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ERRORS IN THE ESTIMATION OF PRE-EXCISION PLANT WATER POTENTIALS VITH THE PRESSURE CHAMBER

Stuart P. Hardogree

Plant Physiologist, USDA-ARS, Aridland Yatershed Hanagenent Research Unit,
Tucson, Arizona 85719

ABSTRACT

In this experimenc the pressure chamber and the
thermocouple psychrometer were used to evaluace the
assunption {nherenc in pressurs chaamber funccion
that tissue wvater psrcitioning s the same at the
end point as exisced {n sicy. It was found for

ponderosa seedling shoots that cavication
events in the xylea prior co excision, and parcial
£{lling of tha gas filled cells under prassure.
causes the prossure chaaber to underesci{mace preo-
excision planc wvactar potencial.

INTRODUCTION

The graphical represencacion of the relactonship
becween a pressure chaaber reading and & ther-
mocouple psychrometer measurement on a planc tissue
saaple has been referred to as a pressure chaaber
calibraci{on curve (Ritchie and Hincktley, 1979%).
Calibration curves have been used {n cthe pasgc to
correct pressure chaabecr readings to more accurately
reflect che wvater potential of the zissue sdmpia.
The use of a calibraction curve tor this purpose
assumes chat the thermocoupie psvechrometer. and not
the pressure cnaabar, aore Jaccurately raflects the
pre-excision vater porential of the tissua.

A hypothesis has baen put forth {n the literature
that warer novemeat betuesen the svmplast and apo-
plasc may concridute to the discrepancv hecveen
pressure chagoer and thermocoupie psvchrometer
Teasurements. An overpressure mav have to be
applied to rehycrace air ¢illed rores before an end
point can be achieved (Bover, 1967; West and Caff,
i971: 1976). Upon release of pressure. air entrv
into the xvlem aav displace wacer {nco the syoplasc,
artificially elevating the psychrometric measurement
{Duniway, 1%71). If vater movemenc between the
syopiast and apopiast occurs during wvacer potencial
2easurement then the relative accuracy ot the
respective {nstruments dependas upon; the degree of
Bas pnase cavitation in the xvienm prior tn exciston:
the tioe dependence uf air *atry ({nto the xviea
atter excision: und the magnitude ot hvsrerests
effects {n the tililng ana aratning vt xviem vle-
Zents. Jtfsecring rne wrror caused bv changes in
the particioning of water {3 :he etfect of solutes
In the apoprasatc fraccion (Zover. 19673

“he rmator calibracton curve dsaunotion {s tnac the
Pre-excision svmplassic and Apoplasmic hvdration
states are gore accurately reproducea during the
PSvenrometric Teadlag than ac the ead point nf the
Pressure chamder zeasurenenc., I[n this paper a

irimevork tor ~vatuacing this assumpcion wtll te
Plresenteq.

HATERIALS AND METHODS
“8ter Pntenttai !socnerm Analvsts

cTOrvearoaid Plous CSRUEICHA Luws  seedlings were
TURVArated overntiant v SUOMRLLLNG LLeiT ta0CS in
“eTatea varer Sach. ha bath «na seedilings were
*Ncicsed in 4 iarge pidscic hag.

Three types of water potential isotherm analyses
were conducted on a shoot sample from these seed-
lings. First, a shooc ssaple vas subjected to a
standard prossure-voluse analysts (Tyree and Hamnmel,
1972). Sheots were dehydraced by sap expression and
the xylem exudate wvefghed. Second. a shoot sample
vas subjected to a bench drying vacer pocential
isochern analysts (Neufeld and Teskey, 1986).

Shoots wvere sllaved to transpire on the laboracory
bench batvcen vetght and pressure chamber end poinc
deterninations. Third. a saedling sample vas dried
intacct to different vater contents. The shoots ware
then excised, veigned, aeasured vith the pressure
chaaner and reveighed.

