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Abstraet. Experiments with young Hordeum sativum and Helianthus annus plants showed 
that in the excretion of mannitol in the guttatioa liquid observed by GROENEVirEGEI~ and MILLS 
(1960) after uptake by the root system of plants, the osmotic concentration of mannitol in the 
nutrient medium and the temperature are significant. The beginning of mannitol excretion 
during guttation is accelerated considerably by the increase of the osmotic concentration of 
mannitol in the nutrient medium and the rising temperature. The osmotic concentration of 
mannitol is also important for the duration of mannitol excretion in the guttation liquid after 
transfer of the plants into a nutrient medium without mannitol. In the presence of mannitol 
in the nutrient medium water uptake by the root system and growth are inhibited and the 
tissues of the organs above ground and of the root system are dehydrated. The inhibitory effect 
of mannitol on the water uptake by the root system is immediate. 

Excre t ion  of mannitol ,  t aken  up by  the root  system of in tac t  plants,  by  the 
gu t t a t ion  liquid was first repor ted  by  GROENEWEGEN and MILLS (1960). Their 
experimental  results were confirmed by  STROCA~OV and  LAPINA (1964), who 
s imultaneously  extended the number  of  plants,  taking up manni to l  and  ex- 
creting it in the gu t t a t ion  liquid. These authors  emphasized also the ease and  
rap id i ty  of  manni to l  penet ra t ion into the organs of  in tac t  plants.  

The possibility of  the up take  of manni to l  by  plant  cells has been assumed 
by  BURSTROM (1953) and by  ORDIN, APPLEWHITE and B O ~ E R  (1956), when 
manni to l  was used as an osmotic in the work with tissue cultures. THIMANN, 
L e e s  and SAMUEL (1960) reported a ve ry  slow uptake  of  manni to l  by  the 
cells of  po ta to  discs. I t  appears doubtful ,  t ha t  manni to l  could penet ra te  the 
vacuoles. The authors  assume tha t  manni to l  gets into an apparen t ly  free 
space, f rom where it can easily disappear.  

Some authors  pointed  out  some special properties of  manni to l  as compared  
to isoosmotic concentra t ions  of other  osmotics (SLATYER 1961, WALLACE, 
SADEK and S u r I  1962, LI~SER and HERWlG 1963). 

I n  connection with the results of  the experimental  observat ions of  GROENE- 
WEGEN and MILLS (1960) and of STROGA~OV and  LArINA (1964) we became 
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interested in the problem of the velocity of the transport of mannitol taken 
up by the root system of intact plants into the organs above ground. The 
changes of the velocity of the appearance of mannitol taken up by the root 
system in the guttation liquid were studied at various osmotic concentrations 
of mannitol in the root medium at various temperatures and in the presence 
of a respiration inhibitor. The capacity of mannitol uptake by the root 
system of dicotyledons was also investigated. 

Material and Methods 

Experimental plants: Hordeum sativum distichum HACK., variety Dunajsk:~ 
trh, 4--8 days old seedlings in the investigations of the velocity of appearance 
of mannitol in the guttation liquid and of the effects of mannitol on plant 
growth; Helianthus annus L., 5--8 days old seedlings for investigations of the 
velocity of the appearance of mannitol in the guttation liquid and 15 days 
old plants, when the effect of mannitol on the water uptake by the root system 
was investigated; P i s u m  sativum L. variety Zidlochovicks perla, 2--3 weeks 
old plants for the investigation of the effect of mannitol on water uptake by 
the root system of intact plants. Of the varieties used peas are mentioned 
among the plants with which the capacity for mannitol synthesis was observed 
(BouRNE 1958). 

The germinated plants were cultivated in water culture with aeration. After 
asepticity of the root medium was attained, the solutions were poured through 
a bacteriological filter into sterilized vessels. When the solutions were replaced 
every day, the root system was rinsed with sterile solution (GRoE~EWEGEN 
and MILLS). 

Solutions: 1/2 Knop nutrient medium (OP ~- 0.26 arm.) was the basic solu- 
tion serving as the solvent for preparing the mannitol solutions. In the in- 
vestigations of mannitol excretion in the guttation liquid, osmotic concentra- 
tions of mannitol of 0-5--1.0--2.0 and 5.0 arm. were used. In the studies of 
the effect of mannitol on the water uptake by the root system lower con- 
centrations of 0.5 and 1.0 arm. were used. In the experiments with the growth 
of barley increasing osmotic concentrations of mannitol of 2.17--4.9--6.5 arm. 
were used, which were changed in intervals of 24 hrs. The osmotic pressure 
of the experimental solutions was determined by calculation and simultane- 
ously estimated cryoscopically. The changes of OP of the employed solutions 
were also determined experimentally after 24 hrs. In order to enhance gutta- 
tion, the experimental plants were kept under conditions of high relative 
humidity. The respiration inhibitor was DNP in a final volumetric concentra- 
tion of 10-6M (TAKAOKI 1956). 

