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Wild jujube, Ziziphus lotus, is a multipurpose xerophytic shrub of the
Rhamnaceae family widely distributed in arid and semi-arid regions of
Tunisia, where it occupies most soil types. The fruit is the edible part of the
plant by local population. The reintroduction of this shrub requires the
control of its multiplication in response to water shortage. This study aims
to evaluate growth and water relations of wild jujube seedlings under water
deficit stress. After multiplication and growth under well-watered conditions,
water deficit stress was imposed to seedlings by controlled deficit irrigation
to 40 and 70% of field capacity (FC) for 15, 30 and 45 days. Soil of control
plants was maintained at 100% FC throughout the experiments. Best growth
was recorded for control plants, while water deficit successively reduced
dry matter production and leaf number per plant. In addition, relative water
content of leaves and branch water potential decreased significantly under
severe drought stress. Plants subjected to 40% FC, accumulated respectively,
1.5 and 15-fold more soluble sugars and proline in leaves than controls. -
There was a strong negative relationship identified between leaf proline
concentration and branch water potential with R? = 0.85, reflecting the im-
portance of this amino acid ability for osmotic adjustment in Z. lotus.
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INTRODUCTION

Drought stress is considered to be the main environmental factor limiting plant growth and
yield of many agronomic and horticultural crops, especially in semi-arid areas (Boyer, 1982). In
Mediterranean-type ecosystems, seasonal water shortage is the main factor constraining survival
and growth of plants (Di Castri et al., 1981). Accordingly, agronomic or horticultural plants
adapted to survive under these conditions are resistant to recurrent summer drought and therefore
offer an excellent model to study their life strategies (Von Willert ef al., 1990; Munné-Bosch et al.,
2009). Soil depth and texture are considered the most important edaphic properties that influence
the moisture regime in arid environments with episodic rainfall (Grigg et al., 2008). To date, a
great deal of effort has been focused on physiological process underlying plant responses to
drought stress (Van Hees, 1997).

Mediterranean shrubs are excellent models to study plant responses to drought since they
are generally very resistant and well adapted to decreased soil water availability during the
summer. Several native species are potentially interesting under aspects of dune stabilization and
extension of plant cover, including some Ziziphus species. The ability of some species of the
genus Ziziphus to withstand drought has been attributed to a combination of avoidance and
tolerance mechanisms, including osmotic adjustment and sensitive stomatal closure (Arndt et al.,
2001; Pareek, 2001).

The genus Ziziphus (Rhamnaceae) includes evergreen or deciduous trees or shrubs which
are usually armed with unequal stipular spines. In Tunisia, Ziziphus isrepresented by 3 species: Z.
spina-christi (L.) Willd, Z. vulgaris Lam. and Z. lotus (L.) Lam. (Maraghni et al, 2010). The
latter species, known as "Sedra", is indigenous to Tunisia. The edible fruit called a nabk is a
subglobose dark yellow drupe (c. 1-1.5 cm in diameter) at maturity (Maraghni et al., 2010). It is
has a wide ecological and geographical distribution and grows under a variety of environmental
conditions (Maraghni et al., 2010” Gorai et al., 2010).

Ziziphus lotus differs from the other two species by its deciduous shrubby habit with
intricately branched stems and smallerflowers and fruits (Jafri, 1977). It is a shrub that reaches 2—
5 m and is found in depressions with deep sandy soil. Mounds composed of wind-borne sediment
that accumulated around Z. Jofus thorn scrub have long been reported from the Tunisian steppe
regions (Tengberg and Chen, 1998). Ziziphus lotus is dormant from October through March and
flowers in May and June and produce fruits in August (Gorai et al,, 2010). It is browsed by
livestock and its leaves-are valuable animal forage and fodder under open grazing conditions.

As dried powder leaves and fruit were typically used as emollient in the treatment of boils
(Le Floc’h, 1983). Recently, the anti-inflammatory, analgesic and anti-spasmodic activities of this
plant were demonstrated in rodents (Borgi et al., 2008; Borgi and Chouchane, 2009). These char-
acteristics make Z, /otus a valuable multipurpose shrub for semi-arid to arid ecological areas. To
our knowledge, no study has, as yet, been carried out on the effects of water deficit stress on this
arid fruit plant. Therefore, the present investigation was undertaken to characterize the potential
of cultivating Z. lotus under conditions of low water availability.

