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Abstract 

 
The attitude of the Saharan variety tadalaghte of Phaseolusvulgaris L. Beanin 
presence of growing doses of NaCl shows it can be able to stand moderate doses of 
this salt. The lack in water caused by the osmotic pressure in the root environment 
does not prevent this variety from being supplied with water, by carrying out an 
osmo-control and a complete osmotic adjustment to ensure maintain of a suitable 
level of tissues hydration. In nutritional terms, the presence of Na+ prevents the 
absorption of K+ and Ca+; but in that specific case, we notice the presence of K+ in 
leaves in quantities that are higher than those in roots.  This massive transfer of K+ 
from roots that empties its K+ in favour of leaves seems to be a strategy of ionic 
control and maintain of a correct physiological activity. In general, levels of 
chlorophyll (a) and (b) decrease with the increase of salinity concentration.  Our 
obtained results show an increase in DNA and RNA rate of our variety under the 
influence of saline stress. Salinity reduces the speed of cellular development and the 
protein and RNA synthesis in apricot leaves (Phaseolus vulgaris L.).  
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Introduction 
 

In Mediterranean region, salinity is a strain in many areas of large-scale 
farming where the quality of water plays a major role and the search for plants 
suitable to high threshold of salinity becomes a necessity for the agriculture 
production. Variety selection requires knowledge of responsible mechanisms for the 
plant tolerance of salinity. (Arbaoui et al., 2000).The development of agriculture 
leads inevitably to exports of considerable quantities of different nutritive elements 
for soil for which the restitution becomes imperative especially in soils of arid and 
semiarid regions of North Africa. (Rahmoune et al., 2001). 
          In many cases, abiotic stress does not happen independently; therefore, 
environment stresses may thus involve interaction coordination of stress factors. 
(Amane et al., 1999). The negative effect of the high salinity can be observed at all 
the plant like the death of the plant and/or the decrease of productivity. A lot of plants 
develop mechanisms either to cut out the salt from its cells or to tolerate its presence 
in cells.(Parida and Das, 2005) 
 
           Actually, depending on the degree of salinity in the environment, glycophytsin 
particular, are exposed to modifications of their morpho-physiologic behaviour 
(Bennaceuret al, 2001), biochemical behaviour(Grennan, 2006)and mineral 
behaviour(Martinez et al., 2007). Thus, plants react to those salinity variations in the 
biotope, either to disappear or to produce new mechanisms of resistance. Among 
those mechanisms, the osmotic adjustment plays a vital role in the resistance or 
tolerance of the plant to the constraint (Munns, 2002).   

Actually, in the case of a cut in the water potential, the toleranceis represented 
by a maintain of the turgescence(Garg andal., 2002; Moinnuddin andal.,2005); 
thanks to the phenomenon of osmotic adjustment. This phenomenon appears today as 
a main mechanism of adaptation to ionic and osmotic stress which is presented by the 
capacity of a plant to accumulate, in thesymplasmic level and in an active way, ions 
like K+ and Na+(Parida and Das, 2005; Navarro and Rubio, 2006) and Cl-(Munns 
andal, 2006; Teakle andal, 2007) or organic compounds like soluble sugars (Ottow 
and al, 2005) and some amino acids like proline, (Morant-Manceau andal, 2004).It 
allows maintain of many physiologic functions (photosynthesis, transpiration, 
growth...) (Grennan., 2006,  Martinez andal, 2007) and can occur in all stages of the 
plant development, (Malasses, 1997). 

 
Phaseolus vulgaris L. bean is a plant, sensitive to salinity and a source of 

dietary proteins in many developing countries. Concerning cultural sector, bean is the 
third most important leguminous plant crop in the world (Aydin andal, 1997). 

 
The objective of our work is to study the effect of the presence of NaCl in the 

cultivation environment of bean in order to put adjustments mechanisms to NaCl in an 
obvious place, for a best control of their action and to weaken their effects on the 
physiology of vegetables and on the growth of the yield.  
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Our work concerns the study of the response of the species of Phaseolus 

vulgaris L subject to saline stress.  In order to highlight the response of this variety, 
we hold a measurement of DNA, RNA, proteins, and chlorophyll, mineral salts (Na+, 
Ca++ and K+). 