Methods: Mannitol was determined in the guttation liquid by paper chro- 
matography according to HAIS and MACEK (1959). Solvent system: n-butanol- 
-ethanol-water (4 : I i 5); detection with silver nitrate. The guttation liquid 
in quantities of 0.01 ml. was spotted directly on Whatman No. 1 paper. 

The water uptake by the root system was determined potometrically at 
constant temperature of the root system (23 ~ 0.5 ~ C) and of the shoot 
parts (25 ~ 1 ~ C). The microsolution was injected directly into the potometrie 
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vessels. To the root system of the control plants an equal volume of nutrient 
solution was added simultaneously. 

Results 

a) Velocity of the appearance of mannitol in the guttation liquid 
In all experiments with different concentrations the presence of mannitol 

in the guttation liquid of barley and sun-flowers was determined at 18--20 ~ C 
24 hrs. after adding mannitol to the nutrient medium. I t  was observed that  
the osmotic concentration of mannitol in the nutrient medium significantly 
affects the time of appearance of mannitol in the guttation liquid at this 
temperature. Mannitol was determined in the guttation liquid at an osmotic 
concentration of 2 atm after 17 hrs and at 5 arm already after 13 hrs (Tab. I.). 
The higher osmotic concentrations significantly inhibited the gut,ration in- 
tensity (OE~TLI 1962). 

An increase of the temperature caused considerable shortening of the time 
of mannitol appearance in the guttation liquid with barley and sun-flowers. 
This time was shortened to 1--2 hrs with barley at a temperature of 26~ 
and with sun-flowers at  30 ~ C (the osmotic concentration of mannitol in the 
nutrient medium was 1 atm.). 

Addition of DNP to the nutrient medium affected the time of mannitol 
appearance in the guttation liquid in dependence on temperature. At a tem- 
perature of 18--20 ~ C the time interval before the start of mannitol excretion 
in the guttat ion liquid showed a tendency of prolongation. With sun-flowers 
mannitol was not determined in the guttation liquid even after 48 hrs. How- 
ever, the guttation intensity was very low and did not facilitate continuous 
observations. 

At higher temperatures mannitol appeared in the guttation liquid of barley 
and sun-flowers after 1--2 hrs, as with the control plants without DNP. The 
guttation intensity at these temperatures was initially high, it stopped, 
however, completely after several hours. 

Table 1 

Effect of  the osmotic concentra t ion of manni to l  in the nu t r i en t  med ium on the velocity of the 
appearance  of marmi to l  in the gu t t a t ion  liquid of  barley seedlings at  19 4- 1 ~ C t empera tu re  

Osmotic manni to l  concentra t ion (atm.) 0.5 1.0 2.0 5"0 

Time of manni to l  appearance  (hrs) 24 x > 17 17 13 

b) Disappearance of mannitol from the guttation liquid of plants after their 
transfer into pure nutrient medium 

THIN[ANN, LOOS and SAMUEL (1960) observed a comparatively rapid disap- 
pearance of mannitol from the tissues of potato discs after their transfer into 
distilled water. In our experiments with whole plants the disappearance time 
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Tab le  2 
Ef fec t  of  t he  osmot ic  concen t r a t i on  o f  m a n n i t o l  in t h e  n u t r i e n t  m e d i u m  on t he  ve loc i ty  o f  t h e  
d i s appea rance  of  m a n n i t o l  f r om t h e  g u t t a t i o n  l iquid  of  ba r l ey  seedl ings  a f te r  t r an s f e r  of  t h e  
p l a n t s  in to  a n u t r i e n t  m e d i u m  w i t h o u t  m a n n i t o l  a t  19 =t= 1 ~ C 

Osmot ic  m a n n i t o l  concen t r a t ion  (arm.)  0.5 1,0 2-0 5.0 

T i m e  of  m a n n i t o l  appea rance  (hrs) 48 x < 48 68 x <: 68 

24 
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20 
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Fig.  1. Re l a t i onsh ip  be tween  t he  osmot ic  concen t r a t i on  o f  m a n n i t o l  in t he  n u t r i e n t  m e d i u m  
a n d  t he  ve loc i ty  of  i t s  appea rance  (A) d i s appea rance  (B) f r om the  g u t t a t i o n  l iquid  o f  
ba r l ey  seedl ings  a t  19 4- 1 ~ C. 

