
Gadoum et al.: Physiological and biochemical responses of three ecotypes of carob (Ceratonia siliqua L.) against drought stress in 

Algeria 
- 1929 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):1929-1945. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1702_19291945 

 2019, ALÖKI Kft., Budapest, Hungary 

PHYSIOLOGICAL AND BIOCHEMICAL RESPONSES OF THREE 

ECOTYPES OF CAROB (CERATONIA SILIQUA L.) AGAINST 

DROUGHT STRESS IN ALGERIA 

GADOUM, A.1* – ADDA, A.2 – SAHNOUNE, M.2 – AID, F.1 

1Laboratory of Biology and Physiology of Organisms, University of Sciences and Technology 

Houari Boumediene, BP 32 El-Alia, Bab Ezzouar, 16111 Alger, Algérie 

(phone/fax: +213-21-247-217) 

2Laboratory of Plant Biotechnology and Genetic Improvement of Plants, University Ibn 

Khaldoun, BP 78, 14000 Tiaret, Algérie 

(phone: +213-40-777-167; fax: +213-42-415-886) 

*Corresponding author 

e-mail: abdelkadergadoum@yahoo.fr; phone: +213-670-177-112; fax:+213-21-247-217 

(Received 9th Sep 2018; accepted 2nd Jan 2019) 

Abstract. The greatest failure rate of reforestation programs in Algeria is related to the water deficit 

especially at young plant stage. Hence, the objective of this paper is to study the responses to drought 

stress generated by three different water regimes 100% (control), 60% (moderate stress) and 40% (severe 

stress) of field capacity (FC) on 3 young populations of Ceratonia siliqua L. in Algeria with different 

eco-geographical origins (Zeralda, Tissemsilt and Ain Sefra). The germination seeds of these populations 

were conducted in February 2013. The results exhibit a significant decrease in stomata conductance (cs) 

and in relative water content (RWC) with the increase in the intensity of drought stress. Negative and 

significant correlations were recorded between the RWC and the intensity of drought stress in the studied 

plants compared to the control plants. A considerable increase of proline and soluble sugar was positively 

correlated with drought stress severity for the three ecotypes of Ceratonia siliqua L. Significant 

differences in the chlorophyll and carotenoid content were detected among the three ecotypes in three 

water regimes. According to the canonical discriminant analysis of our data, the three ecotypes were 

separated by the physiological and biochemical parameters studied. It is clear that the ability of drought 

tolerance in the three studied contrasting ecotypes is different. We suggest the following order with 

respect to the ability of drought tolerance: Ain Sefra - Tissmesilt - Zeralda. 

Keywords: water regimes, proline, soluble sugar, young plant, relative water content 

Introduction 

Most of Mediterranean natural plants are exposed to persistent and severe drought 

stress (Nogués and Baker, 2000). Drought, the most important abiotic stress, affects the 

physiological and biochemical process in plants leading to a reduction of growth and 

productivity (Yoon et al., 2014; Lambers et al., 2008). 

Drought significantly reduces germination mainly due to low water absorption 

during the imbibition phase of germination, to the low energy supply and to the 

decreased enzyme activity (Okcu et al., 2005; Taiz and Zeiger, 2010). It also reduces 

leaf size, stem elongation and root proliferation, and disturbed stomata variations, plant 

water and nutrient relations with diminished crop productivity (Li et al., 2009). 

Responses of plants to drought stress in the arid and semi-arid areas are complex and 

different mechanisms (morpho-anatomical, physiological, biochemical and molecular) 

involve allowing the plant to survive (Rodziewicz et al., 2014). There are often the main 

mechanisms of tolerance to water deficit (Tardieu, 2005); (i) maintenance of leaf water 
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potential (RWC, stomatal conductance), (ii) the biosynthesis and accumulation of 

various osmolytes (proline, soluble sugars), (iii) and the activation of different resistant 

genes (Chaves et al., 2003; Reddy et al., 2004). 

In Algeria, a gradual rise in aridity towards the north was observed over the past 

thirty years. This aridity is marked by a pronounced increase in the degradation of all 

components of the ecosystem (Ait Chitt et al., 2007). 

