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Abstract 
The present study is about in vitro culture of cork oak, through callogenesis 
from nodes and internodes, withdrawn from seedlings of three months. These 
latter were obtained after acorns germination on peat. Nodes showed a high 
capacity for callogenesis and the best rate was obtained on a medium con-
taining Woody Plant Medium (WPM) macronutrients, Murashige and Skoog 
(MS) micronutrients and vitamins, 4.5 µM of 6-Benzylaminopurine (BAP), 7 
µM of 2-naphthalineacetic acid (NAA) and 30 g/L of Sucrose. Calluses are 
transplanted onto the same mineral solution, with or without growth regula-
tors, and in the 3rd transplanting; small white embryos appear on the surface 
of calluses. 
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1. Introduction 

Moroccan forests have many advantages related to their impact on the so-
cio-economic balance of the country, their contribution to the development of 
the rural areas and their high biological diversity. They play a major role in 
meeting the country’s wood needs, protecting soil against erosion, preserving 
water, providing population with various renewable natural resources and im-
proving environment conditions. In addition, these forests constitute an irrepla-
ceable reservoir of genes of various plant species of great utility for society. Mo-
rocco has a forest area of nearly 9 million hectares, which represents around 
12.7% of the total area of the country. The area of the natural forest amounts to 
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nearly 5.8 million hectares, while reforestation covers 586,000 ha. These forests 
are also characterized by an important diversity, favored by the varied condi-
tions of relief, geology and climate of the country. Thus, there are no less than 
270 woody plants, including 68 forest species, 16 main and 52 subordinate. 
Moreover, 19 regions of forests have been delimited [1] [2] [3] [4]. 

Actually, a considerable success has been achieved in the production of plants 
from calli cultures, for some Angiosperm species [5]. Such a culture can be in-
itiated from any explants capable of dividing on an appropriate nutrient medium 
and under aseptic conditions [6] [7] [8] [9]. 

For the cork oak (Quercus suber), very few studies have been established; the 
first experiments date backs to Jacquiot [10] who succeeded in obtaining calluses 
by in vitro culture of the cambial tissue, but without regenerating complete plant 
organs. 

Calluses may be an intermediate stage in the formation of somatic embryos of 
Quercus suber. Thus, El Maataoui and Espagnac [11], Feraud-Keller et al. [12] 
and El Maataoui et al. [13] were able to obtain somatic embryos from the callus-
es induced on internodes of cork oak. Thereby, we have oriented our research on 
the callogenesis of the nodes of Quercus suber. 

Actually, the proliferation of explants nodes depends essentially on the nutri-
tive factors and growth regulators present in the culture medium. In addition, 
positions of the fragments and exposure to light have an influence on callogene-
sis during culture. Moreover, successive subcultures of the calluses were carried 
out in order to obtain somatic embryos. 

2. Material and Methods 
2.1. Plant Material 

Calluses are obtained from explants cultured on a suitable medium. For this 
purpose, we tried to optimize callogenesis of cork oak by using as starting ma-
terial nodes and internodes (1 to 1.5 cm in length) taken from 3-month-old 
seedlings obtained from acorn germination on the peat. 

2.2. Sterilization of Nodes and Internodes 

The seedlings are washed with running water to remove any trace of pesticides. 
After several attempts to sterilize the nodes and internodes of the cork oak, we 
adopted the sterilization protocol with a 7% (w/v) filtered solution of calcium 
hypochlorite (Ca(OCl)2) of about 120˚, containing few drops of Tween 80 for 20 
min, then with a 0.1% (w/v) solution of mercuric chloride (HgCl2) for 2 min. 
Finally, HgCl2 is removed by 4 successive rinses of 5, 5, 10 and 15 minutes in ste-
rile distilled water. 

2.3. Calluses Induction 
2.3.1. From Nodes 

1) Effect of Mineral Solution 
In order to stimulate callus formation from the nodes, these latter were cul-

1802 



M. L. El Kbiach et al. 
 

tured on several solutions of macronutrients, different in composition and espe-
cially in the concentration of these nutrients. The macronutrients tested are 
those of Woody Plant Medium (WPM) [14], Murashige and Skoog (MS) [15], 
and Schenk and Hildebrandt (SH) [16], to which we added MS micronutrients 
and vitamins. These mediums are supplemented with myo-inositol and sucrose 
(100 mg/L and 30 g/L, respectively). BAP is used at 4.5 μM and NAA at 7 μM. 

2) Modifications Made in WPM Medium 
These changes concern: 
- Sucrose, replaced by as much (30 g/L) glucose; 
- The addition to the base medium of organic nitrogen through glutamine, at 

different concentrations (0.5 and 1 g/L); 
- The amine complex, casein hydrolyzate, tested at 0.5 and 1 g/L. 
The effect of darkness was also studied. Other changes were also taken into 

account. Thus, the nodes were cultured horizontally and vertically on the base 
medium to see the influence of explant’s position on callogenesis. 

