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Abstract 
Lotus creticus (L.) (Leguminosae, Loteae) is a major pastoral and forage legume in the arid 
climate where salinity and drought are serious production problems. A review note was 
carried out to understand the physiological behaviour of this species face to salinity and 
drought. It has been shown through this note that Lotus creticus is fairly tolerant to salt at 
germination and growth phases. For instance, this taxon is able to support a level of salinity 
around 300 mM in germinative phase. In the growth phase, salinity affects growth of this 
plant. The fact that the roots were not affected by NaCl, was explained by a relatively greater 
proline accumulation during the salts stress. However, some research showed that under 70-
140 mM NaCl, L. creticus grew even better than the control ones during the first month of 
growth. This aspect can be observed in halophytic and in some glycophytic succulent plants 
in which growth is stimulated by low to moderate salinity applied for a short time period. For 
400 mM, L. creticus is able to produce and to allocate dry matter to the different organs. At 
higher salinity (140 – 400 mM NaCl), the high absorption and accumulation of ions caused 
important toxic effects and induced leaf tissue dehydration. The osmotic adjustment 
mechanism in Lotus creticus is a beneficial trait when the plants are treated with moderate 
levels of salinity (70 –100 mM NaCl). Moreover, the presence of hairy leaves allows keeping 
almost 81% of sprayed water and absorbing the 9% of the water retained, and decreased the 
epidermal conductance to water vapour diffusion. Research related to water deficiency 
showed that drought reduces the aerial part and root growth and leaf area. Moreover, water 
stress may influence the production of Lotus trichome increasing water foliar uptake in arid 
environmental conditions. The responses of L. creticus are hardening and osmotic and 
transpiration adjustments. An avoidance mechanism, which minimizes water losses when 
stomata are closed, was then considered. It can be deduced that L. creticus is a very useful 
species for revegetation in restored areas under arid and semi-arid Mediterranean conditions. 
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Introduction 
Arid climate is characterized by hot, dry summers and cool, cold winters, which limits the 
use of different species for soil revegetation (Savé et al., 1999). Therefore, the use of 
native species for revegetation may be an interesting practice especially in those countries 
with dry climatic conditions, where salinity and drought are often serious problems 
because of the poor quality of irrigation water during the dry season (Sánchez-Blanco et 
al., 1998). Salinity has long been known to influence the distribution of plant nutrients in 
legumes (Greenway and Munns, 1980). NaCl toxicity, the predominant form of salt in 
most saline soils, enhances the sodium content and consequently affects the absorption of 
other mineral elements (Greenway and Munns, 1980). Indeed, high levels of Na inhibit Ca 
and K absorption, which results in a Na/K antagonism (Rubio et al., 1999). Ashraf and 
McNeilly (2004) suggested that maintenance of high tissue K/Na ratio as criteria for salt-
tolerance. On the other hand, the relationship between salt tolerance and the macronutrient 
accumulation in vegetative organs of legumes was reported earlier (Cordovilla et al., 
1994). Plant species adapt to high salt concentrations in soils by lowering tissue osmotic 
potential with the accumulation of inorganic as well as organic solutes (Gerard et al., 1991; 
Le Dily et al., 1991; EL Haddad and O’Leary, 1994; Ullah et al., 1994). Cations Na+ and 
K+ are known to be the major inorganic components of the osmotic potential (Asch et al., 
1999). Water deficiency is a major limiting factor of plant productivity in many arid 
regions of the Mediterranean basin (Boyer, 1982). Native species called Mediterranean 
plants are usually considered more tolerant and adapted to dry conditions and to soil 
salinity (Caballero and Cid, 1993). Lotus is a large (150 spp.), cosmopolitan genus that 
occupies two major centres of diversity, the Mediterranean region (including portions of 
Europe, Africa, and western Asia) and western North America (Allan et al., 2004). It is one 
of about 10 genera within the tribe Loteae (Polhill, 1981; Sokoloff, 1998) and is the only 
genus in the tribe with an intercontinental distribution. Species of the genus Lotus are 
increasingly employed in pastures throughout the world because of their high productivity 
over a wide range of soils (Blumenthal and McGraw, 1999). There is potential for the use 
of Lotus in relation to both salinity and flooding tolerance. In addition, the interest in Lotus 
over the last decade has increased as greater emphasis is being placed on reducing N and P 
inputs into farming systems and lowering cattle stocking rates to reduce environmental 
pollution and land degradation (Blumenthal and McGraw, 1999). Lotus creticus is 
considered a good alternative to traditional covering plants because of its rapid growth and 
its need for little water (Sánchez-Blanco et al., 1998; Cabot and Pages, 1997). It is an 
important naturalised legume in arid land of Tunisia. Until now, Lotus creticus 
ecophysiology originating from the Mediterranean countries such as Tunisia has been 
poorly documented (Rejili et al., 2007). In this review, we have first emphasized arid 
regions and abiotic stress definitions followed by a description of Lotus creticus and its 
habitat relations. Physiological mechanisms of Lotus creticus plasticity under abiotic stress 
and in arid climate have been then reported and discussed. 
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Arid regions and arid climates 
 
About one-third of the land area of the world comprises arid and semiarid climates 
(Johnson et al., 1981). Arid desert soils were previously considered economically 
unimportant; however, during the past three decades, the economic and agricultural 
utilization of arid lands has emerged as a critical element in maintaining and improving the 
world’s food supply (Skujins, 1984). In Tunisia, arid and semi-arid climate covers more 
than 3/4 of the total area of the country. Tunisia, located at the north of the 30th parallel, 
occupies the north part of the African continent, and its total area is a more than 164.000 
km2. The arid climate of Tunisia is characterized by high temperature, low relative 
humidity, high evaporation, and scanty rainfall. The desert lands also include saline areas; 
saline lands represent about 15% of the arid and semiarid lands of the world (Serrano and 
Gaxiola, 1994; Zahran, 1997). In saline areas, evaporation greatly exceeds precipitation, 
and soil salination may increases to a sufficient degree to eliminate most plants from these 
habitats (Batanouny, 1979; Zahran, 1997). Saline lands, like arid lands, have been largely 
ignored and are usually considered to be abandoned, non productive lands. Desert 
ecosystems are characterized by a lack of moisture and nitrogen, but drought and salt 
stresses are probably the most important environmental factors that inhibit the growth of 
organisms in arid and semiarid regions. 
 
