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Abstract: Salinity stress is one of the most devastating stressful environments for plant growth and production. Two Zea mays
cultivars, salt sensitive (Trihybrid 321) and salt tolerant (Giza 2), were grown in a complete nutrient solution in a growth room, to
investigate the effect of silicon treatment, as Na,SiO3 (2.5 mM) on plants grown at two levels of salinity, 0.0 (Control), 150 mM
of NaCl (S) which are equivalent to 15.5 dS m™, and supplied to the nutrient solution. Maize plants (Giza 2 and Trihybrid 321)
grown at 15.5 dS m™ show a decreased in the chlorophyll (a+b), carotenoids, total protein contents, transpiration rate, relative
water content (RWC), enzyme activity of ribulose-1,5-bisphosphate-carboxylase/oxygenase (RuBPCase), photosynthetic activity
(**CO,-assimilation) and macronutrient level (N, P, and K) as compared to the control plants. The results indicated that silicon
(Si) treatment at 2.5 mM partially offset the negative impacts and increased tolerance of maize (Giza 2 and Trihybrid 321) to
salinity stress by enhancing the above parameters. In contrast, salt stressed maize plants considerably increased proline content,
Na* and Cl levels, H,0, malondialdehyde (MDA), and electrolyte leakage (EL). Application of silicon (2.5 mM) decreased
significantly these parameters as compared to salt stressed maize plants. Salt tolerant (Giza 2), treated with silicon at 2.5 mM
showed better performance than salt sensitive (Trihybrid 321). Salt tolerant (Giza 2), exhibited lower accumulation of Na* and CI
levels, H,O,, MDA, and EL more than salt sensitive (Trihybrid 321). Overall, exogenously applied Si was found beneficial for

improving salt tolerance of maize plants.
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1. Introduction

Salinity, a major abiotic stress at present [1] and the most
devastating stressful environments for plant growth and
production [2,3]. The response of plants to excessive salinity is
multifaceted and involves changes in plant’s physiology and
metabolism [4], ultimately diminishing growth and yield [5]
through osmotic effects, nutritional imbalances and specific
ion toxicities [6, 7]. Corn, Zea mays L. is one of the most
important cereal crops growing in the Arab Republic of Egypt.
It is used as a food for human consumption as well as food
grain for animals [4]. One viable strategy of overcoming the
salt-induced injurious effect on plant growth is the exogenous
application of osmoprotectants and inorganic nutrients [8],
Silicon (Si) is the second most abundant element on the
surface of the earth, yet its role in plant biology has been
poorly understood and the attempts to associate Si with
metabolic or physiological activities have been inconclusive
[9]. Addition of Si has been considered beneficial for
improving crop tolerance to both biotic and abiotic stresses
[9,10, 6]. A number of possible mechanisms are reported
through which Si may increase salinity tolerance in plants [11]
including increased plant water status [12], enhanced
photosynthetic activity [13,4], immobilization of toxic Na* ion
[14] due to its complexation with Si [15], reduced Na* uptake
in plants and enhanced K* uptake [16,17,18], improve
photochemical efficiency of PSIlI by increased chlorophyll
content, and limiting the transpiration rate [19, 20].
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The current study was accomplished with the objectives to
study the variation in salinity tolerance of two contrasting
maize cultivars (salt sensitive, Trihybrid 321 and salt tolerant,
Giza 2), and the physiological and biochemical insight of
maize in response to Si applied under salinity stress.

