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Abstract-Seedlings of two maritime pme populations from France (‘Landes’) and Morocco (‘Tamjoute’) were 
subJected to water stress. Aerial parts and roots of the seedlings were analysed for D-pi&O1 (3-0-methyl-D-mosltol) 
and myo-inositol In well-watered plants, pinitol concentration was two to three times higher m the Moroccan plants 
than m the French plants Pinitol accumulated to the same relative degree in water-stressed seedlings of the two 
populations. Myo-inosltol concentration seemed only to increase in roots of the Moroccan plants The physlological 
function of pimtol is dlscussed 

INTRODUCTION 

One possible adaptatlve response of plants with respect 
to drought is the accumulation of mtracellular solutes. 
The Identification of such components and their increase 
in water-limltmg condltlons could be of potential use m 
selection of drought adapted varletles These solutes are 
found to vary according to species, but consist of two 
groups.morganic ions (K’, Cl-, Na+, SOi- . . .) and 
organic components (malate, prohne, betame, polyols .) 
[l, 21. But accumulation with water stress IS not sufficient 
to prove the adaptative value of the solute The Increase 
could be the result of metabolic perturbations or accumu- 
lation of assimilates because of slower growth [3,4]. Thus 
selection for varletles of cereals rich m proline has 
produced ambiguous results [S, 61. 

During the last 10 years, some authors, e.g. Wyn Jones 
et al. [7], have emphasrzed the Importance of intracellular 
locahsatlon of solutes. Interest has focused on the cyto- 
plasmic compartment m which perturbations have a 
direct effect on the metabohc function of the plant 
Borowltzka et al. [SJ used the term ‘compatible solutes’ 
to describe the organic, non-toxic components that accu- 
mulate m the cytoplasm m response to low water poten- 
tials. Polyols seem to be smtable as compatible solutes 
accordmg to Sacher and Staples [9] since they have no 
carboxyl or amme group that can Interfere with other 
cellular components Ahmad et al [lo] found that sorb]- 
to1 had no effect on the activity of some cytoplasmic 
enzymes extracted from a halophyte Plantago maritmm 
However there is no evidence m the hterature as to 
intracellular localization. 

This report describes the effect of water stress on the 
levels of pmltol and myo-mosltol in seedhngs of marltlme 
pme. Comparison is made between two populations: 
‘Landes’ (France) drought sensitive, and ‘Tamjoute’ 
(Marocco), adapted to drought [11-133. In a previous 
study [14], measurement of water and osmotic potentials 
showed the occurrence of an osmotic adjustment in roots 

of water-stressed seedlings of maritime pine. The osmo- 
regulation seemed to be more accentuated in the Mor- 
occan plants. 

D-Pmitol is one of the most abundant cyclitols in plants 
[ 151 and IS a maJor component m the Pinaceae, Legumm- 
osae and Caryophyllaceae. Its biosynthetic pathway has 
been elucidated in gymnosperms and legummous plants 
[16] and Includes myo-inositol as a precursor. The 
physlological role of pinitol is as yet unknown, but seems 
to be related to adaptation of plants to drastic osmotic 
conditions: pmltol is one of the most Important con- 
stituents m numerous species of mangroves [17], and 
large amounts have been reported in leaves of the desert 
shrubJoJoba (Stmmondsia chinenszs) [lS]; recent work has 
provided evidence of Its accumulation as a response to 
water deficit [19,20], or after application of a salt stress 
[21,22] Gorham [22] suggested that the accumulation 
was not the result of metabohc perturbations because no 
simultaneous Increase m prohne, apparently an indicator 
of such mJunes, has been noted. Ford [20] showed that 
pmltol level m water-stressed leaves of &Janus cajun did 
not continue to rise with more severe water deficits 

RESULTS 

Efict of water deficit on pzmtol and meso-inositol content 

Pinitol. The range of pinitol concentrations m well- 
watered seedlings (Fig. 1, for $ msec= -0.03 MPa) was 
from 0.5 to 2 mg/g dry weight for the cotyledons and 
primary needles, and twice to three times lower for the 
hypocotyls and roots. Comparmg the two populations, 
whatever the part of the plant considered, the values were 
two to three times higher for the seedlings from TamJoute 
than for the seedhngs from Landes. 

