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Abstrac t .  The paper deals with the resaturation of water saturation deficit in four Stipa 
species tested under various ecological conditions. Attention is paid to the relations between the 
saturation and oversaturation types of curves, on the one hand, and soil moisture on the other. 
The ovcrs*aturation type appears in plants well supplied with soil moisture. The explanation of 
this phenomenon is discussed. 

While studying the ecology of xerophilous steppe plants we have often 
been confronted with" the problem of determining their drought resistance, 
their  accomodation to prolonged desiccation, and their ability to survive 
the conditions of water stress, which was, in some periods, permanent.  We 
have endeavoured to determine the degree to which their water saturat ion 
deficit is still reversible, and the moment  in which the plants suffer ir- 
reversible changes, tha t  is when they  are damaged by drought (RYcH~OV- 
SKA 1963, 1965b, RYCHNOVSKk and KV~T 1965). Water-loss curves plotted 
from our measurements of shoots were of little use for this purpose (Kv~T 
and RYCH~OVSKA 1965). In  many  species of xerophilous grasses their course 
was almost linear; thus, it  was not  easy to decide at  what  moment  the leaves 
still retained their ability to recover to the fully turgid state and when they  
were already damaged. For this reason we worked out a new method for 
the  assessment of the sublethal water saturat ion deficit, corresponding to 
t h a t  which with a similar aim in view OPPEnHEImER (1963) and DAvIso~ 
(1964) applied to their work. 

Our previous experiments showed that ,  as a rule, saturat ion curves at tain 
their  initial values in the initial phases of wilting; however, during the 
incipient drying of some plants, we could observe a tendency to oversatura- 
t ion with water above the initial values. This was first observed in the case 
of  Chrysopogon gryllus and later in a group of other plants (RYc~ovsKA 
and Kv~T 1965). The aim of the present paper is to find out the ecological 
conditions under which simple saturat ion or oversaturation takes place. 
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Material and Methods 

The leaves of the following plants were used for experiments: Stipa ca- 
pillata L., S. ~ulcherrima C. Koch ,  S. joannis ~x,AK., and S. stenophylla 
~ER~. The oscillation of resaturation curves was observed in relation to 
time and space. On the rocky steppe near Moravsk:~ Krumlov the samples 

% 
I00 

~O 

8O 

7O 

60 

5O 

~0 

WoLer tozLez!,/t] 

D C 

l 

~ 
~00 30 80 70 

~/ater ~vnt~ [iJ 

\ 

Fig. 1. W a t e r  s a t u r a t i o n  cu rves  ob t a i ned  w i t h  lea f  s e g m e n t s  o f  Stlpa plucherrlma. Abscissa :  
W a t e r  c o n t e n t  o f  t he  leaves  exposed  to  desiccat ion.  Ord ina te :  W a t e r  c o n t e n t  o f  t he  l ea f  
s e g m e n t s  a f t e r  r e sa tu ra t i on .  T he  wa t e r  c o n t e n t  o f  t h e  fu l ly  t u rg id  leaf  s e g m e n t s  h a s  been  
t a k e n  as  100%.  
A - -  S teppe  nea r  Moravsk~r K r u m l o v ,  B - -  S teppe  nea r  Mohelno,  C - -  S teppe  on t h e  
hil l  o f  K v 6 t n i c e  n e a r  Ti~nov,  D - -  S teppe  n e a r  Pouzd~any .  The  wa t e r  c o n t e n t  o f  fu l ly  
t u rg id  leaves  (in % ) in re la t ion  to  the i r  d r y  we igh t  is s h o w n  in t he  h i s t o g r a m  in wh ich  
A, B,  C a n d  D re la te  to p l a n t s  f r om t h e  above  locali t ies.  

of plants from the homogenous vegetation cover of four species under s tudy 
were tested for a period of two years. The description of the locality can 
be found in another paper (I~Yc~OVSKi and I~LERLOVi 1966). On the 
other hand, plants from various localities were subject to the test  described 
below in one period of time. Our at tention was predominantly paid to steppe 
localities in southern Moravia with a natural  occurrence of Stipa pulcher- 
rima, w h i c h  show both edaphie and climatic differences. As the water  re- 
lations of the habi ta t  are a complex phenomenon impossible to be reduced 
to a mere enumeration of conventional maeroclimatie and pcdological data, 
we purposely omit them. The water  relations of the habi ta t  are to a certain 
degree integrated in the relation of water  content and dry mat ter  in the 
plant at full turgidity. As this ratio decreases with the increasing water  
stress in the habitat ,  it was employed as characteristic of the degree of 
xeromorphosis, and thus indirectly characteristic of the locality in general. 
The m6asuremcnts were performed in June  1962. ]~urther experiments were 
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Fig. 2. Wate r  sa tu ra t ion  curves obtabled wi th  leaf segments  of Stipa ]oannis. Exp lana t i on  as  
for Fig. 1. 
A - -  Steppe a t  Szentendre-Sziget,  B -- Steppe on the  hill of  Csom~d, C -- Steppe on 
the T ihany  Peninsula.  
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Fig. 3. Wate r  sa tura t ion  curves obta ined wi th  leaf segments  of  Stipa capillata. Explana t ion  as 
for Fig. 1. 
A --  Steppe a t  Szentendre-Szige~, B -- Steppe on the hill of  C~omAd, C -- Steppe on  
the  T ihany  Peninsula.  
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conducted in July 1962 in I-Iungary. The localities studied there were de- 
scribed in another work (K)-~Ps and Ks163 1965, Kv~T and l~u 
sxs 1965) and the degree of the xeromorphosis of the tested plants was 
evalued according to the same criterion. 

