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At Higher Institute of Agriculture of Chott Mariem, Sousse, Tunisia, this study was conducted to

evaluate  the interactive effect  of  salinity  and  seed  priming  on coriander.  The experiment  was

carried out in completely randomized design with three replications consisting of four coriander

genotypes (Tunisian cv, Algerian cv, Syrian cv and Egyptian cv) at two seed conditions (seed

priming  with  4 g/l  NaCl  for  12h or  no seed  priming).  Results  revealed that  seed  priming  and

salinity  had  significantly  (p≤0.05)  affected  all  the  parameters  under  study.  On  the  first  hand,

salinity stress had adversely affected growth, chlorophyll  content,  mineral  composition (K
+
 and

Ca
2+

) of coriander in all genotypes. Also, it activated Na
+
 accumulation  and synthesis of proline,

soluble  sugars  and  proteins.  However,  seed  priming  with  NaCl  had  diminished  the  negative

impact  of  salt  stress  in  all  cultivars  and  primed  plants  showed  better  response  to  salinity

compared  to  unprimed  plants.  Maximum  values  were  recorded  in  tolerant  cultivar  which  is

Tunisian one whereas minimum values were noted in sensitive cultivar (Algerian cv). 
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Salinity  is  one of  the major  abiotic  stresses  that

negatively affect crop productivity. It affects more than

10 percent  of  arable  land and salinization  is  rapidly

increasing on a global scale, declining average yield

for most major crop plants by more than 50 percent

(Bray et al.,  2000). Salt stress occurs in areas where
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soils are naturally high in salt and precipitation is low

(Neumann,  1995)  and/or  where  irrigation,  hydraulic

lifting of salty underground water, or invasion of sea

water in coastal  areas brings salt  to the surface soil

that  inhabit  plants.  NaCl  is  the  predominant  salt

causing  salinization  (Munns  and  Tester  2008).  The

most  widely  accepted  effects  of  salinity  on  plant

growth include water stress, specific ion toxicity and

ion  imbalance  (Niu  et  al.,  1995).  Also,  it  touched

cellular metabolism including photosynthesis (Munns,

2002)  and  synthesis   of  compatible  solutes  called

“osmolytes”  (Ashraf,  1994)  like  proline  (Ashraf  and

Foolad,  2007;  Amirjani,  2010),  sugars  (Amirjani,

2011) and proteins (Sen and Alikamanogli, 2011). For

this reason, it was evident to focus on a method that

could  alert  and/or  attenuate  negative  impact  of  this

stress and increase the tolerance to salinity in plants.

One  of  the  most  methods  is  seed  halopriming

(Sadeghi et al., 2010) that among different techniques

of tolerance to salinity  is  an easy,  low cost  and low

risk method (Iqbal and Ashraf, 2006). Halopriming is a

pre-sowing soaking of seeds in salt solutions (Afzal et

al., 2008) proved to be efficient in improvement salt

tolerance under adverse environmental conditions by

altering  plant  physiological  and  biochemical

responses to salt stress (Cayuela  et al.,  1996, Bakht

et al., 2011). NaCl is one of the most famous agent

used in priming on several crops like wheat (Ashraf et

al., 1999), melon (Sivritepe et al., 2003) and coriander

(Elouer and Hannachi, 2013). 

Coriander  (Coriandrum sativum  L.)  is  an  annual

plant, native to Southern Europe and North Africa to

South Western Asia (Mouterde,  1986). It  belongs to

the  Umbelliferae  (Apiaceae)  family  and  is  used  as

aromatic  and  medicinal  plant  as  anti-spasmodic,

appetite  stimulant,  stomachic,  diuretic,  anti

inflammatory  and  anti-diarrheic  agent  (Mir  Heidar,

1992).  Coriander is known as a species moderately

tolerant  to salinity,  the salinity  effect appears mainly

during plant growth (Elouer and Hannachi,  2013). In

Tunisia, coriander is grown in all regions and is mainly

used as condiment but it suffers like all the crops from

high levels of salts in soil. 

Hence  in  the  present  study,  three  cultivars  of

coriander  are  used  to  be  studied  (Egyptian,  Syrian

and Algerian cvs) and compared to Tunisian cultivar

in order to  i) investigate the effect of NaCl treatment

(0, 2, 4, 6 and 8 g/l) on physiological and biochemical

metabolism and select tolerant cultivar,  ii) to test the

effectiveness NaCl priming  of  seeds  to alleviate the

adverse effects of salinity on coriander.

MATERIALS AND METHODS

The study  was carried  out  In  Higher  Institute  of

Agronomy,  Chott  Meriem,  Sousse,  Tunisia  under

greenhouse  (170  m²)   where   temperature  ranged

between 18 (night) and 25° C (day), relative humidity

between  70  and  85%  and  16h  photoperiod.  This

greenhouse is covered with plastic  film (low density

polyethylene) and cemented by its side.

Seeds  of  four  cultivars  (Tunisian,  Algerian,

Egyptian  and  Syrian  cvs)  were  disinfected  with

sodium hypochloride (5%) for 3 min and then washed

5 times with distilled water. Then, they were primed in

sterile Petri dishes (100x100 mm) with NaCl agent (4

g/l  for  12h)  at  22°C.  After  priming,  seeds  were

removed  from  solutions  and  rinsed  thoroughly  with
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distilled water to remove the external salts, placed on

paper towels on the laboratory bench and dried under

ambient  conditions  for  48h.  Finally,  ten  unprimed

seeds  (used  as  control)  and  primed  seeds  as  per

treatment were  sown on January 10
th
 2012, at depth

of 2 cm,  in plastic  pot  (20 cm diameter  and 25 cm

height) filled with peat, sand and topsoil (1/3:1/3:1/3). 

Pots  were  left  in  greenhouse  on  bricks.  After

complete  emergence,  five  plants  per  pot  were

maintained  on  which  the  trial  continues.  The  pots

were  irrigated  every  3  days  with  NaCl  at  five

concentrations (0, 2,  4, 6 and 8 g/l).  During culture,

plants were fertilized with Nitrogen (33%) to enhance

vegetation  and  treated  with  Talastar  (80  cc/hl)

curatively against  aphids using a Knapsack sprayer.

Plants  were  harvested  60  days  after  sowing  and

impact  of  priming  on  improvement  the  plant  growth

against  salinity  stress  was  studied  by  measuring

number of leaves, shoot and root lengths,  fresh and

dry weights of shoot and root, chlorophyll  content (a

and b), solutes (proline, sugars and proteins) content

in leaves and mineral composition of roots. Dry weight

was determined after  drying in an oven at 80°C for

48h.  Chlorophylls  and  solutes  and  contents  were

estimated  by  UV  spectrophotometer  (PG  T60  U).

Chlorophylls  amount  was  determined  by  Arnon

method (1949) at 663 nm and 645 nm. Proline content

was  calculated  in  leaves  by  Bates et al.  (1973)

method  at  520  nm.  Total  soluble  Sugars  were

extracted from the leaves according to Dubois  et al.

(1956) at 625 nm. Total soluble proteins content was

measured  at  595  nm  according  to  Bradford  (1976)

using  bovine  serum  albumin  (BSA)  as  a  protein

standard. For ion determination, extraction was done

in nitric acid (0.1 N) for 48 h and content of K
+
, Na

+

and  Ca
2+  

were  estimated  with  a  flame  emission

spectrophotometer  (JENWAY  PFP7).  Pots  were

disturbed in completely randomized design with three

replications and data analysis was done using “SPSS

software  13.00”.  Duncan’s  Multiple  Range  test  was

used  to  compare  between  means  and  determine

significance between variables (P < 0.05).

RESULTS

Growth 

Salinity affected significantly (P<0.01) the growth

parameters such as shoot and root length, number of

leaves and fresh and dry matters. In control condition

(plants derived from unstressed seeds), shoot length

was affected by salinity  and at 8 g/l it was severely

reduced (Table 1): it decreased from 35.48 to 12.12

cm in Tunisian cv, from 19.15 to 4.02 cm in Algerian

cv,  from 32.02 to 6.19 cm in Egyptian cv and from

25.72  to  4.02  cm  in  Syrian  cv.  Application  of  NaCl

priming stimulated growth of shoot in all the cultivars

even in control and salinity stress conditions. 

The length of root was also drastically affected by

salinity in all  coriander cultivars (Table 1). In control

plant,  increasing  NaCl concentration  from 0 to 8 g/l

was  accompanied  by  a  reduction  in  root  length  of

82.3, 80.37, 94.8 and 79 % respectively in Tunisian,

Egyptian,  Algerian  and  Syrian  cvs.  By  priming

treatment,  this  decrease  was  less  pronounced  and

root  length  increased  in  all  coriander  cultivars  as

compared to unprimed treatment.  

Similarly, leaves number per plant was affected by

salinity (Table 1) but higher number was recorded by
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plants derived from primed seeds in all the cultivars.

As compared to unstressed condition, treated plants

decreased the synthesis of leaves at 8g/l from 30.08

to 7.12 leaves, from 27.10 to 6.19 leaves, from 20.02

to 2 leaves and from 28 to 6 leaves respectively  in

Tunisian,  Egyptian,  Algerian  and  Syrian  cvs.  In  all

treatments,  maximum  number  was  belonged  to

Tunisian cultivar.

