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Aimtntet. Variations in water content, relative water content (RWC), pressure potential and 
intraeellular pH (pHi) had been studied as factors of bud growth in rose plantletz grown in v/tro for 
micropropagation. During the phase of healing, pressure potential and pHi were high enough to allow bud 
growth. During the following growth phase only buds of the lower part of the stem were ableto grow. The 
growth ability of these buds and the growth inhibition of the others, associated with April, were retained 
during the last three days of culture, when dry matter content and RWC were the lowest. The results also 
showed a tight link between pHi and pressure potential. This may enable to distinguish different stages of 
plantlet development in vitro, 

Physiology of plantlets grown in vitro has rarely been studied. There are numerous 
problems in micropropagation, particularly connected with growth and stem devel- 
opment as affected by the components of nutrient medium. 

In plants grown in vitro~ like in field-grown plant s, the development is closely 
linked up with the water relations. Growth is inhibited below a certain value of 
relative water content (RWC) (e.g. SINCLAIR and LUDLOW 1985). This was also 
confirmed in buds of Bidens pilosus L. (COUDRET et aL 1987). 

Growth requires the cell pressure potential of the tissue in the zone of elongation 
to be lower than in the nearest adjoining zone (BoYER 1985). A consecutive 
decrease in pressure and water potential of cell implies formation of water potential 
gradient necessary for water movement into growing cells (LOCKART I965). At the 
same time, the rate of cell extension is thought tO be a function of the difference 
between the actual pressure potential and its threshold value required for growth 
(COSGROVE and CLELAND t983). 

The~morphogenetic potential of the buds is also to a large extent controlled by the 
supply of metabolites contained from the subjacent parts; the quantity of these 
metabolites is dependent on intracellular pH of these parts and of the buds (e.g. 
GENDRAUD 1981, GENDRAUD and LAFLEURIEL 1983, TORT and GENDRAUD 
1985). 

In this study we tried to set up the link between water status, intracellular pH and 
morphogenesis. In plants cultivated in vitro the parameters of water relations are 
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really not known ; the one established fact isthat stomata lose their reactivity and are 
always open (e.g. BRAINERD and FUCHIOAMI 1982, ZIV 1987). 

MA'IERIAL AND M]gTIiOI~ 

Phmt Matt.rill 

A rose tree (Rosa Madame Delbard (R) Deladel. hybrid of Thee) was micro- 
propagated in vitro in the modified medium of Murashige and Skoog. Cultures were 
grown under 16-h photoperiod, irradiance 50 Ixmoi m -~ s -i and day/night tempera- 
ture of 25/20 + I~ 

l~knwared lhu'an~ers 

W a t e r c o n t e n t was determined by drying the material at 80 ~ and expressed as 
percentage of dry matter. 

R e l a t i v e  w a t e r  c o n t e n t  (RWC). Actual water content was expressed in 
percentage of water content at full saturation (SINCLAIR and LUDLOW 1985). 

O s m o t i c  p o t e n t i a l  (zt). Cell sap was expressed from tissue after exposure in 
boiling water. Osmotic potential was measured with a freezing-point osmometer 
(COUDRET 1979). 

W a t e r  p o t e n t i a l  (~p) was measured by Maximov's method. The concentration 
of sucrose solutions in which plants were incubated was determined with a refrac-. 
tometer. In the material used, comparisons with psychrometric method (WESCOR) 
gave the same results for both methods. 

P r e s s u r e  p o t e n t i a l ,  turgor, (P) was calculated from the difference between 
osmotic and water potentials (n and ~) as P = n "  xp. 

Measurements were always made at the same time in order to eliminate variations 
in parameters measured due to photo- and thermoperiods. Measured plants were 1, 
4, 8, 15, 18 and 21 d old. Each value is a mean of five repetitions. 