In the cotyledons primary needles and roots of the 
plants subjected to the water-deficit treatments, pimtol 
increased with the same relative rate for the two popu- 
lations of marltime pme + 100% in the aerial parts and 
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Cotyledons-primary needles 

Fig 1 Effect of water stress on D-pmltol concentrations in 

different parts of three-weeks old seedlmgs of the two pro- 
venances of marmme pme (mg/g dry wt and mM/kg dry wt) 
Provenances Landes (a l ), Tarqoute (A---A) #irns wa- 

ter-potential of the mmeral solution 

+ 20 to 40% m the roots for the treatment of $ms = 
-0 5 MPa (Fig. 1) 

FIN 2 Effect of water stress on my+mosrtol concentratmns m 
different parts of three-weeks old seedlmgs of the two pro- 

venances of marltIme pme (mg/g dry wt and mM,‘kg dry wt) 

Provenances Ldndes (m- l ), Tamjoute (It --- A) $,, wa- 
ter-potentml of the mmeral solution 

Myo-mosztol. Higher values were found for this com- 
pound compare to pmitol especially m the upper part of 
the seedlmg (Fig. 2) The French plants were richer than 
the Moroccan plants for the cotyledons primary needles, 
but poorer for the roots With increasing water deficits, an 
accumulation of myo-mosltol occurred only m roots of 
the population ‘Tamjoute’ 

In Figs 1 and 2, the evolution of the two compounds 
was also expressed m mMjkg dry weight The values 
agree with the view that myomosltol IS the precursor 6f 
pimtol except for roots of the Moroccan provenance, an 
increase m pmltol IS related to an equivalent decrease in 
myo-mositol 

To estimate the osmoregulatory role of pmltol, the data 
were also related to water content of tissue (mM/l, Table 
1) The osmotic contrlbutlon appeared to be low on a 
whole cell basis However It becomes slgmficant if a 
cytoplasmlc localization of the polyol IS assumed (Table 
1) For the calculation, the cytoplasmlc volume 1s consld- 
ered to represent 5% of total water content of tissue 
[23,24] Previous cytological observations on roots 2251 
showed no cell plasmolysls until an applied water stress of 
-0.5 MPa for more severe stress, peripheral cells began 
to be damaged, but no effect on root growth was noted 
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Table 1. Variation in pinitol concentrations (mM/l) in seedlings 
of the two provenances of mantime pme submitted to different 

water deficit treatments 

Water deficit treatment 
($ ms in MPa) - 0.03 -0.2 -0.5 -0.8 

Pmitol concentration 
in mM/l 
Cotyledons-primary needles 
Landes (I) 0.60 1.06 I.64 2.1 

12.0 212 32.8 42 
Tamjoute (1) 1.77 2.63 3.88 3.16 

(2) 35.0 52.6 77.6 63.2 
Roots 
Landes (1) 0 14 0.10 0.27 0.45 

(2) 2.8 2.0 5.4 9.0 
Tamjoute (1) 0.36 0.45 0.73 1.05 

(2) 7.2 9.0 14.6 21 

(I) Pinitol concentration on a total water content basis of 
tissue. 

(2) Pmitol concentration in cytoplasm assurnmg that (a) 
pimtol is only localized m the cytoplasm of cells and (b) 
cytoplasm volume = 5% total water content of tissue. 

Concentrattons of pinitof and myo-inositol in the apex 
(3-4 mm length) and rest of the roots (Table 2). 

With older plants (dweek-old), pinitol concentrations 
in roots were lower. Nevertheless, the relative variations 
of the two polyols with water stress in the upper part of 
roots were found to be the same as in younger seedlings, 
except there was no tncrease in myo-inositol in roots of 
the population ‘Tamjoute’. 

Pinitol level was lower in the apex than in the rest of the 
roots while myo-inositol level was maintained. In the 
water-stressed root tips, the two polyols increased sub- 
stantially, particularly in the Moroccan seedlings.. 

