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ABSTRACT: This experiment amid to investigate the effect of two strawberry cultivars (Festival 
and Sweet Charlie), two auxins, i.e. Indole-3-butyric acid (IBA) and1-Naphthalene acetic acid (NAA)  
and activated charcoal on the in vitro roots formation (rooting stage) of strawberry plantlets. The 
obtained results showed that, Sweet Charlie cultivar being the superior one and recorded the maximum 
values of both root and shoot length, number of roots and leaves, the fresh and dry weight of roots and 
leaves of plantlet as compared with Festival cultivar. It is evident that, using ½ MS-medium 
supplemented with 1.0 mg /l IBA+0.5 g /l activated charcoal being the most effective and superior 
treatment for increasing both root and shoot length. While, rooting medium contained ½ MS-medium 
+ 1 .0 mg /l IBA or 0.5mg /l IBA +0.5 mg /l NAA recorded the highest values of number of both roots 
and leaves per plantlet .In addition ,using ½ MS-medium supplemented with 1.0 mg /l NAA recorded  
the maximum values of the fresh and dry weight of roots per plantlet. Furthermore, the highest value 
for each of fresh weight of crown and leaves per plantlet, was obtained by using ½ MS-medium 
supplemented with 0.5 mg /l IBA+0.5 mg /l NAA. On the other hand, using ½ MS–medium + 0.5 mg 
/l IBA + 0.5 mg /l NAA + 0.5g /l activated charcoal being the superior treatment and recorded the 
maximum values of nitrogen, phosphorus, potassium, total carbohydrate and total protein content (%). 
Transfer shoots of Sweet Charlie cultivar to the rooting medium contained ½ MS- medium +1.0 mg /l 
IBA +0.5 g/l activated charcoal recorded the maximum values of both root and shoot length, number 
of leaves per plantlet, the fresh and dry weight of leaves, as well as the dry weight of crown per 
plantlet. While, the highest number of roots per plantlet was more achieve via using ½ MS-medium +  
1.0 mg/l IBA. Moreover, cultured shoots of Festival cultivar on ½ MS-medium supplemented with 0.5 
mg /l IBA+0.5 mg /l NAA being the most effective and  favorable treatment for increasing the fresh  
weight of roots per plantlet. On the other hand, the highest increase of the fresh weight of crown per 
plantlet were more distinct via the interaction treatment between such cultivar and using ½ MS-
medium supplemented with 1.0 mg/l NAA. Furthermore, using the rooting culture medium contained 
½ MS- medium+0.5 mg/l IBA+0.5 g /l activated charcoal recorded the highest value for each of 
nitrogen and total protein content (%) in the plantlets of Festival cultivar, while cultured shoots of 
Sweet Charlie cultivar on the same rooting medium, registered the maximum increase  of phosphorus, 
potassium and total carbohydrates content (%). 
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INTRODUCTION 

Strawberry (Fragaria X ananassa Duch.) 
belongs to family Rosaceae. It is a natural 
hybrid of Fragaria chiloensis Mill., and 

Fragaria virginiana  Duch. The Strawberry 
fruits is delicated in flavor ,texture ,shape, and 
rich in some vitamins particularly A, B1, B2, B6, 
C, E and some minerals such as calcium, 
potassium, copper  and iron (Giampieri et al., 

http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master 
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2015). In addition, fruits are a good source of 
phylochemical compounds, mainly ellagic acid 
which have a wide range of biological activity. 
Strawberry is grown in many regions of Egypt 
mainly at Beheira, Ismailia, Sharkia and 
Qalyubia Governorates. The cultivated area of 
strawberry in Egypt were about 15614.4 faddans 
with production valued 283471 tons (FAO, 
2014). This area of strawberry is in increasing 
over the years.  

Tissue culture technique has been successful 
on the large scale multiplication of strawberry 
plants in many countries. This technique can 
produce several millions of plants in short time 
from a few mother plants. Beside propagation, 
tissue culture technique have been used for 
production of disease resistant plants, and in 
plant breeding and crop improvement programs 
(Mohamed, 2007).  

Among the pathways for improvement the 
performance of strawberry plants in tissue 
cultures, cultivars (Ara et al., 2013; Murti and 
Yeoung, 2013), some auxins, such as IBA and 
NAA (Moradi et al., 2011; Badr-ELden, 2013; 
Harugade et al., 2014). as well as activated 
charcoal (Erenoglu et al., 1995; Adak et al., 
2001; Kaushal et al., 2006; Adak et al., 2009) 
play a major role in this respect. 

The main purposes of this work were to 
study the effect of two strawberry cultivars, two 
auxins (IBA and NAA) and activated charcoal 
on the roots formation of plantlets which 
cultured in vitro. 

