Evaluation of the Pressure Chamber Method for
Measurement of Water Stress in Citrus®

liy Merritt R. Kai'tmann,” Unix>ersily of California, Riverside

libstracl. Comparisons of xylem pressure potential of branch tips measured
with a pressure chainbcr and loaf water |>otcntial measured with a thevmocuuplc
psychromclcr indicate that the pressure chamber method is useful for evaluating
water stress of Washington® navel and Yalencia”orange trees. No difference
of the comparisons due to varieties was observed when measurements were made
on tissue nearly a year old, but a significant varietal difference did occur with
tissue jjol yet fully cxpandeid. Significant differences also were oljserved within
the varieties due to age of tissue at the time of sampling. The regression lines
and cquaiions representing liic comparisons are useful in obtaining meaningful
estimates of plant watet J>oteniial from xyleni j)vessure jwtential measurements.

Introduction

SINCE plant groAvth and various internal plant processes are re®
luted more tiirediv to plant water Ntress than to soil water
sirc.w, tlic most .'»uitabJe nica.sureineiit ot H'aier sires.”* is tjiat Jiiade on
the phiiu (7). rvahuiiion of uaior stress in j>lants has always
been a dilftcult problem. 'l lie dye or Stliardakov method has been
used in some cases, but it is somewhat tumbersonie and lime-ton-
siniiing. .Some researchers have nieasured relative iiirgidity or water
deficit 10) blit ]>roblenis arise in this technique* because of
diiTercnc:es in leaf age and type of environmei®t (G) and in tem-
j>eraiure between the plant at sampling time and during the meas-
uretnent pericxl (9). The thennocouple p.sychrometer (I1) is gen-
erally considered to provide the most accurate niea.suremeni of
]ilani water stress, bm its use is restricted to the laboratory.

I'ne usefulness of the preshiue chamber technique described by
Scholander et al. (12) has been widely rccognized by researchers,
'i'he method is readily adapted for measurement of plant water
stress in the field as well as in the greejihouse or lalx>ratory and
has been evaluated by Hoyer (2) and Kaufmann (5) for a variety of
-Species. This pajxT pre.sents an evaluation of the pressure cham-
ber letfniiciue for 'W'asliington' navel and 'Valencia' oranges on
sweet orange looisKxks.

The terminology used by Kramer et al. (8) in studying water
relations of plants will Ix* followed in this report. Water stress is
expressed in terms of water potential, a negative number equal
in magnitude to the diffusion pressure deficit but opposite in sign, so
rhat water jJotential decrensc.s as water stress increases. Osmotic or
solute effects are expressed as solute pcnential which is equal in
magnitude to osmotic pressure bu j\. As
(omeiiiration of the xylem or ce fthAn*HHcfeases, its solliie
I>0Jential decieases. 'J he eliccts of 1i  Irosiati6fi)i*fe6iiAr<L;uk;»& piessed
in the term pressure jx)tential, w lich is generally positive in a
plant cell (i.e., ungor pressure) ut is usually negative in the
xylem. 1™
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riic pressure chamber method is based upon measuring the ten-
sion, or pressure potential, in tlie xylem ol a leaf or branch tip.
Tensioi®, which results from transpiration, causes water to recede
from the cut surface when a branch is removed from a i>lant.
By inserting the branch into a pressure chamber with the cut end
ex|x)sed to the outside, pressure can be applied to the sample until
water is forced back to the cut surface. By increasing pressure at
the rate of 1 bar every 4 to 5 seconds (1 bar = 0.987 atmosphere =
145 Ib. |K*r inch-) and observing the cut surface with a liand
Jens, the amount of pressure required to force water back to the
surlacc <an be determined. The amount of pressure rc(Juired
is taken aN an estimate of the pre.ssure potential in the xylem of
the i)lani.

Under most conditions pressure potential in the xylem will be
c(Ju;il lo O shigluly liigher (less negjitivc) th;in water i)<ilenii;d in
the leal (clls, I5\ (<>iiij);iring xylem pressure i>ofeiuial with leaf water

ihc :u(uracy of the pre.ssure (h:mil)er techni<|ue r:in be
e\;ilu,iufl loi ea<h species or \;iriely. l.eaf ivatcr poieiuiid mciisured
with a ihc'iniocouj)le psychrometer is assumed to be accurate when
corrcciions are made for errors caused by leaf dilfusion resistance
ami by heating of respiration (I). The leaf dillusion resistance
erroi' was determined experimentally using the isopiestic technique
(3). For oiil tissue (see below) the error was 18.0%, while for young
tissue it was 11.3%.

Kxperinients were performed by sampling large brandies from
mature trees, i)la<ing them in polyctliylene bags to minimize tran.s-
piiation, and bringing them lo the laboratory. Branches selected
had at lejist 2 branch tips located adjacent to each other. Pressure
JH)teniial measurements were made by using one of tliese branch
tips beniing 1 to 8 leaves, while a single leaf was removed from
the other ti[) for measurement of water potential with the psy-
chrofneicr. Hy sampling as the blanches (Ined in tlie lai>oratory,
comparisons of values from the 2 techniques could be obtainctl
over a range of water stress. Comparisons were made on samples
collected on several dillerent days tluring eacii of the sampling
I>eriods. Samples collected in January or February, representing
growth of the pievious year, were nearly a year oUl; tissue collected
in April was from the current year.