MATERIALS AND METHODS
Plant Material and Growth Conditions

Mature fruits were collected in September 2007 from plants in natural Z. lotus populations
growing at Samaalyate (33°17'N, 10°55'E; Ben Gardane, Southeast Tunisia) where annual mean
precipitation is around 186 mm and annual mean temperature is 19.4°C with a minimum
temperature 3.9°C in January and a maximum temperature 35.9°C in August. Fruits were cleaned
and stored for six months in the seed bank of the Laboratoire d'Ecologie Pastorale at the Institut
des Régions Arides, Médenine (20°C, 30% RH).

After removing pulps from fruits, endocarps were cracked using a manual peeler. The pots
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filled with a mixture of sand and soil (1:2, by volume), three seeds were planted per pot (20 cm in
diameter) and watered to field capacity (FC) to facilitate germination. The maximum germination
was observed after 15 days. At this stage, the seedlings were thinned to one per pot. Plants were
grown in a growth chamber under the following conditions: 25+1°C temperature, 40% day and
75% night relative humidity and 16 h light/8 h dark regime with 250 umol m~2 s~! photosynthetic
flux density (PFD).

Individual plants of uniform stage of development and size were selected. The experiment
was arranged in a completely randomized design (CRD) with three levels of water deficit stress
(100, 70 and 40% FC) x four replicates. After 3 months of ample irrigation (100% FC), the water
deficit stress was applied and plants were harvested after 15, 30 and 45 days. Regular weightings
of pots and plants (every 2 days) enabled to restore the moisture of soil with nutrient solution
(Hewitt, 1966) at 40, 70 and 100% FC. Fresh mass (FM) and dry mass (DW) of shoots and roots
of each plant were determined after counting all leaves. Leaves were dried using a LDC-1
lyophilizer (Martin Christ Gefriertrocknungsanlagen GmbH, Osterode am Harz, Germany) to
determine proline and soluble sugar concentrations and dry mass of roots was obtained after oven
drying (60°C, 48 h).

Water Relations

Leaf relative water content (RWC) was estimated by recording the turgid mass (TM) of fresh
leaf samples by keeping them in distilled water overnight under low light conditions, followed by
oven dry for 48 h at 60°C for dry mass measurement. Leaf RWC was calculated as RWC (%) =
(FM-DM)/(TM-DM) x 100. The branch water potential (¥,) was measured using a pressure
chamber (PMS Instrument Co., Corvallis, Oregon, USA) according to Scholander ef al., (1965).

Determination of Organic Solutes

Free proline was assayed spectrophotometrically by the ninhydrin method (Bates et al.,
1973). The plant material was homogenized in 3% aqueous sulfosalicylic acid and the homogenate
was centrifuged at 14,000 rpm. The supernatant was used for the estimation of the proline
concentration. The reaction mixture consisted of 2 ml of acid ninhydrin and 2 ml of glacial acetic
acid, which was boiled at 100°C for 1 h. After termination of reaction in ice bath, the reaction
mixture was extracted with 4 ml of toluene, and absorbance was read at 520 nm using L-proline
as standard. The leaf proline concentration was expressed on dry weight basis.

Soluble sugars were quantified following the phenolsulfuric acid method (Robyt and
White, 1987). 100 mg dry weight of shoots was extracted in 80% (v/v) methanol heated to 70°C
in a water bath. The extract was then centrifuged at 5,000 x g for 10 min. The supernatant was
used for the estimation of soluble sugars concentrations. The reaction mixture consisted of 1 ml
5% phenol and 5 ml 98% sulphuric acid. Once the extract had cooled, its absorbance was
determined at 490 nm using D-glucose as standard.

Statistical Analysis

Statistical analyses, including test for homogeneity of variance, were performed using
SPSS for Windows, version 11.5. The experimental data were analyzed with a one-way ANOVA
to determine if significant differences were present among means. A Tukey test was used to
determine the significant (P < 0.05) differences among treatments.

