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Abstract — In order to establish optimum conditions for
callogenesis of citrus species, the effects of sorfactors,
namely the genotype, explant type and hormonal conggition
of culture medium on callus induction were studiedusing
eight cultivars: Amblycarpa (C. amblycarpa (Hassk.) Ochse),
Cleopatra mandarin (C. reticulata blanco), Carrizo citrange
(Citrus sinensis (L.) Osbeck X Poncirus trifoliata (L.) Raf.),
Hamlin orange (Citrus sinensis (L.) Osb.), Rangpur lime
(Citrus x limonia Osbeck), trifoliate orange (Poncirus.
trifoliata), Troyer citrange (C. sinensis X P. trifoliata) and
Volkamer lemon (Citrus Volkameriana). The present work
focused particularly on the ability to induce friable calluses
from three types of flower explants: styles, stignga and

ovules. These were sampled from mature trees before

anthesis and cultivated on MS or MT medium (Murashig
and Skoog) supplemented with malt extract, sacchase, agar
and phytohormones including 2,4-dichlorophenoxyacét acid
(2-4D), 6-benzylaminopurine (BAP) and Kinetin (Kn).
Callogenesis, which started after 15 days of darkncubation,
was shown to be the most successful when using etylof
Troyer and Carrizo citranges as explants and MS medim
containing the hormone combination: 1 mg:f 2, 4-D+0.5
mg.I'* BAP. However, taken together, our results suggeshat
ovules are more suitable explants for callus indu@n than
styles and stigmas since these resulted generally higher
callogenesis rates in all the media used. The intetive
effects between studied factors and their influencen callus
color and texture are also discussed in this paper.

Friable,

Keywords - Citrus,

Phytohormones.

Callogenesis, Explant,

. INTRODUCTION

Citrus is one of the most important crops worldwibe
Morocco, which is ranked"8internationally in terms of
fresh citrus fruit exportation [1], citriculture ogpies a
prominent place in the socio-economic activity. Hwer,
the development of this sector is still limited doemany
abiotic (salinity, calcareous soils, drought) anibtib
constraints, among which, the recent spread oftékds
virus represents a serious threat.

Currently, most national research programs aresedu

on finding suitable rootstocks to replas®ur orange,
which is known to be highly susceptible to thisedise.

Conventional breeding methods are usually limited d Amblycarpa (Hassk.)

progress has provided new approaches for genetic
improvement of citrus [2]-[3]-[5]In vitro multiplication,

for example, as opposed to traditional regeneratisn
faster, cheaper, more reliable and is therefonélgged in

the case of international exchange of genetic naht]-

[6]. In addition, the use of tissue culture teclueig| proved

to be efficient in producing healthy plants [2]].[B\s a
result, protocols of tissue culture and micropratim
were generalized and thoroughly described for nwétnys
species, using a variety of explants [2], [7], [8].

Callogenesis is an important part of micropropagati
process which consists in the ability to inducerelniaal
proliferation of parenchymal cells, leading to uall
development [9]. It is a prerequisite for the wiibn of
somatic embryogenesis and therefore has to be well
controlled. According to literature, the successhid step
depends on different factors, which can be dividad
two groups: (i) internal factors that are relatedhe plant
such as the genotype, the developmental stage fend t
nature of the explari8]-[10]-[11], and (ii) external factors
which include hormonal composition of the culture
medium, temperature, light, humidity and which were
reported to influence considerably cellular probfion
during callogenesis and somatic embryogenesis in
numerous plant species [3]-[10]. In our study, wsedi
plant hormones, such as Kinetin, 2,4-
dichlorophenoxyacetic acid and 6-benzylaminoputhra
stimulate callus induction from plant explants [2]-[6]-
[12]-[13]-[14]-[15]-[16].

The aim of this work is mainly to study the effects
some factors on the ability to induce friable csdisi from
citrus explants. These include the explant, theotygre
and hormonal composition of induction medium, adl we
as the effects that may result from interactionsvben
these factors. We particularly intend to provideatuable
database that can pave the way for somatic embngsige
and sanitation works in citrus.

