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ABSTRACT  
 
 The present work was done in vitro (Tissue culture and Germplasm Conservation Research Lab.) to 
investigate the effect of different laser rays in inducing growth behavior and leaf anatomical structure on 
Balanites aegyptiaca . Planlets were subjected to green (Argon), red (Helium neon) and blue (Helium cadmium) 
laser rays for exposure times (0, 4, 8 and 12 min.). In Contoneoster horizontalis, green (Argon) and blue 
(Helium cadmium) laser rays were used for exposure times (0, 1, 3 and 5 min.). Exposing the in vitro plantlets 
of Balanites aegyptiaca to red laser radiation for time exposure 4 or 8 min. resulted in the best results in 
shooting and rooting behavior (number of both shootlets and leaves, rooting percentage and number of roots), 
number of bundles, dimension of bundle, thikness of midvein, thikness of lamina, number of xylem rows and 
number of vessels. Increasing the time exposure to 8 or 12 min. caused the longest roots. Using green laser 
radiation for 1 min. resulted in the longest shootlets and roots in Cotoneaster, increasing the exposure time to 3 
min. led to the highest number of leaves/ shootlet and 5 min. led to best result in rooting behavior (rooting 
percentage, number and length of roots).All argon laser rays caused increment in leaf anatomical structure of 
Cotoneaster, except 3min.exposure time led to slight decrease in wide of bundle in comparison with control. 
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Introduction 
 
 Balanites aegyptiaca (Heglieg) is a tree classified as a member of the zygophyllacae or Balanitaceae and 
native to much of Africa and parts of the Middle East. It can be found in many kinds of habitate, tolerating a 
wide variety of soil types, from sand to heavy clay and climatic moisture levels (Chothani and Vaghasiya, 
2011). The tree is multipurpose such as fodder, charcoal, timber and fuel wood and considered valuable in arid 
regions because it produces fruit even in dry times. It has diverse use as a treatment of diarrohea, hermorrohoid, 
stomach aches, jaundice and yellow fever. The oil is consumed for headache and to improve lacation. Bark 
extracts and the fruit repel snails and copepods, organisms that host the parasites schistosome and guinea worm. 
The plant is containing saponins, flavonoids and alkaloids (Prashant Kumar et al., 2011).  
 Cotoneaster horizontalis Dene (Rock Cotoneaster) is a deciduous shrub (Maloidea: Rosaceae) widely used 
as ornamental shrubs due to the diversity of their form and the beauty of their flowers and fruits (Zeilinga, 
1964). They require little maintenance and provide ground cover, soil stabilization and aesthetic values. 
Cotoneasters are propagate from seed (Wyman, 1986) and very rare in Egypt, it is found only in Orman, Giza 
(Khalifa and Loutify, 2006).  
 Plant tissue culture could be applied and helps to solve problems, and produces offspring's that are identical 
to the parent plant (Bergmann and Moon, 1997; Zi et al., 2009).  
 Laser rays belong to unionizing radiation laser is an abbreviation of "light Amplification by Stimulation of 
Radiation". It is identified by the emitted wavelength and the power. There are many types of laser like solide 
state "Diode laser, Ruby", Gas laser "CO2, N, He-Ne and Ar" and Dye laser (cumarin). The familiar type of laser 
"Helium neon "He-Ne", Argon laser "Ar" and Cadmium laser "He –Cd".  
 Salyaev et al. (2001) found that low-intensity laser radiation stimulates morphogenetic processes in tissue 
cultures of wild grasses, such as rhizogenesis and the formation of morphogenic calli and regenerated plants.  
 Salyaev et al. (2007) suggest that a general cell response induced by laser-light irradiation can be divided 
into two specific responses: the first one consists in a rapid stress effect resulting an increase in the amount of 
lipid peroxidation products, and the second and longer one are the secondary reactions related to the adaptive 
metabolic changes and apparently accompanied by the stimulation of morphogenetic processes.  
 The leaf is the key organ for photosynthesis and transpiration. Therefore, leaf morphology and cell 
distribution may be important in influencing physiological processes (Parkhurst, 1986). The leaf contains both 
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the assimilating and conducting tissues, and either or both tissues could be affected by laser radiation. On 
gerbera plant Metwally et al. (2010) revealed that, laser radiation increased growth parameters and also showed 
increments in number of bundle, thickness of midvein, thickness of lamina and xylem rows.  
 The aim of this work was to throw more light on in vitro growth and anatomical parameters of Balanites 
aegyptiaca and Cotoneaster horizontalis plantlets using different types of laser rays to provide beneficial 
information about how and why laser has physiological effect on plant and improvement its quantity and 
quality.  
 