Results  for  fresh  and  dry  weights  (Table  2)

showed  that  salinity  exerted  a  significant  (P<0.05)

impact  on  biomass  of  the  four  coriander  cultivars

studied.  Thus,  where  plants  are  not  stressed,  root

fresh weight varied from 7.15 (Algerian cv) to 10.12 g

(Tunisian  cv) and shoot fresh weight was comprised

between 21.11 (Algerian cv cv) and 47.32 g (Tunisian

cv). When NaCl is added, fresh weights in both root

and shoot  decreased by increasing  salt  stress  level

and at the highest concentration (8 g/l), we observed

the  most  significant  decline  corresponding  to

81(Tunisian cv), 89 (Syrian cv), 90 (Egyptian cv) and

95 % (Algerian cv) in shoot and 88 (Tunisian cv), 89

(Egyptian cv), 93 (Syrian cv) and 98 % (Algerian cv)

in root. 

The  same  trend  was  observed  in  primed  plants

but values were higher than unprimed plants. Thus, at

8  g/l,  root  fresh  weight  was  enhanced  with  priming

treatment  by 3.6, 2,  3.3 and 3 times respectively  in

Tunisian,  Algerian,  Egyptian  and  Syrian  cvs.  Also,

fresh matter of shoot was enhanced at the same level

of  salinity  by  1.9,  1.14,  1.84  and  1.47  times

respectively  in  Tunisian,  Algerian,  Egyptian  and

Syrian  cvs.  The  same  result  was  observed  for  dry

matters  which  decreased  in  shoot  and  root  with

increasing salinity level (Table 2) as in unprimed and

primed plants but seed priming ameliorated data. For

example,  in  Tunisian  cv,  for  unprimed  plants,  the

increase in salinity up to 8 g/l caused a 85 and 96 %

reduction  respectively  in  shoot  and  root  dry  weight

compared to control (0 g/l) whereas this reduction was

80 (shoot) and 83% (root) or for primed plants.

Chlorophylls synthesis

Salt  stress  affected  negatively  chlorophylls

amounts in leaves of coriander of all cultivars in study

(Table 3) and this reduction was more in chlorophyll b

than in chlorophyll a. Indeed, in control (0 g/l), leaves

contained about 2.36 (Algerian cv) to 3.10 (Syrian cv)

mg/g FW for chlorophyll  a (Table 3) and about 1.66

(Syrian  cv)  to  1.95  mg/g  FW  (Tunisian  cv)  for

chlorophyll  b.  Increasing  NaCl  concentration  was

accompanied  by  a  decline  of  chlorophyll  synthesis

among  the  four  cultivars  of  coriander  especially  at

higher level (8 g/l) where chlorophyll a and b contents

did not exceed respectively 0.11 and 0.21 mg/g FW in

Algerian  cv.  Seed  priming  treatment  improved  the

chlorophylls  content  of  coriander  leaves  in  all  the

cultivars under normal and saline conditions (Table 3).

So, at 6 g/l, chlorophyll a content increased d by 40. 9,

19 and 21%  and chlorophyll b content was amplified

by  34,  25,  55  and  31  %  respectively  in  Tunisian,

Algerian, Egyptian and Syrian cvs. The same results

showed that Tunisian cv maintained maximum values

for chlorophyll a and Egyptian cv maintained highest

amounts for chlorophyll b.

Solutes content

Salt  application  enhanced  significantly  (p<0.01)

synthesis of proline in leaf in all cultivars of coriander
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with  the  increase  of  salt  concentration  in  irrigation

water (Table 4). At 8 g/l NaCl level,  the four cultivars

presented highest values: 70.41 (Tunisian cv), 55.12

(Algerian cv), 68.74 (Egyptian cv) and 69.75 µg/g FW

(Syrian cv) which corresponded  respectively to 1.44,

1.31,  1.52  and  1.55  times  to  the  level  found  in

controlled  plants.  As  response  to  priming,  proline

content  rose  more  even  by  application  of  salinity.

Thus,  minimum  amount  of  proline  was  recorded  in

control leaves of primed plants especially in Algerian

cv whereas the highest  value was related to saline-

treated 8 g/l in Tunisian cv.

Table  4  revealed  results  about  soluble  sugars

amount  in  leaves  of  the  coriander  cultivars  studied.

Data  showed  significant  (p≤0.01)  effect  of  salinity,

seed  priming  and  genotypes  on  this  parameter.

Salinity caused an increase in accumulation of soluble

sugars  in  leaves  of  the  four  cultivars  of  coriander

(Table  4).  Maximum  content  was  recorded  under

higher salinity level (8 g/l): 1304 (Tunisian cv), 1202

(Algerian cv), 1297 (Egyptian cv) and 1263 (Syria cv)

µg/g FW which presented 1.22, 1.17, 1.23 and 1.19

times  the  level  measured  on  non  stressed  plants.

Seed priming increased more soluble sugars content

when  compared  with  unprimed  seed.  The  highest

value was obtained in primed leaves of Tunisian cv

(1328 µg/g FW at 8 g/l NaCl ) while lowest value was

maintained by unprimed Algerian cv  (1202 µg/g FW

at 0 g/l NaCl).

Similarly, measurement of soluble proteins content

in  leaves  of  coriander  showed  that  salinity  stress

induced  a  significant  (p<0.01)  increase  in  soluble

proteins content  as NaCl concentration increased in

all cultivars studied (Table 4). This increase was more

important  after  priming  treatment.  Therefore,  the

leaves  of  plants  from  the  salt-primed  seeds  had

highest  total  soluble  sugars  contents  which  were

52.84, 37.11, 45.62 and 41.02 mg/g FW respectively

in Tunisian, Algerian, Egyptian and Syrian cvs.

Mineral analysis

Mineral  composition  in  roots  was  significantly

(p<0.05)  affected  by  salt  stress,  priming  and

genotypes.  On the  first  hand,  results  illustrated  that

content of sodium (Na
+
),  potassium (K

+
) and calcium

(Ca
2+

) were  not affected  as the same way: increasing

salinity  stress  increased accumulation  of   Na+  but

decreased K
+
 and  Ca

2+
 content  in  root  of  coriander

(Table  5).  On  the  second  hand,  the  same  essay

showed that  after  priming  treatment,  content  of  Na
+

and  Cl
–  

decreased  in  primed  seeds  than  unprimed

ones whereas the content of K
+
 and Ca

2+
 increased.

Consequently,  plants  derived  from  unprimed  seeds

presented  more Na
+
 and less  K

+  
and Ca

2+
 amounts

than plants  derived  from primed seeds.  On the last

hand,  mean  values  of  the  data  revealed  significant

(p<0.05)  decreased  in  Na
+
/K

+  ratios  in  roots with

increasing  salinity  in  both  primed  and  non-primed

seeds  (Table  5). Highest  root  Na
+
/K

+  
ratio  was

recorded  at  8  g/l  in  primed  plants  of   Tunisian  cv

followed  by  Egyptian  cv,  Syrian cv  and  Algerian  cv

with  respectively a ratio of 0.37, 0.32, 0.22 and 0.16.
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Table 1. Root length, shoot length and number of leaves of coriander cultivars (C) as affected by seed

priming (P) and salinity (S).

Means at the same colon and same treatment followed by the same letter are not significantly different at 5% level

according to Duncan test 
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Table 2. Effect  of seed  priming  (P)  and salinity  (S) on biomass of four  coriander cultivars (C).

Means at the same colon and same treatment followed by the same letter are not significantly different at 5% level

according to Duncan test 
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Table 3. Effect of seed priming and salinity on chlorophyll content in coriander cultivars.

Means at the same colon and same treatment followed by the same letter are not significantly different at 5% level

according to Duncan test 
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Table 4. Proline,  soluble  sugars  and soluble  proteins  contents  in  leaves  of  coriander  genotypes  as

affected by seed priming and salinity.

Means at the same colon and same treatment followed by the same letter are not significantly different at 5% level

according to Duncan test
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Table 5. Impact  of  salinity  and  seed  priming  on  sodium,  potassium,  calcium  uptake  and Na
-
/K

+

ratio in roots of coriander cultivars.

Means at the same colon and same treatment followed by the same letter are not significantly different at 5% level

according to Duncan test
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DISCUSSION

The  present  study  investigated  the  response  of

four cultivars of coriander to salinity induced by NaCl

(0, 2, 4, 6 and 8 g/l) and seed priming (NaCl at 4g/l for

12h)  with  regard  to  vegetative  growth,  chlorophylls

and solutes synthesis and ion balance. 

Data showed that salinity had significantly affected

vegetative  growth  as  well  as  stress  level  increased

resulting  in  severe  reduce  on  the  corresponding

parameters in study. Similar results were reported in

barley (Naseer, 2001) and wheat (Kumar et al., 1981,

Sharma  and  Grag,  1985)  for  root  length,  in  basil

(Ghanbari  et al., 2013)  for  shoot  length  and  in

groundnut  (Mensah  et al.,  2006)  and  sunflower

(Afkari,  2010)  for  number  of  leaves.  Also,  salinity

severely touched biomass of the plant: fresh and dry

weights  of  the  root  and  root  were  inhibited

progressively  with  the  rise  of  NaCl  concentration

compared  with  control  especially  for  Algerian  cv

whereas Tunisian cv showed resistance to this effect

usually  up  to  the  highest  value.  These  results  are

comparable to those reported for different crops such

as  maize  (Cicek  and  Cakirlar,  2002),  soyebean

(Farhoudi  and Tafti,  2011),  sprout  (Al Thabet  et al.,

2004), wheat (Khan et al., 2009), savory (Keshavarzi,

2011),  carthamus  (Abbaspour,  2010),  pistachio

(Banakar  and  Ranjbar,  2010)  and  pepper  (Zhani  et

al., 2012a). 

