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Effect of Salicylic Acid (SA) on Growth and Quality of Stevia
(Stevia rebaudiana Bert.) Under Salt Stress
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Abstract: Two pot experiments were conducted at the Experimental Farm, Faculty of Agriculture, Suez Canal
University, Ismailia Governorate, Egypt during consecutive seasons of 2010 and 2011 to evaluate the
morphological and chemical behaviors resulting from inducing salinity tolerant in stevia plant induced by
salicylic acid foliar application at rates of 0, 50, 75 and 100 mgl  under  irrigation  with  different  saline  water1

(0.4, 2.5, 5.0 and 10.0 dSm ). The obtained results indicated that increasing irrigation water salinity level from1

0.4, 2.5 to 5.0 and/or 10.0 dSm  induced significantly decrease in all studied growth characters at all cutting1

in both seasons. On the other hand, saline water irrigation increased stevioside percentage at all cutting in both
seasons. Foliar spraying with salicylic acid at 100 mg/l concentration gave the highest significant values for
growth characters in two seasons. The effect of the interaction between salinity and salicylic acid was the most
effective treatments for growth characters values when stevia plants irrigated by level of salt concentration 2.5
dSm with foliar salicylic acid at 100 mg/l at all cutting in both seasons.1
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INTRODUCTION [2]. Therefore, the development of salt tolerant plants

Stevia (Stvia rabaudiana) is a perennial shrub is provided more understanding the term  of  tolerance.
belongs to the Asteraceae family, indigenous to the Hence many metabolic changes are known to occur in
higher elevations. It is a sweet herb gaining significance plants subjected to salt stress [3]. It has been
in different parts of the world. Due to the non-caloric demonstrated in different plant species that treatment with
sweeteners extracted from its leaves, mainly stevioside, low concentration of salicylic acid (SA) enhances
this paint has gained importance as a crop for the tolerance toward most kinds of a biotic stresses due to an
pharmaceutical and food industries. The stevia plant was enhanced antioxidant capacity [4]. SA, (2-hydroxy benzoic
recently introduced to Egyptian agriculture in order to acid) is an endogenous signal molecular, which may play
produce a natural sweetener than can cover some of the a role in plant responses to various kinds of stresses [4].
lack of sugar production in Egypt  [1].  Stevia  cultivation SA, plays an important role in determining the sensitivity
in  different  places  of  the  world;  it is  expected that in of plants [5]. Among a biotic stresses, SA has been
the  Egyptian  agricultural   environment;   one  faddan reported to counter salinity stress [6, 7]. SA substantially
(one faddan=0.42ha) of stevia may produce up to 400kg of improved growing vigor under salt stress conditions with
stevia sugar annually. Taking the sweetening powder of tomato plants [8]. SA is a phenolic compound naturally
the stevia sugar into consideration; 400 kg of stevia sugar occurring in plant in very low amounts and natural
are equivalent to about 80,000 sweetening. Note that one signaling molecule, that could be raised to the status of
faddan of sugar cane produces about 5,000 sweetening the above phytohormonse because it has significant
units and one faddan of sugar beet produces about 3,500 impact on the various aspects  of  the  plant  life  [9, 10].
sweetening units. A sweetening unit is equivalent to the SA was also show to influence number of physiological
sweetness of one kilogram of sucrose [1]. Plant species processes [11]. Several application methods (soaking
were differed in their sensitivity or tolerance to salt stress seeds   in    SA    prior    to    sowing,   adding   SA   to  the

depends on basis physiological; biochemical may be
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hydroponics solution, irrigation or spraying with SA
solution) have been shown to protect various plant
species against a biotic  stress  factors  such  as  salinity
[7, 8] by inducing a wide range of processes involved in
stress tolerance mechanisms. SA markedly improved
germination under salt stress [12]. However, there are
some conflicting reports on the effect of SA on seed
germination suggesting that his molecule (Zea mays) [13]
mainly due to the different treatments studied.

The aim of the present work was to study the effect
of salicylic acid on growth and quality of stevia plants
under salt stress.

MATERIALS AND METHODS

Pot experiments were carried out in the Experimental
Farm of Faculty of Agriculture, Suez Canal University,
Ismailia Governorate, Egypt, during the two seasons 2010
and 2011. Seeds of Stevia variety Spain imported from
Spain were planted in glass house in Giza Experimental
Station, Apicultural Research Center; seedlings aged two
months. Stevia seedlings were  transplanted  on  March
30-2010 in plastic pots (25 cm diameter * 50 cm height)
filled with 30 kg sand soil Physical and Chemical
characteristics of soil was determined according to
Chapman  and  Pratt  [14]  in  2010 and 2011 seasons
(Table 1). The soil in each pot was mixed with farm yard
manure (FYM) at a rate of 150g. N-fertilizer was added at
a rate of 10g pot  as ammonium nitrate (33.5%N), after 151

days from sowing and after cutting. All pots received
super phosphate (15.5% P O ) at a rate 5 g pot  in two2 5