What is stress? 
 
In physical terms, stress is defined as mechanical force per unit area applied to an object 
(Mahajan and Tuteja, 2005). In response to the applied stress, an object undergoes a 
change in the dimension, which is also known as strain. As plants are sessile, it is tough to 
measure the exact force exerted by stresses and therefore in biological terms it is difficult 
to define stress (Mahajan and Tuteja, 2005). A biological condition, which may be stress 
for one plant may be optimum for another plant. The most practical definition of a 
biological stress is an adverse force or a condition, which inhibits the normal functioning 
and well-being of a biological system such as plants (Jones and Jones, 1989). Drought and 
salt stresses are among the major stresses, which adversely affect plants growth and 
productivity. 
 
Relation of Lotus creticus growth to different environmental factors 
 
The genus Lotus L. contains approximately 100 species (Gunn, 1983; Polhill, 1994), 
distributed throughout of the World. It includes annual and perennial plants with strong 
branched taproots (MacDonald, 1946). The genus includes plant species adapted to an 
ample range of habitats from marine environments to high altitudes, from sandy soils to 
heavy saline soils (Heyn and Herrnstadt, 1967; Heyn, 1970; Montes, 1988; Small, 1989). 
Lotus creticus has a definite capability to adapt to water stress but has specific 
requirements for water depth and flow rate of the current. These requirements, however, 
vary with different varieties. The requirement for water quality is not too strict; however, 
the discharge of phytotoxic chemicals from certain chemical industries is detrimental. 
Regions that once had an abundance of L. creticus plantings have been found to have no 
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Lotus due to discharges of toxic waste. L. creticus can adapt to most soil as long as there is 
no hardpan. It can grow at pH 5.6 to 7.5 but the optimum is at pH 6.5 (Charlton, 1973; 
William, 1988). L. creticus is a light loving plant and grows best when it is not shaded. 
During the Lotus growing period (April-August), average sunlight is between 4.6-9.0 hours 
per day. When the sunlight is abundant it also increases the temperature which favours the 
Lotus growth. Optimal temperature of L. creticus growth is between 20 and 30°C (William, 
1988; Neffati, 1994) with water temperature at 21-25°C. During the early planting time the 
temperature should be at least above 15°C, otherwise both the seed germination and 
seedling growth are hindered, resulting in some decaying. The growth of the seedling then 
increases with the temperature. By June, when the temperature during the day reaches 
30°C, the growth is the fastest (Charlton, 1973; William, 1988). Growth is slowed when air 
temperature is near 40°C. During the seed maturing of Lotus creticus, high day 
temperature and lower night temperatures are optimal (Charlton, 1973; William, 1988). 
Strong winds can break leaf and flower stalks. Broken leaf stems may allow rain water to 
enter the underground stem and cause decay. Rain water in the flowers spoils the flower 
appearance and hinders pollination. Young seedling may be affected by blue mould; buds 
or small leaves with mold on them may influence growth and photosynthesis. Certain 
underwater plant feeders may devour some buds. When the plants mature the flower and 
leaf stalks have some protective sharp protrusions to discourage them (Hovland et al., 1982 
in, William, 1988).  
 
Response of Lotus creticus to drought condition  
 
In general, the plant growth under water stress is reduced, nevertheless, it is known that 
plants have a suite of morphological and physiological adaptations that allow them to 
survive water stress and the degree of adaptation to drought may vary considerably 
between species. Bañon et al. (2004) showed that drought promoted significant differences 
in L. creticus stressed plants, reducing the aerial part and root. The reduction in leaf area 
occurred by effect of irrigation deficit and by high temperature in well-watered soil 
conditions. It has been considered an avoidance mechanism, which permits minimising 
water losses when stomata are closed (Blum, 1997). On the other hand, the degree of 
osmotic adjustment reached by the stressed plants (0.15MPa) was limited and it was 
insufficient to prevent a turgor pressure decrease and growth reduction. Grammatikopoulos 
and Manetas (1994) and Morales et al. (2000) have suggested that the leaf hairs of 
Mediterranean species may improve leaf water status by entrapping and retaining surface 
water, thus, assisting in its final absorption into the mesophyll, or reducing water loss by 
increasing the resistance of the boundary layer. The response observed in L. creticus plants 
can be considered as an advantageous feature that helps to improve leaf water status 
(Blum, 1997). Sánchez-Blanco et al. (1998), Savé et al. (1999), Morales et al. (2000), 
Franco et al. (2002) and Vignolio et al. (2005) showed that in water stress, the responses of 
L. creticus are hardening and osmotic and transpiration adjustements. Several authors 
reported the influence of the water deficit on photosynthesis (Flexas et al., 1998; Sánchez-
Blanco et al., 2004; Chaves and Oliveira, 2004; Lizana et al., 2006; Tambussi et al., 2007; 
Yu et al., 2007). Jaballah (2007) showed that the water deficit affects the rate of 
assimilation A in L. creticus. This result is in agreement with several reports on reduction 
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by water stress of the assimilation A rate (Bloch et al., 2006) resulting from a reduction in 
the stomatic conductance (Chaves, 1991; Yordanov et al., 2003; Campos et al., 1999; 
Cornic, 2000) which limit the carbon diffusion by leaves. Moreover, water stress may 
influence in the production of Lotus trichome (Quarrie and Jones, 1977) increasing water 
foliar uptake in arid environmental conditions. Bañon et al. (2004) suggested that L. 
creticus plants exposed to dry soil conditions and low humidity would have more stomata 
than plants grown in the opposite conditions. In addition, the stomatal density of L. 
creticus plants decreased significantly with temperature on the abaxial surface in deficit 
irrigation conditions (Bañon et al., 2004), but there was no effect on the adaxial surface. 
Sharpe (1973) reported that the adaxial and abaxial stomata differ in their responses to 
light, ambient temperature and water stress in cotton. According to Ciha and Brun (1975), 
the differences related to stomatal density observed between adaxial and abaxial surfaces 
can be a function of leaf expansion. This effect could also be related to leaf movements in 
relation to environmental conditions that show these plants (higher paraheliotropism; 
Palmer, 1985), which can be associated with greater drought avoidance (Savé et al., 2000). 
It is clear that frequency and size of stomat vary as a function of leaf position and growth 
conditions (Jones, 1992). On the other hand, although the processes that regulate root water 
uptake are complex, it is clear that root anatomy and structure play an important role 
(Steudle and Peterson, 1998).  
 
