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ABSTRACT  

The experimental study was carried out on Populus alba L. to evaluate the in vitro growth 
ability of plant under different salinity levels (0.0, 1500, 3000, 4500, 6000, 7500, 8000 and 9000 
ppm). Magnesium element (Mg) was introduced at 0.01, 0.02 and 0.04 mg/l each with 1500, 3000, 
6000 and 9000 ppm of NaCl in the culture media for shooting stimulation. MS media containing two 
concentrations (3.0 and 6.0 mg/l) of Nanoparticles of Ferric Oxide (NFe2O3 NPs) and Magnesium 
Oxide  (MgO NPs) each combined with 1500, 3000 and 4000 ppm of NaCl were tested for shooting 
and rooting ability improvement. Results indicated that, increasing salt concentration above 1500 ppm 
in the culture medium had adverse effect on micropropagated plantlets and led to non-rooting of 
formed shootlets. Using 3000 ppm of NaCl salt combined with highest concentration of Mg (0.04 
mg/l) gave the highest survived explants (83.33%) and the longest shootlets (15 mm) which were 
obtained at all used Mg concentrations and had inhibition effect on the rooting ability of in vitro 
cultured shootlets at salinity level above 1500 ppm. The survival percent of explants (86 and 83.33%) 
was obtained with the high concentration of Fe2O3 NPs (6 mg/l) under 3000 and 4000 ppm salinity. 
Low concentration of MgO NPs (3mg/l) under salinity level 3000 ppm gave rooting at the range from 
6.00 to 16.67% comparing to control that non rooted shoots. The highest percent of both 
hemicellulose and lignin (12.14 and 9.47%, respectively) were recorded with NaCl at 3000 ppm plus 
Fe2O3 NPs at 6mg/l. Light microscopy observation of the transverse section of Pobulus alba L. stem 
which were in vitro cultured under 1500 and 3000 mg/l salinity stress and supplemented with Fe2O3 
and MgO NPs. All studied salinity levels induced considerable reductions in the all scored counts and 
measurements except stem diameter, cortex and pith thickness. All applied nanoparticles 
concentrations under different salinity levels (1500 and 3000 mg/l NaCl) caused noticeable increase in 
stem diameter that was linked with remarkable increase in all measurements and counts recorded on 
the histological features. Plantlets grown under 3000 mg/l salinity stress and high concentration of 
Fe2O3 NPs (6 mg/l) caused the maximum increase in stem diameter as well as most anatomical 
features. 
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Introduction 

The environmental and economical importance of forest trees display noticeable developmental 
traits (Groover et al., 2004). Poplar trees are fast growing and have various uses on a large scale of 
climate zones for soils stabilization, minimizing wind dust and pollutants (Schnoor, 2000). The 
economical important of Populus species because of wood characters suitability for paper and timber 
industries (Rautio et al., 2001). In biotechnology studies, Populus has been used in genetic 
modification worldwide (Marchadier and Sigaud, 2005).  

Soil salinity is a serious worldwide problem and will increase as a result of unscientific water 
utilization irrigation and global warming effects (Kundzewicz et al., 2007).  For screening the ability 
of tree species to withstand the salinity stress under controlled conditions in short time relatively, in 
vitro culture technique has been employed to obtain cultivars of plants that tolerate salt stress 
(Shivanna et al., 2013).   
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Severe damages to plants such as inhibition of growth, impaired metabolism and production 
loss are caused as a result of high salinity stress (Sivritepe et al., 1999). So, in the coming years, 
attempts to improve tree tolerant and additional protection measures are required to maintain growth 
and wood production of Populus trees which persist salt conditions for long times (Chen and Polle, 
2010). 

The critical role of magnesium in plant growth implicated in respiration and photosynthesis 
processes as well as biochemical and physiological activities (El- Met et al., 2011).   

Nanoparticles are atomic or molecular aggregates with one dimension between 1 and 100 nm at 
least (Roco, 2003) that differ from bulk material and can modify the physic-chemical properties of 
living cells and generate unknown biological effects (Nel et al., 2006).   

The goal of this study was to improve the in vitro tolerant ability of Populus alba  L.to different 
salinity levels with morphological, chemical and anatomical properties that appropriate for ecological 
conditions changes. 
 
Materials and Methods 

The experimental study was carried out during years 2016 to 2018 on Populus alba L. at three 
sites; Tissue culture and Germplasm Conservation Research Laboratory, Horticulture Research 
Institute, Agriculture Research Center (ARC); Agricultural Botany Department, Faculty of 
Agriculture, Cairo University, Egypt and Tissue Culture Technique lab., Central laboratories, 
Department of Ornamental Plants and Woody Trees, National Research Centre (NRC), Egypt to 
examine the in vitro growth ability of plant under different salinity levels. 
 
Explant source and disinfection 

The explants were taken from 2 years old seedlings in nursery of Timber Trees Dept., Hort. 
Res. Inst., Agriculture Research Center, Egypt. 

