
-1.5

-2.5t-----------------------:R

-2.

r2 =0.984

ST73/333

-1 .5 -2.0 -2.5

mrncatinz that the
the linear regres-

qr O(20)PV [MPa]

curves was found above a of 100 %. A C""Irf''1'''\''I~-''In .... _+

deviation from the average WSD value was observed in two subsets: the stress
variant of ST 73/333 had at higher WSD values, the field variant
Grandur deviated towards lower values. Details of the analysis for the nrnrvl'n,la1-o

set of curves and for subsets are given in table 1.

3.2 Osmotic p o t e n t i a l s

170 of the 173 curves had at least one data in the range between
23 % and 30 WSD. In cases where more than one was available in this
range, the one closest to the turgor loss point was used for O'7'1""T''=l,..,.r,I<::l'''''1~''''''C'

3.2.1 The ....'I:fUJI,E-'jrUrJr:/u. osmotic noteniiai at 20 % WSD

Figure 2 shows a ofPV curve vs. -":1 T'IU ......-nifll 11 I

values are close to the 1 : 1 line. The correlation coefficients
sion were better than 0.98 for the total and for all subsets.

The average value for the difference (= PV curve minus
was +0.009 MPa It was positive in 108 cases and negative in 62

cases. The range of over all the 170 PV curves did not exceed 0.23 MPa. The
field variants of both varieties showed the average deviation from the
full PV curves.The highest found for a leaf ofST 73/3.33 grown in the
field, was + 0.13 MPa.

The small differences in between controls and stress treatments
,.- ' data of experiments 1, 2 and 3 of both were significant at the
0.10/0 level when tested with the In control leaves 75) the average dif-
ference was +0.009 MPa, while it was +0.001 MPa in stressed leaves
The range of the values was 0.11 MPa in the controls and 0.19 MPa in the
stress variants,
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was assumed to be at 88.49 and the
from the range between23 and 30 WSD.

PV data was taken

Tab e 4

Variety

A
B
C
D

0.009
-0.002±0.013

0.017 ± 0.008
- 0.023 ± 0.008

0.129
0.144
0.087
0.082

-0.075±0.013
-0.042±0.022
-0.036±0.012
-0.063

0.182
0.218
0.098
0.108

n

15
10
10
10

The average over an 45 PV curves tested was -0.019 MPa. on
the the values for from - 0.002 MPa to
- 0.030 MPa The range of did not exceed 0.21 with the mini-
mum at MPa and the maximum at +0.075 MPa. The of values
was smallest in A

of coefficient
>
The average over an PV curves was - 0.056 MPa. Subsets had average

values from 0.036 MPa to - 0.075 MPa ITTCl'''''''-':lTTT

Full PV curves the test varieties showed amounts of osmotic O ......·I''IC''t"'I''V\nv\'t"

20 % WSD from 0.28 to 0.66 MPa determined by the ~lns:np-nnllnT

method demonstrated the response and the TT!:l""L'l,'t"'It::.,c<

'-'""-""-\""""-""""'-' their rank the direction of response
ence between the values from full PV curves and L'~"Yl'''",-''",~'''--'I'",T'T n''7''t"''I'llo''t''lt.nICl,'t",r,,,,,C'"

not exceed 0.035 MPa.
For at full saturation the differences between the two methods did not

exceed which is since the rank order of the varieties
remained the same.

Table 5

PVsat n
Difference
PVsat-SPsat

ootentuus betuieen control
Osmotic aarustment

at a
at a

Osmotic adjustment
SP . Difference

20 PV20-SP20
PV20Variety

A
B
C
D

0.580
0.656
0.281
0.385

0.558
0.659
0.246
0.395

0.022
-0.003

0..035
-0.010

0.483
0.510
0.215
0.311

0.432
0.510
0.191
0.306

0.052
0.000
0.025
0.005

15
10
10
10
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4. Discussion

led to the

.....·""7n ......I"IV\,I ..... C" for statisti
leaves were for

and

The of our PV curves from two wheat varieties oceupy a wide
range of WSD values 1). at values than 100 WSD are
+""r~N"I'ln'V'l+ in all treatments of but do not oceur in field material.The
exaet causes for an and indeed for the wide WSD range of
the in material treated in the same way,
remain obscure. these results indicate that the are
variable and cannot serve as a reliable measure for the of water con-
tained in the as often An earlier of the OV1I""\Oll"cl"'n'''\O"t'''\_

tal errors involved in PV curvemeasurements and Rrcrrraa
same conclusion.

