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INTRODUCTION

In arid and semi-arid regions, like Egypt, water stress
is often the most limiting factor for agricultural
production. Plants grown in such conditions have
evolved a series of adaptations, which confer tolerance
to water stress. Lowering of osmotic potential in
response to water stress is a well established mechanism
where by many plants adjust to low soil water
availability (Morgan, 1984, Nabli and Coudret, 1995;
Dichio et al., 2003). One of the most common stress
responses for osmotic adjustment is overproduction of
different types of compatible organic solutes (Serraj and
Sinclair, 2002; S?nchez-Blanco et al., 2004). Proline
appears to be the most widely distributed metabolite
accumulated under stress conditions (Bellinger et al.
1991; Delauney and Verma, 1993). Changes in leaf
anatomical characteristics are known to alter the CO,
conductance diffusion components from the substomatal
cavities to sites of carboxylation and thus contribute to
maintenance of photosynthetic rates despite the low
stomatal conductance (Evans et al., 1994). The olive
tree (Olea europea L.) is well known for its resistance
to severe and prolonged drought and is traditionally
grown under drought conditions (Logullo and Salleo,
1988; Larsen et al., 1989; Gimenez et al., 1997; Giorio
et al., 1999; Sofo et al., 2004,). It possesses adaptive
mechanisms to allow it to tolerate quite severe drought
(Larcher et al., 1981). Its leaves show several
sclerophyllous characteristics such as small size and
thick cuticle and trichome layers (Bacelar et al., 2004).
However, Moriana and Orgaz (2003) recorded that the
yields of mature olive orchards are often affected by
water deficit. Some differences among olive cultivars
have been observed concerning their ability for
adaptation and production under drought conditions.

To select drought-resistant cultivars, breeders
commonly evaluate several traits. High water-use
efficiency and net photosynthesis rates under drought
conditions are often sought (Moriana et al., 2002).
Although several active olive breeding programmers
exist in many countries, old cultivars still dominate
olive orchards worldwide. Part of the reason could be
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ABSTRACT

Water relations parameters, proline content as well as leaf anatomical characteristics were studied in
olive cultivar (Olea europea (L.) cv. picual) grown under different levels of available water. The
results clearly show that total osmotic adjustment increased and the relative water content decreased
with increasing severity of drought. Drought stress resulted in an increase of the upper and lower
epidermis and significantly decreased the palisade parenchyma, spongy parenchyma and the total leaf
thickness with a parallel increase of the free proline content.
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the slow-growing nature of olive, and the length of its
juvenile phase, which make field trials time-consuming
and costing (Bongi and Palliotti, 1994). It is, therefore,
useful to take advantage of anatomical and
physiological traits relevant to drought tolerance to
facilitate the selection process.

The main purposes of this work are (1) to investigate
the effects of available water on the Picual olive cultivar
(Olea europaea L.) in arid region in Egypt and (2) to
improve the knowledge about its adaptative strategies at
low water availability.

MATERIALS AND METHODS

Plant material and growth conditions

The experiment was conducted at the Horticulture
Research Station at Seds, Beni Suef, Egypt. One year-
old olive Transplants, (Olea europea L., cv ‘Picual’)
were used. The plants were grown outdoors in pots
(25cm diameter and 30cm depth) with three holes in the
bottom to regulate drainage. Each pot filled with 6Kg of
loamy sand soil taken from a farm located at south west
Beni Suef Governorate. Table (1) showing the chemical
and physical properties of the soil used. with EC (1:1)
of 1.48dS m®, pH 7.5, field capacity 13% and
permanent wilting point 4.5%. Different soil water
regimes were imposed to olive plants during the dry
season (from May to October) of the years 2005 and
2006.

Olive plants were divided into four groups
(treatments). Each of three replicates of five plants. The
four irrigations levels were: (1) Irrigation after 20%
depletion of the available soil water, (2) Irrigation after
40% depletion of the available soil water, (3) Irrigation
after 60% depletion of the available soil water, and (4)
Irrigation after 80% depletion of the available soil
water.