3) Growth Regulators Effect 
In order to develop the appropriate medium for the formation of calluses 

from the nodes, it has proved necessary to test several hormonal combinations. 
Thus, different cytokinins (6-Benzylaminopurine; BAP, Kinetin and Zeatin), 
Adenine and compounds derived from phenylurea (Diphenylurea; DPU and 
Thidiazuron; TDZ) were used alone or in combination with auxins (2-naphtha- 
lineacetic acid; NAA, Indole-3-butyric acid; IBA and Indole-3-acetic acid; IAA). 
The Gibberellic acid (GA3) combined with BAP was also tested. 

2.3.2. From Internodes 
Internodes of 1 to 1.5 cm in length, excised from seedlings of 3 months and ste-
rilized by the same protocol used for the nodes, were cultured horizontally and 
vertically, on the same base medium used for the nodes. 

2.4. Calluses Transplanting 

Successive subcultures (every two weeks) were done on the base medium to 
monitor calluses evolution over time. Other subcultures were also carried out on 
the base medium: 

- Devoid of any growth substance and exposed to light (16-hour photoperiod 
at 60 μmol∙m−2∙s−1 provided by fluorescent lights, cold and white); 

- Free from growth regulators and placed in the dark; 
- Added with 2,4-Dichlorophenoxyacetic acid (2,4-D) at different concentra-

tions (between 2.3 and 22.6 μM) and exposed to light (16-hour photoperiod at 
60 μmol∙m−2∙s−1 provided by fluorescent lights, cold and white); 

- Supplemented with BAP (2.2; 4.5; 9; 22.5 and 45 μM) and exposed to light 
(16-hour photoperiod at 60 μmol∙m−2∙s−1 provided by fluorescent lights, cold and 
white). 

2.5. Measurement of Calluses Growth 

The growth of calluses neoformed from the nodes was evaluated primarily based 
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on the weight of fresh material. 

2.5.1. Weighing Method 
The purpose of this operation is to determine the weights of fresh material of 
calluses during their growth. The method includes some measurements: 

- A set of calluses is taken out of flasks, carefully separated from the agar, 
wiped lightly and then placed on a sheet of aluminum previously weighed. The 
whole is weighed (weight of fresh starting material) and calluses are transplanted 
onto a new medium; 

- Every two weeks, calluses are again weighed to establish the evolution of 
their weight of fresh matter. 

2.5.2. Growth Index 
Growth index (1) is the ratio: 

final fresh material initial fresh material
initial fresh material

GI −
=          (1) 

This growth index corresponds to Klein’s “growth increment” [17], with the 
difference that he estimated it as a percentage. 

2.6. Statistical Analysis 

For all these tests, 30 explants were used for each experiment. The experiments 
were repeated 3 times. One and two-way analysis of variance (ANOVA) was car-
ried out to determine differences between each treatments. Multiple compari-
sons were made using Tukey post-hoc test (p ≤ 0.05). 

3. Results 
3.1. Calluses Induction 
3.1.1. Macronutrients Effect 
Fragments of nodes that length is 1 to 1.5 cm, taken from cork oak seedlings 
were cultured vertically, half-embedded on agar media. We compared the action 
of three mineral solutions commonly used in the laboratory for plant tissues 
culture. These are the macronutrients of MS, SH and WPM supplemented with 7 
μM NAA combined with 4.5 μM BAP. To these media, 30 g/L of sucrose is add-
ed as an energy source. The results are shown in Table 1. 

After 10 days of culture, blisters packed against each other appear around the 
petiole covering the axillary bud. These blisters then extend to the apical and 
lateral surfaces of the explants, which are situated outside the medium. They 
evolve to produce a soft whitish callus that gradually covers the entire surface of 
the explants. After 3 weeks, the callus is whitish, with little chlorophyll, compact 
and friable. 

Callogenesis depends on the mineral solution used. Thus, we recorded a 
maximum number of callogenous explants on the WPM macronutrients solu-
tion (90%). Calluses obtained are well developed, with a diameter of 0.7 to 1.1 
cm. On MS and SH macronutrients, the percentage of callogenesis is low (22.2  

1804 



M. L. El Kbiach et al. 
 

Table 1. Effect of mineral solution on the formation of calluses, obtained from nodes of 
cork oak seedlings, after one month of growth in the presence of BAP at 4.5 µM and NAA 
at 7 µM. 

Mineral 
solution 

% of explants 
without reaction 

% of callogenous 
explants 

Comments on the development of calluses 

SH 40.0b 26.7a 
Green callus, compact, friable and not very  

developed (0.4 - 0.5 cm) 

MS 50.0b 22.2a 
White callus, compact, hard and undeveloped 

(0.3 - 0.5 cm) 

WPM 3.3a 90.0b 
Green white callus, compact, friable and well 

developed (0.7 - 1.1 cm) 

Values in the same column that are followed by the common letter do not differ significantly from each 
other according to the Tukey post-hoc multiple range test (p ≤ 0.05). 

 
and 26.7% respectively) and the callus is poorly developed (maximum diameter 
0.5 cm). We therefore retained the WPM macronutrients for subsequent expe-
riments. 

