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Rootstock breeding strategies for the mediterranean citrus industry; 
the somatic hybridization potential. 
Abstract - General trends of the mediterranean citrus industry. Sou r o range was the 
dominant rootstock used in the mediterranean basin , however, because of the spread of citrus 
tristeza virus (CTV), there is an urgency to develop alternative rootstocks resistant to tristeza 
and well adapted to the constraints o f the area. Constraints for rootstocks prevailing in 
the mediterranean context. The major problems affecting this citrus a rea are sa lini ty, alka­
line pH due to calcareous so ils, tristeza , nematodes and Phytophthora. A new genera tion of 
rootstocks exhibiting good grafting compatibilities with local cultiva rs of ci trus, and cumulating 
tolerance to these constra ints must be worked o ut. Possible strategies for new rootstock 
development. Inte resting traits of to le rance fo r bio tic and abiotic stresses a re present in the 
Citrus and Citrus-re lative gene pools. To use this genetic cliversity, the sexual recombination 
presents some limits beca use of the citrus reproductive biology and the high degree of hetero­
zygosity of most citrus cultivars and rootstocks; on the other hand , the somatic hybridiza tion is 
more promising for obtaining good agronomica l tra its and to lerances to pathogens such as 
tristeza and Phytophthora. Somatic hybridization program for citrus rootstock breeding. 
A total of 17 callus lines w ith potential inte rest for rootstock breecling was obta inecl by the 
Ciracl-flhor team from ovule and seecl culture. They were used to isolate protoplasts after elec­
trofusion and somatic hybrids were selected afte r plantle t regeneratio n , of w hich a vigorous 
and res istant to tristeza promising inte rgeneric somatic hybrid between P tn/oliata and C de/i­
ciosa, presently propagated by soft-wood cutting for further multilocal evaluatio ns. However, 
the use of the embryogenic callus obtained afte r fusio n during the regeneration process woulcl 
be an interesting alternative for mass propaga tions. (© Elsevier, Paris) 

mediterranean zone / Citrus / plant biotechnology / selection criteria / 
rootstocks / somatic hybridization 

Sélection de porte-greffes d'agrumes pour la production méditerranéenne ; 
potentialités de l'hybridation somatique. 
Résumé - Les tendances de la production d'agrumes en région méditerranéenne. Le 
bigaradier est le principal porte-greffe uti lisé jusq u'à présent e n rég io n mé dite rranéenn e , 
cependant l'extension du virus de la tristeza des agrumes (CTV) impose de devoir développer 
rapidement un no uvea u porte-greffe résistant à cette maladie et bie n adapté aux contrain tes 
de cette zone de culture. Facteurs limitant le développement des porte-greffes en région 
méditerranéenne. Les principaux problèmes affectant cette zone sont la salinité, l'a lca linité 
des sols calcaires, la tristeza, les né ma todes et le Pbytopbtbora. De nouveaux po rte-greffes 
offrant une bonne compatibilité avec les cultivars d 'agrumes locaux e t tolérants à ces diverses 
contraintes doivent ê tre trouvés. Stratégies possibles permettant le développement de 
nouveaux porte-greffes. D'intéressants caractères de to lérance vis-à-vis de stress biotiques et 
abiotiques existent clans les espèces du genre Citrus et des genres apparentés. La recombinai­
son génétique, utilisable pour explo ite r cette divers ité génétique, est limitée par la bio logie de 
la reprodu ctio n d es agrumes e t la fo rte hétérozygotie de la plupart des cultiva rs et porte­
greffes ; en revanche, l'hybrida tio n somatique apparaît comme éta nt une voie plus favorable 
au cumul des caractères d 'intérêt agronomique e t de tolérances à des pathogènes te ls que la 
tristeza et le, Pbytopbtbom. Programme d'hybridation somatique pour l'amélioration des 
agrumes. A partir de cultures d 'ovules o u d e graines, l'éq uipe du Cirad-Flho r a constitu é 
17 lignées de cals , présentant un intérêt potentiel pour la sélectio n de porte-greffes. Elles ont 
permis d 'isoler des protoplastes par é lectrofusion ; puis , après régénéra tion des planwles, des 
hybrides somatiques o nt été sélectio nnés, do nt un hybride inte rgénérique entre P tr(/o/iata 
and C. deliciosa, vigoure ux e t résistant à la tristeza , actue llement multip lié par bo uturage pour 
de prochaines évaluation multilocales. Cependant, l'utilisation du cal emb1yogène fonné après 
fusion au cours du processus de régénération serait une voie inté ressa nte pour la propagation 
de masse. (© Elsevier, Paris) 
zone méditerranéenne / Citrus / biotechnologie végétale / critère de sélection / 
porte-greffe / hybridation somatique 
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1. general trends of the 
mediterranean citrus industry 