One indicator of the plant capacity to absorb and transport water is the density of the xylem 
vessels and tracheids in a cross-section of the stem or roots. The parameter vessels density 
provides an estimate of the mean diameter of these components of the xylem, a factor 
which is strongly related to water conductivity (Jones, 1992). In this sense, the vessels and 
tracheids developed in the seedlings in nursery conditions improve resistance of L. creticus 
plant to water deficit situations when plants growed in field conditions after transplanting. 
Franco et al. (2002) studied the influence of two irrigation treatments during nursery 
production on the post-transplant development of L. creticus. Their results showed that, 
during 96 days with irrigating 2 days/week with a total of 2.3 L of water per plant over the 
whole nursery period, plants had greater rootlength: shoot length ratio and higher 
percentage of brown roots, an indicator of more resistance to post-transplant stress. Similar 
results are obtained by Franco et al. (2002) in Lotus stressed plants after transplanting.  
In conclusion, Lotus creticus showed rather different adaptation responses to water deficit. 
An avoidance mechanism, which minimises water losses when stomata are closed, was 
deduced by reducing the transpiration rate resulting from a reduction in the stomatic 
conductance gs. This knowledge can be used for improvement of cultivars and cultural 
practices for Lotus species especially in conditions where water deficit are features of the 
growing season.  
 
Response of Lotus creticus to salt stress 
 
Salinity is a serious threat to agriculture in arid and semiarid regions (Rao and Sharma, 
1995). Nearly 40% of the world’s land surface can be categorized as having potential 
salinity problems (Clemens et al., 1983); most of these areas are confined to the tropics 
and Mediterranean regions. Increases in the salinity of soils or water supplies used for 
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irrigation result in decreased productivity of most crop plants and lead to marked changes 
in the growth pattern of plants (Clemens et al., 1983). Increasing salt concentrations may 
have a detrimental effect on soil microbial populations as a result of direct toxicity as well 
as through osmotic stress (Tate, 1995). Soil infertility in arid zones is often due to the 
presence of large quantities of salt, and the introduction of plants capable of surviving 
under these conditions (salt-tolerant plants) is worth investigating (Delgado et al., 1994). 
There is currently a need to develop highly salt-tolerant crops to recycle agricultural 
drainage waters, which are literally rivers of contaminated water that are generated in arid-
zone irrigation districts (Glenn et al., 1999). Salt tolerance in plants is a complex 
phenomenon that involves morphological and developmental changes as well as 
physiological and biochemical processes. Salinity decreases plant growth and yield, 
depending upon the plant species, salinity levels, and ionic composition of the salts 
(Delgado et al., 1994). As with most cultivated crops, the salinity response of legumes 
varies greatly and depends on such factors as climatic conditions, soil properties, and the 
stage of growth (Cordovilla et al., 1995a; Cordovilla et al., 1995b; Cordovilla et al., 
1995c). Variability in salt tolerance among crop legumes has been reported (Zahran, 
1991a; Zahran, 1991b).  
 
Lotus creticus is cultivated in many countries; it is widely grown in arid and semi-arid 
region where soils contain high levels of salts. However, salt affected soils can be utilized 
by flowing salt tolerant crops because such crops would allow expansion of crop 
production to areas where conventional reclamation procedures are economically or 
technically limited. In earlier report, we have shown that L. creticus is able to support a 
level of salinity around 300 mM in germinative phase (Rejili et al., 2006). In 2007, Rejili 
et al. showed that salinity affected both biomass production and plant development. 
Concerning biomass production, Rejili et al. (2006) confirmed that dry matter of the aerial 
organs was significantly affected by NaCl levels exceeding the 100 mM. Le Houérou 
(1986) showed that L. creticus was able to support 100 mM of NaCl concentrations. 
Sánchez-Blanco et al. (1998) showed that the young plants treated with 70 and 140 mM 
NaCl grew even better than the control ones during the first month and the toxic effects of 
the Cl - and Na+ appeared after a longer period of salt stress. This aspect can be observed in 
halophytic and in some glycophytic succulent plants in which growth is stimulated by low 
to moderate salinities applied for a short time period (Gorham, 1996). 
 
The effect of salinity on L. creticus biomass depends on plant size and its relative average 
growth (RAG) (Rejili et al., 2007a). The depressive action of salt on growth materializes in 
a significant reduction of the aerial organ growth activity (Rejili et al., 2007a). For 
instance, shoots were more affected than stems for two different populations. Compared to 
the aerial organs, the roots dry matter was not affected by salt stress. The fact that the roots 
were not affected by NaCl is in accordance with the results obtained in many studies 
(Kumar and Bharadwaj, 1981; khavari-Nejad and Najafi, 1990; Munns and Termaat, 1986; 
Niemann et al., 1988). This behaviour has been explained by a relatively greater proline 
accumulation in roots than in shoots during the salts stress. Proline plays an important role 
in the cellular osmoregulation and acts as a reserve of nitrogen to sustain root growth 
(Kalaji and Pietkiewicz, 1993; Misra et al., 1996; Morales et al., 2000). 
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Several authors suggested that, under saline stress, the osmotic effect is responsible for the 
aerial organ growth reduction (Munns and Termaat, 1986; Yeo et al., 1991; Rengel, 1992). 
The response observed in L. creticus plants can be considered as an advantageous feature 
that helps to improve leaf water status under salt stress (Rejili et al., 2007).  
 