MATERIALS AND METHODS 

This work was carried out during the period 
from 2012 to 2017 in the Tissue Culture 
Laboratory and Greenhouse of Improvement of 
the Main Vegetable Crops and Hybrids 
Production Project (I.M.V.C.H.P.), Horticulture 
Research Institute (HRI), Agriculture Research 
Center (ARC), Dokki, Giza Governorate, Egypt, 
to study the effect of two strawberry cultivars 
(Festival and Sweet Charlie),two auxins, i.e. 
Indole-3-butyric acid (IBA) and1-Naphthalene 
acetic acid (NAA)  and activated charcoal on the 
in vitro roots formation.  

This experiment included 12 treatments 
which were the combination between two 
strawberry cultivars and two auxins and 
activated charcoal treatments, as follows. 

Strawberry Cultivars 

1. Festival. 

2. Sweet Charlie. 

Auxins and Activated Charcoal  

1. Half salts strength of MS (½ MS-medium) + 
1.0 mg/l IBA 

2. ½ MS-medium + 1.0 mg/l NAA 

3. ½ MS-medium + 0.5 mg/l IBA + 0.5 mg/l NAA 

4. ½ MS-medium + 1 mg/l IBA + 0.5 g/l activated 
charcoal. 

5. ½ MS-medium + 1 mg/l NAA +0.5 g/l activated 
charcoal. 

6. ½ MS-medium + 0.5 mg/l NAA + 0.5 mg/l IBA 
+ 0.5 g/l activated charcoal.   

These treatments were arranged in split-plot 
design with six replicates. Each replicate 
contained two glass jars, and each one contained 
four explants. The strawberry cultivars were 
arranged in the main plots, while auxins and 
activated charcoal treatments were assigned 
randomly in the sub-plots.  

Murashing and Skoog (1962) medium (MS) 
was used. All used shoots in this experiments 
were obtained from cultured meristems on half 
salt strength of basal MS-medium (½MS-
medium) supplemented with the previouse 
auxins concentrations (IBA and NAA) and 
activated charcoal. 

Data Recorded 

Data were recorded after 6 weeks of culture 
in vitro, as follows: 

Growth Measurements of Plantlets 

1. Root length (cm). 

2. Shoot length (cm). 

3. Number of roots per plantlet. 

4. Number of leaves per plantlet. 

5. Fresh weight of roots per plantlet (g). 

6. Fresh weight of crown per plantlet (g).  
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7. Fresh weight of roots, crown and leaves/ 
plantlet were oven dried at 70oC  till constant 
weight according to Dogras et al.(1991) and 
the following data were recorded: 

8. Fresh weight of leaves per plantlet (g). 

9. Dry weight of roots per plantlet (g). 

10. Dry weight of crown per plantlet (g). 

11. Dry weight of leaves per plantlet (g). 

Chemical Composition of Plantlets 

Fresh samples of shoots per plantlets were 
oven dried at 70oC till constant weight according 
to Dogras et al. (1991). The dry matter of shoots 
was finely ground and wet digested with sulfuric 
acid and perchloric acid (3:1). The following 
data were determined and recorded: 

Nitrogen (N) content (%) 

It was determined in shoot dry weight 
according to the methods described by Bremner 
and Mulvaney (1982). 

Phosphorus (P) content (%) 

It was determined according to the methods 
described by Olsen and Sommers (1982).  

Potassium (K) content (%): was determined 
according to the methods described by Jackson 
(1970). 

Total carbohydrates content (%) 

Was determined according to the methods 
described by James (1995). 

Total protein content (%) 

Was calculated by multiplying total nitrogen 
x 6.25, as described by Pregle (1945). 

Statistical Analysis 

All collected data were subjected to proper 
statistical analysis using Costat Soft Ware 
Program. The least significant difference (LSD) 
test at 0.05 level of probability was used to 
determine statistically the significance of 
differences among the compared means of 
various treatments according to Snedecor and 
Cochran (1980).   

RESULTS AND DISCUSSION 

Growth Measurements of Plantlets 

Effect of cultivars  

The presented results in Table 1 show the 
effect of strawberry cultivars, i.e. Festival and 
Sweet Charlie on the growth measurements of 
complete plantlets during rooting stage in vitro. 
In this regard, Sweet Charlie cultivar being the 
superior one for increasing  length of both  root 
and shoot, number of roots and leaves, fresh and 
dry weight of roots and leaves per plantlet as 
compared with Festival cultivar. On the other 
hand, it was quite clear from such results that, 
there are no obvious significant differences 
detected between the two cultivars in their fresh 
and dry weight of plantlet crown formation. In 
this connection, Ara et al. (2013) came to 
similar results on some strawberry genotypes. 
They concluded that, number of roots/shoots and 
frequency of roots induction ranged from 78 to 
95% according to the genotypes. In addition, 
Murit and Yeoung (2013) reported that, Red 
Pearl strawberry cultivar recorded the highest 
root length as compared with Camarosa cultivar, 
the superior effect of Red Pearl cultivars, might 
be due to absorbed more water and reduced 
transpiration than Camarosa cultivar. 