With c itru s introd uction tracing back 
some 20 centuries ago, the medite rranean 
basin is recognized as the first histo rica l 
no n-native regio n. As such , it is an impor­
tant secondary center o f genetic diversifi­
cation , namely for sweet oranges, lemo ns, 
and manda rins. The w ider medite rranean 
area has a g lobal annua l c itrus o utp ut 
amo unting to 17 Mt o f w hich 87% a re 
channe ll ed to the fresh ma rke t and o nly 
13% to juice process ing . This is in sharp 
contrast w ith the North and South Ameri­
can prod uctio n that is dedica te d to juice 
p rocessing for 80% of its glo bal o utput [ll. 

Mediterranean citrus growers have thus 
foc used increasingly the ir effo rt o n the 
fresh frui t marke t. Sweet orange is still the 
main p roductio n of the area with , respec­
tively, 2.6 Mt and 1.4 Mt for fres h fruit 
exp o rt and process ing. This a rea bas a 
pre-emine nt p ositio n fo r easy peele rs, 
especia lly fo r clemen tines, that are stron­
g ly a ttracting European consume rs, w ith 
abo ut 95% o f the fresh wo rld expo rt 
(1 .4 Mt) and 50% o f fruit processing 
(0 .3 Mt). The medite rranean area is also of 
significant importance for lemon production. 

Sour o ra nge was th e d o minant root­
s tock used in the me dite rra nean bas in 
and 60% o f the orchard a rea a re still graf­
ted o nto this rootstock. However, the use 
of sour o range bas declinecl and will soon 
be hampe re d w ith the sprea cl o f c itrus 
tristeza virus (CTV). The re is a n urgency 
to ide ntify o r to develo p alte rnative root­
stocks resistant to tristeza and well aclap ­
te cl to the o the r b io tic a nd abio tic 
cons tra ints o f th e a rea lis tecl below. 
Mo reover, the predo minance o f the fresh 
fruit marke t requires the selectio n of root­
s tock indu cing highe r fruit qu ality a nd 
good fruit size [2]. 

2. constraints for rootstocks 
prevailing in the mediterranean 
context 

Sa linity is a ma jo r proble m affecting 
the mediterranean citrus area; sa line stress 
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affects the agricultural p roductivity and 
the s urviva l o f m an y crops, including 
citrus [3]. Sorne citrus rootstocks such as 
Rangpur lime, Cleopatra mandarin, Citrus 
macrophylla o r C. am blycarpa have a n 
inte resting to le rance to salini ty while Pon­
cirus tri/oliata and its hybrids a re very 
sensitive [4, Sl. 

Alkaline pH due to ca lcareous soils is 
an ano the r serio us concern for the medi­
te rranean basin citrus industry. It is asso­
ciated w ith debilitating iron chlorosis, that 
is p articul a rly prevale nt in semi-arid 
regio ns w here irrigatio n is high in bica r­
bonates. Crop to le rance to iron deficiency 
bas bee n p roved to be gene tica lly 
controlled [6). For citrus, good tole rances 
have been ide ntifie d in Mexican lime, 
Eure ka le mo n , Ro ug h le mo n, Sour 
o range, C. macrophy lla C. volkameriana 
and C. taiwanica [7-10). 