 The plant equipments we have used, concern seeds of Phaseolusvulgaris L 
(Saharan varietyTadalaghte) harvested in the region of Béchar (region Saharan of 
Algeria). 

 
 

 
1- Preparation of the plant material  

 
The disinfection of seeds was made with hypochlorite sodium solution at 0.5% 

during 5 minutes, and then seeds were rinsed with distilled water several times to get 
rid of traces of hypochlorite sodium solution.  

Analyses were made on 20 plants, which will be divided into four groups of 
different concentrations of NaCl (Witness, 50 meq, 150 meqand300 meq). 

The sowing of seeds and the transplanting are done in the greenhouse of the 
University of Mascara, which is of 60 m long and the average diurnal and maintained 
temperature of 28°C and the humidity between 50 and 55% during the test. 

The sterilized seeds are carefully sowed in disposable sections filled with 
industrial peat. In the end, a watering with sterilized water is made every three days.   

The reporting is done in plastic tubs of 19 cm diameter (high), and 13 cm (on 
the bottom), and of 16.5 cm high, of which the bottom is pierced to insure a good 
drainage.   

Theplant’s growing is made on sand taken at the seaside in El Mactaa. It was 
beforehand washed in spirits of salt, rinsed thoroughly with tap water then with 
distilled water until chlorides disappear completely. The drying is done in an 
autoclave at 105°C during some hours. 

The seeds’ growing is done on sand mixed with vermiculite (1 measure of 
vermiculite + 2 measures of sand) which has the advantage of acting as neutral 
towards the ground and promote a good airing of roots, and present the non stem of 
ions(Demelon.1968). 

The young plants were transplanted after one month, for all the plants, in big 
tubs of 13 cm diameter and 16.5 cm high filled with 1500g of sand (this value is used 
to calculate the retention capacity), at the rate of one plantlet per tub.   

The used nutritive solution is of Hoagland diluted in 1/1000 widely used in 
laboratory. The watering is done every three days, until the application of saline 
stress.  

Saline solutions are prepared from NaCl at 50meq, 150meq and 300meq of 
nutritive solution. The watering is done two times during a week to avoid the hydric 
stress.  

After one week of stress, we harvest the plants, and carefully separate stems, 
leaves and roots. In order to avoid the contamination with the substratum of the crop, 
we have well and rapidly rinsed roots with water, and then dry with kitchen towel.  
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Leaves, stems and roots are separated, then weighed, wrapped up in 

aluminium foil, and then numbered and weighed. Shares of each organ are put in an 
autoclave during 48 hours at 80°C. Later, we have weighted the dry weight of each 
organ. Samples are grazed using a mortar. The fine powder obtained is put in pill-
boxes hermetically closed with plasmas stoppers; the whole is put into freezer for the 
next operations.  The wet and dry weights are determined using a precision balance.    
 
 
2- Measurement and extraction of proteins according to the method 
of kdjeldal ; 1983, and Afnor ; 1977 : 
 
The mass of plant proteins = mass of nitrogen x 6.25 
 
Mineralization 

Weigh 0.1 g of the sample and insert it into the flask of the mineralization 
device (Gerhardt). Add 0.1 g of catalyst (0.1 g of copper sulphate (K2SO4) and 0.1 g 
of selenium) and (10 ml of sulphuric acid) pure. Homogenize and heat up the flask 
until getting a limpid solution of a greenish colour; then leave it to cool. 
 
