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Abstract       The purpose of that study was the applying of an indirect test 
method to salt tolerance, based on influence determination of salt stress upon 
chlorophyll accumulation. Determination of chlorophyll content was realized at 
7, 14, 21 days from stress induction using the portable chlorophyllmeter. The 
applying of some different osmotic pressure made some variations regarding 
the chlorophyll content. The highest value of chlorophyll content were 
registered at Alex genotypes while genotipes Panonicus registered a lowest 
chlorophyll content.   
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Salinity is a major constraint to food production 

because it limits crop yield and restricts use of land 

previously uncultivated. Estimates vary, but 

approximately 7% of the world’s total land area is 

affected by salinity [6]. Most importantly, the 

percentage of cultivated land affected by salt is even 

greater. Furthermore, there is also a dangerous trend of 

a 10 % per year increase in the saline area throughout 

the world [11]. In addition, salinity is a problem for 

agriculture because also only few crop species and 

genotypes are adapted to saline conditions. Although 

irrigation covers only about 15% of the cultivated land 

of the world, irrigated land has at least twice the 

productivity of rain-fed land, and may therefore 

produce one-third of the world’s food. The reduced 

productivity of irrigated lands due to salinity is, 

therefore, a serious issue.  

The phenological responses to salt stress are complex. 

For example, [1] found that 1000-seed weight in barley 

was more strongly affected by salinity than grain 

number per spike and spikes per plant. While in rice, 

spikelet and tiller number were more affected by 

salinity than 1000-seed weight [13]. In addition, the 

response of phenological aspects to salinity changes 

with developmental stages of plant [10]. For example, 

many crops show a reduced tolerance to salinity during 

seed germination, but greater tolerance during later 

growth stages and vice versa in other crops. Results of 

salt tolerance for some crops have shown that wheat, 

sorghum and cowpea [7]  were most sensitive during 

the vegetative and early reproductive stages, less 

sensitive during flowering, and least sensitive during 

the grain-filling stage. Salinity significantly reduces the 

total chlorophyll content and the degree of reduction in 

total chlorophyll depending on salt tolerance of plant 

species and salt concentrations. In salt-tolerant species, 

chlorophyll content increased, while in salt-sensitive 

species it was decreased [2]. According to [14], the 

reduction in chlorophyll content was significant for 

salt-sensitive species, which is correlated with Cl
- 

accumulation. 

 

Material and Method 
 

The biologic material used in that study was 

represented by four genotypes of Romanian and 

foreign wheat. The salt stress made in laboratory 

conditions, the biologic material being studied during 

21 days in stress conditions induced by NaCl. The 

experiment was realized under normal ( V0 Apa ) and 

salt stress V1-120mM NaCl, V2-200mM NaCl .For the 

experiments, the plants were grown in vegetation pots 

in same sizes, in perlite. The plants were kept in 

greenhouse, in a 14/10 hour day/night at 20/22
O
C 

night/day temperature. Fifteen ml of distilled water or 

NaCl solution was added to every crop pots under 

normal and salt stress conditions, respectively, after 

every 2 days to compensate the losses due to 

evaporation. Chlorophyll was measured at 7, 14, and 

21 days after sowing, for every variant of culture 

medium. The chlorophyll content of leaves was 

determined by portable chlorophyll meter SPAD- 502 

(Konica Minolta).  

Experimental data had been processed by statistical 

methods: the variance analysis and test t [3]. The 

significance of differences between the varieties was 

noted with symbols (*, 0). 

 

Results and Discussions 

 
From table 1, where the variance analysis was 

presented for that indicator, it could observe that there 

were distinct real differences among, the seedlings age, 

the treatment with NaCl and also interaction of factors.
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Table 1 

Analysis of variance on the effect of varieties, seedlings age and salt on chlorophyll content (SPAD) in wheat 

Source of variation SS DF MS2 F Test 

Total 3020.15 107   

Repetitions 4.55 2   

Varieties 236.13 3 78.71 3.60 

Varieties error 131.15 6 21.86  

Seedlings age 1151.88 2 575.94 64.44** 

Varieties x Seedlings age 164.13 6 27.35 3.06 

Seedlings age error 142.99 16 8.94  

NaCl 34.92 2 17.46 1.52 

Varieties x NaCl 129.11 6 21.52 1.88 

Seedlings age x NaCl 213.66 4 53.41 4.66** 

Varieties x Seedlings age x NaCl 261.81 12 21.82 1.90 

Error NaCl 549.81 48 11.45  

 

The quantity of chlorophyll for species taken in study, 

registered values between 12,14 SPAD  at Panonicus 

and 15.873 SPAD at Alex. (table 2). The responses of 

chlorophyll content to salt stress depended on salt 

tolerance differences among wheat varieties. Similarly, 

in alfalfa [16], sunflower [2] and cowpea [9], therefore 

responses of chlorophyll content to salinity depended 

on salinity level and the degree of salt tolerance of 

genotypes. In cowpea, for example, Murillo-Amador et 

al. (2002) found that chlorophyll content of salt-

tolerant genotypes was increased under salinity, 

whereas in salt-sensitive genotypes it showed a 

different pattern. 