Materials And Methods  
 
 These experiments were carried out at tissue culture and Germplasm Conservation Research Laboratory, 
Horticulture Research Institute, Agriculture Research Center (ARC), and Department of Ornamental Plants and 
Woody Trees, National Research Center (NRC), Egypt during years 2010 and 2011 to evaluate some 
morphological and anatomical changes in in vitro Balanites aegyptiaca and Cotoneaster horizontalis plantlets 
treated with various laser types for different time exposures to provide beneficial information about how and 
why laser has physiological effect on plant and improvement its production quantitatively and qualitatively.  
 
Plant materials: 
 
 Shoots (10-15 mm) of heglieg (Balanites aegyptisca) collected from adult tree in Giza Zoo were used as 
explant source (stem node) for micropropagation. The explants used for Cotoneaster horizontalis were taken 
from shrub at Orman Garden, Giza.  
 
Culture medium: 
 
 MS- medium supplemented with 0.2 mg/l of 6- benzylamino-purine (BAP) and enriched with sucrose 
25g/L and solidified with 0.7% agar. The media were adjusted to pH 5.7  0.1, then autoclaved at 121°C and 
1.2kg/ cm2 for 15 min.  
 
Culture conditions: 
  
 The cultures were incubated in growth chamber at 24  1°C under florescent lamps with light intensity of 
3k lux at 16 hr photoperiods.  
 
Effect of laser rays: 
 
 Helium neon "He-Ne", Argon  "Ar" and Helium cadmium "He-Cd" laser were used for shootlets (2cm) of 
Balanites aegyptiaca and cotoneaster horizontalis in vitro.  
 The wavelengths of lasers rays were 620, 530 and 460 nm respectively. The power densities for "He-Cd" 
and organ laser were adjusted nearly 250 mw/cm2 and 100-120 mw/cm2 for He-Ne laser. Laser irradiation 
treatments emitted from the standards device was generally characterized in terms of power [in units of watts 
(w) and milli watts (Mw)]. The power levels vary from laser to laser (Alwacy, 1988). The energy (in joules is 
defined as the power multiply with time intervals during which its estimated according the following equation:  
Energy (Jouls) = power (w) x time (second)  
 
 The experiment was divided into two parts according to the type of plant, one for Balanites aegyptiaca 
plantlets and second for cotoneaster herizontalis plantlets. As for the first was divided into three main groups 
according to laser types He-Ne, Ar and He-Cd and each of irradiation group were sub divided again into three 
subgroups according to the  exposure time to laser, whereas, the exposure time for each type was 4, 8 and 12 
min. As for the second part for contoneaster plant was divided into two main groups for irradiation by two types 
of laser and divided into two subgroups for the exposure time to laser, where the exposure times both for He-cd 
and Argon irradiations laser were 1, 3 and 5 min.  
 Each treatment consists of 25 replicates, seven- eight weeks after exposure treatments, the following data 
were recorded:  
 
I- Shooting behavior: 
  
 Number of formed shootlets per explant.  
 Shootlet length (mm)  
 Number of leaves per shootlet.  



2388 
J. Appl. Sci. Res., 8(4): 2386-2396, 2012 

 

II- Rooting behavior: 
 
 Percentage of roots formation (%)  
 Number of roots /shootlet  
 Root length (mm)  
  
III-Anatomical study:  
 
 At multiplication stage, samples were taken from third leaf on the in vitro plantlets. The preparation of leaf 
section was carried out according to the methods described by Johansen (1940) and Corgen and Widmayer, 
(1971). Leaf section was mounted in Canda balsam then examined microscoply and microphotography. The 
following parameters were recorded:  
 Number of bundles.  
 Dimension of bundles (length –wide) (µ) 
 Thickness of midvien (µ) 
 Thickness of lamina (µ) 
 Number of xylem rows.  
 Number of vessels.  
 