of mannitol in the guttation liquid was affected by  the osmotic concentration 
of  mannitol in the nutrient medium, in which the root system of the plants 
grew previously. The disappearance of mannitol from the guttat ion liquid in 
dependence on the osmotic concentration proceeded in the opposite sequence 
than its appearance. Even 60 hrs after the transfer of the plants into a nutrient 
medium without mannitol its presence in the guttation liquid was observed 
at an osmotic concentration of mannitol of 5 atm. (Tab. 2, Fig. 1). 

c) Effect of mannitol on the water uptake by the root system of intact plants 
I t  has been mentioned in the section on methods that  in the potometrie 

measurements of the water uptake by  the root system the mannitol solution 
was injected directly into the potometric vessels without interruption of con- 
tinuous observation of the water uptake. This technique facilitated the identi- 
fication of the immediate effect of mannitol on the water uptake. The values 
obtained by these measurements show that  the changes of the water uptake 
occurred very rapidly and the osmotic concentration of mannitol in the nutr ient  
medium was important (Figs 2 and 3). 

d) Effect of mannitol on plant growth 
In a short-term experiment the changes of the fresh weight and of the 

water content of the organs above ground and of the root system of 5-day-old 
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Fig.  2. W a t e r  u p t a k e  b y  t he  ro~)t s y s t e m  of  P i s u m  sat ivum af te r  add i t i on  o f  m a n n i t o l  to t h e  
n u t r i e n t  m e d i u m  a t  a c o n s t a n t  t e m p e r a t u r e  of  the  root  s y s t e m  a n d  a t  t h e  o rgans  above  
g round .  

barley seedlings were determined at an increasing osmotic concentration of 
mannitol in the root medium (intervals of 24 h). The data reported by  SLA- 
TYE~ (1961) and by  STROGA~OV and LAPINA (1964) on the rapid dehydrating 
effect of mannitol were confirmed. This effect was made still more significant 
in our experiments by  its increasing osmotic concentration in the nutrient 
medium (Figs. 4 and 5). 

With the experimental plants the presence of mannitol in the guttation 
liquid was observed after 24 h. After transfer of the plants into pure nutrient 
medium mannitol was present in the guttation liquid even after 48 hrs. At 
this time necrosis could be clearly observed on the ends of the leaves. Total 
growth was also inhibited. 
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Fig.  3. W a t e r  u p t a k e  b y  t he  roo t  s y s t e m  of  Helianthus  annus  af te r  add i t i on  o f  m a n n i t o l  to t h e  
n u t r i e n t  m e d i u m  a t  a c o n s t a n t  t e m p e r a t u r e  o f  t he  roo t  s y s t e m  a n d  w i th  t he  o rgans  
above  g round .  

D i s c u s s i o n  

The application of mannitol as a physiologically indifferent osmotic, not  
sorbed, is becoming increasingly questionable. Some authors pointed out the 
special behaviour of mannitol as compared to other osmotic agents. SLATYER 
(1961) emphasized the different response of plants to isoosmotie concentra- 
tions of mannitol and to freely diffusing solutions of KN03, NaC1. JACKS0~ 
(1962) reported a higher osmotic effect of mannitol as compared to poly- 
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Fig. 4. Changes in fresh weight  of  the  organs 
above  ground  and  of  the  root  sys t em 
of  bar ley  seedlings, caused by  the  in- 
creasing osmotic  concent ra t ion  of  man-  
ni tol  in the  nu t r i en t  medium.  

Fig. 5. Changes in water  con ten t  of  the  organs 
above ground and  of  t he  root  sy s t em 
of  bar ley seedlings, caused by  the  in- 
creasing osmotic  concent ra t ion  of  man-  
ni tol  in the  nu t r i en t  medium.  

ethylene oxide, when their effects on the growth of root hairs were tested. 
LI~ 'SER and HERW~G (1963) reported stronger plasmolytic effects of mannitol 
as compared to polyethylene oxide at isoosmotie pressures. KAHN (1960) in 
experiments with germination of seeds differentiates a primary osmotic and 
secondary non-osmotic inhibition of germination by mannitol. MANOHAR and 
HEYDECKER (1964) observed the penetration of mannitol into the micropyle 
and its deposition in the parenchyme of the testa, where it causes swelling, 
'with seeds germinating in solutions of high mannitol concentrations. WEST 
(1962) also assumed that mannitol penetrates the seeds during germination. 