The deleterious effect of salinity was suggested as

a result  of water stress,  ion toxicities,  ion imbalance

(Greenway  and  Munns,  1980)  or  combination  of  all

these factors (Kurth  et al.,  1986). Some researchers

thought that the growth reduction is the consequences

of  ion  accumulation  through  the  changing  of

membrane permeability (Cramer  et al., 1985, Grieve

and  Fujiyama,  1987).  Bandeoglu et al. (2004)

indicated  also  that  this  retarded  growth  is  due  to

inhibition of cell elongation due to higher concentration

of  Na+  which  causes  membrane  disorganization,

inhibition of cell  division and expansion (Deivanai  et

al.,  2011).  Researches  of  Rahimi  and  Biglarifard

(2011)  showed  that  accumulation  of  ions  in  plant

growth  environment  causes  osmotic  and  pseudo-

drought  stress  leading  to  decrease  of  water

absorption by plant tissues making roots cells unable

to obtain the required water from the medium. Thus,

decrease of tissue water content resulted in reduction

of  cellular  growth  and  development  (Marschner,

1995). According to Cuartero et al. (2006), the reduce

in leaves number is due to the interference of salinity

stress on the phytohormones biosynthesis and action.

Furthermore,  Mauromicale  and  Cavallaro  (1997)

attributed growth inhibition at high levels of salinity to

the retard of leaf primordial initiation.

Studying the effect  of  seed priming  on coriander

growth,  results  demonstrated  that  this  treatment

limited the negative impact of salinity because plants

raised from primed seeds recorded better growth than

plants  derived  from  unprimed  seeds  where  they

showed  significant  amelioration  when  exposed  to

different  salinity  levels.  These results  agree with the

finding  of  many  researchers  on  different  crops  e.g

wheat (Mehta  et al.,  1979),  Sorghum bicolor (Kadiri

and Hussaini, 1999), Vicia faba (Salam, 1999), maize

(Bakht  et  al.,  2011),  canola  (Mohammadi,  2009),

watermelon (Demir and Van Deventer, 1999; Armin et
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al.,  2010),  tomato  (Liu  et al.  ,1996;  Mirabi  and

Hasanabadi,  2012),  melon  (Sivritepe  et  al.  2003),

safflower  (Elouer  et  al. 2012)  and  Ziziphus  Spina-

Christi (Takhti and Shekafandeh, 2012).

According to Anwar et al. (2011a), the increase in

root  length  in  primed seeds  as compared  to  control

might  be  the  result  of  embryo  cell  wall  extensibility.

Also,  Sakhabutdinova  et al.  (2003)  suggested  that

priming increased the level of cell  division within the

apical  meristem  of  seedling  roots  which  caused  an

increase  in  plant  growth.  In  other  point  of  view,  to

offset  the  action  of  free  radicals  and  increase  the

activity  of  membrane  bound  enzyme,  seed  priming

seems to act by increasing the free radical scavenging

enzymes  (peroxidase,  catalase  and  superoxide

dismutase) to improve plant viability and vitality under

salinity  stress  (Chang and Sung,  1998;  Shafi  et al.,

2009).  Working  on  cucumber,  muskmelon  and

Amaranth,  Passam  and  Kakouritis  (1994),

Nascimento  and  West  (1999),  and  Omami  (2005)

believed that seed priming improved seedling growth

due  to  reducing  of  seed  coat  viscosity  especially  in

adverse  conditions  (Desai  et  al.,  1997).  This

improvement  is  induced  by  enhancing  protein  and

DNA synthesis that may be effective in increasing cell

membrane stability in embryo. Also, phospholipids in

cell membrane of embryo can increase the resistance

and permeability of cell membrane (Bradford, 1995).

Salinity  made  also  disorders  in  metabolism  of

coriander resulted in inhibition of chlorophyll synthesis

especially  in Algerian cv at  highest  NaCl level.  This

result  is  in  agreement  with  those  of  Beinsan  et al.,

(2003) in bean, Iqbal et al., (2006) in wheat, Molazem

et al. (2010) in corn, Malik et al. (2010) in cucumber,

El Iklik et al. (2011) in tomato and Zhani et al. (2012b)

in pepper. Decrease in chlorophyll content in response

to salt  stress is a general  phenomenon which led to

disordering  synthesizing  chlorophyll  and  appearing

chlorosis in plant (Parida and Das, 2005). According

to Rao and Rao (1981),  NaCl stress  decrease total

chlorophyll  content  of  the  plant  by  increasing  the

activity  of  the  chlorophyll  degrading  enzyme:

cholorophyllase,  inducing  the  destruction  of  the

chloroplast  structure  (Blumenthal-Goldschmidt  and

Poljakoff-Mayber, 1968) and the instability of pigment

protein complexes (Dubey, 1997). In another study, Ali

et al.  (2004)  attributed  this  reduction  in  chlorophyll

concentration  by NaCl  to  the  inhibitory  effect  of  the

accumulated ions of various salts on the biosynthesis

of the different chlorophyll fractions. Farahbakhsh and

Shamsaddin Saiid (2011) cited that  lessening of the

thylakoid  thickness  and  granna  swelling  are  other

reasons for chlorophyll reduction under salt stress. As

for  vegetative  parameters,  results  confirmed  that

priming  seeds  affected  chlorophyll  synthesis:  plants

derived from primed seeds were able to resist more to

salinity by an amelioration of synthesis of chlorophyll

pigment  as  compared  to  non  primed  plants.

Farahbakhsh  and  Shamsaddin  Saiid  (2011)  found

also  that  seed  priming  of  fenugreek  and  maize

improved  all  fractions  of  photosynthetic  pigments

under salt stress. 

As a response to salt  stress, leaves of coriander

plants  accumulated  more  proline,  a  common

phenomena  observed  in  all  organisms  ranging  from

bacteria to higher plants to survive both water deficit
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and  high  salinity  (Ahmad  and  Jhon,  2005).  Thus,

proline content increased significantly in leaves of all

coriander  cultivars  in  study  as  salt  concentration

increased. Our result  is supporting findings in barley

(Sadeghi,  2009),  mulberry  (Kumar  et al.,  2003),

Morus alba (Ahmad et al., 2007), wheat (Karmous et

al.,  2013),  rapessed  (Farhoudi,  2011)  and  pepper

(Chookhampaeng, 2011) where salt stress resulted in

extensive proline accumulation.  In fact, proline is an

organic solute known to be involved in osmoregulation

which reduces the cell osmotic potential to a level to

provide  high  turgor  potential  for  maintaining  growth

(De Lacerda  et  al.,  2005).  Also,  apart  protection  of

macromolecules  from  denaturation  and  carbon  and

nitrogen reserve for stress relief,  proline has several

other  functions  during  stress:  e.g.  osmoprotection

(Kavi  Kishor  et al.  2005)  and  antioxidant  activity

(Sharma  and  Dietz,  2006).  Finaly,  proline  is

considered as an index for determining salt tolerance

potentials between cultivars in many species (Petrusa

and Winicov, 1997; Ramanjula and Sudhakar, 2001).

In  our  study,  a  similar  behavior  in  the  seedling  of

coriander was also observed: proline accumulation in

the  salt  tolerant  coriander  (Tunisian  cv)  was

significantly higher than that in the salt  sensitive one

(Algerian  cv).  The  synthesis  of  proline  was  more

significant  with  priming  treatment  in  all  cultivars  of

coriander  like  it  was  cited  by  Ma  et al.  (2010)  on

sorghum, Farahmandfar et al. (2013) on fenugreek. 

Like proline,  accumulation of total soluble sugars

is  suggested  to  be  a  common  phenomenon  under

stress condition  (Murakeozy  et al.,  2003).  It  has  an

important  role  in  osmoregulation  (Mohanty  et al.,

2002)  and  maintaining  growth  (Ashraf  and  Harris,

2004).  Singh  (2004)  proved  then  that  a  greater

accumulation of sugars lowers the osmotic potential of

cells  and  reduces  loss  of  turgidity  in  tolerant

genotypes. This trend is confirmed in our results which

proved greater increase in soluble sugars content  in

leaves  of  coriander  with  the  increase  of  NaCl

concentration.  Our  finding  agrees  with  researchers

done on rice (Siringam et al.,  2011), sorghum (Gill  et

al.,  2003),  sugar beet  (Khavari-  Nejad  et al.,  2008),

potato (Farhad et al., 2011) and pistachio (Abbaspour

et al., 2012). Sugar content in leaves was the highest

in  Tunisian  cv (1304  μg/g  FW  )  and  the  lowest  in

sensitive one; Algerian cv (1202  μg/g FW) like it was

found  in  rice (Dubey  and Singh,  1999)  and  citrus

(Balal et al., 2011) cultivars. By priming seeds, leaves

synthesized  more  soluble  sugars  and  plants  from

primed  seeds  have  more  soluble  sugars  content  in

their leaves than plants from derived from non-primed

seeds. This same benefic effect was found on tomato

(Cayuela  et al., 1996) wheat (Afzal  et al., 2008) and

barley  (Anwar  et al.,  2011b)  due  probably  to  an

increase of α-amylase activity (Lee and Kim, 2000).

