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Somatic embryo grafting : a promising technique 
for citrus breeding and propagation. 

SOMATIC EMBRYO GRAFTING : 
A PROMISING TECHNIQUE FOR CITRUS BREEDING AND 
PROPAGATION . 
P. OLLITRAULT. 
Fruits, Numéro spécial Agrumes 1992, p .  213-218. 

ABST RACT - lncreasing attention is being devoted to somatic embryo
genesis in the citrus improvement programs. An other ad van tage of 
this technology is to offer the possibility  of high rate multiplication 
of healthy plants. There are however some drawbacks concerning the 
grow th  and acclimatization of  small vitro plants .  Furthermore, the 
juvenile characters are a serious hindrance to the mass propagation 
of scion cultivars. Embryo micro-grafting was experimented in our 
laboratory with a view to bypassing some of the above problems. 
So malie embryogenesis was induced by in vitro culture of  ovules 
from four citrus species .  The te chnique consisted in the excision o f  
the  radicular pales of  i n  v itro young embryos (4 to  6 mm size) ,  and 
their grafting on to one-year-old rootstocks .  The percentage of reco
very was fairly high ,  and the growth of the young embryos was  
fast . This is indeed a very useful technique to save embryos and speed 
up the development of weak haploids , mutants ,  or somatic hybrids . 
lnterestingly , the plant reaches the flowering stage early . The com
bination of in v itro somalie e mbryogenesis and in vivo embryo graft
ing can also be  promising for the propagation of  disease-free varieties ,  
i f ,  as we expect ,  the juvenility phase i s  drastically reduced by  a very 
early grafting. 

INTRODUCTION 

Somatic embryogenesis has been achieved since the 
seventies for Citrus polyembryonie species (BUTTON and 
BORNMAN, 197 1 ; KOCHBA and SPIEGEL ROY 1973 
. .. ) .  The embryogenic capacity of nucellar callus was 'succes� 
fully developed to isolate protoplasts and regenerate entire 
plantlets (YARD! et al. , 1975 ; YARD! and SPIEGEL ROY, 
1982) . ln fact somatic embryogenesis and protoplasts 
technology have great potential for citrus breeding (muta
genesis , somatic hybridization , gene transfer ,  . . .  ) and also 
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RESUM E  - L'embryogenèse somatique prend une importance crois
sante dans les programmes d'amélioration des agrumes, e t  permet par 
ailleurs, des  taux de multiplication élevés de matériel sain. Cependant , 
les phases  d'élongation et d'acclimatation des vitroplants  sont souvent 
longues et délicates .  De plus,  les caractères de juvénilité sont un 
obstacle majeur au recours à l'embryogenèse somatique pour la pro
pagation des cultivars .  La technique de greffage d'embryons somati
ques a été expérimentée dans notre laboratoire pour tenter d'éviter 
certains de ces problèmes. L'embryogenèse somatique est induite 
par culture in v itro d'ovules de quatre espèces d'agrumes.  Après avoir 
incisé le pôle radiculaire ,  les petits embryons somatiques (entre 4 et 
6 m m )  sont greffés dire·ctement in vivo , sur des porte-greffe d'un an. 
Le taux de réussite est élevé et le développement de la pousse est  
rapide . Cette technique pourrait être très utile dans le cadre des 
programmes de création variétale pour sauver des embryons peu 
vigoureux (haploïdes, mutants ,  hybrides  somatiques,  . . .  ) e t  obtenir 
plus rapidement les pre mières floraisons. La combinaison de l'embryo
genèse somatique in vitro e t  du greffage d'embryon in vivo pourrait 
également déb oucher sur la propagation de masse de plants sains 
à condition que la phase juvénile soit considérablement réduite par 
un greffage très précoce. 

for germplasm preservation or cultivar propagation . How
ever, in vitro elongation of embryos and subsequent accli
matization is a long and sometime a difficult process (BUT
TON and KOCHBA, 1977) .  Furthermore , j uvenility charac
ters delay significantly the selection procedure and consti
tute importanflimitation for propagating citru� by somatic 
em bryogenesis . 

Therefore we attempted to develop the embryo grafting 
technique for avoiding some of the inconvenients of somatic 
embryogenesis . This report deal with our first results and 
develop the potential application of this technique. 



2 1 4  

MATERIAL AND METHODS 

Embryo obtaining. 

Fertilised and unfertilised ovules of  four Citrus species 
[ C. sinensis (L . )  Osbeck cv . 'Valencia late ' ,  C. aurantiurn 
L . ,  C. deliciosa Tenore and C. limon (L . )  Burn cv 'Eureka' ] 
were axenically excised during the first month after anthe
sis , and placed on solidified medium in 1 0  cm Pétri dishes . 
According to V ARDJ and SPIEGEL ROY ( 1 9 82 ) the me
dium consisted o f  Murashige and Tucker ( 1 969 )  nutrient 
medium (MT),  lacking  phytohormones,  containing 5 g/1 
sucrose and 500 mg/! malt extract. Before autoclaving, the 
pH was adjusted to 5 .7 and supplemented with 1 0  g/1 
Difco Bacto agar. The dishes were maintained at 26°C and 
exposed to 1 6  h o f  dim light daily . Subcultures were made 
in the same medium every 4 or 5 weeks . 