3.1.2. Glucose Effect 
Substitution of sucrose with the same amount of glucose (30 g/L) decreases the 
percentage of callogenesis (53.3%). The neoformed callus is always whitish, 
compact, friable and moderately developed (diameter is between 0.4 and 0.7 cm) 
(Table 2). 

3.1.3. Glutamine Effect 
Glutamine at different concentrations (0 - 0.5 and 1 g/L) was tested on callus 
formation (Table 3). 

The increase in glutamine content reduces considerably nodes callogenesis 
(16.7% to 1 g/L). The toxic effects of high levels of glutamine are manifested by 
total tissue necrosis, accompanied by growth stopping after 30 days of culture. 
The formed calluses are compact, friable and poorly developed. 

3.1.4. Effect of Casein Hydrolyzate 
The influence of casein hydrolyzate content on the callogenesis of the nodes is 
reported in Table 4. 

The presence of casein hydrolyzate in the culture medium is unfavorable to 
callogenesis (13.3% at 0.5 g/L and 10% at 1 g/L). Neoformed calluses in the 
presence of casein hydrolyzate are always compact, friable and very poorly de-
veloped (0.2 to 0.5 cm in diameter). From the second week of culture, a necrotic 
aspect of callus appears and is accentuated after 20 days of culture. Thus, casein 
hydrolyzate has a toxic effect on the callogenesis of cork oak nodes. 

3.1.5. Darkness Effect 
In the same medium as previously, nodes exposed to light (16-hour photope-
riod) showed high callogenesis (90%) compared to those exposed to darkness 
(36.7%) (Table 5), in addition, calluses formed in the dark are generally compact 
and friable, but not very developed (0.2 - 0.3 cm in diameter) compared to those  
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Table 2. Effect of 30 g/L of glucose on the formation of callus from cork oak seedlings 
nodes, after one month of growth, on WPM medium added with 4.5 µM of BAP and 7 
µM of NAA. 

Sugar 
% of explants 

without reaction 
% of callogenous 

explants 
Comments on the development of calluses 

Glucose 30.1b 53.3a 
White callus, compact, friable and moderately 

developed (0.4 - 0.7 cm) 

Sucrose 3.3a 90.0b 
Green white callus, compact, friable and well 

developed (0.7 - 1.1 cm) 

Values in the same column that are followed by the common letter do not differ significantly from each 
other according to the Tukey post-hoc multiple range test (p ≤ 0.05). 

 
Table 3. Effect of glutamine on callus formation from cork oak seedlings nodes, after one 
month of growth on WPM medium, added with 4.5 µM of BAP and 7 µM of NAA. 

Concentration 
(g/l) 

% of explants 
without reaction 

% of callogenous 
explants 

Comments on the development of calluses 

0 3.3a 90.0c 
Green white callus, compact, friable and well 

developed (0.7 - 1.1 cm) 

0.5 30.0b 53.3b 
Brown callus, compact, friable and poorly 

developed (0.3 - 0.5 cm) 

1 73.3c 16.7a 
Brown callus, compact, friable and poorly 

developed (0.3 - 0.4 cm) 

Values in the same column that are followed by the common letter do not differ significantly from each 
other according to the Tukey post-hoc multiple range test (p ≤ 0.05). 

 
Table 4. Effect of casein hydrolyzate on callus formation from cork oak seedlings nodes, 
after one month of growth in WPM medium, added with 4.5 µM of BAP and 7 µM of 
NAA. 

Concentration 
(g/l) 

% of explants 
without reaction 

% of callogenous 
explants 

Comments on the development of calluses 

0 5.2a 86.5b 
Green white callus, compact, friable and well 

developed (0.7 - 1 cm) 

0.5 60.0b 13.3a 
Brown callus, compact, friable and poorly 

developed (0.4 - 0.5 cm) 

1 59.0b 10.0a 
Brown callus, compact, friable and poorly 

developed (0.2 - 0.3 cm) 

Values in the same column that are followed by the common letter do not differ significantly from each 
other according to the Tukey post-hoc multiple range test (p ≤ 0.05). 

 
Table 5. Effect of darkness on callus formation from cork oak seedlings nodes, after one 
month of growth on WPM medium, added with 4.5 µM of BAP and 7 µM of NAA. 