From the forgoing results and discussion, it 
could be suggested that, strawberry cultivars 
varied greatly from their response of roots 
formation per plantlet. 

Effect of auxins and activated charcoal 

As for the effect of the two auxins (IBA and 
NAA) and activated charcoal on in vitro 
strawberry plantlet development during rooting 
stage, the obtained results in Table 2 show that, 
all treatments had a significant effect on the 
growth measurements of plantlets, except the 
dry weight of plantlet crown which did not 
reflect any significant effect. Using Half salts 
strength MS-medium (½ MS-medium) 
supplemented with 1 mg/l IBA+0.5 g/l activated 
charcoal being the superior treatment in 
increasing root and shoot length of plantlet .In 
addition, using rooting medium contained ½ 
MS-medium and supplemented with 1.0 mg/ l 
IBA recorded the maximum increase in roots 
and leaves number per complete plantlet, 
followed by using rooting medium contained ½ 
MS-medium supplemented with 0.5 mg/l IBA + 
0.5 mg / l NAA. 
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Table 1. Effect of strawberry cultivars on the growth measurements of plantlets cultured in vitro 
at 6 weeks of culture 

Length 

(cm) 

Number per 

Plantlet 

Fresh weight 

(g) 

Dry weight 

(g) 

Cultivar 

Root Shoot Roots Leaves Roots Crown Leaves Roots Crown Leaves 

Festival 1.19 5.35 6.46 9.53 0.29 0.022 0.30 0.041 0.004 0.02 

Sweet Charlie 3.19 8.40 12.28 12.42 0.41 0.029 0.52 0.071 0.003 0.06 

LSD at 0.05 level 0.41 0.6 1.81 0.95 0.08 NS 0.16 0.01 NS 0.04 

NS: Not significant at 0.05 level of probability 

 

 

 

Table 2. Effect of two auxins (IBA + NAA) and activated charcoal on the growth measurements 
of strawberry plantlets cultured in vitro at 6 weeks of culture 

Length 

(cm) 

Number per 

plantlet 

Fresh weight 

(g) 

Dry weight 

(g) 

Treatments of auxins and 
activated charcoal  

Root Shoot Roots Leaves Roots Crown Leaves Roots Crown Leaves 

½ MS-medium+ 1.0 mg/l IBA. 1.92 6.54 15.08 11.83 0.16 0.03 0.05 0.02 0.003 0.05 

½ MS-medium + 1.0 mg/l NAA. 1.42 6.54 9.17 11.58 1.14 0.04 0.06 0.13 0.003 0.05 

½ MS-medium + 0.5 mg/l IBA + 
0.5 mg/l NAA. 

2.13 7.54 12.5 11.75 1.06 0.04 0.08 0.05 0.005 0.08 

½ MS-medium + 1 mg/l IBA + 
0.5 g/l activated charcoal. 

2.78 8.04 8.08 11.42 0.05 0.02 0.06 0.01 0.004 0.07 

½ MS-medium + 1 mg/l NAA + 
0.5 g/l activated charcoal. 

2.41 6.63 5.27 9.92 0.02 0.02 0.04 0.01 0.003 0.04 

½ MS-medium + 0.5 mg/l IBA +
0.5 mg/l NAA+ 0.5 g/l  activated 
charcoal. 

2.52 5.96 6.10 9.33 0.02 0.01 0.04 0.01 0.003 0.04 

LSD at 0.05 level 0.72 1.05 3.14 1.64 0.28 0.02 0.02 0.06 NS 0.02 

NS: Not significant at 0.05 level probability. 
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On the other hand, using ½ MS-medium 
supplemented with 1.0 mg/l NAA being the 
most effective treatment and recorded the 
maximum increase of fresh and dry weight of 
roots per plantlet. Furthermore, the fresh weight 
of crown and leaves, as well as the dry weight of 
leaves per complete plantlet were obtained via 
using ½ MS-medium supplemented with 0.5 
mg/l IBA + 0.5 mg/l NAA. 

As for the role of auxins such as naphthalene 
acetic acid (NAA) and indol butyric acid ( IBA), 
Krishnamoorthy (1981) reported that the 
stimulatory effect of auxins addition to the 
culture medium, both roots and shoots formation 
may be attributed to cell division by mitoses 
which added new cells and cell elongation of 
already existing cell by enlargement of the 
vacuole. In addition, Torres (1989) stated that, 
auxin are required for cell elongation, 
stimulation of callus induction, cell growth, as 
well as intiation of shoots and particularly roots. 