Control of the somatic origin of embryos using isozyme 

electrophoresis . 

l sozymes can be used for the determination o f  the sort 
o f  tissue (somatic , gametic or zygotic)  which generated the 
in vitro embryogenesis (OL LITRAULT et al. , 1 992 ) .  

Jsocitrate dehydrogenase (IDH) ,  Malate dehydrogenase 
(MHD) and Phosphoglucose isomerase (PG I )  were studied 
in starch gel according to TORRES et al. ( 1 97 8  and 1 982 ) .  

The embryo grafting technique. 

ln vitro cotiledonary embryos (between 4 and 6 m m )  
were chosen (Fig .  l b) .  The radicular pales of  embryos were 
eut (Fig . l c ) .  Then the embryos were grafted (T grafting) 
in vivo on one year old C. volkameriana, which is a very 
vigorous rootstock (Fig. 1 d) .  The grafted rootstocks were 
enclosed in transparent plastic bags in order to secure high 
hygrometry . The young grafts were main tained at 26° C 
with 1 6  h of dim light daily . When the new shoot was 6 to 
8 cm long,  the gra fted plants were p laced in a greenhouse . 

In vitro plantlet regeneration and in vivo acclimatisation 

of whole plants . 

In order to compare the embryo  grafting technique and 
the traditional technique o f  vitroplants elongation and 
acclimatization ,  cotyledonary embryos were isolated and 
transfered to MT medium containing 5 g/1 sucrase and 
l O g/1 Difco agar in cultures tubes . The culture was main
tained at 26° C with 1 6  h photoperiods. When in vitro 
p lantlets were about 3 to 4 cm long,  they were transplanted 
in vivo in « Jiffy p ots» a�d cultured in saturated humidity 
under the same temperature and light conditi ons as pre
cedently . 

RESULTS 

Embryo obtaining. 

Embryos were recovered from al! tested cult ivars (Fig . 
1 a ) .  The frequency of callus induction and the nature of  
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callus were variable according to the cultivars. Green and 
compact cal l i  were obtained directly from « Eureka » lemon ; 
such calli displayed very low embryogenic capacity . For the 
other cultivars (« willow leaf» mandarin , « Valencia late» 
sweet orange and sour orange) ,  white and granular callus 
were recovered directly from ovules or secondary from 
globular embry os .  Those calli (especially for the « willow 
leaf» man darin ) exhibited high embryogenic capacity and 
they produced many embryos at  the begining of  subculture. 

Study of the origin of embryos. 

Ali the embryos stemming from unfertilized ovules 
displayed the same isozyme patterns as the parental culti
vars . For each cultivar, one or more loci are heterozygous 
(PGI for « commune» mandarine and sour orange , !CD 
and PGI for « Valencia Jate» sweet orange, !CD ,  MDHt and 
PGl for « Eure ka » le mon) ; therefore it was clear that, ai l  
the embryos obtained from unfertilized ovules were soma tic 
embryos .  On the contrary , zygotic embryogenesis can be 
obtained by in vitro culture of fertilized ovules . Such 
zygotic embryos were clearly identified for mandarin and 
sour orange . 

Plant obtaining by the embryo grafting technique and 

the traditional method. 

ln this preliminary experiment, about 30  embryos of 
the different cultivars were grafted in C volkameriana . � 
Ten day after grafting, 1 9  of them had started to develop 
smal l  shoots (Fig . 1 e ) .  After one month , the shoots were , 
6 to 8 cm long, and the grafted plants were transfered to a 
greenhouse . Ten weeks after grafting the shoot were 1 5  to 
2 5 cm long with morphological oonformity (Fig . J f ) .  

During the same time, 24 embryos of  each cultivars 
were put in vitro for germination . The rate of germination 
was more than 90%, but the growth was very slo w .  After 
1 0  weeks the shoots were only 3 to 4 cm long (Fig . J f) 
but were nevertheless transfered in «jiffy pots» for acclima
tization . This last step took  4 to 6 weeks for obtaining 6 
to 8 cm plantlet with a good root system . We yielded good  
results (> 90%)  for acclimatization ,  however this step 
required a constant attention and a lot of traitments against 
fungal infection .  

DISCUSSION 

Somalie embryos were obtained from pollinated and 
unpollinated ovules of  the four cultivars under study . 
lsozyme analysis indicated that zygotic embryogenesis 
could also be obtained by pollinated ovule culture . This 
result open the possibility of obtaining hybrids bêtween 
polyembry onie species . Two kinds of callus lines were 
obtained . Green and compact « Eureka»  lemon calli origin
ated from integument as demonstrated by KOBA'Y ASHI 
( 1 987  a )  whereas white embryogenic calli were proved to 
be nucellar calli (BUTTON and BORNMAN 1 9 7 1  · KO
BA Y ASHI et al. , 1 9 8 1 ) .  Such white calli are ;he basi� step 
o f  breeding program using somatic embryogenesis (Fig. 
2 ) .  
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a : callus and somatic embryos from «willow leaf » mandarin . 

