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The present study was carried out at the Experimental Nursery of the Ornamental Horticulture 
Department, Faculty of Agriculture, Cairo University and at National Institute of Laser Science, Cairo 
university, to investigate the effect of helium neon laser radiation on stimulation of vegetative growth and 
anatomical structure of Moringa oleifera seeds by using different power levels (5, 10 and 15) with 
different time exposure (1, 3 and 5 min.). The results showed that treating the moringa seeds by He-Ne 
laser to 5min. time exposure led to the best results in number of branches and leaves for both seasons. 
15mW at 3 min. gave the highest value of root length. Non Exposing to He–Ne laser (control) produced 
the best shoot parameters (plant height, leaves fresh weight and stem diameter) which it might have 
benefit in dwarfing of moringa trees. All He-Ne laser treatments caused increment in leaf anatomical 
structure of moringa. The highest values of thickness of lamina, thickness of palisade tissue and 
thickness of spongy tissue were recorded by treated seeds with 15mw He-Ne laser power combined 
with 5 min. time exposure. Whereas Expose seeds to 5 mW laser power for 5 min. time exposure led to 
the highest value of thickness of mid vein and mid vein bundle (length- width). 
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INTRODUCTION 

Moringa tree is a member of the family 
Moringaceae,. There are about 13 species of 
moringa trees in this family. Moringa oleifera Lam. 
is the most widely cultivated species of the genus 
moringa. It also known as the miracle, horseradish 
or drumstick tree. Moringa oleifera is native to 
India, the Red Sea area and/or parts of Africa 
including Madagascar and has been planted 
around the world and is naturalized in many 
locales. It is a fast growing, perennial, drought 
tolerant, medium sized tree, The leaves are 
compound with leaflets of 1-2 cm long.  It prefers 
well-drained sandy or loam soil. It will tolerate 
poor soil conditions and a clay soil but not water 
logging. 

Moringa is a tropical crop grown for its 
nutritional and medicinal purposes. The leaves 

are a good source of vitamin A, vitamin C, B 
vitamins and among the best plant sources of 
minerals.  Leaves of moringa and its oil  are a 
main source    of natural antioxidant.  Seed can be 
used as a food/fodder source, for oil extraction, 
water purification as well as the treatment of 
various ailments (Kirtikar and Basu 1988) (Price, 
1985). 

The laser rays (light amplification by 
stimulated emission of radiation) were discovered 
by T.H. Maiman using a flash lamp pumped ruby 
crystal as the medium (Maiman, 1960). Laser has 
many types one of those types is Helium Neon 
laser (He-Ne). It is the most familiar and least 
expensive gas laser. As such it has long beam 
and most common and economical visible laser. 
Laser action is obtained from transitions of the 
neon atom, while helium is added to the gas 
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mixture to greatly facilitate the pumping process 
(Svelto 2010).It emits a fraction of mille watt (mW) 
of red light at 632.8 nm. Among various 
applications of laser, it is used as a bio stimulator 
device in agriculture.  

The laser light at low intensity produces bio 
stimulation when used on seeds, seedlings and 
plants (Muszyñski and Gladyszewska, 2008; 
Perveen et al., 2010 and Hernandez et al., 2010). 
Previous studies showed that seed treated with 
continuous wave He-Ne laser improved 
germination and accelerated plant growth (Chen, 
2005). Various chemical mutagens are used for 
improving agriculture crops. Leaf morphology and 
cell distribution may be important in influencing 
physiological processes (Parkhurst, 1986). The 
leaf contains both the assimilating and conducting 
tissues, and either or both tissues could be 
affected by laser radiation.   

The aim of this work was to investigate the 
effect of different powers of Helium neon laser "He 
– Ne" and different levels of time on vegetative 
growth and anatomical structure of Moringa 
oleifera plants 
 
MATERIALS AND METHODS 

This experiment was carried out at the 
Experimental Nursery of the Ornamental 
Horticulture Department, Faculty of Agriculture, 
Cairo University and at National Institute of Laser 
Science, Cairo university during the period from 
2016 to 2017.  

