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An experiment was conducted to study the effect of the fruit shelf-life and the
concentrations of carbon source on somatic embryogenesis via callogenesis of Hevea
brasiliensis. Fruits harvested were stored at 15°C during 1, 5, 7, 12 and 15 days and the
inner integuments obtained from seed were used as explants. The experiments were
performed under carbon source treatments with three concentrations for glucose and five
concentrations for sucrose. Under these conditions, the percentage of explants forming
calli was better during the first week of fruit preservation regardless of the carbon source
but at high concentration. However, beyond 7 days of fruits shelf-life, sucrose is best to
induce callus unlike glucose but with high concentration. The best rate of embryogenic
calli was also obtained with sucrose. The percentages of callogenic explants and
embryogenic calli have decreased sharply with the shelf-life of fruitat 15°C. So, to
maintain an embryogenic potential of explants in situations of long-term conservation of
fruits, sucrose can be used at 234 mM of concentration or default at 111 mM sucrose.
These sucrose concentrations are conducive to induce embryogenic calli with explants
coming to rubber fruits after a long time of preservation.
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Introduction

Hevea brasiliensis Muell. Arg., the
principal source of natural rubber, is an
open pollinated crop belonging to the
Family Euphorbiaceae. It is intensively
cultivated in South East Asia. The main
producers of natural rubber in the world
are Thailand, Indonesia, Malaysia, India,
Vietnam, China, Ivory Coast and Sri Lanka,
in descending order of production
(Anonymous, 1981; 2007). Cote d'Ivoire has
produced 165,000 t of natural rubber in
2005 and is the first African producer of
natural rubber and seventh worldwide
(Apromac, 2005). The milky liquid (latex)
that oozes from any wound to the tree bark
contains about 30 percent rubber. The
higher strength, low heat build up, better
resistance to wear and flex cracking make
natural rubber a suitable raw material for
the manufacture of heavy duty automobile
tyres. Therefore, the global demand for
natural rubber is steadily increasing and
hence the production of rubber needs to be
increased to meet the demand. The genetic
base of rubber is very narrow as it
originated from about 10 mother trees
grown from the 70,000 odd seeds collected
by Wickham in 1876 on the banks of the
Tapajo in Para, Brazil (Schultes, 1977;
Nayanakantha and Seneviratne, 2007).
Rubber  plantations  were  originally
established with unselected seedlings,
which resulted in considerable hetero-
geneity. From 1920 onwards, research was
carried out along several lines to improve
the quality of plant material. Rubber
plantations are constituted of grafted
clones. Comparisons between these grafted
clones and elites seedlings showed that the
best seedlings display a superior growth
and production than grafted clones. In fact,
the average production of a grafted tree is
estimated to 7.5 kg a year of dry rubber
against 30 kg/tree/year for one seedling
(Djikman, 1951). Moreover, a half of grafted
trees provide 70 to 80 % of production of a
parcel (Langlois, 1965). A part of this
difference is attributed to the interaction
between the rootstock and the scion
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(Carron et al., 1989). To overcome these
various  constraints  that are the
heterogeneity of clonally plantations and
the decline of vigor and production bound
to the grafting, the somatic embryogenesis
way was envisaged. Since it was used with
the inner tegument of rubber’s immature
seed, the somatic embryogenesis has
recorded some progress regarding the use
of growth regulators. The efficiency of
various somatic embryogenesis protocols
described for rubber depends on the
cultivars, some of them being recalcitrant to
in vitro culture (El Hadrani et al., 1991;
Carron et al, 1995). One of the major
bottlenecks in somatic embryogenesis
procedures is the production of primary
calli. In rubber, the carbon source
commonly used in somatic embryogenesis
induction is sucrose. Paranjothy and
Ghandimathi (1975) showed that 292 mM
sucrose clearly promoted the calli growth
compared to other carbon sources. Carron
(1982) indicated that up to 234 mM, the
growth of calli was significantly correlated
to the increase of sucrose concentration. In
addition, sucrose was no longer a limiting
factor and its accumulation in the medium
did not cause any significant increase in the
size of the crop. Montoro et al. (1993) found
that 351 mM sucrose in combination with
appropriate concentrations of growth
regulators favored the friability of the
callus. Carron et al. (1995) reported the
fugacity of the embryogenic capacity and
the low rate embryos conversion into
plantlets. It is therefore of importance to
optimize the somatic embryogenesis
conditions in rubber which is generally
considered to be recalcitrant with regard to
somatic embryogenesis (El Hadrani et al.,
1991). Moreover, much research seems to
consider the fruit shelf-life and carbon
source as key factors for devising efficient
protocol to somatic embryogenesis pathway
of rubber (Sushamakumari et al., 2000;
Kumari et al., 2001, Blanc et al., 2002).
The explants currently used to somatic
embryogenesis induction are the inner
integument of the immature seed fruit of
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eight to ten weeks (Carron and Enjarlic,
1985). However, in  tropical ~ countries,
rubber fruit - the source of explants - are
not availableall the year. Moreover,
the immature fruit stage lasts only a
few days. The availability of the source
of explants is often carried out by picking a
large  amount  of fruit followed by
their preservation. This  raises the issue
of the influence of the shelf-life of the
harvested fruit but also the interaction
between this shelf-life and culture medium
on the production of somatic embryos.
Therefore, the aim of the present
study is to determine the influences of
the fruit shelf-life and the concentrations
of carbon source on the induction somatic
embryogenesis via callogenesis.