1

equal split dressing, before sowing and after 15 days from
sowing. Potassium sulfate (48% K O) was applied at a 5g2

pot  in three equal split dressing after transplanting and1

after 30 and 60 days from planting. The micronutrients
were added a mixed fertilizer (Fe 3%, Zn 3% and Mn 3.5%)
at a rate of 1gL  as foliar spraying solution. Four salinity1

levels of diluted seawater were used in irrigation water.
The  required  quantity  of  sea  water was  collected  from

Table 1: Physical and Chemical characteristics of soil for 2010 and
2011seasons

Parameters Values
Sand% 90.93
Silt% 8.52
Clay% 0.55
Soil texture Sandy
pH 7.50*

EC (dSm ) 1.45** 1

OM% 0.67
CaCO % 0.803

CEC ( molkg ) 3.801

Total N% 0.15
Available P (mgkg ) 6.001

Available K (mgkg ) 7.001

Soluble cations** (meqL )1

Na 2.43+

K 0.74+

Ca 6.50++

Mg 5.50++

Soluble anions** (meqL )1

CO --3
--

HCO 6.003
-

Cl 5.50-

SO 2.004
--

In soil water-suspension 1:2.5*

In soil paste extract**

Gabal Marium, Suez Canal, Ismailia. Potable water
available in experimental  site  was  used  to  dilute
seawater in  order   to   get   water   with  different
seawater concentrations (0.4, 2.5, 5.0 and 10.0dSm ).1

Chemical  analysis   of  diluted  seawater  used in
irrigation water was carried out according to the
procedures  applied   by   the  US  Salinity  Laboratory
Staff [15] and results are presented in Table 2. Foliar
application  of  salicylic  acid  was   attained  the rates of
(0, 50, 75 and 100 mg L ). The plants were sprayed after1

30 days from transplanting and after every cut. Four
cuttings were taken each two months. The 1  cut at Midst

June, 2  cut at Mid August, 3  cut at Mid October andnd rd

the 4  cut at Mid December. At each cut the followingth

data were recorded:

Table 2: Chemical diluted Nile water, Sea water and diluted water used for irrigation.

Cations (meqL ) Anions (meqL )1 1

----------------------------------------------------------- --------------------------------------------------------
Salinity  level (ppm) Ca Mg Na K CO HCO Cl SO EC(dSm ) SAR+2 +2 + + -2 - - -2 1

3 3 4

Nile water 1.00 1.20 1.8 0.15 - 2.45 1.3 - 0.40 1.30
Sea water 25.50 125.00 350.0 8.50 - 6.50 405.0 125.00 48.50 40.40
1600 2.00 4.00 20.0 0.58 - 2.72 15.2 8.56 2.51 11.50
3200 4.00 8.00 40.0 1.20 - 5.44 30.4 17.00 5.02 16.30
6400 8.00 16.0 80.0 2.30 - 10.90 60.8 34.00 10.04 23.10
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Number of branches/plant. branches and leaves/plant, leaf area / plant, stems and
Number of leaves/plant. leaves fresh weight/ plant, as well as, leaves dry
Leaf area/plant (cm ). weight/plant were increased as salinity levels increased2

Stem fresh weight/plant (g). from 0.4 up to 2.5 dSm  and then decreased at a salinity
Leaves fresh weight/plant (g). level treatments 5.0 and 10.0 dSm . On the contrary
Leaves dry weight/plant (g). stevioside percentage was increased as salinity levels
Stevioside percentage: Stevioside content was increased from 0.4 up to 10.0 dSm  treatment and these
determined using High Performance Liquid results were true in the two growing seasons (Tables 3
Chromatography (HPLC) according to Nishiyama et and 4). A depression in number of leaves/plant, leaf
al. [16] method as follows: Pure stevioside extraction area/plant and leaves fresh weight/plant was shown as a
from leaves was carried out by soaking 1g of dry result of increasing salt concentration up to 10.0 dSm  in
leaves in 1liter water at 85°C for 30 minutes. Then use the 1  and 2  seasons. These results are in agreement
Buchner filtration for separation the resulting liquid with those obtained by Cony and Trione, [2], Ashraf and
fraction and wash the residue with an additional Waheed [3], Dadkhah and Grrifiths [18], Hussein et al.
volume of hot water (50ml). Lyophyilization was used [19], Muhammad et al., [20] and Nabila  Zaki  et  al.  [21].
concentrated the aqueous solution to 50 ml and In this regard, Farkhondeh et al. [22] mentioned that, the
defatted by ethyl acetate that extracted with isobutyl reduction in growth as a result of salinity may be
alcohol (150 ml).The aqueous phase was discarded attributed mainly to the osmotic inhibition of water
and the organic solution was evaporated by rotary absorption, the excessive accumulation of ions such as
evaporator at 70°C till drying. The resulting dried Na  or Cl  in plant cells and inadequate uptake of essential
extracted was dissolved in hot methanol (100 ml) and nutrients. In this regard, Marschner [23] stated that,
kept overnight to crystallize. These crystals were growth reduction due to salinity is mainly attributed to
separated by filtration and re-dissolved again in water deficit due to lowered water potential, nutritional
boiling methanol (60 ml). The active charcoal become imbalance and specific ion toxicity arising from higher
steady for clarifying the solution and left to concentration of Na  and Cl . Moreover, Munns [24]
recrystallize and finally all previous steps of added that, highly soluble salts in the root zone cause
procedure were repeated till observation of colorless physiological scarcity in plant to absorb water. Thus, the
crystals. An isocratic mobile phase with 30% availability of water may then become so critically low
H O/methanol (50:50) and 70% acetone was utilized. hence growth parameters are inhibited. Recently, Munns2