The obtained results are in harmony with 
those reported by Moradi et al. (2011) they 
found that, the highest number for each of roots 
and root length were obtained from ½ MS-
medium contained 0.2-0.5 mg/l IBA. Moreover, 
Zobayer et al. (2011) revealed that the 
maximum frequency of rooting and the highest 
number of roots were obtained on MS-medium 
contained 1.0 mg/l IBA. Ashrafuzzaman et al. 
(2013) found that,application of IBA at a 
concentration of 0.5 mg/l to ½ MS-medium 
being the best performance of strawberry roots, 
as well as the highest number of roots of per 
culture (6) and the longest root (3.05 cm), while 
half strength MS-medium (½ MS-medium) 
without IBA did not reflect any significant 
response on the roots induction. In addition, 
Bader-Elden (2013) reported that, the shoots 
were transferred to MS-medium supplemented 
with five concentrations of both IBA or NAA 
(0.0, 0.5, 1.0 and 1.5 and  2.0 mg/l) individually, 
showed that IBA at 0.5 mg/l proved to be the 
most suitable treatment for roots  indication (8,4  
roots per shoot and the average root length was 
7.21cm). Harugade et al. (2014) concluded 
that, the different concentration of IBA (0.1 
and1.5 mg/l) and 1.0 mg / l IBA being the most 
superior and suitable treatment for roots  
induction (5 roots per explant, and the average 
root length was 3.68 cm). 

Furthermore, Sutter et al. (1997), Bhatt and 
Dhar (2000), Hemant et al. (2001), Elmana et 
al. (2003), Kaushal et al. (2006),  Sakila et al. 
(2007), Adak  et al. (2009), Sutan et al. (2009), 
Haddadi and Abd El-Aziz (2010) and Hasan 
et al. (2010) came to similar findings . 

Finally, from the previously mentioned 
results and discussion, it could be suggested 
that, the depressive or the stimulating effect on 
the roots formation was differed greatly 
according to the type of auxin and its 
concentration in the cultured medium of rooting 
stage. 

As for the effect of activated charcoal, it is 
quite clear from Table 2 that, addition of 
activated charcoal in the rooting medium 
improved the potenial for adventitious rooting, 
not only in terms of rooting rates, but also in 
enhancement of the number and length of the 
roots, as well as roots score per plantlet. This 
stimulating effect of activated charcoal on roots 
ability was particularly associated with mature 
explants. Activated charcoal may affect the 
activity and/or stability of plant growth 
regulators by reducing or excluding light in in 
vitro culture. In addition, activated charcoal can 
be attributed to removal the inhibitory substance 
from the medium, or released by the tissue itself 
(Fridborg et al., 1978). Moreover, activated 
charcoal may be able to absorb toxic brown or 
black pigments (phenol like compounds and 
melanin), as well as other unknown colourless 
toxic compounds. Also, the obtained results are 
in agreement with those reported by Lopez-
Aranda et al. (1994) who found that addition of 
500 mg/l activated charcoal, enhanced roots 
formation of strawberry. Erenoglu et al. (1995) 
reported that, the highest number of roots per 
plantlet was obtained with 0.5 g/l activated 
charcoal or 1.0 mg/l IBA. Furthermore, Adak et 
al. (2001) showed that, using activated charcoal 
was more successful on rooting formation than 
IBA and NAA. In addition, application of 5.0g/l, 
activated charcoal had more rooting success 
than application 1.0 and 2.5g/l activated 
charcoal. Gautam et al. (2001) found that, the 
highest roots induction frequency (95.23%) 
were obtained with ¼ MS- mediam +1.0mg/l 
IBA and charcoal  at a rate of 200 mg/l  In 
addition, Mahajan et al. (2001), Kaur et al. 
(2005), Kaushal et al. (2006) and Adak and 
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Pekmezci (2011) came to similar conclusion. 
On the other hand, Nower et al. (2011) reported 
that, MS-medium supplemented with 0.5 mg/l 
IBA with activated charcoal being the supperior 
treatment and recorded the highest increase of 
number of roots, root length and the fresh 
weight of plantlet, as compared with the other 
treatments of unxins (IAA or NAA). 

Accordingly, from the above mentioned 
results and discussion, it may be suggested that, 
the two factors of study, i.e. auxins (IBA and 
NAA) and activated charcoal exerted a marked 
and significant effect on roots formation of 
strawberry plantlets during rooting stage in vitro. 