Plant material :  
Seeds of Moringa oleifera were obtained from 

The Egyptian Scientific Association for Moringa in 
National Research Center (NRC), Dokki, Giza, 
Egypt.  

Culture medium: 
On 15th March for each season the seeds 

were sown in seed trays under plastic houses 
environment. The seedlings (10-15cm) height 
were planted individually in plastic pots (25cm) 
diameter filled with medium containing (clay and 
sand 1:1, v/v).  
Basic fertilizer Kristalon (NPK 19:19:19) produced 
by Phayzon company, Holland, was used in all 
treatments as a basic dose. 

Laser radiation:  
The seeds of Moringa oleifera were exposed 

to helium Neon laser rays with different power 
levels (5, 10 and 15 mW) and different time 

exposure (1, 3 and 5 min.) in National Institute of 
Laser Science, Cairo University. 
The wavelength of red (He- Ne) laser ray was 
632.8 nanometers (nm). 
      This experiment consisted of 10 treatments 
including control. Each treatment contained three 
replicate, three plants per replicate.  

 Recorded data:  
On 15th October for each season, the experiment 
was terminated and data were recorded on the 
following characteristics: 

Vegetative growth: 
-Plant height (cm) 
-Leaf number/ plant 
-Branch number / plant 
-Leaf fresh weight (g)/ plant 
-Leaf dry weight (g)/ plant 
- Root length (cm)/ plant 
-Stem diameter (mm) 
-Stem fresh weight (g)/plant   
-Stem dry weight (g)/plant   

 Anatomical Studies: 
       This part of study carried out in the laboratory 
of Agricultural Botany department, Faculty of 
Agriculture, Cairo University. For each selected 
treatment and control plants, samples were taken 
from the median leaflet of fourth leaf on the main 
stem. Preparation of leaf section was carried out 
according to the methods described by (Willey, 
1971) and (Yeung et al., 2015). Sections were 
examined to detect histological manifestations of 
the chosen treatment. The following parameters 
were recorded: 
Dimension of bundles (Length – Wide) (µm) 
Thickness of mid vein (µm) 
Thickness of lamina (µm)  
Thickness of palisade tissue (µm) 
Thickness of spongy tissue (µm)   
Vessel diameter (µm) 

Experimental design: 
 The layout of the experiment was a 

randomized complete blocks design as described 
by (Snedecor and Cochran 1972)at 5% probability 
level. The test of LSD was used for comparison 
among means according to (steel and Torrie 
1980).  
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RESULTS AND DISCUSSION  

Vegetative growth characters: 

Plant height: 
Data in Table (1) indicated that, all levels of 

laser power led to significantly decrease of plant 
height in both seasons. 

Plant height was also significantly affected by 
time exposure to laser radiation. Exposing for 1 
minute resulted in the tallest plant 137.67 cm and 
142.75 in the first and second seasons 
respectively. 

Regarding the interaction between laser 
power and time exposure had a significant effect 
on plant height in both seasons. The seeds which 
treated with laser power at 10mW and 3 minutes 
exposure gave the shortest plants in two seasons. 
Comparable effect of laser irradiation on seeds of 
sugar beets was observed by Sacała et al.,(2016), 
and  (Abbas and Mostafa, 2015)on Prosopis 
juliflora plants  .  

Branch number: 
As shown in table (1) The power 15.0 mW of 

Laser caused significant decrease in number of 
branches (8.78 and 8.33) compared to control 
(11.33 and 12.0) in the first and second season 
respectively. 

As for the effect of time exposure on branch 
number, Exposing to 3 min gave the lowest mean 
value of branch number (9.67 and 9.25) in the two 
season respectively. 

All combined treatments of the both seasons 
reduce the number of branches significantly. 
While treating moringa seeds with 10 mW laser 
power led to the highest number of branches for 
both seasons 

 In this regard, Osman et al., (2009) found that 
the maximum number of branches per plant was 
produced with the treatment of 10 min. (He-Ne) 
laser exposure on fennel (Feoniculum vulgare 
Mill) and coriander (Coriandrum sativum L.) 
plants.   