The shoot tip explants were washed in soapy water using septol soap with shaking for 20 min., 
then washed with running tap water for one hour. The explants were then immersed in different 
solutions under aseptic conditions in a laminar air-flow cabinet as follows: 70% (v/v) commercial 
ethanol for 30 sec., Clorox (NaOCl, 5.25% free chlorine) at concentrations of 15% (v/v) for 10 min., 
followed by mercuric chloride (Hgcl2) at concentrations of 0.2% (w/v) for 5 min. The explants were 
rinsed three times with sterile distilled water after each disinfection treatment. 
 
Culture media 

The explants were cultured on a basal MS medium (Murashige and Skoog, 1962) supplemented 
with sucrose at 25 g/l, 0.2 mg/l of benzlaminopurine (BAP) and indole- 3- butyric acid at 0.1 mg/l. 
MS culture medium was solidified by the addition of 0.7 % agar prior to autoclaving at 1.2 kg/cm2 for 
15 min. The pH of the culture medium was adjusted to 5.8. Culturing was done in 200 ml glass jars 
containing 25 ml of the medium.  

 
Incubation conditions  

Cultures were incubated under controlled conditions in the growth chamber. The incubation 
temperature was 24±2° C controlled by a "Power" air conditioner. The photoperiod was 16 hours 
light/8 hour darkness, controlled automatically. Illumination intensity was 3000 lux from cool 
fluorescent lamps.  
 
Experiment procedure 

Experiment (1): The in vitro growth (shooting and rooting) behavior was examined through 
culturing the nodal explants which were obtained from proliferatiom medium under different 
concentrations of NaCl (0.0, 1500, 3000, 4500, 6000, 7500, 8000 and 9000 ppm).  

Experiment (2): Magnesium element (Mg) was used at 0.01 (M1), 0.02 (M2) and 0.04 mg/l 
(M3) each with 1500, 3000, 6000 and 9000 ppm of NaCl  in the culture media.   

Experiment (3): For rooting ability promotion, shootlets (1.5 cm) were transferred to the same 
treatment in experiment (2) added with 3g/l activated charcoal, 3mg/l of gibberellin (GA3), 0.5 mg/l of 
indole- 3- butyric acid (IBA) and 0.1mg/l of Naphthalene acetic acid (NAA). 
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Experiment (4): For shooting and rooting ability improvement, explants were cultured on MS 
media containing two concentrations (3.0 and 6.0 mg/l) of Nanoparticles of Ferric Oxide (Fe2O3 NPs) 
and Magnesium Oxide (MgO NPs) each with 1500, 3000 and 4000 ppm of NaCl in the culture media.  

For all experiments, each treatment consisted of five replicates (jars) with five explant per jar. 
After eight weeks of treatments for each experiment, survival percent, number and length of shootlets, 
rooting percent as well as roots number and lengths were recorded.  
 
Specification of used Nanoparticles in the experiment 
 
1- Nano- Iron Oxide 

Specification                                                          Test method 

Phase Hematite XRD 
Particle size ˂50 nm TEM 
Surface area ˃50m2/gm BET (P/Po: up to 0.35 

 

  

Scanning electron microscopy image of Nano- Iron oxide 

 

                                    XRD peak pattern for Nano- Iron oxide  

2-Nano-Magnesium Oxide 

Specification                                                          Test method 

Phase MgO XRD 
Particle size ˂50 nm TEM 
Surface area ̴ 7m2/gm BET (P/Po: up to 0.35 

 

 



Curr. Sci. Int., 8(1): 47-61, 2019 
ISSN: 2077-4435 

50 

  

Scanning electron microscopy image of Nano- Magnesium Oxide 

 

                            XRD peak pattern for Nano- Magnesium Oxide  

Chemical analysis 
At the end of the experiment four samples for seven treatments of shootlets represented in 

control (free of salin salt), NaCl at 1500 ppm and 3000 ppm, NaCl at 1500ppm plus Nano MgO at 
6mg/l, NaCl at 3000 ppm plus Nano MgO at 3mg/l, NaCl at 1500ppm plus Nano Fe2O3 at 3mg/l and 
NaCl at 3000 ppm plus Nano Fe2O3 at 6mg/l were used to determinate the following analysis:  

  
Determination of  hemicelluloses , cellulose and lignin as percent that were carried out (ANKOM 
technology method, filter bag technique 08-16-06,08-05) in Accredited Laboratory at Regional Center 
For Food and Feed (RCFF), A.R.C. Giza. according to the method of AOAC.(2016). 
 
Determination of proline content 

Proline content was calorimetrically estimated in fresh samples of shootlets after the end of 
experiment according to Batels et al. (1973). 

 
Determination of total carbohydrates 

Fresh samples of the shootlets were used to determine total carbohydrates as described by Smith 
et al. (1956). 
 