This desertification, which reaches the most advanced stage of land degradation 

resulted in the reduction of biological potential, the breakdown of ecological and socio-

economic equilibrium, and a remarkable regression of plant genetic resources (Le 

Houérou, 1985). Central and north-western regions of Algeria are characterized by rare 

and irregular rainfall, and long dry summer periods (Batlle and Tous, 1997). Forests are 

in a perpetual decline due to anthropogenic activities such as forest fires, overgrazing, 

and uncontrolled urbanization (Batlle and Tous, 1997). As a result, several forest 

development programs have been implemented in many areas of Algeria. To that end, 

the government uses the multipurpose tree and drought resistant species that exhibit 

morpho- physiological traits and genetic adaptation to climatic variation (Ait Chitt et 

al., 2007). Among these species is Ceratonia siliqua L. which is a perennial evergreen 

tree. It is an agro-sylvo-pastoral species with enormous socio-economic and ecological 

interests (Batlle and Tous, 1997; Gharnit et al., 2001). Carob tree is considered one of 

the most interesting forest trees since all its parts (leaves, flowers, fruits, wood, bark, 

and roots) are exploited (Aafi, 1996). 

Although carob tree is a non-nodulable species, endophytic associative bacteria can 

be observed in their root systems (Nautiyal et al., 2000; Reva et al., 2002). 

The presence of these bacteria inside vegetative tissues would probably contribute 

significantly to the palliation of nutritional deficiencies of carob, which settles favorably 

on poor soils. They have a great ability to solubilize and release certain mineral or 

organic elements such as phosphorus and iron origins essential for plant nutrition 

(Konate, 2007). 

The carob tree is mainly concentrated in coastal, semi-arid and arid zones, owing to 

its great ability to develop adaptation strategies by reducing its leaf area, leaf curling 

(Rejeb, 1995; Batlle and Tous, 1997) and enhancing the growth of its root system. 

Often, the response of a plant with a water deficit results in a preferential allocation of 

biomass to the roots expressed by an increase in the dry matter ratio between the 

underground part and the aerial part (Gales, 1979; Benbelkacem et al., 2000; Albouchi 

et al., 2003). 

The greatest failure rate of revegetation programs faced by carob trees is at the 

seedling stage. The installation of the seedling root system requires adequate soil 

hydration and will be more difficult in heavy areas characterized by a high saturation 

deficit (Letreuch, 1991). Vegetation with weak rooting can disappear; also, we propose 

the study of physiological mechanisms of resistance to drought stress on three ecotypes 

of Ceratonia siliqua L. aged 18 months, from three different bioclimatic regions of 

Algeria. 

Materials and methods 

Plant material 

Populations of Ceratonia siliqua L. were collected from three different bioclimatic 

stages in the Centre and North-Western of Algeria respectively in Zeralda (wet 
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bioclimatic stage), Tissemsilt (upper semi-arid bioclimatic stage) and Ain Sefra (arid 

bioclimatic stage). Climatic, geographical and hydrological conditions of these three 

regions are markedly different (Table 1). Sapling locations are illustrated in (Fig. 1). 

 
Table 1. Geographical and climatic characteristics of the different sites of Ceratonia siliqua 

L. ecotypes. (ANAT, 2004) 

Ecotype Latitude Longitude Altitude (m) Pluviométrie T min (°C) T max (°C) 

Zeralda 36.7040 N 2.8672 W 30 600-900 0-9 28-31 

Tissemsilt 35.9049 N 1.5248 W 866 400-600 2-4 33-38 

Ain Sefra 32.7439 N -0.8801 W 1078 100-300 -10 35-42 

 

 

 

Figure 1. Repartition map of the different sites of Ceratonia siliqua L. ecotypes of Algerian 

carob populations 

 

 

Culture conditions 

After being scarred with a sharp instrument at the opposite side of the embryo, seeds 

were disinfected using bleach diluted for 10 min and finally rinsed twice with distilled 

water and deposited in Petri dishes on filter paper a reason of 10 seeds per petri dish. 