FIGURE 1 · Somatic embryos. grafting technique. 
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b : soma tic embryos before grafting. 

c : cutting of radicular pole. 



2 1 6  

d : embryo grafting . 

e : development of the shoot l O days after grafting. 
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f : comparison at ten weeks between embryo grafting and 
classical in vitro technique .  

I n  this first experiment, the rate of success of embryo 
grafting (60%) was lower than that of traditional technique 
of elongation and acclimatization (80%). However it is 
clear that better results will be obtained with more expe
rience and perhaps by using another technique of grafting. 

The embryo grafting technique is much more simple 
and gives faster results than the traditional techniques of 
acclimatization 

- the steps of in vitro elongation and acclimatization are
su ppressed ,
- there is no more problem of Phytophthora or fungal 
infection of roots,
- the shoot developrnent is much faster .

On coffea, COUTURON ( l  982 )  has grafted embryos of 
seeds in order to rescue weak haploid ernbryos. For citrus, 
HIDAKA et al. (l 979) has found that haploid embryos, 
originating from anther culture, were very weak and that 
haploid plantlets were very sensitive to fungal infeç;.tions .  
Therefore they have developed the approach grafting 
technique for the ultimate step of acclimatization (HIDA
KA and KAJIURA, 1989 ) as for coffea, we thiry,k that 
the embryo grafting technique would be more simple and 
effective . 

COUTURON (personnal communication ) has also 
demonstrated that, on coffea, the embryo grafting techni
que allows their first flowering one or two years before the 
traditional seedling rnethod .  This is a considerable advantage 

, 
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FIGURE 2 · Potential applications of in vitro embryogenesis and embryo grafting. 

for breeders . So, if such a result is obtained for citrus, the embryo grafting technique would be a useful tool for ail the variety breeding and conservation using the embryo pathway (Fig. 2 )  
. Germplasm conservation by  callus bank (HIDAKA and OMURA, 1989) or cryopreservation (SAKAI et al., in press). 
. Hybridization between polyembryonie species in combination with ovules cultures, 
- Mutagenesis in callus or cell suspension (OLLITRAULT, 1 992), 

- Protoplast technology (KOBA Y ASHI et al. , 1988 a et bV ARDI et izl. , 1987 .. . ), 
- Gene transfers (KOBA Y ASHI and UCHIMIY A, 1989HIDAKA et al. ,  1990) .

A very high rate of multiplication can be obtained through somatic embryogenesis. Furthermore nucellar plants previously produced in vitro have responded negatively in tests for ail iden tified citrus virus and virus like pathogens (BITTER et al. , 1972) and their genetic stability was demonstrated for polyembryonie species (ST ARRANTINO and RUSSO, 1983 ; KOBA YASHI, 1987 b). the ultimate application of somatic embryo grafting would be 
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mass propagation of disease free grafted trees. The effect of an early grafting on juvenility characters (such as thorns) is under study.  A drastical reduction of these characters would be necessary for using embryo grafting as nursery tool . 
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CONCLUSION 

This is the first of somatic embryo grafting for citrus. The results of this preliminary experiment will be confirmed and complemented by additional studies, but they are already very promising. This technique will be useful for breeding, not only for citrus but for ail perenial crops. Its application for mass propagation will depend upon the reduction of juvenility characters. 
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RESUMEN - L a  e mbriogenfa somiitica v a  tomando una importancia 
crecien te en los programas de mej oramiento  de los  dtricos, y permite , 
en particular n iveles de multiplicaci6n elevados de l  material sano.  
Sin embargo , las fase s de alargamien to  ·y de acl imataci6n de las vitro
plantas son muchas veces !argas y delicadas .  Ademas, los caracteres de 

j uvenilidad son un obstaculo mayor en el recurso a la embriogenia 
somâtica para la propagaci6n de los cultivares .  La técnica de inj erto 
de embrione s somâticos ha sido experimentada en nuestro laboratorio 
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para tratar de evitar a lgunos d e estos prob lemas. L a  embriogenia 
somatica es inducida por cu lt ivo in vitro de ovulos d e cuatro especies 
de citricos. Después de haber enta llado e l extremo radiêular Ios 
pequeii'os embriones somaticos (entre 4 y 6 mm) son interj�dos 
directamen te in vivo ,  sobre porta-inj ertos de un ano de edad .  El 

porcen taj e de éxito es .elevado  y el desarro llo del re tono es rapido .  
Esta técnica podrfa ser muy ut il en e l  marco de l o s  programas de 

creaciôn varie tal para salvar unos embriones poco vigorosos (hap lo ï
des ,  mutantes ,  h1bridos somaticos, . . .  ) y obtener m�s rapidamen te Jas 
primeras florescen cias .  La combinaci6n de la embriogenfa somatica 
in vitro y de l inj erto de e mbrion in vivo podria igualmen te resultar en 
la propagaci6n masiva de p lantas sanas con la condici6n de que la 
fase juven il se a reducida considerablemen te por medio de un injerto 
muy p recoz .  