Plants exposed to saline stress were prone to an osmotic stress and to specific toxicity 
effects of Na+ and Cl- ions (Bernstein and Hoyward, 1958; Shannon, 1984; Ayer and 
Westcot, 1985; Hajji et al., 1999). Flowers et al. (1977) summarized the depressive effect 
of salinity on the growth by a nutritional and/or hydrous imbalance. The significant 
correlation between the aerial biomass production and its Na+ content suggest that, for L. 
creticus, the growth decrease was due to the ionic toxicity (Rejili et al., 2007). 
 
Generally, the most salt tolerant plants accumulate Na+ in their shoots whereas sensitive 
plants do not. In the first type, called "Includers", salt was trapped and accumulated in the 
aerial organs cells, mainly in its vacuoles (Yeo and Flowers, 1986; Levigneron et al., 
1995). In the second type, "Excluders", the salt conveyed to the shoots, fault to be trapped, 
was re-exported towards the roots by the phloemic tissue (Lessani and Marschnner, 1978; 
Wieneke and Laüchli, 1980; Slama, 1982; Fortmeir and Schubert, 1995). Sánchez-blanco 
et al. (1998) and Rejili et al. (2007a) showed that L. creticus plants accumulated Na+ ions 
in its photosynthetic organs. The higher Na+ and Cl - accumulation in leaves of treated 
plants and the absence of accumulation of amino acids and soluble sugars by saline effects 
indicated that the osmotic adjustment had been achieved by the elements provided in the 
saline water as Gibbs et al., (1989) and Alarcón et al. (1994) reported. The osmotic 
adjustment by salt accumulation is less energy and carbon demanding than adjustment by 
organic solutes (Wyn Jones, 1981). For this reason, the capacity to include salts is 
considered a salt tolerance trait, when it is accompanied by the ability of plants to 
compartment NaCl in the vacuole, thus protecting salt-sensitive enzymes in the cytoplasm 
(Flowers et al.,, 1977; Alarcón et al.,, 1994; Wyn Jones and Pollard, 1983). Apparently, L. 
creticus treated with 140 mM NaCl is unable to sequester ions efficiently and the salts 
were accumulated leading to inhibition of growth (Sánchez-Blanco et al., 1998). 
 
The maintenance of suitable potassic nutrition to support growth of different organs 
requires a good selectivity, in the aerial organs, of K+ absorption, accumulation and 
transport compared to Na+. Many studies on halophytes and on some tolerant glycophytes 
plants showed that a high foliar K+/Na+ ratio is a salt tolerance criterion (Gorham et al., 
1990; Schactman et al., 1991; Wolf et al., 1991; Yeo, 1998). Rejili et al., (2007) showed 
that L. creticus is strongly selective for K+ ions. It is known that the capacity of plants to 
counteract salinity stress strongly depends on the status of their K+ nutrition. Increasing the 
K+ supply in the root environment may mitigate the reduction of plant biomass due to an 
increase in salinity (Chow and Tsang, 1990; Delgado and Sánchez-Raya, 1999). Potassium 
starvation regularly accompanies sodium toxicity (Flowers and Läuchli, 1983), and Peng et 
al., (2004) have shown that the decline of salt tolerance under low-K+ conditions might 
have resulted from increased Na+ entrance through the high affinity K+ system. 
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Figure 1. Generic pathway under salt and drought stress (Mahajan and Tuteja, 2005).  
 
In conclusion, the present review has shown that Lotus creticus has a great resprouting 
capability and important growth rates under drought and salinity conditions. It can be 
deduced that this plant is a very useful species for revegetation in restored areas. Some 
effort must be conduced in improve its growth patterns under minimum irrigation in arid 
and semi-arid Mediterranean conditions. It is now well known that the stress signal is first 
perceived at the membrane level by the receptors and then transduced in the cell to switch 
on the stress responsive genes for mediating stress tolerance. Understanding the 
mechanism of stress tolerance along with a plethora of genes involved in stress signaling 
network is important for crop improvement. Recently, some genes of calcium-signaling 
and nucleic acid pathways have been reported to be up-regulated in response to both cold 
and salinity stresses indicating the presence of cross talk between these pathways (Figure 
1). Salt and drought disrupt the ionic and osmotic equilibrium of the cell resulting in a 
stress condition. This triggers the process, which functions to reinstate ionic and osmotic 
homeostasis leading to stress tolerance. Stress imposes injury on cellular physiology and 
result in metabolic dysfunction. This injury imposes a negative influence on cell division 
and growth of a plant. This is an indirect advantage to the plant as reduction of leaf 
expansion reduces the surface area of leaves exposed for transpiration and thereby 
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reducing water loss. Stress injury and ROS generated in response to stress also triggers a 
detoxification signaling by activating genes responsible for damage control and repair 
mechanism therefore leading to stress tolerance. Moreover, other physiological factors 
such as rate of photosynthesis, protein assembly and general metabolic processes are 
severely hampered. 
 
References 
 
ALARCÓN J.J., SÁNCHEZ-BLANCO M.J., BOLARIN M.C. and TORRECILLAS A. 1994. 

Growth and osmotic adjustment of two tomato cultivars during and after saline 
stress. Plant Soil, 166: 75–82. 

 
ALLAN G.J., FRANCISCO-ORTEGA J., SANTOS-GUERRA A., BOERNER E. and ZIMMER 

E.A. 2004. Molecular phylogenetic evidence for the geographic origin and 
classification of Canary Island Lotus (Fabaceae: Loteae). Molecular Phylogenetics 
and Evolution, 32, 123–138. 

 
ASCH F., DINGKUHN M., WITTSTOCK C. and DOERFFLING K. 1999. Sodium and 

potassium uptake of rice panicles as affected by salinity and season in relation to 
yield components. Plant Soil, 207, 133–145  

 
ASHRAF M. and MCNEILLY T. 2004. Salinity tolerance in Brassica oil seeds. Reviews in 

Plant Sciences, 23, 157-174.  
 