Anatomical study  

Stem specimens were chosen from that survival plantlets aged 8 weeks old. specimens were 
fixed in F.A.A. (10 ml formalin, 5 ml glacial acetic acid and 85 ml ethyl alcohol 70%) and dehydrated 
in butyl alcohol series then, embedded in paraffin wax of melting point 56 o C. Sections (20 µm) were 
cut with a rotary microtome. The sections were stained with crystal violet-erythrosine combination, 
cleared in xylene and mounted in Canada balsam (Willey, 1971) and viewed in a microscope (LEICA 
DM750, Germany). Photographs were taken at 100 × magnification with a digital camera (LEICA 
ACC50 HD, Germany). 
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Statistical layout.  
The data of experiment (1) were designed as one factor in a completely randomized design. The 

lay-out of the experiment (2, 3 and 4) was arranged as a two factorials in a completely randomized 
design. The least significant differences (LSD) test was applied to compare means at 5% level 
according to Steel and Torrie (1980).  

 
Results and Discussion 
 
In vitro shooting and rooting  ability of Populus alba L. as affected by different concentrations of 
NaCl salt. 

As shown in Table (1), all shootlets and roots characters (survival percent, number, length of 
shootlets, leaves number, root percent, number and length of roots per shoot) were significantly 
influenced and reduced by adding NaCl salt to the culture medium at different concentrations as 
compared to control. Increasing salt concentration above 1500 ppm in the culture medium had adverse 
effect on these characters and led to non-rooting of formed shoots. These results are in agreement with 
studies reported that low concentration of NaCl had a positive effect on in vitro shoot proliferation 
due to increasing of osmolarity (Flowers and Lauchli, 1983). Also, Siler et al. (2007) demonstrated 
that roots are the first plant organs affected and most sensitive ones by salt stress. Brinker et al. (2010) 
on Populus euphratica mentioned that the internal water balance was readjusted as a result of excess 
salinity by accumulation of Na and reducing of K, Ca and sugar concentrations. The concentration of 
Na in shoot was correlated positively to permeability of membrane that was damaged as a result of 
excessive Na uptake (Hejazi-Mehriz et al., 2013).  
 
Table 1: In vitro shooting and rooting ability of Populus alba L. as affected by different 

concentrations of NaCl salt.  
Salt 

concentration of 
NaCl 
(ppm) 

Survival% 
Shoot 

number 
 

Shoot 
length 
(mm) 

Leaves 
number 

Root% 
Root 

number 
 

Root 
length 
(mm) 

0.0 100.0 2.2 65.0 11.3 66.7 1.7 71.0 
1500 75.0 1.2 30.0 9.3 33.3 1.3 50.0 
3000 50.0 1.2 13.3 6.7 0.0 0.0 0.0 
4500 50.0 1.0 6.7 6.0 0.0 0.0 0.0 
6000 50.0 1..0 4.7 4.7 0.0 0.0 0.0 
7500 33.0 1.0 4.0 2.7 0.0 0.0 0.0 
8000 33.0 1.0 3.3 2.3 0.0 0.0 0.0 
9000 25.0 1.0 3.3 2.0 0.0 0.0 0.0 

LSD at 0.05 40.92 0.5 7.3 2.1 12.2 0.5 19.33 
*Data are transformed by equation X+1 to statistical analysis.  

Effect of Magnesium element on in vitro shooting ability of Populus alba L. under different 
salinity levels 

Magnesium element (Mg) was examined at 0.01 (M1), 0.02 (M2) and 0.04 mg/l (M3) to 
alleviate the adverse effect of salinity levels  (1500, 3000, 6000 and 9000 ppm) on in vitro shooting 
ability of Populus alba L. The significant increase in survival percent of explants (75, 71.67 and 
71.67) as a result of using all concentrations of Mg (M1, M2 or M3) respectively was observed in 
Table (2). When these Mg treatments interacted with different salinity levels, it had a notable 
promotion effect on survived explants percent and number of shootlets formed/ explant as compared 
to control treatments. The highest survival percent (83.33%) and shootlets number (1.83) were 
obtained at the combination of 1500 ppm NaCl and Mg at all used concentrations (M1, M2 and M3). 
Increasing salt concentration to 3000 ppm and combined with highest concentration of Mg (M3) also 
gave the highest survived explants (83.33%). The effect of magnesium that is the central atom of 
chlorophyll molecule might be due to its important role in processes of phosphate transfer that affect 
plant physiological activities such as photosynthesis and respiration processes (El-Met et al., 2011).   
      The promotion effect of Magnesium on the elongation and leaves number of shootlets formed in 
vitro under salinity levels was illustrated in Table (3). The longest shoots (15 mm) were obtained 
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when the explants were cultured on medium added with salinity 3000 ppm combined with Mg at all 
used concentrations (M1, M2 and M3) comparing with control. Whereas, the highest number of 
leaves (8.0) were observed with increasing salinity level to 6000 ppm combined with the lowest 
concentration of Mg (M1). No significant differences in the elongation and leaves number of shootlet 
were attributed to using Mg at any concentration (M1, M2 and M3) in the culture medium. 
 
