
Middle East Journal of Agriculture 
Research 
ISSN 2077-4605 

Volume : 06 | Issue : 02 | April-June | 2017 
Pages:553-568 

 
 

Corresponding Author: Amira M. Hegazi, Agric. Botany Department, Faculty of Agriculture, Ain Shams 
Univ., Cairo, Egypt.   E-mail: amirahegazi@yahoo.com 

553 

Stimulation of Photosynthetic Pigments, Anthocyanin, Antioxidant Enzymes in 
Salt Stressed Red Cabbage Plants by Ascorbic Acid and Potassium Silicate  

Amira M. Hegazi and Amal M. El-Shraiy 

 

Agric. Botany Department, Faculty of Agriculture, Ain Shams Univ., Cairo, Egypt 

Received: 09  March 2017 / Accepted: 30  May 2017 / Publication date: 10 June 2017 
 
ABSTRACT  
 

Plants growing under saline conditions are affected in different ways: reduced water potential 
causing water deficit, phytotoxicity of ions such as Na+ and Cl- and nutrient imbalance. In this study, 
foliar application of Ascorbic acid (AsA) at 200 and 400 ppm and potassium silicate (KSi) at 1 and 2 
mM were used to stimulate the tolerance of red cabbage (Brasssica oleracea L. var. capitata) 
“Primero” plants irrigated with three levels of saline water (320 (tap water), 2500 and 4500 ppm). 
Two pot experiments were carried out at the Experimental Farm, Faculty of Agriculture, Ain Shams 
University, during winter seasons of 2014/2015 and 2015/2016. Vegetative growth and yield 
parameters in addition to biochemical composition analysis were recorded. Plants irrigated with 320 
ppm (tap water) showed better morphological and physiological characteristics particularly plants 
received 2mM KSi and 400 ppm AsA. Application of ascorbic acid and potassium silicate generally 
enhanced all growth parameters when compared with untreated plants. Both treatments improved 
vegetative growth; plant fresh and dry weight, relative water content (RWC), chlorophyll a, b, total 
chlorophyll and carotenoids concentrations in leaf and some biochemical properties; proline 
concentrations, polyphenoloxidase (PPO), peroxidase (POD) activity, protein and K concentrations, in 
both stressed and unstressed plants. In the contrary, these treatments decreased values of membrane 
permeability (MP), lipid peroxidation (MDA), Na and Cl percentage. Anthocyanin concentration 
increased with the increase in salinity levels, meanwhile potassium silicate and ascorbic acid 
treatments showed another increment in anthocyanin pigment under salinity stress. Best results were 
noticed with the high levels of both KSi and AsA treatments. It significantly increased most recorded 
growth parameters and chemical composition. 

 
Key words: Salinity Stress, Ascorbic Acid, Potassium Silicate, MDA, PPO, POD, Plant Pigments, 

MP, RWC. 

Abbreviations: ROS, reactive oxygen species; O2 - , superoxide radical; H2O2, hydrogen peroxide; 
OH•, hydroxyl radical; POD, peroxidase; MDA, malondialdehyde; PPO, polyphenoloxidase: MP, 
membrane permeability: RWC, relative water content. 
 
Introduction 
 

Cabbage is a good source of vitamin A, C, fiber, and iron. It contains natural chemical 
compounds that may help prevention of certain types of cancer and can boost the body's resistance to 
disease. Red cabbage or purple cabbage, according to the soil pH value, the color of the plant changes, 
as the plant contains a pigment belonging to anthocyanins (flavins). Leaves are colored from dark red 
to purple in different degrees. Anthocyanins accumulate in different plant tissues and under the 
influence of various environmental stimulators, respectively (Chalker-Scott, 1999; Gould et al., 
2000). Few works linked between the increases of anthocyanins and salt stress (Kaliamoorthy and 
Rao, 1994; Chalker-Scott, 1999). Yet the role that anthocyanins play in the stress response is still 
poorly understood. Yield, as measured by head weight, is rated as moderately sensitive to salinity. 
The threshold salinity of red cabbage is 1.8 dS m-1 (EC). Under moderate salt stress, cabbage heads 
are generally more compact, and leaves are fleshier than under non-saline conditions (Bernstein et al, 
1974). 

One of the most significant abiotic stress factors is salinity which causes many morphological, 
physiological, molecular and cellular alterations on plants. It decreases yield quantity and the quality 
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of plant production, especially in several semi-arid and arid regions (Nasircilar and Ulukapi, 2015). 
Plant adverse responses to salinity stress depend on the osmotic and toxic effects of salt and on the 
duration and level of the stress (Hasegawa et al, 2000). Minor stresses, such as oxidative harmful 
often occur as a result of the primary effects. A side aspect of salinity stress in plants is the stress-
induced production of reactive oxygen species (ROS) including superoxide radicals (O2

-), hydrogen 
peroxide (H2O2) and hydroxyl radicals (OH·) (Ahmad and Umar, 2011). Oxidative damage, caused by 
these species, to different cellular components including membrane lipids, proteins and nucleic acids 
(Fridovich, 1986). Plants possess efficient systems for scavenging ROS that protect them from 
destructive oxidative reactions.  

