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Water Relations in Plants Dominating Phryganic Ecosystems*
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Ahstraet, The water potential and the osmotic potential in planfs which dominate Greek
phryganie ecosyatems (Phlomie fruticosa, Sarcopolerium spinoswm, (fistus sp.} were measured
from April to Nowember. Water potential decreased considersbly reaching a minimum in
September. Higher values of asmotic potential than that of water potential were found during
dry period (i.e. negative values of pressure potential). Thig interesting fact was confirmed by
artificial desiccation.

Mediterranean climatic regions are characterized by wet and mild winters
contrasting to dry and hot summers. So, the plants dominating these areas
must be capable of surviving during the dry and hot summers.

Among the already known adaptation is seasonal dimorphism (ORSHAN
1972) which is the main adaptive strategy of the plants dominating phryganiec
ecosystems (synonyms: tomillares — Spain, batha — Israel, gariga — Italy,
coastal sage — USA). Because of the seasonal dimorphism phryganic species
reduce their transpiring mass during summer. Although the transpiring mass
deereases to a 159 fraction (OrsEAN 1954) of the one encountered during
the most favourable period (in most cases in mid spring), as the summer
drought progresses soil moistire becomes less available to the plants, causing
internal water stress. It is well known (Hs1ao 1973) that many physiological
processes (enzymatic activity, photosynthesis, growth efc.) are affected
seriously by water stress.

Available data concerning water relations in plants dominating phryganic
ecosystems cannot be considered as sufficient, especially for Greece no
relevant work has been published. Therefore in this paper I study the water
relations of Phlomis fruticosa, Sarcopoterium spinoswm and Cistus sp., which
dominate Greek phryganic ecosystems. As an indication of the plant water
gtatus I measured water potential which, according to SLaTYER (1967) and
Kramer {1969), reflects very well the thermodynamic state of water within
the plant, osmotic potential and water saturation deficit.
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Materials and Methods
Area of Study

The study area was at a height of 400 m above sea level on Mt. Hymettus
near Athens, about 2.5 km to the SW of the University campus. The soil
is terra-rossa with a depth less than 25 cm. Mechanical analysis shows 319
sand, 379 silt and 32%, clay. The rock content is about 509, the pH 7.9 and
the motsture holding capacity 559%,.

The climate of the area belongs to the mediterranean type with a wet and
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Figs. 1 to 3. Water potentisl, 5, and osmotic potentiel, w, during the period from April to
November in Sarcopsterium spinosum (Fig. 1), in Phlomis fruticosa (Fig. 2), and in Cistue sp.
{Fig. 3).



444 N. 8. MARGARIS

mild winter eontrasting to a hot and dry summer with very high evaporation
rates {Table 1).

Three woody species characteristic of the sub-shrub were studied: Phlomis
fruticosa L., Sarcopoterium spinosum (Poterium spinosum L.) and Cistus sp.
They were selected because their abundance made it possible to sample them
easily.

Water Potential

was determined by the “equilibrium with osmotic solutions method accord-
ing to SHARDAROV (1948), as described by Sravik (1974).

Osmotic Potential

was determined by cryoscopy. The cell sap was extracted according to Ko-
ZINKA (1960} by adding 0.5 mi chloroform to 10—15 g fresh weight of the
samples and storing in air-tight bottles for 24 h at 0°C. Loss of semiper-
meability forces cell sap to run out from a hypodermic syringe when & small
pressure is applied,

Water Saturation Defieit
wag calculated from (STockER 1928, Sravix 1974):

WSD — saturated weight — initial (fresh) weight

ey 7 x 100 .

saturated weight — dry weight
Tanre 1L
Some climatic charaeteristics of Athens

Air temperature [*C]
Maximum®* Mintmum* Mean**

January 12.2 5.8 9.0
February 13.2 8.2 9.5
March 16.7 8.0 11.8
April 19.8 11.1 15.2
May 2457 15.4 19.7
June 20.3 19.6 24.1
July 32.5 29.5 27.9
August 32.2 22.4 27.0
September 28.6 19.2 23.4
Oetober 23.5 15.5 19.0
Novernher 18.0 11.4 14.6
Deacember 140 7.9 i10
Annual average 22.0 13.8 17.6
Annual total

* Averagae for the years 1861 —1950; ** average for the years 1901—1850; + year 1973,
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Results and Diseussion

Fig. 1 presents data on the changes in water potential and osmotic potential
in the leaves of the plant Sarcopoterium spinosum during the period from
April to November. The given values are means of at least 10 daily measure-
ments, day by day, obtained at 08.00 h and at 12.00 h.

