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Abstract- The effects of salinity (NaCl) stress on chlorophyll content and chlorophyll fluorescence in the leaves of 
seven canola (Brassica napul L.) cultivars were studied. Results show that salt stress enhances chlorophyll content 
especially last days of growth season. Among the cultivars Sarigol had lowest level of chlorophyll content. Fm/Fv ratio 
for this cultivar was lowest under mild stress level. But for Comet and SW5001 high stress condition had more 
powerful effect of Fm/Fvwhich decreased the ratio. On the other hand, 51 days after salinity imposition, Cracker and 
Sarigol indicated highest ratio of Fm/Fv. 
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I. INTRODUCTION 
 
Salt stress is a major a biotic stress in agriculture 
worldwide. It is estimated that about 20% of the 
earth’s land mass and nearly half of all irrigated land 
are affected by salinity. Salt stress affects plant 
growth, survival and crop yield as it causes water 
deficit and ion toxicity, leading to a decrease in 
biomass production. Salt stress leads to a secondary 
oxidative stress. Salinity can accelerate the 
production of reactive oxygen species (ROS) in cells 
[1]. 
Rapeseed (Brassica napus L.) is one of the oilseed 
crops being cultivated because of its high quality oil. 
Although Brassica species produce maximum yield 
under normal soil and environmental conditions, their 
production is markedly reduced as a result of 
environmental stresses [2]. 
Chlorophyll is a green photosynthetic pigment which 
helps plants to get energy from light. The plants use 
the energy to combine carbon dioxide and water into 
carbohydrate to sustain their life process. There may 
be many factors that affect the photosynthesis; the 
main factors are light intensity, carbon dioxide 
concentration, and temperature [3][4].The chlorophyll 
content could depend on seasonal and environmental 
changes. 
Plant stress measurement usually focuses on taking 
measurements from living plants. It can involve 
visual assessments of plant vitality or growth, 
however, more recently the focus has moved to the 
use of instruments and protocols that reveal the 
response of particular processes within the plant 
(especially, photosynthesis, plant cell signalling and 
plant secondary metabolism).Chlorophyll 
fluorimeters are, for the most part, less expensive 
tools than photosynthesis systems, and they can be 
used with large populations of plants, due to their fast 
testing protocols. For these reasons, chlorophyll 
fluorimeters are the most used tools for plant stress 
measurement, except when measuring nitrogen, and 
sulphurstress. Chlorophyll fluorimeters are designed  

 
to measure variable fluorescence of photo system II. 
With most types of plant stress, this variable 
fluorescence can be used to measure the level of plant 
stress. The most commonly used protocols include: 
Fv/Fm, a dark adapted protocol, Y(II) or ΔF/Fm’ a 
light adapted test that is used during steady state 
photosynthesis, and various OJIP, dark adapted 
protocols that follow different schools of thought. 
In F0, the photochemical application potency of 
raised energy is ‘maximum’ and therefore photo 
chemically reducing the fluorescence is ‘maximum’. 
When the light intensity issufficient, the fluorescence 
of the F0 value to its maximum amount (that is Fm) 
will increase. This increase represents the gradual 
increase in the fluorescence yield and concurrent with 
reducing the acceleration of photochemical reactions 
[5].Fv/Fm tests whether or not plant stress affects 
photo system II in a dark adapted state. Fv/Fm is the 
most used chlorophyll fluorescence measuring 
parameter in the world. The majority of fluorescence 
measurements are now made using modulated 
fluorimeters with the leaf poised in a known state [6]. 
In this study it is suggested that if chlorophyll content 
and chlorophyll fluorescence in canola (Brassica 
napus L.) cultivars Change in response to salinity. 
 
II. MATERIALS AND METHODS  
 
Split plot in time design was applied on seven canola 
cultivars (Olga, Sarigol, Cracker, Option500, Comet, 
Hyola308 and SW5001) under greenhouse condition. 
These cultivars were subjected to three NaCl 
concentrations (0, 125 and 250mM) as main factor 
(cultivars are as sub-factor) with three replications. 
The chlorophyll contents of fully expanded leaves 
were measured by the chlorophyll meter device 
(SPAD-502, Minolta).This apparatus measures the 
chlorophyll content index of leaves. Recording of 
SPAD readings was carried out weekly, 7 days after 
NaCl introduction for 4 consecutive weeks. 
Measuring of chlorophyll fluorescence was done by 
Opti science, OS-3OMSA portable chlorophyll 
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fluorimeter on 30th, 37th and 51st days after NaCl 
induction. The fluorescence parameters such as F0, 
Fm, FV and FV/Fm, which appeared on the devices 
were noted and written using [7] method. Data were 
subjected to analysis of variance based on the 
statistical model of the used experimental design and 
mean comparison was done using LSD test. 
 