we have to as a "black box" not at
open for a detailed For our purposes it is reas-

that the mean values are rather constant in wheat: for two of the
data subsets is there a deviation from the total determined
over all the 173 curves. We decided to use this mean value of the

in the "test run" for our to the deter-
mination osmotic in order to examine the of results when
subsets show a moderate deviation of the from the mean value. When-
ever, in other subsets of values to different

or treatments
could and should be used ..... n ...........·...,......+ ..... ," ..

deviations between stressed
instance found in Carex hirta

average ......... "..... L'............ ''"'V... leaves of '.A..~.~_.L .... 'L ... , ....... " s'pelcle~s

WSD for europaea to around 100 °/0 for Senecio
WENKERT (1980) assumed a less

..... .L~'lJ ........ , ..................... range 15 even for the most extreme curves from leaves.
Tables 2 and 4 show that it is to estimate the osmotic of

wheat at 20 °/0 WSD and at full saturation with a of accuracy from
a on the PV eurve. The with the values determined

from a curve is elose for from the ~""' ................. r..+."",,,,,

of the PV curve.Tabie 3 demonstrates an of interest for the practi-
cal of the method: the average differences between osmotic
ments estimated from vs PV measurements are small and
do not obscure real osmotie The ratio is when we
compare and deviations at 20 where the numerieal value of
osmotie is due sap coneentration and the deviations are
small. It will thus be to use the method in of

material for the occurrenee and of osmotic which
may most the use of -.J ......, ...... -.J VL"-" ...........

strains for the resistant crop
test run on mixed leaf material from a number of different varieties

demonstrates that even a rather erude of a
derived from other durum varieties on and treated
IIlclL~.[!Cl!J will lead to values which are elose to those from full PV
curves. 1.,.. ......... r..~·...........N ....... .,..+·.......... r~_+ is and even the rank of varieties
in the numerical amount of aa:lu~)tnlerlt n,""'""......... C"V\,,...,,'V'Inl ..... weIl.

could we PV method to the deter-
mination osmotic The

be taken:
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PV curves on a few leaves from control
information on the loss and the lnt'OT';("lOl'''\+

1. Measurement of
stressed material

the x-axis .

.2. Calculation of a from and saturated 'tll:TClllrrli'\TC'

these leaves. The averages of this factor rather close for different
ments, whereas range is extended. In durum

the range 0.069 to 0.277. When we used the lowest and values
the range the water saturation deficits all the 170 PV

differed on average 1.5 and 2.1 from the WSD
values calculated from the correct

3. Resaturation of a number of
and
WSD values calculated from saturated oy'l'Tn.'rrl.... TC'I

and the average of the factor f to the ........... \.4""'V.LV.L.L

WSD= SW-f·

4. Measurement of each leaf in the pressure chamber as soon as 3 indicates
that the WSD has reaehed a value in the range after the
loss This range be easy to define in a well-investi-

species such as where extreme values for the loss
have been nunnsnec, but it may and
use an distance in less-known
material.

5. Determination of the
to constant

6. Insertion of DW instead recalculation of the WSD
at which the pressure chambermeasurement was Even in wheat
leaves with an extreme ratio of the true WSD will be not more than
or 3 off the value calculated with an average f. most of the measured
leaves should have WSD in a few may be
eliminated from final evaluation.

7. osmotic 11'\1"\11"1"\"..,,"1"'0

rt1~lCfT'·~TY"i from the average
determined in the pressure chambermeasurement and read-

LlV·LJ\-,..L.I.LJ..LLA...L at the WSD value desired,

<.A.LlLI..L ...... <.A. ...... ..L..L outlined before will prove
cncin~~es in ...........,..",.. ,...~ .. r>

Modifications of
may be found for

loss For mstance,
the WSD where stornatal r.1 ..... rt' ....... e-e

ter measurements could then be used to detect the correct moment for
,-,.L",.".L.L.L..L.LM and apressure chamber measurement, while both saturated and

W€~l2']:1tS of the leaf are determined later, Leaf could serve
a suitable indicator loss some et al.
and SIMPSON Such modificationsmay prove valuable in cases where

in osmotic would seem detached leaf
resaturation.