The following method was adopted: The leaves, cut off the plants under 
study, were kept in darkness with their bases submerged in water, in a water- 
saturated atmosphere for 16--20 hours, until they were fully turgid. Then 
they were dried in a controlled incubator, so that  they gradually wilted and 
passed into various stages of water saturation deficit (Water content [i]). 
After fixed periods of time the wilted leaves were again saturated with 
water (Water content Jr]). This resaturation, however, was not carried out 
on intact leaves but on segments cut from the leaf blade. This is done by 
applying water-saturated polyurethane foam to the cut surfaces for two 
hours in the same manner as described in the paper by ~ATSK~ (1960) and 
that  by I~u and BA~TO~ (1962). The extent of wilting and that  
of the resaturation were determined gravimetrically. 
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Fig. 4. Seasonal variation of resaturation curves obtained with leaves of Stipa 8tenophyUa, 
~. ioannis, S. capillata and S. pulchcrrima. Explanation as for Fig. 1. Soil moisture is 
expressed in ~ of maximum capillary capacity. Steppe near Moravsk~ Krumlov. 
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Results 

The results of the measurements are graphically depicted in Figs. 1--4. 
They show that  the resaturation curve exhibits lower values when the 
degree of xeromorphosis of plants from various localities decreases (Figs. 1 
to 3). A distinct coincidence between the type of resaturation curve and the 
soil moisture supply in the rhizosphere, having specific properties for each 
species under study (Fig. 4), can be easily observed. 

Discussion 

The loss of water by wilting was found to be reversible up to a certain 
limit corresponding to the sublethal water saturation deficit. During further 
desiccation the ability of the plant to gain full turgidity decreases very 
rapidly and soon disappears altogether. The position of the limiting point 
on the resaturation curve adds much to our knowledge of the water rela- 
tions of the plant investigated. The ability of the plants to survive periods 
of water saturation deficit and the reversibility of their water deficit depends 
to a great extent on environmental conditions and on their habitats. The 
more extreme the conditions of the habitat, the greater is the ability of the 
plant to cope with the increasing water saturation deficit immediately and 
without irreversible changes. 

This statement is based on a series of curves plotted from results of ex- 
periments with the same plant species in the same period of time but  from 
different localities. The aridity and extremity of conditions of the habitat  
increases in proportion to the ratio of water content to dry weight in the 
leaves after maximum saturation. The resaturation curves also shift ac- 
cordingly (Figs. 1--3). 

These facts suggest that  the above relationship is the result of an adapta- 
tion of the plant to life in dry habitats. In  those places the insufficient 
amount  of soil moisture results in a prolonged decrease of turgidity. The 
inability of a plant to survive this period without damage would prevent 
its permanent  settlement at the site. I-Iowever, we discovered in a series of 
previous experiments that  the simple recompensation of the water satura- 
tion deficit, i.e. saturation which restores only the original water content 
of the plant, does not always take place. We found that  some plants in- 
creased their active resistance to drought by increasing the water absorbing 
capacity of their leaves during their wilting and desiccation. The mechanism 
of this phenomenon has not  yet  been fully understood, but  it may be assu- 
med~ that  it is based on increasing osmotic values; this is shown by the 
work of JEI~E~tS (1965). However, its function -- the increase of drought 
resistance -- seems to be quite obvious. This property of the plants is obvi- 
ously of great ecological importance, for it increases the drought resistance 
of the shoots and thus probably affects the other physiological functions of 
the plants, especially photosynthesis. 

The relations between the water r6gime of the habitat  and the reaction 
of the plant do not appear to be unambiguous and direct. While studying 
the resaturation curves it was found that  the oversaturation type of curve 
occurs, as was pointed out in a previous paper (t~YCH~OVSKI 1965b), mostly 
among hygrophytes and mesophytes. Among the xerophytic grasses under 
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study the oversaturation type of curve prevails in those which resemble the 
mesophytes also in other properties. Among the four Stipa species under 
observation for several years in the same locality, the oversaturated type 
was mostly found in Stipa stenophylla and in Stipa joannis; to a smaller 
extent it occurred in Stipa capillata, and exceptionally (only once) in Stipa 
pulcherrima (Fig. 4). Independently it was found that the Stipa species can 
be arranged in the same sequence according to the degree of their xerophily 
(~LEHLOVA 1964, RYCH~OVSKi 1965a, 1966). 