Condition 
% of explants 

without reaction 
% of callogenous 

explants 
Comments on the development of calluses 

Light 3.3a 90.0b 
Green white callus, compact, friable and well 

developed (0.7 - 1.1 cm; 0.31 g) 

Darkness 63.3b 36.7a 
Brown callus, compact, friable and poorly 

developed (0.2 - 0.3 cm; 0.12 g) 

Values in the same column that are followed by the common letter do not differ significantly from each 
other according to the Tukey post-hoc multiple range test (p ≤ 0.05). 
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exposed to a 16-hour photoperiod. 
After two weeks, calluses growing in the dark brown and their growth stops. 

Their weight of fresh material is low (0.12 g) compared to that obtained with 
light (0.31 g). 

3.1.6. Effect of Growth Regulators 
1) Cytokinins 
A series of preliminary experiments were undertaken to establish the in vitro 

culture of cork oak explants, in the presence of various doses of cytokinins (BAP, 
Kinetin and Zeatin), Adenine and compounds with the same activity of cytoki-
nins (DPU and TDZ). The essential purpose of these experiments was to observe 
the effect of every growth regulator on the formation of a primal callus. The re-
sults are reported in Table 6. 

The tissue responses to BAP, Kinetin and DPU were identical. The presence of 
these substances does not promote callogenesis; the percentage of explants 
forming callus is zero. 

Zeatin induces callus formation regardless of the concentration used. The 
maximum of callogenesis is observed at 2 μM (74%) and the minimum at 4.5 µM 
(41%). The callus is generally white, compact, hard and undeveloped. 

After a week of growth in the presence of Adenine, blisters packed against 
each other appear around the petiole surrounding the axillary bud. Then, they 
evolve to produce a chlorophyll callus. Callogenesis is significant at 2 μM (80%) 
and tends to decrease with concentration. The calluses are not very developed, 
green, compact and hard. 

In the presence of thidiazuron, the percentage of callogenesis is important and 
increases with the concentration (maximum of 91% at 7 μM). The callus is 
green, compact and not very developed. 

2) BAP Combined to Auxins and GA3 
Following studies carried out by Das et al. [18], Skoog and Miller [19], Letham 

[20] and Heller [21], we still admit that cytokinins act synergistically with auxins 
to induce cell division and allow the proliferation of plant tissues cultured in vi-
tro. The behavior of these tissues varies according to the combinations of growth 
regulators used. 

For this reason, we have combined BAP (4.5 μM) with different doses of aux-
ins (NAA, IBA or IAA) or GA3. Callogenesis induced by the nodes was evaluated 
after 30 days of culture (Table 7). 

The NAA clearly favors callogenesis, with a maximum of 93% at 7 μM. Cal-
luses are vigorous, white, compact and friable. Diameter can reach 1.1 cm 
(Figure 1(a) and Figure 1(b)). 

IBA induces callogenesis, with a maximum of 78% at 5 μM. Calluses are white, 
compact and friable (Figure 1(c)). Actually, the addition of IBA didn’t really ex-
alt proliferation since calluses diameters remain low compared to those obtained 
in the presence of NAA. 

Important percentages of callogenesis were recorded for all IAA concentra-
tions (Figure 1(d)). The neoformed calluses are of medium size (diameter from  
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Table 6. Effect of three cytokinins, adenine and two compounds derived from phenylurea 
(DPU and TDZ), on callus formation from cork oak nodes, after 4 weeks of growth in 
WPM medium. 

Growth 
regulators (µM) 

% of explants 
without reaction 

% of callogenous 
explants 

Comments on calluses development 

BAP 

2 54.5bc 0a — 

4 38.2b 0a — 

4.5 13.9a 0a — 

7 42.9b 0a — 

Kinetin 

2 72.7d 0a — 

4 64.7c 0a — 

4.5 63.6c 0a — 

7 76.5d 0a — 

Zeatin 

2 0a 74.2d 
White callus, compact, hard and poorly 

developed (0.2 - 0.3 cm) 

4 0a 67.7cd 
White callus, compact, hard and poorly 

developed (0.3 - 0.4 cm) 

4.5 0a 41.2b 
White callus, compact, hard and poorly 

developed (0.2 - 0.4 cm) 

7 8.3a 54.2c 
White callus, compact, hard and poorly 

developed (0.2 - 0.3 cm) 

Adenine 

2 0a 80.0d 
Green callus, compact, hard and poorly 

developed (0.2 - 0.3 cm) 

4 4.4a 78.9d 
Green callus, compact, hard and poorly 

developed (0.2 - 0.3 cm) 

4.5 12.8a 71.6cd 
Green callus, compact, hard and poorly 

developed (0.3 - 0.4 cm) 

7 19.8ab 65.7cd 
Green callus, compact, hard and poorly 

developed (0.2 - 0.3 cm) 

DPU 

2 90.0e 0a — 

4 93.3e 0a — 

4.5 93.3e 0a — 

7 96.6e 0a — 

TDZ 

2 10.0a 63.3cd 
Green callus, compact, hard and poorly 

developed (0.3 - 0.4 cm) 

4 17.3ab 66.0cd 
Green callus, compact, hard and poorly 

developed (0.2 - 0.3 cm) 

4.5 16.9ab 73.1d 
Green callus, compact, hard and poorly 

developed (0.3 - 0.4 cm) 

7 0.9a 91.4e 
Green callus, compact, hard and poorly 

developed (0.2 - 0.4 cm) 

Values in the same column that are followed by the common letter do not differ significantly from each 
other according to the Tukey post-hoc multiple range test (p ≤ 0.05). 
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Table 7. Effect of BAP (4.5 µM), combined with 3 auxins (NAA, IBA or IAA) and with 
GA3 in different concentrations, on callus formation from cork oak nodes, after 4 weeks 
of growth on WPM medium. 

