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Zavislost osmotiekého potencidlu bunééné 3tavy na vodpim deficitu héhem
vadnuti listovyeh pletiv

Byly zjistovdny zmény osmotického potencidlu (osmotického tlaku) bunétné
$tavy (vylisované z listovych pletiv usmreenych p¥i 100°C) pii pasivni vodni
bilanci (vadnuti) ¢asti ¢epele v zavislosti na zvétSujicim se vodnim deficitu (na
ztraté vody). Teoreticky by toti% bylo moZno pfedpoklidat, Ze voda vydané pfi
pasivni vodni bilanci pochézi rovnomérnd z veskeré vody bunééné, tedy také
pomérnd z podilu, obsazeného v bunséné §tavé. V tom plipadé by se bunéénd Stdva
koncentrovala imérné& vznikajicimu deficitu. V. naprosté vét$iné pozorovanych pii-
padu stoupal viak osmoticky tlak (klesal osmoticky potencidl)strmaji neZ teoreticky
odpovidé soutasné ztrats vody. Ze zjidténych rozdili mezi zminénym teoretickym
pribdhem s mezi nalezenymi hodnotami byl vypoéitdn odhad percentudlniho
podilu ,,mobilni* vody v butice, tj. toho podilu, kterého ge vidy bezprostiednd
tykaji zmény obsahu vody v buiice. Tento podil ,,mobilni“ vody byl u dospélych
listt kolem 70 a% 80 9,. Velikost podilu ,,mobilni*‘ vody z4visela na rychlosti vzniku
vodniho deficitu: Pfi rychlém vadnuti byl u dospélych listd zjistén mensi podil neZ
pfi vadnuti pomalém. To svédéi o tom, Ze ,,mobilni* podil bun&éné vody je vyme-
zovén podle vodni bilance buitky dynamickou rovnovéahu intraceluldrnich difusnich
proud vody podle gradient@ difusniho tlaku vody mezi jednotlivymi podily
bun&éné vody, jez jsou urdeny rtiznou vazbou (,,vézans ‘‘voda) i raznou lokalisaci
v burice.

Summary

Changes in the osmotic potential of the cell sap in passive water balance
(wilting) of parts of the leaf blade were determined in relation to increasing
water saturation deficit. Theoretically it could be assumed that the water lost
in passive water balance comes from the total cell water equally, hence also
from an aliquot part from the water contained in the cell sap. In that case the
concentration of the cell sap would increase in proportion to the growing water
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saturation deficit. In the absolute majority of investigated cases, the osmotic
pressure increased (the osmotic potential fell) more steeply than corresponded
theoretically to the loss of water at the time. From the difference observed
between the mentioned theoretical course and the values found, an estimate
of the percentage of ““mobile’” water in the cell, i.e. that part which was always
directly involved in changes in the water content in the cell, was calculated.
This “mobile”” water in adult leaves constituted about 70 to 80 per cent. The
proportion of “mobile’” water was dependent on the rate of development of the
water saturation deficit: When the wilting was rapid the amount observed in
adult leaves was smaller than in the case of slow wilting. This proved that the
“mobile”” proportion of the cell water is determined according to the water
balance by a dynamic equilibrium of intracellular diffusion currents of water
according to gradients of the potential between the different parts of cell water
which are determined by different linkage (“bound” water) as well as different
localization in the cell.

Introduetion

In an earlier study (Sravix 1955) it was concluded that with gradual wilting of cut off lea ve
of sugar beet, the osmotic potential of the cell sap (determined cryoscopically) did not change
in parallel with the increasing water saturation deficit, i.e. that its increase did not correspond
to the theoretical values calculated from the values of the total water saturation deficit. In his
experimental material the author had found a temporary decline in the osmotic potential pres-
sure during wilting similar to that found by Larsnt (1939); WaLteEr and ScuaLL (1957) re-
peated similar tests on the leaves of Fraxinus excelsior L. and Sambuccus nigra L. They found
that the osmotic pressure of the cell sap during artificial wilting increased without any tempor-
ary decline. Since however, these authors did not carry out a quantitative comparison of the
rise in the osmotic potential and simultaneous water loss, the important question still remained
unanswered of whether the changes in osmotic potential (sensu STATYER and Tavior 1960)
of the cell sap in passive water balance correspond to the quantitative loss of the corresponding
percentage of water content, e.g. whether a water saturation deficit of 20 per cent loss of the
initial total water content corresponds to an increase of the osmotic pressure (a reduction of
the osmotic pressure) by 25 per cent of the initial value. (Calculation: Let us assume the
initial osmotic pressure with full water saturation to be equal to 100 per cent, then with
water saturation deficit b the osmotic pressure should decrease to

100.100 100
©=T100 —b b P

— 100
In order to be able to answer this question a series of experiments with the wilting of cut

leaves was carried out complying with the important requirement of homogeneity of the material
by using comformable small parts of the leaf blades or corresponding halves of the blades.