Resi'i.ts and D iscussion

'['he pressine chamber and psychrometer comparisons are shown
in Fig, 1an<l 2. Most comparisons between techniques differed by
less than Sbars. The maximum differences were 3.9 bars for navel
an<l 5.0 bars for ‘Valencia’ oranges. Similar differences between
methods have been observed for other species, although with some
species the agreement may be much poorer (2, 5). Boyer (2) com-
bined tlie pressure potential measurement with a psyclirometric
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measurement of osmotic potential to estimate xyJem water jx>ten-
tial, and then compared this value with leaf water potential. Many
of the pressure potential measurements reported here appear to be
more negative than leaf water potential, especially in the lower
range of water potential (Fig". 1 and 2). This indicates tliai an
eiTor exi:.is in the pressure chamber technique (5): because of this
error is not profitable to make the additional measurement of
osmotic ix)tential in order to estimate xylem water potential.

Linear regression analyses of comparisons with tlie previous )car’s
tissue (sampled in Januat® or Febioiar)) indicated that varietal
differences were not significant (P = .05) and that one equation
could bo use<l to define both sets of data. Similar analy.ses showed
that significant differences did exist between varieties when com-
parisons were made on young tissue (sampled in April). The tests
for tissue age effects within each variety were more interesting. These
analyses indicated that tissue age of citrus is an important factor
affecting the psychrometer-pressure chamber comparisons. 'rhus> 3
different sets of slope and intercept are required for the equations
which show the relationship between leaf water jjotential and
xylem pressure jxjtential, 1 for older tissue and 2 for young tissue.
These equations are given in Table I.

The general similarity of comparisons for the 2 citrus varieties
is not surprising. Kaufmann (5) observed that 2 species of the same
genus have similarly shaped cur\'es, although the position of the
curves may be slightly different. The variability in pressure cham-
ber measurements among samples from the same branch or tree
w'as generally less than 1bar for several forest tree species.
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Table 1. Regression equations for Fig. 1 and 2.

Variety Equalioo*
Old tissue isampttd la latnttj »r Ftintan)
Valencia and Wuihington Navel........., . * = 252+ 079 X
lifsu< (samtitdin Atril)
Vikncia.. s t - -4.05 + 0.6i X
Waihington Navel......... Y »—249 + 0.70 X

« Estiraated leaf water potential (bars).
X » Measured x~nn preuure potential (bars).

The caii.se for differences of the curves for tissue of 2 different
ages is not clear, but changes in strength of the cell wall anfl in
the pcrnieahility of membranes to water are important factors. Knip-
ling (G founti that the relationship between water deficit and water
{x>tential of dogw'ood leaves changed as the leaves aged. Most of
the change occurred when the tissue waj quite young: very little
change in the JX'laiionship occurred after early June. The tissue
used hejf reprc}>gj)lc(l the extreme dilleix'nces in age that will be
encountered in the field. The older tissue, nearly a year old, had
l)cen subjaied to boih summer and whiter conditions, including
temperatures at or below freezing on several occasions, while the
young tissue had not quite reached mature size. It is likely, cn
the basis of Knipling’s work,' tiiat the curves for the older tissue
in Fig. 1 and 2 are more representative of the u.sual psychrometer-
pre.ssure chamber reJationshil) than are the cun'es tor young tissue.

The amount of tissue used in measuring preSsure potential is
imix)rtant. TI"e data shown in Fig. I and 2 were collect(Al using
short branches representing one iflush of growth and having 4
to 8 leaves. “Vhen longer branches having several flushes of growth
and 10 to 15 leaves were used, more pressure was requiretl, i.e.,
values were 1k‘low the curves in Fig. 1and 2. Diffei-ences between
t/ie pre.ssure cliamlxjr and psychrometer values were as large as
8.8 bars, lioyer (2) observed a similar error with rhododendron.
Ji is imponunt to .siafulaKlize the pressure chamber technique as
much as jxjssible with resjX'ct to sample size, the time required
to place samples in the cliam!)er, and the rate of pres.sure in-
crease during the measurement. A uniform sampling point on in-
dividual trees is equally important in many studies.

Boyer (2) and Kaufmann (5) have suggested that curves relating
psychrometer and pressure chaml>er comparisons can be used as
cafibiation cur\es for the pressure chamber method. The data
pre.sented here indicate that a change in tissue age can alter the com-
parison so (hat different curves are require<J), depending upon the
age of the tissue.
¢ For ex|>erimental «-ork with “ValJcncia’ and ‘Washington’ navel
oranges, xylem pressure potentials can be converted to leaf water po-
tentials using the appropriate curves or regression equations. This
conversion will provide the researcher with meaningful estimates of
plant water status which can be used in the study of water stress in
citrus.
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