AYER R.S. and WESTCOT D.W. 1985. Water quality for agriculture. FAO Bull. Irrigation 

and Drainage Paper., 29 Rev. 1. 
 
BAÑON S., FERNANDEZ J.A., FRANCO J.A., TORRECILLAS A., ALARCÓN J.J., SÁNCHEZ-

BLANCO M.J. 2004. Effects of water stress and night temperature preconditioning 
on water relations and morphological and anatomical changes of Lotus creticus 
plants. Scientia Horticulturae, 101, 333-342.  

 
BATANOUNY K. H. 1979. The desert vegetation in Egypt. Cairo Univ. Afric. Studies Rev. 

Spec. Publ. 1, 9–37. 
 
BERNSTEIN L. and HOYWARD H.E. 1958. Physiology of salt tolerance. Annual Review of 

Plant Physiology,9, 25-46.  
 
BLOCH D., HOFFMANN C. M., MÄRLÄNDER B. 2006. Impact of water supply on 

photosynthesis, water use and carbon isotope discrimination of sugar beet 
genotypes. European Journal of Agronomy, 24, 218-225.  

 
BLUM A. 1997. Crop responses to drought and the interpretation of adaptation. In 

BELHASSEN E. (Ed.) Drought Tolerance in Higher Plants. Genetical, Physiological 

http://www.sciencedirect.com/science/journal/11610301
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235023%232006%23999759996%23617065%23FLA%23&_cdi=5023&_pubType=J&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=65389e1fe9353ecfa82935dc6a545e16


    Drought and saline stress in Lotus creticus    29 

and Molecular Biological Analysis. Kluwer Academic Publishers, Dordrecht, pp. 
57–70.  

 
BOYER J.S. 1982. Plant productivity and environment. Science, 218, 443-448.  
 
BLUMENTHAL M.J. and MCGRAW R.L. 1999. Lotus adaption, use, and management. p. 

97–119. In P.R. Beuselinck (ed.) Trefoil: The science and technology of Lotus. 
CSSA Spec. Publ. 28. CSSA, Madison, WI. 

 
CABALLERO M. and CID M.C. 1993. Development of new ornamentals from Canary island 

native plants as alternative crops for mediterranean areas. Agriculture, 2, 163–167.  
 
CABOT P. and PAGÈS, J.M. 1997. Evaluation of the sward covering capacity of four wild 

species and two cultivated ornamental bush species. Acta Horticulture, 17,153–157. 
[In Spanish] 

 
CAMPOS P.S., RAMALHO J.C., LAURIANO J.A., SILVA M.J., MATOS M.C. 1999. Effects of 

drought on photosynthetic performance and water relations of four Vigna 
genotypes. Photosynthetica, 36, 79–87. 

 
CHARLTON J.F.L. 1973. The potential value of birdsfoot trefoils (Lotus ssp) for the 

improvement of natural pastures in Scotland. 1 common birdsfoot trefoils (Lotus 
corniculatus L.). Journal of British Grassland Society, 28, 91-96.  

 
CHAVES M.M. 1991. Effects of water deficits on carbon assimilation. Journal of 

Experimental Botany, 42, 1–16. 
 
CHAVES M.M. and OLIVEIRA M.M. 2004. Mechanisms underlying plant resilience to 

water deficits: prospects for water-saving agriculture. Journal of Experimental 
Botany, 55 (407), 2365-2384. 

 
CHOW C.K.W. and TSANG E.W.K. 1990. Entrepreneurs in China: Development, functions 

and problems.  International Small Business Journal, 1, 63–77.  
 
CIHA A. J. and BRUN W. A. 1975. Stomata1 size and frequency in soybeans. Crop 

Science, 15, 309-313.  
 
CLEMENS J., CAMPBELL L.C. and NURISJAB S. 1983. Germination, growth and mineral 

ion concentrations of Casuarina species under saline conditions. Australian Journal 
of Botany, 31,1–9.  

 
CORDOVILLA M.P., LIGERO F. and LLUCH C. 1994. The effect of salinity on N fixation 

and assimilation in Vicia faba. Journal of Experimental Botany, 45, 1483–1488.  
 



30     M. Rejili, S. Jaballah, A. Ferchichi 

CORDOVILLA M.P., LIGERO F. and LLUCH C. 1995a. Influence of host genotypes on 
growth, symbiotic performance and nitrogen assimilation in Faba bean (Vicia faba 
L.) under salt stress. Plant Soil, 172, 289–297.  

 
CORDOVILLA M.P., OCANA A., LIGERO F. and LLUCH C. 1995b. Growth stage response to 

salinity in symbiosis Vicia faba-Rhizobium leguminosarum bv. viciae. Plant 
Physiology, 14, 105–111. 

 
CORDOVILLA M.P., OCANA A., LIGERO F. and LLUCH C. 1995c. Salinity effects on 

growth analysis and nutrient composition in four grain legumes-Rhizobium 
symbiosis. Journal of Plant Nutrition, 18, 1595–1609.  

 
CORNIC G. 2000. Drought stress inhibits photosynthesis by decreasing stomatal aperture-

not by affecting ATP synthesis. Trends Plant Science, 5, 187–188.  
 
DELGADO I.C. and SÁNCHEZ-RAYA A.J. 1999. Physiological Response of Sunflower 

Seedlings to Salinity and Potassium Supply. Communications Soil Science and 
Plant Analysis, 30, 773-784.  

 
DELGADO M.J., LIGERO F. and LLUCH C. 1994. Effects of salt stress on growth and 

nitrogen fixation by pea, faba-bean, common bean and soybean plants. Soil Biology 
and Biochemistry, 26, 371–376. 

 
EL HADDAD E.H.M. and O’LEARY J.W. 1994. Effect of salinity and K+/Na+ ratio of 

irrigation water on growth and solute content of Atriplex amicola and Sorghum 
bicolor. Irrigation Science, 14, 127-133. 