MATERIALS AND METHODS
Plant material and preparation of explants
Plant material was implemented
from the inner integuments obtained from
seed of immature fruit of rubber. Fruits
were obtained after 8 to 10 weeks of
anthesis with the PB 260 clones of rubber.
Fruits harvested in plantations in the Centre
National de Recherche Agronomique
(CNRA) of Cote d'Ivoire between May and
June. In the laboratory, fruits collected
were stored in a refrigerator at 15 °C during
1,5, 7,12 and 15 days before any utilization.
These fruits were disinfected with sodium
hypochlorite (2.45 % of active chlorine) for

30 minutes followed by 3 washings within
sterile distilled water. Seeds were then
extracted by section of the fruit and their
inner integuments were aseptically cut into
fragments of about 5 x 3 x 1 mm. Fragments
were used as explants and transferred onto
Petri dishes containing 30 ml of medium
culture.

Embryogenic calli induction

The experiments were performed
with a modified Murashige and Skoog
basal medium (MBm) containing 30 pM
AgNOs; and Fossard vitamins (Fossard,
1976; Kouassi et al., 2008) without choline
chloride. This medium was supplemented
with 9.0 uM of 2,4-dichlorophenoxyacetic
acid (2,4-D) and allowed the preparation of
eight media varying by the concentrations
of carbon source (sucrose or glucose) and
225 uM of kinetin for all media, with
exception of M5 culture medium wherein
the concentration of kinetin was 3.375 uM.
Influences of fruit shelf-life and carbon
source on callogenesis were evaluated on
media containing sucrose and glucose at
different concentrations. Sucrose was used
at 585 mM (M1), 111 mM (M2) and
175 mM (M3) 175mM (M3) and 234 mM
(M4 and M5). In addition, glucose was used
at55.5 mM (M6), 111lmM (M7) and
166.5 mM (MS8). The use of fruits according
to their shelf-life was recorded in Table 1.