Petri dishes were put in an oven 48 h at 27 °C in the dark. Germination rate are 54.5%, 

100%and 74.4%for Zeralda, Tissemsilt and Ain Sefra, respectively. 

Plants were transferred into pots (15 × 27 cm) filled with a mixture of peat and soil 

2/3 (v/v) with one seedling per pot and watered daily with tap water. The experiment 

was conducted at 28 ± 1°C and the range of relative humidity is 60% to 70% over 

18 months. 

The experiments were performed during July 2015, on plants at the same stage of 

development. 162 young plants of Ceratonia siliqua L., 18 months old have been 

divided into three groups which undergo three different water regimes:100% (control), 

60% (moderate stress) and 40% (severe stress) of field capacity (FC). 

The treatments were applied during two months and each treatment included 

eighteen plants for each ecotype. Leaves were collected after seventeen days of 

treatment. Three plants per treatment were used for each experiment. 
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Physiological parameters 

Relative water content 

The water status of the plants is measured by the Relative Water Content (RWC) 

according to Ladiges (1975), used by Clarke et al. (1982) and Rascio et al. (1988). 

RWC calculations were made according to Equation 1: 

 

 RWC (%) = [(FW - DW) / (TW - DW)] × 100, (Eq.1) 

 

where FW, TW and DW refer to fresh weight, Turgid weight (after 24 h rehydration 

on distilled water), and dry weight after oven drying for 48 h at 70 °C respectively. 

 

Stomata conductance 

Stomata conductance (CS) was measured using a porometer (AP4DELTA-T 

Devices, Cambridge, UK) and on 18 month old plants. Measurements were made on 

fully exposed leaves between 10 h and 12 h on the lower face of three young leaves 

per plant. Stomata conductance has been expressed in mmol H2O/m2 s-1. 

 

Biochemical parameters 

Proline content 

The determination of the proline content is carried out according to the colorimetric 

method of Troll and Lindsley (1955) later developed by Magné and Larher (1992). 

The determination of the proline content is carried out according to the colorimetric 

method of Troll and Lindsley (1955) later developed by Magné and Larher (1992). 

Leaf samples (150 mg) are extracted by using 3 mL of methanol placed in batch at 90 

° C for 1 h. After cooling, extract (1 mL) was treated with 2 mL of ninhydrin solution 

(1% in glacial acetic acid). After addition of 2 mL toluene, the mixture is stirred 

vigorously and the upper phase is removed. The optical density is read at 520 nm with 

a spectrophotometer (U.V/visible Shimadzu Modèle V630). The results are referred to 

a standard curve made of increasing quantities of proline solution. The results are 

expressed in µg. g-1 MS. Three repetitions are planned by treatment between 08 h and 

10 h (one plant per replicate). 

 

Soluble sugar 

The soluble sugar content (SS) was measured according to Schields and Burnet 

(1960). 5.25 ml of 80% ethanol was added to leaf tissues (100 mg) in a test tube at 

room temperature in the dark. After 20-h extraction, ethanol was evaporated in a water 

bath at 70 °C. Then, 2 mL of this solution previously diluted 10 times with ethanol 

80% was transferred into another tube, adding 4 ml of reagent (prepared 4 h before the 

test) composed of 2 mg pure anthrone added to 100 mL of sulfuric acid and vortexing 

to homogenize the solution. After 10 min, tubes were placed again in the water bath 

for 08 min at 92 °C. The absorbance is read at the spectrophotometer (U.V/visible 

Modèle V630) at a wave length of 585 nm. The results are referred to a standard curve 

made of increasing quantities of a solution of glucose and the concentration is 

expressed in µg.g-1 of MS. Three repetitions are planned by treatment (one plant per 

replicate). 
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Chlorophyll pigments 

The levels of chlorophyll (a + b) and carotenoids are determined according to 

Lichtenthaler (1987). The extraction is performed through cold acetone. A measure of 

the absorbance is made of 470, 662 and 645 nm using a spectrophotometer Shimadzu 

(UV-1605). The levels in pigments, expressed in μg.ml-1 of MS, are calculated in 

Equations 2 and 3: 

 

 C (a + b) =7.05 A662 - 18.09 A645 (Eq.2) 

 

 C (x + c) = (1000 A470 - 1.90Ca - 63.14Cb) 214 (Eq.3) 

 

where C(a + b) is total chlorophyll concentration of and C(x + c) is caroténoid 

concentration. 

