


Table 2

Mean values = SE of D,, (= difference between PV curve ¥, and single-point ¥, at a WSD

of 20 %) and D, (= difference between PV curve ¥, and single-point ¥, at full saturation)

for flag leaves of varieties Grandur and ST 73/333. Plants from control/stress treatments
and field material; n = number of PV curves

Experi- Dy SE Range D+ SE Range

Treatment, Variety ment (MPa)  (MPa)  (MPa)  (MPa) ™

Total (All treatments,

Grandur & ST 73/333) 1,2,3,4 0.009+0.002 023 0.009+0.005 0.38 170
All treatments, Grandur 1,2,3,4 0.011+0.003 0.19 0.016+0.006 0.34 90
All treatments, ST 73/333  1,2,3,4 0.007+0.003 0.21  0.001+0.006 0.38 80
Control, Grandur 1,2,3 0.010+£0.003 0.11  0.018%+0.008 0.25 41
Control, ST 73/333 1,2,3 0.008+0.003 0.07 0.007£0.007 0.17 34
Stress, Grandur 1,2,3 0.005+0.007 0.19 0.000+0.012 0.28 34
Stress, ST 73/333 1,2,3 —0.004+0.005 0.12 —0.026+0.010 0.27 31
Field, Grandur 4 0.025+0.008 0.12 0.048+0.015 0.17 15
Field, ST 73/333 4 0.027+0.010 0.14 0.045%+0.025 0.24 15

The average value of D,; amounted to only 3 % of total osmotic adjustment at
20 % WSD in experiment 2 and was as small as 0.8 % in experiment 1 and 0.7 % in
experiment 3 (table 3).

3.2.2 The single-point osmotic potential at full saturation

The average D, (= PV curve ¥; ) minus single-point ¥, ) was also +0.009
MPa. The range of deviations was 0.38 MPa. The highest average differences
were again observed in the field variants of both varieties; the highest single dif-
ference (+0.22 MPa) was found in ST 73/333, field variant, for the same leaf that
showed the maximum Ds,,.

D,,; values of the controls (pooled data of experiments 1, 2, and 3 of both vari-
eties) were again significantly different from the stress treatments at the 0.1 %
level. In control leaves the average difference was +0.013 MPa, in stressed
leaves —0.012 MPa. The range of the deviation was more extended than for D,,,
with 0.26 MPa for controls and 0.29 MPa for stress variants.

Average D, amounted to 12 % of total osmotic adjustment at full saturation in
experiment 2. In experiment 1, D, was 4 %, and in experiment 3, 1 % of osmotic
adjustment (table 3).

Table 3

Comparison of the extent of osmotic adjustment (= difference of osmotic potentials

between controls and stress treatments) of flag leaves of varieties Grandur and ST 73/333.

Osmotic adjustment is either derived from complete PV curves (PVy,, at full saturation, PV,,

at a WSD of 20 %) or calculated by the single-point method (SPy, at full saturation, SPy, at a
WSD of 20 %). Values are given as means; n = number of PV curves

Osmotic adjustment (MPa) )
Experiment PVy SP,, Difference PV.. SP,,, Difference n

PVZO_ SP20 PVsat_ SPsat
1 0.357 0.354 0.003 0.290 0.271 0.019 60
2 0.297 0.287 0.010 0.250 0.222 0.028 48
3 0.445 0.448 —0.003 0.348 0.347 0.001 20

3.3 Testing the single-point method on leaves of different wheat
varieties

Results of the determination of osmotic potentials at 20 % WSD and at full sat-
uration in leaves of the test varieties A to D are presented in table 4. The x-inter-
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cept was again assumed to be at 88.49 %, and the single PV data point was taken
from the range between 23 and 30 % WSD.