Experimental design and data analysis:  
 
 The lay-out of the experiments was designed in completely randomized design and the test of LSD was 
used for comparison among means according to Steel and Torrie (1980).  

 
Results and Discussions  
 
Shooting behavior: 
  
 Table (1) presents the results regarding the in vitro shooting behavior of Balanites aegyptiaca after the 
treatment of plantlets for different exposure times (0, 4, 8 and 12 min) with green [Argon  (Ar)], red [Helium 
neon (He-Ne)] and blue [Cadmium (Cd)] laser. These results indicated that the maximum shootlets number per 
explant and number of leaves per shootlet (1.75 and 4.86, respectively) were obtained with red laser treatment. 
The exposure time for 8 minuts was the prefere for all laser irradiations used (green, red and blue) as compared 
to other treatments. Concerning the interaction, exposure the in vitro plantlets to red irradiation for 4 or 8 min 
resulted in the highest shootlet number and number of leaves/ shootlet (2.25 and 6.55, respectively). While the 
control (untreated plantlets) resulted in the lowest values (1.25 and 3.40, respectively). This means that for a 
good development of these in vitro plantlets, little irradiation with red light is necessary. If the time exposure 
increases to 12 min., it can be observed that the in vitro plantlets do not have a good development. However, the 
results in table 1 showed no significant differences in shootlet lengths were attributed to neither different 
exposure times nor various laser irradiations types' treatment. But the interaction between them indicate that 
exposing the in vitro plantlets to Argon laser rays for 8 or 12 min. resulted in the longest shootlets (6.38 and 
6.13 mm, respectively) as compared  to the other treatments. The data go in line with those of Yi-ping et al. 
(2005) on Isatis indogotica who mentioned that, the growth and development of seedlings were accelerated 
because of He-Ne laser pretreatment of seeds, as it cause long-term alterations in biochemical  and physiological 
characters of the seedlings.  
 
Table 1: Effect of different laser irradiation types for different exposure times on in vitro shooting behavior of Balanites aegyptiaca. 

Characters  Number of shootlets Shootlet length (mm) Number of leaves 
     Laser type  
 
Exposure  
time  

Green Red Blue 
Mean 
time 
(A) 

Green Red Blue 
Mean 
time 
(A) 

Green Red Blue 
Mean 
time 
(A) 

Control (0.0) min 1.25 1.25 1.25 1.25 3.75 3.75 3.75 3.75 3.40 .3.40 3.40 3.40 
4 min. 1.42 2.25 1.25 1.64 3.73 4.51 2.60 3.62 4.80 5.25 4.20 4.75 
8 min. 1.5 2.25 1.73 1.83 6.38 4.63 4.81 5.27 5.67 6.55 4.86 5.70 
12 min. 1.37 1.25 1.50 1.37 6.13 2.93 4.33 4.47 3.90 4.23 4.33 4.15 

Mean laser type (B) 1.38 1.75 1.43  4.99 3.96 3.87  4.44 4.86 4.20  
LSD 5%    

Laser Type (A) 0.13 N.S 0.59 
Exposure  time(B)  0.14 N.S 0.68 
Interaction (A x B)  0.25 3.02 1.18 
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 Concerning Contonaster horizontalis, data presented in Table (2) indicate that no significant differences in 
the number of shootlets per explant were attributed to using different exposure times (1, 3 or 5 min.), various 
laser irradiations types (Argon ion or cadmium) or their interaction. However, exposing the in vitro plantlets for 
1 min. resulted in the longest shootlets (5.10 mm) as compared to the other exposure times. While the shortest 
shootlets (2.60 mm) were obtained with untreated plantlets (control treatment). It can also notice that various 
type of laser rays (Argon or cadmium) has no significant  influence on shootlets length, whereas using argon 
laser for 1 min. led to the longest shootlets (6.50 mm) flowed by the treatment with cadmium laser for 3 min. as 
compared to control treatment which gave the shortest shootlets (2.60 mm). As for number of leaves formed per 
shootlet, it can notice that increasing the exposure time to 3 min. led to the best results (11.25), using argon laser 
(green) caused the highest number of leaves (10.17). As for the interaction between the time exposure and the 
type of laser irradiation, the data presented in table (2) showed that using argon ion laser (green) for 3 min., 
resulted in the highest number of leaves per shootlet (12.5) as compared to untreated plantlets which gave the 
lowest value (10.0). This finding was in accordance with Metwally et al. (2010) who found that argon rays laser 
at time exposure 7.5 min. showed significant increase in number of leaves/plant in Gerbera Jamesonii 
cv.superba.  
 Laser light stimulated androgenic development of microspores in in vitro culture of potato (Przewozny and 
Rybinski, 1994), development of non-ripened embryos in in vitro culture barley DH lines production (Rybinski 
et al., 2001) as well as pollen tube growth in Cuphea genus (Wojciechowski et al., 1996). The studies of Berns 
et al. (1996) demonstrated the ability of green argon laser to induce effect of laser irradiation on organs that 
chiefly of light, electromagnetism, temperature and pressure effects. However, the low power laser, especially 
the laser of visible wavelength, was supposed to-emit little heat and pressure effect, therefore the influence 
mechanism of laser irradiation is most likely attributed to its light and electromagnetism effects (Xiang, 1995).  
 