 
 

Table (1): Effect of different levels of laser power (mW) and time exposure on plant height (cm), 
branch number and leaf number of Moringa oleifera plants during 2016 and 2017                              
seasons
 
 
 

 
 
 
 

 
 
 

 
 

Leaf number Branch number Plant height (cm) 
 

Laser 
power 

(A) 

Time exposure min.(B) Time exposure min.(B) Time exposure min.(B) 

Mean 
 

5 3 1 Mean 5 3 1 Mean 5 3 1 

First Season 

60.33 60.33 60.33 60.33 11.33 11.33 11.33 11.33 159.33 159.33 159.33 159.33 0.0 

54.11 70.33 50.67 41.33 10.22 9.67 11.00 10.00 118.22 118.33 104.00 132.33 5.0 

56.55 60.33 47.00 62.33 9.78 9.33 8.67 11.33 119.11 22.67 90.67 144.00 10.0 

59.11 65.67 54.67 57.00 8.78 9.33 7.67 9.33 125.67 122.33 139.67 115.00 15.0 

 64.17 53.17 55.25  9.92 9.67 10.50  130.67 123.42 137.67 Mean 

A          11.46                               A            1.46                          A          5.35 
B           9.92                                                      B            1.26                        B           4.64 

A×B       19.84                                                   A×B         2.52                                       A×B        9.27 
 

L.S.D 

0.05 
 

Second season 

63.00 63.00 63.00 63.00 12.00 12.00 12.00 12.00 171.0 171.0 171.0 171.0 0.0 

51.67 75.00 42.00 38.00 10.33 11.00 10.00 10.00 118.0 112.0 112.0 130.0 5.0 

58.00 60.00 45.00 69.00 9.67 12.00 8.00 9.00 119.67 123.0 96.0 140.0 10.0 

57.00 63.00 51.00 57.00 8.33 9.00 7.00 9.00 132.0 110.0 156 130.0 15.0 

 65.25 50.25 56.75  11.00 9.25 10.00  129.0 133.75 142.75 Mean 

 
A        4.06 
B        3.52 

A×B      7.04 

 
A        1.22 
B         1.05 
A×B     2.11 

 
A          8.91 
B          7.72 

A×B       15.44 

 
L.S.D 

0.05 
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Leaf number:  
        The effect of different levels of laser (mW) 
and time exposure on Leaf number of Moringa 
oleifera plants are showed in Table 1. All power 
levels of helium neon laser 5, 10 or 15 mW 
decreased significantly the leaf number in two 
seasons. 5 mW power gave the minimum mean 
value of leaf number (54.11 and 51.67) in both of 
seasons respectively.  
        Concerning the effect of exposing time, 5 
min. exposure resulted in the highest mean value 
of  leaf number/plant in all seasons. With regard to 
the interaction between treatments, treating with 
5mW laser power for 5 min. exposure significantly 
gave the maximum number of leaves/ plant (70.33 
and 75.0) in the first and second season 
respectively. Whereas the lowest number of 
leaves was obtained from treated seeds with 
5mW at 1 min. exposure time. This results was in 
accordance with Metwally et al.,(2014) who found 
that laser treatment (He-Ne laser) radiation had 
no increment on plant height and leaves number 
of Ricinus communis plants. 

Leaf fresh weight:  
Data presented in Table (2) elucidated that all 
treatments of laser power (mW) significantly 
reduced the leaf fresh weight compared with 
control plants in both seasons.  
 Exposing Moringa seeds to 1 min. resulted in the 
highest mean value of leaf fresh weight in two 
seasons. 

Concerning the interaction between helium 
neon laser and time exposure, 10mW laser power 
for 5 min. treatment caused the lowest fresh 
weight of leaves (4.84 and 5.0 respectively) in the 
first and second season. Significant decreasing in 
leaves fresh weight was observed in all 
combination in the first season. In this respect, 
Sacała et al., (2016), stated that very clear 
decrease occurred in sugar beets plants when 
radiate the seeds by laser rays.  