The silicon role, which is the second most abundant element on the world, has been poorly 
understood in plant biology (Zhu et al, 2004; Gong et al, 2005). However, it is one of the most 
important elements, plays a critical role in tolerance against some environmental stress including salt 
stress on plants (Zhu et al, 2004; Liang et al, 2003). Silicone promotes the antioxidative defense 
mechanisms and reduces the lipid peroxidation under salinity stresses Antioxidant enzyme activities 
are enhanced by exogenous silicon application in barley (Liang et al, 2003). 
Ascorbate or ascorbic acid (Vitamin C) is an important antioxidant in plant tissue which is 
synthesized in cytosol of higher plants primarily from conversion of d -glucose to AsA. Ascorbic acid 
has been shown to have an essential role in several physiological processes in plants, including 
growth, differentiation, and metabolism. Its function as a reductant for many free radicals, thereby 
minimizing the damage caused by oxidative stress. Plant with higher amount of AsA content showed 
better protection against oxidative stress. Ascorbate influences many enzyme activities, minimizing 
the oxidative damage through synergic function with other antioxidants (Foyer and Noctor, 2005). 
Ascorbic acid plays an important role in plant stress tolerance. Under stressed condition plants 
showed different capacity of AsA metabolism which is due to the variation of AsA synthesis and 
regeneration. Different studies showed that AsA content in leaves of stressed plants tends to increase 
with increasing levels of salt stress (Mohamed et al, 2010). 
 
Materials and Methods 
 
Plant materials and treatments 
  

This research was conducted as a pot experiment during the winter seasons of 2014/2015 and 
2015/2016 at the Experimental farm of the Agriculture Faculty of Ain Shams University, Kalyobia 
Governorate, Cairo, Egypt. The experimental soil had a sandy texture with pH of 7.5, EC of 0.18 
(dS/m in soil paste) and the organic matter content was 0.18%. Soil N, P and K contents were 15.30, 
9.60, 16.13 mg/100 g soil, respectively.  

Healthy seedlings with uniform size (35 days from seed sowing) of red cabbage (Brasssica 
oleracea L. var. capitata  “Primero” were selected from a commercial nursery and transplanted on the 
20th and 22th of September in both seasons respectively, into pots (35 cm diameter) containing 7 kg of 
air-dried sandy soil with one plant/pot. One week after transplanting, dead seedlings were replaced by 
similar old seedlings. Each pot, before planting, was supplied with nitrogen (N) as ammonium 
sulphate (20.5 % N) at 3g per pot, phosphorous (P) as calcium superphosphate (15.5 % P2O5) at 2g per 
pot and potassium (K) as potassium sulphate (K2O) at 1.5g per pot. Plants were irrigated with three 
levels of salinity (320 (tap water), 2500 and 4500 ppm) regularly each other day when the water level 
reach about 75% of the field capacity. 
Treatments were applied as foliar-spray to runoff with ascorbic acid (AsA at 200 and 400 ppm) and 
potassium silicate K2O4SiO2 (KSi at 1 and 2 mM) at 15, 35, and 55 days after transplanting. Each 
experiment included three salinity levels and four exogenous spray treatments (twelve treatments), 
replicated three times in a completely randomized design.  
Regular Standard agricultural practices common in the area as recommended by Egyptian Ministry of 
Agriculture were followed. Samples were taken for vegetative measurements and chemical analysis 
75 days after transplanting.  
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Vegetative growth and Yield parameters: 
 

In both growing seasons, samples were selected randomly taken at 75 days after transplanting, 
and the following vegetative growth characters were recorded: number of green leaves per plant; 
number of red leaves per plant; root, stem fresh and dry weight (g). 

Cabbage heads were harvested when they reached horticultural mature (about 75 days after 
transplanting). Horticultural maturity of cabbage was assessed on the basis of head size and days after 
transplanting. The measurement of head diameter (cm), head size (cm3 by water displacement) and 
head fresh and dry weight (g) were recorded. 
 