GROENEWEGE~ and MILLS (1960) conclude, from the rapid transport of 
mannitol taken up by the root system of intact plants into the guttation 
liquid, that mannitol is transported by the xyleme and they doubt that it 
permeates into the cell vacuoles. The results of our experiments indicate the 
significance of the osmotic concentration of mannitol in the medium of the 
root and of the temperature for the transport of mannitol in the plant. A tem- 
perature increase into the range of the temperature optimum for water uptake 
by the root system, i.e. to 25--30 ~ C (Ku~ER 1964), and for the translocation 
processes in the plant (JENsE~ and TAYLOR 1961, WHITTE 1964), and especi- 
ally of the control activity of the root endodermis (WEATHERLEY 1963), led 
to considerable shortening of the time of the mannitol appearance in the 
guttation liquid. 

Shortening of the appearance time of mannitol in the guttation liquid at 



T H E  U P T A K E  OF M A N N I T O L  B Y  H I G H E R  P L A N T S  291 

higher osmotic concentrations of mannitol in the root medium may indicate 
a disturbance of the control system of the endodermis, due to damage to the 
root, as assumed by G R O E N E W E G E N  and MILLS. 

A negative effect of DNP on the velocity of mannitol appearance in the 
guttation liquid became manifest only at temperatures beyond the range of 
the temperature optimum for absorption and translocation processes. How- 
ever, more complete observations were impossible because of the strong in- 
hibitory effect of DNP on guttation. 

In this paper results were presented which widen the problem of the mannitol 
disappearance excreted by the guttation liquid after the transfer of the plant 
into a pure nutrient medium. The significance of the osmotic concentration 
of mannitol in the nutrient medium and of the temperature for the velocity 
of its disappearance was emphasized. GROENEWEGEN and MILLS pointed out 
another undesirable property of mannitol, i.e. its toxicity, becoming manifest 
in their experiments by necrotic drying of the leaf apices of barley. The toxi- 
city of mannitol has been especially emphasized by STROGANOV and LAPI~A. 
This property of mannitol was observed also in our short-term experiments. 

The problem of the possibility that mannitol exogenously taken up is meta- 
bolized by higher plants remains open. TRIP, NELSOX and KROTKOV (1963) 
recently reported the dissimilation of mannitol taken up by isolated leaves 
of some higher plants. Several higher plants have been found to synthesize 
mannitol (BouRNE 1963). These include also dicotyledons. 
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V prAci sa zisfujd podmienky  d61e~it6 pre  GROENEWEOE~OM a MILLSO~ (1960) prv:~ krs  
pozorovan6 vyluSovanie korefiov3~m sys t6mom pri ja t6ho mani to lu  guta6nou tekut inou.  

V pokusoch  s mlad~mi  ras t l inami  H o rd eu m  sa t i vum d is t ichum a He l ian thus  annus  sa zistilo, 
~te n a  r~chlos~ ob javenia  korefiov:~m s y s t 6 m o m  pri ja t6ho mani to lu  v gutaSnej t eku t ine  vpl:~va 
osmotick~ koncentrAeia mani to lu  v ~ivnom roz toku a t ep lo ta  pros t redia  korefia. P r i  na ras t an i  
osmotickej  koncentrs  mani to lu  z 0,5 na  1 , 0 ~ 2 , 0 - - 5 , 0  arm. ,  6asov:~ in terval  ob javenia  ma-  
ni to lu  v guta6nej  t eku t ine  sa zni~il z 24 hodtn  na  menej  ako 24--17  a 13 hodin  (tab. 1; g ra f  1). 
P r i  zvs~w t ep lo ty  pros t redia  korefia, u ja6mefia na  26~ a slneSnice na  30 ~ C, sa mani to l  
objavi l  v guta6nej  t ekut ine  u~ po 1 - -2  hodlngmh (OP ~ivn6ho roztoku 1 arm.).  

Osmotick& koncentr~cia  mani to lu  v ~,ivnom roz toku je vs~znamn~ aj pre  vymiznu t i e  mani-  
to lu  z gutaSnej  t eku t iny ,  po prelo~enf ras t l in  do ~tivn6ho roztoku bez mani tolu .  Vyw koncen-  
trhcie predl~ujd  vyluSovanie mani to lu  (tab. 2; g ra f  1). 