Similarly, soluble  proteins  content  in  leaves  was

also touched by salinity stress and priming treatment.

Indeed,  in  all  the  cultivars  studied,  biosynthesis  of

soluble  proteins  is  enhanced as NaCl concentration

increases. Similar results were reported in rice (Raja

babu and Ramesh, 2007), wheat (Zerrad et al., 2008),

cotton  (Jiang  et al.,  2005),  tomato  (Amini  and

Ehsanpour,  2005),  sesame  (Hukam  Gehlot  et al.,

2005),  mulberry  (Ahmad  and  Sharma,  2010),  lentil

(Abd El‐ Monem Sharaf, 2008) and pepper (Zhani  et
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al., 2013). Also, after priming, the protein amounts in

leaves increased more proving the benefit  impact of

this method like it was observed on sorghum by Bosco

de Oliveira  et  al.  (2011)  and lettuce  by Nasri  et  al.

(2011).  In  our  study,  the  highest  content  of  soluble

proteins  is  observed in  Tunisian  cv and this  proves

that it’s the tolerant accession like it was observed by

Hurkman  et  al.  (1989)  and  Lutts  et  al.  (1996)  on

respectively salt tolerant cultivars of barley and rice.

Salinity  and  priming  had  moreover  significant

impact on mineral balance in coriander. Results for ion

content showed that there was a competition between

Na
+
 and  K

+
 regarding  their  uptake  and  as  a  result

increasing  NaCl  stress  was  accompanied  by  an

increase in Na
+
 concentration in the four cultivars and

a decrease at the same time of K
+
 uptake. The present

result is in agreement with the work of Molazem et al.

(2010) in corn, Ben Dkhil and Denden (2010) in okra

and  Akibarimoghaddam  et al.  (2011)  in  wheat.  El-

Samad and Shaddad (1997) reported that one of the

primary plant responses to salinity is the decrease in

K+  concentration  in  plant  tissues  and  thus  the

substitution  of  K
+
 by  Na

+
 may  lead  to  nutritional

imbalances.  Both  of  these  ions  might  compete  for

entry into plant  root  cells and the antagonistic  effect

between these elements was confirmed by Greenway

and  Munns  (1980).  According  to  the  results,  in

Tunisian cv, Na
+
 accumulation was lower but  higher

for K
+
 ion in the roots  contrary to Algerian cv which

demonstrates the highest Na
+
 content and the lowest

K
+
 concentration. It is concluded then that Tunisian cv

is  the  most  salt  stress  tolerant  due  to  its  less  Na
+

absorption  and  more  Na
+
 accumulation  in  roots

compared with the three others studied cultivars and

that Algerian cv is the most sensitive. Similar results

were reported  with  different  cultivars  of  green  bean

(Yasar et al., 2006) and canola (Bandeh-Hagh et al.,

2008). The results for this tolerant accession can be

explained in the light of the  findings of many scientists

that  reported that  salt  tolerant  mesophytes generally

exclude either Na
+
 (Lauchli  et al.,  1994; Saqib  et al.,

2005)  because  Na
+
 is  the  primary  cause  of  ion

specific  damage,  resulting  of  disorders  in  enzyme

activation  and  protein  synthesis  (Tester  and

Davenport,  2003).  Therefore,  exclusion  of  Na
+
 and

maintenance of high K
+
 level are vital for the plants to

grow  under  saline  conditions  (Munns  et  al.,  2000).

Also, it was reported that potassium has a prevalent

action in plants and is involved in maintenance of ionic

balance  in  cell  and  bounds  ironically  to  enzyme

pyruvate kinase which is essential in respiration and

carbohydrate  metabolism  (Aisha  et al.,  2007).  As  a

consequence,  the  ration  Na
+
/K

+
 is  reduced  by  salt

stress and this result is the same with which found in

soybean  (Farhoudi  and  Tafti,  2011)  and  rapeseed

(Farhoudi,  2011).  Tunisian  cv  maintained  also

considerably high ratio (0.26) contrary to Algerian cv

(0.08).  Such result  explaines more the advantage of

this cultivar to present its well responding to salt stress

during  vegetative  growth  (Morant-Manceau et al.,

2004). 

Measurement of Ca²
+
 content demonstrated that it

is also affected by salinity and that there is a positive

correlation  in  the  accumulation  of  Ca²
+
 and  K

+
.  The

same result was observed in pigeon), in rice (Nemati

et al.,  2011) and in canola (Tuncturk  et al.,  2011). In
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fact, calcium has been shown to play an important role

in  regulating  ion  transfer  into  plant  cells  growing  in

saline medium (Ashraf and Naqvi, 1992; Soussi et al.,

2001)  and  in  amelioration  of  the  adverse  effects  of

salinity  on plants  (Amador  et al.,  2007)  by affecting

membrane  stability  (Rengel,  1992)  and  ion

translocations  (Cramer,  1992;  Unno  et  al.,  2002).

Davenport  et al.  (1997)  reported  that  in  wheat,

extracellular Ca
2+

 inhibits unidirectional Na
+
 influx and

also inhibits Na
+
 influx through a non selective cation

channel,  isolated  in  planar  lipid  bilayers,  suggesting

that the effect of Ca
2+

 on Na
+ 

influx might be direct and

cytosolic  signaling  for  modification  of  ion  channel

activity is not required. In primed plants of coriander,

the changes observed in mineral balance ware not the

same.  Primed  plants  was  proved  to  have  less  Na
+

amounts in their roots and more K
+  

,
 
Na

+
/K

+
 ratio and

Ca
2+

 amounts  than  plants  derived  from  unprimed

seeds. Our finding is supporting those of Massoudi et

al. (2010) on grasses, Demirkaya (2014) on tomato.

CONCLUSION 

From the present study, it is concluded that effects

of salinity and seed priming on all the measured traits

were significant. Increasing NaCl concentration up to

8g/l  negatively  influenced growth and photosynthetic

metabolism  of  coriander  and  obliged  the  plant  to

synthesis  more  solutes.  Mineral  balance  was  also

touched  and  as  a  consequence  an  increase  of

amounts  of  Na
+
 and  decrease  in  K

+
 and  Ca

2+
 were

observed. Seed priming alleviated the inhibitory effect

of salt stress of four cultivars and all of them positively

responded to seed priming. In primed and unprimed

treatment, Tunisian cv of coriander is classified as the

salt  tolerant  genotype  whereas  Algerian  cv  as

susceptible  genotype  based  on  various  parameters

studied  especially  the  maintaining  of  the  highest

values of  K
+
 and Ca

2+
 content,  K

+
/Na

+
 ratio in  roots

and osmotica (proline, sugars and proteins) in leaves. 

Based on  these  results,  seed priming  with  NaCl

associated to the  introduction  of  Egyptian cultivar  in

framers  tradition  may  be  considered  as  a  reliable

procedure to increase the coriander salinity tolerance

and win more biomass which can probably  have an

important  impact  on  seed  yield.  Therefore,  it  is

important  to  continue  the  study  by  testing  priming

effect  on  seed  yield,  essential  oil  content  and  its

composition. 

REFERENCES

Abbaspour,  H.  (2010)  Investigatin  of  the  effects  of

vesicular  arbuscular  mycorrhiza  on  mineral

nutrition and growth of Carthamus tinctorius under

salt stress. Russian J. Plant Physiol, 57,564-570. 

Abbaspour, H., Afshari, H. and Abdel-Wahhab, M.A.

(2012)  Influence  of  salt  stress  on  growth,

pigments, soluble sugars and ion accumulation in

three  pistachio  cultivars.  J.  Med.  Plants  Res,

6(12), 2468-2473.

Abd El‐Monem  Sharaf,  M.  (2008)  Tolerance  of  five

genotypes  of  lentil  to  NaCl-salinity  stress.  New

York Science Journal, 1(3),70‐80.

Afkari, B.A. (2010) The effects of NaCl priming on salt

tolerance  in  sunflower  germination  and  seedling

grown under salinity conditions. Afr. J. Biotechnol,

9(12), 1764-1770.

Afzal,  I.,  Rauf,  S.,  Basra,  S.M.A.  and  Murtaza,  G.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

99



Ben Fredj et al.

(2008) Halopriming improves vigor, metabolism of

reserves  and  ionic  contents  in  wheat  seedlings

under salt  stress.  Plant Soil Environ,  54(9), 382-

388.

Ahmad, P. and Jhon, R. (2005) Effect of salt stress on

growth  and  biochemical  parameters  of  Pisum

sativum L. Arch. Agron Soil Sci, 51, 665-672.

Ahmad, P., Sharma, S. and Srivastava, P.S. (2007) In

vitro  seletion  of  NaHCO3 tolerant  cultivars  of

Morus alba  (Local and Sujanpuri) in response to

morphological and biochemical parameters.  Hort.