2. Materials and methods

2.1. Plant materials and growth conditions

A homogenous lot of maize seeds (Zea mays L.) caryopses of
Giza 2 (salt tolerant) and Trihybrid 321 (salt sensitive) were
obtained from the Crop Institute, Agricultural Research
Center, Giza, Egypt. The caryopses of both cultivars were kept
at 4°C. They were surface sterilized in HgCl, solution (0.1%)
for 10 min, and after rinsing the seeds with distilled water they
were placed in sterile Petri plates containing two sheets of
sterile filter paper moistened with distilled H,O and allowed to
germinate in the dark at 24 °C for five days, selected seedlings
of equal size and vigor were transplanted to black polyethylene
pots (40 cm high x 35 cm diameter) containing 14 Kg sand
soil previously washed with HCI, the pots were irrigated with
full-strength nutrient solution [21]. Five seedlings were
planted in each pot. The plants were grown in a controlled
growth chamber under the following growth conditions: 15-h
photoperiod; 65-75% relative humidity; day and night
temperature of 22°C and 20°C, respectively. The
photosynthetic photon flux density at maximum plant height
was about 440 pmol m™?s™. Cultural practices, such as weed
control and irrigation, were performed as needed. After 15
days of seedling emergence salt stress treatments were
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imposed. The seedlings were irrigated with full Hoagland’s
solution containing two levels of salinity, 0.0 (Control), 150
mM of NaCl (S) which are equivalent to EC=15.5 dS m™ and
2.5 mM of Si as Na,SiO3. The pots were rinsed with 400 ml of
distilled water once a week to avoid salt accumulation. The
experimental design was randomized complete block design
with three replicates. All determinations were carried after 40-
day-old.

2.2 Chemical analysis

Hydrogen peroxide was measured according to methods of
[22]. Transpiration rate was determined as described by [23].

Determination of protein content was done
spectrophotometrically according to [24]. Ribulose-1,5-
bisphosphate-carboxylase/oxygenase (RuBPCase, EC

4.1.1.39) was determined following [25]. Lipid peroxidation
was measured in terms of malondialdehyde (MDA) content
using the thiobarbituric acid reaction as described by [26].
Chlorophyll a, b and total carotenoids were determined
according to [27]. Photosynthetic activity (**CO,-fixation) was
measured at the Atomic Energy Authority Radioisotope
Department, Cairo, Egypt, with the method of [4]. Proline was
determined according to the method described by [28].
Electrolyte leakage (EL) was calculated to appraise membrane
permeability, this method is based on [29]. Relative water
content (RWC) content was measured according to [30].

2.3 Elemental analysis

Determination of Na*, K" and CI were determined with a
flame photometer (Jenway, model, PFP-7, Chelmsford, Essex,
England). The method of [31] was used to estimate
phosphorus. Total nitrogen was determined by using the
Kjeldahl method [32].

2.4 Statistical Analysis

Data were analyzed using ANOVA (SPSS 10.0, SPSS Inc.,
Chicago, IL, USA). Means were separated with Duncan’s
Multiple Range Test.

3. Results and Discussion

Photosynthesis characteristics are the possible tool for salinity
tolerance screening in crops genotypes [33]. Measurement of
photosynthesis characteristics including net CO, uptake,
photosynthetic pigments and transpiration rate for monitoring
plant responses to salt stress [34, 4]. The present study showed
that on overall basis the salinity level at EC=15.5 dS m™
decreased the photosynthetic pigment contents (chlorophyll
a+b and carotenoids), the rate of CO, assimilation, the
transpiration rate, RuBPCase activity of both cultivars of
maize plants salt tolerant, Giza 2 and salt sensitive, Trihybrid
321 (Table 1). However, Si supplementation at 2.5 mM
increased these parameters as compared to salt stressed maize
plants which are more obvious in salt tolerant (Giza 2) than
salt sensitive (Trihybrid 321)

Table 1. Effect of Si on chlorophyll a+b, carotenoids, photosynthetic activity, transpiration rate, and enzyme activity of

RuBPCase for maize cultivars differing in salt tolerance.

Giza?2 Trihybrid 321
Treatment (Salt tOlerant) (Salt senSItlve)
C S S+Si C S S+Si
Chlorophyll (a+ b) a c b a c b
(mg g FW) 3.82 2.89 3.51 3.68 2.64 3.34
Carotenoids a c b a c b
(Mg g 'FW) 1.75 1.08 1.62 1.62 0.93 1.47
Photosynthetic activity a ¢ b a ¢ b
(*KBg mg:FW) 16.63 8.15 14.64 14.63 7.05 12.95
Transpiration rate a c b a c b
(MMH,0 m2s™) 5.27 3.97 4.99 5.08 3.62 4.69
RuBPCase (pmolCO, 4165 | 3321° 30.16° | 4008 | 3018° | 37.58
min—-mg protein)

C = water only control; S = 150 mM NaCl and Si = 2.5 mM.
*Kilo Becquerel (10° Bq).

Values within rows followed by the same letter are not significantly different, Duncan's Multiple Range Test, P<0.01.