[I. MATERIALS AND METHODS
Plant Material

Flowers of 8 citrus genotypes, AmblycarpaC. (
(Ochse), Cleopatra mandarin

to nucellar polyembryony, high heterozygoty andglon (C.reticulata blanco), Carrizo citrange(itrus sinensis (L.)

juvenile stage [2]-[3]-[4]. Recently, biotechnologl

Osbeck X Poncirus trifoliata (L.) Raf.), Hamlin orange

Copyright © 2016 1JRAS, All right reserved
296



~~ 1 International Journal of Research in Agricultural Sciences
'_'.-.l!' Volume 3, Issue 6, ISSN (Online): 2348 — 3997
.L-g
(Citrus sinensis (L.) Osh.), Rangpur limgCitrus x limonia I1l. RESULTS

Osbeck), trifoliate orange (Poncirus. trifoliata), Troyer

citrange(C. sinensis X P. trifoliata) and Volkamedemon  callus induction started after 10 to 14 days ofkdar
(Citrus Volkameriana) were collected from El Menzeh jncubation. First, the explants (styles, stigmas awules)
Experimental station (INRA, Kenitra) before antlse® swelled due to internal cell divisions resulting fhe
be used in this experiment. appearance of small cell clusters at section z¢stegma
Serilization and Explant Preparation and style) and explants sides which are in conittt the

Collected flowers were soaked for 3 min in 70%medium. These clusters generalized thereafter until
ethanol, immersed in 2% sodium hypochlorite forn@@d covering the whole explants. (fig 1).
then rinsed 3 times using sterile distilled watkr. a At the end of the experimental period, our obséowst
laminar flow hood under aseptic conditions, stylespf calluses derived from style and stigma explants
stigmas and ovaries were cut and ovules were @blatrevealed that these showed relative variationgims of
using a binocular microscope. color and texture (case of style explants) as é@sdrin
Callus Induction the tables 3and 4.

To induce callus development, the explants (stylaes ANOVA results (Tab. 5) has also shown a significant
stigmas) were transferred to Petri dishes contginirvariation of the percentage of callogenesis depgndin
induction medium, which was composed of MS mediurthe genotype used, the nature of the explant, hoamo
nutrients (Murashige and Skoog, 1969), supplementedmposition of culture medium and the interactions
with 500 mg.l' malt extract, 40 ¢l saccharose and between these factors.
different concentrations of phytohormones followitig V/ 8 4
combinations shown in table 1. Concerning ovule |
explants, we chose MT medium (Murashige and Tucker,
1969) as a basic medium (Table.2) since it proed@tor
callogenesis and ovule embryogenic capacity ineaulier
works (data not published).

Tab. 1. Hormonal composition of induction mediums
used in the case of style and stigma explants

Mediums Hormonal composition
M1
M2 BAP (0,5mg/l) + 2-4D(1mg/l)
M3 Kin (Img/l)
M4 BAP (1 mg/l)

Tab. 2. Hormonal composition of induction mediurssdi
in the case of ovule explants

Mediums Hormonal composition
M1
M2 BAP (1 mg/l)
M3 Kin (1 mg/l)
M4 Kin (2 mg/l)
Cultivation

In a laminar flow hood, the explants were placef détri
dishes containing the induction mediums descrilize,
and then kept in dark growth chambers at a temper aif

. . -~ o
25 £2°C and a relative humidity of 70%. Fig. 1. Changes in morphology of calluses obseatethe

Evaluation of Callus Induction end of the experiment obained by culivated differen

The ability to induce calluses was evaluated in thg plants on the medium M2. (a) and (b) represent a

different explants by estimating the percentage %}fa(llowish friable callus acquired from style explaaken
callogenesis. 4 repetitions (Petri dishes) wered ufe d Y H

f Carri dT b) cit , e=@nt
styles and stigmas with 5 explants per repetitighile 3 rom Carrizo (a) and Troyer (b) citranges, (c) a