Material and Methods

First series of experiments: Increase of the water saturation deficit in cut off parts of leaf
blades.

100-day-old Nicotiana Sanderae hort. plants, in the stage of 10 to 12 leaves in the leaf
rosette, cultivated in flower pots in a green-house were used. Fully mature leaves of medium
insertion level were cut off and water saturated overnight with the leaf-stalks in water in the
dark in an atmosphere saturated with water vapour (STockER 1929). A rectangle about 5 X 9 cm
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was cut oub from the middle of each half of the blade (Heterogeneity of a leaf blade: Sravix
1959 and 1963) and from it in turn (see Fig. 1) two sets of four minute rectangles alternating
in chess-board fashion: set a was killed immediately by boiling at 100° C in a closed test tube,
the second parallel set b was quickly weighed with an accuracy of 0-001 g., put loosely on a thin
nylon mesh fora period of 5or 10, 15, 20 or 30 minutes respectively at 20° C 4 1and a relative air
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Fig. L. Fig. 2.

Fig. 1. Diagram of parallel pairs of samples from each half of the leaf blade. The small rect.
angles of the same colour (black or white) together represent one sample.

Fig. 2. The relationship between the refractive index (abscissa) and the osmotic pressure of
the cell sap, determined cryoscopically (ordinate: atm.) from the leaf tissues of Nico-
tiana Sanderae hort.; material identical with the test material. Temperature: 20° C.
The regression line used in the first test series for the calculation of the osmotic potential
from values of the refractive index determined refractometrically.

humidity of 50 + 3 per cent. After this exposure (wilting) they were again weighed and killed as
above. In all samples prepared in this way (a total of 144 pairs) the refractive index was determined
in the exuded sap. The water content in fully water saturated leaves was determined in an ade-
quate number of parallel samples (n = 40) by the described method. The average (93-24 4
=+ 0-32 per cent) of water in fresh weight was then used for the calculation of the percentage
of water loss during wilting, i.e. for the calculation of the water saturation deficit as a percentage
of the initial water content. This procedure was necessary since in samples in which the re-
fractive index of the cell sap was determined, it was not possible to determine the water content
gravimetrically and hence also the deficit. For the indirect determination of the osmotic pres-
sure of the cell sap by means of the refractive index, which was neesssary with reference to the
negligible size of the samples, a regression line between the refractive index and the cryoscopic-
ally determined osmotic potential was used, which was constructed (Fig. 2) using the determina-
tion of the two values in the 40 samples of leaf tissues collected from identical material and
treated identically (killed at 100° C and pressed with a hand-press). For the applicability of
this method see SLavir 1959,
Second experimental series: Wilting of the cut-off halves of leaf blades.

Sound mature leaves of medium insertion level were selected from 100-day-old leaf rosettes of
Nicotiana Sanderae hort., artificially water saturated according to Stocker’s method (STOCKER
1929) (24 hours in the dark in an atmosphere saturated with water vapour with the stalks
submerged in water.) From each leaf one half of the blade (alternately left and right half) was
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immediately killed in a closed vessel at 100° C and in the pressed out cell sap the osmotic
potential determined cryoscopically, the other half was immediately weighed with an accuracy
of 0-01 g. and then left to wilt freely on a thin nylon mesh at 20 — 0-5° C with a relative air
humidity of 60 + 3 per cent for 10, 20, 30, 40, 50, 60, 80, 100, 120 or 200 minutes, respec-
tively. After these intervals the second halves of leaf blades were again weighed, killed in
the same way and the osmotic potential in the cell sap determined cryoscoplca.lly A total
of 60 pairs of samples were treated by this method.
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Results and Discussion

In the first experimental series the values of the water saturation deficit and the values of
osmotic pressure of the cell sap calculated from the refractive index according to an empirically
found regression line (Fig. 2) were determined in 140 pairs of samples (before and after wilting).
Fig. 3 gives the different values of the relative increase in osmotic pressure (decrease in
osmotic potential) compared with the initial value before wilting in relation to the water deficit
reached, and the line comstructed using their so-called moving averages of water saturation
deficit. In addition, two theoretical curves are plotted in this graph. The first (100) is based
on the assumption that the cell sap is concentrated during wilting in proportion to the losses
of the total water content in thetissue (curve — 100 per cent), i.e. that the transpiration
water lost during wilting comes
equally from all parts of water pre-

sent in the cell. The fractions of op ..
cell water with different linkage A
and different localization in the ™0 Lo R
cell organs are considered. ‘. .

