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Abstract. Experiments with young Hordeum sativum and Helianthus annus plants showed
that in the excretion of mannitol in the guttation liquid observed by GROENEWEGEN 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 exeretion 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.

Excretion of mannitol, taken up by the root system of intact plants, by the
guttation liquid was first reported by GROENEWEGEN and Mirrs (1960). Their
experimental results were confirmed by STRocaNov and Lapina (1964), who
simultaneously extended the number of plants, taking up mannitol and ex-
creting it in the guttation liquid. These authors emphasized also the ease and
rapidity of mannitol penetration into the organs of intact plants.

The possibility of the uptake of mannitol by plant cells has been assumed
by Burstrom (1953) and by OrpIN, APPLEWHITE and BoNNER (1956), when
mannitol was used as an osmotic in the work with tissue cultures. THIMANN,
Loos and SAMUEL (1960) reported a very slow uptake of mannitol by the
cells of potato discs. It appears doubtful, that mannitol could penetrate the
vacuoles. The authors assume that mannitol gets into an apparently free
space, from where it can easily disappear.

Some authors pointed out some special properties of mannitol as compared
to isoosmotic concentrations of other osmotics (SLATYER 1961, WALLACE,
SADEK and Surr 1962, LinsEr and HErwic 1963).

In connection with the results of the experimental observations of GROENE-
wEGEN and Miuts (1960) and of STRogaNOV and LapiNa (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 Dunajsky
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; Pisum sativum L. variety Zidlochovickd 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 (GROENEWEGEN
and MiLLs).

Solutions: 1/2 Knop nutrient medium (OP = 0-26 atm.) 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 atm. 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 atm. were used. In the experiments with the growth
of barley increasing osmotic concentrations of mannitol of 2-17—4-9—6-5 atm.
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-¢M (Taxaok1 1956).

Methods: Mannitol was determined in the guttation liquid by paper chro-
matography according to Hais and Macexk (1959). Solvent system: n-butanol-
-ethanol-water (4 :1:5); 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 4- 0-5°C) and of the shoot
parts (25 -+ 1° C). The microsolution was injected directly into the potometric
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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. It 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 atm already after 13 hrs (Tab. L.).
The higher osmotic concentrations significantly inhibited the guttation in-
tensity (OERTLI 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°C
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 guttation 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 concentration of mannitol in the nutrient medium on the velocity of the
appearance of mannitol in the guttation liquid of barley seedlings at 19 4- 1° C temperature

Osmotic mannitol concentration (atm.) 05 ‘ 1-0 2-0 5-0

x Time of mannitol appearance (hrs) 24

x> 17 17 13

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

THIMANYN, 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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Table 2

Effect of the osmotic concentration of mannitol in the nutrient medium on the velocity of the
disappearance of mannitol from the guttation liquid of barley seedlings after transfer of the
plants into a nutrient medium without mannitol at 19 4 1° C

Osmotic mannitol concentration (atm.) 0-5 1-0 2-0 50
Time of mannitol appearance (hrs) 48 X < 48 68 x << 68
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Fig. 1. Relationship between the osmotic concentration of mannitol in the nutrient medium
and the velocity of its appearance (A) disappearance (B) from the guttation liquid of
barley seedlings at 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 guttation 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

It has been mentioned in the section on methods that in the potometric
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 nutrient
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. Water uptake by the root system of Pisum sativum after addition of mannitol to the
nutrient medium at a constant temperature of the root system and at the organs above
ground.

barley seedlings were determined at an increasing osmotic concentration of
mannitol in the root medium (intervals of 24 h). The data reported by Sra-
TYER (1961) and by StrocaNov 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. Water uptake by the root system. of Helianthus annus after addition of mannitol to the
nutrient medium at a constant temperature of the root system and with the organs
above ground.

Discussion

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 isoosmotic concentra-
tions of mannitol and to freely diffusing solutions of KNO,, NaCl. JacksoN
(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  Fig. 5. Changes in water content of the organs

above ground and of the root system
of barley seedlings, caused by the in-
creasing osmotic concentration of man-
nitol in the nutrient medium.

above ground and of the root system
of barley seedlings, caused by the in-
creasing osmotic coneentration of man-
nitol in the nutrient medium.

ethylene oxide, when their effects on the growth of root hairs were tested.
Linser and HErwic (1963) reported stronger plasmolytic effects of mannitol
as compared to polyethylene oxide at isoosmotic pressures. Kaux (1960) in
experiments with germination of seeds differentiates a primary osmotic and
secondary non-osmotic inhibition of germination by mannitol. MANoHAR and
HeypECKER (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.

GROENEWEGEN 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 (KutpEr 1964), and for the translocation
processes in the plant (JENSEN and TavLor 1961, WarTTE 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
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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 GROENEWEGEN 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 MirLs 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 STrRoOGANOV and LAPINA.
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, NELSON and KroTrov (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 préci sa zistuja podmienky déleZité pre GROENEWEGENOM a Minrsom (1960) prvy krat
pozorované vyluéovanie korefiovym systémom prijatého manitolu gutaénou tekutinou.