Relative water content 
 

Leaves were collected from mid-section of plant to reduce age effects. Relative water content 
(RWC) was calculated based on the methods from Yamasaki and Dillenburg (1999). Individual leaves 
were weighed to obtain fresh mass (FM). Then leaves were floated in distilled water inside closed 
petri dish to determine the turgid mass (TM). During the imbibition period, leaf samples were 
weighed periodically, after gently wiping the water from the leaf surface with tissue paper. At the end 
of the imbibition period, leaf samples were placed in a pre-heated oven at 80°C for 48 h to obtain dry 
mass (DM). All mass measurements were made using an analytical scale, with precision of 0.0001g. 
Values of FM, TM and DM were used to calculate RWC using the equation: 
RWC (%) = [(FM–DM)/(TM–DM)] × 100. 
 
Membrane permeability 
 

Electrolyte leakage was used to assess membrane permeability according to Lutts et al. (1995). 
Leaf samples of two plants per replicate were taken and cut into 1cm2 segments. Electrolyte leakage 
was measured using an Electrical Conductivity Meter (EC). Samples were then placed into stoppered 
vials containing 10 ml of distilled water after three washes with distilled water to remove surface 
contamination and incubated on a shaker (100 rpm) at room temperature (ca. 25ºC) for 24h. Electrical 
conductivity (EC) of bathing solution (EC1) was recorded after incubation. The same samples were 
then placed in an autoclave at 120ºC for 20 min and second reading (EC2) was taken after cooling the 
solution to room temperature. The electrolyte leakage was calculated as EC1/EC2 and expressed as 
percentage. 
 
Chemical analysis 
 
1. Determination of plant pigments 
 
1.1. Chlorophylls and carotenoids  
 

For the chlorophylls and carotenoids analyses, 0.5g of fresh leaves was taken from the fully 
opened fourth leaf from the plant tip. Chlorophyll a, b, total chlorophyll and carotenoids were 
extracted using 10 ml N, N dimethyl formamide according to the method of Moran, (1982). Formulae 
and coefficients used for the determination of chlorophyll a, b and total chlorophyll were described by 
Lichtenhaler and Wellburn (1983), the carotenoids were determined spectrophotometrically at 470 nm 
(CT 200 spectrophotometer) using the formula of Shlyk (1971). The data were expressed as mg/g 
fresh weight. 

 
1.2.  Anthocyanin  
 

Anthocyanins were determined according to Havaux and Kloppstech (2001). Leaf discs (1 cm 
in diameter) were grounded in acidified methanol (99 MeOH: 1 HCl; v/v) and the absorption spectra 
was recorded at 530 nm after using UV-spectrophotometer for centrifugation. 
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2. Determination of Protein  
 
Bovine serum albumin V was used as a standard to determine protein concentration in the 

enzyme extracts according to the method proposed by Bradford (1976). 
 

3. Determination of proline 
 
Fresh leaf samples (0.5 g) were ground and homogenized with one volume of 100 mM 

sodium phosphate buffer (pH 6.0). Proline concentration was determined according to the method of 
Troll and Lindsley (1955) modified by Petters et al. (1997). 

 
4. Determination of malondialdehyde (MDA)  

 
One gram of fresh leaves tissue was homogenized in 5 ml of 0.1% (w/v) trichloroacetic acid 

(TCA). The level of lipid peroxidation was measured in terms of malondialdehyde (MDA) 
concentration by thiobarbituric acid (TBA) reaction as described by Heath and Packer (1968). 

  
5. Determination of antioxidant enzymes activity 
 
   Preparation of enzymes extract 
 

Leaf tissues were homogenized in 100 mM chilled sodium phosphate buffer (pH 7.0) 
containing 0.1 mM EDTA and 1% polyvinyl pyrrolidone (PVP) (w/v) at 4 ºC. The extraction ratio 
was 4 ml buffer for each one gram of plant material. The homogenate was centrifuged at 15.000 x g 
for 15 min at 4 ºC. Supernatant was used to measure the activities of peroxidase (POD) and 
polyphenol oxidase (PPO). All enzymes activity was calculated per milligram of protein per minute.  

 
5.1. Determination of peroxidase (POD) activity 
 

Peroxidase (POD; EC1.11.1.7) activity was assayed by the method of Hammerschmidt et al. 
(1982). The reaction was measured spectrophotometrically (CT 200 spectro-photometer) at 470 nm 
per min. One international (IU) of enzyme activity was expressed as Δ OD = 0.01 POD activity 
expressed as unit min-1mg-1 protein. 

 
5.2. Determination of polyphenol oxidase (PPO) activity 
 

Polyphenol oxidase (PPO; EC 1.14.18.1) activity was determined by the method of Oktay et 
al. (1995). The absorbance was recorded at 420 nm by spectrophotometer (CT 200 
spectrophotometer). One unit of PPO activity was defined as the amount of enzyme that causes an 
increase in absorbance of 0.001 min-1 ml-1. The enzyme activity was expressed as (unit min-1 mg-1 
protein). 