The flow rate was set at 1 ml/min, the quantity of and Tester [25] suggested that the depressive effects of
injected sample was 20 ml, the drift true temperature NaCl on the growth of plants may be due to ionic toxicity,
was 90°C and the flow of repulsing gas was 2.20 resulting in inhibition of many physiological and
stem. biochemical processes such as nutrient uptake and

Statistical Analysis: The technique of analysis of
variance (ANOVA) and the least significant difference Effect of Salicylic Acid: Data presented in Tables 3 and 4
(LSD) was used for means comparison as reported by show that vegetative growth characters and quality of
Gomez and Gomez [17]. stevia such as number of branches/plant, number of

RESULTS AND DISCUSSION leaves fresh weight/plant, leaves dry weight/plant and

Growth Parameters and Quality dates in both seasons as a result to foliar application of
Effect of Salinity: Data presented in Tables 3 and 4 salicylic acid, except stem fresh weight/plant at the 3
indicated that all the studied growth characters and cutting in the second season. Salicylic acid at 100 mg/l
quality i.e. number of branches/plant, number of was the most effective treatment in increasing growth
leaves/plant, leaf area/plant, stems fresh weight/plant, parameters at all cutting in both seasons, while salicylic
leaves fresh weight/plant, leaves dry weight/ plant and acid at 75 mg/l was the most effective treatment in
stevioside percentage were significantly affected by increasing leaf area/ plant at the 3  cutting in the second
irrigation water salinity levels in all cutting dates for two season. The promotive effect of SA on growth characters
seasons. It is shown that these characters, i.e., number of could   be    attributed    to   its    bioregulator    effects  on

1

1

1

1

st nd

+ -

+ -

assimilation.

leaves/plant, leaf area/plant, stem fresh weight/plant,

stevioside percentage significantly increased at all cutting

rd

rd
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Table 3: Effect of salinity, salicylic acid concentration and their interaction on growth parameters and quality of Stevia at four cuttings in 2010 season. 
Characters Number of branches/plant Number of leaves/plant Leaf area/plant (cm )2

----------------------------- ------------------------------------------- ---------------------------------------------- ---------------------------------------------
Treatments Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4
Salinity dSm 1

0.4 5.83 5.99 6.20 5.95 46.98 54.73 57.57 51.59 285.3 321.5 348.6 308.3
2.5 7.73 7.83 8.26 7.98 57.36 63.04 66.33 59.77 404.3 452.3 482.0 463.0
5.0 7.08 7.17 7.33 7.20 51.94 56.88 52.48 55.15 356.9 387.4 405.3 385.5
10.0 6.80 7.70 8.10 7.81 41.86 45.10 50.55 43.98 217.4 231.4 246.7 237.8
LSD 0.05 0.46 0.38 0.31 0.33 5.45 3.79 1.17 4.31 11.5 11.0 9.5 11.3
Salicylic acid mg/l
Control 6.20 6.41 6.61 6.53 40.31 43.33 47.70 42.43 248.8 262.2 266.6 255.7
50 6.66 6.90 7.17 7.05 44.51 48.20 51.89 46.4 313.9 337.2 358.6 338.9
75 7.12 7.51 7.91 7.48 52.97 62.13 58.17 58.17 345.8 396.2 420.6 388.0
100 7.45 7.88 8.21 7.88 60.35 66.08 69.73 63.48 355.5 397.0 432.1 412.0
LSD 0.05 0.31 0.28 0.26 0.25 4.51 4.12 3.76 4.41 12.1 10.3 8.9 10.2
Salinity x Salicylic acid
0.4 Control 4.96 5.11 5.12 5.11 39.91 40.26 45.88 41.52 236.2 244.6 263.5 231.5

50 5.62 5.72 5.95 5.83 40.52 43.61 47.38 41.67 290.3 301.6 304.8 279.6
75 6.02 6.32 6.81 6.13 47.21 65.81 67.66 60.33 296.2 399.7 410.8 341.1
100 6.71 6.81 6.91 6.71 60.27 69.23 69.36 62.82 318.5 340.1 415.2 381.1

2.5 Control 7.06 7.11 7.56 7.41 42.71 47.38 50.33 43.93 319.2 336.1 342.4 339.3
50 7.53 7.63 7.98 7.91 52.76 56.81 59.66 54.28 397.3 442.3 486.4 461.6
75 8.11 8.13 8.56 8.13 63.62 73.34 77.10 66.67 449.2 503.2 543.0 511.2
100 8.21 8.46 8.95 8.46 70.33 74.61 78.22 74.18 451.3 527.6 556.0 539.8