Table 1. Fruits shelf-life at 15 °C and carbon source on callus induction of Hevea brasiliensis

Culture medium  Sucrose (mM)  Glucose (mM) Shelf-life of fruit (day)
M1 58.5 - 1-12-15
M2 111 - 1-12-15
M3 175 - 1-12-15
M4 234 - 1-12-15
M5 234 - 5-7-12 -15
M6 - 55.5 5-7-12-15
M7 - 111 1-12-15
M8 - 166.5 5-7-12-15

All media were solidified with 2 g/L
gelrite, subjected to pH 5.8 before
autoclaving  (120°C).  Explants  were
incubated at 27+2°C under darkness for
callus induction. Percentage of callogenic
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explants (PCE) was assessed after 25 days
of culture and calculated as number of calli
forming by total number of explants
cultured. Responding calli were transferred
to embryogenesis expression medium



Kouassi Kan Modeste et al. / Research in Biotechnology, 3(6): 42-50, 2012

containing 2,4-D (1.35 uM), benzyladenin
(1.35 uM) and abscissic acid (5.10- uM) for
proembryos induction. Calli cultures were
incubated at 27+2 °C under darkness
during 25 days (first subculture). Calli
derived from each explant were maintained
separately on embryogenesis expression
medium. Thereafter, healthy calli were sub-
cultured on medium having a concentration
of 1.8 uM 2,4-D and low concentration of
BA (0.8 uM) with 25 days of incubation (2nd
subculture). Embryogenic calli were then
transferred to the embryo development
medium during 25 days at 27 + 2 °C under
darkness (34 subculture). The basal
components of this medium were identical
to those of embryogenesis expression
medium but without growth regulator.
Percentage of embryogenic calli (PEC) was
evaluated after 3 times of culture with
intervals of 25 days and calculated as
number of mature embryogenic calli
forming by total number of calli cultured.

Experimental design and statistical
analysis

The experiments were conducted
randomly with ten replications per

treatment. Thirty explants were cultured
per treatment and data was pooled from
independent experiments. Data were
subjected to analysis of variance (ANOVA)
using XLSTAT 753 program and

significant differences among treatments
were compared using Duncan test at 5 %.
Fisher Protected LSD test at P < 0.01 level of
significance was used.

RESULTS AND DISCUSSION
Effect of fruit shelf-life and carbon source
on callogenesis

Fruit shelf-life and carbon source
have explained about 97 % of the variability
observed during callus formation (data not
show).  These  variables influenced
significantly (P <0.0001) the percentage
of explants forming calli as well as their
interaction when sucrose (58.50 mM) and
glucose (55.50 mM) are used with almost
similar concentration. Thus, the percentage
of callogenic explants decreased with
the fruit  shelf-life  during  explants
incubation on medium supplemented with
sucrose. So, the percentage of explants
forming calli after one day (88.12 %) was
more important than those obtained
after 12 days (42.24 %). On contrary, the
percentage of explants forming calli after
15 days of fruit shelf-lifeis the lowest
statistically ~(Table2). Regarding with
medium containing glucose, the evolution
of results is similar. Indeed, the
percentage of explants forming calli which
is 76.11 % for 5 days of fruit shelf-life is
higher but statistically identical to the
7 days of fruits preservation (71.66 %).

Table 2. Effect of shelf-life fruits of Hevea brasiliensis on callogenesis from the inner integuments

Carbon source

Shelf-life of fruits at 15 °C (days)

Explant forming callus (%)

Sucrose 1 88.12+1.68a
12 4224+703b
58.5 mM 15 16.67 £4.27 ¢
Glucose 5 76111274 a
7 71.66 £3.55 a
55.5 mM 12 20.61+3.30b
15 1217 £3.53 ¢

Means followed by a different letter are significantly different at P=0.05 (Duncan’s test);
+ s.d: standard deviation; each value represents the mean of three replicates.