 
6. Determination of Na+, K+ and Cl— 
 

Six mature leaves per pot were sampled and pooled into one sample. The leaves were washed 
in detergent solution to remove any dust on leaf surfaces, soaked in 0.5 M HCl for 20 seconds, 
followed by four rinses with distilled water and dried at 70°C/48 h to constant weight. The dried 
leaves were ground to powder using a pestle and mortar and stored in polyethylene bottles. 

The extraction and determination of the Na+ and K+ concentrations were conducted according to 
Xu et al. (2006) using an atomic absorption spectrophotometer (Varian spectra AA 220, Varian, Palo 
Alto, CA, USA) and ion chromatography analyser (Model 926, Sherwood Scientific Ltd., Cambridge, 
UK). 

The determination of membrane permeability (MP), relative water content (RWC) and 
chemical compounds was carried out in the first experimental season only. 
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Experimental design and Statistical analysis 
 

The experimental design used in the two successive seasons was a complete randomized 
design with three replicates. Data represented in this study were analyzed by analysis of variance 
using the General Linear Models procedure of the Statistical Analysis System. Significance between 
means was tested by using Least Significant Difference (LSD) at the 5% probability level (CoStat 
software, Version 6.4, 2008) 
 
Results  
 
Vegetative growth and Yield parameters: 
 

Vegetative growth of red cabbage plants showed best values when irrigated with 320 ppm (tap 
water) as compared to plants irrigated with saline water (Tables 1 and 2). Meanwhile, salinity stress 
reduced significantly plant growth parameters including leaves number (green and red), stem, and root 
fresh and dry weight particularly at the highest level of salinity when compared with plants irrigated 
with non-saline water. All anti-salinity stress application enhanced plant growth parameters under the 
three salinity levels. Plants irrigated with moderate (2500 ppm NaCl) and high salinity level (4500 
ppm NaCl) recorded a significant growth parameters improvement even treated with KSi or AsA. 
Exogenous applications partially alleviated deleterious effect of salinity and increased the overall 
growth of plants as indicated by improvements under both saline and non-saline conditions (Table 
1and 2). The most effective treatment for alleviating salt stress generally was found to be potassium 
silicate at 2mM followed by ascorbic acid at 400 ppm. Root and stem fresh weights were decreased in 
response to 4500 ppm NaCl by 63% and 62% respectively as compared to plants irrigated with non- 
saline water without any treatments. While it increased about 23% and 16% respectively, in response 
to KSi at 2mM. The favorable effects of KSi at 2 mM at plants received 2500 and 4500 ppm NaCl 
were noticed in the number of green and red leaves, as the treatment improved the leaves number 
about 40% and 30% for green leaves and 58% and 52% for red leaves respectively compared with the 
untreated control plants (Table 1). Head diameter and size also were reduced significantly in salt-
stressed plants when compared with unstressed plants even with or without treatments (Table 1). All 
the treatments improved head characters (head fresh and dry weight, head diameter and head size). 
Plants received silicate at high level (2mM) was the most effective treatment followed by ascorbic 
acid at 400 ppm. 
 
Table 1: Effect of ascorbic acid and potassium silicate on vegetative growth and yield parameters of red 

cabbage plants grown under three levels of salinity in 2014/2015 and 2015/2016 seasons. 

  First Season (2014-2015) Second Season (2015-2016) 

 
 

 
No. of 
green 
leaves 

No. of red 
leaves 

Head 
Diameter 

(cm) 

Head Size 
(cm3) 

No. of 
green 
leaves 

No. of red 
leaves 

Head 
Diameter 

(cm) 

Head Size 
(cm3) 

32
0 

pp
m

  
(t

ap
 

w
at

er
) 

Control 7 18 32.7 393 11 22 36.0 432 
AsA 200 ppm 9 22 35.3 533 15 26 38.8 586 
AsA 400 ppm 10 27 38.8 598 16 34 42.7 658 

KSi 1 mM 9 24 35.8 510 14 31 39.4 561 
KSi 2 mM 11 31 39.5 620 17 38 43.5 682 

2
50

0 
pp

m
 Control 6 17 25.7 280 9 20 28.3 308 

AsA 200 ppm 8 22 27.9 380 15 26 30.7 409 
AsA 400 ppm 10 25 32.8 395 17 30 36.1 435 

KSi 1 mM 8 24 29.3 381 15 27 32.2 419 
KSi 2 mM 10 29 35.5 520 18 35 39.1 572 

45
00

 p
pm

 Control 5 12 22.5 260 8 14 24.8 286 
AsA 200 ppm 7 17 24.7 305 9 19 27.2 336 
AsA 400 ppm 7 22 26.6 386 10 26 29.3 425 

KSi 1 mM 6 20 27.7 380 9 24 30.5 418 
KSi 2 mM 8 23 30.4 420 12 28 33.4 462 

 LSD 0.88 2.65 3.12 27.09 0.98 3.84 3.006 28.9 

 
 
 



Middle East J. Agric. Res., 6(2): 553-568, 2017 
ISSN: 2077-4605 

558 

Table 2: Effect of ascorbic acid and potassium silicate on root, stem, head fresh and dry weights of red cabbage 
plants grown under three levels of salinity in 2014/2015 and 2015/2016 seasons. 