Thus, it is possible to draw the conclusion that the oversaturation curve 
is the result of plant reactivity, by which the water loss of the plant is 
actively compensated. We tried to verify this suggestion in various stages 
of the ontogenetic development of the plant, but we found no direct link 
between the stage of development and the type of the resaturation curve 
(RYc~OVSKI 1965b). Xevertheless, there is an interesting coincidence be- 
tween the fluctuation of the values of soil moisture and the type of the 
curve as revealed by the following figure: A relatively high water content 
in the soil corresponds to the oversaturation curve. In a dry period the 
simple saturation type can be observed (Fig. 4). Thus, it seems that  the 
phenomenon observed is a sign of dynamic equilibrium between the diffu- 
sion pressure deficit and the available soil moisture at the site. A possible 
explanation may be offered as follows: If  the biotope is dry to such a degree 
that  the amount of water available decreases, the plant obviously mobilizes 
all its osmotic reserves at the site, so that during the experimental treat- 
ment the water potential cannot increase so much as to induce oversatura- 
tion. If  a sufficiently adaptable plant lives in a habitat with adequate supply 
of soil moisture, its osmotic reserves are not fully mobilized, its diffusion 
pressure deficit being proportional to the availability of soil moisture. If  
this plant is suddenly submitted to an experiment in which it is subject 
to desiccation, it apparently mobilizes its reserves and increases its diffusion 
pressure deficit up to oversaturation. Further experiments will show whether 
and to what extent this explanation is correct. 

However, this phenomenon definitely throws much light on the connexion 
between the water relations of the plant and its habitat; it clearly marks 
the species permanently adapted to dry habitats, the species whose physio- 
logical processes are not accelerated or intensified by increased water supply. 
Stipa pulcherrima can serve as an example. As we found in our previous 
studies, its rate of transpiration, daily course of water deficit and daily 
production of carbohydrates do not vary whether it is well or badly sup- 
plied with soil moisture (I~u 1965a). On the other hand, the rate 
of transpiration and the daily production of carbohydrates of Stipa steno- 
phylla, one of the most reactive and most mesophytic feather-grasses, de- 
creases, as we have observed during a period of insufficient saturation with 
soil moisture, and the plant obviously suffers from drought; however, when 
it is supplied with water, its rate of transpiration and photosynthesis quickly 
increase until they almost reach mesophytic values. The reactivity of the 
plant is also documented by its varying saturation curve sensitive to all 
sorts of changes. To a smaller extent similar relations may be found in 
Stipa joannis whose properties are similar to those of mesophytes with only 
a greater degree of resistance to drought. 
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T h i s  p a p e r  s h o w s  t h a t  e c o l o g i c a l  s t u d i e s  o f  t h e  w a t e r  r e l a t i o n s  i n  p l a n t s  
m u s t  b e  m a n y - s i d e d ,  t a k i n g  i n t o  a c c o u n t  t h e  r e s u l t s  o f  v a r i o u s  p h y s i o l o g i c a l  
t e s t s  p e r f o r m e d  i n  d i f f e r e n t  t i m e  a n d  s p a c e  i n t e r v a l s .  T h e  p a p e r  i s  a l s o  
a c o n t r i b u t i o n  t o  t h e  c a u s a l  e x p l a n a t i o n  o f  t h e  p h y t o g e o g r a p h i c a l  p r o b l e m s  
o f  t h e  p l a n t s  d i s c u s s e d  h e r e .  
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B paSoTe IIpHBe2[eHM ~a~He~mHe  HaS~/o~eHH~ o BOaHtItCHOBeHHH II BbIpaBHHBaHI~I 
nO~HOrO ~e~)~HTa B JIIICTbHX ~ BH~OB KOBhIJIH IIpI/I pa3Hl~IX ~I~O~IOr~ecI~x yCJXOBHHX. 
~ga~aHo Ha c~3~,  M e ~ y  ~(OJ~O6aHHeM BJIaH~HOCTH IIOqBhl B MOCTO O6IITaHH~I II TIIHO~ RpIIno~ 
H a c ~ e H ~ H .  IIepec~n~eH~e HMeeT MeCTO FJIaBHhIM o6paaoM ~ m h  np~ ~0CTaT0qHOrd 3anace 
BHa~HHOCTH nO'~Bh~, B TO BpOMH I~a~ I~pOCTOe Hac~I~eHHe CBH3aHO C Rcopo~)H~IkHhIMH yC~O- 
BHHMH. ~He~cywHpyewc~ 06~CHeHHe 3TOrO a e ~ e H ~ .  