 
Leaf dry weight:     
         About the effect of different levels of laser 
power (mW) on leaf dry weight of Moringa oleifera 
plants, data in Table (2) showed that untreated 
seeds led to the maximum dry weight of leaves, 
Whereas using 10 mW laser power gave the 
minimum dry weight of leaves in two seasons. 

  Regarding the effect of the interaction 
between treatments, data presented in Table (2) 
demonstrated a significant reduction in the first 

season in the all combinations.  In the second 
season also  data showed decreasing between all 
combinations with the exception of treatment 5 
and 15 mW laser power at 1 minute exposure 
time  which increased to (2.67 and 3.0 gm) 
respectively compared with control (2.62 gm).  

These results are in agreement with those of 
Pinelli et al., (2008) on Ocimum basilicum L. 
seeds who found that, plants from irradiated 
seeds exhibited increase of roots dry weight, stem 
length and leaves dry weight.   

 
Root length: 

In both seasons, data in table (2), indicated to 
different levels of laser power (0, 5, 10, 15 mW) 
had marked effect on Moringa oleifera root length. 

Treating seeds with 15 mW power of He- Ne 
laser gave the tallest root (18.0, 17.30 cm) 
compared with control (16.23, 17.20) respectively 
in two seasons. While using 5 mW laser power led 
to the shortest root in both seasons. 
The lowest mean values for root length were 
recorded when seeds  radiated with laser rays for 
5 minute in both seasons, respecting the effect of 
different  time exposure on root length of moringa 
plants. As for the combination between all 
treatments, significant increase was observed in 
the case of 15 mW power for 1 min. exposure 
time, in the first season. Whilst treatment of 15 
mW laser power combined with 3 min. exposure 
time resulted in the best result of root length in the 
second season. Similar observations were 
reported by Abbas and Mostafa (2015) on 
Prosopis juliflora plants.   

Stem diameter: 
All powers of helium neon laser (5, 10 and 15) 

treatments led to significant reduction in mean 
values of stem diameter of Moringa plants    
compared with control (1.35 and 1.40 cm) 
respectively in two seasons as mentioned in table 
(3). 

Concerning the effect of time exposure on 
stem diameter, It can observe from previous data 
that, increasing the exposing time from 1 minute 
up to 5 minute significantly decreased all mean 
values of stem diameter in both seasons. The 
biochemical changes, vegetative and anatomical 
parameters decreased at 6 min. dosage.  
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Table (2): Effect of different levels of laser power (mW) and time exposure on Leaf fresh weight, 
Leaf dry weight and Root length of Moringa oleifera plants during 2016 and 2017 seasons 
 

 
 

 
 
Hernandez and Michtchenko (2011). In case 

of combined treatments, laser power level at 10 
mW for 5 min. exposure time gave the minimum 
stem diameter result (0.73 and 0.60) in both of 
seasons respectively. On the other hand best 
results (1.35 and 1.40) were obtained from control 
plants in two seasons respectively.   

Stem fresh weight :  
Data presented in Table (3) indicated that all 

levels of helium neon laser power significantly 
decreased the stem fresh weight in the two 
seasons. This decreasing occurred gradually from 
the low power 5 mW until 15 mW which were 
79.24, 66.89 and 54.86 gm in the first season. 
Whilst the gradually lowering in the second 
season were 79.01, 72.17 and 64.89 gm in the 
same trend of the first season from 5, 10 to 15 
mW power respectively. 
Moreover, it is clear that all time exposure 
treatment (1, 3 and 5 min.) caused significantly 

reduction mean values of stem fresh weight in 
both seasons. Same trend of reduction was 
observed among all combined treatments. The 
lowest fresh weight of stem was achieved when 
the seeds treated by 15 mW laser power to 1 min. 
exposure, which were (43.03 gm) in the first 
season and (40.93 gm) in the second season 
compared with control. These results coincided 
with these obtained by Junlin et al.,(2007)who 
found that expose Chinese pine seeds  to laser 
irradiation led to lessening of  seedlings fresh 
weight. Floarea et al.,(2011) revealed that the 
sweet pepper species (Capsicum annuum L.) 
variety which treated by laser radiation registered 
a significantly decrease of the average number of 
shoots, shoot fresh weight.  