DISCUSSION 

Pinitol concentrations in maritime pine seedlings were 
10 to 20 times lower than those reported in literature for 
other species (Table 3). However the ratio of aerial-to- 
root contents was the same (ca 2 to 3). In this paper, 
young seedhngs were investigated: samples from older 
trees would probably give higher values. Myo-inositol in 
maritime pine reached the same level as in Honkenya 
peploides [21] and in 10 troplcal legumes [20] (Table 3) 

Table 2 Pinitol and myo-mosltol concentrations (mM/l water content of tissue) In roots of well-watered 
and water-stressed six-week-old seedlings of the two provenances of marltIme pme 

Water deficit 
-treatment (MPa) 

Plnitol Myo-mosltol 

(mM/I) (mMP) 

Landes TamJoute Landes TamJoute 
-0.03 -0.5 -0.03 -05 -0.03 -0.5 -0.03 -0.5 

Remainder (upper) part of roots 0.03 0.06 0.06 0.13 0.25 0.34 0.27 0.30 
Root apex (s) 003 001 005 026 I.8 0.32 4.54 

Separated measures were made in apex and remainder part of roots. 

Table 3. Comparative values of pinitol and myo-mositol concentrations m 
different species 

References 
Species and plant 
organs 

Pinitol Myo-mosi- 
to1 

mg/g dry mp/g dry 
weight weight 

CW Different species 
of alfalfa and 
clover 

Four species of 
clover. 

c:301 Trijblium repens 
(white clover) 

Glycine max 

Cl11 Macroptilium 
atropurpureum 

~271 Pinus sylvestris 

Cl41 10 species of 
tropical legumes 

WI Honkenya peploides 
Present work Pinus pmaster 

leaf 

leaf 15-30 
shoot 20-30 
root 3-5 
leaf 25 
root 10 
leaf 27 

leaf 
needles 

leaf 
leaf 

15-30 

IO 
30 

2-20 26 
I4 1.8 
l-2 4-5 
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The better drought-adapted plants from Tamjoute 
were rrcher m pmitol, and the degree of relative accumu- 
lation of this polyol under water deficit was the same for 
the two populattons Early studies [14] indicated a 
greater ability of water uptake m drying soil for the 
Moroccan seedlings The higher level of pmltol could be 
related to this behaviour. As a myo-mositol increase was 
also noted m roots, the contributron of the second polyol 
could also be considered Recent work of Sacher and 
Staples [9] established a relattonshrp between, myo- 
mosrtol increase m leaves and roots of tomato plants 
submitted to sodmm chloride soluttons and the genotype 
adaptation to salt stress 

Consldermg the absolute values of concentrattons ob- 
served, the osmoregulatory role of the two polyols seems 
to be only significant If a cytoplasmic localizatron is 
assumed. In this case, higher concentrattons m root trps 
could be expected (tissue with a greater percentage of cells 
without vacuoles) this was only found for myo-inositol m 
water-stressed roots. Such a comparrson is however made 
between mertstemattc and drfferentrated cells. Other solu- 
tes can be specrfic to the growing tissues m another study 
(unpublished results), the importance of potassmm for the 
osmotrc adjustment m apical parts of the seedling has 
become apparent 

The precise role of pmitol remains questionable. We 
considered the posstbrhty of an intracellular localization 
of pmttol Other authors suggested that polyols accumu- 
lated m conducted vessels. Smith and Mllburn [26] found 
that sucrose contributed to osmotrc adjustment in the 
phloem of R~cmus communis, m which rt IS negattvely 
correlated to potassmm concentratron The stablhzatron 
of membrane structures m dry condrtron by polyols IS 
also assumed 1271 These compounds could replace water 
molecules thanks to their alcohol functions Ford [19] 
showed for a tropical legume (Macroptthm atropurpur- 
eum), that the osmotic adjustment occurred because of a 
change m tissue hydration and not solute accumulatron 
tt IS interesting to note that among the chemical con- 
stituents mvestrgated, only an increase m pmltol was 
observed 