In other hand, for 12 days of fruit shelf-life,
only 20.61 % of explants induced calli and
12.17 % for explants from fruit preserved
during 15 days at 15 °C. With carbon
sources provided at the same concentra-
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tions, the first week (1 - 7 days) of fruit
preservation is not fatal and best rates of
callogenic explants were obtained (71.66 -
88.12 %). All explants used give statistically
identical ~percentage callus induction.
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However, after 12 days of fruits shelf-life,
the explants which are collected have a
potential for callus induction significantly
lower and that increases when the shelf-life
of fruits reached 15 days. The percentage of
callogenesis was decreased also
proportionally to the shelf-life of fruits,
which means that there is a negative
correlation between shelf-life of fruit and
calli induction. The decrease of percentage
of explants forming calli observed from
12 days of fruit preservationcould be
explained by the change of physiological
state of the explants. It is assumed that after
a relatively long shelf-life, the explants were
no longer able to assimilate as much sugar
as they did during the first days of fruit

preservation. These results are in agreement
with those of Zouzou et al. (1997) and Koné
et al. (2004) which showed that the ability of
explants forming callus in cotton decreases
with cultured explants age. Thus, when
the shelf-life of fruits is low, i.e. youth
explants, rubber callogenesis is important.
Otherwise, when the sugar content is not
fixed there is a variation in the rate of callus
formation depending on the concentration
as well as of the carbon source type (Table
3). This would mean that the percentage of
explants forming calli varied with the
quality and quantity of the carbon source as
already reported by Zouzou et al. (2008)
and Sié et al. (2010) in cotton and hibiscus,
respectively.

Table 3. Effect of carbon source (sucrose and glucose) concentration and fruit storage time on
callogenesis from the inner integuments of Hevea brasiliensis

Explants forming callus (%)

Shelf life at 15 °C (days)

1 5 7 12 15

Sucrose (mM)
58.5 (M1) 82.81+4.21 ab - - 70.004+2.62 ¢ 34.17+1.54d
111 (M2) 87.0443.98 a - - 46.67+1.45d 01.17+£0.12 £
175 (M3) 89.454+4.29 a - - 39.17+¢1.33 d 20.00+1.87 e
234 (M4) 91.67+6.74 a - - 04.17£0.31 £ 00.00+0.00 £
234 (M5) 89.6043.68 a - - 51.20+2.26 d 28.00+1.63 e

Glucose (mM)
55.50 (M6) - 70.0045.04 a 73.33+4.86 a 24.00+1.52 ¢ 13.33+1.30d
111 (M7) - - - 20.83+1.64 ce 11.1740.26 d
166.50 (M8) - 82.22+44.77 b 70.00+£3.34 a 17.00+2.11 e 12.00+1.33 e

Means followed by a different letter are significantly different at P=0.05 on a line and column (Duncan’s test); +
s.d: standard deviation. Each value represents the mean of three replicates.

However, all the explants derived from the
fruits of one day old storage at 15 °C gave
callus rate largest regardless of the sucrose
concentration used. In addition, with
glucose, the percentage of explants forming
calli is higher when explants are 5 or 7 days
of age. The highest concentration (166.50
mM glucose) gave the percentage of callus
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induction most significant. Moreover, when
the fruits were preserved for 12 or 15 days,
only the highest concentrations of sucrose
gave the best percentages of calli formation.
With glucose results evolve in the same
direction, but the percentage of callus
induction was statistically lower compared
to those obtained with sucrose. So, in a
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situation of long time preservation of fruit
(12 to 15 days), the percentage of explants
forming calli was relatively high with
sucrose compared to glucose. Therefore, the
effect of glucose was not significant in long
time storage situation of fruits. These
results show a clear influence of the rate
and the type of carbon source used and the
fruit shelf-life on callus induction in rubber.
Thus, during the first week of storage fruit,
the type of carbon source has no influence
on the percentage of callus induction.
However, it would be best to induce callus
with high concentration of carbon source.
In the other hand, beyond 7 days of fruits
shelf-life, sucrose seems to be best to induce
rubber callus with low concentration.
Sucrose containing glucose and fructose
would therefore provide more energy and
carbon (12 carbons) than glucose which
contains only 5 carbons. The difference
between M4 and M5 media shows the
positive influence of high concentrations of
kinetin on callus induction Zouzou et al.,
1999; Sié et al., 2010; Yapo et al., 2011). It is
worth noting that despite everything,
almost all concentrations of glucose and
sucrose could induce callus. This justifies
the fact that these two carbon sources were
described by several authors as sugars
which are beneficial induction of callus
(Chua, 1966; El Maataoui et al, 1998;
Zouzou et al., 2000).