 
 First Season 2014/2015 Second Season 2015/2016 

Salt 

conc. 
Treatments 

Root weight 

(g) 

Stem  

weight  (g) 

Head  

weight (g) 

Whole plant 

weight  (g) 

Root weight 

(g) 

Stem  

weight  (g) 

Head  

weight (g) 

Whole plant 

weight  (g) 

FW DW FW DW FW DW FW DW FW DW FW DW FW DW FW DW 

32
0 

pp
m

 

(t
ap

 w
at

er
) 

Control 33.2 4.5 40.6 4.1 582.3 55.6 656.1 64.2 39.84 5.85 52.78 5.33 640.5 66.72 733.1 77.9 

AsA 200 

ppm 
34.7 4.8 51.1 5.7 606.8 65.7 692.6 76.2 45.11 6.72 61.32 7.41 667.5 78.84 773.9 93.0 

AsA 400 

ppm 
36.9 4.8 65.3 5.7 640.4 72.9 742.6 83.4 44.28 7.2 78.36 7.41 704.4 87.48 827.0 102.1 

KSi 1 mM 36.6 4.9 62.1 5.9 620.3 70.9 719.0 81.7 43.92 6.37 74.52 7.67 682.3 85.08 800.7 99.1 

KSi 2 mM 40.8 5.1 77.5 6.3 727.9 77.2 846.2 88.6 48.96 7.14 93.5 8.19 800.7 92.64 943.2 108.0 

25
00

 p
pm

 

Control 16.03 3.97 23.32 3.32 354.7 30.31 394.1 37.6 19.24 5.16 30.32 4.32 390.2 36.37 439.8 45.9 

AsA 200 

ppm 
32.71 6.32 39.03 4.02 424.5 54.9 496.2 65.2 42.52 8.85 46.84 5.23 467.0 65.88 556.4 80.0 

AsA 400 

ppm 
35.27 5.99 66 5.51 550.7 70.88 652.0 82.4 42.32 8.99 79.2 7.16 605.8 85.06 727.3 101.2 

KSi 1 mM 33.57 4.93 50.21 4.69 584.5 66.17 668.3 75.8 40.28 6.41 60.25 6.1 643.0 79.4 743.5 91.9 

KSi 2 mM 39.39 6.92 76.34 5.9 670.3 75.89 786.0 88.7 47.27 9.69 93.5 7.67 737.3 91.07 878.1 108.4 

45
00

 p
pm

 

Control 12.82 4.09 15.25 3.01 203.9 25.33 232.0 32.4 15.38 5.32 19.83 3.91 224.3 32.93 259.5 42.2 

AsA 200 

ppm 
23.8 5.51 33.97 3.32 388.6 44.57 446.4 53.4 30.94 7.71 40.76 4.32 427.5 57.94 499.2 70.0 

AsA 400 

ppm 
25.95 5.7 62.46 4.05 418.7 58.38 507.1 68.1 31.14 8.55 74.95 5.27 460.6 75.89 566.7 89.7 

KSi 1 mM 27.19 4.82 25.33 4.32 477.5 55.36 530.0 64.5 32.63 6.27 30.4 5.62 525.3 71.97 588.3 83.9 

KSi 2 mM 31.29 6.66 65.31 4.41 505.7 70.49 602.3 81.6 37.55 9.32 93.5 5.73 556.3 91.64 687.4 106.7 

 
LSD 2.65 1.87 19.74 0.98 44.65 17.33 47.81 19.66 3.23 1.77 17.33 0.71 47.85 20.03 48.05 20.41 

 
Relative water content (RWC) and Membrane permeability (MP)   
 
The influence of salinity stress and treatments on relative water content (RWC) and membrane 
permeability (MP) were illustrated in (Fig. 1). The measurements of RWC of leaves recorded 
remarkable reduction with stressed plants as compared to unstressed plants. Both treatments of AsA 
and KSi elevated RWC in plants grown under salinity stress but AsA at 200 ppm was not significantly 
effective with unstressed plants. Salt stressed plants responded positively to KSi at 2 mM especially 
under moderate salinity level 2500 ppm NaCl. 
Membrane permeability values increased in plants exhibited to salinity when compared to unstressed 
plants (Fig 1). Stability of cell membrane increased with plants treated with anti-stress treatments 
(KSi at 2 mM then AsA 400 ppm).  Foliar sprays of KSi at 2mM resulted in a significant decrease in 
membrane permeability, all electrolyte leakage values (MP) were restored to values comparable with 
unstressed plants. The results indicated that deleterious effects of salinity on membrane permeability 
can be effectively mitigated by KSi or AsA supplementary. 
 