 

Statistical analysis 

All statistical analyses are performed using SAS 9. On 162 observations, the 

ANOVA procedure of SAS was used to adjust the generalized linear model (GLM). The 

fixed factors are the accessions and the different water regimes. The variable factors 

chosen for this analysis are the various physiological and biochemical parameters. 

The signification is chosen for a value of p = 0.05. In the declaration of the model, 

the options of Statistics Type 1 and Type 3 are used. 

To differentiate between groups of accessions and water regimes which are 

homogeneous on the statistical plan, we used the test of Waller-Duncan. The meaning 

χ = 0.05 in ANOVA was chosen, with the selection of the ANOVA model means of 

SAS 9. 

All statistical analyses were performed using the Database Software SAS, version 9 

for Windows, Version 7. The graphical extrapolation of the results was performed with 

Microsoft Excel software. 

Results 

Physiological parameters 

The relative water content (RWC) of control seedlings of Zeralda ecotype 

(87.08%±5.16) was higher than Tissemsilt and Ain Sefra ecotypes with 83.22%±1.23 

and 72.32%±7.92 respectively (Fig. 2A). 

Moderate and severe drought stresses cause a decrease in RWC proportional to the 

severity of stress. However, Zeralda ecotype still has the largest RWC and Ain Sefra 

ecotype has the lowest regardless of water regime (Fig. 2A). 

Highly significant differences between the three water regimes in Tissemsilt (ddl = 2; 

value F = 9.38; P = 0.0035) and Zeralda ecotypes (ddl = 2; Value F = 20.25; 

P < 0.0001) with R2 = 60.99%, and no significant difference between the three water 

regimes of Ain Sefra ecotype were observed for RWC. 

In control plants, the highest values of stomata conductance were noted in Ain Sefra 

ecotype with 11.16 ± 1.12 mmol H2O/m2/s. Moderate and severe water stress cause a 

slight decrease in stomata conductance in Zeralda and Tissemsilt ecotypes. The most 

significant decrease was, however, recorded in Ain Sefra ecotype (Fig. 2B). We have 

noted that drought stress (moderate and severe stress) significantly reduced (P < 0.001) 
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stomata conductance of Ain Sefra ecotype (ddl = 2; F = 76.74; P < 0.0001). There is no 

significant variation in stomatal conductance in moderate and severe stress of Zeralda 

and Tissemsilt ecotypes. 

 

 

Figure 2. Effect of drought stress on leaf water content (A) and stomatal conductance (B) of 

three Ceratonia siliqua L. ecotypes. Eighteen-month-old young plants were exposed to three 

water regimes (control, 60 and 40% of field capacity (FC)) during 17 days. Mean ± SE (n = 3) 

with distinct letters are significantly different at 5% (Waller-Duncan test) 

 

 

The statistical analysis shows that RWC and CS are strongly influenced by ecotype 

and water regimes (p < 0.05). The water regime (WR) has a significant effect on the 

expression of RWC (p < 0.0001) and a significant variation (p < 0.05) on CS. The 

interaction of the two factors (type of ecotype and water regime) also exerts significant 

variations on RWC and CS (p < 0.05). Therefore, the ecotypes tested reaction distinctly 

with respect to the intensity of drought stress. 

This study shows also that RWC is the first parameter affected by the progression of 

water stress severity of Zeralda and Tissemsilt ecotypes (P < 0.001). Under drought 

stress, especially in severe water stress (40% of field capacity), we noticed a significant 

decrease in RWC compared to the control (P < 0.001). However, we did not observe a 

significant difference in the different water regimes of Ain Sefra ecotype (Table 2). 

 
Table 2. Statistical analysis of the variance of water regime (WR), ecotype (ECO) and 

ECO×WR interactions in Ceratonia siliqua L. 

