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A b s t r a e  I. Using Nicotiana tabacum L. p]antlets cultivated in vitro as a model system it was 
proved t h a t  osmotic adjustment  may be caused by a decrease in water potential of substrate aa 
well as by a decrease in air humidity. 

Osmotic adjus tment  in plants as a mechanism of maintaining a certain 
level of growth and development under water stress or salinity has been 
observed and studied for many years. Nevertheless, the physiological and 
biochemical events leading to osmotic adjus tment  as well as the factors 
which trigger it are still not quite clear. The decrease in osmotic potential 
of plants to the level lower than would correspond to a decrease in their 
water content is usually caused by  a large number of simultaneously acting 
environmental factors. The aim of this contribution was to differentiate 
between the effect of substrate water potential and the effect of air humidity. 

Seedlings of tobacco (Nicotiana tabacum L. cv. White Burley) were cul- 
t ivated in a growth cabinet [irradiance (400--700 rim) at leaf level 40 ~mol 
m -2 s -l, day/night  temperature 31/26 ~ air hunddi ty  92--97 ~/o], in glass 
vessels on solid agar Murashige and Skoog medium of half concentration 
without  saccharose or with 2 % of saccharose (besides having a purely 
nutritive effect the cultivation media influenced plantlet growth through 
their osmotic properties, and the concentration of saceharose contr ibuted 
greatly to final media water potentials). Plantlets were transferred to corre- 
sponding media every fortnight, as hydrolysis into monosaccharides or 
consumption by  plantlets could affect the concentration of saccharose. 
After six weeks when plantlets had five leaves half of the vessels (30) was 
opened for two days and thus air humidi ty  around leaves (measured by  a 
Jumo Humitherm sensor) decreased to 67--73 ~o. 
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TABLm I 

Average values o f  character is t ics  o f  water  relat ions in tobacco plant le ts  cu l t iva ted  on med ia  
wi thou t  saccharose or wi th  2 ~o of  saccharose and  under  air humi d i t y  of  95 ~o or for  the  last  
two days  exposed to air  humid i ty  of  70 ~o 

Air Concen- Wate r  Leaf  L e a f  L e a f  
humid-  t ra t ion  po ten t ia l  water  osmot ic  p ressure  

i ty  of  sac- o f  med ium poten t ia l  po ten t ia l  p o t e n t i a l  
charose 

[ ~o] [ ~o] [MPa] [MPa] [MPa] [MPa] 

95 2 - -0 .55  • 0.01 - -0 .70 • 0.02 --0.88 -4- 0.03 0.18 -4- 0.02 
70 2 --0.63 -4- 0.05 - -1 .00 4- 0.06 --1.13 -4- 0.04 0.13 -4- 0.04 
95 0 --0.37 • 0.05 - -0 .55 -4- 0.04 --0.74 -4- 0.03 0.19 -4- 0.02 
70 0 - -0 .44 -4- 0.03 - -0 .65 • 0.03 --0.84 -4- 0.04 0.19 :': 0.04 

The differences in leaf  water  and  osmotic  potent ia ls  be tween  plant le ts  g rown in the  m e d i u m  
wi th  and  wi thout  saccharose were s ta t is t ical ly  significant  under  both  air  humidi t ies .  Similarly,  
the  differences in leaf water  potent ia ls  and  leaf water  and  osmotic  potent ia ls  be tween  p lant le t s  
g rown cont inuously  under  air humid i ty  95 ~ or exposed  to lower air h u m i d i t y  were s ta t is t ica l ly  
significant when  cul t iva ted  on the  med ium wi thout  saccharose or wi th  2 ~o of  saccharose,  re- 
spectively.  On the  o ther  hand ,  the  differences in leaf pressure potent ia ls  were no t  s ta t is t ica l ly  
aignificant. 

Leaf water and osmotic potentials as well as water potential of the media 
were measured with a droplet thermocouple psychrometer  arranged with 
a Keithley Microvolt Ammeter  150 B at a temperature  of 25 :k 0.002 ~ 
The water potential was determined on living leaves and the osmotic potential  
was determined after the same leaves had been frozen (--18 ~ ]6 h) and 
thawed. The pressure potential was calculated as the difference between 
the water and osmotic potentials (see PosPi~ILOVA 1975, for detail). Values 
of water potential were checked by  measuring the leaves in situ with a 
Wescor Dew Point  Hygrometer  HR-33T. 