Plant pigments 
 
Chlorophylls and Carotenoids 
 

Data illustrated in Fig. 2 showed the effect of different salinity concentrations on plant 
photosynthetic pigments (chlorophyll a, b, total chlorophyll and carotenoids) and the response of these 
pigment concentration to anti-stress treatments (AsA and KSi). The photosynthetic pigments 
concentrations significantly decreased under salt stress conditions (Fig 2). The maximum decrease in 
chlorophyll a, chlorophyll b and total chlorophyll were recorded with plants irrigated with 4500 
followed by 2500 ppm NaCl consequently as compared with unstressed plants. Remarkable 
enhancement in chlorophyll a, b and total chlorophyll, was recorded as a result of foliar application of 
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KSi and AsA treatments, the highest chlorophyll concentrations were found as a response to KSi at 
2mM application followed by AsA at 400ppm. In contrast, Carotenoids concentration was enhanced 
with the increase of salinity concentration, but this increment in the pigment was found with the 
moderate salinity level. Plants irrigated with high salinity level showed slight reduction in carotenoids 
as compared with the moderate level of salinity. However, the high levels of the treatments increased 
carotenoids concentration with all salinity levels. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 1: Relative Water Content (RWC) and Membrane Permeability (MP) in red cabbage plants 
exposed to three salinity levels and sprayed with two levels of Ascorbic acid (AsA) and 
Potassium Silicate (KSi) 
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Fig. 2: Chlorophyll a (Chl a), Chlorophyll b (Chl b), Total Chlorophyll (Total Chl) and Carotenoids 
(Carot) concentration in red cabbage plants exposed to three salinity levels and sprayed with 
two levels of Ascorbic acid (ASA) and Potassium Silicate (KSi) 
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Anthocyanin 
 

The results in Fig.(3) revealed the effect of salinity stress levels on anthocyanin concentration in 
red cabbage head leaves and the response of this concentration to AsA and KSi treatments. 
Anthocyanin concentration recorded the maximum values with plants exposed to highest level of 
salinity as compared with values of unstressed plants. The concentration values were increased as a 
result of foliar application of KSi and AsA. The greatest values of anthocyanin was obtained with KSi 
at 2mM and AsA at 400 ppm sequentially (Fig. 3). The most increment of the pigment recorded about 
3-5% at 2500 and 4500 ppm NaCl respectively as compared with unstressed plants. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Anthocyanin, Protein and Proline concentration in red cabbage plants exposed to three salinity levels 
and sprayed with two levels of Ascorbic acid (ASA) and Potassium Silicate (KSi) 
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Protein content 
 

Significant decreases in protein   content   were   recorded   under   salinity conditions (Fig. 
3). Maximum reduction was observed in protein under salinity conditions as compared with control. 
Different concentrations of KSi and AsA significantly improved protein content. Maximum progress 
was recorded in plants received KSi at 2 mM as compared with other treatments.  

 
Proline content  
 

Proline content increased proportionately with salinity levels in leaves of red cabbage plants 
(Fig. 3). KSi and AsA treatments caused further accumulation in proline levels of plants under stress 
compared to the untreated stressed plants. The most proline content was observed in plants received 
2mM followed by 1mM of KSi then AsA at 400 ppm.  

 
MDA and Antioxidant Enzymes 
 

As shown in Fig. (4), the values of MDA (lipid peroxidation) concentration in red cabbage 
plants under three levels of salinity and the effect of two levels of potassium silicate and ascorbic acid 
as anti-stress substances. It could be observed that, plants irrigated with saline water were relatively 
high in MDA particularly at high salt level (4500 ppm) followed by moderate salt level (2500 ppm)  
as compared with non-stressed plants (320 ppm). A significant reduction in malondialdehyde (MDA)  
concentrations were recorded in plants under stress after treated with anti-stress treatments if 
compared to control plants. The most effective anti-stress treatments decreased MDA concentration 
were both KSi and AsA at high levels.  
The results in Figure (4) indicated the activity of polyphenol oxidase and peroxidase as antioxidant 
enzymes in red cabbage plants responded to salinity stress and the effect of KSi and AsA treatments. 
Salinity stress (both moderate and high levels) significantly increased antioxidant enzymes activity in 
red cabbage plants when compared with unstressed plants (Fig. 4). The results showed that POD and 
PPO activities are increased in salt-stressed plants received KSi at 2 mM followed by AsA at 400 ppm 
as foliar application comparing with control plants (without treatments). 
  