 ECO WR ECO×WR 

RWC 29.88 <.0001 18.82 <.0001 2.72 0.0319 

CS 16.8 <.0001 7.12 0.0011 5.48 0.0004 

 

 

Biochemical parameters 

Stressed plants showed significantly higher concentrations of soluble sugars 

(Fig. 3A) and proline than control plants (Fig. 3B). An increase in the level of proline 

and soluble sugar, which is a function of the severity of stress in the studied ecotypes, is 
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observed. In severe drought stress, the highest concentrations of proline and soluble 

sugars were found in the Ain Sefra ecotype (Fig. 3). 

 

 

Figure 3. Effect of drought stress on prolin content and soluble sugar of three Ceratonia siliqua 

L. ecotypes. Eighteen-month-old young plants were exposed to three water regimes (control, 60 

and 40% of field capacity (FC)). Mean ± SE (n = 3) with distinct letters are significantly 

different at 5% (Waller-Duncan test) 

 

 

A very high significant difference was detected in the concentration of the proline 

between the different water regime of Zeralda, Tissemsilt and Ain Sefra (Table 3). 

Water Regime has a tremendous effect on proline and soluble sugar accumulation 

(p < .0001). The interaction of the two factors exerts also significant variations 

(p < 0.05) while the ecotype factor has no significant effect (Table 4). 

 
Table 3. Analysis of variance of the proline and soluble sugars of the plants of Ceratonia 

siliqua Lunder three water regimes (control, 60 and 40% of field capacity (FC)) 

 
Zeralda Tissemsilt Ain Sefra 

F P F P F P 

Proline 22.33 <0.0001 16.76 0.0003 45.34 <0.0001 

Soluble sugars 6.33 0.0025 5.33 0.0221 17.12 <0.0001 

 

 

The relationship between the accumulation of proline and the water regime was 

studied using the regression procedure of SAS 9. We have found a strong positive 

correlation between the accumulation of proline and the water regime (ddl = 1; value of 

the test t = 8.87; p < 0.0001). 

 
Table 4. Statistical analysis of the variance of water regime (WR), ecotype (ECO) and 

ECO×WR interactions in Ceratonia siliqua L. 

 ECO WR ECO(WR) 

F Pr>F F Pr>F F Pr>F 

Proline 1.06 0.3502 49.74 <.0001 6.26 0.0001 

Soluble sugar 1.77 0.1737 15.86 <.0001 2.7 0.0329 



Gadoum et al.: Physiological and biochemical responses of three ecotypes of carob (Ceratonia siliqua L.) against drought stress in 

Algeria 
- 1936 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):1929-1945. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1702_19291945 

 2019, ALÖKI Kft., Budapest, Hungary 

Our results show a notable difference in soluble sugars of Ain Sefra’s ecotype. In 

contrast, there has been a significant difference between Zeralda and Tissemsilt 

(Table 3). 

In control plants, the highest values of total chlorophyll were observed in Zeralda’s 

ecotype with 4.70 ± 2.23 μg.mL-1. For the three ecotypes, total chlorophyll contents are 

lower in stressed plants compared to control plants (Fig. 4A). 

 

 

Figure 4. Effect of drought stress on chl T and carotenoids of three Ceratonia siliqua L. 

ecotypes. Eighteen-month-old young plants were exposed to three water regimes (control, 60 

and 40% of field capacity). Mean ± SE (n = 3) with distinct letters are significantly different at 

5% (Waller-Duncan test) 

 

 

Significant differences in the total chlorophyll content between the three water 

regimes (F = 4.60, P = 0.0119), (F = 12.64, P = 0.0011) and (F = 8.71, P = 0.0012) are 

recorded in Zeralda, Tissemsilt and Ain Sefra ecotypes respectively (Table 5). 

 
Table5. Statistical analysis of the variance of water regime (WR), ecotype (ECO) and 

ECOxWR interactions in Ceratonia siliqua L. 