Stem dry weight:  
   Influence of different He-Ne laser levels and 

time exposure on stem dry weight of moringa 
plants are presented in table (3).  

Root length (cm) Leaf dry weight (g) Leaf fresh weight (g) 
 

Laser 
power 

(A) 

Time exposure min. (B) 
 

Time exposure min. (B) Time exposure min. (B) 

Mean 5 3 1 Mean 5 3 1 Mean 5 3 1 

First season 

16.23 16.23 16.23 16.23 3.38 3.38 3.38 3.38 16.69 16.69 16.69 16.69 0.0 

15.01 12.06 15.83 17.16 1.74 1.62 1.50 2.11 9.63 8.58 8.43 11.88 5.0 

16.00 17.06 13.96 17.00 1.58 1.61 1.49 1.63 6.85 4.84 7.43 8.29 10.0 

18.00 16.83 18.23 18.96 1.71 1.37 1.43 2.34 9.35 8.92 7.20 11.93 15.0 

 15.55 16.06 17.34  2.00 1.95 2.37  9.76 9.94 12.20 Mean 

 
A          2.36                   A            0.56                             A           2.17 
B          2.04                                              B           0.48                              B           1.88 
A×B        4.09                                           A×B        0.96                                    A×B        3.76 

 

L.S.D 

0.05 
 

Second season 

17.20 17.20 17.20 17.20 2.62 2.62 2.62 2.62 12.73 12.73 12.73 12.73 0.0 

15.07 14.20 16.00 15.00 2.00 1.48 1.84 2.67 10.13 7.96 10.73 11.70 5.0 

16.17 17.50 15.00 16.00 1.44 1.54 1.55 1.22 6.65 5.00 7.99 6.97 10.0 

17.30 13.50 20.50 17.90 2.24 1.71 2.00 3.00 10.91 9.20 11.11 12.42 15.0 

 15.60 17.18 16.53  1.84 2.00 2.38  8.72 10.64 10.96 Mean 

A         1.62 
B         1.40 
A×B     2.80 

A          0.52 
B           0.45 
A×B       0.90 

 
A         2.36 
B         2.05 

A×B       2.05 

 
L.S.D 

0.05 
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Table (3): Effect of different levels of laser power (mW) and time exposure on Stem diameter, Stem 
fresh weight and Stem dry weight of Moringa oleifera plants during 2016 and 2017 seasons 

 

 
 

 
All levels of laser (5, 10 and 15 mW  ( power 

significantly reduced the mean values of stem dry 
weight in two seasons, comparing to the control.  

The effects of time exposure (1, 3 and 5 min.) 
gave comparable trend on mean values of stem 
dry weight. 

Generally, all combined treatments caused a 
remarkable decrease in stem dry weight. 
moreover seeds exposed to 10 mW for 3 minute 
exposure time  produced the minimum value of 
stem dry weight in both seasons. The above 
mentioned findings were in harmony with Pinelli et 
al.,( 2008) on Ocimum basilicum L. seeds. 

Anatomical  Structure : 
      Results in Table (4 and 5) represent 

certain measurements of microscopical characters 
of blade of the median leaflet to the fourth leaf 
developed on the main stem of Moringa oleifera 
control plants and treatments.  

 Microphotographs depict these blades are 
given in Figures (1, 2 and 3). 

It is realized that the investigated blades 
exhibited several differences in their internal 
structure as a result to treatment effect. All tested 
microscopical characters were enhanced in all 
treatments.  
        As shown in Table (4) and Fig (1, 2 and 3) 
that all He- Ne rays’ treatment caused increase in 
thickness of lamina and thickness of mid vein in 
comparison with control. The highest values of 
thickness of lamina and thickness of mid vein 
were recorded by treated seeds with 15mW He-
Ne laser power combined with 5 min. time 
exposure (188.2) and 5mw laser power at time 
exposure 5 min. (286.0) respectively. Metwally et 
al., (2013) found similar results by using different 
dose from helium neon laser (He-Ne) on Celosia 
argentea va. cristata. On the other hand, the 
lowest values were recorded by treated seeds 

