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Abstract.-- Xyl em cavi tati on occurs when water

potentials reach a |evel

great enough to introduce

air into the water conducting system Cavitation
events in western hem ock were found to begin at

-1.9WPa and reach very high |levels at

-3.4MPa. The

best place to nonitor cavitation events was the

base of the seedling stem

I NTRODUCTI ON

Water nol ecules in xylemconduits are
under tension and follow ng increasing
nmoi sture stress a | arge nunber of hydrogen
bonds can break leaving a void filled with
wat er vapor. This phenonena is commonly
referred to as cavitation. Cavitation
leads to the further introduction of air,
whi ch cones out of the surrounding
tissues, formng an enbolismrestricting
water transport (Tyree and Sperry, 1988).

Breakage of the water colum results
in an acoustic em ssion (AE) which can be
detected in both low (M I burn and Johnson,
1966) and ultrasonic (Tyree and D xon
1983, Tyree et al 1984) frequenci es.
Detection on the ultrasonic frequency is
preferred due the | ack of background noi se
interference and the ability to make nore
than one measurement on the sane plant
concurrently.

Results reported in the literature
have established a clear relationship
bet ween cavitation events and AE
frequency. Tyree and Di xon (1983) found
AE occurred in Thuja occidentalis only
when water potentials exceeded -1nPa and
the rate of AEs increased as xylem
pressure became nore negative. AEs were
found to stop following rewetting and a

Fess—regat+ve—vatuve—of xyl em pressure
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potential. Loss in hydraulic conductance
was related to the initiation of AEs in
Thuja, Tsuga and Acer (Tyree and Di xon
1986). It was also found that the | ast
vestiges of hydraulic conductance in

coni fers corresponded to the cessation of
AEs. The cunul ative nunber of AEs has
been found to correspond to the nunber of
tracheids in small sanples of Thuja (Tyree
et al 1984) . Al though Sandford and G ace
(1985), using a less efficient AE counting
system found only 16% of the expected AEs
froma sanpl e of Chammecyparis wood.

Many of the initial studies have
i nvol ved the used of detached woody stens
whi ch are debarked then dehydrated and
rehydrated rapidly under |aboratory
conditions. Mre recent applications have
i nvol ved the use of whole plants under
controlled environnental conditions.
Jones et al (1989) utilized AE nonitoring
equi pent to quantify the relationship
bet ween appl e root stock variety and the
initiation and severity of enbolism
formation during water stress. A 70%
reduction in hydraulic conductance was
found in intact potted Picea abies
seedl i ngs due to enbolismformation
followi ng 3 drought stress periods
(Borghetti et al, 1989). They al so showed
that the effect of the enbolismformation
was cunul ative and the plants did not
recover fully even follow ng rewatering.

BACKGROUND

Survival rates of western henm ock
(Tsuga heterophylla) follow ng planting
are inconsistent and unreliable. A
research project was undertaken to explain



the drought synptons often associated with
the death of hem ock even when soil

noi sture is not limting. The research
has focused on the ability of the root
systemto provide water to the foliage by
noni toring plant water conductance since
it is inmpossible to nake a direct

measur emrent of root conductivity on intact
seedl i ngs. Total conductance fromthe

soil to the needl e can be nmeasured however
and the relative change in total
conductivity should indicate treatnment

ef fects.

Water potential (?), stonatal
conductance and transpirati on neasurenents
were nmade i nmedi ately foll owing planting
and every third day for 6 weeks on 3
hem ock seedlings fromeach of 5 different
root treatnents, for a total of 15 trees
per sanple date. Results indicated that
poor root conductivity creates severe
water stress following planting even in
noi st soils. Particularly in seedlings
wi th pruned suberized roots.

As with any experinent unexpl ai ned
observations often |l ead to nore questions
and further exploration. The predawn
wat er potential data obtained on the
fourth sanpl e date raised sone interesting
questions. Throughout the experinment, with
the exception of sanple 4, predawn water
potential s averaged -0.5MPa across all
treatnments. On sanpl e date #4 predawn
water potentials averaged -1.9WPa ,with a
range of -1.2 to -4.0 MPa, across all
treatments, with no extreme climtic
condi tions except for the lack of dew on
the foliage and a dry east wind. The
inability of the seedlings to recover
during the preceding night was severely
hanmpered by either a | ack of stonatal
closure or the formation of enbolisns
i nhi biting water conductance to the fine
branches whi ch were being sanpl ed. Tyree
and Sperry (1988) indicated that enbolisns
occur nore frequently in mnor branches
than in major branches.

In the days follow ng this occurrence
of high water potentials, foliar die-back
and nortality was noted on several
i ndi vi dual s which correlated with the
treatments havi ng the highest predawn
measur ement s. Anot her phenonena of
interest that occurred on this sanple date
was the recovery noted in the 9:00 AM
readi ngs on the sane group of seedlings.
Xyl emwater potential actually becane |ess
negative on sone seedlings, indicating an
increased availability of water which can
occur following cavitation (Borghetti et
al, 1989)

The results of this experinent
coupl ed with observations of foliar die-
back and seedling nortality indicate that

new y planted western henl ock experience
wat er deficits great enough to cause
cavitation and exhibit synptons consistent
with the cavitation nodel. An experi ment
was designed to determine: 1. The best

| ocation on the seedling to nonitor for
cavitation. 2. the ? at which cavitation
occurs in western hem ock seedlings.

METHODS

Western hem ock plug-1 seedlings were
obtained fromthe Industrial Forestry
Association (I FA) Nursery. The seedlings
were donated by Starker Forests Inc.

Corval lis, Oregon.