Measurement of leaf growth

For leaf growth determination, leaves of three plants
per treatment were collected and the dry weight per
each was measured at the end of each season.
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Table (1): Some chemical and physical properties
of the soil used in the experiment.

Parameter Measure
Na (mea/L) 48.0

Ca (mea/L) 27.4

Mg (mea/L) 8.8

K (mea/L) 3.0

COs; (mea/L) 0

HCO3; (mea/L) 3.71

Cl (mea/L) 40.74
SOy (mea/L) 42.75
CaCoO; (%) 9.66

Ec (dSm™) 1.5

pH 7.5
Total Sand (%) 72.84
Silt (%) 9.04
Clay (%) 18.12
Soil Texture Loamy sand

Water relations measurements

Several indices of leaf water status were calculated in
the same leaves: relative water content (RWC),
calculated as RWC = (FM - DM)/ (TM - DM) X 100,
water content at saturation (WCS = (TM - FM)/DM and
leaf tissue density (D), calculated as D = (DM/FM) X
1000 (Dijkstra, 1989). Where FM is leaf fresh mass, TM
is the fresh mass at full turgor and DM is leaf dry mass.
Dry mass was determined after drying the leaf samples
at 80°C for 24h. For TM determination, leaves were
rehydrated by immersing the petiole in distilled water in
a beaker sealed with parafilm. Full rehydration was
achieved in 24-48h in complete darkness at 2—4°C.

Proline content and Osmotic potential measurements

Proline was quantified by the acid-ninhydrin
procedure of Bates et al. (1973). Leaf samples (0.5g)
were ground with 3% sulphosalicylic acid (10 ml) and
clarified by centrifugation. Supernatant (2ml) was
mixed with the same volume of acid ninhydrin and
acetic acid, the mixture was oven incubated at 100°C for
1h, and the reaction was finished in an ice bath. The
reaction mixture was extracted with toluene (4ml) and
absorbance was read at 517nm, using toluene as a blank.
The proline concentration was determined from a
standard curve and calculated on a fresh weight basis.
Three replicates were measured for each sample, and
mean values are displayed.

For osmotic potential measurements, 4-5 leaf-
samples per treatment were collected predawn at 05.00
clock, wrapped in damp paper and enclosed in a plastic

bag and stored at —80°C. Before analysis these samples
were equilibrated at room temperature for about 15 min.
Cell contents were extracted using plastic syringes, to
squeeze homogeneously the tissue and to extrude 1007L
cell-content samples. Each sample was analyzed by
osmometer (Wescor model, 2000).

Leaf anatomy

Leaf anatomical measurements were obtained at the
end of the experiment (October 2006). Thus, they refer
to the long-term effects caused by the repeated cycles of
stress during the dry season of both years. Leaf pieces
take at the end of the experiment (October, 2006) were
fixed for 3h in 5% glutaraldehyde buffered with 0.025M
sodium phosphate to pH 7.2. Samples were then washed
in the respective buffer and postfixed for 5 h in 1%
osmium tetroxide similarly buffered. Tissue dehydration
was carried out in an alcohol series followed by
infiltration and final embeddent in Spur’s resin. Sections
for light microscopy (1?m thick) were obtained in a
Reichert Om U2 ultramicrotome, stained with 1%
toluidine blue O in borax, and examined with a Zeiss Ill
photomicroscope. Total leaf thicknes, upper and lower
epidermis,  palisade  parenchyma and  spongy
parenchyma were measured.

Statistical analysis

All measurements were expressed as means of three
measurements (x SE) from four plants per treatment.
Significant differences were detected at P 0.05,
according to Snedecor and Cochran (1980).

RESULTS

Effect of available water on leaf growth

Leaf dry weight per plant decreased by increasing
water deficiency (Fig. 1a), recording 45% and 40%
reduction at high stress (80 % available water depletion)
plants at the first and the second season, respectively.

