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Response of callus of three apple (Malus domestica, Borkh) cultivars (cv.) 

namely: Balady, MM 106 and MM 111 were investigated under different 

concentrations of silicon nanoparticles (Si-NPs) (0, 10 and 100 mgl
-1

) and salt 

stress, induced by NaCl (0, 2000 and 4000 ppm). At non-salt stressed 

conditions, the highest values of fresh weight (FW) of callus were obtained 

with addition of 4 mgl
-1

 of 2,4-D with Kin at 0.4 mgl
-1

 to MS medium for all 

cvs. FW was increased by more than 80% after application of 10 and 100 

mg/l of Si-NPs in Balady and MM111 cvs., respectively under 2000 ppm of 

NaCl. Anatomically, the maximum polar and equatorial diameters (72 and 

53µm, respectively), of callus cells were observed in MM111cv. under high 

salinity level. Also, 7 amplicons amplified with three different SCoT primers 

(SCoT 77, 66 and 26) in both salt stressed and unstressed callus in MM111cv.  

Addition of Si-NPs increased the total antioxidants (%), the activity of 

peroxidase (POD) and superoxide dismutase (SOD) in salt stressed callus in 

all cvs. Application of high Si-NPs concentration increased the POD and 

SOD activity by 6.5 and 5.7 times, respectively in Ballady cv. under high 

NaCl levels. Also, high concentration of free amino acids, proline, reducing 

sugars and free phenolics concentration were observed in salt stressed callus 

with increment the concentration of Si-NPs. Proline and reducing sugars 

concentrations were increased by 80% in salt-stressed callus of Ballady cv. 

under 100 mgl- of Si-NPs. It can recommend that, application of Si-NPs at 10 

mgl
-1

 will increase the tolerance of apple callus to 2000 ppm NaCl, especially 

in Balady and MM111 cvs, as a suitable salt tolerant rootstock for apple 

grafting. 
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INTRODUCTION 

Apple is one of the major recommended 

fruit crops for new reclaimed soils in Egypt. 

Salinity is a critical problem facing 

agriculture, especially in irrigated lands 

located in semiarid zones. Water salinity 

considered one of the most important 

abiotic stresses that limits plant growth and 

yield of most crops (Zhu, 2016). Apple 

varieties are grown in Egypt, such as the 

Anna variety, grafted on more tolerant 

rootstocks to different environmental and 

biological conditions, such as Balady, MM 

111, and MM 106. 

Salinity induced oxidative stress by 

formation different types of reactive oxygen 

species (ROS), as superoxide radicals (O2
• −

) 

and hydrogen peroxide (H2O2), which 

interact with the functional molecules in 

plants and cause multiple damage including 

lipid peroxidation, membrane destruction, 

protein denaturation and DNA mutation 

(Hazman et al., 2015). To alleviate the 

deleterious effects of ROS, plants have 
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evolved specific antioxidative mechanisms 

to scavenge ROS. Thus, antioxidant enzymes 

such as superoxide dismutase (SOD), catalase 

(CAT), peroxidase (POD) and glutathione 

reductase (GR), the key members of 

antioxidant protective system, seem to be 

main important determinants of plant 

tolerance to salt stress (Zhan et al., 2019). 

Tolerance to abiotic stresses such as 

salinity is an important trait for selection of 

fruit trees rootstocks, which affect the 

nutritional status of the scion and appreciably 

influence scion tolerance to salinity. 

Producing sustainable and profitable crops 

under these conditions needs technological 

and biological approaches, including 

selection of new and more salt tolerant 

cultivars of named plants using 

conventional breeding programs or tissue 

culture techniques (Ashraf et al., 2012; 

Helaly et al., 2016; Elsheery et al., 2020). 

Therefore, developing rootstocks that 

tolerate to different abiotic stresses is one of 

the major goals of breeding programs of 

apple rootstocks to insure rootstocks 

suitable for different environmental 

conditions. Salt stress increased the soluble 

sugars in plant leaves to maintain turgor 

pressure and reducing osmotic pressure 

(Munns, 2003).  Proline is an amino acid 

that normally accumulates in large 

quantities in response to environmental 

stresses, also proline is a rich source of 

carbon, nitrogen and neutralizing free 

radicals. So, proline acts as a protector of 

the structure of cell membranes and 

proteins (Kishor et al., 2005 and Jalili et 

al., 2009). Proline can adjust the osmotic 

pressure of cells under various stresses. 

Additionally, free proline can remove and 

detoxify the reactive oxygen species (ROS) 

generated because of stresses, thus 

protecting cell membranes against these 

radicals (Omar et al., 2012; Saed-

Moucheshi et al., 2014 and Elsheery et 

al., 2020). Protein degradation may be 

essential to provide amino acids for 

synthesis of new proteins which important 

for plant survive under stress conditions 

(Kocisko et al., 1994). 

Silicon (Si) is the most abundant element 

in the surface of the earth after oxygen. Si 

is not an essential element, therefore its role 

in plant biology still understood. Nano-

structured silicon dioxide after absorption 

can form a film at cell walls and can reduce 

plant transpiration, increase disease resistance, 

and improve plant growth under stresses 

such as salinity. Also, nanostructure silicon 

dioxide can enhance cell wall rigidity 

(Mahmoud et al., 2020).  

Silicon nanoparticles (Si-NPs) had 

unique properties, therefore it had high 

potential in agriculture and may work better 

in alleviating different abiotic stresses than 

bulk material. Si-NPs had direct effect on 

plant growth and development, due to it 

may be used as delivery agents for proteins, 

nucleotides, and other chemicals in plants. 