There is an evident dif-
ference between this theoret-
ical curve (100 9) and the
empirical line constructed
according to the so-called
moving averages. From this ;5
difference is follows that .
during wilting of the sections .
of the leaf blades the osmo- ©
tic pressure increases more 1p )
rapidly than would corres- 4
pond to the simultaneous
water loss. If during wilting :
water were taken equaily 0 : 5 % 55D 35
from all the parts of water ‘
in an “avera,ge” cell of the Fig. 3. B.esults of the first test se‘ries. Wilting of the sec-
test tissue (average values tions of leaf blades of Nicotiana Sanderae hort.

£ tic potential of th Relationship between the rising water saturation
01 osmotic potential o © deficit (W.S.D.) (abscissa: in percentage of the

130}

OeH: sap are obtained from initial water content at saturation) and the osmo-
the whole tissue), then the tic pressure determined cryoscopically (ordinate:
part of cell water which in per cent of the initial value). The empirical
we get after killing the leaf !ine was constructed according to the averages

in classes of two per cent of W.S.D. The theoret-
as the so-called cell sap, ical curves 80 and 100 see text.
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would be concentrated proportionally to the whole water loss. This means that
the osmotic potential in Fig. 3 would increase according to the theoretical
curve 100. When the gradient of the osmotic pressure increase is steeper, it
certainly denotes that the fraction of cell water, whose osmotic pressure is
determined in the cell sap, contributes to the water loss by transpiration to
a greater extent than the other fractions and at the same time that these other
fractions loose water from the cells in passive water balance less readily or
more slowly. This may be caused not only by their different linkage, but (with
relative slow diffusion) also by their differing localization in the cell. From this
it also follows that the part of cell water whose osmotic concentration is de-
termined in the cell sap, is the part which is most readily accessible for the loss
of water during passive water balance. It can be also designated as the
“mobile’ part of the cell water (SLavik 1955).

From the difference in the theoretical curve 100 and the actually found
decrease in osmotic potencial during the occurrence of the water deficit, it can
easily be calculated how large this “mobile’ part of cell water is. We can plot
other theoretical curves under the assumption that generally a per cent of the
total water content in the cell is formed by this easily accessible ‘‘mobile” part
of water in the cell.

(Simple calculation: The osmotic pressure rises from 100 per cent at full water saturation at
the beginning of wilting to e per cent with a water saturation deficit of b per cent of the initial
water content.
100 . 100 100
Then e = 000" = . from which a = —b’ﬁ)‘)
100 — 1—— 1—
a a c

In Fig. 3 also the second theoretical curve constructed under the assumption
that a = 80 is shown. This theoretical curve is also in good agreement with the
empirically found relationship.

In the second experimental series, pairs of halves of mature leaf blades, one
half fully water saturated and the other wilting, were used for the cryoscopic
determination of the osmotic potential of
cell sap. The results from 60 pairs of sam-

op ples are shown in Fig. 4, where also the
%ot theoretical curves are plotted for the part
of mobile water a = 100,a = 80 and
ra = 50 per cent, respectively, from
< .

s Fig. 4. Results of the second test series. Wilting
. of cut-off halves of leaf blades of Nicotiana

1200 A Sanderae hort. Relationship between the
. N rising water saturation deficit (W.S.D.) (ab-

. scissa) and the osmotic pressure of the cell

T AP sap (determined cryoscopically) (ordinate:

10 . . A in per cent of the initial value). The

empirical line constructed according to the
averages in variation classes of 1 per cent
f W.8.D. each. The theoretical lines 50 (up-
0 per', 80 and 100 see text.

s %) % WSD 20
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the total cell water. 78 per cent of all values are higher than the theoretical
line a = 80. The empirical line constructed by using moving averages from the
single values corresponds approximately to the theoretical relationship in
which the part of the mobile water amounts to about 60 per cent of the total
water present in the cell.

From the two experimental series it, therefore, follows that during an increase in wate
saturation deficit, osmotic potential (osmotic pressure) of the cell sap does not decrease
(increass) proportionally to the total water loss, but more steeply. From this it further follows
that that part of the cell water whose osmotic potential is determined in the cell sap pressed
out of the killed tissue does not correspond to the total cell water but only to a small part of
it, which we called the ‘“mobile’ part. In some of our experiments this part represented only
50 per cent of the total water content. From this mobile part comes, therefore, primarily
the main part of the transpiration water, the loss of which did not result in the concentration
of the total cell water proportionally, but mainly of its mobile part.