Table 2: Effect of Magnesium element on in vitro shooting ability of Populus alba L. under different 

salinity levels 
Character Survival%  Shootlets number/ explant  

Salt NaCl 
concentration 

(ppm) 
1500 3000 6000 9000 

Mean(A) 
Mg 

treat. 
1500 3000 6000 9000 

Mean(A) 
Mg 

treat. 
Control 75.00 50.00 50.0 25.0 50.0 1.67 1.17 1.0 1.0 1.21 

M1 83.33 76.6 80.0 60.0 75.0 1.83 1.17 1.17 1.0 1.29 
M2 83.33 76.6 73.33 53.33 71.67 1.83 1.17 1.0 1.0 1.25 
M3 83.33 83.33 73.33 46.67 71.67 1.83 1.17 1.17 1.0 1.29 

Mean (B) salt 81.25 71.67 69.17 46.25  1.79 1.17 1.08 1.0  
LSD at 0.05 A=13.53  B=13.53       AB=27.05  A=NS   B= 0.21      AB= 0.43  

*M1=0.01mg/l Mg, M2=0.02mg/lMg, M3=0.04mg/l Mg.   **NS= Non significant. 

Table 3: Effect of Magnesium element on in vitro shootlets elongation and number of leaves of 
Populus alba L. under different salinity levels 

Characters Shootlets length(mm)  Leaves number/shoot  
Salt NaCl 

concentration 
(ppm) 

1500 3000 6000 9000 
Mean(A) 

Mg 
treat. 

1500 3000 6000 9000 
Mean(A) 

Mg 
treat. 

Control 30.01 13.33 4.68 3.33 12.89 9.33 6.67 4.67 2.00 5.67 
M1 23.33 15.00 6.0 6.33 12.67 6.00 6.67 8.00 4.0 6.17 
M2 21.67 15.00 7.00 4.67 12.08 7.00 7.33 6.00 2.68 5.75 
M3 26.60 15.00 7.67 4.67 13.50 7.00 6.67 6.00 2.00 5.42 

Mean(B) salt 
treat. 

25.42 14.58 6.33 4.75  7.33 6.83 6.17 2.67  

LSD at 0.05 A=NS     B=4.40         AB=8.84  A=NS       B=1.17    AB=2.30  
*M1=0.01mg/l Mg , M2=0.02mg/lMg, M3=0.04mg/l Mg. 

Effect of Magnesium element on in vitro rooting ability of Populus alba L. under different 
salinity levels 

In this experiment, the obtained shootlets in vitro were transferred to examine their ability on 
rooting medium (MS added with 3g/l activated charcoal + 3ml/l GA3+0.5 mg/l IBA+ 0.1 mg/l NAA) 
under different NaCl salt concentrations (1500, 3000, 6000, 9000) combined with Mg element (M, 
M2 and M3). The results in Table (4) showed the inhibition effect of Mg treatments (M1, M2 and 
M3) on rooting ability (percent of roots formed/shoot, roots number and length) that led to non- 
rooting of cultured shootlets at salinity level above 1500 ppm as compared to control even at 3000 
ppm of salinity which led to weak rooting ability relatively that were presented in roots number and 
root length (0.67 and 15 mm, respectively) comparing with 1500 ppm which gave 1.33 and 53.33 mm, 
respectively. Similar observation Verbruggen and Hermans (2013) reported that none of parameters of 
root are different significantly between Mg- deficient and Mg-adequate plants treatment when used a 
hydroponics system.  Confirmed reports suggested that alteration the expression of most gene 
potentially involved in the transport and distribute of Mg ion (Gerbert et al., 2009 and Hermans et al., 
2010).  
 
Effect of Magnesium Oxide and Ferric Oxide Nano particles on in vitro shooting ability of 
Populus alba L. under different salinity levels 

Nano- Magnesium Oxide  (N(MgO NPs) at 3.0 mg Mg1) or 6.0 mg/l (NMg2) and Nano- Ferric 
Oxide (Fe2O3 NPs) at the same concentrations 3.0 (NFe1) and 6.0 mg/l (NFe2) each combined with 
1500, 3000 and 4000 ppm of NaCl in the culture media for enhancement the plant shooting ability 
under saline conditions. The results in Tables (5 and 6) and Fig. (1) declared the stimulating 
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significant effect of both MgONPs and Fe2O3NPs on the percent of survived explants, number and 
length of shootlets formed/ explant and number of leaves/shoot as compared to control treatments.  
 