" | witish callus getting from style of Rangpure liml)
repetitions were used for ovule explants with 20les per represent a yellowish compact callus obtained fstigma
repetition.

of Hamlin Orange, (e) illustrate a witish callusggined

Statistical Analyzes from ovules of Carrizo citrange on the medium M4.
Statistical analyzes were performed by ANOVA method

using SAS package (version 9.0). Duncan’s multiptege
tests was also used at 5% significance level fat poc
comparison.
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Tab 3. Variations in color and texture of callusadbed from eight styles of citrus genotypes testedour culture media
tested
Color / Texture
Genotype M1 M2 M3 M4
Volkamer lemon Brownish Yellowish Whitish Yellowish
Compact compact compact Compact
Amblycarpa Yellowish Whitish Yellowish Whitish
Compact compact compact Compact
Trifoliate orange _ _ _ _
Lime Rangpur Yellowish Whitish Whitish Whitish
Compact compact compact Compact
Cleopatra mandarin Brownish Yellowish Brownish Brownish
Compact compact compact Compact
Troyer citrange _ Yellowish Whitish _
friable compact
Carrizo citrange Yellowish Yellowish Yellowish Whitish
Compact friable compact Compact
Hamlin Orange Whitish Whitish Whitish Whitish
compact compact compact Compact

Tab. 4.Variations in color and texture of callus obtaitiemin eight stigmas of citrus genotypes tested am éwlture
media tested
Color / Texture

Genotype M1 M2 M3 M4

Volkamer lemon Brownish Yellowish Yellowish Yellowish
Compact compact compact Compact

Amblycarpa _ _ Yellowish _

Compact

Trifoliate orange _ _ _ _

Lime Rangpur Yellowish Whitish Yellowish Yellowish
Compact compact compact Compact

Cleopatra mandarim Brownish Yellowish _ Brownish
Compact compact Compact

Troyer citrange
Carrizo citrange

Hamlin Orange Whitish Yellowish Whitish Yellowish
compact compact compact Compact

Tab 5. Effects of the different factors and intéiats studied on percent callogenesis as resujtédiNDVA

Source df SS MS F value Pr>F

Explant 2 85311,3712| 42655,6856 110,55 < 0.0001

Medium 6 23372,6563| 3895,4427 10,10 < 0.0001

Explant x Medium 3 7706,1250 2568,7083 6,66 0.0002

Genotype 7 114396,4063 16342,3438 42,35 < 0.000

Explant x Genotype 14 140490,6250 10035,0446 26,01 < 0.0001

Medium x Genotype 42 51501,2604 1226,2205 3,18 < 0.0001

Explant x Medium x Genotype 21 34864,0000 1660,1905 4,30 < 0.0001
Callus Induction from Syle and Stigma Explants rate of callogenesis was found to be higher in Haml
Effect of the Genotype orange, Volkamer lemon and Rangpur lime as compared

According to the results shown in table 5, thdo the other genotypes used. On the other hanl, abd
percentage of callogenesis is highly affected bg thstigma explants of trifoliate orange were unablprtaduce
genotype P < 0.05). Furthermore, the figures 2 and Falluses whatever the medium used. We should at® n

show that, regardless of hormone combinations heit t that the genotype affected considerably the colod a
concentrations, or explant type, the texture of calluses derived from styles and stigraas

shown in tables 3 and 4.

Copyright © 2016 1JRAS, All right reserved
298



~~ 1 International Journal of Research in Agricultural Sciences

"-.l!l Volume 3, Issue 6, ISSN (Online): 2348 — 3997
t /8

s

120
ab d d 4a d d

g 100 - ab ab a a

w ; d

2 80 a a b ah B

=

g a a ab

S 60 - c b

S ab

S 40 -

g h b

U

a 20 b c

b b d C C b
0]
8%8@%8858%8é%&%éé%&é%&%éég&é%&%é
= = = =
Medium 1 Medium 2 Medium 3 Medium 4