Table 4

PV curve ¥y, minus single-point ¥, at a WSD of 20 % (= D,,) and PV curve ¥, minus single-
point ¥, at full saturation (= Dy,) for flag leaves of four Triticum varieties, code-named A
to D. Leaves from control and stressed plants, n = number of PV curves

DZO Dsat
. Mean +SE Range Mean = SE Range
Variety (MPa) (MPa) (MPa) (MPa) n
A —0.030+0.009 0.129 —0.075+0.013 0.182 15
B —0.002£0.013 0.144 —0.042+0.022 0.218 10
C —0.017+0.008 0.087 —0.036+0.012 0.098 10
D —0.023 +£0.008 0.082 —0.063+0.010 0.108 10

The average Dy, over all 45 PV curves tested was —0.019 MPa. Depending on
the subset, the average values for D,, ranged from —0.002 MPa (variety B) to
—0.030 MPa (variety A). The range of Dy, did not exceed 0.21 MPa, with the mini-
mum at —0.128 MPa and the maximum at +0.075 MPa. The range of D,, values
was smallest in variety D (0.082 MPa) and highest in variety B (0.144 MPa). A
plot of single-point ¥y vs. PV curve W, had a high correlation coefficient
(r*>0.98).

The average D, over all PV curves was —0.056 MPa. Subsets had average
values from —0.036 MPa (variety C) to —0.075 MPa (variety A).

Full PV curves of the test varieties showed amounts of osmotic adjustment at
20 % WSD from 0.28 to 0.66 MPa (table 5). ¥; ) determined by the single-point
method demonstrated the adjustment response clearly, and the varieties did not
change their rank in the direction of decreasing response (B, A, D, C). The differ-
ence between the values from full PV curves and single-point extrapolations did
not exceed 0.035 MPa.

For ¥ .y at full saturation the differences between the two methods did not
exceed 0.05 MPa, which is acceptable, since the rank order of the varieties
remained the same.

Table 5

Extent of osmotic adjustment (= difference of osmotic potentials between control and

stressed leaves) of four Triticum varieties, code-named A to D. Osmotic adjustment is

either derived from complete PV curves (PVy, at full saturation, PV,, at a WSD of 20 %) or

calculated by the single-point method (SP,, at full saturation, SP, at a WSD of 20 %).
Values are given as means;, n = number of PV curves

Osmotic adjustment (MPa)

. Difference Difference
Variety PV, SP,, PV, —SPy, PV, SP.. PV, —SP,., n
A 0.580 0.558 0.022 0.483 0.432 0.052 15
B 0.656 0.659 —0.003 0.510 0.510 0.000 10
C 0.281 0.246 0.035 0.215 0.191 0.025 10
D 0.385 0.395 —0.010 0.311 0.306 0.005 10
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4. Discussion

The x-intercepts of our PV curves from two wheat varieties occupy a wide
range of WSD values (table 1). Intercepts at values higher than 100 % WSD are
frequent in all treatments of potted plants, but do not occur in field material. The
exact causes for an intercept above 100 %, and indeed for the wide WSD range of
the intercepts in genetically homogeneous material treated in the same way,
remain obscure. However, these results indicate that the x-intercepts are rather
variable and cannot serve as a reliable measure for the proportion of water con-
tained in the apoplast, as often suggested. An earlier analysis of the experimen-
tal errors involved in PV curve measurements (Tyree and Ricuter 1982) led to the
same conclusion.

Therefore, we have to regard the x-intercept as a “black box” parameter not at
present open for a detailed biological interpretation. For our purposes it is reas-
suring that the mean values are rather constant in wheat: only for two of the
data subsets is there a significant deviation from the grand total determined
over all the 173 curves. We decided to use only this mean value of the x-intercept
(88.49 % WSD) in the present “test run” for our simplified approach to the deter-
mination of osmotic potentials, in order to examine the reliability of results when
subsets show a moderate deviation of the intercept from the mean value. When-
ever, in other experiments, subsets of intercept values corresponding to different
species, varieties, developmental stages or treatments give statistically signifi-
cant differences, they could and should be used separately. Examples for statisti-
cally significant deviations between stressed and control leaves were for
instance found in Carex hirta (15 % WSD), Syringa vulgaris (8 % WSD) and
Sorghum halepense (7 % WSD); average intercepts for leaves of different species
range from about 60 % WSD for Euonymus europaea to around 100 % for Senecio
fuchsii (Kikura and RicuTER, unpublished). WenkerT (1980) assumed a less
extended range (75 + 15 %) even for the most extreme curves from single leaves.