Effect of available water on water relations

Relative water content (RWC) decreased by about
9% and 20% at 40% depletion of the available soil
water in the 1% and 2" season respectively and still
nearly constant at the other two higher levels of water
stress around 44% (Table 2). WCS increased with

Table (2): Density of the leaf tissue (D), relative water content (RWC) and water content at
saturation (WCS) of O. europea L. cv. picual cultivar under contrasting water availability

regimes (n = 4).

RWC % D (gKg™h) WCS (g Ho0 g*DM)
(1% season) (2™ (1*'season) (2™ season) (1 season) (2™ season)
T 49.03+2.81 74+17.6 543.1+6.1 512.249.85 0.87+0.07 0.83+0.2
T2 44.742.62 59+2.57 550.7+22.1 520.5+13.65 1.00+0.02  0.96+0.02
Ts 44,03+3.28 54.9+5.4 556.1+ 6.98 535.6+£52.25 1.09+0.12  1.02+0.01
Ts 4453+9.94 52.7+5.19 563.7£ 60.7 567.7£19.90 1.08+0.16  1.00+0.06
LSD At 5% 4.53 16.30 14.53 16.00 0.04 0.05
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decreasing available water content recording 24% and
20% increasing in the highest stress plants in the first
and second seasons respectively. Leaf density showed
slightly increasing with increasing water stress (Table
2).

Effect of available water on osmotic potential and
proline content

Measurements using the osmometer method showed
that osmotic potential decreased by increasing water
shortage recording 69% and 50% reduction in the
highest stress plants at the first and second season
respectively (Fig. 1b). In contrast proline content
increased by decreasing water availability. High water
stress (80% depletion of the available soil water)
increased proline content by more two folds than those
at 20% depletion of the available soil water in the two
seasons (Fig. 1c).

Effect of available water on leaf anatomical
characters

Anatomical characteristics of leaves showed palisade
parenchyma in both leaf sides, which considered as an
indicator for xeromorphy. There were changes in leaf
anatomical characteristics induced by water stress. The
obtained results (Table 3) showed that water stress
slightly increased the thickness of the upper and lower
epidermis by about 5.5% and 6% respectively and
significantly (P = 5%) decreased the palisade
parenchyma, spongy parenchyma and the total leaf
thickness by about 7.8%, 9% and 7.5% respectively.

DiscussioN

The plants which grow under water deficit have
developed strategies allowing photosynthesis to
proceed. Water stress affect leaf growth of the studied
cultivar, as it has been observed in other plant species
(Pita and Pardos, 2001; S"anchez-Blanco et al., 2002;
Anyia and Herzog, 2004). (Maroco et al. (2000) stated
that under water stress a different strategy imposes a
different pattern of allocation of assimilates, resulting in
the decrease of investment in leaves relative to other
organs, or the alteration of the relative amounts of
photosynthetic and non-photosynthetic tissues.

Water stress can increase leaf density since
reductions in turgor pressure and cell expansion result in
the same dry mass within a smaller leaf area (Pena-
Rojas et al., 2005). According to Witkowski and
Lamont (1991), variations in leaf density, manifested as
variations in the dry mass to fresh mass ratio, may be
the result of differences in thickness and density of the
cuticle and cell walls, inclusions in the cells (starch
grains and crystals) and abundance of air spaces,
sclereids, fibre groups and vascular bundles. Mediavilla
et al (2001) stated that leaves with high density (D) are
better able to survive a severe drought because of a
higher resistance to physical damage by desiccation.
The leaves with high D are also mechanically more
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Figure (1): (a) Effect of water availability on leaf dry
weight/plant, (b) leaf osmotic pressure, and (c) proline
content in leaves.

stable than leaves with low D, and this may be the
fundamental cause for their longer life-span (Niinemets,
2001). RWC measurement describe the internal water
status of plant tissues and is also a convenient parameter
for following changes in tissue water content without
errors caused by continually changing tissue dry weight
(Erickson et al., 1991). The stability of high RWC in the
studied cultivar at high water shortage (T; and T,) can
be considered drought resistance rather than drought
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Table (3): Effect of water stress on leaf thickness and thickness of leaf anatomical component of O. europea L., cv.