Fig. 2. Variations in percent callogenesis amomri8s genotypes when using styles as explants (@tters indicate
mean separation between genotypes as resultediabs multiple range test)
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Fig. 3. Variations in percent callogenesis amomrifr8is genotypes when using stigmas as explant® [gtters indicate
mean separation between genotypes as resultedtabis multiple range test)

Effect of Hormonal Composition of Induction the cytokinin used. Indeed, results recorded on the

Medium medium M4, containing BAP at 1 mg.ere higher than
Growth regu|ators included in the Composition oﬁhose observed on the medium M3 containing Kinatin

induction mediums exerted a significant effect encent. the same concentration (tab. 1).

In most cases, these resulted in a stimulation alili

induction compared to control medium (M1) which is

hormone-free (fig. 4 and 5). The medium M2 inclgfan

combination of 2,4-D (1 mg!), which an auxin, and

BAP (0.5 mgt), which is cytokinin resulted in the

highest callogenesis rates, particularly for stgé€arrizo

and Troyer citranges (100% callogenesis).
Moreover, calluses obtained under these conditions

were characterized by a yellowish color and a feiab

texture. On the other hand, mediums containing one

cytokinin improved slightly callogenesis ability dhe

explants. However, these resulted in compact clasd

the percentage of callogenesis depended on theenatu
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Fig. 4. Variations in callogenesis among 4 induttisediums when using styles as explants. (Theseittelicate mean
separation between mediums as resulted by Dunoaulifple range test)
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Fig. 5. Variations in callogenesis among 4 induttisediums when using stigmas as explants. (Ther¢eittdicate mean
separation between mediums as resulted by Dunoaulifple range test)

Effect of the Explant (4 months). This observation is valid for Carrizada
Statistical analyzes showed significant differencegroyer citranges (fig. 1a and 1b).

(P<0.05) in percent callogenesis not only amongallusInduction from Ovule Explants

genotypes, but also among somatic tissues used asimilar to styles and stigmas, there were significa

explants in this study (Tab. 5). Compared to styleariations in percent callogenesiB<(Q.05) from ovule

explants, stigma explants gave higher values inttal explants depending on the genotype and the hormonal

mediums tested. However, except for Rangpur lime&omposition of induction medium. In general, maximu

Hamlin orange and Volkamer lemon, stigma explardeew values were recorded on the medium M3, which is MT

unable to produce calluses. Notably, those of Acdnlya medium supplemented with 1 mg* Kinetin, followed

were only successful when cultivated on the mediy  respectively by M1, M2 and M4 (fig. 6). However,quo

which is supplemented with 1 mg.BAP. results were obtained in ovules of Hamlin orangaguthe
The color and the texture of calluses were alststtaat same medium (fig. 7). Regarding callus morpholoafy,

varied considerably with time and depending onrtiiire  genotypes resulted in a whitish color and a compact

of explant. Indeed, we observed that some calldsgsed texture under these conditions (fig. 1e).

from style and incubated in the dark for 2 monthsl la

compact texture, but became gradually friable afeds
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Fig. 6. Variations in percent callogenesis amomrifrdis genotypes when using ovule as explant. (@tters indicate
mean separation between genotypes as resultediabs multiple range test)
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Fig. 7. Variations in percent callogenesis amomgddiction mediums when using ovule as explant. (€lters indicate

mean separation between mediums as resulted byaDisnmultiple range test)
IV. DISCUSSION an attempt to induce embryogenic calluses from whea
zygotic embryos.