5.0 Control 6.11 6.11 6.21 6.09 40.12 44.33 48.10 43.61 239.5 261.3 265.1 241.6
50 6.76 6.82 6.99 6.83 45.32 50.13 53.52 48.73 351.7 378.4 395.6 377.8
75 7.55 7.65 7.81 7.76 59.51 62.76 72.38 61.95 416.3 451.2 476.9 458.9
100 7.89 8.11 8.31 8.12 62.82 70.28 75.91 66.31 420.2 458.6 483.7 463.7

10.0 Control 6.65 7.31 7.55 7.50 38.51 41.36 46.49 40.66 200.1 206.6 213.4 210.3
50 6.73 7.42 7.75 7.62 39.45 42.23 46.99 40.92 216.1 226.3 248.0 236.7
75 6.81 7.93 8.44 7.91 41.53 46.61 50.31 43.71 221.6 230.8 251.7 240.9
100 6.99 8.13 8.65 8.21 47.96 50.21 55.41 50.62 231.8 261.8 273.5 263.2

LSD 0.05 -- 0.48 0.43 0.45 0.42 7.00 6.47 5.90 6.92 18.9 16.1 14.0 16.0

Table 3: Continued
Characters Stems fresh weight (g/plant) Leaves fresh weight (g/plant) Leaves dry weight (g/plant) Stevioside percentage
------------- ------------------------------------ -------------------------------------- ------------------------------------ ---------------------------------------------
Treatments Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4
Salinity dSm 1

0.4 14.45 15.20 16.57 15.15 17.17 17.64 18.11 17.89 5.04 5.29 5.60 5.31 17.85 19.82 20.16 19.66
2.5 17.32 18.34 20.03 17.17 18.09 18.67 19.74 18.74 5.86 6.22 6.56 6.30 19.17 20.81 22.01 21.71
5.0 15.01 15.84 17.37 15.53 17.86 18.37 19.00 18.16 5.27 5.55 6.30 5.87 18.57 20.88 21.88 21.62
10.0 11.55 12.36 13.16 12.20 17.12 17.65 17.80 17.55 5.33 5.87 6.26 5.76 17.94 19.82 20.38 19.63
LSD 0.05 2.11 1.99 1.80 1.91 1.47 0.49 1.17 0.88 0.31 0.63 0.26 0.48 0.44 0.47 0.49 0.48
Salicylic acid mg/l
Control 13.57 14.21 15.60 14.36 16.58 16.91 17.40 17.00 5.01 5.48 6.04 5.69 18.06 19.49 20.76 20.06
50 14.43 15.14 16.37 14.67 16.96 17.62 18.15 17.60 5.34 5.70 6.11 5.76 18.16 20.08 20.97 20.40
75 14.80 15.69 17.01 15.21 17.95 18.36 18.99 18.19 5.51 5.79 6.21 5.82 18.43 20.68 21.26 20.81
100 15.54 16.70 18.14 15.80 18.76 19.44 20.10 19.55 5.64 5.95 6.36 5.97 18.88 21.08 21.44 21.34
LSD 0.05 0.48 0.93 1.02 0.23 0.39 0.75 0.91 1.08 0.11 0.15 0.12 0.14 0.27 0.29 0.15 0.33
Salinity x Salicylic acid
0.4 Control 13.27 14.33 15.25 14.81 16.25 16.79 17.22 16.92 4.62 4.95 5.36 5.17 17.67 19.23 19.56 19.41

50 14.53 15.16 16.63 14.96 16.94 17.56 17.89 17.30 5.06 5.21 5.48 5.25 17.68 19.56 19.76 19.55
75 14.67 15.21 16.74 15.00 17.53 17.91 18.63 18.01 5.16 5.27 5.62 5.38 17.74 19.96 20.46 19.65
100 15.31 16.10 17.66 15.81 17.94 18.30 18.69 19.33 5.31 5.73 5.92 5.44 18.30 20.53 20.84 20.01

2.5 Control 16.62 16.91 19.10 16.67 17.21 17.36 18.11 17.63 5.68 6.08 6.47 6.16 19.00 19.76 21.67 21.35
50 16.71 17.51 19.33 16.91 17.23 17.81 18.37 17.97 5.73 6.16 6.48 6.27 19.03 20.84 21.91 21.56
75 17.35 18.31 19.66 17.42 18.36 18.91 19.94 18.41 5.96 6.30 6.58 6.31 19.23 21.28 22.13 21.93
100 18.61 20.61 22.02 17.66 19.56 20.61 22.53 20.95 6.08 6.32 6.71 6.47 19.41 21.34 22.33 21.98

5.0 Control 14.21 14.37 16.33 14.88 16.54 19.93 17.39 17.12 4.68 5.17 6.17 5.81 18.13 19.61 21.56 20.81
50 15.16 16.24 17.13 15.11 17.13 17.59 18.66 17.80 5.23 5.58 6.27 5.85 18.14 20.31 21.91 20.93
75 15.28 16.32 17.82 15.82 18.27 18.51 19.10 18.16 5.48 5.66 6.35 5.89 18.65 21.66 22.13 20.81
100 15.39 16.43 18.20 16.31 19.51 20.43 20.83 19.56 5.68 5.77 6.41 5.91 19.34 21.93 21.97 22.91