Pr i tomnosC mani to lu  v ~ivnom roztoku inhibuje  5asove bezpros t redne  pr i j em v o d y  korefio- 
v)~m eyst6mom, Sila inhibicie zavisi na  osmotickej  koncentrg~cii mani tolu.  Inhib ic iu  p r l jmu  
v o d y  doprevs  inhibicia r as tu  a r~chle odvodfiovanie  plet lv  korefiov~ho sys t6mu a nad -  
zemn5%h org~nov ras t l in  (graf 4 a 5). 

B. I{O3HHHA H I~JIEHOBCHA C., OT~e~eH~e ~H3iionorI~rI'pacTeHHfi, ]~oTattrI,~ecH~Ifi IIHCTHTyT 
C A H ,  Bpaw~cnaea :  O npHe~e Maltnwo~a BI~IemHMH p a c T e n ~ M m  - -  Biol .  P l a n t .  7 : 2 8 5 - -  
292, t965.  

B pa6oTe ~43y~a~owcff yCnOB~,  Ba~Hble ~ n a  Fpene~erel toM ~ MafiacoM (Groenewegen ,  
Mil ls  i960)  ~nepB~e  Ha6nmZ~aeMoe ~ ) ~ e ~ e n ~ e  r y T T a ~ o ~ o f i  m I ~ O C T ~ m  MaHI4WOJIa, 
IIpHH}=ITOFO HOpHenOfl CHCTeMOI4. B OHMTaX C MO~*O~MMH pacTen~aM~ H o r d e u m  s a t i v u m  
d i s t i c h u m  ~ g e l i a n t h u s  a n n u u s  ycTanonneHo,  qTO Ha cHopocT5 IIO~B~eHHa ManHTO~a, 
YIpHH~tTOFO HOpHOBO~ C]ICTOMOfi, B FyTaRHoHHo~I ~I~H~I~OCTIcI oKa3hfBaeT BJII4HHII00CMOTH~OcHafl 
HoHHeHTpaI~H~ Maur~wona B nHwawen5HOM pacw~ope ~t TeMnepawypa c p e ~  HOpH~. I Ip~  
Hapacwaurm OCMOTH~ecHofi ~OHl~e~twpaRu~ MaHHTOYIa C 0,5 Ha t , 0 - - 2 , 0 - - 5 , 0  aTM. ~uTepBa~ 
~peMen~ UO~B~eng~ MaHl4WOJIa B rywa~Hou~ofi  H~-~I~H0CTH CttI~I3I~3IC~I C 24 qacos  ~a 17 ~ t3  ~a- 
con (Ta6. 2X~- o t ,  rp .  ~ t ) .  H p ~  n o ~ m e H ~  weMnepaTyp~ c p e ~ i  nopH~ y ~ u M e ~  Ha 26 ~ H 

y no;~co:~Heun~Ha Ha 30 ~ H MattgTO3I n o ~ n ~ a c a  ~ ryTa~goHnofi  7R~I~ROCTH y ~ e  i - - 2  ~aca 
clIyCT~ (OP Hl~TaTeXtl)HOrO pacTBopa l aTM.). OCMOTV[qecI{a~ HOHReHTpaR~I~ MaI~HTO3Ia 
B IIHTaTent, HOM pacTBope HMeeT 3HaqegHe TaK~e )~ng Hcqe3HOBeHHS MaHHTOna H3 FyTa- 
I~tIOHHOI~I ~H~I~OCTI4, IIOCJIe nepeMen~eHHS ])aCTeHHfi B HHTaTeJIBHBIH paCTBOp 6e3 MaHHTO~a. 
Honarmeu~i~ie H o n ~ e H T p a ~ t  y;~a~U~tIOT B~;~eaenne Mannwo3Ia (waS. JV0 2, rp .  ~ 1). H p n -  
CyTCTBI~e Ma~IIITOJIa B rIHTaTextbltOM pacT~ope n n r n S n p y e T  Henocpe;~cTBen~o npHeM BO~bI 
~OpUeBOfi Cl~CTeMO~. ~ttTeIICI~BIt0CTb ~IItFII6HpoBaHH~I 3aBI4CIIT OT OCMOTH~Ieetr HoHIleItTpa- 
~ Man~To3ia. TOpMO~eHue np~eMa s o ~  c o n p o B o ~ a e T c H  TOpMO~eHVteM poeTa ~ 6HCTpUM 
o 6 e a B o ~ B a n ~ e M  TrcaHefi ~r C~ICTeM~I tI na~aeMH~ix opraHo~ paCTeH~fi (rp.  2V.o 3 ~ 5). 