In summary, we trust that the
flexible to become useful tool for

their role the rlP("\11€1h+ adantation

316



We thank Prof. Peter .KUCKJElNIIAU·ER,
Vienna, for seeds, racurtres

+...... ?1!'V\,o'l"l,r of the
toD available uso T. M. I-IY'• .,. ...... T·r: Y T:''''~

able comments on an earlier
rung der wissenschaftlichen

Production, University of .......... ,-" .. ,.. -
expertmerrtat werk, Dr.

curve data for varieties A
anonvmous referee valu-

zur Förde-
F. "" _, acknowledged.

of turgor

and on a thermo-elee-
Dublin Soc. 12,

saps? A nnll'Ylr~!:l1"'lC!rln of tech-
freeze-thawed mater-ial. J.

ntasmorvuscn-vorumetrrscne Methode und ihre Anwendbarkeit zur
lebender Pflanzenzellen. Ber, deut. bot. Ges. 35,

HÖFLER, K.,

References

1991: Drought root and osmotic
Irrigation Sci. 12, 45-51.

.J..J ... vu,F. ...;" ... effect on leaf conductance and leaf rolling in

Ph:YS1_OI()glcal attributes with rt",,,.,,,,rTn,...

cultivars in a Mediterranean environment. Aust. J. Res.
DE VRIES, H., 1877: über die mechanischen Ursachen der ZteHstrE~CE[UIlg,

ausgenend von der von Salzlösungen auf den Turgor wachsender Pflan-
zenzellen. 120 Leipzig.

H. H. and On osmotic 'I'"'I.""nC'c"'"v',n

method of freezing points,
275-311.

C. F., 1962: Measurement of status of water in plants with a tnermocoupte
Plant 37, /;/"U1-·ZYII,

F. DUHME, R. HINCKLEY and H ...."....".............. ,e, ..... , 1980: Water relations of rl",,,.,,,1rTh-f-

osmotic potential and stomatal Plant, Cell and Environm. 3,

KIKUTA, S. B. and H. RICHTER, 1986: Graphical
responses to in leaves of durum

KIKUTA, B. and H. 1988: Rapid
Ann. Bot. 167-172.

KIKUTA, S. B. H. , ,
niques for the determmatton
Exp. Bot.

Contribution of osmotic adjustrnent to
... , Jc under watcr-Iimited conditions. IL Water

67-78.
1J .... ~, .... ....., ...... v ...... criterion for drought tolerance inwheat.

............ 'L.I .,.....,>J y-,--,- ....~.-'-'-'~~ ...>J. some
of Stress on

Boston, London.
HE~M1'l4INrGSEN,1965: Sap pressure

rtesponses of

Can. J. Bot. 54,

TYREE, M. T. and H. T..........".J.V... lVJ,,e,.u, 1972: The measurement of the turgor nressure
water relations of J. Exp. 23,

M. T. and H. water potential iso-
some cautions and clarifications, in water potential iso-

therms. Can, J. Bot. 60, 911-916.

317



H., 1931: Die Hydratur der Pflanze und ihre physiologisch-ökologische Bedeutung.
pp. G. FISCHER, Jena.

WENKERT, W., 1980: Measurement of tissue osmotic Plant Physiol. 65, 614-617.
WULLSCHLEGER, S. D. and D. M. 1991: adjustment and the growth

response of 7 vegetable crops water-deficit stress. Hort Science 26,
1210-1212.

(Manuskrrpt eingelangt am 12. Mai 1992, angenommen am 5. Juni 1992)

Anschrift der Verfasser:

Dr. Silvia B. KIKUTA und a. o. Prof. Dr. Hanno Rrcrrrsn, Botanisches Institut der Universität
für Bodenkultur, Gregor-Mendel-Straße 33, A-1180 Wien

318