RESULTS
Growth Analysis

Water deficit significantly reduced whole plant biomass accumulation after 30 days of
treatment. At the end of experimental period, the dry matter production of plants was 48 and 35%
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of the controls when treated with 70 and 40% FC, respectively (Fig. 1A). The plants receiving a
water regime of 100% FC have the highest number of leaves. In 45-day water-stressed plants, this
parameter decreased significantly by 56 and 82% as compared to controls, respectively, at 70 and
40% FC (Fig.1B). Water-deficit stress increased dry matter allocation to the roots (data not
shown). On the other hand, the root to shoot DW ratio increased significantly under severe stress
treatment from 45 days (Fig. 2). This ratio allows evaluating the effect of water-deficit stress on
the dry mass allocation of the plants. A reduction of the aerial biomass production to allow limited
its water losses by the phenomenon of transpiration and to guarantee the turgescence of its cells.

Water Relations

The changes in the leaf RWC along with increase in water-deficit stress are presented in
Fig 3A. At the end of treatment, the depressive effect of water deficit was more pronounced when
watering regime intensified. Water deficit at 40% FC decreased the leat RWC by 20% as
compared to controls after 45 days of treatment (Fig. 3A). The ¥, was significantly lower in
plants subjected to water-deficit stress than in controls (Fig. 3B). Water deficit at 40% FC
decreased ¥, reaching the most negative values. With the same watering regime, the ¥, reached
—2.1 MPa at the end of treatment.

Organic Solute Accumulation

At the end of experimental period, proline concentration was significantly increased in
response to drought stress (Fig. 4A). The lowest concentration was recorded in control plants (3.06
umol g DM) and plants subjected to 70 and 40% FEC.accumulated, respectively, 5 and 15-fold
more proline than the control.

Leaf-soluble sugar concentrations were significantly increased at 70 and 40% FC and rep-
resented, respectively ca. 132 and 151% of the controls (Fig. 4B). Linear regression analysis was
used to determine the relationships between leaf proline concentration and branch water potential
of plants subjected for 45 days to different drought stress. There was a strong negative relationship
between these parameters, with a coefficient of determination R? = 0.85 (Fig. 5).

DISCUSSION

The drought stress i§ a very important limiting factor during early seedling growth and es-
tablishment (Jaleel ef al., 2009). It affects both elongation and expansion growth (Shao et al.,
2008). Results from this study indicate that water-deficit stress reduced the growth of Z. lotus by
restricting leaf formation. Furthermore, the effect of drought stress indicating that shoot growth is
more sensitive to water availability than root growth (Ashraf and Foolad, 2007). Our data are
consistent with findings reported on Z. mauritiana (Clifford et al., 1998) and Z. rotundifolia
(Arndt et al., 2001). Both Ziziphus species have developed various mechanisms to cope with
restricted water supply. Osmotic adjustment may occur concomitant with an increased root
growth, followed by leaf loss and ultimately drought-enforced dormancy (Arndt et al., 2001,
Clifford et al., 1998). In particular, Z. rotundifolia has a high degree of plasticity in response to
water deficits. It appears that the extensive root systems and readiness to shed leaves under severe
drought constitute the main mechanism of success of Ziziphus species in extremely hot and arid
environments (Sankhla, 1998; Jones, 1999). According to Gorai et al., (2010), wild jujube is a
typical phreatophyte by maintaining its vegetative growth throughout summer months and
behaves as arido-active species (Evenari et al., 1982). Gorai ef al., (2010) reported that this deep-
rooted shrub is able to obtain water from lower soil horizons, and possibly from a free water table.
This conforms to the report that rooting depth of Z. /ofus in Morroco can reach about 60 m (Le
Houérou, 1972).

Measurement of plant water potential has gained widespread acceptance as a useful
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approach to quantify plant and soil water status (Pallardy ef al., 1991). Water losses result in the
decline of turgor and, this both results in a decrease in leaf water potential (Boyer, 1982).
Maintaining leaf RWC under lowering leaf ¥, in drought stress condition is short term
adaptation exhibited by Z. mauritiana to improve the ability of plant to extract moisture from a
progressively drying soil profile (Clifford et al., 2002),. In the present study the decline in ¥, can
be related to drought tolerance and the water storage in the plant. Similar results were found in
two species of the same genus, Z. mauritiana (Clifford et al., 1998) and Z. rotundifolia (Arndt et
al., 2001). During the hot and dry summer, the midday water potential of wild jujube reached
values almost near -4 MPa and the diurnal amplitude (4¥) was more pronounced during the dry
season than that of wetting months, revealing a high biological activity of this species (Gorai
et al., 2010).

