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ABSTRACT: A field experiment was carried out at Tag Al EZZ Agricultural Research Station,
ARC, Egypt (31°36'™N/30°57'E) in two seasons of 2014-2015. This work aimed at assessing the effect
of cultivating seeds treated with aerated solution of Salicylic Acid (SA) 1.00, 1.50, 2.00, 2.50 and 3.00
mM of 3 plants: kenaf (Hibiscus canabienus), sunflower (Helianthus annuus) and canola (Brassica
napus) in phyto-remediating (bioreclamination) of a saline soil. Growth of plants (its seeds were pre-
sowing treated with salicylic acid) was higher than that of plants its seeds were not treated with the
acid. The treatment induced tolerance to salt stress leading to promoting protective reactions to the
photosynthetic pigments, maintained the membranes integrity and osmotic adjustment This increased
growth led to removal of greater amounts of salts from the soil. Salinity as well as sodicity of the soil
where treated plants were grown was lower than in soils where non-treated plants were grown. The
3.00 mM treatment was the most effective.
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INTRODUCTION

Egypt is one of the highest population
densities in the world with an average of 1700
inhabitants per km® and is one of the countries
that suffer severe salinity problems and about
33% of'its cultivated land, is saline (Ghassemi et
al., 1995). The salinization is mainly due to low
precipitation (< 25 mm annual rainfall), high
temperature  (during summer, temperature
reaching from 35 to 45°C), high surface
evaporation  (1500-2400 mm/year), poor
drainage causing rising water table (less than
one meter below the soil surface (Amer et al.,
1989). Such salinity may reduce production of
soils by about 30% (El-Lakany et al., 1986).
Good-quality water are falling short of demand
for intensive irrigated agriculture in many arid
and semi-arid countries, thus available
freshwater supplies need to be used more
efficiently. (Minhas, 1996 ; Bouwer, 2002).
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The environmentally safe and clean technique
of phytoremediation has been introduced to
address the salinity problem involving growing
salt tolerant plants to remove excess salts from
saline soils (Oster et al., 1999). Qadir and Oster
(2004) conducted 14 experiments to compare
remediation of salt-affected soils by chemicals
and through vegetation and found that soil
amendment with gypsum reduced 62% of
sodicity and phytoremediation reduced it by
52%. Ghassemi et al. (1995) reported that the
vegetative bioremediation of saline-sodic soils
was effective in dissolution of calcite through
the processes at the soil-root interface resulting
in enhanced levels of Ca®" in soil solution. They
concluded that the “vegetative bioremediation
(Veio)” is a function of a number of factors
according to the following equation:

VBio = Z Rpcoz + Ry+ + Ry + Sya+
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Where Rpcoy is the increased partial pressure
of CO, within the root zone, Ry is enhanced
proton (H+) release in the root zone in case of
certain N-fixing crops. The Rpn, concerns the
physical effect of roots in soil aggregation and
hydraulic properties of the root zone. The Sy, is
the content Na in shoots. The collective effects
of these factors ultimately lead to soil
amelioration.

For effective remediation, plant species used
for the phytoremediation process must produce
sufficient biomass. Kenaf (Hibiscus cannabinus
L.) grow quickly, rising to a height of 1.5 to 3.5
m and a stem of 1 to 3 cm diameter within 3 to 4
months (IART, 1997). It can be grown on saline
soils (Curtis and Lauchli, 1985) and remove
significant amounts of salts from the soil
(Francois et al., 1992). Sunflower (Helienthus
annuus) is another salt tolerant plant used in
removing salts from soil (Ashraf and Tnfail,
1995). Rice (Oryza sitiva) and sunflower proved
effective in removing salts from soil (Iwasaki,
1987). Canola (Brassica napus L.) which is an
important oil crop that ranks behind soybean and
palm oil is another plant used in removing salts
from soil (Francois et al., 1984). Canola is an oil
crop which can be grown in less fertile salt
affected soils relatively economic yield (EI-
Howeity and Asfour, 2012). Kandil ez al. (2012)
found that germination percentage, germination
index, seedling vigor index, seedling growth and
distance between the root hairs and root tips
decreased under effect of salinity.