V pokusoch s mladymi rastlinami Hordeum sativum distichum a Helianthus annus sa zistilo,
%o na rychlost objavenia korefiovym systémom prijatého manitolu v gutacnej tekutine vplyva
osmotické koncentracia manitolu v #ivnom roztoku a teplota prostredia korema. Pri narastani
osmotickej koncentricie manitolu z 0,5 na 1,0—2,0—5,0 atm., ¢asovy interval objavenia ma-
nitolu v gutac¢nej tekutine sa zniZil 2 24 hodin na menej ako 24—17 a 13 hodin (tab. 1; graf 1).
Pri zvyseni teploty prostredia koreiia, u jatmenia na 26°C a slneénice na 30° C, sa manitol
objavil v gutadnej tekutine uz po 1—2 hodindch (OP Zivného roztoku 1 atm.).

Osmotickd koncentrécia manitolu v Zivnom roztoku je vyznamng aj pre vymiznutie mani-
tolu z gutalnej tekutiny, po preloZeni rastlin do Zivného roztoku bez manitolu. Vyssie koncen-
tracie predlZuju vyluéovanie manitolu (tab. 2; graf 1).

Pritomnost manitolu v Zivnom roztoku inhibuje ¢asove bezprostredne prijem vody korefio-
vym systémom. Sila inhibicie zavisi na osmotickej koncentricii manitolu. Inhibiciu prijmu
vody doprevddza inhibicia rastu a rychle odvodiiovanie pletiv koretiového systému a& nad-
zemnych orginov rastlin (graf 4 a 5).

B. Kosunka u Knenorcka C., Orgenenne pusnosornn pacrennil, BorannyecKuit MHCTHTYT
CAH, Bparuciasa: O npueme mMaHuTOIA BhicmuMa pactenmamu. — Biol. Plant. 7 : 285—
292, 1965.

B pabore msyuatorest yciosus, Bajase 51a 'penesercmom m Maitncom (Groenewegen,
Mills 1960) smepsme HaGmogaemoe BEIIelleHHe TyITAOMOHHON JKHIKOCTBIO MAHHUTOMA,
IPHHATOTO KOpHEBoH cmcTemolt. B ommrtax ¢ MoiofeiMu pactenmamu Hordeum sativum
distichum w Helianthus annuus yCTaHOBIEHO, 9YTO Ha CKOPOCTh NOABJIeHWs MaHMTOJIA,
IPUHATOTO KOPHEBOH cUCTeMOM, B TYTAIOHHOMN KUAKOCTH OKAa3hIBaeT BIMAHNE OCMOTHYECKAA
KOHIIEHTPAINA MAHMTOJIA B IATATE/IBHOM DAacTBOPe M TeMOepaTypa cpels Kopusa. Ilpm
HAPACTAHMH OCMOTHYECKOH KOHNeHTpanmu Manurosna ¢ 0,5 Ha 1,0—2,0—5,0 at™M. naTepBaa
BpeMeHH NOSBICHUA MAHUTOIA B TYTAIMOHHOM RUAKOCTH CHUBMIICH ¢ 24 YacoB Ha 17 u 13 ua-
coB (tab. N2 1, rp. N2 1). IIpu noBLIIeHnaN TeMIEPATYPH CPeXB KOPHA y AuMeHs Ha 26° I
¥ y nojconreunnira #Ha 30° I MaHWTO MOABWIICA B I'yTAallMOHHOH KuprocTy yike 1—2 daca
coycrss (OP mumrarensHoro pacrBopa 1 arm.). OcMmoTmuecKas KOHIEHTpPAIUA MAaHHTOJA
B IIATATeJBbHOM DPACTBODE MMeeT 3HAUCHWE TAKKe 1A MCYe3HOBEHHM: MAHHTOJA W3 TyTa-
INVOHHOM JKUAKOCTH, TOCJe NepeMelieHust pacTeHull B nuraTeasHsi pacrBop Ge3 MaHmTOIA.
TloBrmueHHEEe KOHUEHTPAIMA YVIMHAIOT BhIfejgeHme Manmrona (tab. N 2, rp. Ne 1). Ilpm-
CYTCTBHE MAHHUTOJA B HHTATEJHHOM PACTBOPE MHIHMOMpPYeT HeNOCPEACTBEHHO TPHEM BOJEI
KOPHeBOf cucrteMoii. HTeHCHBHOCTD HHIHOMPOBAAUA 3aBUCAT OT OCMOTHUECKOH KOHIEHTpA-
nuy MarnrTosa. TopMosKeHue TIpreMa BOXKL COPOBOKAAETCA TOPMOKEHTAEM POCTa M OBICTPEIM
obe3BoskmBaHmeM THaHeH KOPHEBOH CHCTeMBI M HaJ3eMHEIX OPTaHOB pacTeHmit (rp. N 3 m 5).