In this work, we tested the effect of three importa A review of literature shows that BAP is more effee
factors on callogenesis ability of different citruarieties: than Kinetin in promoting callogenesis. This facaswv
the genotype, the nature of the explant and hortmor@ither confirmed in citrus [6] and other plant spscsuch
composition of culture medium. The same work wadS Gerbera Gerbera jamesonii Bolus) [18] Calluses
reported earlier inScopiurus [10] and chickpea Gicer obtained in presence of BAP were described to be
arietinumL.) [15]. compact, of whitish color and having a successfaluh

our results have shown that the use of a hormaree-fr[18]. In our case, the results recorded on the medium M4,
MS medium gives lower percentages of Ca”ogenéﬂﬂ t Containing BAP at 1 mg_:}lwere better than those observed
mediums supplemented with hormones, which indicaté¥ the medium M3 containing Kinetin at the same
the effectiveness of these compounds in promotailys concentration.
induction. These results are in line with thoseoregad by ~ In addition to hormonal effects, the nature of expl
[17] and [18]Concerning style and stigma explants, outvas found to affect significantly the percentage of
results have shown that maximum percentage 6fllogenesis as well as callus morphology. Whemgusi
callogenesis was observed under the combinatio.I*m MT as a basic induction medium, calluses were fotand
2,4-D and 0.5 mg’ i BAP, which resulted furthermore in a develop easily from ovule explants as suggestedigly
friable texture of calluses. Similar findings wewported callogenesis rates. However, these tended to have a
in citrus by [3]-[10], and [15] in chickpeaAlso, using the compact texture and a whitish color. Similar obatons
same hormone combination, obtained satisfactoryltees Were reported by [7]. Concerning MT basic medium,
in Scorpiurus. However, [19] obtained compact calluses irfallogenesis from non fertilized ovules reached %00
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which is contrasted with the findings of [11]. Thes [2]
authors studied the effect of sampling date anaried
that ovules collected 5 weeks before anthesis avgeem
suitable for callogenesis than ovules collected écks [3]
before anthesis. This fact, in addition to genatypi
variations, may explain the differences between
callogenesis-related studies. According to [11]s itikely

that endogenous hormone balances of ovules arabl@ari [4]
depending on genotype and environmental condition,
which make it more complicated to draw reliable
conclusions regarding the suitable period for @it [5]
explants in order to induce callogenesis.

Another relevant finding of the present investigatis
the clear genotypic differences in response to umedind (6]
explant variations with respect to callus inductibrdeed,
some cultivars showed a recalcitrant behavior under
specific conditions, such as trifoliate orangehia tase of
style and stigma explants. Other genotypes maeifestl’]
generally a poor callus induction ability, espdgiathen
using stigmas as explants. These included Amblgcargs]
Rangpur lime and Carrizo and Troyer citranges. i#dth
group of genotypes gave satisfactory results ont rabs
mediums studied. This was the case of Rangpur lime,
Hamlin orange, Amblycarpa, Volkamer lemon andg]
Cleopatra mandarin for style explants, and Randjpus
and Hamlin orange for stigma explants. The involgam
of genotypic factor in the success of callogenesgis
previously described in citrus ovary [7] and ovel@lants [10]
[11] and in Scorpiurus explants [10]. Furthermore, the
study of [11] have shown that differences amongll]
genotypes are correlated with vivo polyembryony level
of the cultivars and suggested that these differermay
be due to variations in endogenous hormone balances
among genotypes. [12]

V. CONCLUSION
" oo 18]
Conditions for initiation in citrus were optimizéa this
study; Callogenesis showed range of responses degen
on medium formulation, growth regulators combinasio
and concentrations, genotype and explant. [14]
It has resulted that MS medium supplemented with 1
mg.I* 2,4-D and 0.5 mg! BAP, was benefic to induce
friable callus, also the callogenesis from styleswatimal
than from stigma and ovule explants. These resuilts [15]
help to pave the way to works related to somatic
embryogenesis in citrus.

ACKNOWLEDGMENT [16]

The authors gratefully acknowledge the head of the
Regional Center for Agricultural Research in KemitDr. 17
Hassan Benaouda, for his encouragement and supp[or%
throughout the study period.

REFERENCES [18]

[1] FRUIT LOGISTICA (2015), DOSSIER DE PRESSE, Royaume
du Maroc, Centre Marocain de Promotion des Exgortaf [19]
Direction Communication.