However, Si-NPs may be effectively used 

in agriculture for increasing the water 

retention of soil (Tripathi et al., 2015; 

2017; Abdel-Haliem et al., 2017; Cui et 

al., 2017). 

 Using of Start Codon Targeted (SCoT) 

markers was more efficient tool compared 

to other markers, because of the longer 

primer distances and high annealing 

temperatures. (Collard and Mackill, 2009). 

SCoT analysis was more effective for 

differentiation among varieties and treatment 

than other techniques as inter simple sequence 

repeat (ISSR) and random amplified 

polymorphic DNA (RAPD) (Gorji et al., 

2011). 

The main objective of research was 

investigating the role of Si-NPs on 

physiological and molecular response of 

callus of three apple rootstocks (Balady, 

MM111 and MM106) under salt stress 

conditions. 



 
Mohamed et al. | SINAI Journal of Applied Sciences 11 (3) 2022  379-396 

 

381 

MATERIALS AND METHODS 

This study was carried out in Prof. Dr. 

Abd El-Fatah H. Belal Plant Tissue Culture 

Laboratory, Fac. Environ. Agric. Sci. 

(FEAS), Arish Univ., North Sinai, Egypt, 

during 2018 to 2020. Plantlets of three 

apple rootstocks (Balady, MM111 and 

MM106) were obtained from Faculty of 

Agriculture, Mushtohor, Banha University, 

and its leaves were used as an explant for 

callus induction. 

Explant Sterilization and Callus 

Induction 

Leaf explants were sterilized by Clorox 
solution (30 %) for 20 min., then soaked in 
ethanol alcohol (70%) for 1 min., followed 
by mercuric chloride solution (HgCl2) 1gl

-1
 

for 5 min. (Belal et al., 2004). Sterilized 
explants were cultured on Murashige and 
Skoog medium (MS) Murashige and 
Skoog (1962) supplemented with 3% 
sucrose, 7.50 gl

-1
 agar and pH 5.7- 5.8. For 

callus induction MS supplemented with 
2,4-D at (0.0, 1.0, 2.0 or 4.0 mgl

-1
) in 

combination with kinetin (Kin) at (0.0, 0.1, 
0.2, 0.4 mgl

-1
). Cultures were maintained 

under continuous light at intensity of 2000 
Lux using florescent lamps (Phillips, 
Egypt). All cultures were incubated at 25 ± 
2

o
C for 40 days, each treatment consisted of 

five replicates and each replicate consisted 
of three jars each one containing four 
explants. After 40 days the following 
parameters were recorded: 

1. Callus formation Percentage = (Explants 
formatted callus/Total No. explants) × 100 

2. Callus color (visually). 

3. Callus fresh weight (g /jar). 

Si-Nanoparticles Application and 
Salinity Stress Induction 

Nanoparticles (Sigma) with 25 nm size, 
Si Hydrophilic at 10 and 100 mg/l were 
used. Si-NPs were photographed using TEM 
(JEOL, Japan) to ensure its nano-dimensions 
(Fig. 1). 

For salt stress induction sodium chloride 

(NaCl) were added to the MS with different 

concentrations (0.0, 2000 or 4000 mgl
-1

) 

combined with SiNPs at different levels 

(0.0, 10 and 100 mgl
-1

). Similar pieces of 

calli (0.5 g) were used as explants. After 50 

d, calli of different treatments were 

collected and prepared for determine: 

Growth Parameters 

1. Callus color (visually). 

2. Callus fresh weight (g /jar). 

Biochemical parameters 

All spectrophotometric analyses were 

done using UV/VIS spectrophotometer, PG 

instrument Ltd, USA. 

Proline concentration: 

Proline was estimated spectrophotometrically 

at 520 nm in fresh callus with ninhydrin 

reagent as described by Bates et al. (1973). 

Phytochemical compounds and total 

antioxidants concentrations 

Phytochemicals in fresh callus was 
extracted with ethanol 70% according to 
Abdel-Rahman et al. (1975). Ethanolic 
extracts were used to determine free 
phenolics, reducing sugars, free amino 
acids, and total antioxidants. Free phenolics 
were determined using Folin-Ciocalteu 
method described by William et al. (1965) 
at 650nm. Free amino acids were estimated 
using the method of Rosen (1957) at 
570nm. Reducing sugars were determined 
by Nelson’s method described by Moore, 
(2012) at 540 nm. The total antioxidants were 
estimated by determine the inhibition % of 
DPPH (2,2-diphenyle-1-picryllhydrazyl) 
according to Hatano et al. (1988). 

Activity of Antioxidants Enzymes 

Enzymes extract was prepared according 

to Urbanek et al. (1991). Peroxidase 

(POD) activity determined by measuring 

the oxidation of O-dianisidine at 430 nm 

according to Urbanek et al. (1991). 

Superoxide dismutase activity was assayed  

https://scholar.google.com.eg/citations?view_op=view_org&org=976967005182050909&hl=ar&oi=io
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Fig. 1. Overall view of Si-NPs under TEM 
 

 

by measuring its ability to inhibit reduction 

of nitro blue tetrazolium (NBT) at 560 nm as 

described by Beauchamp and Fridovich 

(1971). Enzymes activity estimated as units 

/ 100 g protein. min. 

Soluble protein determination 

Soluble protein concentration determined 

according to Bradford (1976) using 

Coomassie brilliant blue G-250 (Sigma). 

Histological Investigation 

For longitudinal sections (15 μm thick), 

callus was fixed in formalin acetic acid 

(FAA), then dehydrated with ethanol series 

and cleared with ethanol-xylene. Then 

samples were embedded in paraffin wax at 

45-55ºC (Willey, 1971). The fixed sections 

were stained with Safranin O-Fast-green 

double stain. Observation and 

photomicrographs were achieved using 

research microscope (LEICA DM500) 

fitted with digital camera (LEICA ICC50). 