Effect of the interaction between strawberry 
cultivars, auxins (IBA and NAA) and 
activated charcoal 

The presented results in Table 3 and illustrated 
in Fig. 1 indicated that, the effect of interaction 
treatments between strawberry cultivars, different 
concentrations of the two auxins (IBA and 
NAA) and activated charcoal caused a significant 
effect on length of both root and shoot, number 
of roots and leaves, as well as the fresh and dry 
weight of roots, crown and leaves per plantlet 
which cultured in vitro during rooting stage. 
Transfer shoots of Sweet Charlie cultivar to the 
rooting medium contained of ½ MS-medium + 1 
mg/l IBA + 0.5 g/l activated charcoal recorded  
the highest value for each of root and shoot 
length, number of leaves per  plantlet,  the fresh 
and the dry weight of leaves, as well as the dry 
weight of crown. While, the highest number of 
roots was recorded by culturing shoots of the 
same cultivar on ½ MS-medium supplemented 
with 1.0 mg/l IBA, also cultured shoots  of the 
same cultivar on ½ MS-medium + 1.0 mg/l 
NAA gave the maximum values of roots dry 
weight. Moreover, the highest fresh weight of 
each of roots and crown per plantlet was 
obtained from cultured shoots of Festival 
cultivar on ½ MS-medium supplemented with 
0.5 mg/l IBA + 0.5 mg/l NAA or 1.0 mg/l NAA, 
respectively. On the other hand, the highest 
increase of crown fresh weight per plantlet was 
more distinct via the interaction treatment 
between such cultivar and using ½ MS-medium 
supplemented with 1.0 mg/l NAA. 

Finally, from the previously mentioned 
results and discussion, it could be concluded 
that, the depressive or the stimulating effect on 
the roots formation of strawberry plantlets was 
differed greatly according to the cultivars, the 
type of auxin, and its concentration, as well as to 
the dose of activated charcoal in the culture 
medium. 

Chemical Composition of Plantlets 

Effect of cultivars 

It is quite clear from the illustrated results in 
Table 4 that, there is no significant differences 
between the two tested strawberry cultivars on 
the content of nitrogen, phosphorus, potassium, 
total carbohydrates and total protein (%) in 
strawberry plantlets which cultured in vitro 
during rooting stage. 

Effect of auxins and activated charcoal 

Concerning the effect of two auxins (IBA 
and NAA) and activated charcoal on the 
chemical composition of the plantlets, the 
obtained results in Table 5 show that 
supplementation of ½ MS-medium by different 
concentrations of two auxins (IBA and NAA) 
and activated charcoal caused a marked effect 
on the content of N, P, K, total carbohydrates 
and total protein (%) of formed plantlets in vitro. 
In addition, using ½ MS-medium supplemented 
with 0.5 mg/l IBA+ 0.5 mg/l NNA + 0.5 g/l 
activated charcoal being the superior one and 
came in the first rank in this respect, followed 
by using ½ MS-medium supplemented with 0.5 
mg/l IBA+ 0.5 mg/l NNA. 

Effect of the interaction between cultivars, 
auxins and activated charcoal 

The presented results  in Table 6 show that, 
N, P, K, total carbohydrates and total protein 
content(%) in produced strawberry plantlets 
were significantly affected by the interaction 
between cultivars and different concentrations of 
the two auxins (IBA and NAA)  and activated 
charcoal added to the rooting medium of 
strawberry mass propagation in vitro. Horeover, 
sub-cultured shoots of Festival cultivar in vitro 
on rooting medium contained of ½ MS-medium 
+ 0.5 mg/l NAA+0.5 mg/l IBA+ 0.5 gm/l 
activated charcoal produced the highest value 
for each of nitrogen and total protein content 
(%) in the formed plantlets. While, sub-cultured 
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The highest roots number (½ MS-medium+ 1.0 mg/l IBA). 

Festival cultivar 

 

 

          

 

 

                                                            

 

   

 

 

 

 

 

 

 

The highest roots number (½ MS-medium + 1.0 mg/l IBA). 

Sweet Charlie cultivar 

Fig. 1. Effect of the interaction between strawberry cultivars, auxins (IBA and NAA) and 
activated charcoal on roots number of strawberry plantlets cultured in vitro during 
rooting stage 
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Table 3. Effect of the interaction treatments between strawberry cultivars, auxins (IBA and 
NAA) and activated charcoal on the growth measurements of strawberry plantlets 
cultured in vitro at 6 weeks of culture 

Treatment Length  
(cm) 

Number per 
plantlet 

Fresh weight  
(g) 

Dry weight 
 (g) Cultivar Auxins and activated charcoal  

Root Shoot Roots Leaves Roots Crown Leaves Roots Crown Leaves 

½  MS-medium + 1.0 mg/l IBA. 6.000 2.0800 11.830 10.830 0.090 0.030 0.250 0.011 0.003 0.039 

½ MS-medium + 1.0 mg/l NAA. 6.170 1.1700 7.670 10.500 0.050 0.046 0.460 0.047 0.004 0.057 

½ MS-medium + 0.5 mg/l IBA + 0.5 mg/l 
NAA. 