Influence of fruit shelf-life and carbon
source on embryogenesis

Fruit shelf-life and carbon source
explained 78 % of the variability observed
during embryogenic calli induction (data

not show). Thesetwo variables have
significantly = effect (P= 0.008) on
embryogenic  calli  formation.  This
influencehas led toa dropof the

percentage of embryogenic calli (from 46.95
t015.28 %; in M5 medium) between 5 and
15 days of fruit preservation. The decrease
of percentage of embryogenic calli
induction could be explained by the change
of explants  physiological  state.It is
assumed that after a relatively long shelf-
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life of fruit, the explants were  no
longer able to assimilate as much sugar as
they did during the firstdays of fruit
preservation. This should result in low
sugar assimilation and thus a low
callogenesis; the same effect should cause
consequently a low rate of embryogenic
calli formation. As regards the influence of
the carbon source on embryogenesis, with
the exception of medium containing
58.5 mM sucrose (M1), all media tested
were produced embryogenic calli. The
medium containing 111 mM glucose (M?7)
gave 6.25 % of embryogenic calli whereas
with medium supplemented of 111 mM
sucrose (M2) the percentage of embryo-
genic calli was 42.93 % at one day of fruit
shelf-life. Regarding to these result (Table
4), we can conclude that the best rate of
embryogenic calli recorded was 46.74 % on
medium containing 234 mM sucrose (M5).
This is explained by the facts that explants
which have 12 days old have the same
embryogenic capacities as explants derived
from fruit stored for one day unlike in other
culture media. The results confirm the best
embryogenic potential of sucrose compared
to glucose as reported by Blanc et al. (2002).
However, it is worth noting that Montoro et
al. (1993) have mentioned the effect of
sucrose on somatic embryogenesis from the
inner integument. They reported that 117
mM sucrose gave 2.60 % of embryogenic
calli and 234 mM sucrose gave 36.2 % of
embryogenic calli.

Moreover, Kouassiet al. (2008)
using unpollinated ovules as explants
obtained 19.23 and 32.78 % of embryogenic
calliin medium containing 111 mM and
234 mM sucrose respectively. These results
are below those that of this study; this
indicates that M2 and M5 media are
conducive to the induction of embryogenic
calli with older explants (Kumari and
Thulaseedharan, 2004). Sucrose has been
shown to be highly embryogenic carbon
source (Millam and Davidson, 1993; El
Maataoui et al., 1998; Thomas, 2006; Zouzou
et al., 2008).
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Table 4. Effect of interaction between carbon source and shelf-life fruits of Hevea brasiliensis on

embryogenic calli induction

Embryogenic callus (%)

Shelf-life at Sucrose (mM) Glucose (mM)
15 °C (days) 111 (M2) 234 (M5) 111 (M7)
1 4293+214a - 6.25+0.24 b
5 - 46.95+1.78 a -
7 - 46.80+215a -
12 38.33+1.47c 46.74+1.73 a 231+0.34d
15 20.60+1.12d 1528 +1.80d 1.95+0.11a

Means followed by a different letter are significantly different at P = 0.05 on a line and column (Duncan’s test); +
s.d: standard deviation; Each value represents the mean of three replicates.

REFERENCES

Anonymous, 1981. Rubber Research
Institute of Malaysia. Annual Report of
Rubber Research Institute of Malaysia,
pp. 224-226.

Anonymous, 2007. Rubber Statistical
Bulletin (2007). International Rubber
Study Group. 61: (8 & 9), Wembley, UK,
pp. 10-12.