Table 4: Effect of Magnesium element on in vitro rooting ability of Populus alba L. under different 

salinity levels 
Character Rooting% 

Salinity NaCl (ppm) 1500 3000 6000 9000 
Mean(A) 
Mg treat. 

Control 33.33 13.33 0.0 0.0 11.67 
M1 25.0 0.0 0.0 0.0 6.25 
M2 25.0 0.0 0.0 0.0 6.25 
M3 25.0 0.0 0.0 0.0 6.25 
Mean(B) salt 27.08 3.33 0.0 0.0  
LSD at 0.05 A=NS          B=6.79                    AB=13.58 
Character Root number/shoot 
Control 1.33 0.67 0.0 0.0 0.5 
M1 1.0 0.00 0.0 0.0 0.25 
M2 0..67 0.0 0.0 0.0 0.17 
M3 1.0 0.0 0.0 0.0 0.25 
Mean(B) Salt 1.0 0.17 0.0 0.0  
LSD at 0.05 A=0.21          B=0.21          AB=0.42 
Character Root length (mm) 
Control 53.33 15.0 0.0 0.0 17.08 
M1 48.83 0.0 0.0 0.0 12.08 
M2 30.00 0.0 0..0 0.0 7.50 
M3 40.00 0.0 0.0 0.0 10.00 
Mean (B)salt 42.92 3.75 0.0 0.0  
LSD at 0.05 A=7.32        B=7.33      AB=14.65 

 *Data are transformed by equation X+1 to statistical analysis.  

Table 5: Effect of Magnesium Oxide and Ferric Oxide Nano particles on in vitro shooting ability of 
Populus alba under different salinity levels 

Character Survival% Shootlets number/explant 
Salt. NaCl 

Conc.(ppm) 
1500 3000 

4000 
 

Mean 
(A)Treat. 

1500 3000 4000 
Mean(A) 

Treat 
Control 75.00 50.00 50.00 58.33 1.67 1.17 1.0 1.28 
NMg1 100.0 83.33 50.00 77.78 1.7 1.53 1.0 1.41 
NMg2 100.0 83.33 60.00 81.11 1.63 1.50 1.0 1.38 
NFe1 100.0 83.33 60.00 81.11 1.8 1.0 1.0 1.27 
NFe2 100.0 86.00 83.33 90.00 1.7 1.0 1.0 1.23 

Mean salt (B) 100.0 77.20 60.67  1.70 1.0 1.0  
LSD at 0.0 A=12.07   B= 9.84      AB= 22.00 A= 0.17        B= 0.14     AB= 0.30 

*NMg1= 3.0 mg/l , NMg2= 6.0 mg/l  Nano Magnesium oxide. NFe1=3.0mg/l,NFe2=6.0mg/l  Nano- Ferric Oxide (Fe2O3 

NPs) 

Table 6: Effect of Magnesium Oxide and Ferric Oxide Nano particles on in vitro shootlets elongation 
and number of leaves of Populus alba L. under different salinity levels 

Character Shootlets length (mm) Leaves number /shootlets 

Salt. NaCl 
Conc.(ppm) 

1500 3000 
4000 

 
Mean 

(A)Treat 
1500 3000 4000 

Mean(A) 
Treat 

Control 30.00 13.33 6.67 16.67 9.33 6.67 6.0 7.33 
NMg1 35.00 15.00 14.00 21.33 10.00 6.67 7.33 8.00 
NMg2 21.67 17.33 16.67 18.56 9.33 8.00 6.33 7.89 
NFe1 40.33 18.33 18.33 25.67 10.67 6.67 7.33 8.22 
NFe2 28.33 21.67 20.00 23.33 11.33 9.00 8.00 9.44 
Mean salt (B) 31.07 17.13 16.13  10.13 7.40 7.01  

LSD at 0.05 A=8.30    B=6.40      AB= 14.38 A=1.56      B=1.21       AB = 2.70 
*NMg1= 3.0 mg/l , NMg2= 6.0 mg/l  Nano Magnesium oxide. NFe1=3.0mg/l,NFe2=6.0mg/l  Nano- Ferric Oxide (Fe2O3 

NPs) 



Curr. Sci. Int., 8(1): 47-61, 2019 
ISSN: 2077-4435 

54 

 

Fig. 1: Effect of Magnesium Oxide and Ferric Oxide Nano particles on in vitro shooting ability of 
Populus alba L. under 4000 ppm of salinity: (1): Control, (2): Salinity 4000 ppm + Fe2O3 NPs 
(6mg/l) and (3): Salinity 4000 ppm + MgO NPs (6mg/l). 

