
170 vol g

TR,A.NSPIRATION IN MOI-INTAIN BEECH ESTIMATED

SIMULTANEOUSLY BY HEAT-PULSE VELOCITY ¡,ND
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ABSTRACT

Water vapour loss as measured for foliage in a climatised cuvette and xylem
sap-flow as calculated from stem heat-pulse velocity (HpV) measurements in
mountain beech (Nothofagus solandri var. clifiorlioides Hook. F. poole) are
compared over a seven-hour period.

A close correlation was obtained between branch transpiration and heat-
pulse velocity uuder the prevailing conditions of low moisture stress. The Hpv
technique appears to be appücable to mountain beech, a hardwood with a
difiuse-porous vascular transport system. Tentative extrapolation of results to
total crown transpiration and total stem sap-flow gave similar results.

INTRODUCTION

,the heat pulse techaique (Marshall , L958) has met wirh only limited success when
used to estimate quantitative transpiration of conife¡ous rrees. Correladons between
daily Þatterns of transpiration rate or volume and heat-pulse velocity have generally
been high with correlation coef6cienrs grearer than 0.9 (Decker and Skau, L964; Doley
and Grieve, 1966; nØendt, Runkles and Haas, 1967; Swanson, 1972; Lassoie, Scott and
Fritschen, L977).An importantpartof theproblemappearstoIieinthelackof thermal
homogeneity near the heat-pulse sensing appararus placed within functioning xylem
(Heine and Fart, 1972). Swanson and SØhitûeld (i9S0) have been able to accommodate
this non-homogeneity as well as the flow disruption caused by the wound around the
seûsoÏs.

The purpose of the work reported here was to ascerrain if rhe heat-pulse technique
as developed for coniferous species with tracheid-fl.ow xylem can be used in a diffuse-
porous hardwood such as mountain beech (Notltofagøs sol,and,ri var. cliffortioid,es
Hook F. Poole) with a vascula¡-flow xylem. An opportunity arose to do this in conjunc-
tion with the study of photosynthesis and transpiration in mountain beech.
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METHODS
A 6-metre tall moutain beech tree (22 years; 11 cm d.b.h.) ¡vas selected for stu,

in an open-growing natural stand on a moist site with good drainage in Craigiebu
Forest Park, New Zealand (I^at.43'10'$ Long. \7Lo41'E) at 900m elevation. This a¡

three similar üees were instrumented with one sçt each of 0.16-cm diameter heat-pul
probes at 1.0 and 2.0cm from the cambium (Swanson, I)62; l)67;1974).Yalaes
to obtained at haff hourly intervals were conv€rted to uncorrected heat-pulse veloci
(HPV) using equation (1):

HPV - 1800 (1.0-0.5)to-1cm hr-1

whete to - time in seconds fo¡ the temperature difference between the two sens

thermistors crossing zerc af.ter heat-pulse application (details Swanso

1962).
These values were correcred to true heat-pulse velocity (HPVR) using equation (2):

HPVR - a* b (HPV) *c (HPV)2 (:

where coefficients a, b, c, vary with v¡ound width. Fo¡ wound width of 0.44cm at
0.50 cm values for coniferous wood are - coefficient a, 1.525 and L.630; b, 1.225 ar
I.6lL; and c, O.280 and 0.300 respectively (Swanson and \Zhitfield, 1980). The san

coefficient values have been used for mountain beech. \7ound width in mountain beer

was indicated by darkly stained xylem in cross-sections cut through the heat-pulse sens,

zone. The stained width was 0.45 cm to 0.50 cm wide and free from infection, tl
stain indicating non-functioning xylem as a result of oxidation (P. Gadgit, pers. comm
The cross-secdonal area of sapwood "sampled" by the 1 cm and 2 cm deep sensors w
estimated tobe 49.5 cm2 and 51.0cm2 respectively. Marshall's equation (3) then alloi
a total sap flow calculation to be made in equation (4):

sap flux Q : Pb (m + 0.33) HPVR cma cm-2h-1 (,

where Pb : 0.76, sapwood density of sample tree
m - 0.53, moistu¡e content of sample tree

Mountain Beech tree Q : 0.66 (49.5 HPVRr.o * 51.0 HPVR2.o) cmah-1 (,

,{. Koch-Siemeos gas-exchange unit with a thermo-elecrically cooled cuvetre w
used to measure transpiration by methods that have been fully described (Koch et a

1968; Koch and Kerneq L97L). The cuvene enclosed a¡ i,n sitø branchler with 2'.

leaves while tracking ambient remperafirre and humidity for a seven-hour period <

30 January T975.'Ihe transpiration sysrem was for¡nd to be within ! ,% over a peri<

of several hours when calibrated by the method of Tranquillini and Czlldwell (L972
Data sampling proceeded at two-minute intervals. Total foliar diffusive resistance
wate.f vaPour (rsro) was calculated for the lower surface of Íohage in the cuvette fro
the rate of transpitation and the water vapour-pressure gradient from leaf to air I

standard formulae (Sesrak et. aL, 1971).