N organic + H2SO4 (NH4

+)2, SO4 + H2O + CO2 
Distillation 
This stage is done using distiller device (Gerhardt). The content of the flask is poured 
into distillation balloon. Then, we add 80 ml of distilled water (drip) and 80 ml of 
Hydroxide of sodium solution (33%). A beaker containing 25 ml of boric acid (4%) is 
placed at the end of the device. We start the distillation of the mixing with heating the 
balloon in order to collect more than 50 ml of distillation. 
NH4

+ + OH- NH3 +H20 
Titration  
The titration is done using H2SO4 (0.1 N), by placing the beaker under a burette. We 
drain out the sulphuric acid until obtaining the turning from yellow to pale pink; we 
read the volume of H2SO4 poured, necessary for the neutralization.  
 
 

 

 
 
 
V: volume of  H2SO4poured into the burette during the titration in ml. 
P: test in grams 
0.014: correspondence to sulphuric acid. 
0.1: normality of H2SO4. 
N: Nitrogen. 
Proteins% =N%x6.25 

N % = (0,014 x 0,1x V)   x 100               

  P 
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6.25: conversion factor for plant proteins. 
MAT: total nitrogenous material.  
 
 
3- Measurement of the chlorophyll (Arnon (1949)): 
 
We mash 50 mg of the median part of the last leave but one when the sand is present 
and 5 ml of acetone at 80%, in a porcelain mortar, until the fragments of the leave 
become white. After that, we filter in a test tube to obtain a translucent green filtrate 
for each sample.  
         The reading is made with a spectrophotometer and we make two measurements 
of optical density at two different wavelengths which correspond to chlorophylls 
absorption peaks at (663 nm) and of B (645 nm).   
Then, the calculation of the quantities of chlorophylls a and b is made using the 
following methods: 
 
 
 
 
 
4- Measurement of DNA and RNA: 
DNA and RNA were measured according to the technique used by Burton, (1956). 
Put 0.2g of the plant wet material in test tubes, to which we add 2 ml of perchloric 
acid (0.5N). Incubate in the bain-marie for 20mn at 90°C. Then, pass the test tubes to 
the centrifuge for 10 mnat2000 tours /mn. At the end of the centrifugation, we obtain 
the solution containing the DNA and the RNA at the same time. 
 
4.1-Measurement of the DNA  

We take 0.5 ml of the saved solution to which we add 0.5 ml of perchloric acid 
and 2 ml of diphenylamine in test tubes.  

We cover tubes and we put them down at darkness for 18 h. Then, we read the 
optical density of the samples with the spectrophotometer at the wavelength of 600 
nm. 
 

 Preparation of the reagent at the diphenylamine 
Dissolve 500mg of diphenylamine in 49 ml of acetic acid and 1 ml of 

concentrated HCl. 
The determination of the content of DNA is made according to the method: 
 
 
 
4.2-Measurement of the RNA 

We add 1 ml of distilled water to 0.5 ml of saved solution and 1.5 ml of 
orcinolin test tubes, which we bring to the boil in the bain-marief or 45 mn. After 

Chl a= 12.7 DO(663)-2.69 DO (645) 

Chl b= 22.9 DO (645) – 4.68 DO (663) 

DNA (µmol/g MS) = (DO600 – 0.015) / 0.005986 
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cooling with the tap water, we read the optical density of the samples with the 
spectrophotometer at the wavelength of 675 nm. 

 
*Preparation of the reagent at the orcinol 

In an Erlenmeyer, we add 3 mg of copper chloride to 100 mg of orcinol, on which we 
pour50 ml of HCl. 
The determination of the content of RNA is made according to the method: 
 
 
 
 
5- Measurements of mineral salts: 
The analysis of mineral salts was made according to the method of Lafon and al 
(1996). 
 
 
I-Variations chlorophyll contents (a) and (b) in Phaseolus vulgaris L. 
(Saharan variety tadalaghte) put under stress of salinity: 

 
Results concerning chlorophyll contents are carried forward in the figure 01.From 

this, it emerges that in all witnesses, chlorophyll contents (a) and (b),have remained 
more considerable, compared with measured chlorophyll contents in bean plants 
which have grown in breeding grounds containing different concentrations of NaCl. 
The most significant contents reductions were noticed in 300 meq of NaCl where we 
have recorded for chlorophyll (a) 19.060 compared with 23.416 in witness plants. 
And in the same way for chlorophyll (b) where we have found the following results: 
16.48, 14.738 and 12.184 in bean plants put under stress of 50, 150 and 300 meq 
respectively compared with 16.936 for witness plants.  