I n t r a c e l l u l a r  pH (pHi) of plants was measured using dimethyl oxazolidine 
[t4C] 2"4 dione (DMO) as a probe (KURKJIAN and GUERN 1978, GENDRAUD 
1981). The principle of the measurement is based on the penetration of the 
undissociated molecules which diffuse through the cell membranes. The molecules 
are dissociated inside and outside the cells according to the intracellular and 
extracellular pH and a diffusion equilibrium was estab~i~ed between the undis~ 
sociated molecules in the cells and the incubation medium : 

Ci 1 q- 10 ~pKa -phi) 

Ce 1 + 1 (ypK~ - pH~ 

where Ci, Ce, pHi and pile are the intracellular and cxtraccllular.concentrations of 
DMO, and intracellular and extrace!lular pit. respectively. The pKa of DMO was 
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taken as 6.3; Ca was measured after 12,h incubation, since this t imeallowed the 
diffusion equilibrium to be established( C, and pH, were measured directly. Ca could 
be defined as intraceUular DMO quantity (Qi), relating to intracellular volume (Vi). 
Vi is the difference between total volume (V,),~ by mass and density, and 
intracellular volume (V,). Apoplastic volumes (V,) were determined by equilibrat- 
ing tissues with a radioactive impermeant solute, and measuring the radioactivity 
associated with the tissues. It was generally near 20 % for our plants irrespective of 
their age. Q~ is the total radioactivity eluted from extracellular and metabo!ized 
DMO. Metabolized DMO was determined after chromatography of an aliquot of /he 
extract on silicagel plates developed in isopropanol-ammonia-water (8/1/1, v/v/v). 
Measured plants were 1, 4, 8, 15, 18 and 21 d old. Intracellular pH of leaves, stems 
and buds was determined as shown on Fig. 1. All the data were the means of five 
repetitions. 

b 
B <1 ~ ,~ 

Fig. 1. Scheme of a plantlet grown in vitro: a, b, c - upper, lower and middle part of the stem, respectively. 
- A:  plants 1 and 4 d old; B: plants 9, 15, !8 and 21 d old. Full line: old stem; dashed line: young stem; 
triangle: bud ; half discs: leaf. 

RESULTS AND DISCUSSION 

The course of d r y m a t t e r a c c u m u I a t i o n in a plant had three stages (Fig. 2a): 
1) 0 to 4 d: during this stage dry mass was stable. Plants, highly trimmed at the 

time of pricking out were healing. 
2) 4 to 17 d: a growth stage during which buds and then stem and leaves were 

growing. 
3) 18 to 21 d: a stage during which growth was stopped before the next pricking 

out. 
W a t e r c o n t e n t (Fig. 2b) decreased during the micropropagation. However, 

after cutting and pricking out of three weeks old plants an important water uptake 
was induced that explained the water content increase from 1200 to 1900 % of dry 
mass during the first two hours after pricking out. 

R e I a t i v e w a t e r c o n t e n t. During first days of culture RWC was high ; then it 
diminishes when buds started to grow, and afterwards it remained Cons/ant till three 
weeks (Fig. 2c). 

P r e s s u r e  p o t e n t i a l .  Pricking out, cutting and water uptake were linked with 
a very low pressure potential (0.3 MPa) during the first day of micropropagation 
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(Fig. 2d). From the fourth day, when healing was real, pressure potential was higher 
and more or less sta~e (0.6 MPa): the restructured membranes could keep pressure 
potential high enough for further development of growth potential. 
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Fig. 2. Dry matter (a), water content (b), ~elative water content (c) and pressure potential (d) of plants at 
various periods after pricking out. 

I n t r a c ell u I a r p H .  Micropropagation by clump separation required that only  
buds from the lower part of the stem grew. Intrace!lular pH measurements in buds, a s  
a fun,.~ion of the age of  plants and of the insertion level on the stem, showed that 
growth ability appeared between the 18th and the 21st days of growing: then, their 
pH became highly alkaline (Fig. 3). �9 
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Fig. 3. Intracellular pH of buds of the upper (u), middle (o) and lower (A) part of the stem at various 
periods after pricking out. 