Growth 
regulators (µM) 

% of explants 
without reaction 

% of callogenous 
explants 

Comments on calluses development 

Blank 0 13.9a 0a — 

NAA 

0.5 0a 40.0b 
White callus, compact, hard and undeveloped 

(0.2 - 0.4 cm; 0.14 g) 

2.5 3.3a 60.0c 
White callus, compact, friable and moderate-

ly developed (0.7 - 0.8 cm; 0.16 g) 

5 0a 86.7e 
White callus, compact, friable and well 

developed (0.9 - 1.0 cm; 0.19 g) 

7 0a 93.3e 
White callus, compact, friable and well 

developed (0.9 - 1.1 cm; 0.34 g) 

IBA 

0.5 0a 46.7b 
White callus, compact, hard and undeveloped 

(0.2 - 0.3 cm; 0.12 g) 

2.5 23.3ab 46.7b 
White callus, compact, hard and undeveloped 

(0.2 - 0.4 cm; 0.14 g) 

5 11.0a 77.9d 
White callus, compact, friable and moderate-

ly developed (0.5 - 0.6 cm; 0.16 g) 

7 19.5ab 69.4cd 
White callus, compact, friable and moderate-

ly developed (0.4 - 0.6 cm; 0.18 g) 

IAA 

0.5 1.2a 65.5c 
White callus, compact, friable and moderate-

ly developed (0.4 - 0.6 cm; 0.15 g) 

2,5 10.0a 66.7c 
White callus, compact, friable and moderate-

ly developed (0.5 - 0.7 cm; 0.17 g) 

5 11.7a 65.0c 
White callus, compact, friable and moderate-

ly developed (0.5 - 0.7 cm; 0.18 g) 

7 28.0ab 61.7c 
White callus, compact, friable and moderate-

ly developed (0.5 - 0.6 cm; 0.16 g) 

GA3 

0.29 38.7b 0a — 

1.44 46.7bc 0a — 

2.89 53.3c 0a — 

Values in the same column that are followed by the common letter do not differ significantly from each 
other according to the Tukey post-hoc multiple range test (p ≤ 0.05). 

 
0.4 to 0.7 cm), white, compact and friable. 

The cytokinin incorporated in WPM medium, alone or in combination with 
GA3, doesn’t induce cork oak nodes proliferation, which has prompted us to 
stop experiments with gibberellic acid. 

From these results, it can be concluded that BAP alone has a clearly inhibiting 
effect on the induction of callus. However, associated with auxins, cytokinin 
further enhances the stimulatory effect of auxins on callogenesis. 

3.1.7. Effect of the Nature of Explant 
Inter-nodes and nodes fragments were cultured horizontally and vertically on 
WPM medium supplemented with 4.5 μM of BAP combined with 7 μM of NAA. 
The results are summarized in Table 8. 
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Figure 1. Callogenesis of nodes obtained from young seedlings of the cork oak (a); (b) 
Callus after 30 days of culture of the nodes on WPM medium supplemented with 4.5 μM 
of the BAP and 7 μM of NAA; (c) Callus after 30 days of culture of the nodes on WPM 
medium supplemented with 4.5 μM of BAP and 5 μM of IBA. It develops around the 
axillary bud (arrow); (d) Callus after 30 days of culture of the nodes on WPM medium 
supplemented with 4.5 μM of BAP and 2.5 μM of IAA; (e) Callus after 30 days of hori-
zontal culture of the internodes on WPM medium supplemented with 4.5 μM of BAP and 
7 μM of NAA; (f); (g) Callus obtained from the nodes, after 2 successive subcultures on 
WPM medium supplemented with 4.5 μM of BAP and 7 μM of NAA; (h) Callus obtained 
from the nodes, after 3 successive subcultures on WPM medium supplemented with 4.5 
μM of BAP. 
 

The horizontal culture of the nodes decreases the percentage of callogenesis 
from 90% (vertical culture) to 76.6%. Similarly, calluses are less developed in ho-
rizontal culture and their diameter varies between 0.4 and 0.8 cm. These calluses 
are always white, compact and friable, they develop only on the upper surface of 
the explant (which is not in contact with the medium). As a result, we retained 
the vertical culture for subsequent experiments. 