Sci, 34,115-123.

Ahmad,  P.  and  Sharma,  S.M.  (2010)  Physio-

biochemical attributes in two cultivars of mulberry

(Morus  alba  L.)  under  NaHCO3 stress.

International Journal of Plant Production, 4(2), 79-

86.

Aisha,  A.H.,  Rizk,  F.A.,  Shaheen,  A.M.  and  Abdel-

Mouty, M.M. (2007) Onion plant growth, bulb yield

and  its  physical  and  chemical  properties  as

affected by organic and natural fertilization.  Res.

J. Agric. Biol. Sci, 3(5), 380-388.

Akbarimoghaddam, H., Galavi, M., Ghanbari,  A. and

Panjehkeh,  N.  (2011)  Salinity  effects  on  seed

germination and seedling growth of bread wheat

cultivars. Trakia Journal of Sciences, 9(1), 43-50.

Al Thabet, S.S., Leilah, A.A. and Al-Hawass, I. (2004)

Effect  of  NaCl  and  incubation  temperature  on

seed germination of three canola (Brassica napus

L.)  cultivars.  Scientific  of  King  Faisal  University

(Basic and Applied Sciences), 5(1), 81-92.

Ali, Y., Aslam, Z., Ashraf, M.Y. and Tahir, G.R. (2004)

Effect of salinity on chlorophyll concentration, leaf

area,  yield  and  yield  components  of  rice

genotypes grown under saline environment.  Inter

Journal of Environmental Science & Technology,

1(3),221-225.

Amador,  B.M., Yamada, S.,  Yamaguchi,  T.,  Puente,

E.R., Serrano, N.A.V., Hernandez, J.L.G., Aguilar,

R.L.,  Dieguez,  E.T.  and  Garibay,  A.N.  (2007)

Influence  of  calcium  silicate  on  growth,

physiological  parameters and mineral  nutrition in

two legume species under  salt  stress.  J. Agron.

Crop Sci ,193,413-421.

Amini,  F.  and  Ehsanpour,  A.A.  (2005)  Soluble

Proteins,  Proline,  Carbohydrates  and  Na
+
/K

+

Changes  in  Two  Tomato  (Lycopersicon

esculentum  Mill.)  Cultivars  under  in  vitro  Salt

Stress. Am. J. Biochem & Biotech, 1(4), 204-208.

Amirjani,  M.R.  (2010)  Effect  of  Salinity  Stress  on

Growth,  Mineral  Composition,  Proline  Content,

Antioxidant  Enzymes of  Soybean. Amer.J.  Plant

Physiol, 5, 350-360.

Amirjani,  M.R.  (2011)  Effect  of  Salinity  Stress  on

Growth,  Sugar  Content,  Pigments  and  Enzyme

Activity of Rice. International Journal of Botany, 7,

73-81.

Anwar,  S.,  Shafi,  M.,  Bakht,  J.,  Tariq  Jan,  M.  and

Hayat, Y. (2011a) Response of barley genotypes

to  salinity  stress  as  alleviated  by  seed  priming.

Pak. J. Bot, 43(6), 2687-2691.

Anwar,  S.,  Shafi,  M.,  Bakht,  J.,  Tariq  Jan,  M.  and

Hayat,  Y.  (2011b).  Effect  of  salinity  and  seed

priming on growth and biochemical parameters of

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

100



Effect of priming on growth, biochemical parameters...

different  barely  genotypes.  African  Journal  of

Biotechnology, 10(68), 15278-15286. 

Armin,  M.,  Asgharipour,  M.  and  Razavi-Omrani  M.

(2010) The effect of seed priming on germination

and  seedling  growth  of  watermelon  (Citrullus

lanatus).  Advances  in  Environmental  Biology,

4(3), 501-505.

Arnon,  D.I.  (1949)  Copper  enzyme  in  isolated

chloroplasts,  polyphenoloxidase  in Beta vulgaris.

Plant Physiol, 124, 1-15.

Ashraf, M.(1994) Organic substances responsible for

salt tolerance in Eruca sativa. Biol. Plant, 36, 255-

259.

Ashraf,  M.  and  Foolad,  M.R.  (2007)  Roles  of

glycinebetaine  and  proline  in  improving  plant

abiotic  stress  tolerance.  Environ.  Expt.  Bot,

59,206-216.

Ashraf,  M.  and  Harris,  P.J.C.  (2004)  Potential

Biochemical  Indicators  of  salinity  tolerance   in

plants. Plant Sci,166, 3-16.

Ashraf,  M  and  Naqvi,  M.I.  (1992)  Growth  and  ion

uptake  of  four  Brassica  Species  as  affected  by

Na/Ca ratios in saline sand culture.  J. Plant. Nut.

Soil Sci, 155, 101-108.

Ashraf,  M.,  Akhtar,  N.,  Tahira,  F.  and  Nasim,  F.

(1999) Effect of NaCI pretreatment for improving

seed quality  cereals.  Seed Sci.,  Tech,  20,  435-

440.

Azooz,  M.M.  (2009)  Salt  stress  mitigation  by  seed

priming  with  salicylic  acid  in  two  faba  bean

genotypes  differing  in  salt  tolerance.  Int  J  Agric

Biol,11(4),343-350.

Bakht, J., Shafi, M. and Jamal, Y. (2011) Response of

maize (Zea mays  L.) to seed priming with NaCl

and salinity stresses. Spanish J. Agric. Res, 9(1),

252-261.

Balal,  R.M., Ashraf  M.Y., Khan,  M.M., Jaskani,  M.J.

and Ashfaq, M. (2011) Influence of salt stress on

growth  and  biochemical   parameters  of  citrus

rootstocks. Pak.J. Bot, 43(4), 2135-2141.

Banakar, M.H. and Ranjbar, G.H. (2010) Evaluation of

Salt Tolerance of Pistachio Cultivars at Seedling

Stage.  Am-Euras.J.Agric.  &  Environ.  Sci,

9(2),115-120.

Bandeh-Hagh,  A.,  Toorchi,  M.,  Mohammadi,  A.,

Chaparzadeh, N., Salekdeh, G.H. and Kazemnia,

H.  (2008)  Growth  and  osmotic  adjustment  of

canola genotypes in response to salinity.  J. Food

Agrıc. Envıron, 6(2), 201- 208.

Bandeoglu,  E.,  Eyidogan,  F.,  Yucel,  M.  and  Oktem,

H.A. (2004) Antioxidant responses of shoots and

roots of lentil to NaCl-salinity stress. Plant Growth

Regulation, 42, 69-77

Bates,  L.S.,  Waldren,  R.P.  and  Teare,  I.D.  (1973)

Rapid  determination  of  free  proline  for  water-

stress studies. Plant Soil, 39, 205-207.

Beinsan, C., Camen, D., Sumalan, R. and Babau, M.

(2003) Study concerning salt stress effect on leaf

area  dynamics  and  chlorophyll  content  in  four

bean local landraces from Banat area. Faculty of

Horticulture, 119, 416-419.

Ben Dkhil, B. and Denden, M. (2010) Biochemical and

mineral  responses  of  okra  seeds  (Abelmoschus

esculentus L.  Variety  Marsaouia) to  salt  and

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

101



Ben Fredj et al.

thermal stress. Journal of agronomy, 9(2), 29-35.

Blumenthal-Goldschmidt ,S. and Poljakoff-Mayber, A.

(1968) Effect of substrate salinity on growth and

submicroscopie structure on leaf cells  of  Atriplex

halimus L.  Australian  Journal  of

Botany,16(3),469-478. 

Bosco de Oliveira, A., Mendes Alencar, N.L., Prisco,

J.T. and Gomes-Filho, E. (2011) Accumulation of

organic  and  inorganic  solutes  in  NaCl-stressed

sorghum seedlings from aged and primed seeds.

Sci. Agric. (Piracicaba, Braz.), 68(6),632-637,

Bradford,  K.J.  (1995)  Water  relations  in  seed

germination.  In:  Seed  development  and

germination   (Kigel  J,  Galili  G  eds.).  Marcel

Dekker, New York. pp. 351-396.

Bradford, M.A. (1976) Rapid and sensitive method for

quantification  of  microgram  quantities  of  protein

utilizing the principle of protein dye binding. Anal.

Biochem,72,248-254.

Bray,  E.A.,  Bailey,  S.  and  Weretilnyk  E.  (2000)

Responses to abiotic stress. In: Biochemistry and

Molecular  Biology  of  Plants.  (Buchanan  B,

Gruissem W, Jones R, eds.). American Society of

Plant Physiology, Rockville.pp. 1158-1203.

Cayuela, E., Perez Alfocea, F., Caro, M. and  Bolaryn,

M.C. (1996) Priming of seeds with NaCl induces

physiological  changes   in  tomato  plants  grown

under  salt  stress.  Physiologia   Plantarum,  96,

231-236.

Chang, S. and Sung, M. (1998) Deteriorative changes

in  primed sweet  corn seeds during storage.  Se.

Sci. Tech., 26, 613-626.

Davenport,  R.J.,  Reid,  R.J.  and  Smith,  F.A.  (1997)

Sodium–Calcium  interactions  in  two  wheat

species  differing  in  salinity  tolerance.  Physiol.