III. RESULTS AND DISCUSSION 
 
Chlorophyll content significantly differed between 
the cultivars (Table 1). Olga, Cracker and Option500 
showed highest levels of Chlorophyll content, 
whereas, Sarigol had lowest Chlorophyll content (Fig. 
1). According to Table 1 interaction between time 
and salinity represent significant difference. 
Chlorophyll content for both salt stressed and control 
plants showed increase from day 30 to day 51 (Figure 
2). There are no significant changes observed 
between different levels of salinity in days 30 and 37 
while significant change between control plants and 
high stress treated plants monitored on day 51.Under 
250 mM concentration of NaCl, Chlorophyll content 
on 51st day was highest and showed significant 
increase compared with 30th and 37thdays (36.9% 
and 19.6% respectively). Chlorophyll content of 
plants treated with 125 mMNaCl on day 51 was 
significant only compared with day 30 (Figure 2). 
 

TABLE 1: ANOVA results of the chlorophyll 
content in leaf 3 of canola cultivars under different 

salt treatments. 

 
**P<0.01; ***P<0.001. 
 

 
Fig 1: Chlorophyll content (SPAD unit) of 7 canola (Brassica 

napus L.) cultivars. (Mean; n = 12). LSD (5%) = 1.490; showing 
least significant difference. 

 
Fig 2: Chlorophyll content (SPAD unit) of 7 canola (Brassica 

napus L.) cultivars grown under saline and non-saline 
conditions (Mean ± SE; n = 21). 

 
All components of fluorescence showed significant 
difference between “salinity × cultivar” and “time × 
cultivar” (data not shown).Under mild stress F0 in 
cultivars Option500 and Olga were highest whereas 
in Sarigol and Comet were lowest but, under severe 
stress, the cultivars that show highest F0 under mild 
stress represent lowest F0 and vice versa (Table 2). 
Table 3 shows the changes of means for chlorophyll 
fluorescence parameters of canola cultivars and their 
mean change under salt stress. 
 
Fm was significant for interaction between “salinity × 
cultivar” and “time × cultivar” in control plants (data 
not shown).Under mild stress, highest Fm belongs to 
Option500, whereas, Comet showed lowest Fm. 
Under severe stress, highest Fm was for Hyola308 
and Sarigol cultivars (Table 2). 
 
Sarigolis the cultivar which showed highest Fv/Fm 
under 125 mMNaCl condition. While Option500, 
Olga and SW5001 showed lowest Fv/Fm ratio. 
Nevertheless, under 250m MNaCl condition lowest 
Fv/ Fm ratio observed in SW5001 and comet (Table 
2).Highest Fv/F0 observed in Sarigol and Comet. 
Other cultivars showed no significant differences 
(125 m M ). Table 2 shows other comparisons. 
 
In this study both level of salinity and control plants 
show increase in Chlorophyll content during 3 weeks 
measurement and severe stressed plants 51 days after 
salinity exposure showed significant difference with 
control plants. These findings are in agreement with 
the results reported in soybean [8] and cotton [9]. 
Munns and Passioura [10] reported that moderate 
levels of salinity make low reduction in leaf area, 
thus, the destruction of chlorophyll molecules 
independently due to sodium ions that causing 
decrease in SPAD. However, some other studies in 
other plants such as sunflower [11], wheat [12]and 
naked oat [13] monitored reduction in Chlorophyll 
content under salinity stress conditions. Liu and Shi 
[14] and Shahbaz et al. [15] reported that Chlorophyll 
content no effected under salinity stress. Sotiropoulos 
et al. [16] conclude that Decrease in leaf chlorophyll 
under salinity stress is due to reduction in potassium 
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uptake. While Koyro [17] reported that under severe 
salinity condition, amount of magnesium decrease in 
leaves that lead to Chlorophyll content decline. 
Fv/F0 ratio is a measure of the quantum efficiency of 
electron transport in PSII [18]. DeEll et al. [19] 
reported that the Fv/Fm ratio for an active leaf varies 
between 0.75 and 0.85 and a decline in this ratio 

indicates photo-inhibitory damage.In this 
investigation average of Fv/Fm ratio for young leaves 
(third leaves from apex) was not below 0.83 under all 
levels of salinity conditions during 3 weeks. An 
increase in NPQ (non-photochemical quenching) 
leads to a decreasein F0 and damage of PSII causes 
the increase of F0 [18]. 

 
TABLE 2: The means (±SE, n=9) of chlorophyll fluorescence parameters of salt-treated canola cultivars 

and their mean change (% of control) under salt stress. 

 
All abbreviations and symbols are the same in table 1. 
 
TABLE 3: Processing changes of the means (±SE, n=9) of chlorophyll fluorescence parameters of canola 

cultivars and their mean change (% of control) under salt stress. 

 
All abbreviations and symbols are the same in table 1. 
 
CONCLUSION 
 
There is no doubt that salinitybrings Chlorophyll 
destructionor lead to decreasing of SPAD reading, but  

it causes leaf area decrease followed by increase in 
SPAD reading. These two are in conflict. These are  
varieddepending on the plant, stress intensity, leaf 
position on plant and stress duration. Nevertheless, it 
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seems leaf area reduction may has more influence 
under mild salinity stress as it causes SPAD increase, 
but when salinity is more severe Chlorophyll 
destruction become further and SPAD reading shows 
reduction. In addition, salinity exposure for long-term 
also causes more Chlorophyll destruction. On the 
other side, it seems that fluorescence of top leaves 
adapt to salinity remaining safe. This causes plant 
survival.  
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