It is assumed that salinity reduced transpiration rates mainly
by effects on stomatal opening [35]. The obtained results are in
accordance with that of [4, 6]. It is generally known that
reduced photosynthetic rate leads to reduced plant growth in
most plants. This decrease in plant photosynthesis under salt
stress takes place due to closing of stomata that result in a
decrease in leaf transpiration rate and reduced leaf internal
CO, concentration [36]. Salt stressed maize plants (Giza 2 and
Trihybrid 321) considerably increased proline content, Na*
and CI levels, H,O,, malondialdehyde (MDA), and electrolyte
leakage (EL) as compared to the control plants (Table 2).
However, silicon treatment (2.5 mM) significantly decreased
these parameters which are more obvious in salt tolerant, Giza
2 than salt sensitive, Trihybrid 321 as compared to salt
stressed plants. These results are in agreement with that of [1].

Electrolyte leakage (EL) was measured to identify the
membrane stability or permeability. Added NaCl into the
solution culture impaired the membrane stability and
significantly increased the EL in both cultivars in comparison
to the control. Inclusion of Si into the solution culture
significantly decreased EL under saline conditions in both
cultivars as compared to the control (Table 2). Among maize
cultivars, Trihybrid 321 showed higher values of EL indicating
more susceptibility as compared to Giza 2 both under salinity
stress conditions (Table 2). Exogenous application of Si in
saline growth medium reduces electrolyte by maintaining the
integrity and functions of membrane, thus mitigating salt
toxicity [14]. The present study showed that addition of Si into
the solution culture decreased electrolyte leakage under salt
stress showing a negative correlation between Si content and
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electrolyte leakage. This ameliorative effect of Si may be due
to its hydrophilic nature by maintaining plant water status and

by protecting the plants from physiological drought [1].

Table 2. Effect of Si on MDA, proline, total protein, H,O,, electrolyte leakage (EL) and relative water content (RWC) of maize

cultivars differing in salt tolerance.

Giza 2 Trihybrid 321
Treatment (Salt tolerant) (Salt sensitive)
C S S+Si C S S+Si
Total Protein a c b a c b
(mg g‘lDW) 75 58 69 70 51 67
Proline b a c b a b
(umol g‘lDW) 6.1 17.9 5.7 6.9 18.7 6.8
HZOZ b a c b a c
(umol g'lFW) 102 120 95 108 126 102
MDA b a c b a c
(umol g'lFW) 419 443 410 426 458 418
EL (%) 18.1° 25.2° 16.9° 18.6" 26.8° 17.8°
RWC (%) 95.7° 75.9° 89.6" 94.5° 73.9° 86.2"

C = water only control; S = 150 mM NaCl and Si = 2.5 mM.

Values within rows followed by the same letter are not significantly different, Duncan's Multiple Range Test, P<0.01.

Table 3 . Effect of Si on ion contents, Na, Cl, N, P, and K (mg g *DW) of maize cultivars differing in salt tolerance.

Giza 2 Trihybrid 321
(Salt tolerant) (Salt sensitive)
Treatment
Na Cl N P K Na Cl N P K
C 45° 53° 309° | 198* | 184* | 57™ 64> | 273 | 192% | 176°
S 67° 75° 278° | 168° | 153° | 73" 82 257° | 161° | 143°
S+Si 41° 50° 293° | 187° | 177° | 52° 61° 268" | 185" | 169°

C = water only control; S = 150 mM NaCl and Si = 2.5 mM.

Values within columns followed by the same letter are not significantly different, Duncan's Multiple Range Test, P<0.01

Salinity stress decreased significantly the protein and relative
water contents (Table 2), which increased by exogenous
application of Si. The obtained results are similar to that of [1,
37, 4]. Maximum contents of Na* and CI were observed at
150 mM of NacCl, while least contents of Na* and CI at same
salinity level was obtained with exogenous application of Si
as compared to the control plants (Table 3).

These results are in accordance with that of [6, 38] reported
that Si-induced reduction in transpiration rate and partial
blockage of the transpiration bypass flow. Therefore, Na
concentration in the shoots of plant was decreased by
reduction in transpiration rate. Silicon also inhibits Na+ uptake
and its onward translocation to shoots partly by the inhibitory

effect of Si on the transpiration stream [16]. Application of Si
increased concentration of N, P, and K in maize plants (Giza 2
and Trihybrid 321), as compared to salt stressed plants as
shown in Table (3). These results are similar to that of [1].