 
       Generally, contents of chlorophyll (a) and (b) decrease with the increase of 

the salinity concentration. The statistic analysis shows that contents are significantly 
lower than in concentrations of: 150 and 300 meq compared with plants that received 
the nutritive solution (witnesses) whatever the chlorophyll (a) or (b) is.   

 
     Our results are confirmed by the works of El Midaoui et al. (1999) and El 

Midaoui et al. (2007). 
 
     The chlorophyll is very important in the photosynthesis process. Indeed, it is a 

catalyst for reactions. Temperature affects in short and long terms the Photosynthesis, 
plants, in varying degrees, can become acclimatized with changes. This 
acclimatization may provoke a fall of the photosynthesis (Cornic, 2007). 
Modification of composition and pigments contents will then be a characteristic of 
adaptation to the environment (Foyer andal, 2002). In view of sub-optimal 
temperatures, plants decrease their contents in chlorophyll (a) and (b) and 
accumulatezeaxanthinand antheraxanthin (Hadimann, 1999). 

 

RNA (µmol/g MS) = (DO 675 – 0.0071) /0.0061 
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Figure 01: chlorophyll (a) and (b) contents in leaves of Phaseolus vulgaris L. plants 
(Saharan variety tadalaghte) put under stress of salinity. 

 
 
II-Variations of DNA and RNA contents in Phaseolus vulgaris L. 
(Saharan variety tadalaghte) put under stress of salinity: 
 

Histograms of the figure02 show that DNA and RNA contents are more 
significant in the plants watered with the nutritive solution (witnesses), compared with 
those which received NaCl saline solution. We have also observed that these contents 
decrease with the increase of salinity degrees, that is to say there is a negative 
correlation between salt concentration and DNA and RNA concentration. We have 
recorded that the lowest DNA content at the concentration of 300 meq, is 168.44 
compared with witness plants with the concentration of 258.56. The same fact is 
noted for RNA contents; we have found the following concentrations: 28.02, 27.98 
and 22.49 in plants treated with50, 150 and 300 meq respectively compared with 
witness plants with 40.35. The statistic treatment indicates that DNA and RNA 
contents are significantly lower whatever the saline concentration is (50, 150 and 300 
meq) compared with witness plants. 

 
 In the leaves of the plant of mustard grown in a saline environment, there was 

depression in concentrations of DNA, RNA, nitrogenous proteins and activities of 
nitrate reductases and cytochrome c oxidase(Chatterjeeand al., 1985),which tallies 
with our obtained results concerning the decrease in DNA and RNA rates of our 
variety under the impact of saline stress. Stalinisation reduces the speed of cellular 
development and synthesis of proteins and RNA in the leaves of bean (Phaseolus 
vulgaris L.) (Nieman, 1965 in Katterman, 1990). 
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Figure 02: DNA and RNAcontents in leaves of Phaseolus vulgaris L. plants (Saharan 
variety tadalaghte) put under salinity stress. 

 
 
 
III-Variations of proteins percentages in Phaseolus vulgaris L. 
(Saharan variety tadalaghte) put under salinity stress: 

 
According the figure 03, we can observe that proteins percentages decrease 

with the increase of salinity; that is to say, there a negative correlation between 
proteins rates and salinity degree. We have recorded the following values: 3.58%, 
3.43% and 2.90%in concentrations of 50, 150 and 300 meq compared with witness 
plants 4.05%. 