International Journal of Research in Agricultural Sciences

Volume 3, Issue 6, ISSN (Online): 2348 — 3997

Savita. vijay. Virk, G S. Nagpal, A. (2010). Effeof Explant
Type and Different Plant Growth Regulators on Galhduction
and Plantlet Regeneration @itrus jambhiri Lush. Environ. We
Int. J. Sci. Tech. 97-106.

Benyahia, H. Chetto, O. Dambier, D. Yann, F. 912). Mise
au point des conditions de calogenése, caulogergise
rhizogenése chez les porte-greffes d’agrumes a ir part
d’épicotyle: cas du citrange Troyer. Journal of Kexd
Biosciences 60: 4375— 4387 ISSN 1997-5902.
Jean, C. Cardogdriana P. Martinelli, R. Latado, R.(2012).
Somatic embryogenesis from ovaries of sweet oracge
Tobias. Plant Cell, Tissue and Organ Culture (PCYagril
2012, Volume 109, Issue 1, pp 171-177

Fazle, A, MM R. Shamsul, H. Saif, U.S. Nayem, Z.
Ashrafuzzaman, M (2011). Development of efficierdllus
initiation of malta (citrus sinensis) through tiesculture. Int. J.
Agril. Res. Innov. & Tech. 1 (1&2): 64-68.

Savita. Balwinder, S. Gurdeep. Singh. Vikvinash, K. N
(2011). An efficient plant regeneration protocobrfr callus
cultures of Citrus jambhiri Lush. Physiol Mol BidPlants.
17(2):161-169.

El-Sawy, A.M. Gomaa, A. Danial, N. Reda, A. (2012) vitro
regeneration and somatic embryogenesis in citag.IrJ.
Biotech.11 (2):389- 406(2012).

El-Sawy. Gomaa, A. Abd-El-Zaher, M.H. Reda, A. dpahial,

N (2013). Production of Somatic Embryogenesis in vitro
Culture of Stigma and Style for Elimination of Qi¢ér Psorosis
Virus (CpsV) from Some Citrus Genotypes. Journal of
Horticultural Science & Ornamental Plants 5 (2)011117, 2013.
Guéye, B. Sané, D. Verdelil, J. L. Collin, M. Duvél,Ba A. T.
et Borgel, A (2006). Initiation de la callogenésez le palmier
dattier (Phoenix dactylifera L.) sous I'effet du-B4 cinétique et
étude histo-cytologique. In : « Biotechnologies ¥de,
Université Cheikh Anta Diop de Dakar, Sénégal.

Hamdani. (2001). Régénération via l'organogenése o
I'embryogenése somatique shez le Scorpiurus. Usitéehassiba
ben bouali de chef. magister 2001.

Handaji, N. Larsalane, N. Dambier, D. Lamarti, Aer§ahia, H.
Maiguizo , H. Cheikh, O.Y. et Ollitrault, P. (2005 Induction
de I'embryogenése somatique et régénération desufga chez
les mandariniers (Citrus reticulata L.) 1 PB. 2BIRA, Kénitra
Maroc.

Huang, T. Peng, S. Dong, G. Zhang, L. Li, G. (20@pant
regeneration from leaf-derived callus in Citrus rgla
(pummelo): effects of auxins in callus inductiondiwen. Plant
cell, Tissue and Organ Culture 69: 141-146.

Amitava, R. Shayak, G. Madhulina, C. and Saha, .P(2B08).
Effect of different plant hormones on callus indot in
Gymnema sylvestris R.Br. (Asclepiadaceae). African Journal of
Biotechnology Vol. 7 (13), pp. 2209-2211.

ANCA, N. S. AUREL, P. VALENTINA, | (2010). In vit
culture medium and explant type effect on callogenand shoot
regeneration in two genotypes of ornamental strawbe
Romanian Biotechnological Letters. Vol. 15, No.2pglement,
2010.