SCoT Analysis 

Genomic DNA of callus was extracted 

by CTAB buffer according to Doyle and 

Doyle (1973). The amplification of DNA 

was performed in an automated thermal 

cycle (model Techno 512) programmed for 

one cycle at 95ºC for 5 min, followed by 40 

cycles of 30 sec. at 95ºC, 30 sec. at 57ºC 

(annealing temperature), and 30 sec. at 

72ºC. Nucleotide sequence of different 

primers was of SCoT 26, 5’ACCATGGC 

TACCACCGTC’3; SCoT 66, 5’ ACCAT 

GGCTACCAGCGAG’3; SCoT77, 5’CCA 

TGGCTACCACTACCC’3. DNA ladder 

was used as standard DNA with molecular 

weights of 100 to1500 bp. The run was 

performed for about 30 min at 80 V in mini 

submarine gel BioRad. The polymorphism 

percentage was calculated, according to 

Patra et al. (2008). 

Experimental Design and Statistical 

Analysis 

There were five replications each 

replicate contained 3 explants for each 

treatment at a completely randomized 

design (CRD) and data were tested by using 

Co-STAT software V.6.13 (Cohort 

software, Berkeley, CA 94701). Mean 

values of treatments were differentiated by 

using least significant range (Duncan’s 

multiple range testes) at 0.05% level 

probability (Duncan, 1975). 
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RESULTS AND DISCUSSION 

Callus Weight (g), Callus Formation 

(%) and Callus Color at Normal 

Conditions 

Results in Table 1 and Fig. 2 illustrate 

the interaction effect of cultivars, Kin and 

2,4-D concentrations on callus FW, callus 

formation and callus color. The highest 

value of callus FW (6.76 g) and callus 

formation (100 %) occurred in Balady cv. 

treated with 4.0 mgl
-1

 2,4-D + 0.4 mgl
-1

 

Kin, followed by MM 106 cv. as shown in 

Fig. 2. However, the minimum values of 

callus FW (0.5 g) and callus formation 

(17.00 %) achieved in MM 111 cv. after 

application of 1.0 mgl
-1

 2,4-D + 0.1 mgl
-1

 

Kin. Callus color was white in all 

treatments. Results were in line with Saito 

and Suzuki (1999) who found that calli 

were induced using the apical meristem of 

apples (Malus domestica) treated with 2 

mgl
-1

 2,4-D and mgl
-1

 BA. Also, Onofrio 

and Morini (2005) found that, callus of 

quince (Cydonia oblonga Mill.) induced 

using leaves as an explant during 2 days by 

11.3 mM of 2,4 D.  

Callus Weight (g) and Callus Color as 

Affected by Si-NPs Application under 

Salt Stress Conditions 

As shown in Table 2, salinity, Si-NPs 

and cultivars had a clear significant effect 

on callus FW in all cultivars under study. 

The highest significant value of callus FW 

(7.44 g) was obtained by Balady cv. treated 

by 2000ppm NaCl + 100 mgl
-1

 Si-NPs, 

followed by MM 106 cv. which recorded 

(7.23 g), then MM 111 cv. with 6.80 g. The 

minimum significant value (1.82 g) was 

recorded under 4000ppm of NaCl + 0 mgl
-1

 

Si-NPs with MM 111 cv., followed by MM 

106 cv. which recorded (2.40 g), then 

Balady cv. with 3.50 g. Results showed that 

both Balady and MM111 cvs. were more 

tolerant to salinity at moderate level of 

salinity (2000 ppm of NaCl) and MM111 

was more tolerant at high level of salt (4000 

ppm) with application of Si-NPs. FW was 

increased by more than 80% after application 

of 10 and 100 mg/l of Si-NPs in Balady and 

MM111 cvs., respectively under 2000 ppm 

of NaCl. 

Keeping of white color for callus in all 

treatments, obvious that application of Si-

NPs preserved the viability of callus cells 

under salinity conditions.  This result was 

agreed with Liu et al. (2006) who cleared 

that callus FW of apple (Malus domestica 

Borkh.) decreased 6-folds compared to 

control after exposure to 200 mM NaCl for 

7 d. Also, high concentration of NaCl was 

declined the callus FW and its growth was 

completely ceased at 125 mM of NaCl in 

date palm (Phoenix dactylifera L.) as 

showed by Al-Khayri and Ibraheem (2014). 

Biochemical Parameters 

Total antioxidants (%), peroxidase 

(POD) and superoxide dismutase (SOD) 

Salinity, Si-NPs, and cultivars had a 

significant effect on total antioxidants (%), 

peroxidase (POD) and superoxide dismutase 

(SOD) activity in all cvs. as shown in Table 

3. The maximum significant value of total 

antioxidants (47.21%), POD (6.81) and 

SOD (1.886) was shown in Balady cv. 

treated with 4000 ppm NaCl + 100 mgl
-1

 

Si-NPs, followed by MM 106 cv. which 

gave (47.19%) of total antioxidants, POD 

(0.576) and SOD (0.580) activity, then MM 

111 cv. which gave (47.16%) of total 

antioxidants, (5.33) of POD and (0.563) of 

SOD activity. Meanwhile, MM 111 cv. 

showed the minimum value of total 

antioxidants (21.21%), POD (0.35) and 

SOD (0.102) activity. On the other hand, 

the lowest significant value of total 

antioxidants (15.56), POD (0.04) and SOD 

(0.043) was recorded in untreated MM 111 

cv., followed by MM 106 cv. which gave 

(15.59%) of total antioxidants, POD (0.05) 

and SOD (0.056) activity, then Balady cv. 