Salicylic acid (SA) plays an important role in
abiotic stress tolerance (Haigh et al., 1986;
Gray, 1989; Mauromical and Cavallaro, 1995;
Asadi et al., 2013) due to its ability to induce a
protective effect on plants under stress (Hussain
et al., 2010). It produces phenolic compounds
which enable plants to endure environmental
stresses (Senaratna et al., 2000). Among
different methods to cope with salinity, seed
priming (pre-sowing seed treatment) is a low
cost and low risk method (Muhammad and
Muhammad, 2006). Soaking seeds in SA
solution provided protection against and salinity
stress in wheat (Hamada and Al-Hakimi, 2001).
Tari et al. (2002 and 2004) using this method in
tomatoes and obtained protection against salinity
which they attributed to increased activation of
aldose reductase and APx enzymes and

accumulation of osmolytes (such as sugars, or
proline). The exogenous application of SA was
reported to have an effect on a wide range of
physiological processes including increased cold
germination tolerance in pepper (Korkmaz,
2005), chilling tolerance in cucumber (Kang and
Saltveit, 2002) and maize (Janda et al., 2000),
salinity tolerance in barley (El-Tayeb, 2005),
drought tolerance in tomato and beans
(Senaratna et al, 2000) and wheat
(Sakhabutdinova et al, 2003). SA plays an
important role in adapting redox balance across
the membranes thereby counteracting the negative
effects of reactive oxygen intermediates caused
by oxidative stress (Yang et al, 2004) by
increasing the activating of antioxidant enzymes
such as superoxide dismutase (Singh and Usha,
2003). It is involved in realization of different
anti-stress programs in plants under osmotic
stress by increasing the accumulation of lectins
in wheat (Shakirova et al, 2003) and fast
activation of 48-KD protein kinase in tobacco
(Mikolajczyk et al,, 2000). The current study,
assesses phytoremediation efficiency by treat
seeds of some plant species with salicylic acid.

MATERIALS AND METHODS

Field experiments were conducted at Tag Al-
EZZ Agricultural Research Station, ARC, Egypt
(31°36'N/30°57'E), during seasons of 2014-2015
to evaluate the seed treatment with salicylic acid
in phytoremidiating saline soils. The plants used
for this study were kenaf (Hibiscus canabinus,
G3), sunflower (Helianthus annuus, Euroflor)
and canola (Brassica napus) cv. Serw 4. Seeds
were sterilized with sodium hypochlorite
solution (5%) for five minutes to eliminate
possible seed-borne micro-organisms, then
rinsed for 1 minute under running water prior to
drying for 30 min at room temperature. Then,
seeds were soaked in an aerated (by an air
pump) solution of salicylic acid (SA). Soaking
solutions were as follows 0 (Control), 1.00,
1.50, 2.00, 2.50, 3.00 mM for 6 hr. Treatment
designations being So, S;, S, S;, S4 and Ss,
respectively

After pre-soaking, seeds were surface dried
on a filter paper for 12 hr., at room temperature.
These primed seeds as well as the untreated
seeds (un-primed seeds) were seeded in a
randomized complete block design experiment
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Table 1. Chemical properties of the soil
- Cations (mmolc I'") Anions (mmolc 1)
;g o s = §% 2%
T T 4 A te ot . S v < & e Q= 5=
< ¥ O O © 9 o8 T
B a @) = z T @) wn

14.14 8.40 15.70 34.40

90.20 1.10 93.00 6.20 0.00 42.20 179 12.7 41.0 23

EC = Electric Conductivity of soil paste extract.

Table 2. Physical properties of the soil

Particle size distribution (%)

*

Texture FC CEC**

Sand Silt Clay

(%) Cmolc kg™

7.4 36.9 55.5

Clay 46 39

* Field capacity.  ** Cation exchange capacity.

