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Diurnal and seasonal fluctnations in osmotic pressure of plants have
been recorded by various authors in different parts of the world. Such
fluctuations usually associate fluctuations in the intensity of the atmospheric
factors ¢oncerned in evaporation. They also sometimes associate fluctua-
tions in the moisture content of the soil. In this country, records of such
fluctuations of osmotic pressure are scanty. It was thought, therefore, of
increasing these records by adding some new measurements at different
times of the year and at different hours of the day.

There is differcuce in opinion as to whether the fuctuations in osmotic
pressure are causcd by such fluctuations in atmospheric or edaphic factors,
ie., whether the habitat factors and the osmotic pressure are related to-
getlier as cause and effect.

MATERIAL

In experiments on the dinrnal march of osmotic pressure two meso-
phytes, namely, Ricinus communis and Ficia Faba were used. In experi-
ments on the seasonal march xerophytes, collected from the desert near
Cairo, were experimented with. The xerophytes used were, Fagonia arabica,
Zilla spinosa, Citrullus colocynthis, Haloxylon salicornicum and Zygophy-
lium simplex.  Xerophytes are of special interest since Egypt is a desert
country, the natural vegetation of which is mainly represented by xerophytes.

METHOD

The osmotic pressure of the plant sap was measured by the cryoscopie
method. The latter has since loug been widely used by various authors,
such as Dixen & Atking ( 1913 ), Walter ( 1931 ), Harris ( 1934 ) and scveral
others. It has béen usually preferred by varieus authors since it is more
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adaptable to field conditions and because it yields average values of whole
plants and plant organs. The method involves the determination of the
freezing point of expressed sap, the osmotic pressure being directly propor-
tional to the freezing point lowering. Reasons for the preference of this
method over the plasmolytic and other methods are given by Crafts,
Currier & Stocking {1949 ). According to these authors, the cryoscopic
method is the most practical one for measuring the osmotic pressure of
bulk tissue,

The apparatus used in the present work is similar to that described by
Mathews (1921) and used by Stoddart (1935), Migahid (1948) and

Migahid & Shafey (1953 & 1954). The formula used in calculating the
osmotie pressure is :

-

P = 1206 2 — 0,021 a2,

Where P is the osmotic pressure and A is the freezing point depression.

RESULTS

The mean osmotic pressures of leaf sap for Vicia Faba and Ricinus com-
munis at different hours of the day are expressed in Fig. 1.

It is evident from Fig. 1. that the osmotic pressure of the sap of Vicia
and Ricinus leaves was highest at 2 p.m. but decreased rapidly to a minimum
that was attained during the night, increasing again in the following day.
The daytime values were higher than the night values. Variations were
most rapid at the beginning and end of the daytime period, but were slight
during the night and in the middle of the day. Thus there was a rapid fall
in the afternoon, between 2 and 6 p.m. and a somewhat rapid rise in the
morning, between 6 and 10 a.m. But between 6 p.m. and 6 a.m. the varia-
tion was very small. From 10 a.m. to 2 p.m. there was some increase in the
osmotic pressurey, but which was also relatively small.

In Fig. 2 are expressed the values of atmospheric factors concerned irn
evaporation, namely, air temperature, relative humidity and evaporation
rate at 3 - br. intervals, from 1 p.m. to 1 p.m. the next day. This was the
same day as that on which osmotic pressures of the leaf sap of Vicia and
Ricinns were recorded. Relative humidity was measured by means of a
wet-and-dry bulb hygrometer while evaporation was measured m millimetres
per hour by means of a piche evaporimeter.

The march of temperature and evaporation curves shows a general
parallelism to the march of osmotic pressure curve. There was a rapid
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Diurnal Fluctuations in Osmotic Pressures of Viciza Foba and Ricinus communts,
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Divurnal Fluctuations in Atmospheric Conditions
T : Air temperature, H : Relutive humidity & E : Evaporation.
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fall in the afternoon of the first day, a rapid rise in the morning of the
gecond day and smoothness during the night. Correlation was even more
close with temperature than with evaporation. As might be expected the
correlation with relative humidity is a negative one. The dawn hours
correspond to the maximum relative humidity and to the minimum osmotie
pressure as well as the minimumn temperature and evaporalion.

In Fig. 3 are given the osmotic pressures of some xerophytic plants
growing wild in the desert ncar Cairo at different times of the year. Samples
were taken from mature plants.

It is noticed that for Fagoniz arebice and Halozylon salicornicum the
osiotic pressure was measured in February and August, and that the summer
value was in both of them much higher thon in winter. Zilla spirosa, one
of the commonest perennials, had an osmolic pressure as low as 16.01 otmos-
pheres in January. The osmotic pressure increased to 17.63 by March, and
further to 18.56 in August. It then decreased to 15.35 by December. The
osmotic pressure of Citrullus colocynthis, one of the evergreen perennial:
of the Egyptian desert, which flourishes particularly doring the summer,
was measured in winter, summer and autumn. The summer value of the
osmotic pressure was considerably higher than either the winter or the
auturnn values. Zygophyllum simplex is one of the ephemerals of the desert,
starting to appear in January, after the winter rains, and terminating its
life cycle by the onset of the summer to-wards the end of May. The osmotic
pressure of this species was measured in January and April, and the spring
value was [ound to he considerably higher than the winter onec.