For the internodes, a slight swelling is observed from the second week of cul- 
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Table 8. Effect of the nature of the explant and position (horizontal H and vertical V) on 
callus formation for cork oak, after one month of growth on WPM medium supple-
mented with 4.5 µM of BAP and 7 µM of NAA. 

Nature of the 
explant 

Position 
% of explants 

without 

reaction 

% of  
callogenous 

explants 
Comments on calluses development 

Nodes H 18.1b 76.6a 
White callus, compact, friable and mod-
erately developed (0.4 - 0.8 cm; 0.13 g) 

Nodes V 3.3a 90.0b 
Green white callus, compact, friable and 

well developed (0.7 - 1.1 cm; 0.30 g) 

Internodes H 20.0b 80.0a 
Green white callus, compact, friable and 

moderately developed (0.5 - 0.7 cm; 0.06 g) 

Internodes V 22.6b 77.4a 
Green white callus, compact, friable and 

moderately developed (0.4 - 0.8 cm; 0.08 g) 

Values in the same column that are followed by the common letter do not differ significantly from each 
other according to the Tukey post-hoc multiple range test (p ≤ 0.05). 

 
ture, affecting the end situated outside the medium. After 4 weeks, small pus-
tules appear at the base of the explants and then fuse to form an hemispherical 
callus, hilly and friable; This latter progressively covers the entire surface of the 
explants. 

After 6 weeks of culture, callus is chlorophyllian and preserves its appearance 
and consistency. 

After passage on a new medium containing 4.5 μM of BAP combined with 7 
μM of NAA, some cells undergo a loss of chlorophyll. The calluses brown and 
their growth are totally inhibited after 8 weeks of culture. 

Nevertheless, we observed that the primary calluses of the internodes can give 
rise, after three monthly subcultures to a medium without growth regulators, to 
small white somatic embryos developing on the surface of the calluses. 

The percentage of callogenesis is important in both horizontal and vertical 
culture (80% and 77.4%, respectively) (Figure 1(e)). Generally, calluses have a 
diameter ranging from 0.5 to 0.7 cm (Table 8). 

Furthermore, although the percentage of callogenesis in the internodes is 
large, the proliferation remains limited since the average weight of fresh matter 
expressed in g per fragment is low (0.06 g in horizontal culture and 0.08 g in ver-
tical culture) compared to that obtained in the nodes (0.13 g in horizontal cul-
ture and 0.30 g in vertical culture). 

Similar results were obtained for horizontal or vertical culture of nodes and 
internodes on medium of MS medium supplemented with 20 g/L of glucose, 10 
μM of IBA and 8.88 μM of BAP, which turns out to be toxic to callogenesis 
(Table 9). The percentage of callogenesis is low or zero. 

We retained the combination of 4.5 μM of BAP and 7 μM of NAA, on which 
we replanted calluses (Figure 1(f) and Figure 1(g)). 

Growth follow-up is shown in Figure 2. Calluses growth is slow and stops af-
ter 13 days. Beyond that, it is useless to continue culturing. 
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Figure 2. Time-dependent variation in growth index (GI) of fresh and dry 
matter of cork oak callus after transplanting on WPM medium supple-
mented with 4.5 μM of BAP and 7 μM of NAA. 

 
Table 9. Effect of MS medium added with 2% of glucose, 2 mg/L of IBA and 2 mg/L of 
BAP, on the formation of callus from cork oak seedlings nodes and internodes, after one 
month of horizontal culture. 

Nature of the 
explant 

% of explants 
without reaction 

% of callogenous 
explants 

Comments on the development of calluses 

Nodes 90.0a 10.0a 
Green, compact, hard and undeveloped callus 

(0.2 - 0.3 cm) 

Internodes 100a 0a — 

Values in the same column that are followed by the common letter do not differ significantly from each 
other according to the Tukey post-hoc multiple range test (p ≤ 0.05). 

3.2. Calluses Transplanting 

Calluses transplanting was performed in different concentrations of BAP (2.2; 
4.5; 9; 22.5 and 45 μM) or 2,4-D (2.3; 4.5; 9 and 22.6 μM). 

After 6 weeks of culture in the presence of BAP, results of the preliminary 
tests relating to the induction of caulogenesis highlight the total absence of bud-
ding from calluses nodes of cork oak (Figure 1(h)). Chlorophyll appears on cal-
luses after 3 weeks of culture. These proliferating calluses are mainly embryo-
genic calluses. Thus, we recorded the neoformation of somatic embryos of re-
duced size on the surface of calluses. These somatic embryos are white and easily 
detach from the callus of origin. 

Gradually as the BAP concentration increases, the average weight of the fresh 
material expressed in g per explant decreases (Figure 3). 