which gave (15.61%) of  total  antioxidants,  
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Table 1. Effect of 2,4-D and Kin on callus fresh weight (g), callus formation (%) and 

callus color under non-salt stressed conditions in three apple cultivars 

Treatment Callus fresh weight (g) Callus formation (%) Callus color 

B
a

la
d

y
 

2,4-D 0.0 
mg/l 

Kin 0.0 mg/l 0.00 n 0.00 f No callus 
Kin 0.1 mg/l 0.00 n 0.00 f No callus 
Kin 0.2 mg/l 0.00 n 0.00 f No callus 
Kin 0.4 mg/l 0.00 n 0.00 f No callus 

2,4-D 1 
mg/l 

Kin 0.0 mg/l 0.00 n 0.00 f No callus 
Kin 0.1 mg/l 1.14 klm 22.00 def White 
Kin 0.2 mg/l 1.00 lm 29.00 de White 
Kin 0.4 mg/l 1.96 g-k 36.00 de White 

2,4-D 2 
mg/l 

Kin 0.0 mg/l 1.88 g-k 83.00 abc White 
Kin 0.1 mg/l 3.48 cd 88.00 abc White 
Kin 0.2 mg/l 3.38 cde 84.00 abc White 
Kin 0.4 mg/l 3.00 def 73.60 bc White 

2,4-D 4 
mg/l 

Kin 0.0 mg/l 2.64 d-h 90.00 abc White 
Kin 0.1 mg/l 2.36 f-i 90.00 abc White 
Kin 0.2 mg/l 5.12 b 94.00 abc White 
Kin 0.4 mg/l 6.76 a 100.00 a White 

M
M

 1
0
6
 

2,4-D 0.0 
mg/l 

Kin 0.0 mg/l 0.00 n 0.00 f No callus 
Kin 0.1 mg/l 0.00 n 0.00 f No callus 
Kin 0.2 mg/l 0.00 n 0.00 f No callus 
Kin 0.4 mg/l 0.00 n 0.00 f No callus 

2,4-D 1 
mg/l 

Kin 0.0 mg/l 1.64 i-l 75.00 abc White 
Kin 0.1 mg/l 0.60 mn 13.00 ef White 
Kin 0.2 mg/l 1.62 i-l 23.00 def White 
Kin 0.4 mg/l 1.98 g-k 38.00 d White 

2,4-D 2 
mg/l 

Kin 0.0 mg/l 1.00 lm 29.00 de White 
Kin 0.1 mg/l 2.94 def 84.00 abc White 
Kin 0.2 mg/l 2.70 d-g 74.00 bc White 
Kin 0.4 mg/l 3.26 de 86.00 abc White 

2,4-D 4 
mg/l 

Kin 0.0 mg/l 3.30 de 72.00 bc White 
Kin 0.1 mg/l 2.00 g-j 90.00 abc White 
Kin 0.2 mg/l 3.20 def 90.00 abc White 
Kin 0.4 mg/l 5.44 b 94.00 abc White 

M
M

 1
1
1
 

2,4-D 0.0 
mg/l 

Kin 0.0 mg/l 0.00 n 0.00 f No callus 
Kin 0.1 mg/l 0.00 n 0.00 f No callus 
Kin 0.2 mg/l 0.00 n 0.00 f No callus 
Kin 0.4 mg/l 0.00 n 0.00 f No callus 

2,4-D 1 
mg/l 

Kin 0.0 mg/l 0.00 n 0.00 f No callus 
Kin 0.1 mg/l 0.50 mn 17.00 def White 
Kin 0.2 mg/l 1.26 j-m 24.00 def White 
Kin 0.4 mg/l 1.30 j-m 27.00 de White 

2,4-D 2 
mg/l 

Kin 0.0 mg/l 1.80 h-l 96.00 ab White 
Kin 0.1 mg/l 2.54 e-h 84.00 abc White 
Kin 0.2 mg/l 3.18 def 86.00 abc White 
Kin 0.4 mg/l 3.10 def 70.00 c White 

2,4-D 4 
mg/l 

Kin 0.0 mg/l 2.64 d-h 70.00 bc White 
Kin 0.1 mg/l 3.16 def 84.00 abc White 
Kin 0.2 mg/l 2.90 def 84.00 abc White 
Kin 0.4 mg/l 4.10 c 88.00 abc White 

 Mean values of treatments were differentiated by using Least Significant Range (Duncan's multiple 
range test) at 0.01 level probability 
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Fig. 2. Effect of the highest concentration of 2,4-D and Kin on apple callus induction 

 

 

 

 

Cultivar 

Treatment 

 

Balady 

 

MM 106 

 

MM 111 

Control  

 

 

  

4000 ppm NaCl+ 

100 mgl
-1

 Si-NPs 

  

 

 

 

Fig. 3. Histological modifications of callus formed after exposure to high concentration 

of Si-NPs and NaCl in three cvs. of apple 
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Table 2. Impact of Si-NPs application on callus fresh weight (g) and (%) of callus 

increment or decrement compared to control under salinity conditions in three 

apple cultivars 

Treatment 

Callus weight (g) Increment or 

decrement compared to 

control (%) 

 

B
a
la

d
y
 

0 ppm 

(control) 