The sample twig was subsequentþ removed for determination of Ie:a[. at
(Thompson and Leyton, L97L) and leaf dry weight. The whole ffee was later harvestr
for determination of total foliage weight and intensive sampling allowed an esrimare ,

total c¡own Teaf-arca to be made.
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ABSTRACT

\üater vapour loss as measured for foliage in a climatised cuvette and xylem
sapdow as calculated from stem heat-pulse velocity (Hpv) measurements in
mountain beech (Notho,fagus solandri var. clifiortioides Hook. F. poole) are
compared over a seven-hour period.

A close correlation was obtained bet\rreen branch transpiration and heat-
pulse velocity under the prevailing conditions of low moisture stress. The Hpv
technique appears to be applicable to mountain beech, a hardwood with a
diffus+porous vascular transport system. Tentative extrapolation of'results to

transpiration and total stem saÞflow gave similar results.

INTRODUCTION

,the heat pulse technique (Marshall, 1958) has met with only limited success when
used to estimate guantitative transpiration of coniferous rrees. Coruelations between
daiiy patterns of transpiration rate or volume and heat-pulse velocity have generally
been high with correlatio,n coeficienß grearer tha¡ 0.g (Decker and skau, 1964; Dorey
and Grieve, 1966; \Øendt, Runkles and Haas, 1967; Swansan, 1972; Lassoie, Scot and
Fritschen, L977). An important part of the problem appears to lie in the lack of thermal
homogeneity near the heat-pulse sensing apparatus placed within funcrioning xylem
(Heine and Farr, 1972). Swansoo and SØhitfield (19S0) have been able to accommodate
chis non-homogeneity as well as the flow disruption caused by the wound around the
sensofs.

The purpose of the work reported here was to ascertain if the heat-pulse technique
as developed for coniferous species with tracheid-flow xylem can be used in a diffuse-
porous hardwood such as mountain beech (Notltofagøs solaød,ri var. clòfrortioìd,es
Hook F' Poole) with a vascular-flov¡ xylem. An opportunity arose to do this in conjunc-
tion with the study of photosynthesis and transpiration in mountain beech.
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METHODS
A 6-met¡e taII moutain beech uee (22 yøts; 11cm d.b.h.) was selected for srudy

in an open-growing natural stand on a moist site with good drainage in Craigieburn
Forest Park, New Zealand (Lat. 43"L0'5, Loog. L7I"4L'E) at 900m elevation. This and
three similar üees were instrumented with ooe set each of 0.16cm diameter heat-pulse
probes at 1.0 and 2.0cm from the cambium (Swanson, L962;1967;1974).Yalues ot
to obtained at half hourly intervals were converted to uncorrected heat-pulse velociry
(HPV) using equation (1):

HPV - 1800 (1.0-0.5)to-1ç¡¡ 1-,t-t

whete to - time in seconds for the temperature difference between the two sensor
thermistors crossing zero after heat-pulse application (details Swanson,
7962).

These values were corrected to true heat-pulse velocity (HPVR) using equation (2):

HPVR- a*b(HPV) * c (HPV)2 (2)
where coefficients a, b, c, vary v¡ith wo'und width. For wound width of 0.44cm a¡d
0.50 cm values for coniferôus wood are - coefñcient a, L.525 and 1.630; b, L.225 and
1.611; and c, 0.280 and 0.300 respectively (Swanson and lØhitûeld, 1980), The same
coefficient values have been used for mountain beech. \Zound v¡idth in mountain beech
was indicated by darkly stained xylem in cross.sections cut through the heat-pulse sensor
zone. The stained width was 0.45 cm to 0.50 cm wide and free from infection, the
staia indicating non-functioning xylem as a resulr of oxidation (P. Gadgil, pers. cornm.).
The cross-sectional arca. of sapwood "sampled" by the 1 cm and 2 cm deep sensors was
estimated tobe 49.5cmz and 51.0cm2 respectively. Marshall's equation (3) then allows
a total sap flow calculation to be rnade in equation (4):

sap flux Q : r'b (m * 0.33) HPVR cm3 cm-2h-1 $)
where Pb : 0.76, sapwood density of sample nee

m - 0.53, moisture contenr of sample tree

Mountain Beech tree Q - 0.66 (49.5 HpVnr.o * 51.0 HPVR2.g) cmsh-1 (4)

.t Koch-Siemens gas-exchaoge unit with a thermo-electrically cooled cuvene was
used to measure transpiration by methods that have been fully described (Koch et aL,
1968; Koch and Kerneq I97L). The cuvette enclosed a¡ in sòru branchlet with 251
leaves while tracking ambient temperature and humidity for a seven-hour period on
30 January 1975.The transpiration system was found to be within t 5% over a period
of several hours when calibrated by the method of Tranquillini and caldwell (L972).
Data sampling proceeded at two-minute intervals. Total foliar diffusive resistance to
wate.r vaPour (r¡1ro) was calculated for the lower surface of foliage in the cuvette from
the rate of transpiration and the water vapour-pressure gradient from leaf to air by
standard formulae (Sestak et a1,., T97L).