It must be noted that:

1. Water potential values at noon are lower (by 1 to 7 bar} as compared
with the morning ones,

2. As dry period progresses watber pofential values decrease considerably
reaching a minimum (-—44 bar) in the middle of September.

3. As far as concerns osmotic potential it is worth noting that during a dry
period values measured are higher than water potential ones (i.e. negative
pressure potential values). A similar situation has been observed by
Kyr1axorouros and LARCHER (1975) in leaves of Quercus ilex submitted
to artificial desiccation,

Analogous information for the leaves of Phlomis fruticosa and Cistus sp.
is given by Figs. 2 and 3, respectively. The remarks made on Sarcopoterium
spinosum also apply here, the only difference being that water potential
reaches values about 20%, higher during the driest months. This might be
attributed to the different leaf structure (higher mass per leaf area).

A comparison of my data with those reported for coastal sage species in
California (PooLe and MmnLEr 1975) shows closer agreement with Sailvia sp.
{which attains a minimum water potential of --40 bar} and less close with
Artemisia sp. {—65 bar). In addition a recent work from Spain (MerINO ef al.
1876} presents values lower than mine,

The interesting fact that pressure potential reaches negative values was

Rainfall Evuporation Total solar

radiation®

mm* % of total mm** o4 of total [J em 2]
56.9 14.2 62.9 3.5 20.1
40.1 10.0 65.0 4.1 28.0
5.4 2.8 87.0 0.5 38.9
21.1 3.6 116.7 7.3 59.9
21.2 3.4 156.2 9.8 T4.1
14.7 7 193.5 12.2 T5.8
6.2 L3 247.4 15.6 76.4
8.7 2.2 237.3 14.9 71.6
15.4 38 172.4 10.5 56.7
43.9 I1.0 113.3 7.1 37.3
64.8 16.4 75.4 4.7 27.8
70.4 17.6 62.1 3.9 20,1
399.8 1588.4 632.4

1 bar == 105 Pa
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tested in PRlomis fruticose and Cistus sp. by the artificial method, as described
by KvriakorouLos and LarcHER (1975) and according to which meagure-
ments of water potential and psmotic potential were taken at different levels
of water saturation deficit (WSD).

The results obtained are shown in Figs. 4 and 5. A major observation is
that water potential does not rise to zero when leaves are saturated with
water but remains at a Isvel of about — 5 bar. Also, at relstively small WSD
values negative pressure potential ones correspond. The conclusion is that

my observations conform well with those of KYRIARKOPOULOS and LARCHER
(1975).
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Figs. 4 and 5. Cell-water relations in lenves of Phiomis fruticoss (Fig. 4) and of Cistus sp. (Fig. 5)
»t inereading wator saturation defieit.

Acknowledgements

T thank Mr. K. Gontsas who provided immeasirable help with the field and laboratary work.
This work was supportad by o grand from the National Research Foundation (Greecs).

References

Hsrso, T. C.: Plant rosponsos to water stress. — Annn. Rev. Plant Physiel. 24 : 5105870,
1973

Koziwxka, V.: Dia Gewinnung von Pressaft fiir kryoskopische Bestimmungen des osmotischen
Wortes bei Pllanzen. —— Biologia (Bratislava) 15 : 567683, 1960,

Kraver, P. J.; Plant and Soil Water Relationships. — MeGraw Hill, Now York 1069,

KyrIiaxoPoTLOS, E., Larceer, W.: Changes in water potential in leaves of Quercus ilex during
desiccation. — Z. Panzenphysial. 77 : 268—271, 1975,



WATER RELATIONS IN PHRYGANIC ECOSYSTEMS 447

MERINO, J., Garcia Novo, F., Saxcuez Diaz, M.: Annual fluctuation of water potential in the
xerophytic shrub of the Dofiana biological reserve (Spain). — Oecol. Plant. 11 : 1—11, 1976.

