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Abstract

How variations in carbon supply affect wood formation remains poorly understood in particular in mature forest trees. To
elucidate how carbon supply affects carbon allocation and wood formation, we attempted to manipulate carbon supply to the
cambial region by phloem girdling and compression during the mid- and late-growing season and measured effects on structural
development, CO2 efflux, and nonstructural carbon reserves in stems of mature white pines. Wood formation and stem COx
efflux varied with location relative to treatment (i.e., above or below the restriction). We observed up to twice as many
tracheids formed above versus below the treatment after the phloem transport manipulation, whereas cell-wall area decreased
only slightly below the treatments, and cell size did not change relative to the control. Nonstructural carbon reserves in the
xylem, needles, and roots were largely unaffected by the treatments. Our results suggest that low and high carbon supply
affects wood formation, primarily through a strong effect on cell proliferation, and respiration, but local nonstructural carbon
concentrations appear to be maintained homeostatically. This contrasts with reports of a decoupling of source activity and wood
formation at the whole-tree or ecosystem level, highlighting the need to better understand organ-specific responses, within-tree

feedbacks, as well as phenological and ontological effects on sink-source dynamics.

Hosted file

Resubmitted Exp2017 Manuscript - PCE May 2021 (without Figures).pdf available at https:
//authorea.com/users/176547/articles/522140-manipulating-phloem-transport-affects-wood-
formation-but-not-local-nonstructural-carbon-reserves-in-an-evergreen-conifer


https://authorea.com/users/176547/articles/522140-manipulating-phloem-transport-affects-wood-formation-but-not-local-nonstructural-carbon-reserves-in-an-evergreen-conifer
https://authorea.com/users/176547/articles/522140-manipulating-phloem-transport-affects-wood-formation-but-not-local-nonstructural-carbon-reserves-in-an-evergreen-conifer
https://authorea.com/users/176547/articles/522140-manipulating-phloem-transport-affects-wood-formation-but-not-local-nonstructural-carbon-reserves-in-an-evergreen-conifer

a Double
Control Compressed compressed Girdled

needle tissues and water potential

stem tissues, microcores and respiration

— — = above

S e middle
g8 eeeseass below
g control
‘j Q treatment 4 F === "
; root tissues
b May Jun Jul Aug Sep Oct Nov Dec
3 rmemed N : N : : " N >
Z } i t 1 } 1 t t >
|:: Control
N
> Compressed
= Double compressed
=
E Girdled ) ' ' '
O—® D@
- 1 2 3
2 Carbon
£ 1 (uly) 2 (Aug. & Sep.) 3 (Oct) 1+2+3 (Jul-0ct) I
= supply
girdied [ Hi - - S
a8 doubl
i mmp,ﬁ‘;;d N — | .- - N above
g compressed - A Ll I I
& double :
5 compe ] - R 3 [ — middle
Ti control - A i N — control
g compressed — [0 [ A
s P i [y i 2 . — below
= girdled . i W j—«
£ CO; efflux Growth
:Z -10 6 1'0 Zh 3‘0 —1'0 (Il fﬂ 20 Sh -10 (Il fﬂ 2‘0 30 —2‘0 o 2‘0 4h
; A carbon (g) Acarbon (g) A carbon (g) Acarbon (g)

funder

the author

2

The copy

Posted on Authorea 15 May 2021



Cumulative number of cells (n)

a
z
=
]

Cumulative cell-wall area (um?)

Mean cell-wall area (um2)

g
2z
2
o
@
8
E
>

Mean radial cell diameter (um)

1ts reserved. No reuse without per

GOz efflux (umol s m-2)

&

Posted on Authorea 15 May 2021

70
60
50
40
30
20
10

30K

20K

10K

600

500

400

300

50
45
40
35
30
25
20

Ju

Control

— Control
—— Adjusted control
— — Above
==+ Middle
= Below

Compressed

Double compressed

Girdled

Control

—— Control
—— Adjusted control
— — Above
=== Middle
===+ Below

Double compressed

Aug Sep Oct Nov Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov

Girdled

{

Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov



5

S
=
3
g
-
Z
o
[=9

Soluble sugar concentration (% dry weight)

Starch concentration (% dry weight)

Needles

Stem

Roots

Needles

Stem

Roots

12.0

10.0

8.0

6.0

4.0

2.0

0.0
1.5

0.5

0.0
25

2.0

0.5

0.0

4.0

3.0

2.0

0.0

0.8

0.6

0.4

0.2

0.0
1.2

0.8
0.6
0.4
0.2
0.0

Control

\

Control
Adjusted control
Above
Middle
Below

Compressed

Double compressed

Girdled

f

\

Jul

Control

Control
Adjusted control
Above

Middle

Below

Compressed

Double compressed

Aug Sep Oct Nov Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov

Girdled

N\

Jul

Aug Sep Oct Nov Jul

Aug Sep Oct Nov Jul Aug Sep Oct Nov Jul Aug Sep Oct Nov