Table 2: Effect of different laser irradiation types for different exposure times on in vitro shooting behavior of Cotoneaster horizontalis.  

Characters  Number of shootlets Shootlet length (mm) Number of leaves 
     Laser type  
 
Exposure  
time  

Green Blue 
Mean 

time (A) 
Green Blue 

Mean 
time (A) 

Green Blue 
Mean 

time (A) 

Control (0.0) min 1.0 1.0 1.0 2.60 2.60 2.60 10.0 10.00 10.0 
4 min 1.0 1.0 1.0 6.50 3.64 5.10 9.17 7.33 8.25 
8 min 1.0 1.0 1.0 3.76 4.34 4.05 12.50 10.00 11.25 
12min 1.0 1.0 1.0 4.04 3.79 3.92 9.00 8.00 8.50 

Mean laser type (B) 1.0 1.0  4.23 3.61  10.17 8.83  
L.S.D 5%    

Laser Type (A) N.S N.S 0.68 
Exposure time (B) N.S 1.91 0.96 
Interaction (A x B)  N.S 2.69 1.36 

 
Rooting behavior:  
 
 The percentage of rooting number and length of roots formed per shootlet of Balanites aegyptiaca were 
recorded in Table (3). The results showed that the treatment of in vitro plantlets with He-Ne (red) laser  
irradiation for any time exposer (4, 8 or 12 min.) led to the highest percentage of rooting, number and length of 
roots/shootlet as compared to untreated shootlets (control). Exposing of in vitro shootlets to red laser irradiation 
for 8 min resulted in the highest percentage of rooting (50%) followed by the time exposure 4 min (35%) which 
also led to the highest number of roots (2.17), whereas increasing the time exposure to 8 or 12 min caused the 
longest roots formed per shootlet (12.67mm). In this regard, Koper et al. (1996) mentioned that pre-sowing laser 
seeds treatment influenced yields of roots of sugar beet, depending on the regime of irradiation. Tritical seeds 
irradiation with red light caused an increase of mineral elements contents (Truchlinski et al., 2002).  
 Regarding Cotoneaster, it can be noticed from Table (4) that exposing the in vitro  plantlets to both argon 
(green) or Cadmium (blue) laser irradiations for any time exposure (1, 3 or 5 min.) caused the highest rooting 
percentage, number and length of roots as compared to untreated ones (control). The tabulated data indicate that 
green laser irradiation was preferred for longest roots (3.08), whereas the best time exposure for rooting 
percentage, number and length of roots was 5 min.. This means that increasing the time exposure to 5 min. led 
to the best result in rooting behaviour of Contoneaster horizontalis. In this respect, Salyaev et al. (2001) found 
that low –intensity laser radiation stimulates morphogenetic processes in tissue cultures of wild grasses, such as 
rhizogenesis and the formation of morphogenic calli and regenerated plants. Similar effect of laser rays on roots 
of sage plants was noticed by Wessam (2005).   
 
Anatomical Features: 
        
 The results presented in Table (5) and  Fig (1) showed that,helium neon laser affected greatly on balanites 
plantlets leaf antomy,whereas, the highest values in number of vascular bundle,number of xylem rows and 
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number of vessels were obtained from treated plantlets with helium neon at 4 and 8 min. exposure respectively. 
The values reached for the previous mentioned treatments (7,6),(16,13) and (55,50) in comparison with control 
(4,10 and 43),respectively.Similar effect was also noticed by Metwally (2010) on gerbera plant. 
 