Nano-Si 0 mgl
-1

 3.72 ghi        0.0  

Nano- Si 10 mgl
-1

 3.86 gh 3.7  

Nano- Si 100 mgl
-1

 6.16 cd 65.6  

Salinity 

stress 2000 

ppm 

Nano-Si 0 mgl
-1

 4.44 fg 0.0  

Nano- Si 10 mgl
-1

 6.50 abc        46.4  

Nano- Si 100 mgl
-1

 7.44 a  67.6  

Salinity 

stress 4000 

ppm 

Nano-Si 0 mgl
-1

 3.50 gh          0.0  

Nano- Si 10 mgl
-1

 6.40 bc      82.8  

Nano- Si 100 mgl
-1

 2.82 i-l          -19.4  

M
M

 1
0
6

 

0 ppm 

(control) 

Nano-Si 0 mgl
-1

 3.62 ghi            0.0  

Nano- Si 10 mgl
-1

 3.46 g-j   -4.4  

Nano- Si 100 mgl
-1

 3.76 ghi    3.9  

Salinity 

stress 2000 

ppm 

Nano-Si 0 mgl
-1

 4.16 gh   0.0  

Nano- Si 10 mgl
-1

 5.44 de          30.8  

Nano- Si 100 mgl
-1

 7.23 ab     73.8  

Salinity 

stress 4000 

ppm 

Nano-Si 0 mgl
-1

 2.40 kl          0.0  

Nano- Si 10 mgl
-1

 2.82 i-l 17.5  

Nano- Si 100 mgl
-1

 2.60 jkl 8.3  

M
M

 1
1
1

 

0 ppm 

(control) 

Nano-Si 0 mgl
-1

 2.56 jkl    0.0  

Nano- Si 10 mgl
-1

 3.38 h-k 32.0  

Nano- Si 100 mgl
-1

 2.58 jkl     0.80  

Salinity 

stress 2000 

ppm 

Nano-Si 0 mgl
-1

 3.62 ghi   0.0  

Nano- Si 10 mgl
-1

 5.22 ef       44.1  

Nano- Si 100 mgl
-1

 6.80 abc     87.8  

Salinity 

stress 4000 

ppm 

Nano-Si 0 mgl
-1

 1.82 l           0.0  

Nano- Si 10 mgl
-1

 2.60 jkl 42.8  

Nano- Si 100 mgl
-1

 2.26 l 24.1  

 Mean values of treatments were differentiated by using Least Significant Range (Duncan's multiple 

range test) at 0.01 level probability 
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Table 3. Total antioxidants (%), peroxidase (POD), superoxide dismutase (SOD) activity 

(units/100g protein. min.), free amino acids, proline, soluble protein, reducing 

sugars and free phenolics (mg/g 100FW) as affected by Si-NPs application in 

three apple cultivars under salt stress conditions 

Treatment 

Total 

antioxidants 

(%) 

POD SOD 

Free 

amino 

acids 

Proline 
Soluble protein 

(mg/g FW) 

Reducing 

sugars 

Free 

phenolics 

B
a
la

d
y
 

0 ppm 

(control) 

Nano-Si 0 mgl-1 15.61 d 0.08 c 0.086 b 2.60 r 2.59 p 107.90 a 1.85 q 11.47 h 

Nano- Si 10 mgl-1 15.66 d 0.13 c 0.070 b 2.98 p 2.96 o 108.58 a 3.24 p 27.47 fgh 

Nano- Si 100 mgl-1 19.23 cd 0.18 c 0.063 b 3.11 o 3.25 n 116.95 a 4.69 no 33.81 fgh 

Salinity 

stress 2000 

ppm 

Nano-Si 0 mgl-1 28.90 bc 0.28 c 0.120 b 3.27 n 3.45 l 101.93 a 5.68 m 35.81 fgh 

Nano- Si 10 mgl-1 33.01 b 0.61 c 0.136 b 3.57 l 3.90 j 102.86 a 11.03 k 60.15 e-h 

Nano- Si 100 mgl-1 38.64 ab 0.91 c 0.176 b 4.07 i 4.62 h 103.29 a 13.66 i 87.15 d-h 

Salinity 

stress 4000 

ppm 

Nano-Si 0 mgl-1 45.19 a 0.91 c 0.233 b 4.41 g 7.21 f 78.72 a 15.05 d 108.60 c-f 

Nano- Si 10 mgl-1 46.36 a 2.15bc 0.326 b 10.12 d 8.66 d 89.23 a 18.26 d 189.84 abc 

Nano- Si 100 mgl-1 47.21 a 6.81 a 1.886 a 16.04 a 12.99a 91.99 a 27.22 a 227.50 a 

M
M

 1
0

6
 

0 ppm 

(control) 

Nano-Si 0 mgl-1 15.59 d 0.05 c 0.073b 2.43 s 2.22 r  107.90 a 1.70 q 10.42 h 

Nano- Si 10 mgl-1 15.59 d 0.09 c 0.063 b 2.73 q 2.48 q 108.54 a 2.90 p 23.01 fgh 

Nano- Si 100 mgl-1 19.17 cd 0.15 c 0.056 b 2.60 r 3.25 n 116.91 a 4.45 no 32.38 fgh 

Salinity 

stress 2000 

ppm 

Nano-Si 0 mgl-1 28.83 bc 0.26 c 0.113 b 3.15 o 3.36m 101.93 a 5.09 vn 33.81 fgh 

Nano- Si 10 mgl-1 33.01 b 0.61 c 0.133 b 3.44 m 3.90 j 102.86 a 9.79 l 59.52 e-h 

Nano- Si 100 mgl-1 38.55 ab 0.90 c 0.166 b 3.99 j 4.05 i 103.18 a 13.48 i 74.28 e-h 

Salinity 

stress 4000 

ppm 

Nano-Si 0 mgl-1 45.17 a 0.90 c 0.206 b 4.32 h 5.06 g 78.57 a 14.81 g 106.98 c-f 

Nano- Si 10 mgl-1 46.32 a 1.49bc 0.323 b 6.76 e 8.72 e 89.09 a 17.62 e 164.92 a-d 