Different abiotic stress factors may induce osmotic stress, oxidative stress and protein de-
naturation in plants, which lead to similar cellular adaptive responses such as accumulation of
compatible solutes, induction of stress proteins, and acceleration of reactive oxygen species
scavenging systems (Zhu, 2002). The accumulation of compatible solutes such as sugars, proline
or glycine betaine in plants benefit stressed cells by protecting and stabilizing macromolecules
and structures from damage induced by stress conditions (Papageorgiou and Murata, 1995;
Bohnert and Jensen, 1996;). Such solute accumulation in response to drought stress is quite well
documented and is an important part of osmotic adjustment (Martinez ef al., 2004; Ennajeh et al.,
2006). In our study plants subjected to severe water-deficit stress during 45 days, accumulate
higher concentrations of proline (15-fold) and soluble sugars (1.5-fold) than controls. Proline ac-
cumulation under moisture stress was previously reported in Ziziphus species; besides, this amino
acid plays an important role as a compatible solute'in Z. mauritiana (Clifford et al., 1998; Arndt
et al., 2000) and Z. rotundifolia (Arndt et al., 2001). Previous studies on Ziziphus species have
shown that the intensity of drought stress i§ an important factor in the expression of drought
tolerance or avoidance with osmotic adjustment (Clifford et al, 1998; Arndt et al, 2001).
Mucilages and glucans in the leaves of Z. mauritiana and Z. rotundifolia are reported to function
as hydraulic capacitors and remobilizers of solutes for osmotic adjustment (Clifford et al., 2002),
thus enabling more effective:water uptake and assimilate redistribution into roots and stems.

According to the analysis of morphological and physiological traits, and biomass allocation
pattern under drought stress conditions, it is concluded that wild jujube plants were able to
tolerate conditions of low water availability. Further, osmotic adjustment in leaves is an important
mechanism enabling plants to cope with extreme drought.

Literature Cited

Arndt, S.K., Clifford, S.C., Wanek, W., Jones, H.G. and Popp, M. 2001. Physiological and
morphological adaptations of the fruit tree Ziziphus rotundifolia in response to progressive
drought stress. Tree Physiol. 21:705-715.

Arndt, S.K., Wanek, W., Clifford, S.C. and Popp, M. 2000. Contrasting adaptations to drought
stress in field-grown Ziziphus mauritiana and Prunus persica trees: water relations, osmotic
adjustment and carbon isotope composition. Aust. J. Plant Physiol. 27:985-996.

Ashraf, M. and Foolad, M.R. 2007. Roles of glycine betaine and proline in improving plant
abiotic stress resistance. Environ. Exp. Bot. 59:206-216.

Bates, S., Waldren, R.P. and Teare, [.D. 1973. Rapid determination of the free proline in water
stress studies. Plant Soil 39:205-208.

Bohnert, H.J. and Jensen, R.G. 1996. Strategies for engineering water stress tolerance in plants.
Trends Biotech. 14:89-97.

Borgi, W. and Chouchane, N. 2009. Anti-spasmodic effects of Zizyphus lotus (L.) Desf. extracts
on isolated rat duodenum. J. Ethnopharmacol. 126:571-573.

Journal of Ornamental and Horticultural Plants, 1(2): 63-72, September/ 20311



Borgi, W., Recio, M. C., Rios, J.L. and Chouchane, N. 2008. Anti-inflammatory and analgesic
activities of flavonoid and saponin fractions from Zizyphus lotus (L.) Lam. S. Aft. J. Bot. 74:320-324.

Boyer, J.S. 1982. Plant productivity and environment. Science 218:443-448.

Clifford, S.C., Arndt, S.K., Corlett, J.E., Joshi, S., Sankhla, N., Popp, M. and Jones, H.G. 1998.
The role of solute accumulation, osmotic adjustment and changes in cell wall elasticity in
drought tolerance in Ziziphus mauritiana (Lamk.). J. Expt. Bot. 49:967-977.