After vacer poctencial Lsochern analysis, the cut
ends of the sap expression and bench drytng shoots
vore inserced into a vial of vater. The shoot and
vial wers then placed into a high humtdity chamver.
The shoot vas weighed pertodically as (¢t rohydracad
until cs veight hecane constanc. The Clssue was
then driea for $72.8 kilusoconds (ks) ac 65°C and
velghed,

After the pressure chaaber nessurement, the shoots
trom the intact 4rvinz wvater rorential tsarhera
sanple were utlowea o equilibrate in the high
humidity rnvironmenc ac ACmospheric pressure.
1.6 ks, rhese shoots were remeasured with the
pressure chamoer and reveigned. These snoots wera
then cehvaratea ana cried {olioving the procedurs
outlined {or tne sap expression ana Lench iarying
shoots.

Aftery

The Relative Yater Content (RYUC}) of che seadlinzs at
each pressure chamber measurement vas calculated
frem the tormuia:

RYC = W - DY/ (FW - D)
vhere tW s the full zurgor veight after rehvdra-
tion, DUV is tnhe drv waignt and = is the wveight of
the tissue aC the end puint seasureaant.

Hater Potential Escimates and Presasurizacion Hisctory

Ceedlings vere retivarated as Letore and rhe shoota
ware subtected 0o sap exoression tor Sifferenc
leneths o2 Time 0 “1eld end point messurements of
doproximaceiv O 5. (.J, i.Y ana .. 6 #Pa. A scable
pressure chamoer ~nd foint was Jdeterained and
pressure vas reicased. 3hoots vere then allowed %o
equilibracte under nign humidity condlciuns snd ac
acmospnecic pressure tor eicher 9. 9.1, 0.9 or .8
ks. The snoots were then remeasured ln the pressure
chamber and reveigned. [vo snoofs ecach were mca-
sured for each comoinacion of {nicial and point and
equilibracion cime.

taltbracion Curve Fhennmena

Pine seodlings wvere renvdraced avernizne as hetore.
“hoots vere ¢xcised ag *he catvieson “noTi and were
4ilowad Lo dehvarate na the laboracory hencn ta
ditfecent wvater contencs A Tazor blane wvas w.ed to
fut a shoat seement 1 *) ¢m jong trom the inCernode
representing rirst vear's zroven. A iangitudinal
Cut was then made D create 4 itarger non-cucticular



a{r-cissue interface. The segaent vas sealed into s
sacple chamber of a Decagon Devices SC-10 Therme-
couple Psychrocaater Ssaple Changer. The shoot was
then cut at the tnternode betwveen the firsc and
second year’s growth and the bark vas stripped from
the basal 2 cm of the shoot. A praessure chamber end
point decarminacion was then made on the shoot,
Inaedlately after the prossurs vas reduced, & 1.0 cn
sasple was cut from the sheot for psychromecric
analysts. The aicrovolce outpuct of the psychrometer
vas read vith s Wescor HR-IIT alcrovoltaster con-
nected to a scrip charc recorder. The psychromecer
vas calibrated with standard salt solucions (Lang,
1967). Equilibratton of the psychrometric samples
vas very rapid and the readings vere taken wichin
one hour of beting sealed within the sanple chamber.

RESULTS AND DISCUSSION

Figure la shows the SAp expressfon and bench drying
vatec potencial tsocharm daca. Flgure 1b shows che
{ntact drying data.
The daca ware scparated at -l.} MHPa ac an esCinaced
break in the slope of the bench drying curve.
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The data {n figure 1 can be explained by cavitacion,
and air entry events in che xylea and by hystecests
in tha xylea vater potential lsothera, The sap
expression water potencial {sothernm tepresents the
condition whare the xylem {s fully hydraced. Wich
bench dryting, air enctry (nto the cut scea nay occur
and a gas phase wi(ll displace vater (n che xylea
vhich vill flow fntoe the syoplasc. Uhen pressure s
applicd to the scen during a pressure chambor
reading, water will move froa che sysplast back into
the xylea. The firsc structures to rehydrate in che
xylea vill be the smallesc connéccive pores. The
trapped gas phase will sheink but noc be ellalnaced
a4s tho pressure (s increased.