Nano- Si 100 mgl-1 47.19 a 5.76ab 0.580 b 11.13 b 9.52 b 91.95 a 26.03 b 199.68 ab 

M
M

 1
1

1
 

0 ppm 

(control) 

Nano-Si 0 mgl-1 15.56 d 0.04 c 0.066 b 1.43 t 2.05 s 107.80 a 1.70 q 5.23 h 

Nano- Si 10 mgl-1 15.56 d 0.09 c 0.063 b 2.98 q 2.45 q 108.51 a 2.22 q 20.14 fgh 

Nano- Si 100 mgl-1 19.17 cd 0.14 c 0.043 b 2.98 p 3.25 n 116.77 a 4.30 o 27.14 fgh 

Salinity 

stress 2000 

ppm 

Nano-Si 0 mgl-1 28.83 bc 0.21 c 0.113 b 3.11 o 3.22 n 101.82 a 4.70 no 33.01 fgh 

Nano- Si 10 mgl-1 32.95 b 0.56 c 0.123 b 3.40 m 3.56 k 102.72 a 9.67 l 59.04 e-h 

Nano- Si 100 mgl-1 38.53 ab 0.82 c 0.150 b 3.82 k 4.02 i 103.18 a 11.84 j 72.85 e-h 

Salinity 

stress 4000 

ppm 

Nano-Si 0 mgl-1 45.14 a 0.90 c 0.203 b 4.11 i 5.04 g 78.54 a 14.81 g 105.71 c-g 

Nano- Si 10 mgl-1 46.30 a 1.45bc 0.323 b 4.53 f 7.24 f 89.05 a 16.85 f 143.0 a-e 

Nano- Si 100 mgl-1 47.16 a 5.33ab 0.563 b 10.79 c 8.93 c 91.92 a 19.61 c 190.79 abc 

 Mean values of treatments were differentiated by using Least Significant Range (Duncan's multiple range test) at 0.01 

level probability 

 
(0.08) of POD and (0.063) of SOD activity. 

These findings reported herein obvious that, 

Balady cv. was more tolerant to salt stress 

followed by MM 106 cv. but MM111 cv. 

was more sensitive to salt stress. The results 

were in harmony with Molassiotis et al. 

(2006) who showed that activity of SOD 

was increased in explants of apple MM 106 

cv. after exposure to NaCl stress compared 

to other cultivars. Also, POD activity was 

increased under salt stress compared to 

unstressed explants.  
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Free amino acids, proline, and soluble 

protein concentrations (mg/g FW) 

Salinity, Si-NPs, and cultivars also, had 
significant effect on free amino acids, 
proline, and soluble protein concentrations 
(mg/100g FW) in all cvs. as shown in Table 
3. The highest significant value for each free 
amino acids (16.04) and proline (12.99) 
mg/100g FW was recorded in Balady cv. 
under 4000 ppm NaCl + 100 mgl

-1
 Si-NPs, 

followed by MM 106 cv. which gave 11.13 
and 9.52 mg/100g FW of free amino acids 
and proline, respectively then MM 111 cv. 
which had 16.04 and 8.93 mg/100g FW of 
free amino acids and proline, respectively. 
The maximum value of soluble protein 
(116.95 mg/100g FW) was recorded in 
Balady cv. which exposed to 0 ppm NaCl + 
100 mgl

-1
 Si-NPs, followed by MM 106 cv. 

which had 116.91 mg/g FW, then MM 111 
cv. by116.77 mg/100g FW. Results were in 
line with (Kishor et al., 2005; Jalili et al., 
2009) who obvious that, proline normally 
accumulated in large quantities under 
different environmental stresses as a 
protector of cell membranes and proteins. 

Reducing sugars and free phenolics 

Salinity, Si-NPs, and cultivars had 

significant effect on reducing sugars and 

free phenolics in all cvs. as shown in Table 3. 

The highest significant value for each 

reducing sugars (27.22 mg/100g FW) and 

free phenolics (227.50 mg/100g FW) was 

achieved with 4000 ppm NaCl + 100 mgl
-1

 

Si-NPs with Balady cv., followed by MM 

106 cv. which gave (26.03 mg/100g FW) of 

reducing sugars and (199.68 mg/100g FW) 

of free phenolics, then MM 111 cv. which 

gave (19.61 mg/100g FW) of reducing 

sugars and (190.79 mg/100g FW) of free 

phenolics..  

These results agreed with Sotiropoulos 

(2007) who reported that soluble sugar 

content in leaves of apple (Malus domestica 

Borkh) cv. M 4 significantly increased after 

exposure to 100 and 200 mM NaCl in 

comparison to control. Also, Badran and 

Savin (2019) achieved that salinity at 3 and 

5 dsm
–1

 increased the accumulation of total 

carbohydrate in the bitter almond rootstock. 

Ye et al. (2016) found that the concentration 

of soluble sugars significantly increased in 

peach seedlings under 100 mM of NaCl 

compared to control. Moreover, free phenolics 

increased with increment of salinity level to 

90mM of NaCl in callus of red-fleshed 

apple (Zahed et al., 2018).   