10.0 Control 10.16 11.23 11.73 11.06 16.32 16.55 16.88 16.34 5.06 5.73 6.16 5.63 17.43 19.34 20.25 18.67
50 11.31 11.63 12.38 11.71 16.52 17.52 17.68 17.34 5.34 5.85 6.19 5.67 17.79 19.61 20.31 19.56
75 11.91 12.91 13.84 12.61 17.62 18.12 18.27 18.16 5.45 5.91 6.27 5.68 18.08 19.81 20.33 19.83
100 12.83 13.67 14.67 13.41 18.02 18.41 18.36 18.35 5.48 5.97 6.41 6.05 18.45 20.53 20.62 20.46

LSD 0.05 -- 0.75 1.46 1.60 0.36 0.61 1.17 1.43 1.70 0.17 0.24 0.19 0.22 0.42 0.46 0.24 0.52
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Table 4: Effect of salinity, salicylic acid concentration and their interaction on growth parameters and quality of Stevia at four cuts in 2011 season .
Characters Number of branches/plant Number of leaves/plant Leaf area /plant (cm )2

------------------------------ -------------------------------------------- ---------------------------------------------- ---------------------------------------------
Treatments Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4
Salinity dSm 1

0.4 7.86 8.06 8.46 7.28 44.59 46.73 51.44 46.35 302.8 312.6 334.6 309.2
2.5 8.52 8.93 8.99 8.20 59.29 64.06 68.11 64.87 335.0 344.2 362.4 339.1
5.0 8.32 8.65 8.79 7.74 52.89 55.92 61.60 57.44 313.0 319.7 337.5 315.9
10.0 7.74 7.86 8.08 7.70 48.31 49.29 53.11 52.30 292.4 299.4 309.4 297.6
LSD 0.05 0.29 0.57 0.25 0.39 1.51 1.26 0.91 0.92 6.9 8.4 9.9 7.7
Salicylic acid mg/l
Control 7.66 7.91 8.16 7.23 43.26 46.65 49.69 48.21 297.0 302.3 316.3 300.4
50 7.99 8.19 8.37 7.71 45.82 47.69 52.88 50.27 308.3 315.5 334.9 311.8
75 8.25 8.53 8.73 7.86 55.40 59.76 64.92 59.74 316.6 326.1 343.9 321.1
100 8.54 8.85 9.06 8.13 60.59 61.90 66.76 62.75 323.9 331.9 321.1 328.5
LSD 0.05 0.35 0.32 0.40 0.31 5.11 5.02 4.46 4.47 6.7 5.36 7.5 6.6
Salinity x Salicylic acid
0.4 Control 7.26 7.65 8.00 6.78 40.47 42.81 46.15 43.91 280.6 291.9 326.8 289.8

50 7.69 7.83 8.35 7.21 41.69 43.96 49.43 45.98 302.5 311.5 334.5 308.2
75 8.13 8.17 8.56 7.56 45.98 48.95 53.26 47.12 311.5 319.5 337.9 317.1
100 8.36 8.54 8.93 7.56 50.21 51.19 56.91 48.38 316.7 327.4 339.1 321.8

2.5 Control 8.20 8.45 8.61 7.73 45.98 50.60 52.35 53.26 319.7 320.5 325.0 316.8
50 8.33 8.73 8.76 8.15 49.61 51.19 58.21 56.91 331.0 334.9 356.1 333.2
75 8.62 9.09 9.14 8.29 66.18 75.86 79.90 69.81 341.8 359.7 380.9 349.1
100 8.93 9.43 9.43 8.61 75.37 78.57 81.98 79.48 347.6 361.5 387.4 357.1

5.0 Control 8.00 8.12 8.34 6.88 44.81 49.08 51.32 50.61 300.2 305.2 310.8 304.7
50 8.21 8.43 8.52 7.74 46.58 49.16 54.03 51.53 306.7 319.1 341.5 310.2
 75 8.35 8.93 9.11 7.83 58.25 61.34 70.24 63.51 315.7 322.8 346.1 318.3
 100 8.71 9.11 9.18 8.52 61.91 64.12 70.81 64.12 329.3 331.6 351.7 330.3

10.0 Control 7.18 7.43 7.68 7.51 41.78 44.11 48.95 45.05 287.4 291.7 302.7 290.3
50 7.73 7.78 7.85 7.72 45.39 46.46 49.86 46.66 293.0 296.3 307.5 295.6
75 7.90 7.93 8.09 7.76 51.20 52.90 56.29 58.50 297.2 302.4 310.8 299.7
100 8.16 8.31 8.70 7.81 54.85 53.70 57.35 59.00 301.8 307.1 316.5 304.8

LSD 0.05 -- 0.55 0.50 0.63 0.49 8.02 7.90 7.00 7.02 10.5 8.4 11.8 10.4

Table 4: Continued
Characters Stems fresh weight (g/plant) Leaves fresh weight (g/plant) Leaves dry weight (g/plant) Stevioside percentage
------------------ ------------------------------------ -------------------------------------- ------------------------------------ ---------------------------------------------
Treatments Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4 Cut 1 Cut 2 Cut 3 Cut 4
Salinity dSm 1