2.000 2.000 10.330 10.830 1.490 0.039 0.580 0.042 0.005 0.078 

½ MS-medium + 1 mg/l IBA + 0.5 g/l 
activated charcoal. 

4.420 0.390 2.330 8.000 0.012 0.004 0.097 0.003 0.002 0.022 

½ MS-medium + 1 mg/l NAA + 0.5 g/l 
activated charcoal. 

4.580 0.740 2.200 8.330 0.006 0.004 0.230 0.003 0.002 0.023 

Festival 

½ MS-medium + 0.5 mg/l NAA + 0.5 mg/l 
IBA + 0.5 g/l activated charcoal.   

3.580 0.780 4.370 8.670 0.013 0.008 0.117 0.005 0.003 0.025 

½ MS-medium + 1.0 mg/l IBA. 7.080 1.750 18.330 12.830 0.230 0.026 0.410 0.028 0.003 0.061 

½ MS-medium + 1.0 mg/l NAA. 6.920 1.670 10.670 12.670 0.770 0.028 0.440 0.216 0.003 0.071 

½ MS-medium + 0.5 mg/l IBA + 0.5 mg/l 
NAA. 

7.330 2.250 14.670 12.670 0.630 0.039 0.427 0.062 0.005 0.073 

½ MS-medium + 1 mg/l IBA + 0.5 g/l 
activated charcoal. 

11.670 5.170 13.830 14.830 0.090 0.035 0.672 0.016 0.006 0.115 

½ MS-medium + 1 mg/l NAA + 0.5 g/l 
activated charcoal. 

8.670 4.080 8.330 11.500 0.042 0.026 0.300 0.007 0.004 0.054 

Sweet 
Charlie 

½ MS-medium + 0.5 mg/l NAA + 0.5 mg/l 
IBA + 0.5 g/l activated charcoal.   

8.330 4.250 7.830 10.000 0.032 0.021 0.232 0.006 0.004 0.054 

LSD at 0.05 level 1.49 1.01 4.44 2.32 0.402 0.025 0.194 0.088 0.002 0.026 

 

 

Table 4. Effect of cultivars on the chemical composition of strawberry plantlets cultured in vitro 
at 6 weeks of culture 

Chemical composition of plantlets   (%) Cultivar 

N P K Total carbohydrates Total protein 

Festival 0.41 0.13 0.63 17.36 2.55 

Sweet Charlie 0.42 0.14 0.64 17.35 2.59 

LSD at 0.05 level NS NS NS NS NS 

NS: Not significant at 0.05 level of probability. 
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Table 5. Effect of auxins (IBA and NAA) and activated charcoal on the chemical composition of 
strawberry plantlets cultured in vitro at 6 weeks of culture 

Chemical composition of plantlets (%) Treatments of auxins and activated charcoal 
N P K Total 

carbohydrates 
Total 

protein 
½ MS-medium + 1.0 mg/l IBA. 0.39 0.12 0.59 17.17 2.44 
½ MS-medium + 1.0 mg/l NAA. 0.37 0.11 0.59 16.54 2.32 
½ MS-medium + 0.5 mg/l IBA + 0.5 mg/l NAA. 0.43 0.15 0.66 17.74 2.71 
½ MS-medium + 1 mg/l IBA + 0.5 g/l activated 
charcoal. 

0.42 0.14 0.63 17.47 2.62 

½ MS-medium + 1 mg/l NAA + 0.5 g/l activated 
charcoal. 

0.41 0.13 0.62 17.32 2.56 

½ MS-medium + 0.5 mg/l IBA + 0.5 mg/l NAA + 
0.5 g/l activated charcoal. 

0.45 0.16 0.69 17.89 2.78 

LSD at 0.05 level 0.02 0.01 0.01 0.45 0.11 
 

 

 

Table 6. Effect of the interaction between cultivars, auxins (IBA and NAA) and activated 
charcoal on the chemical composition of strawberry plantlets which cultured in vitro at 
6 weeks of culture 

Treatment Chemical composition of plantlets (%) 

Cultivar Auxins and activated charcoal 

N P K Total 
carbohydrates 

Total 
protein 

½ MS-medium + 1.0 mg/l IBA. 0.39 0.12 0.59 17.08 2.41 
½ MS-medium + 1.0 mg/l NAA . 0.37 0.11 0.58 16.87 2.29 

½ MS-medium + 0.5 mg/l IBA + 0.5 mg/l 
NAA. 