 
The statistic analysis shows that proteins percentages are significantly lower at 

all concentrations compared with protein percentages in the witness plants. The 
increase of salinity has a knock-on effect on a series of biochemical processes. 
Actually, a high absorption of salts by the plant tends to decrease, to be more precise, 
protein synthesis. As a result of this, there will be a reduction of the cell division and 
a more extended cell extension. The growth rate of plants tends to decrease linearly as 
the salinity of soil exceeds a specific value for each crop(Parida and al., 2002). This 
one has linked plants tolerance of salts tomany factors:  
• The plant (phenologicalstage, variety……) 
• The soil (texture, level of fertility, retention capacity) 
• Climatic conditions (temperature, humidity, insolation) 
 
Soluble proteins content of leaves decreases in response to salinity (Parida andal., 
2002). Agastian et al (2000) said that soluble proteins increase to low levels of 
salinity and decrease to high concentrations of salinity in rips.  
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Figure 03: protein percentages (%) in leaves of Phaseolus vulgaris L. plants 

(Saharan varietytadalaghte) put under stress of salinity. 
 
 
 
VI- Variations of mineral salts contents in Phaseolus vulgaris L. 
(Saharan variety tadalaghte) put under stress of salinity: 
 
VI.1-Potassium content (K+): 

 
The figure 04 shows that potassium content in the leaves and the roots 

decreases according to growing doses of NaCl. The K+ accrues much more in the 
leaves part contrary to roots where we have recorded for the leaves: 114.48, 94.86 and 
98.13 at the concentrations of 50, 150 and 300 meqcompared with witness plants 
124.43 ; and for the roots : 82.25, 64.68 and 47.69 at the concentrations of  50, 150 
and 300 meqcompared with witness plants 94.86.  

The statistic analysis shows that K+ contents are significantly lower at 
concentrations 150 meq and 300 meq. It was added that these contents are 
significantly lower in roots compared with leaves, whatever the treatment is.  

The decrease of K+ content in aerial and roots parts goes hand in hand with 
the increase of their Na+ content. This result may indicate a loss of selectivity in 
relation to K+ at high salt concentrations. Thus the importance of the fall of K+ 
content may be an indicator of the sensitivity to salt (El Haddad andO’leary, 1994). 
This inhibiting effect of the salinity on the absorption of K+, was cited by many 
authors: Wolf and al. (1991); EL MEKKAOUI and al. (1994). 
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Figure 04: potassium K+ contents in leaves and roots of Phaseolus vulgaris L.plants 
(Saharan variety tadalaghte) put under stress of salinity. 

VI.2-Calcium content (Ca++): 
 
Graphs of the figure 05 shows there is the same comment as the K+ content, 

that is to say that the Ca++ content decreases with the increase of the salinity, and that 
accumulation is more significant in leaves than in roots, where we have recorded for 
leaves: 73.52, 64.15 and 59.47 at the concentrations of 50, 150 and 300 meq 
respectively, as against 71, 18 in plants watered with the saline solution (witnesses), 
and for roots, we get the following results: 58.84, 50.1 and 48.93 at the same previous 
concentrations compared with the witnesses 59.47. The statistic study indicates that 
the accumulation of Ca++ is significantly lower in the leaves and the roots from the 
concentration 150 meq, and also, this accumulation is significantly lower in the roots 
compared with leaves, whatever the treatment is.   

 

 
Figure 05: calcium Ca++contents in leaves and roots of Phaseolus vulgaris L.plants 
(Saharan variety tadalaghte) put under stress of salinity. 
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VI.3- Sodium Na+ content: 
 

The growing doses of salt increase the Na+ content (figure 06) in all the parts 
of the plant. The higher contents were noticed at 150 meq (138.01) in the leaves 
compared with witness plants 43.83, and in roots at the concentration of 300 meq 
where we have recorded 92.08 compared to the witnesses 30.93. 

The statistic analysis shows that the accumulation of Na+ is significantly 
higher from the concentration 150 meq, this accumulation is significantly lower in the 
roots compared with the leaves whatever the treatment is.  
 
 
 

 
Figure 06: sodium Na+contents in leaves and roots of Phaseolus vulgaris L. plants 

(Saharan variety tadalaghte) put under stress of salinity. 
 