Picual.
Upper epidermis  Palisade parenchyma mﬁﬂ%gﬁ:{%ﬁgﬁgs Lower epidermis  Total leaf thickness
T 16.3+0.91 130.3+2.4 210.2+5.3 16.1 +0.87 372.9+5.4
T, 16.5+1.12 125.2+2.5 201.3+3.4 16.3+1.03 359.3+7.3
Ts 17.1+1.02 120.34£3.1 195.5 +4.6 16.9+1.05 349.845.9
Ta 17.2+1.01 120.14+2.1 190.3 +2.3 17.1+1.21 344.7+3.6
LSD at 5% 1.85 12.10 8.75 1.90 11.42
escape mechanism. It is consequence of adaptive REFERENCES

characteristics such as osmotic adjustment and/or bulk
modulus of elasticity (Grashoff and Ververke, 1991).
The increase by about 20% only of WCS in the high
stress plants means that this cultivar has a greater
capacity to withstand arid environments (Abd-El-
Rahman et al., 1966; Bacelar et al., 2004).

The increase of proline content in leaves under
drought stress associated with lowering cell osmotic
potential, can be consider a drought tolernat strategy of
the studued cultivar (Boggess et al., 1976; Morgan,
1984; Wright et al., 1997). In recent study Rejskova et
al. (2007) observed an increase in the amount of proline
in salt stressed plants; however, the increase was not
greater than two-fold. The increase of proline
concentration in response to water deficit is a well-
documented fact (Hanson et al., 1977; Ferreira et al.,
1979; Hasegawa et al., 1994), and a large body of data
indicates a positive correlation between proline
accumulation and enhanced tolerance to drought and
salt stress (Van Rensburg and Kriiger, 1994; Kishor et
al., 1995). Proline has been suggested to play multiple
roles in plant stress tolerance. It acts as a mediator of
osmotic adjustment (LeRudulier et al., 1984; Hu et al.,
1992; Delauney and Verma, 1993; Kishor et al., 1995;
Yoshiba et al., 1997), protects macromolecules during
dehydration (Yancey et al., 1982), and serves as a
hydroxyl radical scavenger (Smirnoff and Cumbes,
1989; Alia et al., 1995). Sofo et al. (2004) reported that
olive trees under drought-stress conditions activate
osmotic adjustment mechanisms not only in leaves, but
also in roots, in such a way increasing their capacity to
extract water from dry soil.

Leaf anatomy was reported to be modified

significantly with drought, which showed a significance
increase in epidermal cells thickness, while the total
thickness and palisade tissues was found to decrease as
water available decreased. The increase in upper and
lower epidermis (including upper cuticle) under water
deficiency in this cultivar may enhance survival and
growth under low available water conditions by
improving water relations and providing higher
protection for the inner tissues (Bacelar et al., 2004).
The reduction in cell size under water stress conditions
may be considered as drought adaptation mechanism
(Cutler et al., 1977; Steudle et al., 1977).
The above anatomical characteristics are in accordance
with relevant physiological observations and contribute
to the interpretation as to how olive cv. Picual is
drought-tolerant.

150

ABD-EL-RAHMAN, A.A., A.F. SHALABY, AND M.
BALEGH. 1966. Water economy of olive under desert
conditions. Flora 156: 202-219.

ALIA, PrasAD, K.V.S.K., AND P.P. SARADHI. 1995.
Effect of zinc on free radicals and proline in Brassica
and Cajanus. Phytochemistry 39: 45-47.

ANYIA, A.O., AND H. HErzoc. 2004. Water use
efficiency, leaf area and leaf gas exchange of cowpeas
under mid-season drought. European Journal of
Agronomy 20: 327-3309.

BACELAR, E.A., C.M. CORREIA, J.M. MOUTINHO-PERE,
B.C. GONCALVES, J.I. Lores, AND J.M. TORRES-
PEREIRA. 2004. Sclerophylly and leaf anatomical
traits of five field-grown olive cultivars growing
under drought conditions. Tree Physiology 24: 233—
239.