 
The best result for survived explants (90%) was obtained from using high concentration (6 mg/l) of 
Fe2O3NPs. For the interaction effect of salinity and Nano-elements, it can be observed that the 
survival percent of explants was highest (100%) with all used Nano-element concentrations under 
1500 ppm salinity level, followed by (86 and 83.33%) at the high concentration of Fe2O3NPs (6 mg/l) 
under 3000 and 4000 ppm salinity, respectively. The highest number of shootlets/explant (1.8) and 
longest shoots (40.33 mm) were found with NFe1 under 1500 ppm salinity while, the highest number 
of leaves (11.33) was noticed with increasing the NFe2O3 concentration (NFe2) under the 1500 ppm 
salinity. The positive role of Nano-Ferric Oxide in growth and development was due to that iron is 
needed in trace quantities for physiological and metabolic processes involved in plant growth 
(Hendawy et al., 2015). Using of nanomaterial causes an increases in plant growth (Shankramma et 
al., 2015). 
 
Effect of Magnesium Oxide and Ferric Oxide Nano particles on in vitro rooting ability of 
Populus alba L. under different salinity levels 

As shown in Table (7), Fe oxide nanoparticles at the two concentration tested (3 and 6mg/l) 
significantly increased rooting percent of shoots (13.33 and 16.67, respectively as compared to control 
(11.11%). This promotion effect was found also with the same treatments as well as the low 
concentration of Nano-MgO (3mg/l) under salinity level 3000 ppm which gave rooting percent ranged 
from 6.67 to 16.67% comparing with control that caused non rooting of shoots. Same trend was found 
with the number and length of roots formed/shoot when these concentrations (NFe1, 2 and NMg1) of 
nanoparticles under 3000 ppm salinity. However, inhibition effect of all used nanoparticles on the 
length of roots was observed as compared to control which gave the longest roots (16.67 mm). These 
results confirmed the study of the effect of nanoparticles on plant can be beneficial for growth and 
development or non-beneficial to prevent root growth (Zhu et al., 2008). This might be due to the 
ability of nanoparticles to damage the plasma membrane and deplete the internal calcium (Giuseppe 
and Anna, 2015). In another study, slight increase in root length was observed as a result of using low 
concentrations (10- 40 mg/l) of Fe2O3 nanoparticles (Sarvendra-Kumar et al., 2015).    
 
Effect of Magnesium Oxide and Ferric Oxide Nano particles and different salinity levels on 
chemical composition of Populus alba shootlets 

Data in Table (8) indicated the effect of some treatments that were represented in control (free 
of salin salt), NaCl at 1500 ppm and 3000 ppm, NaCl at 1500ppm plus Nano MgO at 6mg/l, NaCl at 
3000 ppm plus Nano MgO at 3mg/l, NaCl at 1500ppm plus Nano Fe2O3 at 3mg/l and NaCl at 3000 
ppm plus Nano Fe2O3 at 6mg/l on shootlets contents as percent of hemicelluloses , cellulose, lignin, 
proline and total carbohydrates. The highest percent of both hemicellulose and lignin (12.14 and 
9.47%, respectively) were recorded with the treatment of NaCl at 3000 ppm plus Nano Fe2O3 at 6mg/l 
(3000 ppm+ NFe2) followed by the treatments of 3000+ NMg1 (11.39 and 9.31, respectively) and 
NaCl at 3000 ppm (11.14 and 8.68%, respectively) which also led to the highest proline percent 
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(10.69 and 10.03%, respectively) comparing with control which gave the least percent of these 
constituents (6.24 and 3.73%, respectively).While, opposite trend was found when the same control 
treatment (MS free of salinity) caused the highest cellulose percent (10.73%). The highest 
carbohydrates percent (23.26%) was observed with the treatment of salinity at 1500ppm plus Nano 
Fe2O3 at 3mg/l (1500 ppm+ NFe1).  
 
Table 7: Effect of Magnesium Oxide and Ferric Oxide Nano particles on in vitro rooting ability of 

Populus alba L. under different salinity levels. 
Character Rooting% 

Salinity of Nacl(ppm) 1500 3000 4000 Mean (A) Treat. 
Control 33.3 0.00 0.00 11.11 
NMg1 0.00 6.67 0.00 2.22 
NMg2 20.0 0.00 0.00 6.67 
NFe1 33.33 6.67 0.00 13.33 
NFe2 33.33 16.67 0.0 16.67 
Mean(B) salt 24.00 6.00 0.00  
LSD at 0.05 A= 12.11       B= 9.38            AB= 20.98 
Character Root number/shoot 
Control 1.33 0.0 0.0 0.44 
NMg1 0.00 0.33 0.0 0.11 
NMg2 0.66 0.00 0.0 0.22 
NFe1 0.66 0.33 0.0 0.33 
NFe2 1.0 0.67 0.0 0.56 
Mean(B) Salt 0.73 0.27 0.0  
LSD at 0.05 A= 0.35     B=0.27             AB= 0.61 
 Root length (mm) 
Control 50.00 0.0 0.0 16.67 
NMg1 0.0 5.00 0.00 1.67 
NMg2 31.70 0.0 0.0 10.56 
NFe1 21.67 15.0 0.0 12.22 
NFe2 33.3 4.33 0.0 12.56 
Mean(B) salt 27.33 4.87 0.0  
LSD at 0.05 A=13.82       B=10.71      AB =23.94 

*NMg1= 3.0 mg/l , NMg2= 6.0 mg/l  Nano Magnesium oxide. NFe1=3.0mg/l,NFe2=6.0mg/l  Nano- Ferric Oxide (Fe2O3 

NPs). 
Data are transformed by equation X+1 to statistical analysis.  