The absorption of high NaCl concentrations engenders a competition with the 
absorption of other ions, specially the K+, that’s what leads to a K+ deficiency. The 
increased treatment with NaCl leads to an increase of Na+ and Cl- rates and a decrease 
of Ca2+, K+ and Mg2+ rates in many plants (Khan, 2001 in Haoualaandal., 
2007).That salinity increase the Na+, Ca2+ and Cl- content in Viciafaba and the ratio 
K+/Na+ decreases (Gadallah, 1999 in Haoualaandal., 2007). Nutritional effects of 
the salinity include the two primary effect of the soil on the plants: the direct toxicity 
due to the excessive accumulation of ions in tissues and the nutritional imbalance 
caused by the excess of some ions. 

 
The accumulation of Na+ ions in the plant limits the absorption of the essential 

cations like K+and Ca2+. There will be a competition between Na+and Ca2+for the 
same apoplasmic attachment areas. The accumulation of Na+ ions affects the 
absorption of K+ according to the concentration of the first element. Yet, the presence 
of Na+ with small concentration, may increase the absorption of K+, whereas, a high 
Na+ concentration decreases the absorption of K+ in rice (Levit, 1980 in 
Haoulaandal., 2007) and the sugar cane(Nimbalkar, Joshi, 1975 in Haoualaandal., 
2007). This absorption may even completely stop in bean (Hamza, 1977 in 
Haoualaandal., 
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2007) and oleander (Hajji, 1980 in Haoualaand al., 2007) cultivated in the presence 
of sodium chloride (NaCl) at12 g.l-1.     

 
 

The absorption of high NaCl concentrations engenders a competition with the 
absorption of other ions, specially the K+, that’s what leads to a K+ deficiency. The 
increased treatment with NaCl leads to an increase of Na+ and Cl- rates and a decrease 
of Ca2+, K+ and Mg2+rates in many plants (Khan, 2001 in Haoualaandal., 2007).The 
salinity increases the Na+, Ca2+and Cl-content in Viciafaba and the ratio K+/Na+ 
decreases (Gadallah, 1999 in Haoualaandal., 2007). Nutritional effects of the 
salinity include the two primary effects of the soil on the plants: the direct toxicity due 
to the excessive accumulation of ions in tissues and the nutritional imbalance caused 
by the excess of some ions. 

 
The accumulation of Na+ ions in the plant limits the absorption of the essential 

cations like K+and Ca2+. There will be a competition between Na+and Ca2+for the 
same apoplasmic attachment areas. The accumulation of Na+ ions affects the 
absorption of K+according to the concentration of the first element. Yet, the presence 
of Na+with small concentration, may increase the absorption of K+, whereas, a high 
Na+concentration decreases the absorption of K+ in rice (Levit, 1980 in Haoulaand 
al., 2007) and the sugar cane(Nimbalkar, Joshi, 1975 in Haoualaandal., 2007). This 
absorption may even completely stop in bean (Hamza, 1977 in Haoualaandal., 
2007) and oleander (Hajji, 1980 in Haoualaandal., 2007) cultivated in the presence 
of sodium chloride (NaCl) at 12 g.l-1 

 
 
Conclusion 
 

All got results show the obvious fact that the Saharan variety tadalaghte 
(Phaseolusvulgaris L.) is characterized by ability for hardiness to moderate saline 
concentrations.  

This hardiness is correlated with ability for tadalaghte to cut its hydric 
potential for an adequate feeding.  

 
Moreover, this variety, in spite of the presence of salt in its roots environment, 

protects its membranes’ structures despite the accumulation of Na+ in the leaves, and 
a high osmotic pressure in the roots. This keeping of structures intact, allows the plant 
to keep a normal physiological activity for growth and development needs.   
 

It is remarkable that the mineral feeding is manifested in a great accumulation 
of K+ in leaves; and this allows cells to carry out the osmoregulation and the different 
gaseous exchanges. 

Generally, chlorophyll (a) and (b) contents decrease with the increase of the 
salinity concentration. 
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Salinisation reduces the speed of the cell development and the proteins and 

RNA synthesis in the leaves of bean (Phaseolus vulgaris L.)  
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