 Zeralda Tissemsilt Ain Sefra 

F Pr>F F Pr>F F Pr>F 

Chlorophyll 4.60 0.0119 12.64 0.0011 8.71 0.0012 

Caroténoid 4.62 0.0118 0.51 0.6138 6.08 0.0066 

Raportchl a/b 3.90 0.0230 1.11 0.3637 13.21 0.0001 

 

 

Water regimes altered the content of carotenoids among the ecotypes of Ain Sefra 

(F = 6.08; P = 0.0066) and Zeralda (F = 4.62; P = 0.0118), but not for the ecotype of 

Tissemsilt. The greatest value of the carotenoid has been recorded in the ecotype of 

Zeralda under moderate stress with 1.65 ± 0.92 μg.ml-1 (Fig. 4B). 

The highest Chl a/b ratio for the control plants was noted in Ain Sefra’s ecotype. It 

significantly decreased in stressed plants of Ain Sefra (F = 13.21, P = 0.0001) and 
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Zeralda (F = 3.90, P = 0.023) ecotypes (Table 6). Conversely, WR has no significant 

effect on the Chl a/b ratio Tissemsilt’s ecotype (p < .0001) (Table 5). 

 
Table 6. Effect of drought stress on ratio Chlorophyll a/b of three Ceratonia siliqua L. 

ecotypes. Eighteen-month-old young plants were exposed to three water regimes (100, 60 

and 40% of FC) during 17 days. Mean ± SE (n = 3) 

 

Chlorophyll a/b 

WR 

100% 60% 40% 

Zeralda 1.40 ± 0.78 1.79 ± 0.93 2.02 ± 1.42 

Tissemsilt 1.06 ± 0.36 1.36 ± 0.42 1.66  ± 0.33 

Ain Sefra 2.20 ± 1.06 0.78 ± 0.43 0.72 ± 0.43 

 

 

Canonical analysis 

The analysis of principal components (APC) of osmolytes shows two separate groups 

(Fig. 5; Tables 7 and 8). The first group includes the stands in the region of Zeralda. In 

the second group, there are still two sub-groups; one constituted of the whole samples of 

Tissemsilt and the other formed by the samples of Ain Sefra. 

 

 

Figure 5. Projection of points means of the regions studied on the first plan factorial of a 

principal component analysis 

 

 

Table 7 shows the point’s means of the regions on the canonical variables. Group one 

is represented by Zeralda ecotype (means points (0.22/-0.0007)) and the group two is 

represented by ecotypes of Tissemsilt (means points (−0.63/0.061)) and Ain Sefra 

(means points (-0.55/0.033)) ecotypes. 
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Table 7. Medium of classes on the canonical variables 

Class meanings on canonical variables 

Ecotype Can1 Can2 

Ain Sefra -0.5528 0.0338 

Tissemsilt -0.6304 -0.0616 

Zeralda 0.2225 -0.0007 

 

 

This interpretation is performed according to the plan 1-2 because it provides the 

maximum of information with 100% contribution to the total variation (99.56% of 

contribution for the axis 1 and 0.44% for the axis 2). 

The values of squared distance, estimated between ecotypes studied two by two, do 

not exceed 3.002, indicating an overlap between the ecotypes (Table 8). 

The first group includes the ecotypes of the locality of Zeralda. The second group 

brings together the stands of the locality of Tissemsilt. Finally, the third group is 

represented by the stands from the locality of Ain Sefra. 

According to Table 8, squared distance between ecotype is less than 50 (maximum 

value 35 between Zeralda and Ain Sefra ecotype), which shows an overlap between the 

three studied ecotypes. 

 
Table 8. Distance square, value of F for the distance square and value of the probability of 

square distance between the different ecotypes 

Squared distance to ecotype 

 Ain Sefra Tissemsilt Zeralda 

Ain Sefra 0 0.01513 0.60256 

Tissemsilt 0.01513 0 0.73136 

zeralda 0.60256 0.73136 0 

F statistics 

 Ain Sefra Tissemsilt Zeralda 

Ain Sefra 0 0.02950 2.80515 

Tissemsilt 0.02950 0 1.89583 

zeralda 2.80515 1.89583 0 

Prob> 

 Ain Sefra Tissemsilt Zeralda 

Ain Sefra 1.0000 0.9996 0.0187 

Tissemsilt 0.9996 1.0000 0.0981 

zeralda 0.0187 0.0981 1.0000 

 