Similarly, in the presence of 2,4-D in the culture medium, calluses are always 
embryogenic and of white color. Necrosis appears as early as the fourth week of 
culture. The average weight of fresh material expressed in g per explant is rela-
tively higher than that obtained in the presence of BAP and increases with in-
creasing concentrations of the auxin (Figure 4). 

Transplanted to light on a medium without growth regulators, calluses retain 
their white and embryogenic appearance. However, at the next subculture on 
growth-free medium and in the dark, the average weight of fresh material de-
creases from 1.43 g to 1.14 g and the callus browns immediately after the second  
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Figure 3. Fresh material weight change according to BAP concentration, for 
cork oak callus. 

 

 
Figure 4. Fresh material weight change according to 2,4-D concentration, 
for cork oak callus. 

 
week of culture. 

A third transplant on a medium containing 4.5 μM of BAP and 7 μM of NAA 
and in light doesn’t give satisfactory results. 15 days after transplanting of the 
tertiary calluses, their growth stops and there is no need to extend cultures 
(Figure 5). 

4. Discussion 

In our preliminary experiments on the induction of callogenesis from the nodes, 
we tested three solutions of macronutrients, different in composition and in 
concentrations, namely MS, SH and WPM. After four weeks of culture, WPM 
solution proved to be the most suitable. The high levels of nitrogen ammonia 
exert an inhibitory action on the formation of calluses, what coincides with the 
results recorded by Flick et al. [22] and Aboel-Nil [23], for whom high concen-
trations of 4NH+  reduce cell proliferation in some cultures. 

The substitution of sucrose by glucose was unfavorable to nodes callogenesis, 
whereas the latter sugar was successfully used for the induction of calluses on 
internodes of cork oak [11] [12] [13]. 

The addition of glutamine or casein hydrolyzate weakens callogenesis. How- 
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Figure 5. Time-dependent variation in growth index (GI) of fresh and dry 
matter of cork oak callus after the transplanting on WPM medium supple-
mented with 4.5 μM of BAP and 7 μM of NAA. 

 
ever, two weeks after they were cultured in the presence of 1 g/L of casein hy-
drolyzate, all inter-node fragments began to emit more or less voluminous whi-
tish calluses. They first appear at both ends of the fragments before emerging 
from the lenticels and covering all the explants. Detached from the internodes 
that spawned them, and regularly transplanted on a fresh medium, these calluses 
continue to proliferate, take a granular appearance with chlorophyll [11] [12]. 

This type of response has also been obtained in cork oak by culture of cambial 
tissues [10] [24] and in green oak (Quercus ilex L.) from foliar tissues [25]. 

Similarly, from leaves of 6 mm diameter excised from young seedlings of 
Quercus rubra (6 to 8 weeks after germination), a callogenesis was obtained on 
mineral medium Gamborg (B5) [26] supplemented with 0.5 g/L of casein hy-
drolyzate, 30 g/L of sucrose, 9 μM of 2,4-D and 0.9 μM of BAP or 26.7 μM of 
NAA and 4.5 μM of BAP [27]. Pinto et al. [28] observed callogenesis in 2- 
month-old leaves from Quercus suber cuttings grown in the dark on MS me-
dium, supplemented with 4.5 μM of 2,4-D and 0.04 μM of BAP or 9 μM of 2,4-D 
and 2.0 μM of BAP. Loureiro et al. [29] obtained important embryogenic callus 
formations on leaves from Quercus suber cuttings. The medium used is that of 
MS in the presence of 2,4-D (4.5 μM) and zeatin (9 μM). In our case, the combi-
nation zeatin/2,4-D doesn’t favor callogenesis. 

The induction of callogenesis is better when the explants are exposed to light. 
In the dark, the majority of newly formed calluses turn brown, their growth 
stops and they become necrotic. These observations are similar to those of El 
Maataoui et al. [13]. 

However, calluses were obtained from Quercus glauca leaves segments grown 
in the dark on half-diluted MS medium and supplemented with 10.7 μM of NAA 
and 0.44 μM of BAP. These calluses, detached from the segments that spawned 
them, were able to be transplanted monthly on the same medium, in the dark 
and for 6 months [30]. Similarly, Krajci and Gross [31] obtained calluses after 
culturing Quercus robur stem segments excised from 1 to 3 month old seedlings 
on a solid medium of Linsmaier and Skoog (LS) [32] in the dark and at 25 ˚C. 
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These calluses were then studied for their tannins content. 
The culture of the nodes and inter-nodes on MS medium supplemented with 

20 g/L of glucose, 10 μM of IBA and 8.88 μM of BAP proves to be toxic under 
our experimental conditions. However, satisfactory results have been recorded 
by our predecessors for Quercus suber internodes culture on the same nutrient 
medium [11] [12] [13]. 

BAP alone at the concentrations used doesn’t promote the formation of cal-
luses. However, it allowed significant callogenesis rates from Quercus robur 
nodes, especially at 1 μM (91.6%), with compact and nodular calluses [33]. 