    
Table 8: Chemical composition of Populus alba L. shootlets under effect of Magnesium Oxide and 

Ferric Oxide Nano particles and different salinity levels 
Constituent 
 

Treatment 

Hemicellulose 
% 

Cellulose 
% 

Lignin 
% 

Proline  
% 

 

Totatal 
carbohydrates 

% 
Control 
(MS free of salinity) 

6.24 10.73 3.73 8.55 12.87 

Salinity (1500 ppm) 7.25 8.70 4.63 9.96 15.21 
Salinity (3000 ppm) 11.14 9.18 8.68 10.69 11.28 
Salinity1500 + NMg2 8.87 9.71 5.44 9.24 15.95 
Salinity 3000+ NMg1 11.39 8.79 9.31 10.03 10.16 
Salinity 1500+ NFe1 7.64 10.40 4.18 8.81 23.26 
Salinity 3000+ NFe2 12.14 9.55 9.47 8.09 10.97 

NMg1= 3.0 mg/l, NMg2= 6.0 mg/l Nano Magnesium oxide. NFe1=3.0mg/l, NFe2=6.0mg/l Nano- Ferric Oxide (Fe2O3 NPs) 
 

The stimulated formation of lignin at the high salinity level (3000 ppm) might be attributed to 
increasing the concentrations of flavonoid production and precursors for lignin that may protect plant 
against environmental cues such as salt stress (Rice-Evans et al., 1997). Hence, increasing lignin to 
cellulose ratios in compression wood of trees may be useful as fuelwood but less suitable for 
papermaking (Yeh et al., 2006). The response of proline and carbohydrates to salt stress may due to 
these osmoprotectants play an important role in decrease stress-induced cellular acidification and 
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osmotic adjustments, stabilizes sub-cellular structures for recovery (Tan et al., 2008). Concerning the 
effect of Fe2O3 NPs, the previous studies mentioned that micronutrients can reduce the impressions of 
environmental stresses such as salinity (Wang et al., 2011). In addition, the application of Fe2O3 NPs 
can supply these micronutrients (Meheri et al., 2017).    
 
Anatomical structure 
 
Effect of Fe2O3 and MgO nanoparticles on in vitro grown Pobulus alba L. stem under salinity 
stress 

Light microscopy observation of the transverse section of Pobulus alba L. shootlets stem which 
grown under 1500 and 3000 mg/l salinity stress and treated by Fe2O3 and MgO nanoparticles are 
given in Table (9) and Fig. (2 and 3). For illustrating the main effect of different NaCl levels on 
Pobulus alba L. uniseriate epidermal cells of thin walls was observed. Relative to the control, all 
studied salinity levels induced considerable reductions in the all scored counts and measurements 
except stem diameter, cortex and pith thickness. It is evident that, as the salinity level increased more 
increment in stem diameter was achieved.  

Relative to the control, the increased percentages in stem diameter were; 24.14 and 28.84% for 
salinity levels 1500 and 3000 mg/l, respectively. These results are in line with the outcomes of 
Otitoloju (2016).The increment occurred in stem diameter was resulted from increasing the size of 
cortex cells and pith diameters not to increase the number of stem cortex cell or vascular tissue. 
Epidermis followed by 2-3 layers of thick -walled compact cortical cells. Groups of fibrous cells 
appear clearly in unstressed plants. Those are accompanied the phloem. The latter are less or may 
hidden with increasing salinity level. Furthermore, there was a reduction in vascular tissue which was 
associated with a decrease in xylem and phloem tissue thickness.  Moreover, as the salinity level 
increased, more reduction in xylem vessels diameter was achieved. The minimum reduction was 
detected at 1500 mg/l, while the maximum reduction was achieved at 3000 mg/l. Relative to the 
control, the reduced percentages in xylem vessels were; - 44.82 and -57.35% for salinity levels 1500 
and 3000 mg/l, respectively. The reduction in xylem tissue thickness and xylem vessel diameter with 
increasing salinity stress is associated with inhibition of growth of vascular elements (Rashid et al. 
2004) or reduction in cambial activity and vessels differentiation zone resulting in reduction in 
number of xylem cells and xylem vessel diameter  (Junghans et al. 2006 and Escalante-Pérez et al. 
2009). 
 
Table 9: Microscopic measurements (µ) and counts of certain anatomical features in transverse 

sections through the median portion of the main stem of Populus alba L. grown under 
salinity stress (0, 1500 and 3000 mg/l NaCl) and two concentrations of Fe2O3 and MgO 
NP (3 and 6 mg/l).   
 