Plant, 99, 233–237.

Chookhampaeng, S. (2011) The Effect of Salt Stress

on  Growth,  Chlorophyll  Content  Proline  Content

and Antioxidative Enzymes of Pepper (Capsicum

Annuum L.)  seedling.   European  Journal  of

Scientific Research, 49(1),103-109.

Cicek, N. and Cakirlar, H. (2002) The effect of salinity

on  some  physiological  parameters  in  two maize

cultivars.  Bulg. J. Plant Physiol, 28(1-2),66-74.

Cramer. G,R, (1992) Kinetics of maize leaf elongation,

Responses of a Na
+
 excluding cultivar and a Na

+

including  cultivar  to  varying  Na/Ca  salinities.  J.

Exp. Bot, 43, 857-864.

Cramer,  G.R.,  Läuchli,  A.  and  Polito,  V.S.  (1985)

Displacement  of  Ca
2+  

by  Na
+
 from  the  plasma

lemma of root cells. Plant Physiol, 79, 207-211.

Cuartero, J., Bolarin,  M.C., Asins, M.J. and Moreno,

V.(2006)  Increasing  salt  tolerance  in  tomato.  J.

Exp. Bot, 57, 1045-1058.

De Lacerda, C.F., Cambraia, J., Oliva, M.A. and Ruiz,

H.A.  (2005)  Changes  in  growth  and  in  solute

concentrations  in  sorghum  leaves  and  roots

during salt stress recovery. Environ. Exp. Bot, 54,

69-76.

Deivanai,  S., Xavier, R., Vinod, V., Timalata, K. and

Lim,  O.F.  (2011)  Role  of  Exogenous  Proline  in

Ameliorating  Salt  Stress  at  Early  Stage  in  Two

Rice  Cultivars.  Journal  of  Stress  Physiology  &

Biochemistry,7(4),157-174.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

102



Effect of priming on growth, biochemical parameters...

Demir, I. and Van de Venter, H.A. (1999) The effect of

priming  treatments  on  the  performance  of

watermelon  (Citrullus  lanatus  (Thunb.)  Matsum

and Nakai) seeds under temperature and osmotic

stress. Seed Sci. and Technol, 27, 871–875.

Demirkaya,  M.  (2014)  Improvement  in  tolerance  to

salt  stress during tomato cultivation.  Turk J Biol,

38, 1-7.

Desai, B.B., Kotecha, P.M. and Salunkhe, D.K. (1997)

Seeds Handbook. Marcel Dekker, Inc., New York,

4: 627.

Dubey, R.S. ans Singh, A.K. (1999)  Salinity induces

accumulation  of  soluble  sugars  and  alters  the

activity  of  sugar  metabolising  enzymes  in  rice

plants. Biol. Plantarum, 42, 233-239.

Dubey,  R.S.  (1997)  Photosynthesis  in  plants  under

stressful  conditions.  In:  Handbook  of

photosynthesis  (Pessarakli  M,  Ed.),  New  York,

Marcel Dekker, pp: 859-875.

DuBois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A.

and  Smith,  F.  (1956)  Colorimetric  method  for

determination of  sugars and related substances.

Anal. Chem, 28(3),350-356.

El-Iklil,  Y.,  Karrou,  M., Mrabet,  R. and Benichou,  M.

(2001)  Effet  du  stress  salin  sur  la  variation  de

certains  metabolites  chez  Lycopersicon

esculentum  et  Lycopersicon  sheesmanii.

Canadian Journal of Plant Science,176- 182.

Elouaer,  M.A. and Hannachi,  C.  (2013) Influence of

seed  priming  on  emergence  and  growth  of

coriander  (Coriandrum  sativum  L.)  seedlings

grown  under  salt  stress.  Acta  agriculturae

Slovenica, 10, 41-47.

Elouaer, M.A., Zhani, K., Ben Fredj, M. and Hannachi

C. (2012) Seed priming for better growth and yield

of  safflower  (Carthamus  tinctorius)  under  saline

condition. Journal  of  Stress  Physiology  &

Biochemistry, 8(3), 135-143.

El-Samad,  H.M.A.  and  Shaddad M.A.K.  (1997)  Salt

folerance  of  soybean  cultivars.  Biologia

Plantarum, 39(2), 263-269.

Farahmandfar,  E.,  Shirvan,  M.B.,  Sooran,  S.A.  and

Hoseinzadeh, D. (2013) Effect of seed priming on

morphological  and  physiological  parameters  of

fenugreek seedlings under salt  stress.  IJACS,  5,

811-815.

Farhad, M.S., Babak, A.M., Reza, Z.M., Mir Hassan,

R.S. and Afshin,  T.  (2011) Response of  proline,

soluble  sugars,  photosynthetic  pigments  and

antioxidant  enzymes  in  potato  (Solanum

tuberosum  L.)  to  different  irrigation  regimes  in

greenhouse condition. AJCS, 5(1), 55-60.

Farhoudi,  R.  (2011)  Effect  of  Salt  Stress  on

Physiological  and  Morphological  Parameters  of

Rapeseed  Cultivars.  Adv.  Environ.  Biol,

5(8),2501-2508.

Farhoudi,  R.  and  Tafti,  M.M.  (2011)  Effect  of  Salt

Stress  on  Seedlings  Growth  and  Ions

Homeostasis of Soybean (Glysin Max)  Cultivars.

Adv. Environ. Biol, 5(8), 2522-2526.

Ghanbari, A., Najafi, M.A., Al-Athar, M. and Mohajeri,

F.  (2013)  Effect  of  priming  on  morphological

characteristics,  proline,  carbohydrate  and

essential  oil  contents  of  basil  seed  (Ocimum

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

103



Ben Fredj et al.

basilicum) under salt stress.  International Journal

of AgriScience, 3(4), 308-315.

Gill,  P.K.,Sharma,  A.D.,  Singh,  P.  and  Bhullar,  S.S.

(2003)  Changes  in  germination,  growth  and

soluble  sugar  contents  of  sorghum  bicolor  (l.)

Moench  seeds  under  various  abiotic  stresses.

Plant growth regulation, 40(2), 157-162. 

Greenway, H. and  Munns, R. (1980) Mechanisms of

Salt  Tolerance  in  Nonhalophytes.  Annu.  Rev.

Plant Physiol, 3, 149-190. 

Grieve, C.M. and Fujiyama, H. (1987) The response

of two rice cultivars to external Na/Ca ratio.  Plant

Soil, 103, 245-250.

Hukam  Gehlot,  S.,  Anila,  P.  and  Shekhawat,  N.S.

(2005)  Metabolic  changes  and  protein  patterns

associated with adaptation to salinity in Sesamum

indicum cultivars.  Journal of  Cell  and Molecular

Biology, 4, 31-39.

Iqbal, M., Ashraf, M., Jamil, A. and Rehman, S. (2006.

Does seed priming induce changes in the levels of

some  endogenous  plant  hormones  in  hexaploid

wheat  plants  under  salt  stress?.  J. Integr.  Plant

Biol, 48, 181-189.

Iqbal, M. and Ashraf, M. (2006) Wheat seed priming

in relation to salt tolerance:growth, yield, levels of

free  salicylic  acid  polyamines.  Ann Bot  Fennici,

43, 250-259.

Jiang,  L.,  Duan,  L.,  Tian,  X.,  Wang,  B.  and  Li,  Z.

(2005)  NaCl  salinity  stress  decreased  Bacillus

thuringiensis (Bt) protein content of transgenic Bt

cotton  (Gossypium  Hirsutum  L.)  seedlings.

Environmental  and  Experimental  Botany,  55(3),

315-320.

Kadiri,  M.  and  Hussaini,  M.A.  (1999)  Effect  of

hardening  pretreatments  on  vegetative  growth,

enzyme  activities  and  yield  of  Pennisetum

americanum  and  Sorghum bicolor.  Global  J.  of

Pure and Applied Sci, 5, 179-183.

Karmous, C., Ayed, S., Trifa, Y. and Slim-Amara, H.

(2013)  Salinity  effect  on  plant  growth  at  the

seedling  stage  of  durum wheat  (Triticum durum

Desf.). African Journal of Water Conservation and

Sustainability, 1(3), 49-53.

Kavi Kishor, P.B., Sangam, S., Amrutha, R.N., Laxmi,

P.S., Naidu, K.R., Rao, K.R.S.S., Rao, S., Reddy,

K.J.,  Theriappan,  .,  Sreenivasulu,  N.  (2005)

Regulation  of  proline  biosynthesis,  degradation,

uptake  and  transport  in  higher  plants:  Its

implications  in  plant  growth  and  abiotic  stress

tolerance. Curr. Sc , 88, 424-438.

Keshavarzi,  M.H.B.  (2011)  Effect  of  Salt  Stress  on

Germination and Early Seedling Growth of Savory

(Satureja hortensis).  Aust.  J. Basic & Appl. Sci,

5(2), 3274-3279. 

Khan, M.A., Shirazi, M.U., Khan, M.A., Mujtaba, S.M.,

Islam, E., Mumtaz,  S., Shereen, A., Ansari,  R.U.

and Yasin Ashraf, M. (2009) Role of proline, K/Na

ratio  and  chlorophyll  content  in  salt  tolerance  of

wheat (Triticum Aestivum  L.).  Pak. J. Bot,  41(2),

633-638.