Mineral Nutrients 
 

The percentages of K, Na and Cl as well as the K to Na ratio in red cabbage plants exhibited to 
three levels of salinity (320, 2500 and 4500 ppm NaCl) were presented in Table 3. Salt stress reduced 
K percentage in leaves at both salinity levels, however Na and Cl concentrations were increased. The 
effect of KSi and AsA on K, Na and Cl concentration of red cabbage leaves under salt stress is shown 
in Table 3. All treatments improved K content in both non-stressed and salt-stressed plants. On the 
other hand, these treatments decreased the concentrations of Na and Cl in leaves in stressed and non-
stressed plants. The ratio between K and Cl getting higher when unstressed plants were applied to KSi 
and AsA treatments. This ratio also improved in plants exposed to moderate level of salt as compared 
to plants irrigated with high level of salt when both treated with anti-stress substances. 
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Fig. 4: MDA, PPO and POD concentration in red cabbage plants exposed to three salinity levels and 

sprayed with two levels of Ascorbic acid (ASA) and Potassium Silicate (KSi) 
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Table 3: Effect of ascorbic acid and potassium silicate on K, Na and Cl percentage and K/Na ratio of red 
cabbage plants grown under three levels of salinity. 

Salt conc. Treatment K % Na % Cl % K/Na 

3
2

0
 p

p
m

  
(t

ap
 

w
at

er
) 

Control 3.95 0.35 3.22 11.3 

AsA 200 ppm 4.32 0.32 3.21 13.5 

AsA 400 ppm 4.46 0.30 3.16 14.9 

KSi 1 mM 4.39 0.33 3.00 13.3 

KSi 2 mM 4.54 0.29 3.00 15.7 

      

2
5

0
0

 p
pm

 

Control 1.05 3.10 10.65 0.3 

AsA 200 ppm 2.73 2.40 8.59 1.1 

AsA 400 ppm 2.99 2.10 6.92 1.4 

KSi 1 mM 3.70 2.20 7.46 1.7 

KSi 2 mM 3.70 1.68 6.65 2.2 

      

4
5

0
0

 p
pm

 Control 0.91 4.11 15.98 0.2 

AsA 200 ppm 1.37 3.11 12.78 0.4 

AsA 400 ppm 1.68 2.69 11.31 0.6 

KSi 1 mM 1.49 3.00 12.38 0.5 

KSi 2 mM 1.78 2.59 10.33 0.7 

 
LSD 0.85 0.92 1.00 

 
 
Discussion 
 

The general impact of salinity is to reduce the rate of growth, generating smaller leaves, short of 
height, and fewer leaves sometimes. The main effect of salinity, at low to moderate concentrations 
especially, is due to its osmotic effects (Munns and Termaat, 1986; Jacoby, 1994). Reactive oxygen 
species (ROS), as singlet oxygen, superoxid radicals, hydrogen peroxide and hydroxyl radicals, which 
resulted in lipid peroxydation leading to membrane deterioration, are enhanced in plants under salt 
stress conditions (Huang et al. 2010). 

Data in Table.1 and 2 indicated a stimulative effects of KSi foliar spray on vegetative growth 
parameters and head yield of red cabbage plants exposed to salt water stress.   
Coskun et al. (2016) reported that silicon is obviously beneficial to plant growth and development, 
under stress conditions particularly (salinity and drought). Si induced osmotic and ionic stresses 
alleviation associated with salinity and drought stress. However, silicon is one of the most significant 
elements, it is acting a serious role in tolerance against some abiotic stresses including  
salt stress (Zhu et al. 2004 and Liang et al. 2003) on plants. Silicon stimulates the antioxidative 
mechanisms of defense and reduces the lipid peroxydation under salinity stress (Zhu et al. 2004). 
Antioxidant enzyme activities are enhanced by exogenous silicon application in barley (Liang et al. 
2003) and cucumber (Zhu et al. 2004) under salt stress. 