Plantlets cultivated in vitro are a good model system for s tudying the 
osmotic adjus tment  caused only by  changes in water potential of substrate  
as their transpiration rate is extremely low due to the high air humidi ty  and 
low irradiance. In closed vessels the water potential of the medium without  
saccharose was --0.37 MPa and that  of the medium with 2 ~o of saccharose 
was --0.55 MPa. The water potential of plantlet leaves corresponded to tha t  
of the medium (Table 1). The difference between water potentials of leaves 
and of the medium was 0.15 and 0.18 MPa in plantlets grown on medium 
with and without  saccharose, respectively. The lower water potential of leaves 
grown on a medium with 2 ~o of saccharosc compared with tha t  in 
leaves of plantlets grown on a medium without  saccharose was mostly due 
to a decrease in their osmotic potential and not in their pressure potential.  
Thus osmotic adjus tment  occurred in tobacco plantlets (Fig. 1A) and under 
this extremely low transpiration rate it was caused only by  the decrease in 
water potential of the substrate.  

Similarly, the decrease in water potential of the medium by  addition of 
3 ~ of saccharose caused a decrease in water  and osmotic potentials of pota to  
shoots to --0.95 and --1.15 MPa, respectively, and this osmotic adjus tment  
quickly disappeared after transplanting the plantlets into pots with sand and 
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nutr ient  solution (water potential of the substrate was --0.35 MPa) (Posri- 
~zLovX et al. 1988). Increased concentration ofsaccharose to 2, 5, 10 and 15 % 
caused the osmotic adjus tment  in pea seed embryos (WAzr et al. 1987) but  
the osmotic adjustment  in plant regenerants cultivated in vitro has still not 
been observed. 
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Fig. 1. Regression lines of the relationship between loaf osmotic potential and loaf water potential 
of tobacco plantlets cultivated on znodium without saccharoso or with 2 % of saccharose (A) 
and under air humidity 96 or 70 % (B). 

The osmotic adjustment  was not a specific effect of saccharoso as a similar 
decrease in water and osmotic potentials of tobacco plantlet leaves (to --0.64 
and --0.83 MPa, respectively) was caused by a decrease in osmotic potential 
of the medium to -- 0.50 MPa due to an increase in the concentration ofimineral 
elements by using the full Murashige and Skoog medium (but without 
saccharose). Osmotic adjus tment  was measured only in cell cultures and it 
was also induced by different substances: NaC1 (HEYSE~ and NAbobs 1981, 
BrNZEL et al. 1985, DA~NES and GOULD 1985, HASEGAWA e ta l .  1986), poly- 
ethylene glycol (HANDA etal .  1983, 1986), mannitol and sorbitol (PmTc~ARD 
et al. 1986). 

Decrease in air humidi ty  after opening the vessels for two days caused 
an increase in transpiration rate and thus further decrease in leaf water 
potential (Table 1). Due to a higher transpiration rate also the difference 
between water potentials of leaves and the medium increased to 0.21 and 
0.37 MPa in plantlets grown on a medium without saccharose and with 2 % 
of saccharose, respectively. The decrease in water potential was also mostly 
caused by decrease in osmotic potential and the difference between leaf 
osmotic potentials of plantlets grown on a medium with 2 % of saccharose 
and without saccharose was below 70 ~o air humidity,  twice (0.29 MPa) tha t  
under air humidity of 95 ~o (0.14 MPa) even if the differences between water 
potentials of media increased only from 0.18 to 0.19 MPa. Thus the osmotic 
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adjustment in tobacco plantlets (Fig. 1B) can be caused not only by a de- 
crease in water potential of substrate but also by increased transpiration 
rate due to a decrease in air humidity. 

Therefore when studying osmotic adjustment in the field it is important 
to pay attention not only to the substrate moisture and salinity level but 
also to the environmental conditions affecting the transpiration rate. 
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