European Journal of Academic Essays 2(1): 1-5, 2015

References

[1] Anser Ali, Shahzad MA Basra, Javaid Igbal, Safdar
Hussain, MN Subhani, Muhammad Sarwar and Ahmad Haji.
Silicon mediated biochemical changes in wheat under
salinized and non-salinzed solution cultures, 2012. African
Journal of Biotechnology Vol. 11(3), pp. 606-615.

[2] Rus AM, Rios S, Olmos E, Santa-Cruz A, Bolarin, MC.
Long term culture modifies the salt responses of callus lines of
salt-tolerant and salt-sensitive tomato species, 2000. J Plant
Physiol. 157, 413-420.

[3] Ashraf M. Biotechnological approach of improving plant
salt tolerance using antioxidants as markers, 2009. Biotechnol.
Adv., 27: 84-93.

[4] Moussa HR. Influence of Exogenous Application of Silicon

on Physiological Response of Salt-Stressed Maize (Zea mays
L.), 2006. International Journal of Agriculture and Biology,
Vol. 8, No. 3, 293-297.

[5] Ashraf M and Harris PJC. Potential biochemical indicators
of salinity tolerance in plants, 2004. Plant Sci. 166: 3-6.

[6] Jafar Nabati, Mohammad Kafi, Ali Masoumi and
Mohammad Zare Mehrjerdi. Effect of salinity and silicon
application on photosynthetic characteristics of sorghum
(Sorghum bicolor L.), 2013. Int. J. Agric. Sci. Vol. 3 (4): 983-
492.

[7] Munns R. Genes and salt tolerance: bringing them together,
2005. New Phytologist. 167: 645-663.

[8] Ashraf M and MR Foolad. Roles of glycine betaine and
proline in improving plant abiotic stress resistance, 2007. Env.
Exp. Bot., 59: 206-216.

[9] Epstein E. The anomaly of silicon in plant biology, 1994.
In: Proc. Natl. Acad. Sci. U.S.A,, vol. 91, pp. 11-17.

[10] Tuna AL, C Kaya, D Higgs B Murillo-Amador, S
Aydemir and AR Gergon. Silicon improves salinity tolerance
in wheat plants, 2008. Environ. Exp. Bot., 62: 10-16.

[11] Liang Y, Sun W, Zhu Y-G, Christie P Mechanisms of
silicon-mediated alleviation of abiotic stresses in higher plants:
a review, 2007. Environ. Pollut. 147: 422-428.

[12] Romero-Aranda MR, Jurado O Cuartero J. Silicon
alleviates the deleterious salt effect on tomato plant growth by
improving plant water status, 2006. J. Plant Physiol. 163: 847-
855.

[13] Shu LZ. and YH Liu. Effects of silicon on growth of
maize seedlings under salt stress, 2001. Agro-Environ. Prot.,
20: 38-40.

[14] Liang YC, Chen Q, Liu Q, Zhang W. Ding R. Effects of
silicon on salinity tolerance of two barley cultivars, 2003. J.
Plant Physiol. 160: 1157-1164.

[15] Ahmad R, Zaheer, SH, Ismail S. Role of silicon in salt
tolerance of wheat (Triticum aestivum L.), 1992. Plant Sci. 85,
43-50.

[16] Yeo AR, Flowers SA, Rao G, Welfare K, Senanayake N,
Flowers TJ. Silicon reduces sodium uptake in rice (Oryza
sativa L.) in saline conditions and this is accounted for by
reduction in transpirational bypass flow, 1999. Plant Cell
Environ. 22: 559-565.

[17] Liang YC, Zhang WQ, Chen J, Ding R. Effect of silicon
on H+- ATPase and H+-PPase activity, fatty acid composition
and fluidity of tonoplast vesicles from roots of salt-stressed
barley (Hordeum vulgare L.), 2005. J. Environ. Exp. Bot. 53:
29-37.

[18] Tahir MA, Rahmatullah, Aziz T, Ashraf M, Kanwal S,
Muhammad A. Beneficial effects of silicon in wheat under
salinity stress-pot culture, 2006. Pak. J. Bot. 38: 1715-1722.