Khavari-Nejadi, R.A., Najafi, F. and Khavari-Nejadi, S.

(2008)  Growth  and  some  physiological

paramaters of four sugar beet (Sugar vulgaris L.)

cultivars  as  affected  by  salinity.  Pak.J.Biol.Sci,

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

104



Effect of priming on growth, biochemical parameters...

11(10),1390-1394..

Kumar,  D.,  Singh,  C.P.  and  Sharma,  N.N.  (1981)

Comparative studies of grain yield and nutrition in

barley  as  affected  by  the  application  of  saline

water  for  irrigation.  Indian  J.  Plant  Physiol,  24,

229-236.

Kumar,  S.G., Reddy,  A.M. and Sudhakar,  C. (2003)

NaCl  effects  on  proline  metabolism  in  two  high

yielding  genotypes  of  mulberry  (Morus  alba  L.)

with  contrasting  salt  tolerance.  Plant  Sci,  165,

1245-1251.

Kurth,  E.,  Cramer,  G.R., Lauchli,  A.  and Epstein,  E.

(1986)  Effects  of  NaCl  and  CaCl2 on  cell

enlargement  and  cell  production  in  cotton  roots.

Plant Physiol, 82, 1102-1106.

Lauchli, A., Colmer, T.D., Fan, T.W. and Higashi, R.M.

(1994)  Solute  regulation  by  calcium  In:  Salt

stressed  plants.  In:  Biochemical  and  Cellular

Mechanisms  of  Stress  Tolerance  in  Plants

(Cherry   JH,  ed.),  NATO  ASI  Series,  H86,  pp.

443-461.

Liu,  Y.Q.,  Bini,  R.J.,  Vanderburg,  W.J.,  SRoot,  P.C.

and  Hil  Horst,  H.W.M.  (1996)  Effect  of  osmotic

priming  on  dormancy  and  storability  of  tomato

seeds. Seed Sci. Res, 6, 49-55.

Lee, S.S. and Kim S. (2000) Total sugars, α-amylase

activity,  and germination  after  priming  of  normal

and  aged  rice  seeds.  Korean  J.  Crop  Sci ,45,

108–111.

Lutts, S., Kinet, J.M. and Bouharmont, J. (1996) NaCl-

induced  senes-cence  in  leaves  of  rice  (Oryza

sativa L.) cultivars differing in salinity resistance.

Ann. Bot. , 78, 389-398.

Ma, J., Guo, S., Wang, Y., Yang, X., Shi, Q. (2010)

Effects of seed priming on biomass allocation and

osmotic  substance  contents  of  sorghum

(Sorghum bicolor L.) seedlings under salt stress.

Chinese journal of ecology, 29(10), 1950-1956.

Malik, A.A., Li, W., Lou, L., Weng, J. and Chen J.F.

(2010) Biochemical/physiological characterization

and  evaluation  of  in  vitro  salt  tolerance  in

cucumber. Afr. J. Biotechnol, 9(22), 3284-3292.

Marschner, H. (1995) Adaptation of plants to adverse

chemical  soil  conditions.  In:  Mineral  nutrition  of

higher plants. Acad. Pr., London, pp. 596-680.

Masoudi,  P.,  Gazanchian,  A.  and  Azizi,  M.  (2010)

Improving  emergence and early  seedling  growth

of  two  cool  season  grasses  affected  by  seed

priming under saline conditions. African Journal of

Agricultural Research, 5(11), 1288-1296.

Mauromicale,  G.  and  Cavallaro,  V.  (1997)  A

comparative  study  of  seed  germination  under

suboptimal temperatures. Seed Sci. Technol., 25,

399-408.

Mehta, P.C., Puntamkar, S.S. and Seth, S.P. (1979)

Effect of presoaking of seeds in different salts with

varying concentration on the germination and yield

of wheat grown on salinized soil.  New Agric  ,  6,

73-76.

Mensah,  J.K.,  Akomeah,  P.A.,  Ikhajiagbe,  B.  and

Ekpekurede,  E.O.  (2006)  Effects  of  salinity  on

germination,  growth  and  yield  of  five  groundnut

genotypes. Afr. J. Biotechnol, 5(20), 1973-1979.

Mirabi, E. and Hasanabadi M. (2012) Effect of Seed

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

105



Ben Fredj et al.

Priming on Some Characteristic  of Seedling and

Seed Vigor of Tomato (lycopersicun esculentum).

Journal  of  Advanced  Laboratory  Research  in

Biology, 3, 237-240.

Mir  Heidar,  H.  (1992)  Coriandrum  sativum.  In:

Application of Plants in Prevention and Treatment

of Illnesses, Islamic Cultural Publication, Tehran,

pp. 247-252.

Misra, N. and Gupta, A.K. (2005) Effect of salt stress

on  proline  metabolism  in  two  high  yielding

genotypes  of  green  gram.  Plant  Sci.,  169,  331-

339.

Mohammadi,  G.R.  (2009)  The  influence  of  NaCl

priming on seed germination and seedling growth

of  canola  (Brassica  napus  L.)  under  salinity

conditions.  American-Eurasian J. Agric. Environ.

Sci., 5(5), 696-700.

Mohanty, A., Kathuria, H., Ferjani, A., Sakamoto, A.,

Mohanty,  P.,  Murata,  N.  and Tyagi,  A.K.  (2002)

Transgenics  of  an  elite  indica  rice  variety  Pusa

Basmati  1  harbouring  the  coda  gene  are  highly

tolerant  to salt  stress.  Theor.  Appl Genet.,  106,

51-57.

Molazem, D., Qurbanov, E.M. and Dunyamaliyev, S.A.

(2010) Role of proline, Na and chlorophyll content

in salt tolerance of corn (Zea mays L.). American-

Eurasian J. Agric. & Environ. Sci., 9(3), 319-324.

Morant-Manceau,  A.,   Pradier,  E.  and  Tremblin,  G.

(2004)  Osmotic  adjustment,  gas  exchange  and

chlorophyll  fluorescence  of  a  hexaploid  triticale

and its parental species under salt stress. J.Plant

Physiol, 161(1), 25-33.

Mouterde, P. (1986) Nouvelle Flore du Liban et de la

Syrie. Vol. 2, Dar El-Marchreq, Beyrouth

Munns,  R.,  Hare,  R.A.,  James,  R.A.  and  Rebetzke,

G.J.  (2000)  Genetic  variation  for  improving  the

salt tolerance of durum wheat.  Australian Journal

of Agricultural Research, 51(1) ,69- 74.

Munns, R. (2002) Comparative physiology of salt and

water stress. Plant Cell Environ, 25, 239-250.

Munns,  R.  and  Tester,  M.  (2008)  Mechanisms  of

salinity  tolerance.  Annu Rev Plant Biol ,59, 651-

681. 

Murakeozy,  E.P., Nagy, Z., Duhaze, C., Bouchereau,

A. and Tuba, Z. (2003) Seasonal changes in the

levels of compatible osmolytes in three halophytic

species  of  inland  saline  vegetation  in  Hungry.

J.Plant Physiol, 160, 395-401.

Naseer, S., Nisar, A. and Ashraf, M. (2001) Effect of

salt stress on germination and seedling growth of

barley. Pak. J. Bio. Sci., 4(3), 359-360.

Nascimento,  W.M.,  and  West,  S.H.  (1999)

Muskmelon  transplant  production in  response  to

seed priming. Hort. Tech., 9, 53-55.

Nasri,  N.,  Kaddour,  R.,  Mahmoudi,  H.,  Baatour,  O.,

Bouraoui, N. and  Lachaâl, M. (2011) The effect of

osmopriming on germination, seedling growth and

phosphatase  activities  of  lettuce  under  saline

condition.  African  Journal  of  Biotechnology,

10(65),14366-14372.

Nemati,  F., Moradi,  S., Gholizadeh,  M., Esmaeili,  A.

andBihamta,  M.R.  (2011)  The  effect  of  salinity

stress on ions and soluble  sugars distribution in

leaves,  leaf  sheaths  and  roots  of  rice  (Oryza

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

106



Effect of priming on growth, biochemical parameters...

sativa  L.)  seedlings.  Plant  Soil  Environ.,  57(1),

26–33.

Neumann, P.M. (1995) Inhabitation of root growth by

salinity stress: Toxicity or an adaptive biophysical

response.  In  Structure  and  Function  of  Roots

(Baluska  F,  Ciamporova  M,  Gasparikova  O,

Barlow PW, eds.),  Kluwer Academic  Publishers,

The Netherlands, pp. 299-304.

Niu,  X.,  Bressan,  R.A.,  Hasegwa,  P.M.  and  Pardo,

J.M.  (1995)  Ion  homeostasis  in  NaCl  stress

environments. Plant Physiol., 109, 735-742.

Parida, A.K. and Das, A.B. (2005) Salt tolerance and

salinity  effects  on  plants.  Ecotoxicol.  Environ.

Saf., 60(3), 324-349. 