0.43 0.15 0.65 17.66 2.68 

½ MS-medium + 1 mg/l IBA + 0.5 g/l activated 
charcoal. 

0.41 0.14 0.63 17.45 2.57 

½ MS-medium + 1 mg/l NAA + 0.5 g/l 
activated charcoal. 

0.40 0.13 0.61 17.27 2.53 

Festival 

½ MS-medium + 0.5 mg/l NAA + 0.5 mg/l IBA 
+ 0.5 g/l activated charcoal.   

0.45 0.16 0.69 17.85 2.84 

½ MS-medium + 1.0 mg/l IBA. 0.39 0.13 0.61 17.26 2.47 
½ MS-medium + 1.0 mg/l NAA. 0.38 0.12 0.59 16.19 2.35 
½ MS-medium + 0.5 mg/l IBA + 0.5 mg/l 
NAA. 

0.44 0.15 0.67 17.83 2.74 

½ MS-medium + 1 mg/l IBA + 0.5 g/l activated 
charcoal. 

0.43 0.15 0.63 17.50 2.66 

½ MS-medium + 1 mg/l NAA + 0.5 g/l 
activated charcoal. 

0.42 0.14 0.62 17.37 2.59 

Sweet 
Charlie 

½ MS-medium + 0.5 mg/l ANA + 0.5 mg/l IBA 
+ 0.5 g/l activated charcoal.   

0.44 0.17 0.69 17.95 2.73 

LSD at 0.05 level 0.03 0.01 0.01 0.63 0.16 
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shoots of Sweet Charlie cultivar on the same 
rooting medium recorded the highest value for 
each of phosphorus, potassium and total 
carbohydrates content (%) of the plantlet 
cultured in vitro.  

On the other hand, there is no significant 
differences of potassium content (%) between 
the plantlets of the two tested cultivars under the 
same rooting medium ½ MS-medium + 0.5 mg/l 
NAA+0.5 mg/l IBA+0.5 gm/l activated charcoal. 

Finally, from the previously mentioned 
results, it could be suggested that, the depressive 
or the stimulative effect on the chemical 
composition of strawberry plantlets cultured in 
vitro during rooting stage were differed 
significantly according to the cultivars, the type 
of auxin  and its concentration, as well as the 
dose of activated charcoal in culture medium. 
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 نبيتات الفراولة معمليالوالفحم النباتي النشط على تكوين الجذور  ،اaوكسيناتو ،ةتأثير أصناف الفراول

 ٢محمود عبد العزيز ابراھيم خليل -١ھبة الله محمد محمد أحمد خليل
 ١محمد عراقي الديناري -٢حامد محمد الھادي عريشه 

  مصر- الجيزه- مركز البحوث الزراعية- معھد بحوث البساتين-قسم بحوث البطاطس ومحاصيل الخضر خضرية التكاثر -١

 مصر - جامعة الزقازيق - ة كلية الزراع-قسم البساتين -٢

 إنتاج نلتحسي المحمية والبيوت ا�نسجة زراعة معمل فى ٢٠١٧ حتى ٢٠١٢ عام من الفترة خ�ل الدراسة هھذ جراءإ تم
 العوامل بعض لدراسة وذلك مصر، – الجيزة – بالدقى الزراعية البحوث مركز - البساتين وثحب بمعھد والھجن الرئيسية المحاصيل

 ھذه التجربةالھدف من ، النباتية وا�نسجة الخ�يا زراعة تقنية خ�ل من ا�نسجة مزارع فى الفراولة بناتات أداء تحسين على المؤثرة
ونفثالين حامض  ،ندول حامض البيوتريكإ( ا�وكسينات اثنين من و) وسويت شارلى فيستفال،( الفراولةمن  صنفينتأثير دراسة ھو 

ن أأوضحت النتائج المتحصل عليھا ، ًمعمليا نبيتات الفراولةل )مرحلة التجذير(علي تكوين الجذور   النشطوالفحم النباتى ،)الخليك
 والوزن الطازج ، من الجذر والفرع، وعدد الجذور وا�وراق وسجل أقصي القيم لطول كلًوقار تف كان ا�كثالصنف سويت شارلى

نصف قوة تركيز ن استخدام أوجد من النتائج المتحصل عليھا ، بالمقارنة مع الصنف فيستفال ، لكل نبيتةوالجاف للجذور وا�وراق
كثر المعام�ت أي نشط كانت لتر فحم نبات⁄  جم٠٫٥+البيوتريك ض ندول حامإ لتر ⁄ مجم١٫٠وسكوج المضاف لھا بيئة موراشيج  أم�ح