 

With respect to the parameters of RWC and CS, the graphical interpretation of the 

APC results is performed mainly in function of the plan 1-2 because it provides the 

maximum information with 100% contribution to the total variation (99.41% 

contribution of the axis 1 and 0.59% for axis 2) (Fig. 5) 

Figure 6 shows the projection of the point’s means of colonies on the first plan of a 

CPA. It is to show a clear differentiation in 3 distinct groups (Fig. 6; Table 9). 
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Figure 6. Projection of the points means the regions studied on the first plan factorial of a 

principal component analysis 

 

 
Table 9. Distance square, value of F for the distance square and value of the probability of 

square distance between the different ecotypes 

Squared distance to ecotype 

 Ain Sefra Tissemsilt Zeralda 

Ain Sefra 0 1.02765 3.00215 

Tissemsilt 1.02765 0 0.57412 

Zeralda 3.00215 0.57412 0 

F statistics 

 Ain Sefra Tissemsilt Zeralda 

Ain Sefra 0 5.10594 35.61659 

Tissemsilt 5.10594 0 3.79260 

Zeralda 35.61659 3.79260 0 

prob> 

 Ain Sefra Tissemsilt Zeralda 

Ain Sefra 1.0000 0.0071 <,0001 

Tissemsilt 0.0071 1.0000 0.0246 

Zeralda <,0001 0.0246 1.0000 

 

 

Table 10 shows the points means of the regions on the canonical variables Zeralda 

(0.38/0.011), Tissemsilt (−0.348/−0.160) and Ain Sefra (−1.343/0.034). 
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Table 10. Medium of classes on the canonical variables 

Class meanings on canonical variables 

Ecotype Can1 Can2 

Ain Sefra -1.3433 0.0342 

Tissemsilt -0.3486 -0.1608 

Zeralda 0.3891 0.0118 

 

 

According to the canonical analysis, the ecotypes Ain Sefra and Zeralda are well 

differentiated for all parameters studied. But Tissemsilt is getting closer to Zeralda for 

proline and soluble sugar parameters and form a different group for rwc and cs 

parameters. 

Discussion 

Drought stress is the key factor influencing plant growth and development in arid and 

semi-arid areas (Passioura, 2007). The assessment of the impact of the drought on the 

behaviour of plants includes mainly the estimate of their level of hydration. Thus, the 

RWC is a physiological indicator that is often used to assess the water status of the plant 

(Teulat et al., 1997). It has also been proposed as an important physiological indicator 

of the state of hydration in the function of the water regime (Lawlorand Cornic, 2002; 

Mefti et al., 2002). 

Our results show that the water deficit is accompanied with a net decrease in the 

relative water content and stomata conductance in relationship with the intensity of 

water stress. The decrease of relative water content and stomata conductance 

documented in our study was in accordance with previous data (Maamar et al., 2015; 

Lassouane et al., 2013; Chakhchar et al., 2015b). The decrease in RWC is greater in Ain 

Sefra’s ecotype. These two parameters are considered as the main responses against 

stress which is expressed by the stomata closure to minimize the water loss (Pita et al., 

2005). This agrees with the results of some studies in a wide variety of plants (Nayyar 

and Gupta, 2006; Shultz, 2003). Under drought stress, the stomata closure with the 

decrease of their conductance constitutes one factor of plants drought tolerance 

(Yamaguchi-Shinozaki and Shinozaki, 2006). 

A significant relationship between RWC increase and low stomata conductance was 

observed among the three contrasted ecotypes with a very significant stomata closure, 

which plays a very effective role in the prevention of the water loss (Medrano et al., 

2002; Flexas et al., 2004). 

