The number of

sapwood rings depends on the effects of H and ΔΗ on the conductance of inner sapwood rings. The width of sapwood rings

contributes to compensate for the lower conductance of inner sapwood rings at high ΔΗ .
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