In Fig. 1 are given the mean values of air temperature, relative humidity
and evaporation rate for the successive months of the year in which the
osmotic pressure data were recorded - as recorded at the Meteorological Sta-
tion of the Cairo International Aerodrome.

Temperatare and evaporation show the highest values in summer and
the lowest values in winter. In spring they are rapidly rising and in autumn
rapidly fallmg. The relative humidity curve is nearly a mirror image of
the temperature and evaporation curves. The seasonal fluctuations in the
osmotic pressare of the experimental plants would seem to he a response to
the fluctuations in the evaporating factors of the atmosphere.

DISCUSSION

In a previous paper { Migahid & Shafey 1955 ) it was clearly shown that
variations of soil moisture content and soil salinity produce considerable
variations in the osmotic pressure of plant sap, The higher the soil water
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Osmaotic Pressure of Some Xerophytes at Different Months of the Year.
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content and the lower its salt content, the lower the osmotic pressure of the
leaf sap and vice versa. It was also observed ( Migahid & Shafey 1954 )
that the osmotic pressure of the plant sap varies greately in plants of different
ecological groups, being higher in xerophytes than in mesophytes and in
halophytes than in cither xerophytes or mesophytes. Xerophytes are plants
of dry habitats subjected to both atmospheric and edaphic drought. Halo-
phytes are plants of saline habitats, subjected either to physiological drought
alone or to both physiological and ctmospheric droughts, Mesophytes are
plants of optimum moisture content of soil and air.

As a muoiter of fact it is not only the soil environmment that affects the
oamotic pressure of the plant sap, but the anmospheric environment as well
must have o great eflect. The plant acts es a balanciag factor between the
s0il moisture surrounding the roots and the air surrounding the tops. TIf
the soil supplies moisture as fast as the air removes it 1hen the osmotic pres-
sure must be low. If the air removes more water, ns it is the case under
conditions of atmospheric drought (e.g. in xerophytes as compared with
mesophytes, in semmer as conpared with winter, and in mid-day hours as
compared with night hours ) and the osmotically active snbstances remain
constant, the osmotic pressure rises proportionately. The plant may be
considered as a product of its environment and the osmotic pressure as an
expression of the effect of that environment. The results of the precsent
investigation confirm this conclusion,

Mapy authors have arrived ot similar conclusions. Of these may be
mentioned Eaton (1929 ), Enomoto {1930 ) who fonnd that sap concentra-
tion varies directly with the temperature and inversely with the atmospheric
humidity. Korstian (1924 } also noted the lowest concentration in Pinus
ponderosa in the winter season, but this be referred to the formation of
emulsions of fats and oils with a low concentration in winter. In spring
tliere is more sugar present to be used in growth and thus there is an incrense
in pressure.

In contradiction to the above findings Gilbert & Adams ( 1929 ) conclu-
ded that envimmental conditions have little effect upon the concentration
of expressed plant solution, and that moisture in the so0il has no direct rela-
tionship to pressure in leaves. Gail & Cone (1929 ) found in the leaves of
Pinus ponderosa o minimum pressure in July and a maximum in December.
They think that rapid growth in April, May ond June causes lower osmotic
pressure. The use of carbohydrates and other substances for growth of the
new leaves and stems results in a decrease in the osmotic pressure.

The present writer is of the opinion that incresse in osmotic pressure
during the warmer and drier hours of the day as well as during the drier
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and woarmer months of the year, and its decrease in the cooler and more
humid hours and months must be regarded as the general rule among plants.
Deviations from this rule must be regarded as exceptions and are often
referable to special metabolic characters. During the warmer part of the
day transpiration exeeds absorptiou and the water balance of the plant is
disturbed. Sucl: disturbance results in decrease of the tissue water contenti
and increased concentration of the plant sap. By night, transpiration
deccreases and the water balance and turgidity of the plant are restored.
Consequently the sap is diluted and the osmotic pressure demimishes. In
the drier and warmer months of the year, apart from the atmospheric
drought, edaphic drought also prevails, Thus in oddition to increased
transpiration, absorption is somewhat retarded. This enhances the distur-
bance of the water balance and the decrease of tissue water, leading to
increased concentration and higher osmotic pressure of the sap.

Finally the writer wishcs to thank prof. A, M. Migahid for kind help
and for reading the manuscript.

SUMMARY

1. The osmotic pressure of the leaf sap was measured and compared at
different Liours of thie day for the two mesophytes Vicie Faba and Ricinus
communis and was found to be higher by day than during the night. The
daily march of atmospheric factors concerned in evaporation, such as tem-
perature, relative humidity and evaporation rate were recorded. Considerable
parallelism was observed between the march of osmotic pressure and that of
either evaporation or temperaturc. ‘The march of the relative humidity
curve was a mirror image of that of other evaporation factors.

2. The seasonal fluctuations in osmotic pressure of a number of typical
desert plants was also investigated. Tt was observed that the osmotic pressute
is not constant throughout the year, but tends to he higher in summer than in
winter and in the warmer and drier months than in the cooler and more
humid ones.

3. The writer is of the opinion that the fluctuations observed are due to
changes in the balance between absorption and transpiration, leading to
fluctuations in the tissue water content and in the concentration of the sap.
Such fluctuations are likely to be of general occorence in plants, and any
deviation must be referred to special metaholic characters. Further data
are, however, néeded before such generalisation can he made.
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