Single quantitative results indicate that during a rapid rise in the water
saturation deficit (in the case of rapid wilting), the decrease of osmotic potential
is steeper than when this rise proceeds slowly. These findings are in agreement
with the assumption that the mobile part of the water is always supplemented
with a certain time delay from the other parts of cell water. For this reason this
water volume can also be of different size and the boundary between this
fraction and the other fractions of cell water is given by the equilibrium which
is established according to the existence of intracellular gradients of diffusion
pressure of water (water potential). The gradient changes according to the
water balance. With rapid increase of the water deficit the gradient be-
tween the mobile part of cell water and its other parts, probably with dif-
ering linkages (bound water) as well as various localization in the cell, is
greater than in the case of slow wilting.

The main feature of mobile water in the cell is that it is involved in the main
changes in the water balance of the cell. Therefore, it is possible to indicate the
changes in the water potential of this mobile part of cell water as changes of
osmotic potential of the cell sap.
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3aBHCHMOCTh OCMOTHYECKOTO AABJCHNA KICTOYHOI'O COKA HA BOJHOM JIe(bHIIHTe
B TedyeHue 3aBANaHUA TKaHell gmeTa

Waywanuch naMeHeHUA OCMOTHYECKOTO JABJICHNAA KIETOUHOrO COKA (OTMHATOTO M3 TKaHei
smera yourex mpu 100 rp. II) mpm maccuBHOH BogHOM Ow/IaEIMM (3aBALAHMM) dacTei
NJIACTHHKA JINCTA B 33BACAMOCTH OT BO3PACTAIOLIEr0 BOAHOTO NeQHIHUTA (HOTEPH BOJLL).
B nopasnAmoneM ducse HabIogaeMpIX ClIydaeB BO3PAcTajo OCMOTHYecKoe [faBienme (oilee
KPYTO 9eM 3TO TeOpeTHMYeCKH OTBeuaeT OCMOTHYeCKo¥ norepe Bojukl. Teopermuecku Bo3-
MOKHO HPefllloaraTe, YT0 BoJa, BHIAHHAA NPH NacCHBHOM BOXHON OMITAHOUN IIPOMCXOAUT
PABHOMEPHO W3 BCell KIIeTOYHOH BOJNHI, CJIe[0BATeNHHO, TOE B COOTBETCTBYIONIEM KOJIH-
9ecTBe M3 TOH 9AaCTH, KOTOPAas COAEePIKUICA B KJIETOYHOM COKe, KOTOPHI KOHIEHTPADPYeTCs
COOTBETCTBEHHO BO3HUKAWIeMy fmedmmury. I3 ycTaHOBIEHHEIX PasiMuuil MeRLy 9THM
TEOPETHYECKAM XOJIOM M MEKIY HAHJeHHWMM BeJIMYMHAMM BHICINTAHO ONpPeResIeHMe HpPO-
OeHTHOH dacTe «MoOUIBHON» BOABI B KJIETKe, T. €. TOH 4acTH, KOTOPOH Bcerfa Helocpes-
CTBEHHO KAaCAIOTCSA MBMEHEHWsS COAEDP/KAHWA BONBL B KJETKe. 9Ta YacTh «MOOWIBHONY BOJIBI
B WJIETKE Y 3PeJibiX JINCTHEB cocTaBiader okoilo 70—809%. Bemmuwna goim «MoOMIBHOH»
BOJIEL 3aBHCEJIa OT CKOPOCTH BO3HHKHOBEHWsI BOXHOro RedummTa: mpu OHICTpoM 3aBAJAEUR
y 3PeJbIX JIMCThEB YCTAHOBIEHA MEHBIIAA NOJA 10 CPABHEHMIO ¢ MeJJIEHHEIM 3aBSfAaHHEM.
JTO CBUIETENILCTBYET O TOM, 4TO «MOOMJIILHAsAY [0JI KJIETOYHOH BOMBI ONpEfieisieTCA IO
BOHO# OM/IaHUME KIeTKH NUWHAMMYECKHM paBHOBECHEM HHTPALe/UTIONAPHHX Hu@Ey3HLIX
TeYeHWH BOAHI IO TIpajgueHTaM IU(Qy3HOr0 AABJIEHAA BOIOLI CPEJN OTAEIBHBIMH JOJIAME
KJIeTOTHOR BOJBI, KOTOPHE 0NpefesIA0Tca PasHOR CBA3BI0 U PA3HOM JIOKAIN3alel B KIeTKe.