It is obvious that the high concentration of KSi improved physiochemical characters of red 
cabbage plant which give an indicator to enhance plant tolerant (Fig.1, 2, 3 and 4). 
As shown in Fig. 2, photosynthetic pigments affected negatively with both salinity levels that 
reduction may be due to the harmful effect of ROS on the chloroplast membrane. 
One of the best parameters indicating salt tolerance in crop plants was Chlorophyll. Salinity reduces 
significantly the total chlorophyll content. The degree of reduction in total chlorophyll depending on 
salt tolerance of plant species and salt concentrations (Ashraf and Harris, 2004). Regarding 
carotenoids enhancement under salinity stress (Fig.2), these results were in agreement with the results 
of Hegazi et al. 2017 and Sakr et al. 2015. They reported that salt stress at 2000, 4000 and 6000 ppm 
lowered chlorophylls but in the contrary it enhanced carotenoids concentration in pepper plant leaves.   
Salinity may not led to favorable effects; that salinity may enhance positive properties of yield 
quality, and resistance to disease. In red cabbage, salinity increased the concentration of Anthocyanins 
(Fig.3), which considered an antioxidant pigment. 
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MDA (malondialdehyde) accumulated in plants under stress conditions, that is may due to lipid 
peroxidation of cell membrane. It considered an effective tool of assessing oxidative stress stimulate 
membrane damage (Shao, 2005) and stability of cell membrane has been used an efficient factor to 
choose among crop cultivars with respect to salt tolerance degree (Meloni et al. 2003; Sairam et al. 
2005). It was found that Si stimulate enzymatic (PPO and POD) and non-enzymatic antioxidant which 
protect plant cells against reactive oxygen species under stress condition (Liang et al.  2007).  
The intracellular ion concentrations homeostasis is critical for the metabolism of plant cells which 
have to retain the toxic ions concentrations low and accumulate essential ions through compatible 
regulation of ion flux. Because of the similarity in physicochemical properties between K and Na, Na 
competes with K. Although Na is toxic to the plant cells, K is essential for main binding sites in 
metabolic processes in the cell cytoplasm, such as protein synthesis, enzymatic reactions and 
ribosome functions (Munns and Tester 2008). 

Plants improve some resistance strategies i.e. osmotic adjustment such as potassium, proline, 
glycinebetaine and soluble sugar (Turan et al. 2009 and Benhassaini et al. 2012), increasing some 
plant growth regulators, inducing antioxidant enzyme activities, changing photosynthesis way (Çelik 
and Atak 2012), and stress proteins production to overcome salinity (Yilmaz et al. 2011).  Proline is 
an important organic compound which accumulates under salt stress conditions (Khedr et al. 2003 and 
Bayat et al. 2014). It is a strategic component which can act as an osmoprotectant to maintain stability 
of membrane and detoxification enzymes of plants under salt stress (Turan et al. 2009, Benhassaini et 
al. 2012 and Bayat et al. 2014). Using KSi, in present study, enhanced proline content and potassium 
percentage in red cabbage plants under salt stress.  
Potassium role is important in many regulatory functions in the plant, as osmo-regulator in various 
processes, adjustment of water use and stomata, translocation of sugars and synthesis of carbohydrates 
and protein, energy status of the plant, regulation of enzymes efficiency and many other processes 
needed for plant growth and reproduction (Hsiao and Läuchli, 1986). 
The role of AsA in reducing the negative effects of salinity on vegetative and yield of red cabbage 
plants was illustrated clearly in Tables1 and 2.  

On the other hand, ascorbic acid (AsA) has an essential role in plants in many physiological 
processes, including growth, development, and metabolism. It plays as a reductant for many free 
radicals, so that it reduced the damage caused by oxidative stress. Plants which contain high amount 
of AsA improved its protection against oxidative stress. Ascorbate affects many enzyme activities, 
reducing the oxidative damage through synergic role with other antioxidants (Shalata and Neumann 
2001; Athar et al.  2008). Also, AsA may act as a signaling molecule involved in the ruling of 
complex processes such as the response to O3, photo-oxidative conditions (Pastori et al.  2003). 
Exogenous application of AsA were mostly effective partially or completely countering the adverse 
effects of salt stress on photosynthetic rate, biosynthesis of pigments and integrity of membrane by 
utilizing a stimulatory action on these parameters (Hamada and Al-Hakimi, 2009).  
Azzedine et al. (2011) found that the application of AsA was effective to alleviate the negative effect 
of salt stress on plant growth as it increased leaf area, improved chlorophyll and carotenoids contents, 
enhanced protein accumulation and decreased H2O2 content. Dehghan et al. (2011) mentioned that 
AsA exogenous application decreased the adverse effects of salt stress on growth of Glycine max 
seedlings. AsA induced growth of salt-stressed plants in addition to an increase in CAT, POD and 
SOD activities.  

These results were homogenized with obtained data in Fig. 1, 2, 3 and 4. These results showed a 
positive physiological effects of applying AsA on plants under salt stress conditions.   
 
Conclusion 
 

It could be concluded from this study that vegetative growth and yield parameters of red 
cabbage plants were significantly inhibited under salinity stress. Results clearly exhibit the positive 
functions of KSi mainly and then AsA on ameliorate salt stress damage effects. Potassium in KSi 
showed an additional positive effect in stressed plants. These treatments significantly influenced the 
plant growth, photosynthetic pigments, anthocyanin concentration, proline and antioxidant enzymes. 
Potassium silicate plays an important role to protect the plant from oxidative common damages in salt 
stress. Silicon has potential to stimulate stressed red cabbage plants tolerate the adverse effect of salt.  
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