BATES, L.S., R.P. WALDREN, AND J.D. TEARE. 1973.
Rapid determination of free proline for water stress
studies. Plant and Soil 39: 205-207.

BELLINGER, Y., A. BENsAoOUD, AND F. LARHER. 1991.
Physiological significance of proline accumulation, a
trait of use to breeding for stress tolerance. In:
Physiology- Breeding of Winter Cereals for Stressed
Mediterranean Environments. Acevedo, E., Conesa,
A. P. and Srivastava, J. P. (eds.). INRA, Paris, France.
449-458.

BOGGESS, S.F., C.R. STEWARD, D. AsPINALL, AND L.G.
PALEG. 1976. Effect of water stress on proline
synthesis  from radioactive  precursors.  Plant
Physiology 58: 398-401.

BonGl, G., AND A. PALLIOTTI. 1994. Olive. In: Hand-
book of Environmental P.C., Physiology of Fruit
Crops, Temperate Crops. (Schaffer, B. and Andersen,
eds.). CRC Press Inc., Boca Raton, FL, USA I: 165-
232.

CUTLER, J.M., D.W. RAINS, AND R.S. Loowmis. 1977.
The importance of cell size in the water relations of
plants. Physiologia Plantarum 40: 255-260.

DELAUNEY, AJ., AND D.P.S. VERMA. 1993. Proline
biosynthesis and osmoregulation in plants. Plant
Journal 4: 215-223.

DicHio, B., C. XILOYANNIS, K. ANGELOPOULOS, V.
Nuzzo, S. BurFo, AND G. CELANO. 2003. Drought-
induced variations of water relations parameters in
Olea europaea. Plant and Soil 257: 381-389.

DIKSTRA, P. 1989. Cause and effect of differences in
specific leaf area, in: H. Lambers, M.L. Cambridge,
H. Konings, T.L. Pons (Eds.), Causes and
Consequences of Variation in Growth Rate and



Al Sherif E. A. & Goda A.

Productivity of Higher Plants, SPB Academic
Publishing, The Hague, 1989, pp. 125-140.

ERicksoN, 1J., D.L. KEeTRING, J.F. STONE. 1991.
Response of internal tissue water balance of peanut to
soil water. Agronomy Journal 72: 73-80.

Evans, J.R., S. VON CAEMMERER, B.A. SETCHELL, AND
G.S. HupsoN. 1994. The relationship between CO,
transfer and leaf anatomy in transgenic tabacco with a
reduced content of rubisco. Australian Journal of
Plant Physiology 21: 475-495.

FERREIRA, L.G.R., J.G. Souza, AND J.F. Prisco. 1979.
Effects of water deficit on proline accumulation and
growth of two cotton genotypes of differing drought
resistance. Z. Pflanzenphysiol. 93: 189-199.

GIMENEZ, C., E. FERERES, C. Ruz, AND F. OrRGAZ. 1997.
Water relations and gas exchange of olive trees:
diurnal and seasonal patterns of leaf water potential,
photosynthesis and stomatal conductance. Acta
Horticulture 449: 411-415.

GIORIO, P., G.SOVENTINO, AND R. D’ANDRIA. 1999.

Stomatal behaviour, leaf water status and
photosynthetic response in field-grown olive trees
under water deficit. Agriculture and Water

Management 42: 95-104.

GRASHOFF, C.D., AND VERVERKE. 1991. Effect of
Pattern of Water Supply on Vicia faba L.3. Plant
Water Relations, Expensive Growth and Stomatal
Reactions. Netherlands Journal of Agricultural
Science 39: 247-262.

HansoN, A., C.E. NELSON, AND E.H. EVERSON. 1977.
Evaluation of free praline accumulation as an index of
drought resistance using two contrasting barley
cultivars. Crop Science 17: 720-726.