0.4 17.29 17.59 18.07 17.60 18.33 18.65 19.06 18.46 4.99 5.19 5.89 5.06 18.39 19.02 19.84 20.51
2.5 18.16 18.43 18.83 18.27 19.86 20.23 20.73 20.04 5.65 6.03 6.61 5.85 20.86 21.87 22.38 22.99
5.0 17.79 18.14 18.47 17.97 19.07 19.96 20.31 19.34 5.25 5.92 6.44 5.63 19.80 20.35 21.25 22.27
10.0 17.24 17.80 18.17 17.69 17.44 22.13 18.07 17.54 4.51 4.65 4.90 4.57 21.73 22.13 22.55 23.13
LSD at 5% 0.58 0.45 0.38 0.56 0.71 0.76 0.72 0.66 0.61 0.58 0.47 0.49 0.49 0.48 0.51 0.54
Salicylic acid mg/l
Control 14.75 17.58 18.14 17.47 18.05 18.59 18.97 18.28 4.85 5.28 5.77 5.05 19.23 19.81 20.38 21.04
50 17.50 17.80 18.24 17.82 18.50 18.89 19.37 18.69 5.06 5.36 5.88 5.29 19.95 20.71 21.26 22.04
75 17.66 18.13 18.47 18.03 18.92 19.29 19.69 19.05 5.19 5.51 6.00 5.36 20.51 21.20 21.85 22.63
100 17.91 18.45 18.46 18.21 19.23 19.74 20.14 19.37 5.30 5.65 6.19 5.43 21.10 21.63 22.54 23.19
LSD at 5% 0.24 0.28 n.s 0.14 0.47 0.40 0.49 0.22 0.10 0.14 0.15 0.16 0.46 0.38 0.61 0.57
Salinity x Salicylic acid
0.4 Control 16.95 17.13 17.91 17.28 17.26 18.03 18.31 17.83 4.89 5.05 5.67 4.96 18.11 18.67 19.34 19.80

50 17.16 17.40 17.98 17.60 18.18 18.36 18.93 18.31 4.93 5.08 5.76 5.04 18.27 18.83 19.57 20.51
75 17.34 17.76 18.11 17.70 18.57 18.71 19.25 18.63 5.00 5.26 5.93 5.12 18.48 19.17 19.81 20.61
100 17.70 18.08 18.25 17.80 19.31 19.51 19.74 19.07 5.13 5.38 6.20 5.13 18.71 19.39 20.65 21.11

2.5 Control 17.93 18.17 18.53 17.93 19.31 19.87 20.14 19.13 5.06 5.86 6.42 5.72 19.57 20.78 21.16 21.56
50 18.13 18.28 18.75 18.13 19.63 19.98 20.48 20.05 5.68 5.96 6.60 5.85 20.61 21.65 22.08 22.47
75 18.17 18.47 18.87 18.37 20.13 20.34 20.79 20.35 5.87 6.06 6.63 5.86 21.36 22.31 22.95 23.73
100 18.41 18.78 19.18 18.64 20.36 20.72 21.51 20.64 5.98 6.25 6.79 5.98 21.89 22.74 23.34 24.21

5.0 Control 17.36 17.63 18.17 17.58 18.61 19.21 19.81 18.98 5.05 5.69 6.32 5.07 18.91 19.46 20.31 21.46
50 17.59 17.91 18.24 17.83 18.96 19.73 20.12 19.11 5.13 5.73 6.34 5.69 19.51 20.21 20.76 22.06
75 17.98 18.24 18.56 18.07 19.34 20.31 20.63 19.53 5.32 6.03 6.46 5.83 20.16 20.65 21.48 22.61
100 18.24 18.77 18.89 18.38 19.36 20.57 20.69 19.73 5.49 6.21 6.65 5.94 20.63 21.06 22.46 22.95

10.0 Control 16.76 17.38 17.93 17.09 17.01 17.25 17.61 17.18 4.39 4.53 4.68 4.44 20.31 20.35 20.73 21.34
50 17.12 17.61 17.98 17.70 17.21 17.48 17.93 17.27 4.49 4.65 4.81 4.58 21.41 22.15 22.62 23.11
75 17.15 18.04 18.29 17.96 17.63 17.81 18.10 17.69 4.56 4.68 4.98 4.62 22.03 22.68 23.15 23.57
100 17.91 18.16 18.46 18.01 17.89 18.17 18.63 18.03 4.59 4.74 5.13 4.65 23.17 23.32 23.70 24.48