 
Stem dry weight 

 

 
Stem fresh weight 

 
Stem diameter 

 
Laser 
power 

(A)  
Time exposure min(B) 

 

 
Time exposure min.(B) 

 
Time exposure min.(B) 

 
Mean 

 

 
5 

 
3 

 
1 

 
Mean 

 
5 

 
3 

 
1 

 
Mean 

 
5 

 
3 

 
1 

 

 
First Season 

 
23.15 

 
23.15 

 
23.15 

 
23.15 

 
115.81 

 
115.81 

 
115.81 

 
115.81 

 
1.35 

 
1.35 

 
1.35 

  
1.35 

 
0.0 

14.15 10.05 12.46 19.93 79.24 51.45 69.56 116.71 1.04 0.85 1.00 1.27 5.0 

10.53 8.63 6.57 16.38 66.89 57.58 58.22 84.88 0.90 0.73 0.83 1.14 10.0 

11.21 12.80 12.00 8.82 54.86 60.48 61.07 43.03 1.05 1.14 1.10 0.90 15.0 

 13.66 13.55 17.07  71.33 76.17 90.11  1.02 1.07 1.17 Mean 

       A           0.11                         A           9.0                                             A         2.41 
        B           0.09                                                 B           7.86                                                  B         2.08 
         A×B         0.19                                          A×B        15.72                                                A×B      4.17 

 
 

L.S.D 0.05 
 

 
Second season 

 
21.94 

 
21.94 

 
21.94 

 
21.94 

 
120.67 

 
120.67 

 
120.67 

 
120.67 

 
1.40 

 
1.40 

 
1.40 

 
1.40 

 
0.0 

13.51 10.44 12.5 17.58 79.01 59.1 70.56 107.38 1.05 0.85 1.00 1.30 5.0 

10.98 8.33 6.57 18.03 72.17 58.14 69.8 88.56 0.93 0.60 1.00 1.20 10.0 

13.62 15.28 17.15 8.42 64.89 68.83 84.91 40.93 1.13 1.20 1.30 0.90 15.0 

 14.00 14.54 16.49  76.69 86.49 89.39  1.01 1.18 1.20 Mean 

 
A        1.93 
B        1.67 
A×B     3.35 

 
A        7.69 
B         6.66 

A×B     13.31 
 

 
A           0.08 
B           0.07 
A×B       0.14 

 

 
L.S.D 0.05 
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with 15 mW laser power at 1 min. time exposure 
(139.4) for thickness of lamina, while, 5mW laser 
power at 1 min. time exposure recorded ( 248.5) 
for thickness of midvein compared to the control 
seeds ( 139.4 and 231 ) respectively. 

Also all treatments of laser power with 
different times exposure caused slight increment 
in thickness of palisade tissue, except that seeds 
treated with 5mw for 1min., and 5 mw for 5 min. 
recorded the lowest values (56.4 and 58.4) 
compared to control (60.9) respectively. In this 
regard, Metwally (2010) on Gerbera plant 
mentioned that helium neon laser increased or 
decreased aforementioned parameters according 
to the time exposure and type of laser rays. It is 
obvious from Table (4) and Figures (1, 2 and 3) 
that all treatments of laser power with different 
time exposure recorded increase in thickness of 
spongy tissue compared to the untreated plants. 
Exposing seeds to 15 mW laser power for 5 min. 
gave the highest value of thickness of spongy 

tissue (93.9) in comparison with control (56.6). 
Whereas, the lowest value of thickness of spongy 
tissue was similar to that of the control, being 
(56.6) in both.  
      Various He-Ne laser power and time exposure 
treatments have influence on Dimensions of 
midvein bundle (length- width).  Exposing seeds 
of Moringa oleifera to 5 mW  laser power for  5 
min. time exposure led to the highest value of  
midvein bundle (length- width) (99.0 – 165.0) as 
compared to control treatment (55.0 - 99.0), While 
the lowest value of midvein bundle (length - width) 
were obtained with control plants (untreated 
seeds) (55.0 - 99.0). In this respect, Hwida et al., 
(2012) revealed that laser rays enhanced of GA 
formation and encourage the release of IAA which 
reflected in plant growth and anatomical structure. 
       The maximum vessel diameter (21.0) was 
obtained with 10 mW laser power at 5 min. time 
exposure as compared to control (13.5) which 
gave the minimum value of all treatments.