 

Table 2 

The effect of wheat varieties on chlorophyll content (SPAD) 

Varieties 

Average (SPAD) 

  

Relative 

value 

% Difference Signification. 

Gk Kpos-Alex 13.20813 15.87397 83.2062 -2.66584 - 

Panonicus-Alex 12.14877 15.87397 76.53262 -3.72521 0 

Iozef-Alex 15.0985 15.87397 95.11481 -0.77547 - 

Panonicus-Gk Kapos 12.14877 13.20813 91.97947 -1.05936 - 

Iozef-Gk Kapos 15.0985 13.20813 114.3122 1.89037 - 

Iozef -Panonicus 15.0985 12.14877 124.2801 2.949733 - 

      LDS 5% LDS 1% LDS 0.1% 

      3.117541 4.720848 7.583896 

 

 

According to presented data in table 3 it could observe 

as seedlings age had a very significant influence on 

chlorophyll accumulation to genotypes studied. The 

chlorophyll content registered value between 12,761 

(SPAD) at 7 days and 10.910 SPAD after 21 days from 

salt induction. From the point of view of this indicator 

it observed that the chlorophyll content decreased when 

salt stress during 21 days. The reduction in 

photosynthesis under salinity can also be attributed to a 

decrease in chlorophyll content [4]. The results of 

chlorophyll content (SPAD value) showed a varying 

pattern among genotypes. 
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Table 3 

The effect of wheat seedlings` age on chlorophyll content SPAD 

Seedling age 

Average(SPAD) 

  

Relative value 

% Difference Signification. 

14 day-7 day 18.57554 12.76134 145.561 5.814198  *** 

21 day -7 day 10.91014 12.76134 85.49366 -1.8512  o 

21 day -14 day 10.91014 18.57554 58.7339 -7.6654  ooo 

        LDS 5% 1.493826 

        LDS 1% 2.057534 

        LDS 0.1% 2.832632 

 

 

Regarding the unilateral effect of salt concentration on 

chlorophyll content at wheat plantlets (table 4), that 

presented values between 13.30 SPAD on variant V0 

and 14.66 SPAD on variant V3. The treatments 

applying through the salt stress induced had 

determined an increase of chlorophyll content.

 

 

Table 4 

The effect of salt concentration on the chlorophyll content SPAD of wheat seedlings 

Salt solutions 

Average(SPAD) 

  

Relative Value 

% Difference Signification 

V1-V0  14.66207 13.3098 110.1599 1.352269  - 

V2-V0 14.27515 13.3098 107.253 0.965355  - 

V2-V1 14.27515 14.66207 97.36113 -0.38691  - 

        LSD 5% 1.643303 

        LSD  1% 2.225638 

        LSD  0.1% 2.975495 

 

 

A salt tolerance of genotypes is usually the 

result of a combination of different physiological 

mechanisms. In order to develop practicable strategies 

for selecting salt tolerance of wheat genotypes by 

physiological traits, it is necessary to have better 

understanding of the physiological mechanisms of salt 

tolerance genotypes. Dracup (1991) reported that the 

efficiency of physiological traits as selection criteria 

depended on genetic diversity in physiological 

mechanisms of salt tolerance. 

The mechanisms for salt tolerance often depended on 

the morphological and physiological complexity of the 

organized plant rather than on tolerance at the cellular 

level [4]. 

The advantage of the utilization of physiological traits 

in the evaluation for salt tolerance among genotypes 

are the physiological criteria are able to supply more 

objective information than agronomic parameters when 

screening for component traits of complex characters 

[12]; screening for specific physiological traits can 

reduce the time needed to grow plants under salinity; 

and can eliminate the need to grow plants under 

controlled conditions [8]. Furthermore, the benefit of 

evaluating salt tolerance based on physiological traits 

has recently been proposed due to the availability of 

new devices like SPAD meter for specific traits 

determination that are more quick and easy to use in 

field measurements. However, selection based on 

physiological criteria is fraught with uncertainties and 

unknown. 

 

Conclusions 
 

The modifying of osmotic pressure determined 

differences concerning the chlorophyll content. From 

the point of view of that indicator the species taken in 

study registered values between 12.148 SPAD to 

Panonicus and 15.873 SPAD to Alex. Genotypes 

which registered a lower chlorophyll content had 

resulted to be more tolerant to drought action.The salt 

stress significantly affected the chlorophyll synthesis in 

plants.There was gradual reduction in total chlorophyll 

accumulation in the leaves as compared to control or 

all the varieties in the present investigation. 

The results obtained had sustained the method of work 

usage, in quickly selection for drought tolerance in the 

first phases of amelioration process. The selection 

ending, might be completed with direct methods 

applying. 
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