However, there was an alternation between both phenomena: the upper leaves 
got more alkaline and the lower part of the stem became less alkaline. Immediately 
after pricking out, the lower part of the stem got more acid; in contrary the leaves 
kept the same alkaline phi for 21 d. 

From the first to the fourth day, pH, of the lower part of the stem increased 
similarly as pHi of upper leaves (Fig. 3). Buds of the lower part of the stem grew in 
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9-d old plantlets, when the stem was alkaline and was also able to take up mctabolitcs 
f rom the nutrient medium. From the 9th to 15th day, the phi of upper leaves 
increased, in contrary pHi of the lower part of the stem decreased ; metabolites did 
not accumulate in the cells of the lower part of the stem, being used for growth. 

From the 18th day, growth rate decreased and, in the same time, the gradient of 
phi was inverted : there was an accumulation of metabolites in the lower part of the 
stem and this was the sign of considerable organogenesis in the buds of the same part. 

Changes in the parameters of water relations in plantlets grown i'n vitro indicate 
three different stages of development: l) healing stage till the fourth,lay, including 
restructuring of membranes necessary for growth ; 2) cell growth stagefrom the 4th 
to the 17th day: 3) stage during which the plants look like mast organ s and are 
characterized ~ a weak growth and low water content. 

Immediate!y after pricking out, pH~ of the lower part of the stem became acid : cells 
below buds were not able to keep metabolites needed for growth and taken up!tom 
the medium. In the lower part of the stem the transmembrane H + gradient reached 
its initial level and allowed growth of buds between the fourth and the ninth days. 

Till the 17th.day, leaves obtain metabo!ites. At the:end of growing, nutrients 
passed into the lower part of the stem: this allowed buds to grow. The increase in bud 
pHi on the lower part of the stem was needed to allow micropropagation by clump 
separation ; in fact, if picking out (cutting the top off, cutting off dead structures of 
the lower part of the stem, transplantation on new medium) took place the 18th day, 
i.e. before the increase in bud pHi, all buds may gi, ow. 

High RWC is needed for bud growth. Buds do not grow. at RWC lower than 70 % 
(end of subculture) or lower tha#75 % (beginning of a subculture). However, when 
RWC is very high (more than 98 %) a majority of buds grow rapidly, and 
vitrification can occur (HARBAOUI and DEBERGH | 982). We found similar results 
with Biddens pilosus L. (CHANTELOUBE 1987). 

A very tight link could be observed between water status and intracellular pH. 
24 h after pricking out, water content was high and pressure potential was very low" 
this could indicate a disorganization of membranes. H § gradient on the plasmalem- 
ma decreased and the pHi became acid. The first four days of growing, healing was 
simultaneous with an increase in PressUre potential and alkalization of the lower part 
of the'plant. This showed changes in membrane structures implied in the increase in 
pressure potential and accumulation of metabolites (ATPases and functioning of 
co-transport system). 

During the stage of new clump growth, turgor potential became stable, water 
content decreased and the alkaline pHi signified that cells of leaves could beable tO 
keep metabolites ; the cells were in meresis and auxesis. At the end of growth, a low 
water content showed that organs were not get young : the metabolites passed again 
to the lower part of the stem. Growth stopped; an organogenesis stage was 
responsible that the plants became more mast-like thanbefore and the buds of the 
lower part of the stem could be able to grow. 



INTRACELLULAR pH. WATER RELATIONS AND MORPHOGENESIS 

REFERENCES 

63  

BOYER, J. S. : Water transport. - A n n u .  Rev. Plant Physiol. 36 : 473-516, 1985. 
BRAINERD, K. E., FUCHIGAMI, L. H. : Stomatal functioning of in vitro and greenhouse apple leaves in 

darkness, mannitol, ABA and CO2. - J. exp. Bot. 33 : 388-392, 1982. 
OaANXELOUa~, F. : Evolution des Diff6rents Param6tres Hydriques apr6s Divers Traitements Modulant 

I'Expression de rlnhibition de la Croissance de I'Hypocotyle de Bidenspilosus L. -  D. E. A., Clermont 
lI 1987. 