The sample twig was subsequently removed for determination of Ieaf. arca
(Thompson and Leyton, 797L) and leaf dry weight. The whole ffee was later harvested
for determination of total foliage weight and intensive sampling allowed an estimate of
total crown teaf-area to be made.
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Ten minute mean values for twig transpiration (E) and leaf difiusive resistance
(ruro) as well as key climatic paramerers a¡e shown in Fig. 1. The measuremenr day
was relatively cool and ove¡cast after several days of steady rain. There ¡ve¡e brief
b¡eaks in the cloud between 10.40 a¡d 11.20 hours and again between 12.50 and 13.00
hours. A moderate breeze ensu¡ed the open-growing crown s/as well ventilated. Orher

NornarÂcus 30:t:75
'ilI

r200

rooo 3

N

8C0 z
u
F60ô øz
il

400 \
4'

200

o

No. 2 Swanson et al. - Transpiration in Mountain Beech

unpublished data show leaf temperatures were practically identical to rhe m
air temperatures. soil moisrure was near field capaciry and the Iow values f<

(min. 2, max. 4 sec cm-1) indicate the tree was nor subject to moisrure stress (pr
xylem wate¡ potential ca. -2 bat).

under the prwailing conditions r¡¡^q showed only minor changes during r

with a small general increase .s 
" 

photoå.tive response ro declining light Transl
v¡as thus largely dete¡mined by the warer vapour pressure deûcit.

In Table 1 we present half-hourty real and extraporated data for heat-pulse .

and uanspiration measurements. The regression of cuverre b¡anch transpiiation
unco¡rected heat-pulse velociry at 1.0 cm into the sapwood (Hpv 1.0) resulted ir

E - 128+ 91 HPV1.o G2 : 0.88 . P : 0.01)
Á' plot of branch transÞiration and HPV1.6 against time of day (Fig. z) cleadl

a similariry of pattern though in relative magnitude transpiration peaked before r
and HPV after mid-day. HPV thus lagged a rirtie behind tranlpiration. This
well with other heat-pulse studies on coniferous rrees showing " .lor" correspo
betweeo heat-pulse velociry and wate¡-vapour loss under low moisrure süess con
(Decker and Skau, 1964; Swanson, L972; Lassoie et aL, 1977). It would thur
¡easonable ro assume that the heat-pulse technique has a similar degree o{ applir
fo¡ use with a difiuse-porous vascular-floçr hardwood rree such as mountain beech
found to date fo¡ conife¡s. Under high water srress condirio,ns cor¡elations betweer
and uanspiration tend to be much poorer seemingly due to increased time lags inr
*omatal response and delayed recharging of tree moisture levels (swanson,
I¿ssoie e, ø1., 1977).

Any extmpolation of twig transpiration to the whoLe rree croÌvn must be
with caution (Table 1). The ffee crown should be intensively sampled for variar
foliage uanspiration if confidence is to be placed in estimated lrown w"terJ
suitable poromerer able to sample in titø rwigs in full light was not available f,
Purpose. However, weather conditions priot to and during twig measurement
cuvefte favoured a tentative attempt to estimate crown transpiration from rhr
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FIG. l-Transpiration (E mgHrOdm-gh-r) and leaf diffusive resistance to water vapour(t*ro t cm-r) for 1.31 dmz of mountain beech foliage (Nothofagus clifiortioides),
0n 30'1.75 at 900 m a.s.l. Craigieburn Forest Park. Photosynthetically active radia-
tion measured in ¡r, Einstein with LiCOR Quantum sensor, temperatures in oC withplatinum resistance bulbs, vapour pressure deficit (es _ ."i in mb determined
frorn ambient air and its dew-point temperatures.

TIME

FIG. LThe measured daily course of branch transpiration (E) and stem heat pulse vr
at 1.0 cm into the sapwood of mountain beech.
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was relatively cooL and ove¡cast after seve¡al days of steady rain. There were brief
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houts. A mode¡ate bteeze ensuted the open-growing crown was well ventilared. Other
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(min' 2, max. 4 sec cm-l) indicate the tree was nor subject to moisture suess (pre-dawï
xylem water porential ca. -2 bar).

under the prevailing conditions r¡¡,,6 showed only minor changes during the clay

with a small general increase as a photoåctive response to declining light. Ttanspiration
was thus largely determined by the warer vapour pressure deficit.