Passam, H.C.  and Kakouriotis, D. (1994) The effects

of  osmoconditioning  on  the  germination,

emergence  and  early  plant  growth  of  cucumber

under saline conditions. Sci. Hortic., 57, 233-240.

Petrusa, L.M. and Winicov,  I. (1997) Proline status in

salt tolerant and salt sensitive alfalfa cell lines and

plants  in  response  to  NaCl.  Plant  Physiol.

Biochem, 35, 303-310.

Prado,  F.E.,  Boero,  C.,  Gallardo,  M.  and González,

J.A. (2000) Effect of NaCl on germination, growth,

and  soluble  sugar  content  in  Chenopodium

quinoa Willd. seeds. Bot. Bull. Acad. Sin., 41, 27-

34.

Rahimi, A., Zibai, S.  and Dashti, H. (2012) Effects of

Seed  Priming  on  Some  Physiological  Traits  of

Safflower(Carthamus  tinctorius  L.,  cv.  Goldasht)

under Salinity Stress.  Journal of Crop Production

and Processing , 2(3),1-15.

Rahimi, A. and Biglarifard, A. (2011) Impacts of NaCl

stress  on  proline,  soluble  sugars,  photosynthetic

pigments  and  chlorophyll  florescence  of

strawberry.  Advances in environemental Biology,

5(4), 617-623.

Ramanjula, S. and Sudhakar, C. (2001) Alleviation of

NaCl salinity stress by calcium is partly related to

the  increased  proline  accumulation  in  mulberry

(Morus alba L.) callus. J. Plant Biol., 28, 203-206.

Rao, G.G. and Rao, G.R. (1981) Pigment composition

chlorophyllase  activity  in  pigeon  pea  (Cajanus

indicus  Spreng)  and  Gingelley  (Sesamum

indicum  L.)  under  NaCl  salinity.  Indian  J.

Experimental Biol., 19, 768-770.

Rengel,  Z. (1992) The role of calcium in salt toxicity.

Plant Cell Environ., 15 , 625-632. 

Raja Babu, C. and Ramesh, S. (2007) Effect of salt

stress on biochemical  parameters in rice (Oryza

satjva L.) genotypes. Internat. J. agric. Sci , 3(1),

53-55.

Sadeghi,  H.  (2009)  Effects  of  Different  Levels  of

Sodium  Chloride  on  Yield  and  Chemical

Composition  in  Two  Barley  Cultivars.  Am.-

Eurasian J. Sustain. Agric, 3(3), 314-320.

Sadeghi,  M., Nemati,  A., Amanpour-Balaneji,  B. and

Gholipouri A. (2010) Influence of different priming

materials  on  germination  and  seedling

establishment  of milk thistle  (Silybum marianum)

under  salinity  stress.  World  Applied  Sciences

Journal, 11(5), 604-609.

Sadeghi, M., Nemati, A. and Esmaielpour, B. (2010)

Effect  of  seed  priming  on  germination  and

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

107



Ben Fredj et al.

seedling  growth  of  two  medicinal  plants  under

salinity. Emir J Food Agric, 22(2), 130-139.

Sakhabutdinova,  A.R.,  Fatkhutdinova,  D.R.,

Bezrukova,  M.V. and Shakirova  F.M.  (2003)

Salicylic  acid  prevents  the  damaging  action  of

stress  factors  on  wheat  plants.  Bulg.  J.  Plant

Physiol ,314-319.

Salam, A., Hollington, P.A., Gorham, J,. Wyn Jones,

R.G. and Gliddon,  C.  (1999)  Physiological

genetics  of  salt  tolerance  in  wheat  (Triticum

aestivum  L.):  Performance  of  wheat  varieties,

inbred  lines  and  reciprocal  F1  hybrids  under

saline conditions. Crop Sci ,183(3),145-152.

Saqib,  M.,  Akhtar,  J. and Qureshi,  R.H. (2005) Na
+

exclusion  and  salt  resistance  of  wheat

(Triticum  aestivum)  in  saline-waterlogged

conditions  are  improved  by  the  development  of

adventitious  nodal  roots  and  cortical  root

aerenchyma. Plant Science, 169(1), 125-130.

Sen,  A. and Alikamanoglu,  S.  (2011)  Effect  of  salt

stress  on  growth  parameters  and  antioxidant

enzymes of different wheat (Triticum Aestivum L.)

varieties  on  In Vitro  tissue culture.  PSP,  20(2a),

489- 495.

Singh, A.K. (2004)The physiology of salt tolerance in

four genotypes of chickpea during germination. J.

Agric. Sci. Technol, 6, 87-93.

Siringam,  K.,  Juntawong,  N.,  Cha-um,  S. and

Kirdmanee,  C.  (2011)  Salt  stress  induced  ion

accumulation, ion homeostasis,  membrane injury

and  sugar  contents  in  salt-sensitive  rice  (Oryza

sativa  L.  spp.  indica)  roots  under  isoosmotic

conditions. Afr. J. Biotechnol, 10(8),1340-1346.

Sivritepe, N., Sivritepe, H.O.  and Eris, A. (2003) The

effect of NaCl priming on salt tolerance in melon

seedling grown under saline condition.  Sci. Hort.,

97, 229-237.

Shafi, M., Bakht, J., Raziuddin and Zhang, G. (2009)

Effect of Cadmium and Salinity stresses on growth

and  antioxidant  enzymes  activity  of  wheat

genotypes.  Bull.  Environ.  contaim.Toxicol,

82(6),772-776.

Shafi,  M.,  Bakht,  J.,  Khan,  M.J.  and  Khan,  M.A.

(2010)  Effect  of salinity  and ion accumulation of

wheat genotypes. Pak J. Bot, 42(6), 4113- 4121.

Sharma, S.K. and Grag, O.P. (1985) Salinity induced

changes  in  plant  growth  and  activities  of

glutamate dehydrogenase, aspertate and alanine

amino-transferases  in  wheat.  Indian  J.Plant

Physiol, 28, 407-412.

Sharma, S.S. and Dietz, K.J. (2006) The significance

of amino acids and amino acid-derived molecules

in plant responses and adaptation to heavy metal

stress. J Exp. Bot, 57, 711-726.

Soussi, M., Ocan, A.  and Lluch, C. (1998) Effects of

salt stress on growth, photosynthesis and nitrogen

fixation in chick-pea (Cicer arietinum L.).  Journal

of Experimental Botany, 49(325), 1329-1337.

Soussi,  M., Ocana, A. and Lluch, C. (2001) Growth,

nitrogen  fixation  and  ion  accumulation  in  two

chickpea  cultivars  under  salt  stress.  Agricoltura

Mediterranea , 131, 1-8.

Takhti,  S.  and Shekafandeh,  A.  (2012)  Effect  of

different  seed  priming  on  germination  rate  and

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

108



Effect of priming on growth, biochemical parameters...

seedling  growth  of  Ziziphus  Spina-Christi.

Advances  in  Environmental  Biology,  6(1),  159-

164.

Tester,  M.  and  Davenport,  R.  (2003) Na
+
 tolerance

and Na
+
 transport in higher plants. Ann.Bot, 91(5),

503-527.

Tunçtürk,  M., Tunçtürk, R., Yildirim, B. and Çiftçi, V.

(2011)  Effect  of  salinity  stress  on  plant  fresh

weight and nutrient  composition of some Canola

(Brassica napus L.)  cultivars.  Afr.  J. Biotechnol,

10(10), 1827-1832.

Unno,  H.,  Maeda,  Y.,  Yamamoto,  S.,  Okamoto,  M.

and  Takenaga,  H.  (2002)  Relationship  between

salt  tolerance  and  Ca
2+

 retention  among  plant

species.  Japan.  J. Soil Sci. Plant Nutr,  73, 715-

718.

Yasar, F., Uzal, O., Tufenkci, S. and Yildiz, K. (2006)

Ion accumulation in different organs of green bean

genotypes  grown  under  salt  stress.  Plant  Soil

Environ., 52(10),476-480.

Zhani  K.,  Ben Fredj,  M., Mani,  F.  and Hannachi,  C.

(2012b)  Impact  of  salt  stress  (NaCl)  on  growth,

chlorophyll  content  and fluorescence of Tunisian

cultivars of chili pepper (Capsicum frutescens L.).

Journal  of  Stress  Physiology  and Biochemistry,

8(4), 236-252. 

Zhani, K., Hermans, N., Ahmad, R. and Hannachi, C.

(2013)  Evaluation  of  salt  tolerance  (NaCl)  in

Tunisian chili pepper (Capsicum frutescens L.) on

growth,  mineral  analysis  and  solutes  synthesis.

Journal  of  Stress  Physiology  and Biochemistry,

9(1), 209-228. 

Zhani,  K.,  Elouer,  M.A.,  Aloui,  H. and Hannachi,  C.

(2012a)  Selection  of  a  salt  tolerant  Tunisian

cultivar  of  chili  pepper  (Capsicum  frutescens).

Eurasia J Biosci , 6, 47-59.

Zerrad, W., Maataoui, B.S., Hilali, S., El Antri, S. and

Hmyene,  A.  (2008)  Etude  comparative  des

mecanismes  biochimiques  de  resistance  au

stress  hydrique  de  deux  variétés  de  blé  dur.

Lebanese Science Journal  ,9(2), 27-36.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 3  2014

109