Tristeza, ca used by the CTV is o ne o f 
the most destructi ve diseases o f c itrus . 
Since 1957, the stra ins that a re preva le nt 
in the me dite rra nea n a rea have a lready 
causecl the death of more than 13 millio n 
trees grafte d o n sour o range, and CTV 
tolerant rootstocks have been recommen­
ded altho ugh they do not sto p necessa rily 
viru s multipli ca ti o n a nd evolutio n. The 
spread o f seve re stra ins and th e po te ntial 
risk o f Toxop tera citricidus suppo rt the 
objec ti ve o f se lec tin g res is ta nt , a nd no t 
o nly to le rant , geno types [11). Garnsey, e t 
al. [12) fo und immunity or a high level of 
resistance to CTV in seven lines o f Ponci­
rus tr{/ oliata, in Swinglea g lulin osa 
(Blanco) Merr. , and in Severinia buxifolia 
(Po ir. ) Te no re. P. tri/olia ta immunity to 
CTV seems to be con tro ll ecl by a s ing le 
dominant gene [1 3). In addition to P tri/o­
liata, the Carrizo and Troyer citranges are 
used as CTV-resistant rootstocks. Altho ugh 
CTV res is tant , these rootstocks w ill n o t 
s ta nd th e ad verse e ffect o f exocortis o r 
those of calcareous soi! and salinity. 

Nematocles (such as Tylenchulus semi­
penetrans) have some econo mic inc i­
de nce o n the citrus industry. Nematicides 
a re expe ns ive and e n vironme nta lly 
unfri e ndl y . The refo re, ci trus rootstocks 
to le rant to ne mato des are needed. Resis­
ta nces have been fo und in P. trif oliata, 
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various hybrids of P. trifoliata and Severi­
nia buxifolia [14-1 6). However some bio­
types of citrus burrowing nematodes are 
able to circumvent the resistance of P. tri­
foliata [17] 

Phytophthora foot and root rots are the 
most important funga l citrus diseases 
worldwide. Various species of Phytoph­
thora sp. can attack citrus [1 8], however, 
P. parasitica and P. citrophthora are the 
most frequent in the mediterranean basin. 
Even if chemical treatments prove effec­
ti ve for containing Phytophthora attacks 
[19], to lerance to Phytophthora sp. is a 
fundamental requirement fo r citrus root­
stocks. Such tolerance is found in C. auran­
li um, P. trifoliata and some mandarins, 
however, these rootstocks have other 
drawbacks such as tristeza susceptibility 
for C. aurantium, or calcareous, salinity 
and exocortis sensitivities for P. trifoliata. 

As a whole, there are some limitations 
to the actual choice of conventional root­
stocks. For instance, P. trifoliata and some 
of its hybrids (ci tranges and citrumelos) 
conferring interesting resistances to biotic 
stresses (tristeza, nematodes, Phytoph­
thora sp. , etc.) are susceptible to calca­
reous soils and sa linity. On the other 
hand , most of the rootstocks of the 
·Iemon group' tolerant to tristeza confer a 
poor fruit qu ality and some degrees of 
into le rance to Phytophthora sp. and 
nematodes , especially in replant situation. 
Cleopatra mandarin , which displays good 
tolerances to sa linity, tristeza and Phy­
tophthora sp. , has a rather low agronomi­
cal potential and is sensitive to cachexia, 
a viroid commonly found in the medite r­
ranean area . 

Even if practical solutions are tempora­
rily found by combining the screening of 
conventio nal existing rootstocks and 
hetter policies of sanitation , it is clear that 
a new generation of rootstocks exhibiting 
good grafting compatibilities with local 
cultivars of sweet orange , mandarin, gra­
pefruit and lemon, and cumulating tole­
rance to Phytophthora sp., nematodes, 
tristeza, alkalinity o r sa linity, must be 
worked out for the mediterranean citrus 
areas. 

3. possible strategies for new 
rootstock development 

Interesting traits of tolerance for biotic 
and abiotic stresses are present in the 
citrus and citrus re lative gene pools 
(table [). Complementary genitors can be 
ide ntified and two majo r breeding 
methods are offered for taping this gene­
ti c diversity: sexual recornbinatio n or 
somatic hybridization. 