LSD 0.05 -- 0.38 0.44 0.33 0.22 0.74 0.63 0.77 0.35 0.16 0.22 0.24 0.25 0.72 0.60 0.96 0.89
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physiological  and  biochemical  processes  in  plants 4. Horvath E.G. Szalai and T. Janda, 2007. Induction of
such as ion uptake, cell elongation, cell division, cell
differentiation, sink and source regulation, enzematic
activities, protein  synthesis  and  photosynthetic
activity; as well as; increase the antioxidant capacity of
plant [7, 11, 26]. Salicylic  acid  as  antistress  substance
may enhance the plant tolerance to environmental
stresses [27]. Similar  results  were  obtained  by  Borsani
et al. [5], Khan et al. [28] on corn and soybean, Shakirova
et al.[29] on wheat, Khodary [6] on maize, El-Khallal et al.
[30], Delavar et al. [31]. Gharib and Hegazi [10] and
Shalaby et al. [32] on different plant species. Also,
El–Mergwi and Abd El-Wahed [33] found that the types
of plants varied in their response to salicylic acid
application as a result to genotype variation. Also, Abd
El–Whed et al. [34] found that increasing vegetative
character values were obtained at salicylic acid (3mM) of
yellow maize plants.

Effect of Interaction Between Salinity and Salicylic Acid:
Data in Tables 3 and 4 shows that the interaction between
salinity and salicylic acid caused significant effects on
number of branches/ plant, number of leaves/plant, leaf
area/plant, stem fresh weight/plant, leaves fresh weight
plant, leaves dry weight/plant and stevioside percentage
in all cutting dates for two seasons. Data also indicated
that the most effective treatments for growth characters
values was obtained when stevia plants irrigated by level
of salt concentration 2.5 dS/m with foliar salicylic acid at
100 mg/l, at all cutting in both seasons, meanwhile,
treatment irrigated by high level of salt concentration 10.0
dS/m with foliar salicylic acid at 100 mg/l had the highest
stevioside percentage at all cutting dates in the second
season. Also, treatment irrigated by level of salt
concentration 2.5 dS/m with foliar salicylic acid at 100
mg/l, as well as, 5.0 dS/m with foliar salicylic acid at 100
mg/l had the highest stevioside percentage at the 1 , 3 ,st rd

2  and 4  cuttings in the first season, respectively.nd th

REFERENCES

1. Alaam, A.I., 2007. Sugar Crops Council, Future View.
The Proceeding of Thirty-eight Annual Conference,
Egyptian Sugar Experts Society Hawamdia, Egypt.

2. Cony, M.A. and S.O. Trione, 1998. Inter-and
intraspecific variability in Prosopis flexuosa and P.
chilensis seed germination under salt and moisture
stress. J. Arid Environ., 40: 307-317.

3. Ashraf, M. and A. Waheed, 1993. Responses of some
genetically diverse lines of chickpea (Cicer arietinum
L.) to salt. Plant Soil, 154: 257-260.

abiotic stress tolerance by salicylic acid signaling. J.
Plant Growth Regu., 26: 290-300.

5. Borsani, O., V. Valpuesta and M.A. Botella, 2001.
Evidence for a role of salicylic acid in the oxidative
damage generated by NaCl and osmotic stress in
Arabidopsis seedlings. Plant Physiol., 126: 1024-1030.

6. Khodary, S.F.A., 2004. Effect of salicylic acid on the
growth photosynthesis and carbohydrate metabolism
in salt-stressed maize plants. Int. J. Agric. Biol., 6: 5-8.

7. El Tayeb, M.A., 2005. Response of barley grains to
the interactive effect of salinity and salicylic acid.
Plant Growth Regu., 45: 215-224.

8. Szepesi,  A.,   J.   Csiszar,   K.  Gemes,    E.   Horvath,
F. Horvath, M.L. Simon and I. Tarn, 2009. Salicylic
acid improves acclimation to salt stress by
stimulating abscisic aldehyde oxidase activity and
abscisic acid accumulation and increases Na  content+

in leaves without toxicity symptoms Solanum
lycopersicum L. J. Plant Physiol., 166: 917-928.

9. Hayat, S. and A. Ahmed, 2007. Salicylic acid A plant
hormone. Springer (Ed): pp: 401.

10. Gharib, F.A. and A.Z. Hegazi, 2010. Salicylic Acid
ameliorates germination, seedling growth,
phytohormone and enzymes activity in Bean
(Phaseolus vulgris L.) under cold stress. J. Am. Sci.,
6: 1-6.

11. Raskin, I., 1992. Role of salicylic acid in plants. Ann.
Rev. Plant Physiol. Plant Mol. Biol., 43: 439-463.

12. Rajjou,  L.,   M.   Belghazu,   R.   Huget,   C.   Robin,
A. Moreau, C. Job and D. Job, 2006. Proteomic
investigation of the effect of salicylic acid on
Arabidopsis  seed   germination   and establishment
of   early    defense   mechanisms.  Plant  Physiol.,
141: 910-923.

13. Guan, L. and J.G. Scandalios, 1995. Developmentally
related responses of maize catalase genes to salicylic
acid. Proc. Nat. Acad. Sci. U.S.A., 92: 5930-5934.

14. Chapman, H.O. and P.E. Pratt, 1978. Methods of
Analysis for soils, Plants and Water. Univ. of
California. Agroc. Sci. Priced Publication, 4034: 50. 