Table 3: Effect of different laser irradiation types for different exposure times on in vitro rooting behavior of Balanites aegyptiaca.  

Characters  Rotting percentage (%) Number of roots /shootlet  Length of roots (mm) 
           Laser type  

 
Exposure  
time  

Green Red Blue 
Mean 

time (A) 
Green Red Blue 

Mean 
time (A) 

Gree
n 

Red Blue 
Mean 
time 
(A) 

Control (0) min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 min. 20.0 35.0 10.0 21.67 1.0 2.17 0.67 1.28 1.83 8.3 1.0 3.72 
8 min. 25.0 50.0 20.0 31.67 1.0 1.0 1.0 1.0 1.58 12.67 1.43 5.23 
12 min. 30.0 23.33 10.0 21.11 1.0 1.0 0.67 0.89 1.50 12.67 0.83 5.00 

Mean laser type (B) 18.75 27.08 10.0  0.75 1.04 0.58  1.23 8.42 0.82  
LSD 5%    

Laser Type (A) 12.24 0.27 1.07 
Exposure time (B)   14.14 0.31 1.24 
Interaction (A x B)  24.48 0.54 2.14 

 
Table 4: Effect of different laser irradiation types for different exposure times on in vitro rooting behavior of Cotoneaster horizontalis  

Characters  Rotting percentage (%) Number of roots /shootlet  Length of roots (mm) 
     Laser type  
 
Exposure time  

Green Blue 
Mean 

time (A) 
Green Blue 

Mean 
time (A) 

Green Blue 
Mean 

time (A) 

Control (0.0) min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 min. 13.33 10.0 11.67 0.83 0.67 0.75 3.0 2.0 2.5 
8 min. 10.0 0.0 5.0 0.50 0.0 0.25 3.33 0.0 1.67 
12 min. 21.0 8.33 15.0 0.67 1.0 0.83 6.0 4.5 5.25 

Mean laser type (B) 11.25 4.58  0.50 0.42  3.08 1.63  

LSD 5%    
Laser Type (A) N.S N.S 1.28 
Exposure time (B)   14.02 0.53 1.82 
Interaction (A x B)  19.83 0.75 2.57 

 
 On the contrary,the lowest values were obtained by treated plantlets with 12 min. exposure time,it recorded 
(2.6 and 20) in the same previous mentioned parameters in comparison with control plantlets,respectively. 

 
Table 5:.Effect of helium neon (He-Ne ) irradiation on leaves anatomical structure of Balanites aegytiaca plantlets.  

Number of 
vessels 

Number of 
xylem rows 

Thikness of 
lamina 

µ 

Thikness of 
midvein 

µ 

Dimention of bundle 
µ Number of 

bundles 

Parameters 
 
 

Treatments Wide Length 
43 10 60 130 110 130 4 Cont. 
55 16 70 170 170 230 7 He-Ne (4min.expouser) 
50 13 90 180 190 215  6 He-Ne 8min.expouser)( 
20 6 80 120 60 80 2 He-Ne 

(12 min.expouse) 

 
 As shown in Table (5) and Figs (1,3) that,all He-Ne rays treatments caused increase in dimention of bundle 
(length-wide), thickness of midvein,except that plant received He-Ne rays at 12 min. exposure time recorded the 
lowest values (80,60 and 120 µ) compared to control (110,130 and 130 µ), respectively.While,all plantlets 
treated with  He-Ne 12 min. exposure time recorded increase in thickness of lamina in comparison with control. 
Also, Metwally (2010) on gerbera plant mentioned that helium neon laser increased or decreased 
aforementioned parameters according to the time expousre and type of laser rays. 
 The obtained results in Table (6) and Figs (2,4) showed that,all argon laser treatments caused increment in 
number of bundles,dimention of bundle,thickness of midvein,number of xylem rows and number of vessels in 
comparison with control plantlets. 
 On the other hand the lowest values were recorded by treated in vitro plantlets with argon rays at 3 min. 
exposure time,it recorded (40 µ) for wide,while,1min.exposure time recorded (64 µ) for thickness of lamina 
compared to the control plant (40,70 µ ), respectively. 
 The veins and vascular bundle of a leaf are extensions of the vascular bundles in stems,with protective 
bundle sheath cells surrounding the vascular tissue.Xylem located on the upper side of vein and phloem is 
located on the lower side.according to our data,it appears in addition that the anatomical structure of plants 
exposed to laser rays showed changes compared with untreated plantlets.It is evident that the treated plantlets 
have high number of bundles,thickness of midvein,number of vessels and number of xylem rows,whereas,that 
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may reflect on the qulity of stem,so,it means good qulity for wood stem on the woody trees. In this 
respect,Kamiya et al (1999) mentioned that the complex cycle of gibberellic acid formation was promoted by 
red light.This of GA induced formation of protolytic enzymes that would be expected to release tryptophan 
procursor of IAA (Van and Overbeek 1966). 
 