HasecawA, P.M., R.A. BRESSAN, D.E. NELSON, Y.
SAMARAS, AND D. RHODES. 1994. Tissue culture in
the improvement of salt tolerance in plants. In: Yeo,
A.R., Flowers, T.J. (eds.), Soil Mineral Stresses.
Approaches to Crop Improvement.  Springer,
Berlin/Heidelberg.

Hu, C.A.A., A.J. DELAUNEY, AND D.P.S. VERMA. 1992.
A bifunctional enzyme (D1-  pyrroline-5-
carboxylatesynthetase) catalyzes the first two steps in
proline biosynthesis in plants. Proceedings of
National Academy of Science USA 89: 9354-9358.

KISHOR, P.B.K., Z. HONG, G.H. Miao, C.A.A. Hu, AND
D.P.S. VERMA. 1995. Overexpression of _1-pyrroline-
5-carboxylate synthetase increases proline production
and confers osmotolerance in transgenic plants. Plant
Physiology 108: 1387-1394.

LARCHER, W., J.A.P.V. MORAES, AND H. BAUER. 1981.
Adaptive responses of leaf water potential, CO,-gas
exchange and water used efficiency of Olea europaea
during drying and rewatering. In: Components of
Productivity of Mediterranean-Climate Regions.
Basic and Applied Aspects. (Margaris, N.S. and
Mooney, H.A., eds.)). Dr.W. Junk, The Hague,
Boston, London. 77-84.

151

LARSEN, F.E., S.S. HIGGINS, AND A. ALWIR. 1989.
Diurnal water relations of apple, apricot, grape, olive
and peach in an arid environment (Jordan). Scientia
Horticulturae 39: 211-222.

LERUDULIER, D., A.R. STRoOM, A.M. DANDEKAR, L.T.
SMITH, AND R.C. VALENTINE. 1984. Molecular
biology of osmoregulation. Science 224: 1064-1068.

LoGuLLO, A.M., S. SALLEO. 1988. Different strategiesof
drought  resistance in  three  Mediterranean
sclerophyllous trees growing in the same environment
conditions. New Phytologist 108: 267-276.

MARoOCO, J.P., J.S. PEREIRA, AND M.M. CHAVES. 2000.
Growth, photosynthesis and water use efficiency of
two C4 Sahelian grasses subjected to water deficits.
Journal of Arid Environment 45: 119-137.

MEDIAVILLA, S., A. Escubero, AND H. HEILMEIER.
2001. Internal Leaf Anatomy and Photosynthetic
Resourse-use Efficiency: Interspecific and
Intraspecific Comparisons. Tree Physiology 21: 251-
259.

MORGAN, J.M. 1984. Osmoregulation and water stress
in higher plants. Annals Review of Plant Physiology
35:299-319.

MORIANA, A., F.J. VILLALOBOS, AND E. FERERES. 2002.
Stomatal and photosynthetic responses of olive (Olea
europaea L.) leaves to water deficits. Plant, Cell and
Environment 25: 395-405.

MORIANA, A., AND F. ORGAz. 2003. Yield Responses of
a Mature Olive Orchard to Water Deficits. Journal of
the American Society for Horticultural Science 128:
425-431.

NABLI, M., AND A. CoUuDRET. 1995. Effects of sodium
chloride on growth, tissue elasticity and solute
adjustment in two Acacia nilotica subspecies.
Physiologia Plantarum 93: 217-224.

NINEMETS, U. 2001. Global-Scale Climatic Controls of
Leaf Dry Mass per Area, Density, and Thickness in
Trees and Shrubs. Ecology 82: 453-469.

PENA-ROJAS, K., X. ARANDA, R. JOFFRE, AND |l. FLECK.
2005. Leaf morphology, photochemistry and water
status changes in resprouting Quercus ilex during
drought. Functional Plant Biology 32: 117-130.

Pita, P., AND J.A., PArRDOS. 2001. Growth, leaf
morphology, water use and tissue water relations of
Eucalyptus globulus clones in response to water
deficit. Tree Physiology 21: 599-607.