Table 3. Chemical analyses of the irrigation water

pH EC Soluble cations (mmolc 17) Soluble anions (mmolc 1) SAR Water
@S m™ class*
Na®* K° cCa* Mg" CO;¥ HCO;,” CI SO0,
7.3 1.3 80 03 33 1.4 0.0 4.2 40 48 522 G55

*Class of water according to the US salinity Lab. “High salinity low sodicity”

with three replicated. Recommended P and K
fertilizer were added in rates of 17 kg P ha™, 100
kg K ha-1 and 110 kg N ha' using Ca-
superphosphate (70 g Pkg™), potassium sulphate
(400 g K kg'') and ammonium sulphate (200 gN
kg") respectively.

At end of growth (150 days for kenaf, 120
days for sunflower and canola) samples of roots
and shoots were collected, washed, dried at 70°C
weighed, and taken for analysis (Richard, 1954).
Soil analyses were done according to methods
cited by Black et al. (1965) while plants were
analyzed using methods cited by Chapman and
Pratt (1961).

RESULTS AND DISCUSSION

Dry Weight of Plant

Results in Table 4 show the effect of seed
treated with salicylic on dry weight of the three

tested crops of kenaf, (Hibiscus canabienus),
sunflower (Helianthus annuus) and canola
(Brassica napus). Treating the seeds with SA
caused increases in the weight of plants. Kenaf
showed the highest increase in dry weight of
shoots (83.9% in shoot weight) followed by
sunflower (64.1%) then canola (65.6%). Dry
weight of the shoot of plants derived from seeds
which were not treated with salicylic acid
showed values of 15.2, 13.80 and 7.85 g plant™
for Kenaf, sunflower and canola, respectively.
Treatments receiving SA increased reaching
highest values at the highest concentration of the
treatment solutions. Highest values of shoot
weight were 27.96, 22.64 and 13.77 for Kenaf,
sunflower and canola, respectively. The same
pattern of response occurred with weights of
roots. The relative increase between the non-
treated and highest treatment of dry weight 85.2,
74.6 and 82.6 for roots of Kenaf, sunflower and
canola, respectively.
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Table 4. Effect of treated seeds with salicylic acid (SA) on dry weight per plant

Pre-Sowing Kenaf Sunflower Canola
treatment Shoots Roots Shoots Roots Shoot Roots
(g *“RI (g *RI (g *RI (g *“RI (g ~“RI (g “RI

plant”) (%) plant™) (%) plant”) (%) plant’) (%) plant”) %) plant™) (%)
So 15.20 2.70 13.80 1.89 7.85 1.15
S 17.54 1545 299 11.85 1627 17.89 195 3.17 10.96 39.61 1.70 47.82
S, 19.13 2585 3.15 16.66 17.89 29.63 2.24 18.51 12.90 64.33 1.88 63.47
S; 22.43 47.56 3.35 24.07 19.04 43.06 2.64 39.68 13.01 65.73 1.95 69.56
Sy 2428 59.73 4.10 51.85 20.28 46.59 2.79 47.61 13.50 71.97 2.00 73.91
Ss 27.96 83.94 5.00 85.18 22.64 64.04 3.30 74.60 13.77 75.41 2.10 82.60
LSD at 5% 1.50 0.94 1.14 0.197 1.38 0.22

*RI" Relative Increase (%)" = [(weight of SA-treated — weight of non-treated) +~ weight of non-treated)] x 100

Changes in Soil Chemical Properties Post
Harvesting

Results in  Table 5 show that the
phytoremediation caused a high and more
uniform decrease in soil salinity. Electrical
conductivity (EC) in the soil cultivated
decreased with SA treatment. The values
decreased from being 12.85 to become 8.75 dS
m’” for soils under Kenaf and from 13.00 to 9.90
dS m™ for soils under sunflower and 13.15 to
10.90 dS m™" for soils under canola.

Values of pH in soil cultivated with treated
plants decreased. Values were 8.25 decreased to
become 8.00 for soils under Kenaf, 8.30 to
8.051 for soils under sunflower and 8.30 to 8.07
for soils under canola.

Exchangeable sodium percentage (ESP)
showed a trend similar to that of salinity. Values
in the soil cultivated with Kenaf decrease from
16.00 down to 11.90. Those for sunflower
ranged from 16.45 down to 12.43 and those for
canola ranged from 16.85 down to 13.80.