COSGROVE, D. J., CLIELAND, R. E. : Osmotic ptdperti.es of pea internodes inrelation to growth and auxin 
action. - Plant Physiol. "/2 : 332-338, 1983. 

Cout)aE'r, A.: Action du Chlorure de Sodium et des Antitranspirants sur les Echanges d'Eau e t de Gaz 
Carbonique d'un Halophyte ("Plantago maritima" L. var. "Graminea") et d'un Glycophyte ("P/an- 
tago laneeolata" L.). - Th~se Doct. Etat, Universit6 Caen, Caen 1979. 

COUDRET, A., DF_.SBII~Z, M. O., CHANTELOUBE, F. : Action de I'humidit6 relaiive de l'air sur l'expression 
de corr61ations entre bourgeons cotyl6donaires, induite par un Signal traumatiqud'chez Bidens pilosus 
L. : Relation avecla transpiration. "Compt .  rend. Acad. Sci. Paris, S6r. III 305 :  633-637, 1987. 

GENDnAtna, 1~" Etude de quelques propri6t6s des parenchymes de Topinambour en relation avec leurs 
propri6t6s!morph0g6n6tiques. -Physiol.  v6g. 15 : 121~132, 1981. 

GENDRAUD, ~b'~., LAFLEURIEL, J, : Caract6ristiques de rabsorption du saccharose et du t6traph6nyl-phos- 
phonium par les parenchymes de Topinambour, dormants et non dormants cultiv6s in v/tro. - Physiol. 
v6g. 21 : 1125-1133, 1983. 

HARaAOUl, Y., DEnERt3rt, P. : Multiplication in vitro de clones s61ectfonn6s d'artichaud (Cynart scolymus 
L.). Application de la culture in vitro ~ l'am61ioration des plantes potag~res. - Eucarpia Meeting. Pp. 
1-7, Versailles 1982. 

KozAt, T., Ogt, H., FUJXWARA, K. : Effects of CO2 enrichment and sucrose concentration under high 
photosynthetic photon fluxes on growth of tissue-cultures Cymbidium plantlets during the preparation 
stage. - In: Symposium of Plant Micropropagation in Horticultural Industries. Arlon 1987. 

KURIOIAN, A., GUERN, J. : Intracellular pH in higher plant cells. Improvements in the use of the 
5.5-dimethyloxazolidine-2 t4C, 4-dione distribution technique.- Plant Sci. Lett. 11 : 33%344, 1978. 

LocgART, J. A. : An analysisof irreversible plant cell elongation. - J. theor. Biol. 8 : 264-276, 1965. 
PETEL, G., GENDRAUD, M. : Contribution to the study of ATPase activity in plasmalemma enriched 

fraction from Jerusalem artichoke tubers (Helianthns tnberosus L.) in relation to their morphogenetic 
properties. - Plant Physiol. 123 : 373-380, 1985. 

SINCLAIR, T. R., LUDLOW, M. M. : Who taught plants thermodynamics ? The infulfilled potential of plant 
water potential. - Aust. J. Plant Physiol. 12 : 213-217, 1985. 

TonT, M., GENDRAUD, M. : Contribution/~ r6tude des pH cytoplasmiques et vacuolaires en rapport avec 
la croissance et l'accumulation des r6serves chez le Crosne du JaPon. - Compt. rend. Acad. Sci. Paris, 
S6r. III 229 : 431-434, 1985. 

ZIMMERMAN, U., STEUDLE, E., LELKES, P. I. : Turgot pressure regulations in Valonia utricularis. Effect of 
cell wall elasticity and auxin~ - Plant Physiol. 58 : 608-613, 1976. 

Ziv, M. : Hardening aspect o~ micropropagated carnation olants having malfunctioning stomata. - In : 
Symposium of Plant Micropropagation in Horticultural Indtlstvies. Arlon 1987. 