15. US Salinity Laboratory Staff, 1954. Diagnosis and
Improvements of Saline and Alkali Soils. Department
of Agriculture Handbook. Washington D.C., U.S.
Government Printing Office, pp: 60. 

16. Nishiyama, P., M. Alvarez and L.G. Vieira, 1992.
Quantitative analysis of stevioside in the leaves of
Stevia rebaudiana by near infrared reflectance
spectroscopy. J. Sci. Food Agric., 59: 277-281.

17. Gomez, K.A. and A.A. Goomez, 1984). Statistical
Procedure for Agricultural Research. 2  Ed, Johnnd

Wiley & Sons, Inc., New York. 



Am-Euras. J. Agric. & Environ. Sci., 14 (4): 275-281, 2014

281

18. Dadkhah, A.R. and H. Grrifiths, 2006. The effect of 28. Khan, W., B. Prithiviraj and D.L. Smith, 2003.
salinity on growth, inorganic ions and dry matter Photosynthetic response of corn and soybean to
partitioning in sugar beet cultivars. J. Agric. Sci. foliar  application  of  salicylates.  J. Plant Physiol.,
Technol., 8: 199-210. pp: 160-485.

19. Hussein,   M.M.,    Mona    A.M.    Soliman   and 29. Shakirova,     F.M.,         A.R.      Sakhabutdinova,
N.M. Mahrous, 2009. Effect of irrigation by diluted M.V.   Berzukova,      R.A.      Fatkhutdinova    and
seawater and antioxidants on growth of cotton D.R. Fatkhutdinova, 2003. Changes in the hormonal
plants. Egypt. J. Agron., 31(1): 81-93. status of wheat seedlings induced by salicylic acid

20. Muhammad, J., A. Muhammad, R. Shafiqur Rehman, and salinity. Plant Sci., 164: 317.
A. Mushtaq and R. Euishik, 2012. Salinity induced 30. El–Khallal, S.M., T.A. Hathout,  A.  Abdel  Raheim,
changes in cell  membrane  stability,  protein  and A. Ashour and A.A. Kerrit, 2009. Brassinolide and
RNA   contents.    African    J.    Biotechnology, salicylic acid induced growth, biochemical activities
11(24): 6476-6483. and productivity of maize plants grown under salt

21. Nabila M. Zaki, Amal G. Ahmed, M.S. Hassanein and stress. Res. J. Agric. Biol. Sci., 5(4): 380-390.
M.M. Tawfik, 2012. Foliar  application  of potassium 31. Delavari, P.M., A. Baghizadeh, S.H.  Enteshari,  Kh.
to  mitigate  the  adverse   impact   of   salinity on M. Kalantari, A. Yazdanpanah and E.A. Mousavi,
some  sugar  beet  varieties.   1.   Effect  on growth 2010. The effect of salicylic acid on some of
and some physiological aspects. J. of Applied Sci. biochemical and morphological characteristic of
Res., 8(8): 4405-4416. Ocimum basilicum under salinity stress. Australian

22. Farkhondeh, R., E. Nabizadeh and N. Jalilnezhad, J. Basic and Appl. Sci., 4(10): 4832-4845.
2012. Effect of salinity stress on proline content, 32. Magda A.F. Shalaby, M.A. Ahmed, M.S.A. Abdallah
membrane  stability  and  water  relations  in  two and Ebtesam A. El-Housini, 2013. Physiological role
sugar beet cultivars.  International  J.  Agric.  Sci., of salicylic acid in improving growth and productivity
2(5): 385-392. of barley (Hordeum vulgare L.) under sandy soil

23. Marschenr, H., 1995. Mineral nutrition of higher conditions. Middle East J. of Agric. Res., 2(2): 68-75.
plants. London, Orlando, San Diego, New York, 33. El-Mergawi, R.A. and M.S.A. Abdel– Wahed, 2004.
Austin, Boston, Sydney, Tokyo, Toronto, Academic Diversity in salicylic acid effects on growth criteria
Press. and different indole acetic acid forms among faba

24. Munns, R., 2002. Comparative  physiology  of  salt bean and maize. Egypt. J. Agron., 26: 49-61.
and  water  stress.  Plant,  cell  and  Environment, 34. Abd  El-Wahed,   M.S.A.,   A.A.   Amin  and El–Sh.
25(2): 239-250. M. Rashad, 2006. Physiological effect of some

25. Munns, R. and M. Tester, 2008. Mechanisms of bioregulators on vegetative growth, yield and
Salinity Tolerance. Ann. Rev. Plant Biol., 59: 651-681. chemical constituents of yellow maize plants. World

26. Blokhina, O., E. Virolainen and K.V. Fagerstedt, 2003. J. of Agric. Sci., 2(2): 149-155.
Antioxidants, oxidative damage and oxygen
deprivations stress (A review) Ann. Bot., 91: 179-194.

27. Sreenivasulu,   N.,   B.    Grimm,   U.    Wobus   and W.
Weschke, 2000. Differential response of antioxidant
compound to salinity stress in salt – tolerant and salt
– sensitive seedlings of foxtail millet (Setaria italica).
Physiol. Plant., 109: 435-440.