 
FLEXAS J., ESCALONA J.M. and MEDRANO H. 1998. Down-regulation of photosynthesis 

by drought under field conditions in grapevine leaves. Australian Journal of Plant 
Physiology, 25, 893-900.  

 
FLOWERS T.J. and LÄUCHLI A. 1983. Inorganic Plant Nutrition: V3. Sodium Versus 

Potassium: Substitution and Compartmentation. Encyclopedia of Plant Physiology, 
New Series, 15. Springer-Verlag Berlin Heidelberg. pp. 651-681.  

 
 FLOWERS T.J., TROKE P.F. and YEO A.R. 1977. The mechanisms of salt tolerance in 

halophytes. Annual Review of Plant Physiology, 28, 89–121.  
 
FORTMEIR R. and SCHUBERT S. 1995. Salt tolerance of maize (Zea mays L.): The role of 

sodium exclusion. Plant Cell and Environment, 18, 1041-1047.  
 
FRANCO J.A., CROS V., BANON S., GONZALEZ A. and ABRISQUETA J.M. 2002. Effects of 

nursery irrigation on postplanting root dynamics of Lotus creticus in semiarid field 
conditions. HortScience, 37, 525-528.  

 



    Drought and saline stress in Lotus creticus    31 

GERARD H., LE SAOS J., BILLARD J.P., TREMOLIERES A. and BOUCAUD J. 1991. Effect of 
salinity on lipid composition, glycine betaine content and photosynthetic activity in 
chloroplastes of Suaeda maritima L. Plant Physiology and Biochemistry, 29(5), 
421-427.  

 
GIBBS J., DRACUP M., GREENWAY H., MCCOMB J.A. 1989. Effects of high NaCl on 

growth, turgor and internal solutes of tobacco callus. Journal of Plant Physiology, 
134, 61–69.  

 
GLENN E.P., BROWN J.J. and BLUMWALD E. 1999. Salt tolerance and crop potential of 

halophytes. Critical Reviews in Plant Science, 18, 227–255. 
 
GORHAM J., BRISTOL A., YOPUNG E.M., WYN JONES R.G. and KASHOUR G. 1990. Salt 

tolerance in the Triticeae: K/Na Discrimination in Barley. Journal of Experiment 
Botany, 41, 1095-1101.  

 
GORHAM J. 1996. Mechanisms of salt tolerance of halophytes. In CHOPUKR-ALLAH R., 

MALCOLM C.V. and HAMDY A. (Eds). Halophytes and Biosaline Agriculture. 
Marcel Dekker, New York, pp. 31–53.  

 
GRAMMATIKOPOULOS G. and MANETAS Y. 1994. Direct absorbtion of water by hairy 

leaves of Phlomis fruticosa and its contribution to drought avoidance. Canadian 
Journal of Botany, 72, 1805-1811.  

 
GREENWAY H. and Munns R. 1980. Mechanisms of salt tolerance in nonhalophytes. 

Annual Review of Plant Physiology, 31, 149-190.  
 
GUNN C.R. 1983. A nomenclator of legume (Fabaceae) genera. Technical Bulletin 1680. 

Pages. 294. United States Department of Agriculture.  
 
 
HAJJI M., LACHAÂL M., SOLTANI M. and ABDELLY C. 1999. Plants Response to salt 

stress: Ecophysiological and biochemical aspects of salt tolerance. Annual meeting 
of the EUCA, Sustaniable utilisation of Halophytes, Agadir 5 to 15 April 1999. [In 
French] 

 
HEYN C.C. 1970. Studies in Lotus. III. The L. angustissimus group. Israel Journal of 

Botany, 5, 271-292.  
 
HEYN C.C. and HERNSTRADT I. 1967.The Lotus creticus group. Kew Bulletin, 21, 299-

309.  
 
JABALLAH S. 2007. Physiological response of three forage species to water stress. Master 

of Faculty of Sciences Tunis, Tunisia. 80 pages. [In French] 
 



32     M. Rejili, S. Jaballah, A. Ferchichi 

JOHNSON D.A., RUMBAUGH, M.D. and ASAY K.H. 1981.Plant improvement for semi-arid 
rangelands: possibilities for drought resistance and nitrogen fixation. Plant Soil, 58, 
279–303.  

 
JONES H.G. 1992. Plants and Microclimate. 2nd ed. Cambridge University Press, 

Cambridge. 200 p. 
 
JONES, H.G. and Jones M.B. 1989. Introduction: some terminology and common 

mechanisms. -In: Jones H.G., Flowers T.J. and Jones M.B. (Eds.) Plants Under 
Stress. Cambridge university Press, Cambridge, pp. 1–10. 

 
KALAJI M. and PIETKIEWICZ S. 1993. Salinity effects on plants growth and other 

physiological processes. Acta Physiollogiae Plantarum, 15, 89-124. 
 
KHAVARI-NEJAD R.A. and NAJAFI F. 1990. Growth parameters in sunflower plants as 

affected by Ca/Na interactions under NaCl salinity. Photosynthetica, 24, 155-162.  
 
KUMAR S. and BHARADWAJ P. 1981. Studies on genotype difference in the early seedling 

growth of various crop plants under saline conditions. I. Mung Bean (Vigna radiata 
(L.) Wilczek). Indian Journal Plant Physiology, 24, 123-187.  

 
LE DILY F., BILLARD J.P., LE SAOS J. and HUANLT C. 1991. Effects of NaCl and 

gabaculine on chlorophyll and proline levels during growth of Radish cotyledons. 
Plant Physiology and Biochemistry, 31, 303-310.  

 
LE HOUÉROU H.N. 1986. Salt tolerant plants of economic value in the Mediterranean 

basin.  Reclamation Revegetation Restauration, 5, 391-341.  
 
LESSANI H. and MARSCHNER H. 1978. Relation between salt tolerance and long-distance 

transport of sodium and chloride in various crop species.  Australian Journal of 
Plant Physiology, 5, 27-37.  