OrsHAN, G.: Surface reduction and its significance as a hydroecological factor. — J. Ecol.
42 : 442444, 1954.

ORrsHAN, G.: Morphological and physiological plasticity in Mediterranean and desert chamaephytes
in relation to drought. — Proe. Int. Symp. on Wildland Shrub Biology and Utilization.
Pp. 245—254. Utah State University 1972.

Poore, D. K., MiLLER, P. C.: Water relationships of selected species of chaparral and coastal
sage communities. — Ecology 5 : 1118—1128, 1975.

Suarpaxov, V. 8.: [New field method for the determination of the suction pressure of plants.]
In Russ. — Dokl. Akad. Nauk SSSR 60 : 169—172, 1948.

SLATYER, K. O.: Plant Water Relationships. — Academic Press, New York 1967.

Sravik, B.: Methods of Studying Plant Water Relationships. — Springer Verlag, Berlin 1974.

Stocker, O.: Das Wasserhaushalt agyptischer Wiisten- und Salzpflanzen. — Bot. Abhandl.
(Jena) 13 : 1—200, 1928.

BOOK REVIEW

Warpraw, I. F., Passioura, J. B. (ed.): Transport and Transfer Proeesses in Plants. — Pro-
ceedings of a Symposium held in Canberra, Australia, December 1975. — Academic Press, New
York—San Franciseo— London 1976. 484 pp. £ 19.50.

The proceedings of a symposium in which 90 participant took part bring 39 papers (chapters)
in three sections: Short Distance Transport, Long Distance Transport and Integrating Systems.

The introductory paper by Evans discusses the relation between transport and distribution
in plants. In the short-distance-transport section papers on symplastic transport (Gunning and
Robards), mass flow (Walker), cytoplasmic streaming (Williamson), transfer cells (O’Brien),
movement from host to parasite (Jones), accumulation of starch (Jenner), uptake by roots (Pit-
man, Cram), symplasmic transport to the xylem (L#éuchli), electrophysiology of roots (Anderson),
model of potassium influx (Glass), potassium translocation (Dunlop and Tomkins), auxin trans-
port (Newman and Sullivan), IAA lateral transport (Jarvis and Field), phloem loading (Geiger),
transfer of sorbitol (Bieleski), metabolite transfer in C4 plants (Hattersley, Watson and Osmond),
transfer to guard cells (Raschke) are included.

Long-distance-transport papers deal with vascular pattern in higher plants (Zimmermann),
histochemical approach in translocation (Fisher), P-protein in sieve tube elements (Dempsey,
Bullivant and Bieleski), solutes recovered from xylem (Pate), movement of viruses (Helms and
Wardlaw), stomatal behaviour and long distance transport (Allaway), water transport through
plants (Kaufmann), translocation from source leaf (Christy and Swanson), transloeation in leaves
(Troughton), sink leaf diffusion equation (Passioura), and mathematical models of Miinch pressure
flow (Christy). .

Papers on integrating systems of translocation were devoted to the control of water movement
through plants (Passioura), assimilates partitioning (Wardlaw), distribution of assimilates and
sink-source geometry (Cook and Evans), sink, stomatal physiology and photosynthesis (Kriede-
mann, Loveys, Possinghamand, Saton), transport of regulators in phloem and xylem (King),
hormonal-directed transport of metabolites (Patrick), nutrient mobilisation and cycling (Pate),
and remobilization of nutrients (Loneragad, Snowball and Robson). A short but stimulating
discussion on integrating systems serves as Coneclusion.

It was evidently an extremely interesting symposium and the publication of this very com-
prehensive book is meant to transfer up-to-date knowledge to those who could not take part
in it.

B. Svavix (Praha)