Clifford, S.C., Arndt, S.K., Popp, M. and Jones, H.G. 2002. Mucilages and polysaccharides in
Ziziphus species (Rhamnaceae): localization, composition and physiological roles during
drought-stress. J. Expt. Bot. 53:131-138.

Di Castri, F., Goodall, D.W. and Specht, R.L. 1981. Ecosystems of the world 11. Mediterranean-type
shrub lands. Elsevier, Amsterdam.

Ennajeh, M., Vadel, A.M., Khemira, H., Ben Mimoun, M. and Hellali, R. 2006. Defense
mechanisms against water deficit in two olive (Olea europea L.) cultivars 'Meski' and
'Chemlali'. J. Hortic. Sci. Biotech. 81:99—-104.

Evenari, M., Shanan, L. and Tadmor, N. 1982. The Negev. The challenge of'a desert. Harvard
University Press, Cambridge.

Gorai, M., Maraghni, M. and Neffati, M. 2010. The relationship between phenological traits and
water potential patterns of the wild jujube Ziziphus lotus in southern Tunisia. Plant Ecol.
Divers. 3:273-280.

Grigg, A.M., Veneklaas, E.J. and Lambers, H. 2008. Water relations.and mineral nutrition of six
closely related woody plant species on desert dunes and interdunes. Aust. J. Bot. 56:27-43.
Hewitt, E.J. 1966. Sand and water culture methods used in the study of plant nutrition. Commonw.

Bur. Hort. Tech. Commun. 22:431-446.

Jafri, S.M.H. 1977. Rhamnaceae. p. 1-13. In: S.M.H. Jafri and A. EL-Gadi (eds.), Flora of Libya
vol. 30.. Al-Faateh University, Department of Botany, Tripoli.

Jaleel, C.A., Manivannan, P., Whid, A., Farooq, M., Al-Juburi, H.J., Somasundaram, R. and
Panneerselvam R. 2009. Drought stress in plants: a review on morphological characteristics
and pigments composition. Int. J Agric. Biol. 11: 100-105.

Jones, H.G. 1999. Selection of drought-tolerant fruit trees for summer rainfall regions of Southern
Africa and India. European Commission STD-3, Brussels, Belgium: CTA: 118-120.

Le Floc’h, E. 1983. Contribution a une étude ethnobotanique de la flore de la Tunisie. Imprimerie
officielle de la République Tunisienne, Tunis.

Le Houérou, H.N. 1972. Africa: the mediterranean region. p. 26-36. In: C.M. McKell, J.P.
Blaisdell and J.R.. Goodin (eds.), Wildland shrubs their siology and utilization. USDA Forest
Service, Ogden.

Maraghni, M., Gorai, M., Neffati, M. 2010. Seed germination at different temperatures and water
stress levels, and seedling emergence from different depths of Ziziphus lotus. S. Aftr. J. Bot.
76:453-459.

Martinez, J.P., Lutts, S., Schanck, A., Bajji, M. and Kinet, J.M. 2004. Is osmotic adjustment
required for water stress resistance in the mediterranean shrub Atriplex halimus L. J. Plant
Physiol. 161:1041-1051.

Munné-Bosch, S., Falara, V., Pateraki, 1., Lopez-Carbonell, M., Cela, J. and Kanellis A.K. 2009.
Physiological and molecular responses of the isoprenoid biosynthetic pathway in a drought-resistant
Mediterranean shrub, Cistus creticus exposed to water deficit. J. Plant Physiol. 166:136—145.

Pallardy, S.G., Pereira, J.S. and Parker, W.C. 1991. Measuring the state of water in tree systems.
p. 27-46. In: J.P. Lassoie and Hinckly T.M. (eds.), Techniques and Approaches in Forest Tree
Ecophysiology. CRC Press, Boca Raton.

Papageorgiou, G.C. and Murata, N. 1995. The unusually strong stabilizing eftects of glycinebetaine
on the structure and function of the oxygen-evolving photosystem-II complex. Photosynth.

BEE  Journal of Ornamental and Horticultural Plants, 1(2): 63-72, September, 2011



Res. 44:243-52.