 
LEVIGNERON A., LOPEZ F., VASUYT G., BERTHOMIEU P., FOURCROY P., CASSE 

DELBART F. 1995.  Plants toward salt stress. Cahiers d’Agricultures, 4, 263- 273. 
[In French] 

 
LIZANA C., WENTWORTH M., MARTINEZ J. P., VILLEGAS D., MENESES R., MURCHIE E. 

H., PASTENES C., LERCARI B., VERNIERI P., HORTON P. 2006. Differential 
adaptation of two varieties of common bean to abiotic stress: I. Effects of drought 
on yield and photosynthesis. Journal of Experimental Botany, 57, 685 - 697.

 
 

MACDONALD H.A. 1946. Birdsfoot trefoil (Lotus corniculatus L.) its characteristics and 
potentialities as a forage legume. Cornell Agricultural Experimental Station Memo 
261, U.S.A. 

 



    Drought and saline stress in Lotus creticus    33 

MAHAJAN S. and TUTEJA N. 2005. Cold, salinity and drought stresses: An overview. 
Archives of Biochemistry and Biophysics, 444, 139-158.  

 
MISRA A.N., MURMU B., SINGH P. and MISRA M. 1996. Growth and proline accumulation 

in mungbean seedlings as affected by Sodium Chloride. Biologia Plantarum, 38, 
531-536. 

 
MONTES L. 1988. Lotus tenuis. Bibliographic review. Revista Argentina de Producción 

Animal, 8, 367-376. [In Spanish] 
 
MORALES M.A., ALARCÓN J.J., TORRECILLAS A. and SÁNCHEZ-BLANCO M.J. 2000. 

Growth and water relations of Lotus creticus creticus plants as affected by salinity. 
Biologia Plantarum, 43, 413–417.  

 
MUNNS R. and TERMAAT A. 1986. Whole-plant response to salinity. Australian Journal of 

Plant Physiology, 13, 143-160.  
 
NEFFATI M. 1994. Morpho-biological characterization of some North-African plant 

species. Implications for the pastoral improvement. Doct Thesis. University of 
Gent. 264 p + annexes. 

 
NIEMANN P.M., VAN VOLKENBURG E. and CLELAND R.E. 1988. Salinity stress inhibits 

bean leaf expansion by reducing turgor, not wall extensibility. Plant Physiology, 
88, 233–237.  

 
PALMER J.H. 1985. Epinasty, hiponasty and related topics. In PHARIS R.P. and REID D.M. 

(Eds.) Hormonal Regulation of Development. III. Role of Environmental Factors. 
Springer-Verlag, Berlin, pp. 139–168, 1985. 

 
PENG Y.H., ZHU Y.F., MAOY.Q., WANG S.W., SU W.A. and TANG Z.C. 2004. Alkali 

grass resists salt stress through high [K+] and an endodermis barrier to Na+. Journal 
of Experimental Botany, 55, 939 –949.  

 
POLHILL R.M. 1981. Loteae and Coronilleae. In POLHILL R.M. and RAVEN P.H. (Eds.), 

Advances in Legume Systematics, part 1. Royal Botanic Gardens, Kew, pp. 371–
375.  

 
POLHILL R.M. 1994. Classification of the Leguminosae. In BISBY F.A., BUCKINGHAM J., 

and HARBORNE J.B. (Eds.). Phytochemical Dictionary of the Leguminosae, Vol. 1. 
Págs. xxxv-xlviii.  Chapman & Hall, England. 

 
QUARRIE S.A. and JONES H.G. 1977. Effects of abscisic acid and water stress on 

development and morphology of wheat. Journal of Experimental Botany, 28, 192–
203.  

 



34     M. Rejili, S. Jaballah, A. Ferchichi 

RAO D.L.N. and SHARMA P.C. 1995. Effectiveness of rhizobial strains for chickpea under 
salinity stress and recovery of nodulation on desalinization. Indian Journal of 
Experimental Biology, 33, 500–504.  

 
REJILI M., VADEL A.M., GUETAT A. and NEFFATI M. 2007. Effect of NaCl on the growth 

and the ionic balance K+/Na+ of two populations of Lotus creticus (L.) 
(Papilionaceae). Lotus Newsletter 36:34-53.  

 
REJILI M., VADEL A.M. and NEFFATI M. 2006. Germinative behaviour of two populations 

of Lotus creticus under salt stress. Revue des Régions Arides, 17, 65-78.  
 
RENGEL Z. 1992. The role of calcium in salt toxicity. Plant Cell and Environment, 15, 

625-632. 
 
RUBIO F., SCHWARZ M., GASSMANN W. and SCHROEDER J.I. 1999. Genetic selection of 

mutations in the high affinity K+ transporter HKT1 that define functions of a loop 
site for reduced Na+ permeability and increased Na+ tolerance. Journal of 
Biological Chemistry, 274, 6839 – 6847.  

 
SÁNCHEZ-BLANCO M.J., FERRÁNDEZ T., MORALES M.A., MORTE A. and ALARCÓN J.J. 

2004. Variations in water status, gas exchange, and growth in Rosmarinus 
officinalis plants infected with Glomus deserticola under drought conditions. 
Journal of Plant Physiology, 161, 675-682. 

 
SÁNCHEZ-BLANCO M.J., MORALES M.A., TORRECILLAS A. and ALARCON J.J. 1998. 

Diurnal and seasonal osmotic potential changes in Lotus creticus creticus plants 
grown under saline stress. Plant Science, 136, 1-10  

 
SAVÉ R., BIEL C. and HERRALDE F. 2000. Leaf pubescence, water relations and 

chlorophyll fluorescence in two subspecies of Lotus creticus L. Biologia 
Plantarum, 43, 239–244. 

 
SAVÉ R., CASTELL C. and TERRADAS J. 1999. Gas exchange and water relations. In RODÀ 

F., RETANA J., GRACIA C.A. and BELLOT J. (Eds.) Ecology Mediterranean 
evergreen oak forest, 135-147. Ecological Studies 137, Spring Verlag, Berlin & 
Heidelberg. 