REJS?KOVA, A., L. PATKOVA, E. STODULKOVA, , AND H.
LiPAVSKA™. 2007. The effect of abiotic stresses on
carbohydrate status of olive shoots (Olea europaea
L.) under in vitro conditions. Journal of Plant
Physiology 164: 174-184.

S'/ANCHEZ-BLANCO, M.J., P. RODRIGUEZ, M.A.
MORALES, M.F. ORTUMNO, A. TORRCILLAS. 2002.
Comparative growth and water relations of Cistus
monspeliensis plants during water deficit conditions
and recovery. Plant Science 162: 107-113.

S'ANCHEZ -BLANCO, M.J., T. FERRADEZ, A. NAVARRO,



Changes induced by drought in Olea europea (L.)

S. BANPON, AND J.J. ALARC?N. 2004. Effects of VAN RENSBURG, L., AND G.H.J. KRUGER. 1994.
irrigation and air humidity preconditioning on water Applicability of abscisic acid and (or) praline
relation, growth and survival of Rosmarinus accumulation as selection criteria for drought
officinalis plants during and after transplanting. tolerance in Nicotiana tabacum. Canadian Journal of
Journal of Plant Physiology 161: 1133-1142. Botany 72: 1535-1540.

SEEDECOR, G.W., AND W.G. COCHRAN. 1980. WiTkowski, E.T.F., AND B.B. LAMONT. 1991. Leaf
Statistical methods.7" ed. Iwoa State University Specific Mass Confounds Leaf Density and
Press, Ames. Thickness. Oecologia 88: 486—-493.

SERRAJ, R., T.R. SINCLAIR. 2002. Osmolyte WRIGHT, P.R., J.M. MORGAN, AND R.S. JEssop. 1997.
accumulation: can it really help increase crop yield Turgor maintenance by osmoregulation in Brassica
under drought conditions?. Plant Cell and napus and B. juncea under field conditions. Annals of
Environment 25: 333-341. Botany 80: 313_319.

SMIRNOFF, N., AND Q.J., CumBEs. 1989. Hydroxyl YANCEY, P., M. CLARK, S. HAND, R. BowLus, AND G.
radical scavenging activity of compatible solute. SoMERO. 1982. Living with water stress: evolution of
Phytochemistry 28: 1057-1060. osmolyte systems. Science 217: 1214-1222.

SorFo, A., B. DicHIO, C. XILOYANNIS, AND A. MASIA. YosHIBA, Y., T. Kiyosug, K. NAKASHIMA, AND K.
2004. Effects of different irradiance levels on some Y AMAGUCHI-SHINOZAKI. 1997. Regulation of levels
antioxidant enzymes and on malondialdehyde content of proline as an osmolyte in plants under water stress.
during rewatering in olive tree. Plant Science 166: Plant Cell Physiology 38: 1095-1102.

293-302.

STEUDLE, E., U. ZIMMERMANN, AND U. LUTTGE. 1977. Received July 8, 2007
Effect of Turgor Pressure and Cell Size on the Wall Accepted February 24, 2008
Elasticity of plant cells. Plant Physiology 59: 285-

289.

cilial) oo gl 48 g gy Cid gl (s i g Ailal) Bl B s
JIsSs e (g 3 by b

Zoaga Jils g 1liypdl) o dles
s (i g 6y s o Arals ca glal) S el and?
P (e g cli_pb)'!\ Q};.J\A.L:MZ

=) paddal)

Sy e Cad (el )5S Caia 0 g Sl bl 48 5l eyl gl s ) (5 siaa s Al B jalae Al )

agal) o 5 cilaadl 3ai 3aly 3y i i) Ll (s ginall 5 (5 ) sans¥) Tarcall () Ll @ jelal 5 ALl elall (e dilida

el 5 Azt Lapdih 5Ll 5 dale A Lapds Ll i g aslindl 5 00l 5 4 lall 8 i) LA el 804§ (8 o JAlia])
Ol (5 siaa (803l e 48 )11 S

152