Three seedlings were renoved from
cold storage and planted in the sane pot
using potting soil, vermculite and
perlite (2/1/1). The seedlings were then
pl aced in a greenhouse naintained at a
day/ ni ght tenperature of 28/20°C. Light
| evel s averaged 700unol with a range of
300-1 200unol . The pot was watered to
field capacity. The water potential the
seedl i ng experienced was not a result of
water availability but fromgrowi ng in an
environnent with a high vapor pressure
deficit putting an increased stress on the
wat er conducting system

One hour follow ng planting an
ul trasoni c detector (Drought Stress
Moni tor, Model 4615 Physical Acoustic
Corporation, Princeton, NJ ) was attached
to an individual seedling via six acoustic
sensors. Three sensors were placed on the
mai n stemof the seedling (low, md, and
hi gh I evel s) and three sensors were pl aced
on |lateral branches (low, md and high
| ateral s). The sensors were attached
follow ng renoval of a small patch of bark
and phl oem exposi ng the xylem The wound
was covered with ultrasonic jelly to
inhibit desiccation and inprove
transnission of the signal. The sensor
was then clanmped firnmy to the stemin
direct contact with the xylem

A programmabl e interface was used to
swi tch between the six sensors every
mnute, 24 hours a day so data was
collected for one minute out of six per
sensor. The data was stored in the
Drought Stress Mnitor and |ater
downl oaded into a PC for further analysis

On the second day of the experiment
? measurenents were nmade on the seedling
bei ng nonitored for acoustic em ssions.
Measurerments were nmade at 4:15, 9:00,
11: 00, 12:00, 13:00, 15:00, and 17:00.
Al'l ? measurenents were made with a



pressure chanber apparatus (PMS
Instrunents, Corvallis, O.).

RESULTS

The acoustic sensor placed at the
base of the seedling stemrecorded at
|l east five times nore acoustic em ssions
than any ot her sensor throughout the day
(table 1).

Table 1.--Humber of acoustic emlssions
recorded aver a % hour period by aix
gensors placed on a single plug-1
wegtern hemlock seedling.

Seedling Lateral

Time — Stem branch
low mid teop low mid top
thour) ————=e-AE per minutel——————m-
#:00 1] ] 4] o 0 0
9:00 57 7 2] 1 1 0
10:00 253 17 31 4 3 L
11:00 246 33 &2 9 4 1
12:00 407 46 g4 17 & 2
13:00 47% a0 BE 7 ) 2
14:00 172 18 34 9 3 1
15: 00 135 9 30 2 2 1
16:00 a0 B 13 1 o 0
17:00 (H 4] 0 0 o o)

1 rcoustic emissions per minute were
averaged over the one hour period.

Predawn water potential was -1.2 Mra.
The nunber of acoustic em ssions recorded
by the drought stress nonitor increased as
? becane nore negative with a decrease in
acoustic em ssions in the afternoon as ?
became | ess negative (Fig. 1) . Acoustic
em ssi ons began at -1.9MPa reachi ng a peak
at -3.4MPa when ? began to increase.

DI SCUSSI ON

Acoustic enissions were higher at the
base of the seedling for a variety of
reasons. The |arger stem di aneter
i ncreased the contact area with the sensor
allowing for nore signals to be recorded.
An increased dianeter al so increases the
nunber of tracheids to be close enough to
the sensor to transnmit a signal. The nost
not abl e reason has to do with tracheid
si ze however.

Logul l o and Salleo (1991)
denonstrated that the vulnerability of a
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Figure l.--Acoustic emissions per minute
{averaged owver one hour}). Data was

obtained from a single sensor placed
at the base of a plug=-l western

hemlock seedling. Y measurements

are printed alongside the appropriate
times.

xylemtracheid to enbolismwas a direct
function of dianeter. The larger dianeter
conduits were found to be nore prone to
enbolismin Ceratonia siliqua L. Since

| arger tracheids are found at the base of
the trunk it is not surprising that these
are the first to cavitate in western

hem ock seedl i ngs.

The | oss of these |arge trachei ds due
to cavitation may have a significant
effect on water conductivity since the
rel ationshi p between hydraulic
conductivity and conduit dianeter is so
strong. Zinmrerman (1984) pointed out that
flowrate is proportional to the 4'" power
of the radius of the capillary. If a
capillary has a dianeter of 1 it has a
relative flowrate of 1 and a capillary
with a diameter of 4 has a relative flow
rate of 256. The | oss of these |arger
conduits under relatively high ? (-1.9Ma)
may have a significant effect on the
ability of the seedling to conduct water
to the foliage.

The rate of cavitation was found to
be relatively high at -2.5MPa, which is
not an unusual ? to find in newy planted
western henl ock seedlings. Sufficiently
negati ve water potentials for significant
cavitation were found to occur frequently
by 9: 00am on sunny days 13-19 days
following planting in noist soils.

Fol I owi ng a cavitation episode the
seedl i ng must nmake an adjustment to the
new hydraulic conditions. This adjustnent



may come in the formof a foliar |oss,
particularly of lower |ateral branches
and/or a reduction in current years
growh. If the seedling is unable to nake
such adjustments then the ? may reach a

| evel where cavitation is ranpant
resulting in seedling nortality.

SUMVARY

It has been known for nmany years that
new y pl anted seedlings experience
epi sodes of noisture stress prior to full
establ i shment. The subsequent results of
t hese epi sodes on seedl i ng physi ol ogy has
not been fully expl ored however. Long
termeffects on the water conducting
system due to cavitation may carry over
into the foll owi ng grow ng season.
Further exploration into this topic is now
underway | ooking at the ability of the
western hem ock seedling to refill
cavitated tracheids and the rel ationship
bet ween cavitation and | oss of hydraulic
conductivity.
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