The volume of trapped gas at the end point of the
Pressurc chamber reading will be a function of the
pressure and volume of the trapped gas betore
pressurization and the afr entry pressure associ{aced
vith the (nternal diameter of the tracheids. As the
xylea is rehydrated, water wil] enter che tracheid
and the gas phase vill bae compressed. AC the
pressure chamoer end pofac, the absoluce pressure of
the wvacer {n che apoplast will be 0.1 HPa and che
Pressure drop across the atr-water Incerface of che
the crapped gas phase wtll he »qual to the ufr entry
Pressure assoclaced with the tracneid diameter.
Hicroscopic analysis at che voody-xvlen of rhese
seedlings vlelded an APproximate aversge Cracherd
lnnec dfamecer of 13 ... The air entry pressure ot
a cylinarical hvdrophvllic cvantllary with an ianer
dlametar of 12 .a g approximacels 1 029 4Py, The
iniriat vas pressure insice ‘e trachelds will ne
iGproxiaataly y | wp,. therefore. the as rressure
{ns1Ge e fracnely ac ‘ne end paLat “ii) Ye ap-
sroxidatelv & 128 wpy s change in sressure wil!
te accompanied by & “alume wnange a1 oniy M.

Figure 1b shows that ke intacr drving seedlings
exnibired a water sofent:ial :sochers BOsSC slatlar o
rhe bencn Jrving curve. This indicates rhac a3 gas
Phase was present in *he xviem L Ine i1nCact dried
seeclings ar zae :insiant of wng poLant leceratnalion.
This yas phase couid hsve Seen caused Lv either
CaV1LJIC1ON Defore excision or bv air entry arter
excision,
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Figure 2 shows the time dependance of air entry into
tho xylea of the seedlings. Seadling shoocs veras
firsc dehydrated by sap expression to yield tha
“bafore® teading. Pressure was released and then
voapplied afrer different {ntervals of time. The
seedlings vere placed in a high huatdity environment
and losc alecst no vater between readings. When the
pressure vas reapplied tmaediately thare was very
l1i{ctle change {n the pressure chaaber reading. As
aore time elapsed, cthe differsnce bacwean "bofors®
and “after® resdings increased. The regression
lines shown in filgure 2 were derived froa elght
saaples each.

Flgure ) indicates the magnitude of posc-excisfon
alr enctry events in che xylem of inctact dried
seedlings. The time dependent nature of the air
enctry phenoaenon askes {C unlikely that the Incact
drying vater potential {socherm curve shape {s due
to posc-excision air entry. 1f the xylea gas phase
in these seedlings was creaced through posc-excision
air encry then the curve {n flgure 3 would have
shown more deviation from the {sopotential line.
Flgures 2 and ), therefore, supporc an hypothests
chat the xylea gas phase {n che incact dried seed-
1ings ves caused by pro-excision cavitation and not
posc-excision air entry.
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PRCESSURE PCTYENTIAL BEFORE {mPel
Flgure ). <Jhange in pressure chamoer reaaing atter

{ncacc drving ot seedlings. “Belore” readings were
caken with fne pressure champer trom seedlings Jried
intact. “aAfter® readings were ctaken with rhe
Pressure chamber atter ailoving che snoors o sic ac

:cmospner;c pressure in a high bhumidicy chamber for
.6 ks,

it

fizure ‘« shows two oressure chamber caithracion
SuTves tor thess seedlings. A pavehromectric mea-
sSurement was raxen hoch hafore 4nd arter -ne pres-
Sure chamber reading. The slopes and Iatercepts ot
“he regression iines through tha ““erore® and
Titter~ .ailidracion curves «re 4lamosc Ldentical hut
the "Setore* curva has .ess warlabilicy Aanouc cha
?Qne. This is parntatly due o rne xreater BEXAN.Y ]
T oiaternal cculiibrium af the shoot hetore fhe
“resgure :namber reading. The reeressiun wguacions
TAF tRe ‘“ermre* 4ad “alter” -~alibracicn wutes arce
3 L 19 ang 7 = 0 639 e D%,
‘estpeativeis The 29 ajues are ti. ) ana i, do,
tspecriveyy An F.lesc was used "0 'esC ‘ar
tuaLL e g 310pes Lnd 1ntercepls und ! wds found
'rdt the two .urves cannoc be ulstinguisnad at the
750 levei o1t contidence.
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XYLEM PRESSURE POTENTIAL (MPo)

Flgure 4. calibractlon cures for o condercas
seedling shoocs vith the psvchrometric cetermination
made tefore (a) and atter ib) the pressure chamver
rteading,

The hvpothesized cause of the calibracion effect
{llustrated fa tigure « 15 rhat a4 yas phase exisced
tn the xviem prior o pressure chacoer measuremenc.
The vressure required to ‘orce watec irom The cat
and vas, theretore, greater in apsolute asagnituge
than the reasion i1n tha Jdpoplasmic water before
3easureaont.