In Table 1 we present haif-hourly real and extrapolated àata lar heat-pulse velocity
and Úanspiration measurements. The regression of cuvette branch transpiratio,n (E) on
uncorrected heat-pulse velociry ar 1.0 cm into the sapwood (Hpv 1.0) resulted in:

E- 728 + 91 HPV1.0 (r, : 0.88. P: 0.01) (4)
A plot of branch transÞiration and HPV1.o against time of day (Fig. 2) ciearly shows

a similarity of pattern though in relative magnitude transpiration peaked before mid-day
and HPV after mid-day. HPV thus lagged a iittle behind transpiration. This agrees
well with other heat-Þulse studies on coniferous trees showing a close correspondence
between heat-pulse velocity and water-vapour loss unde¡ low moisrure stress condirions
(Decker and Skau, i964; Swanson, 1972i Lassoie et at., 1977). It would thus seem
reasonable to assume that the heat-pulse technique has a similar degree of applicabitity
for use with a diffuse-porous vascular-flow hardwood tree such as mountain beech as that
found to date for conifers. Under high water stress conditions correlations between HpV
and transpiration tend to be much poorer seemingly due to inc¡eased time lags involving
stomatal resÞonse and delayed recharging of tree moisture levels (Swanson, r97i;
Lassoie et a1,., 1977).

A,ny extrapolation of twig transpiration to the whole rree crown musr be treated
with caution (Table 1). The ffee crown should be intensively sampled for variation in
foiiage ffanspirarion if confidence is to be placed in esrimared .ro*r, *ur..loss. A
suitable porometer able to sample i'n sitø twigs in full light was nor available for this
Purpose. llowever, weather conditions prior to and during twig measurement in the
cuvette favoured a tentative afiempt to estimare crown transpiration from the twig

TIME

FIG. 2-The measured daily course of branch transpiration (E) and stem heat pulse velocity
at 1.0 cm into the sapwood of mountain beech.
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CHANGES STITHIN TREE CRO\XTNS FOLLONøING

THINNING OF YOUN]G DOUGLAS FIR INFECTED B'

P H AEO CRY PT O PU S G AEU M,,4NN11

i. A. HOOD and C. J. SANDBERG

Forest Research Instirute. New Zealand Forest Service, Rotorua

(Received for publication 28 May 1979)

ABSTRACT
A survey was carried out of tree cro\¡/ns in a 22-yearold stand of Douglas

fir (Pseudotsuga menziesii (Mirb.) Franco) in order to study changes following
thinning five years earlier. Thinning to 220 and 740 stems/ha did not increase
foliage retention or needle density, and had, at most, oniy a slight efiect on mean
infection of Phaeocryptopus gaeumannii (Rohde) Petrak, which was not less than
79% at different crown levels. In the lower crown region of unthinned trees ninth
whorl branches retained needles longer, but showed less shoot extension over the
last two years, than equivalent, unsuppressed branches of thinned trees. Thinned
trees developed deeper crowns. An adjacent, 24-year-old stand thinned to
220 stems,/ha 12 yeârs previously still retained a high infection (more than
96%), and foliage retention and density were no greater than on trees of the
same stocking in the more recently thinned stand.

INTRODUCTION
Thinning has been advocated for different reasons as a means of correctin¡

decline in stands of Dougias frt (Pseuelotsøgø menziesi, (Mirb.) Franco) attributt
the Swiss needle casr fungus Phøeocryptopus gaeuTlza.nnll (Rhode) Petrak (e.g. Mr
1950-1951; Srefanelii, 1963; Suittmatter, 1.974; Cameron et ø1., 1978). Merkte (1

1951), Mu¡ray (1952-54), and Strittmatter (1974) have all noted a general recove
the appearance of unhealthy stands some years after thinning. Murray also obst
that although P. gaeømatznii, was almost ubiquircus it was no longer regarded as ser

No other relevanr material appears to be published. P. gaeunzanøii was fr¡st f
wirhin Kaingaroa Forest, in the cenrral North Isiand, in 1960 (unpublished rec,
and olde¡ stands of Douglas ûr began to show a decline in growth within the follo.
10 years (Beekhuis, 1978; IüØooff, L978). This article reports the resuits of a sr

carried out during rhe winter of 7977 in a younger, infected srand in Kaingaroa F
in orde¡ to investigate changes within rree crowns following thinning that n
reduce or counrer the effect of the needle parasite and so offset potential growth de<

Measurements were made of crown depth, needle rerention, needle density, needle le;