Pareek, O.P. 2001. Fruits for the Future 2: Ber. International Centre for Underutilised Crops,
University of Southampton, Southampton.

Robyt J.F., White B.J., 1987. Biochemical Techniques- Theory and Practice. p. 267-275.
Books/Cole Publishing Co. Monterey, CA.
Sankhla, N. 1998. Work done in India. In: H.G. Jones (ed.), Selection of drought tolerant fruit
trees for summer rainfall regions of Southern Africa and India. EU-STD, Brussels, Belgium.
Scholander, P.F., Hammel, H.T., Bradstreet, E.D. and Henningsen, E.A. 1965. Sap pressure in
vascular plants. Science 148:339-346.

Shao, H.B., Chu, L.Y., Jaleel, C.A. and Zhao, C.X. 2008. Water-deficit stress-induced anatomical
changes in higher plants. C. R. Biol. 331:215-225.

Tengberg, A. and Chen, D. 1998. A comparative analysis of nebkhas in central Tunisia and
northern Burkina Faso. Geomorphology 22:181-192.

Van Hees, A.F.M. 1997. Growth and morphology of Quercus robur L. and Fagus sylvatica L.
seedlings in relation to shading and drought. Ann. Sci. For. 54:9-18.

Von Willert, D.J., Eller, B.M., Werger, M.J.A. and Brinckmann E. 1990. Desert succulents and
their life strategies. Vegetatio 90:133—-143.

Zhu, J.K. 2002. Salt and drought stress signal transductionin plants. Annu. Rev. Plant Biol.
53:247-273.

Journal of Ornamental and Horticultural Plants, 1(2): 63-72, September) 20310 IEEEEGEG



Figures

30
o A a
= 25}t
=
% 20 |
3
2 15t b
- 3
= b b <
g 0y 2 2
g
§ OIS | m
0.0
100 B =
w0
s 2
Zaef 2. '
s . :
5
e Y
z m | <
0
15 30 45
Treatment duration (Days)
B 100% B 70% M 40% FC

Fig. 1. Water-deficit stress effect on (A) whole plant dry:mass (DW, g plant) and (B) leaf number of Ziziphus lotus
when 3-month old plants were subjected for 15, 30 and 45 days to three water regimes (100, 70, and 40%
FC). Data represent mean = 95% confidence limits, n = 4. Different letters indicate significant differences be-

tween treatments (P < 0.05).
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Fig. 2. Changes in the root/shoot dry mass ratio of Ziziphus lotus when 3-month old plants were subjected for 15,
30 and 45 days to three water regimes. Data represent mean + 95% confidence limits, n = 4. Different letters indi-
cate significant differences between treatments (P < 0.05).

Journal of Ornamental and Horticultural Plants, 1(2): 63-72, September, 2011



80

Louf RWC (%)
2

20

20

2
]

&

=

-20

25 b

Branchwater potential (MPa)

15 30 45
Treatment duration (days)

O 100% B 70% W 40% FC

Fig. 3. Changes in (A) leaf relative water content (RWC, %) and (B) branch water potential (¥,,, MPa) of Ziziphus
lotus when 3-month old plants were subjected for 15, 30 and 45 days to three water regimes. Data represent
mean = 95% confidence limits, n = 4. Different letters indicate significant differences between treatments (P < 0.05).
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Fig. 4. Mean concentrations (umol g-' DW) of (A) proline and (B) soluble sugars in leaves of Ziziphus lotus when
3-month old plants were subjected for 15, 30 and 45 days to three water regimes. Data represent mean + 95%
confidence limits, n = 4. Different letters indicate significant differences between treatments (P < 0.05).

Journal of Ornamental and Horticultural Plants, 1(2): 63-72, September) 20311



40% FC 4 50
3
4 40 P
70% FC ‘o
130 2
= 1
12 %
=
(=]
%IOO%FC 110 £
1 1 0
25 20 -15 -10
Branch water potential (MPa)

Fig. 5. Relationship between leaf proline concentration and branch water potential of Ziziphus lotus when 3-month
old plants were subjected for 45 days to three water regimes. Data represent mean + 95% confidence limits,
n = 4. The line describing the dependency was obtained using linear regression, R? = 0.85.
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