[19] Mohsenzadeh S, Shahrtash M, Mohabatkar, H. Interactive
effects of salicylic acid and silicon on some physiological
responses of cadmium-stressed maize seedlings, 2011. 1JST.
Al: 57-60.

[20] Al-aghabary K, Zhu Z, Shi Q. Influence of silicon supply
on chlorophyll content, chlorophyll fluorescence and anti-
oxidative enzyme activities in tomato plants under salt stress,
2004. J. Plant Nutr. 27:2101-2115.

[21] Rafi MM, Epstein, E. Silicon absorption by wheat
(Triticum aestivum L.), 1999. Plant Soil 211, 223-230.

[22] Patterson BD, A Elspeth, and IB Ferguson. Estimation of
hydrogen peroxide in plant extracts using titanium (1V), 1994.
Anal. Biochem. 139:487-492.

[23] Ludlow MM and RC Muchow. A critical evaluation of
trials for improving yield crops in water-limited environments,
1990. Adv. Agro. 43:107-153.

[24] Bradford MM. A rapid and sensitive method for the
quantification of microgram quantities of proteins utilizing the
principle of protein-dye binding, 1976. Anal. Biochem.
72:248-254.

[25] Warren CR, MA. Adams, and Chen Z. Is photosynthesis
related to concentrations of nitrogen and rubisco in leaves of
Australian native plants?, 2000. Austral. J. Plant Physiol.
27:407-416.

[26] Madhava Rao KV and Sresty TVS. Antioxidative
parameters in the seedlings of pigeonpea (Cajanus cajan L.
Millspaugh) in response to Zn and Ni stresses, 2000. Plant
Sci., 157: 113-28.

[27] Dere S, Gines T, Sivaci R. Spectrophotometric
determination of chlorophyll - a, b and total carotenoid
contents of some algae species using different solvents, 1998.
Tr. J. Botany. 22: 13-17.

[28] Bates LS, Waldren RP, Teare ID. Rapid determination of
free praline for water stress studies, 1973. Plant Soil 39, 205—
207.



European Journal of Academic Essays 2(1): 1-5, 2015

[29] Lutts S, Kinet, JM, Bouharmont J. NaCl-induced
senescence in leaves of rice (Oryza sativa L.) cultivars
differing in salinity resistance, 1996. Ann. Bot. 78, 389-398.

[30] Turner NC. Crop water deficit : a decade of progress,
1986. Adv. Agron. 39: 1-51.

[31] Prokopy WR. Phosphorus in acetic acid extracts.
Quickchem Method.,1995. 12: 115-117.

[32] Association Official Analytical Chemists (AOAC)1995.
Official methods of analysis 10" ed. Washington DC. 2004.

[33] Ashraf M, HR .Athar, PJC. Harris and TR. Kwon. Some
prospective strategies for improving crop salt tolerance, 2008.
Adv. Agron., 97: 45-110.

[34] Parveen N, Ashraf M. Role of silicon in mitigating the
adverse effects of salt stress on growth and photosynthetic
attributes of two maize (Zea mays L.) cultivars grown
hydroponically, 2010. Pak. J. Bot. 42: 1675-1684.

[35] Radwan UA, Springule I, Biswas PK, Huluka G. The
effect of salinity on water use efficiency of Balanites
aegyptiaca (L.), 2000. Egypt. J. Biol. 2: 1-7.

[36] Nusrt P and Muhammad A. Role of silicon in mitigating
the adverse effects of salt stress on growth and photosynthetic

attributes of two maize (Zea mays L.) cultivars grown
hydroponically, 2010. Pak. J. Bot., 42(3): 1675-1684.

[37] Gong HJ, Chen KM, Chen GC, Wang SM, Zhang CL.
Effect of silicon on growth of wheat under drought, 2003. J.
Plant. Nutr. 5: 1055-1063.

[38] Matoh T, Kairusmee P, and Takahashi E. Salt-induced
damage to rice plants and alleviation effect of silicate, 1986. J.
Plant Nutr. 32: 295-311.

Author Profile

%

Dr. Helal Ragab Moussa
Professor in Plant Physiology and Nuclear Techniques
Radioisotopes Department, Atomic Energy Authority,
Malaeb El-Gamaa St., P.O. 12311, Dokki, Giza, Egypt