It should be noted that this is the first time that we obtain calluses from 
Quercus suber nodes in the presence of thidiazuron [34]. 

Among the auxins tested in combination with BAP, NAA gives the best per-
centages of callogenesis (87% and 93% at 5 and 7 μM). NAA/BAP combination 
is commonly used for callus induction. Thus, in Quercus rubra, Seckinger et al. 
[35] [36] obtained a dense, yellow-white, nodular callus developing at the peri-
phery of the stem segments grown for one month on a modified MS medium 
containing these two growth regulators. 

According to Cuenca et al. [37], Quercus robur internodes were grown in the 
dark on MS medium supplemented with casein hydrolyzate (0.5 g/L), sucrose 
(30 g/L), BAP (2.2; 4.5 and 8.9 μM) and NAA or IBA (1; 2 and 4 mg/L). After 
two weeks of culture, 90% to 100% of the explants have become callogenous, es-
pecially in the presence of NAA. Chlorophyll appears on the white calluses after 
transfer to the light. 

Successive subcultures (three subcultures) on the same base medium without 
growth regulators or containing different concentrations of BAP or 2,4-D, made 
it possible to obtain, on the surface of the calluses, structures reminiscent of so-
matic embryos. These latter are small in size and have a white appearance. 

In our experiments, obtaining somatic embryos indirectly (a phenomenon 
necessitating establishing callus beforehand) is somewhat random (7% of cases). 
Moreover, El Maataoui and Espagnac [11] noted in a small number of cases 
(about 3%), after 5 to 7 weeks of culture without transplanting, the appearance 
on calluses surface, of small blisters peeling off with ease. Most of them evolve 
rapidly into small nodules, first spherical and then taking an elongated form and 
differentiating, on one end, a root apex and, on the opposite end, two elements 
reminiscent of the cotyledons of a young seedling. 

Similarly, in the Green Oak, the first calluses appear after 4 days. After 7 
months of culture without any transplanting, individual small spherical protu-
berances appear on the surface of the calluses. These primary nodules are trans-
planted separately. Exposed to light, they proliferate in calluses with chlorophyll 
and without any organogenesis. Some (3%) of those cultured in the dark pro-
duce new protuberances or secondary nodules, that transplanted in both light 
and dark produce somatic embryos [12]. 

Previously, Seckinger et al. [35] observed small nodules on the periphery of 
calluses produced by internodes of young Quercus rubra plants, which they de-
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scribed as organoids. But these formations, entirely parenchymatous, had no 
meristematic zone and showed no further development. 

In 1994, Rancillac et al. [27] observed the formation of somatic embryos after 
6 to 8 weeks on calluses from leaf discs, from 3 to 6 weeks old and 10 years old 
Quercus rubra. The embryos have cotyledons and a functional root pole; contra-
riwise, the caulinary pole is devoid of meristem. 

Regular transplanting of calluses has an inhibiting role in the establishment of 
somatic embryogenesis. We can think that the fragmentation practiced at the 
time of the transplantation restarts the proliferation and thus prevents the callus 
from morphogenesis [12]. 

5. Conclusions 

Although some studies have shown the possibility of obtaining calluses from 
various explants of cork oak (inter-nodes, leaves, zygotic embryos, etc.), this is 
the first time, at least to our knowledge, that true cell proliferations are obtained 
from the nodes. 

We have investigated the conditions for node callogenesis and it has been 
found that the WPM macronutrients are the most suitable. The choice of the 
nature of the carbon source is a determining factor in the formation of calluses. 
In fact, the substitution of sucrose by glucose decreases the rate of callogenesis. 

We have also observed that glutamine and casein hydrolyzate have markedly 
inhibitory effects on the formation of calluses from the nodes of Quercus suber 
grown in vitro. Similarly, culturing nodes in dark was unfavorable both in terms 
of callogenesis rate and the appearance and size of neoformed calluses. This dark 
is also inappropriate to the transplants of calluses. 

In addition, we have shown by studying the effect of the positioning of the ex-
plants that the vertical culture of the nodes gives the best percentage of calloge-
nesis. Similarly, the choice of the nature of the explant is an important factor: 
cork oak nodes are more able to form well-developed calluses than inter-nodes. 

We have also shown that significant cell proliferation in cork oak requires the 
use of powerful synthetic auxins and that BAP seems often act in synergy with 
NAA to stimulate callogenesis. Thus, the NAA/BAP selected during callogenesis 
phase is 7 μM NAA and 4.5 μM BAP. 

Successive subcultures of the calluses favor the formation, on their surface, of 
small, white somatic embryos. These formations appear both in the presence and 
absence of growth substances. 

We also induced callogenesis on the embryonic axis. Thus, adding NAA to the 
culture medium containing BAP (0.44 μM) blocks the growth of stem and roots, 
promotes the formation of a white callus and sometimes the formation of several 
lateral roots around the main root. 
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