The water deficit tolerance of plants is realized also through the maintenance of a 

low water potential (Blum, 2005). This strategy is mainly based on the osmotic 

adjustment, provided by the accumulation of a large diversity of osmolytes (Jalil et al., 

2007; Sankar et al., 2007). Proline was considered as an osmolyte compatible which 

protects subcellular structures and macromolecule under osmotic stress (Kavi-Kishor et 

al., 2005). It may, also, increase the activity of many enzymes and stabilize protein 

integrity (Szabo and Savoure, 2010; Lipiec et al., 2013). In another context, the 

accumulation of the proline plays a very important role in the absorption of water 

(Ashraf and Foolad, 2007; Miller et al., 2010) to ensure osmotic adjustment which is the 

main physiological characteristics of tolerance (Manivannan et al., 2008). 
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Our study results show a significant accumulation of proline and soluble sugars at the 

three studied ecotypes, with different degrees under water deficit. Hence, the ecotype 

Ain Sefra has the highest accumulation of proline and soluble sugars. We suggest that 

this ecotype is associated with a high tolerance to drought compared to other ecotypes. 

A significant increase of proline content in drought stress has been recorded in several 

species such as Olive (Sofo et al., 2005; Boughallleb and Mhamdi, 2011), poplar (Yin et 

al., 2005), and rice (Mostajeran and Rahimi-Eichi, 2009). The accumulation of proline 

in dehydrated seedlings is the consequence of the activation of the proline biosynthesis 

and inhibition of its degradation (Nakashima et al., 1998). Furthermore, the 

accumulation of soluble sugars allows to protect the membranes and proteins in cells 

exposed to a water deficit and reduce the aggregation of denatured proteins (Ashraf and 

Harris, 2003). The involvement of these two osmoticumin the osmotic adjustment 

allows the maintenance of cell turgorat the highest level possible for low water 

potentials, thus maintaining the photosynthetic activity, membranes structure and 

growth (Lawlor and Cornic, 2002; Farooq et al., 2008). 

The chlorophyll pigment content in the leaves is a good indicator to the detection of 

stress and the tolerance of the plants subjected to stress (Chakhchar et al., 2015a). Our 

results have shown that water deficit induced a significant decrease in the concentration 

of chlorophyll and carotenoids in the leaves of Ceratonia siliqua L., which is in 

agreement with the results of Smirnoff (1993). The decrease of chlorophylls 

documented in our study was in accordance with previous data (Cui et al., 2004; Lei et 

al., 2006). This diminution may be due to a low chlorophyll biosynthesis or their 

degradation (Bacelar et al., 2006). The stress response varies considerably between 

species, genotypes and even between the parts of the same plants (Kozlowski et 

Pallardy, 2002). There were clear intraspecific differences in stomatal sensitivity, 

proline content, RWC, soluble sugars and chlorophylls, suggesting different adaptations 

to drought related to the ecotype effect and significant genetic variability in carob 

populations in Algeria. The same results were obtained by (Chakhchar, 2015b; Maamar, 

2015). 

According to the APC (analysis of principal component), all three ecotypes separated 

into three different groups. Thus, we find that the ecotype of the arid zone (AinSefra) 

was the most tolerant ecotype; it can be used in future reforestation programs in the 

semi-arid area of Algeria. 

Conclusions 

An integrated study combining of physiological and biochemical analysis has been 

adopted to study the reactions and behavior of Ceratonia siliqua toward the water 

stress. Significant differences between ecotypes were recorded in leaves water status, 

the content of photosynthetic pigments, and the accumulation of osmoregulators. 

This study shows that the water deficit is accompanied with a net decrease in the 

relative water content, stomata conductance, and a significant increase in the 

accumulation of proline and soluble sugars of the three studied ecotypes. 

The canonical analysis classified of Ain Sefra ecotype as the most tolerant one from 

the arid zone and suggested the following order of the ecotypes with respect to the 

drought tolerance: the Ain Sefra (arid zone) - the Tissemsilt (semi-arid zone) - the 

Zeralda (sub-humid zone). 
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According to the analysis of principal components, the three ecotypes were 

distinguished on the basis of the RWC, CS, proline accumulation and soluble sugar. Ain 

Sefra ecotype is more likely to be the most droughts tolerant and very promising to the 

regeneration of carob tree cultivation in Algeria in arid and semi-arid areas. 
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