This physical property is also related to another stress: 
frost hardiness According to Bteleskr [28], an ‘hydrated 
protein with a polyol could be more tolerant Breleski 
mentioned this cryoprotector characterrstrc to explam 
seasonal variations of sorbttol m xylem sap [29,30] and 
tissues of apple trees [31,32] sorbrtol was more concen- 
trated durmg wmter than during summer, and concentra- 
tions increased after hardening treatments Pmttol exhl- 
btts srmrlar seasonal fluctuations m needles and bark of 
gymnosperms [33,34]. Dramantoglou [33] suggested 
that polyols serve as winter reserve compound, but Smith 
and Phillips [35] found a decrease m quantttres of 
glucose, fructose and sucrose m leaves and roots of white 
clover (Trzfohm repens) and soya bean (GLycrne max) 
placed m darkness, and the return to high mitral values 
after SIX hr of light, while pmrtol concentratron was 
sustained 

The present report IS one of the first to consrder the 
mtraspecdic level m the comparrson between pimtol 
accumulation and capacity for drought resistance. For 
the two populations considered, the level of pimtol 
concentratton in aerial parts IS related to the degree of 
drought adaptation Some further experiments (unpubh- 
shed data) m seedlings of three other populatrons seem to 
confirm thus result 

EXPERIMENTAL 

Plant materml Seeds of Pmus pmaster (Alt ) origmatmg from 
Landes and TamJoute were sterlhzed (30% H,O,, 10 to 15 mm), 

before and after a 24 hr water lmblbltlon They were sown on 

molstened filter paper, and a funglclde (benlate solution, 0 6 g/l) 

was sprayed every two days As soon as the root reached 1 5 cm 

length seedhngs were grown on aerated mmeral solution of 

Sedlac [36] The solution was changed once a week The 

Intensity ofhght was 30 watt/m2, with a photoperlod of 14 hr day 

and 1Ohr night, a relative humidity of 45%. 70% and a 

temperature of 24”. 22’ At three-or six-weeks-old, plants were 

selected for uniformity and submltted to the different treatments 

Analysis were made on samples of 15,25,40 plants (Figs 1 and 2). 

or 50 plants (Table 2) Data m Figs 1 and 2 are means of two 

replicates Results are expressed on ‘1 dry weight. or a tissue 

water content basis 
Water dejictr treatments Water deficit was applied only to 

roots by inducing an osmotic potential decrease m the mmeral 

solution. Whatever the severity of the applied water deficit. aerial 

parts of the plants were kept m the constant culture conditions of 

hght, humldlty and temperature ac mdlcated above The osmo- 

tlcum we used was PEG-600 (polyethylene glycol with m, of 600). 

after punficatlon on ron exchange resms (Dower 1 and Dowex 

50 W) The PEG-600 was added stepwlse to the nutrient solution 
(-0 1 MPa/lZ hr or 24 hr) The different final degrees of water 

stress were (m MPa) -003 (mineral solution without P E G ). 

-02, -0 5, -0 8 The plants m different treatments were 

harvested at the same time and not less than 12 hr after the most 

severe treatment had reached its final value 

Analyttcal procedures Plant tissues were frozen and freeze- 

dried before preparation for CC analysis Samples (100 to 

800mg dry weight) were extracted with meOH-CHCl,-H,O 

(1 1 1) (21) H,O-MeOH extracts were then coned. lyophlhzed 

and submltted to an oxlmatlon m pyrldme with hydroxylam- 

momum chloride (6mg NH,OH-HCI for ca IO mg sugar) 

Oxlmatlon of sugars mcreased peak retention time 50 that they 

did not interfere with pmitol estlmatlon Carbohydrates were 

determined as the trlmethylsllyl esters (100 ~1 hexamethyldlsllaz- 

ane and 100 ~1 trlmethylchlorosllane for ca 10 mg sugar) The 

TMSI derlvatlves were separated m a CP s11 5 column (25 mm 

x 0 23 mm) (Chromatograph Intersmat IGC 120 SL) Detector 

and Injector temperatures were 270- and 230‘ respectlkely 

Column oven temp was nntlally 140’ programmed to rise at 

2”/mm to 270” Carrier gas was N, at 16 cm/‘sec Rlbitol was 

used as the Internal standard for quantlficatlon (peaks areas 

Integration was performed with an mtegrator Intersmat ICR-IB) 

Pmitol and myo-mosltol were ldentlfied by comparing relative 
retention times with rlbltol, and the tdentlficatmn was occd- 

sronally verified by co-chromatography with pure substances, 

and by mass spectrometry 
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