ًتأثيرا وتفوقا في   ١٫٠+ بيئة موراشيج وسكوج أم�ح   نصف قوة تركيز عليالمحتويةا البيئة والفرع ، بينمطول كل من الجذرزيادة ً
م  لتر نفثالين حامض الخليك سجلت أعلي القي⁄ مجم٠٫٥+ندول حامض البيوتريك  إ لتر⁄ مجم ٠٫٥و أندول حامض البيوتريك إ لتر ⁄مجم

 ١٫٠بيئة موراشيج وسكوج المضاف لھا  أم�حنصف قوة تركيز ن استخدام فإ، ضافة الي ذلكوبا°، لعدد الجذور وا�وراق لكل نبيتة
 وزنقصى القيم  لل أنفإ ذلك ،ع�وة علىو، لجذور كل نبيتة القيم للوزن الطازج والجاف سجلت أقصى  قدمجم نفثالين حامض الخليك

 ⁄ مجم٠٫٥ موراشيج وسكوج المضاف لھا  أم�حبيئةنصف قوة تركيز ستخدام ا كانت ناتجة ب الطازج للتاج وا�وراق لكل نبيتة
بيئة   أم�حنصف قوة تركيزن استخدام فإ ، ومن ناحية أخرى،لتر نفثالين حامض الخليك⁄ مجم٠٫٥+ ندول حامض البيوتريك لترإ

 لتر فحم نباتي نشط كانت ⁄ جم٠٫٥  +لتر نفثالين حامض الخليك⁄  جم٠٫٥+ ندول حامض البيوتريكإلتر ⁄ مجم٠٫٥+سكوج موراشيج و
 )% (والبروتين الكليالبوتاسيوم والكربوھيدرات الكلية ، و والفوسفور،لت أقصي القيم لمحتوى النيتروجينوسج ًأكثر المعام�ت تفوقا

لصنف سويت النموات الخضرية ن نقل أوضحت النتائج المتحصل عليھا أفقد  ،ير معام�ت التفاعلبخصوص تأث، في نبيتات الفراولة
ندول حامض إلتر / مجم١٫٠المضاف لھا  بيئة موراشيج وسكوج  أم�حنصف قوة تركيزشارلي الى بيئة التجذير المحتوية علي 

الوزن الطازج والجاف وعدد ا�وراق، و ، الجذر والساقطول لكل من  نشط سجلت أقصى القيملتر فحم نباتى/ جم٠٫٥+البيوتريك 
نصف قوة  من خ�ل استخدام ً أكثر وضوحاما كان أعلى عدد للجذور لكل نبيتة بين،بيتةوكذلك الوزن الجاف للتاج لكل ن، ل´وراق

لصنف النموات الخضرية  ن زراعةفإ ، علي ذلك وع�وة،ندول حامض البيوتريكلترإ/ مجم١٫٠+بيئة موراشيج وسكوج   أم�حتركيز
لتر / مجم٠٫٥+ندول حامض البيوتريك إ لتر/ مجم٠٫٥بيئة موراشيج وسكوج المضاف لھا أم�ح نصف قوة تركيز فيستفال على 

فإن أقصى  ،ية أخرىحومن نا ، وفاعلية في زيادة الوزن الطازج للجذور لكل نبيتةًثيرامض الخليك كانت أكثر المعام�ت تأنفثالين حا
نصف قوة تركيز ً فى الوزن الطازج لتاج كل نبيتة كان أكثر وضوحا من خ�ل معاملة التفاعل بين نفس الصنف مع استخدام زيادة

 ىئة التجذير المحتوية علن استخدام بيفإ ،وفوق ذلك .نفثالين حامض الخليك لتر/ مجم١٫٠بيئة موراشيج وسكوج المضاف لھا أم�ح 
 ىلت أعللتر فحم نباتي نشط سج/ جم٠٫٥+ندول حامض البيوتريك إلتر / مجم٠٫٥ + وسكوجيجبيئة موراش  أم�حقوة تركيز نصف

لصنف سويت شارلي النموات الخضرية بينما زراعة  ، في نبيتات الصنف فيستفال)%(  والبروتين الكلى،القيم لمحتوى النيتروجين
 في نبيتات الفراولة المزروعة )%(والكربوھيدرات الكلية  ،وم والبوتاسيعلي نفس بيئة التجذير سجلت أقصى زيادة لمحتوى الفوسفور،

 . معمليا

 ــــــــــــــــــــــــ
 :المحكمــــــون

 . المركز القومي للبحوث–أستاذ التكنولوجية الحيوية النباتية المتفرغ   محمد كمال البحـــر.  د-١
 . جامعة الزقازيق– كلية الزراعة – ورئيس قسم المحاصيلأستاذ    عوده عوادحسن. د. أ-٢
 
 