 
SCHACTMAN D., MUNNS R., WHITE CROSS M.I.1991. Variation in sodium exclusion and 

salt tolerances in Triticum tauschii. Crop Science, 31, 992-997. 
 
SERRANO R. and GAXIOLA R. 1994. Microbial model and salt stress tolerance in plants. 

Critical Reviews in Plant Science, 13, 121–138.  
 
SHANNON M.C. 1984. Breeding, selection and the genetics of salt tolerance. In STAPLES 

R.C. and TOENNIESSIEN G.H. (Eds.) Salinity tolerance in plants. Strategies for crop 
improvement. Pp 231-254. 



    Drought and saline stress in Lotus creticus    35 

 
SHARPE P.J.H. 1973. Adaxial and abaxial stomatal resistance of cotton in the field. 

Agronomy  Journal, 65, 570–574.  
 
SKUJINS J. 1984. Microbial ecology of desert soils. Advances in Microbiological Ecology, 

7, 49 –91. 
 
SLAMA F. 1982. Effect of Sodium chloride on growth and mineral nutrition: comparative 

studies of 6 cultivated species. Thèse Doct. D’Etat, Tunis, 214 pages. [In French] 
 
SMALL E. 1989. The evolution of genera in the Leguminosae. In STIRTON C.H. and 

Zarucchi J.L. (Eds.) Advances in Legume biology. International Legume 
Conferemce, St. Louis, Missouri, Proc. 1986. Monographs in Systematic Botany 29, 
Missouri Botanical Garden, St. Louis, MO, U.S.A, 1989. Pp. 474-475. 

 
SOKOLOFF D.D. 1998. Morphological and taxonomical study of the genus Anthyllis and 

principles of revision of tribe Loteae (Papilionaceae). Ph.D. dissertation. Moscow 
University, Moscow, Russia. [In Russian] 

 
STEUDLE E. and PETERSON C.A. 1998. How does water get through roots? Journal of 

Experimental Botany, 49, 775–788.  
 
TAMBUSSI E.A., BORT J. and ARAUS J.L. 2007. Water use efficiency in C3 cereals under 

Mediterranean conditions: a review of physiological aspects. Annals of Applied 
Biology, 150, 307-321. 

 
TATE R. L. 1995. Soil microbiology (symbiotic nitrogen fixation). John Wiley & Sons, 

Inc., New York, N.Y. p. 307– 333.  
 
ULLAH S.M., SOYA G. and GERZABEK M.H. 1994. Ion uptake, osmoregulation and plant-

water relations in Faba beans (Vicia faba L.) under salt stress. J. Fûrlandwirts chaft 
liche Fosdrung, 41, 291-301.  

 
VIGNOLIO O.R., BIEL C., DE HERRALDE F., ARAÚJO-ALVES J.P. and SAVÉ R. 2005. Use 

of water tolerant Lotus creticus and Cynodon dactylon in soil revegetation on 
different slopes in a Mediterranean climate. Annales Botanici Fennici, 42, 195-205.  

 
WIENEKE J. and LAÜCHLI A. 1980. Effects of salt stress on distribution of Na+ and some 

other cations in two soybean varieties differing in salt tolerance. Z Pflanzenernaehr 
Bodenkd, 143, 55-67. 

 
WILLIAM G.H. 1988. Interests in trefoils: a possible revival (bibliographic review). 

Fourrages, 116, 329-345. [In French] 
 



36     M. Rejili, S. Jaballah, A. Ferchichi 

WOLF O., MUNNS R., TOUNET M.L. and JESCHKE W.D. 1991. The role of stau in the 
partitiouning of Na+ and K+ in salt treated barley. Journal of Experimental Botany, 
42, 697-704. 

 
WYN JONES R.G. and POLLARD A. 1983. Proteins, enzymes and inorganic ions. In, 

Läuchli A. and Bieleski R.L. (Eds). Encyclopedia of Plant Physiology. New Series 
vol. 15, (2nd ed.), Springer-Verlag, Berlin, pp. 528–562. 

 
WYN JONES R.G. 1981. Salt tolerance. In JOHNSON C.B. (Ed) Physiological Processes 

Limiting Plant Productivity. Butterworths, London, pp. 271–292.  
 
YEO A. 1998. Molecular biology of salt tolerance in the context of whole-plant physiology. 

Journal of Experimental Botany, 49, 915-929.  
 
YEO A.R. and FLOWERS T.J. 1986. Salinity resistance in rice (Oryza sativa) and 

pyramiding approach to breeding varieties for saline soils. Australian Journal of 
Plant Physiology, 13, 163-167.  

 
YEO A.R., LEE K.S., IZARD P., BOURSIER P.J. and FLOWERS T.J. 1991. Short and long 

term effects of salinity on leaf growth in rice (Oryza sativa L.). Journal of 
Experimental Botany, 42, 881-889.  

 
YORDANOV I., VELIKOVA V., TSONEV T. 2003. Plant responses to drought and stress 

tolerance. Bulgarian Journal of Plant Physiology, Special Issue, 187-206.  
 
 YU Q., XU S., WANG J. and LEE X. 2007. Influence of leaf water potential on diurnal 

changes in CO2 and water vapour fluxes. Boundary-Layer Meteorology, 127, 161-
181 

 
ZAHRAN H.H. 1991a. Variation in growth pattern of three Egyptian strains of Rhizobium 

leguminosarum grown under sodium chloride and ammonium nitrate treatments. 
Bulletin of the Faculty of Science, Assiut University, 20, 161–169. 

 
ZAHRAN H.H. 1991b. Conditions for successful Rhizobium-legume symbiosis in saline 

environments. Biology and Fertility Soils, 12, 73–80. 
 
ZAHRAN H.H. 1997. Diversity, adaptation and activity of the bacterial flora in saline 

environments. Biology and Fertility Soils, 25, 211–223. 


	Abstract 
	 
	Introduction 
	 Arid regions and arid climates 