Table 6: Effect of argon (Ar) irradiation on leaves anatomical structure of  Coteneaster herizontalis plantlets.    

Parameters 
 
 

Treatments 

Number of 
bundles 

Dimention of bundle 
µ 

Thikness of 
midvein 

µ 

Thikness of 
lamina 

µ 

Number of 
xylem rows 

Number of 
vessels 

Length Wide 

Cont. 2 72 42 90 70 7 35 
Ar 

(1min.expouser) 
4 120 60 122 64 19 80 

Ar 
(3min.expouser)) 

3 80 40 100 80 14 55 

Ar 
(5 min.expouse) 

6 75 52 117 82 16 72 

 

  
 So it means that laser rays enhanced of GA formation and encourage the release of IAA which had 
promotive effect on root growth,nutrient and water uptake and this reflected in plant growth,antomy 
structure.Gibberellic acid caused cell elongation by induction of some enzymes (Macleod et al.1962). Also, 
Metwally (2010) revealed that,laser exposure enhanced of GA production on gerbera plant and  had promotive 
effect on growth and anatomical featureas. 
 

 
 

 
 

 
 

(A)- Untreated plant (control) 

 
                                   

(B)- Plant treated with 4 min. exposure time 
 

 
                                   

(C)- Plant treated with 8 min. exposure time 

Xylem rows 

Xylem vessels

Cont. 

4min

8min
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(D)- Plant treated with 12 min. exposure time 
 

Fig. 1: Transverse sections through the blade of the third leaf developed on the main stem of Balanites  
aegyptiaca plantlets affected with He-Ne laser ray.The section shows vascular bundle (vessels and 
number of xylem rows(x40)(Bar=0.05ml).  

 
 

 
 
 
 

 
)A)- Untreated plant (control( 

 

 
 

(B)- Plant treated with 1min. exposure time 
 

 
 

(C)- Plant treated with 3 min. exposure time 
 

12min

ْْXylem  vessels  
Xylem rows 

Cont. 

1min. 
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D)-Plant treated with 5 min. exposure time 

 
Fig. 2: Transverse section through the blade of the third leaf developed on  the main stem of Coteneaster 

horizontalis  plantlets affected with argon laser rays. The section shows vascular bundle (vessels and 
number of xylem rows). (x = 40)(Bar=0.05ml)   

     

  
 
 

  

 
(A)- Untreated plant (control) 

 
(B)- Plant treated with 4 min. exposure time 

 
(C)- Plant treated with 8 min. exposure time 

5min.

Vascular bundle 

Thickness of lamina 

Cont. 

4min

8min
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(D)- Plant treated with 12 min. exposure time 

 
Fig. 3:Transverse section through the blade of the third leaf developed on the main stem of Balanites  

aegyptiaca  plantlets affected with He-Ne laser rays.(x = 10)(Bar=0.1 ml). 
 
 
 
 

 
 

 
 

(A)- Plant treated with cont. 

 
                      

(B)- Plant treated with1min. exposure time 

 
                          

(C)- Plant treated with 3 min. exposure time 

Thikness of lamina 

Vescular bundle 

Thikness of  midvein 

12min

Cont.

1min. 

3min. 
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(D)- Plant treated with 5 min.exposure time 

 
Fig. 4: Transverse section through the blade of the third leaf developed on the main stem of Cotoneaster  

horirzontalis  plantlets affected with argon laser (x =10)(Bar=0.1ml). 
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