KADIRI, A. IGHILHARIZ, Z BOUABDALLAH, L.
HALFAOUI, Y (2013). Influence du génotype, du type
d’explant et de la balance hormonale sur la cafiéege chez le
pois chiche Cicer arietinumL.). Revue « Nature & Technologie
». B- Sciences Agronomiques et Biologiques. Pages 59 a 6
Manisha, B. Patel. Rajesh, S. Patel. (2013). Efaft Plant
Growth Regulators (PGRs) on callus induction froeafl
segments  explantof Tecomella undulata(Sm.) Seem-
Anlmportant Medicinal plant. International JourrmédlScientific
and Research Publications. ISSN 2250-3153.

Haouala, F. Farhat, N. Chabchoub, L. (2010). Eftket type et
de la position de I'explant sur I'induction de calez le gerbera
(Gerbera jamesoniiBolus). TROPICULTURA, 2010, 28, 1, 57-
60.

Meziane, M. boudjeniba, M. D'Oghia, AM. Frashddi, Carra,
A. Carimi, F. (2010). Determination of genetic fitke of
Algerian  citrus  genotypes regenerated by somatic
embryogenesis.24 —27 April 2010, Bologna, Italy.

Karim, R. Chlyah, H. Badoc, A. Douira, A. (2005PDbtention
de pieds néoformés suite a l'induction de cals god®nes
d’embryons zygotiques de blés par le borate deusodit un

Copyright © 2016 1JRAS, All right reserved

302



International Journal of Research in Agricultural Sciences
Volume 3, Issue 6, ISSN (Online): 2348 — 3997

Y

¥

extrait de fusarium graminearum. Bull. Soc. PhaBordeaux,
2005, 144, 195-210.

[20]  Meziane, M. Boudjeniba, M. Frasheri, D. D’OnghiaM.
Carra, A. Carimi, F. Haddad, N. Boukhalfa, S. Bw@in S.
(2012).  Regeneration of Algeriai€Citrus germplasm by
stigma/style  somatic  embryogene.African  Journal  of
Biotechnology Vol. 11(25), pp. 6666-6672, 27 Mar2d12.

Ut

AUTHORS' PROFILES

Ms. Fatima Zahra ELMANDOURI

PhDstudent in agricultural science at tlabdratory o
Botany, Biotechnology and Plant ProtectiGagculty of
science, Ibn Tofail University (Kenitra, Moroccé)
Laboratory of Citrus Breeding and Biotemlogy, RU
of plant breeding and germplasm conservation, ddat
Institute for Agricultural Research (Kenitra, Mooog.

Email: elmandouri07@gmail.com

‘

Ms. Ouiam CHETTO

PhDstudent in agricultural science at tlabdratory o
Botany, Biotechnology and Plant ProtectiGagculty of
science, lbn Tofail University (Kenitra, Morocc®&)
Laboratory of Citrus Breeding and Biotechnology,
of plant breeding and germplasm conservation, ddat
Institute for Agricultural Research (Kenitra, Mooog.

Email: ouiam.chetto@yahoo.fr

Mr. Anas FADLI

PhDstudent in agricultural science at ttebdratory o

Botany, Biotechnology and Plant ProtectiBaculty of

science, lbn Tofail University (Kenitra, Morocc&)

Laboratory of Citrus Breeding and Biotechnology,
y = of plant breeding and germplasm conservation, ddat

Institute for Agricultural Research (Kenitra, Moong.

Email: a.fadli@live.fr

Mr. Abdelhak TALHA
', Researcher in agriculture science at the RBlarit
W Breeding and Germplasm ConservationNational
Institute for Agricultural Research (Kenitra, Moom).
Email: talha_abdelhak@yahoo.fr

Pr. Rachid BENKIRANE

Professor of Mycology in thBepartment of Biology
Faculty of science, Ibn Tofail UniversityKenitra,
Morocco).

Email: rachid.benkirane@yahoo.fr

Germplasm Conservation at tidational Institute fo
Agricultural Research (Kenitra, Morocco).
S Email: hamidbenyahia2002@yahoo.fr

PhD Hamid BENYAHIA
r‘ Coordinator of the Research Unit “Plant Bregfianc
e

Copyright © 2016 1JRAS, All right reserved
303