The results presenced here area not applicadle ro
other species ana may not apply to . SONCeroxy in
generai, The nvpothesized callbracton etfect is
sensttive to rhe xviem to svmptasC ratlo and the
seedlings usaa here were ot relatively untfocn
morenolugy Also, the dehvdration of tre tncact
dcled seealines vas taiviy rapia and rhe seeulings
vere weil vatereu tetore starring the axperisent.
it rhe saedlings *“ud bmen subjectea ro drouent 4nd
rhen Leean cenvdrated. yas #~mboi{ mav have been
present tn fhe xviem trom prior caviracion avents.
These ¢mboll wouid have been anhle to expand under
very low tensiuns and the calibration etfecc cav
have Leen greater ac higher water pocencials.



Hore work of this kind needs to be done with other
species and undar differanc drying cond{tions. Aflr
encry would occur at lover water tension i{n vessel
elements than in crachelds. Hyscarastis {n the vater
potencial {sochera of vesaal besring xylem would be
dependent upon the nature of the perforation places.
The large pores of slaple perforation plates afght
not rvehydrate unctl the gas phase {n the rehydrating
vezsel vas oxtruded froam the cut ond. If a gas
phase {3 trapped in o vessol with a scalarifora or
tecticulace perforation plate chen the hyscteresis
effect vould be maxfmized. A vessel vith an inner
diaaeter of 100 pa would have an air entry pressure
of approxicately 0.003 MPa. The cehydracion of such
a vessel vith & trappad Ras phase would be accom~
panied by a gas volume reduction of only 3%,

SUMMARY AND CONCLUSIONS

The pressure chasber and the thermocouple psychro-
aecter are cho two most videly used instrumencs for
estimatling the vater pocential of planc cissue. If
sacple excision 13 accompanied by air entry inco the
xylea chen the psychrometer will overescimate the
pre-excision vater potential of the planc. If
cavitacion has occurred before exctsion then thae
pPressure chamber, corrected for soluces in the
xylem, will underestimace the pre-excislon wacer
pocencial of che planc.

For the pine scediing shoots studied here it wvas
founa thac cavitition n rhe xvlem likely preceded
excisfon. There was aiso uvidence that very l{ttte
alr entry into tne xylem occurred after sasmple
excision for infact driea seedlings. It ean be
concluded that for the pine seedilugs used in this
stuav, 4 calibracion curve wvould be approprtate tor
correcting pressure chamber readings,

The pressure chacber !s videly used for the measuce-
2ent of a tissue water potential isotherm. Tyree (34
2l .{1978) lisc tne water reiaclons parameters thac
can be caicuiatea frem this Lsotherm. !t has been
shown here ana bv others that the pressure chamoer
produces a differenc end polnt escimate for tissue
4t the same wvater content if rthe tissue {s dehvara-
ted 5v bench drying tascead org by sap expression
(Ritchie and Rocen. :989: !ones and litggs, 1979
Haccegree. 1986). This discrepancy !s most llkelv
caused bv air entrv (nto the cut end ot the beach
arving sasple ana subsequenc hvsterasis In the
renveration ot the xviem., A beach drying water
potencldl {socthernm, thereiore, violates the assunp-
tion of a conscant apopiasmic fraction. This in
erfect shifts the bench drying curve Lo a reglon ot
lover reiative vater concent. As a resuit the
excrapoiaced csmocic potencials mav be erroneously
hian or luow (depenating unon rne slope of the curve)
and the exctrapoldated apoplasmic traction vill be
¢rroneously low tor venchn driea tissues.
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