 
Table (4): Effect of different levels of laser power (mW) and time exposure on leaf anatomical 
structure parameters of Moringa oleifera plants during 2016 and 2017 seasons  
 

Characters 
 

Treatment Thickness of lamina 
(µm) 

Thickness of mid vein 
(µm) 

Thickness of 
palisade tissue 

(µm) Laser power 
(mW) 

Time exposure 
(min.) 

Control 139.4 231.0 60.9 

5 1 165.2 248.5 56.4 

5 3 155.4 264.0 70.0 

5 5 157.6 286.0 58.4 

10 1 152.4 253.0 64.6 

10 3 183.4 275.0 69.0 

10 5 168.6 269.5 63.9 

15 1 139.4 253.0 60.9 

15 3 163.5 253.0 63.0 

15 5 188.2 264.0 82.1 

 
Table (5): Effect of different levels of laser power (mW) and time exposure on leaf anatomical 
structure parameters of Moringa oleifera plants during 2016 and 2017 seasons  

Characters 

 
Treatment 

Thickness of 
spongy tissue 

(µm) 

Dimensions of mid vein 
bundle 

Vessel 
diameter 

(µm) Laser power 
(mW) 

Time exposure 
(min.) 

Length (µm) Width(µm) 

Control 56.6 55.0 99.0 13.5 

5 1 78.4 77.0 121.0 15.0 

5 3 77.3 77.0 121.0 15.8 

5 5 81.0 99.0 165.0 19.0 

10 1 72.0 77.0 121.0 18.0 

10 3 84.2 66.0 99.0 16.2 

10 5 79.6 99.0 132.0 21.0 

15 1 56.6 88.0 121.0 15.0 

15 3 83.1 77.0 99.0 15.0 

15 5 93.9 88.0 121.0 16.5 
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Figure (1): Transverse section through the blade of median leaflet from fourth leaf   developed on 
the main stem of Moringa oleifera affected with 5 mW He-Ne laser power   (X 100) 
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Details:  U ep, upper epidermis; pal, palisade tissue; Th l, thickness of lamina; spo,spongy    tissue ; L 
ep, lower epidermis and Mv b, mid vein bundle. 

 

 

 

 

 
 

Figure (2): Transverse section through the blade of median leaflet from fourth leaf developed on 
the main stem of Moringa oleifera affected with 10 mW He-Ne laser power and different time 

exposure        (X 100) 
Details: U ep, upper epidermis; pal, palisade tissue; Th l, thickness of lamina; spo,spongy tissue ; L ep, lower epidermis and Mv 

b, mid vein bundle. 
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Figure (3):Transverse section through the blade of median leaflet from fourth leaf developed on 
the main stem of Moringa oleifera affected with 15 mW He-Ne laser power and different time 

exposure           (X 100)  
     Details: U ep, upper epidermis; pal, palisade tissue; Th l, thickness of lamina; spo,spongy tissue; L 

ep, lower epidermis and Mv b, midvein bundle. 
 

 

3 min. 

5 min. 

Control 

1 min. 

U ep 

Pa l 

Th l 

Spo 

L ep 

Mv b 



 Arafa et al.,                                                Influence of He-Ne laser on growth of Moringa oleifera plants  

 

Bioscience Research, 2018 volume 15(4): 2899-2910                                                             2909 

 

CONCLUSION 
From the obtained results, it can be concluded 

that all He-Ne laser treatments caused increment 
in leaf anatomical structure of Moringa oleifera 

plants. The optimal exposing time to laser was 1 

minute which gave the best results in vegetative 
growth parameters. The most effective treatment 
for rooting was 15mW for 3 minute.    
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