Histological characters 
 

Control 
 

 
1500 
mg/l 
NaCl 

 
3000 
mg/l 
NaCl 

1500 
NaCl + 
3 mg/l 
Fe2O3 

 1500 
 NaCl +  
 6 mg/l         
MgO   

3000 
 NaCl + 
 3 mg/l  
 MgO 

3000  
NaCl + 
6 mg/l 
Fe2O3 

Av. Stem diameter (μ) 1240.9 1540.4 1598.8 1603.5 1434.0 2046.13 2088.4 
Av. Epidermis 
thickness (μ) 

11.24 9.87 9.80 13.11 19.2 10.44 14.03 

Av. Cortex thickness 
(μ) 

152.9 199.4 317.0 461.09 334.3 451.4 481 

Av. Phloem tissue 
thickness (μ) 

51.70 31.06 26.49 53.83 56.07 53.02 68.6 

Av. Xylem tissue 
thickness (μ) 

73.40 45.53 36.74 60.32 52.28 40.20 80.78 

Av.  Xylem vessel 
diameter (μ) 

17.56 9.69 7.49 19.15 14.70 11.85 19.24 

Av. Pith diameter (μ) 590.56 741.4 616.34 835.4 819.78 801.5 831.26 
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Fig. 2: Transverse sections of the median portion of the main stem of Populus alba L. plantlets as 
affected by salinity stress   A. Control plantlets.  B. Plantlets grown under1500mg/l NaCl.  C. Plantlets 
grown under 3000mg/l NaCl salinity stress. Details: ep, epidermis; co, cortex; ph, phloem; x, xylem; F, 
fibers ;pi, pith.    
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Fig. 3. Transverse sections of the median portion of the main stem of Pobulus alba L. plantlets as 
affected by salinity stress and treated by (3 and 6 mg/l  Fe2O3and MgO (3 and 6 mg/l ) nano 
particles. 

A. Control plantlets ; B. Plantlets grown under1500mg/l NaCl.;   C. Plantlets grown under 1500 mg/l NaCl + 
3mg/l Fe2O3 NPs;   D.  Plantlets grown under 1500 NaCl +6 mg/l MgO NPs;  E. Plantlets grown under 

3000mg/l NaCl; F. Plantlets grown under 3000 NaCl +3mg/l MgO NPs. ; G. Plantlets grown under 3000 NaCl + 
6mg/l Fe2O3  NPs  
 

Concerning the interaction between salinity level 1500 and 3000 mg/l with the applied of Fe2O3 

and MgO nanoparticles concentrations, it was found that, all applied nanoparticles concentration 
under these salinity levels caused noticeable increase in stem diameter. The enlargement occurred in 
stem diameter due to applied  of Fe2O3 and Mg O nanoparticles concentration was linked with 
remarkable increase in all measurements and counts recorded on the histological features of the 
Pobulus alba L. stem; thickness of epidermis, cortex, vascular tissue, xylem tissue, phloem tissue and 
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pith as well as xylem vessels diameters. It is also noticed that, the epidermal layer in plant treated with 
different concentrations of Mg O appears more elongated than any other treatments. Also, fiberal 
layer appear more wide and extend in plants received high concentration of Mg O followed by which 
received high concentration of Fe2O3 compared to its level of salinity. Moreover, Pobulus alba L. 
plants grown under 3000 mg/l salinity stress and treated with the high used concentration of Fe2O3 

nanoparticles (6 mg/l) caused the maximum increase in stem diameter as well as most anatomical 
features; cortex, phloem & xylem tissues thickness and xylem vessels diameter.  

Relative to the 3000 mg/l NaCl, the recorded increase percentages in stem diameter and cortex 
were 30.62 and 51.73 % for plant grown under 3000 mg/l NaCl and received 6 mg/l Fe2O3, 
respectively. Moreover, the other studied histological parameters specially; phloem & xylem tissues 
thickness and xylem vessels diameter showed a notable increase where scoring 32.69, 10.05 and 
9.56% enhancement, respectively above the control. Furthermore, relative to 1500 mg/l NaCl, the 
average increases in xylem tissue thickness were 32.48 and 14.83% while, the average increases in 
xylem vessel diameters scored 97.63 and 51.7% for the different nanoparticles treatments relative to 3 
mg/l Fe2O3 and 6 mg/l MgO, respectively under the same concentration of salinity stress. The 
increments occurred in the vascular tissue due to the application of nanoparticles or the appearance of 
fibers give an evidence of its role in existing the supporting tissue and the role of ferric Oxide 
nanoparticles in promoting growth due to changing the levels of plant hormones and increased the 
level of reactive oxygen species which make as growth promoters (Pestovsky and Martínez-
Antonio,2017). 
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