The growth of plants increased by treatment
with SA. El-Tayeb (2005) found that SA
induced a pre-adaptive response to salt stress in
barley leading to the promotion of protective
reactions to the photosynthetic pigments and
maintenance of membrane integrity. Hanan
(2007) found that treating wheat and barley

plants with SA enhanced antioxidant activities
and increased proline levels up to 185% in the
seedlings subjected to saline stress. The current
results agree with the findings of (Asadi et al.,
2013) who soaked barley seeds in 3 mM SA
solution prior to seeding and obtained increases
in contents of water, phosphthtic pigments,
insoluble saccharine and phosphorus and
peroxides in barley seedlings grown under
salinity stress. Decreases in soil salinity under
plants treated with SA was attributed to
increased aggregation of soil under the effect of
roots (Bewley, 1997; Tisdall and Oades, 1979).
Increased capacity of osmotic adjustment via
hormonal priming of plant seeds were obtained
by Cayuela et al. (1996) and Ahmed et al.
(1998). Francois et al. (1992) reported that the
salt removal by kenaf in stems and leaves
of }mtreated plants ranged from 730 to 1233 kg
ha™.

A decrease in pH of the soil cultivated with
the three plants derived from hormonal priming
could be due to Na" removal by plants .Results
obtained by Robbins (1986), Ilyas et al. (1997)
and Qadir and Oster (2002) showed that pH
decreased with a decrease in Na in soil.
Plant roots could also help transport salts
(Elkins, 1985). Decreased sodicity in soil
cultivated with the plants treated by hormonal
priming was recorded by Qadir ef al. (1996) and
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Table 5. Effect of phytoremediation through treating seed with salicylic acid on soil chemical

properties post harvesting*

Seed* EC**} pH Soluble cations (mmolc ) Soluble anions (mmolc 17) ESP

treatment (dS m™) Ca® Mg® Na. K CO,°> HCO; CI SO,’
Kenaf
So 12.85 825 17.60 31.42 7838 1.10 - 530 81.20 42.00 16.00
S 1144 820 1920 30.15 6395 1.10 - 500 68.10 4130 15.65
S, 10.50 8.18 2230 2796 53.74 1.00 - 429 6042 4029 1525
S; 10.10 812 22770 27.10 50.25 0.95 - 4.00 57.00 40.00 13.95
S4 9.80 8.10 2525 2345 4838 092 - 310 5515 39.75 12.68
Ss 875 800 2610 17.28 4322 90 - 250 4675 3825 11.90
Sunflower
So 13.00 827 1755 3149 79.86 1.10 - 550 8240 42.10 1645
S 12.10 823 19.00 30.86 70.04 1.10 - 530 73.80 4190 16.00
S, 11.55 819 21.10 29.85 6345 1.10 - 520 69.05 4125 1590
S3 11.15 810 2256 27.60 6039 0.95 - 510 65.60 40.80 15.00
S4 10.70  8.09 2495 2375 5736 094 - 470 61.80 40.50 14.70
Ss 990 8.05 2516 19.80 53.12 092 - 390 5515 3995 1243
Canola

So 13.15 830 1730 31.50 81.60 1.10 - 590 834 4220 1685
S 1245 825 1890 31.20 7330 1.10 - 560 7690 4200 1630
S, 12.15 821 20.15 30.13 7012 1.10 - 540 7415 4195 16.00
S; 1190 815 2224 2832 6745 0.99 - 530 71.80 4190 1530
S4 1143 810 23.15 2489 6529 097 - 5.00 6830 41.00 1490
Ss 1090 8.07 2456 19.74 63.775 0.95 - 455 6423 4022 13.80

* Sy to S5 repesent soaking seeds in soutions of 0, 1.0, 1.5, 2.0, 2.5 and 3.0 mM salicylic acid

**Saturated water extract

Ilyas et al. (1997) who reported that cultivation
of plants in sodic soils can decrease soil
sodicity. Oster et al. (1996) and Badia (2000)
concluded that beneficial effects of plant roots
during soil amelioration include: 1-physical
action of plant roots that improve soil structure
and provide channels for infiltrating,2-increase
in soil organic matter from plant root
biomass,and 3-increased dissolution of soil
CaCO; by CO, evolved from root respiration
and decomposition of organic matter.
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