Apromac, 2005. Etat de la production de
caoutchouc naturel en tonnage sec en
Cote d’Ivoire. Revue de 1’Association
des Producteurs et Manufacturiers du
Caoutchoug, p. 25.

Blanc G, Lardet L, Martin A, Jacob JL,
Caron MP. 2002. Differential
carbohydrate  metabolism conducts
morphogenesis in embryogenic callus of
Hevea brasiliensis (Muell Arg.). J. Exp.
Bot. 53: 1453-1462.

Carron, M.P. 1982. L’embryogenése somatique
de Hevea brasiliensis (Kunth) Miill-Arg :
une technique de multiplication au service
de Uamélioration génétique, These de
troisiéme cycle en Agronomie, Univ.
Sci. Tech. du Languedoc, Montpellier,
France.

Carron MP, Enjarlic F. 1985. Somatic
embryogenesis from inner integument
of the seed of Hevea brasiliensis (Kunth)
Miill. Arg. CR. Acad. Sci. 300: 653-658.

Carron, M.P., Enjarlic, F., Lardet, L., and
Deschamps, A. 1989. Rubber (Hevea

48

brasiliensis Mill. Arg.). In Biotechnology
in agriculture and forestry (vol. 5), Eds.
Y.PS. Bajaj Springer Verlag, Berlin-
Heidelberg, pp. 222-245.

Carron, M.P.,, Etienne, H. Michaux-
Ferriere, N., and Montoro P. 1995.
Somatic embryogenesis in rubber tree
(Hevea brasiliensis Miell. Arg.). In
Biotechnology in agriculture and forestry,
Eds. Y.P.S. Bajaj (vol. 30), Springer
Verlag, Berlin-Heidelberg, pp. 353-369.

Chua SE. 1966. Studies on tissue culture of
Hevea brasiliensis: Role of osmotic
concentration, carbohydrate and pH
value in induction of callus growth in
plumule tissue from Hevea seedling. J.
Rubber Res. Inst. of Malaya 19 (5): 272-
276.

Fossard, R.A. 1976. Tissue culture for plant
propagators,  University of New
England, Armidale, N.SW. 2351,
Australia, pp. 132-152.

Djikman, M.]. 1951. Hevea - thirty years of
research in the far-east. University of
Miami press, Coral Gables, Florida.

El Hadrami I, Carron MP, Auzac]. 1991.
Influence of exogenous hormones on
somatic embryogenesis in Hevea
brasiliensis. Ann. Bot. 67: 511-515.

El Maataoui M, Espagnac H, Jaber B,
Alonso-Lopez A. 1998. Regulation of in
vitro callogenesis and organogenesis

from Albizzia root explants by



Kouassi Kan Modeste et al. / Research in Biotechnology, 3(6): 42-50, 2012

carbohydrate source modifications. J.
Plant Physiol. 152 : 494-501.

Koné, M., Kouakou, T.H., Kouadio, Y.J,,
Zouzou, M., and Anno, A.P. 2004.
Influence de l'état de l'explant sur la
réponse a l'embryogenese somatique
chez le cultivar ISA 205N de cotonnier
(Gossypium  hirsutum L.). IXe Journées
Scientifiques du Réseau “‘Biotechnol-
ogies Végétales: amélioration des
plantes et sécurité alimentaire” de
I’AUF, Lomé-Togo, 4-10 octobre, PP.
100-102.

Kouassi KM, Koffi KE, Gnagne YM, N'nan
O, Coulibaly Y, Sangaré A. 2008.
Production of Hevea brasiliensis embryos
from in vitro culture of unpollinated
ovules. Biotechnology 7: 793-797.

Kumari JP, Thomas V, Saraswathyamma

CK, Thulaseedharan A. 2001.
Optimization of parameters affecting
somatic ~embryogenesis in  Hevea

brasiliensis. Ind. J. Nat. Rubber Res. 14:
20-29.