Tables 2 and 4 show that it is possible to estimate the osmotic potentials of
wheat at 20 % WSD and at full saturation with a high degree of accuracy from
just a single point on the PV curve. The agreement with the values determined
from a full curve is especially close for ¥, 4, a fact resulting from the geometry
of the PV curve. Table 3 demonstrates an outcome of great interest for the practi-
cal application of the method: the average differences between osmotic adjust-
ments estimated from single-point vs complete PV measurements are small and
do not obscure real osmotic adjustment. The ratio is especially good when we
compare adjustment and deviations at 20 % WSD, where the numerical value of
osmotic adjustment is large due to sap concentration and the deviations are
small. It will thus be possible to use the single-point method in rapid screening of
plant material for the occurrence and magnitude of osmotic adjustment, which
may be its most important benefit, considering the use of osmotically adjusting
strains for the breeding of drought resistant crop plants.

Finally, a test run on mixed leaf material from a number of different varieties
demonstrates that even a rather crude approach (use of a single intercept
derived from other durum varieties on heterogeneous and differently treated
material) will lead to values which are acceptably close to those from full PV
curves. Osmotic adjustment is easily recognized, and even the rank of varieties
in the numerical amount of adjustment corresponds well.

How, then, could we apply the simplified single-point PV method to the deter-
mination of osmotic adjustment in an unknown object? The following steps
might be taken:
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1. Measurement of complete PV curves on a few leaves from control and
stressed material for information on the turgor loss point and the intercept
with the x-axis.

2. Calculation of a factor, f=DW/SW, from dry weights and saturated weights of
these leaves. The averages of this factor are rather close for different treat-
ments, whereas the range is quite extended. In durum wheat, the average was
0.218, the range 0.069 to 0.277. When we used the lowest and highest values of
the range for calculating the water saturation deficits of all the 170 PV curves,
they differed on average by +1.5% and —2.1 %, respectively, from the WSD
values calculated from the correct dry weights.

3. ‘Resaturation of a number of leaves, determination of the saturated weights
and “bench-drying” by free transpiration. Weight losses are followed, and
WSD values calculated from saturated weights, intermediate fresh weights
and the average of the factor f according to the equation

WSD=[(SW—FW)/SW —£-SW)]-100 % @)

4. Measurement of each leaf in the pressure chamber as soon as step 3 indicates
that the WSD has reached a value in the preselected range after the turgor
loss point. This range will be comparatively easy to define in a well-investi-
gated species such as wheat, where extreme values for the turgor loss point
have been published, but it may require preliminary investigations and the
use of an ample safety distance from the turgor loss point in less-known plant
material.

5. Determination of the true values for dry weights by the usual procedure of
drying to constant weight at 100° C.

6. Insertion of DW instead of (f'SW) in equation (2) for recalculation of the WSD
at which the pressure chamber measurement was performed. Even in wheat
leaves with an extreme ratio of DW/SW, the true WSD will be not more than 2
or 3 % off the value calculated with an average f. Thus, most of the measured
leaves should have their WSD in the preselected range; a few may have to be
eliminated from the final evaluation.

7. Numerical or graphical determination of osmotic potential at a selected WSD
value, by drawing a line in a PV diagram from the average x-intercept through
the point determined in the single pressure chamber measurement and read-
ing the potential at the WSD value desired.

Modifications of this procedure will be possible. Other ways than weighing
may be found for ascertaining that a drying leaf has passed the WSD of the
turgor loss point. For instance, the turgor loss point in many species is near
the WSD where stomatal closing reactions begin (Hinckiey et al. 1980); porome-
ter measurements could then be used to detect the correct moment for a
weighing and a pressure chamber measurement, while both saturated and dry
weights of the leaf are determined only later. Leaf rolling could also serve as
a suitable indicator of turgor loss in some species (TurNEr et al. 1986, Birrman
and Sivmpson 1989). Such modifications may prove valuable in cases where a
change in osmotic potentials would seem possible in a detached leaf during
resaturation.

In summary, we trust that the general approach outlined before will prove
flexible enough to become a useful tool for the exploration of changes in osmotic
potentials and their role in the drought adaptation of crop plants.
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