Histological structure of callus as 

affected by high levels of Si-NPs and 

NaCl 

All three apple cultivars under control or 

salinity stress with Si-NPs were significantly 

differed in all histological parameters as 

shown in Table 4 and Fig. 3. The maximum 

polar (P) and equatorial (E) diameter of callus 

cells was recorded in untreated callus of 

MM111 cv. (72 and 53 µm, respectively) 

compared to other treatments. Application of 

Si-NP at 100 ppm to salt-stressed calli of both 

Balady and MM 106 cvs. gave the high P/E 

ratio, with oblate shape of cells. Oblate shape 

may be more rapidly differentiate to xylem 

tissue compared to spherical shape (Lyndon, 

1990). Callus had multiseriate symmetric 

cells and shizogenous intercellular spaces 

under all treatments. Application of Si-NPs 

increased division of cells under salinity 

conditions in all three cultivars compared to 

control. Addition of Si-NPs to salt-stressed 

calli of Balady cv. gave the highest number of 

cells/ mm
2
 and number of cells formed/day 

(2049 and 22.8, respectively) compared to 

other treatments. Silicon had a vital role in 

cell division and elongation by increasing the 

levels of GA3 in the cells in Salvia splendens 

under high temperature (Soundararajan et 

al., 2014). 

Molecular response of cultivars to high 

Si-NPs and salinity conditions 

Table 5 and Fig. 4 show that three cultivars 

under study were genetically differed 

according to the overall bands which formed 

after PCR amplification using three SCoT 

primers ,  66 ,  77  and  26.  The  maximum  
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Table 4. Histological variation among Si-NPs treated and control callus of apple cultivars under NaCl stress for 90 days: 

 

 

Cultivar 

NaCl 

(ppm) 

Si Average (µm) of the P/E 

ratio 

Cells Intercellular 

spaces 

Average 
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 Shape Symmetry 

N
u

m
b

er
 o

f 
ce

ll
s 
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N
u
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b
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f 
ce

ll
s 

fo
rm

ed
/d

a
y

 

Balady 0.0 0.0 48 c 37 b 1.3 : 1 Prolate symmetrical 

multiseriate 

shizogenous 579 d 6.4 d 253.9 

 4000 100 32 e 17 d 1.9 : 1 Oblate multiseriate 

symmetrical 

Shizogenous 2049 a 22.8 a 

MM 106 0.0 0.0 49 c 36 b 1.4 : 1 Semi-

prolate 

symmetrical 

multiseriate 

Shizogenous 724 c 8.0 c 59.4 

 4000 100 44 d 23 c 2 :1 Oblate symmetrical 

multiseriate 

Shizogenous 1154 b 12.8 b 

MM 111 0.0 0.0 72 a 53 a 1.4 : 1 Semi-

prolate 

symmetrical 

multiseriate 

Shizogenous 339 e 3.8 e 70.8 

 4000 100 59 b 54 a 1.1 : 1 spheroid symmetrical 

multiseriate 

Shizogenous 579 d 6.4 d 
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Table 5. Variations among Si-NPs treated and control callus of apple cultivars in the number of amplicon bands using three SCoT 

primers under NaCl stress. 

 
Cultivar 

SCoT 66 SCoT 77 SCoT 26   

MW (bp)  MW (bp)  MW (bp)   

5
0
0
 

3
0
0
 

2
5
0
 

2
0
0
 

1
5
0
 

1
0
0
 

T
o
ta

l b
a
n

d
s 

3
5
0
 

3
0
0
 

2
5
0
 

2
0
0
 

1
5
0
 

T
o
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l b
a
n

d
s 

4
0
0
 

3
0
0
 

2
0
0
 

1
5
0
 

1
0
0
 

T
o
ta

l b
a
n

d
s 

O
v
era

ll 

b
a
n

d
s 

 NaCl 

(ppm) 

 Si-NPs                     

Balady 0.0  - + + + + + 5 + + + + + 5 + + + + - 4 14 

 4000 100 - - - - - + 1 - + + + + 4 - - + + - 2 7 

MM 106 0.0  - - - - + + 2 - - - - - 0 - + + + - 3 5 

 4000 100 - - - + + + 3 + + + + + 5 - + + + - 3 11 

MM 111 0.0  - - - + - - 1 - + + + - 3 - + + + - 3 7 

 4000 100 - - - + + - 2 - + + + - 3 - - + + - 2 7 

Monomorphic 

bands (%) 

  16.6%  0.0%  60%   

Polymorphic 

bands (%) 

  83.3%  100%  40%   
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SCoT 66 

 

 

SCoT 77 

 

 

SCoT 26 

 
 

Fig. 4. SCoT amplification profile of Si-NPs treated callus and control of three apple 

cultivars produced by 3 different primers as affected by salt stress. M, marker; 1, 

2 Balady cv.; 3,4 MM106 cv.; 5,6 MM111 cv.; 1,3,5 control; 2, 4, 6 Si-NPs + 4000 

ppm of NaCl 
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amplicon bands (14) were shown in control 

callus of Baldy cv., and 5 bands in MM106 

cv. as well as 7 bands in MM111cv. 

Response of cultivars was differed at genetic 

level under high concentration of Si-NPs and 

salinity treatments. Although overall bands 

were decreased from 14 to 7 bands in Balady 

cv., it increased from 5 to 11 bands in 

MM106 cv. but it stabled in MM111 cv. 

SCoT 77 primer was the highest efficient 

primer for differentiation among cultivars and 

treatment due to the high polymorphic bands 

as 100% compared to other primers. Addition 

of Si-NPs to salt-stressed callus led to 

presence or disappear specific bands. Results 

were agreed with Hazman et al. (2015), 

who reported that salinity may induced 

DNA mutation due to formation of different 

ROS. Exposure callus to both salinity and Si-

NPs changed the genetic amplicon which 

amplified by different SCoT primers. Bands 

with 100 to 300 bp amplified by ScoT 66, 

350 bp by SCoT 77 and both 300,400 bp by 

SCoT 26 which found in unstressed callus of 

Balady cv. were absent in salt stressed one 

after application of Si-NPs. However, bands 

with 200 bp produced by SCoT 66 and bands 

with 150 to 350 bp formed by SCoT 77 were 

present as application of Si-NPs to salt-

stressed callus of MM106 cv. Also, band with 

150bp formed by SCoT 66 was present as 

function of Si-NPs in salt stressed callus, 

while band with 300 bp formed by SCoT 26 

was absent in salt stressed callus of MM111 

cv. 