Kumari, ]J.P., and Thulaseedharan, A. 2004.
Initiation and maintenance of long term

somatic = embryogenesis in Hevea
brasiliensis. ~ IRRDB  Biotechnology
Workshop, 9-11 Feb. 2004, Kuala

Lumpur, Malaysia.

Langlois, S. 1965. Etude de la production
des arbres d'un champ donné. Rapp.
Inst. Rech. Caoutch., Cambodge, pp. 56-
59.

Millam S, Davidson D. 1993. Evidence for
an interactive response of Flax (Linum
usitatissimum) Hypocotyl tissue cultures
to Auxin and Carbohydrates. Plant
Physiol. 141: 353-356.

Montoro P, Etienne H, Carron MP. 1993.
Callus friability and somatic
embryogenesis in Hevea brasiliensis.
Plant Cell Tiss. Org. Cult. 33: 331-338.

Nayanakantha MNC, Seneviratne P. 2007.
Tissue culture of rubber: past, present
and future prospects. Cey. J. Sci. 36 (2):
116-125.

49

Paranjothy, K. and Ghandimathi, H. 1975.
Morphogenesis in callus cultures of
Hevea brasiliensis Muell. Arg.
Proceedings of Plant Tissue. Culture
Symposium, Kuala Lumpur, Malaysia
pp- 19-25.

Schultes RE. 1977. The odyssey of the
cultivated rubber tree. Endeavour New
Series 1: 133-138.

Sié R, Charles G, Sakhanokho H, Toueix Y,
Djé Y, Sangaré A, Branchard M. 2010.
Protocols for callus and somatic embryo
initiation for Hibiscus sabdariffa L.
(Malvaceae): Influence of explant type,
sugar, and plant growth regulators.
Aust. J. Crop Sci. 4(2): 98-106.

Sushamakumari S, Sobha S, Rekha K,
Jayasree R, Asokan MP. 2000. Influence
of growth regulators and sucrose on
somatic embryogenesis from immature
inflorescence of Hevea brasiliensis (Muell.
Arg.). Ind. ]. Nat. Rubber Res. 13: 19-29.

Thomas DT. 2006. Effect of sugars,
gibberellic acid and abscisic acid on
somatic embryogenesis in Tylophora
indica (Burm. f) Merrill. Chin. J.
Biotechnol. 22(3): 465-71.

Yapo S, Kouakou T, Koné M, Kouadio Y,

Kouamé P, Meérillon J-M. 2011.
Regeneration of pineapple (Ananas
comosus L.) plant through somatic
embryogenesis. J. Plant Biochem.

Biotechnol. 20(2): 196-204.

Zouzou M, Kouakou TH, Koné M, Peeters
M., Swennen R. 1997. Callogenese chez
le cotonnier cultivé en Cote d’Ivoire:
effets position explant hypocotyle,
variétés, source de carbone et régime
hormonal. Afr. Crop Sci. Conf. Proc. 3:
1489-1494.

Zouzou M, Kouadio Y, Koné M, Kouakou T,
Dénezon D. 1999. Callogenesis of cotton
plant: effects of variety and medium
composition. Afr. Crop Sci. Conf. Proc.
4: 27-29.

Zouzou M, Kouadio Y, Koné M, Kouakou T,
Dogbo D. 2000. Etude Comparée De La



Kouassi Kan Modeste et al. / Research in Biotechnology, 3(6): 42-50, 2012

callogenese pour lidentification des
milieux favorables a la culture in vitro
chez le cotonnier. Sci. Tech. Sci. Nat.
Agron. 24 (1) : 82-91.

Zouzou M, Kouakou T, Koné M, Amani
NG, Kouadio Y. 2008. Effect of
genotype, explants, growth regulators
and sugars on callus induction in cotton
(Gossypium hirsutum L.). Aust. ]J. Crop
Sci. 2(1): 1-9.

50