Conclusion 

Using 2,4-D (4 mgl
-1

) and Kin (0.4 mgl
-1

) 

was suitable concentrations for callus 

induction in apple cultivars rootstocks. 

Balady rootstock was more tolerant to 

salinity stress by showing the highest value 

for each of total antioxidants, POD, SOD, 

free amino acids, proline, soluble protein 

content, reducing sugars and free phenolics 

content, followed by MM 106 rootstock but 

MM111 rootstock was more sensitive to 

stress. Using Si-NPs at (100 mgl
-1

) can 

induce callus growth and tolerance under 

salinity stress. 
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 الملخص العرثي

لحفبح الىبمية جحث على أصول ا الىبوو سليكونجزيئبت  لإضبفةالاسحجبثة الفسيولوجية والجزيئية 

 ظروف الملوحة معمليب  

وذا سيذ محمذ
1
محمذ ديبة الذيت ،

1
حسه يمحمذ سبم يهبو، 

2
يمحمذ على الحمبحم، 

2
 

 .يصر، جبيعت انعرَش، كهُت انعهىو انسراعُت انبُئت ٍ،قسى الاَخبج انُببح. 1

 .يصر ،الاسًبعُهُت ،جبيعت قُبة انسىَس ،كهُت انسراعتٍ، قسى انُببث انسراع. 2

( بخركُساث يخخهفت يٍ كهىرَذ MM 106 – MM 111 –حى دراست اسخجببت ثلاثت أصىل نهخفبح هٍ )انبهذٌ 

جسء فٍ انًهُىٌ(، وحركُساث يخخهفت يٍ انُبَى سُهُكىٌ  4000 – 2000 –انصىدَىو كًحفس نلإجهبد انًهحٍ هٍ )صفر 

انًكىَبث انبُىكًُُبئُت نه. أظهرث انُخبئج أٌ يهجى/نخر( ودراست حأثُرهى عهً ًَى انكبنس و 100 – 10 –هٍ )صفر 

يهجى/ نخر( أظهر أعهٍ يعذل نهىزٌ انطبزج  0.4يهجى/ نخر( يع انخركُس الأعهً نهكُُُخٍُ ) 4) D-2,4انخركُس الأعهً يٍ 

ححًم نهًهىحت عهً  MM111و ٌ. اظهر انصُف انبهذعذو الاجهبد انًهحٍوحشكم انكبنس يع جًُع الأصىل ححج ظروف 

عهً أححًلا  MM111بًُُب اظهر انصُف  (انًهُىٌ فٍجسء  2000) ىي ًَى انكبنس ححج ظروف انًهىحت انًخىسطتيسخ

% بعذ اضبفت 80عهً يٍ أ. حُث زاد وزٌ انكبنس بًقذر (انًهُىٌ ٍجسء ف 4000) نهًهىحت ٍنهًهىحت عُذ انخركُس انعبن

انًهُىٌ يٍ كهىرَذ  ٍجسء ف 2000عُذ  MM111وا انبهذٌانصُف  ٍيهجراو نكم نخر ف 100و 10انسهُكىٌ انُبَى بخركُس 

 فٍنخلاَب انكبنس حشرَحُب يُكرويُخر عهً انخىانً (  53و  72) وعرضٍ قطبٍ. نىحع اعهً قطر انخىانٍانصىدَىو عهً 

 3يع  SCoTحسو وراثُت )ايبهُكىٌ( ببسخخذاو حكُُك  7ححج ظروف انًهىحت انعبنُت. كًب سجم وجىد  MM111انصُف 

انصُف  ٍححج كلا انظروف انطبُعُت وانًهىحت انعبنُت ف SCoT 26, 66, 77انخخببع انُُىكهُخُذي هً  ٍيخخهفت ف ئادبى

MM111( إنً انحصىل عهً أعهً قُىيهُجراو/ 100. كًب ادث اضبفت انُبَى سُهُكىٌ بخركُس )يضبداث  نكم يٍ نخر

نلأحًبض الأيُُُت انحرة، انبرونٍُ،  عهً حركُسأسُذ دَسًُىحُس، والأكسذة انكهُت، واعهً َشبط نهبُروكسُذَس، وانسىبر أوك

حُث ارحفع َشبط اَسَى انبُروكسُذَس انسكرَبث انًخخسنت وانفُُىلاث انحرة نجًُع الأصىل ببنًقبرَت يع يعبيهت انكُخرول. 

% َخُجت اضبفت 80نٍُ بُسبت يرة كًب زاد حركُس انسكرَبث انًخخسنت وانبرو 5.7و  6.5وانسىبراوكسُذ دَسًُىحُس بًقذار 

ضبفت انُبَىسهُكىٌ إًَكٍ انخىصُت بانُبَىسهُكىٌ بخركُس يرحفع نكبنس انصُف انبهذي ححج ظروف انًهىحت انًرحفعت.  

انًهُىٌ خبصت يع  فٍجسء  2000انًهُىٌ نسَبدة ححًم انكبنس انُبحج يٍ اصىل انخفبح نهًهىحت حخً  ٍجسء ف 10بخركُس 

 .MM111و ٌانصُف انبهذ

 .SCoT ،انُبَىسهُكىٌ، كهىرَذ انصىدَىو ،انخفبحالكلمبت الاسحرشبدية: 

 

 

 