3.1. limits of the conventional 
sexual breeding 

Progress with citrus genetic irnprove­
ment and subsequ ent cul tiva r develo p­
ment by conventional breeding is a diffi­
cult task , mainly fo r the fo llowing two 
reasons. 

- Reproductive biology: partia l apo­
mixis due to nucellar embryogeny, wides­
pread in citrus, is seriously hampering the 
successful recovery of zygotic recombi­
nants, even if morphologica l markers as 
trifoliate leaves or isozyrne analysis [20) 
are useful for identifying zygotic proge­
nies . The effective harnessing of genetic 
divers ity of citrus and re lated genera 
remains also a difficult task [21). Indeed , 
the low fertility of the intergeneric hybrids 
obta ined between Citrus sp., Fortunella 
sp. , Poncints sp. , Microcitrus sp. and Ere­
mocitrus sp . [22) hinders the production 
of a second generation generally neces­
sa ry for further breeding [23). 

- Heterozygosity: molecular markers 
studies [24- 26) have shown the high 
degree of heterozygosity of most citrus 
cultivars and rootstocks. This heterozygo­
sity leads to impoltant sexual recombination 
of genes in progenies and then is associat­
ed with low probability to obtain recombi­
nant hybrids cumulating the desirable cha­
racters of the two parents (table Il). 

As a result , if several good rootstocks 
such as citranges and citrumelos have 
been se lected in the United States by 
intergeneric sexual hybriclization, they are 
generally not suitable for areas with grea­
ter constraint of sa linity and alkalinity. 
New prograrns foc us ing o n these cons­
traints might be successful but require 
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Table 1. 
Distribution of some tolerance traits for abiotic (alkalinity, chlorides, boron, drough) 
and biotic (tristeza, nematodes, Phytophthora) constraints in the citrus gene pool. 

Citrus varieties Alkal inity Chlorides Boron Drough Tristeza Nematodes Phytopthora 
or species 

Cleopatra mandarin pT TI pT pT T s pT 
Sour orange T pT T T s s T 
Sweet orange pT s pT T T s s 
Citrus amblycarpa T T ? s T s T 
C. taiwanica T T pT pT s s T 

Lemon group 
Rangpur lime pT TI T TI T s s 
Rough lemon TI pT PT T T s s 
C. macrophylla T T TI T s s T 
C. volkameriana T pT ? T T s T 
Mexican lime T pT pT T s s s 

Citrus relatives 
Eremocitrus glauca T TI TI TI T s T 
Severinia buxifo/ia pT TI TI pT T T T 
Poncirus trifoliata s s s pT TI TI TI 

TI: very tolerant; T: tolerant; pT: poorly tolerant; S: susceptible. 

efficient ea rly screening methodo logy at 
the greenhouse and even at the molecu­
lar level [27] to analyze very large proge­
nies in order to identify good mu ltilocus 
recombinants. 

3.2. potential 
of somatic hybridization 

In 1985, Ohgawara et al. [28] obtained 
the first somatic hyb rid between 
C. sinensis and P. trifoliata. Since the n, 
numerous intergeneric combinations were 
produced by various research teams [29, 
30, etc .l. The addition of nuclear genomes 
from interspecific and intergeneric parents 
is re lative ly easy . This technique seems 
very promising for rootstock breeding as 
it cumulates ail dominant genes for tole­
rance to biotic and abiotic stresses, irres­
pective of the he terozygosity of both 
parents (table II.). There is also a wider 
possibility of harnessing natural biodiver­
sity as 1) somatic hybrids have been suc­
cessfull y developed between sexually 
incompatible species and genera [23, 311, 
2) somatic hybridization enables to over­
come sterility and to obtain fertile tetra-
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plaid hyb rids fro m ste ril e diplo ids [32] 
and 3) it is easy to combine two polyem­
bryonie parents. 

Somatic hybridization has already been 
widely exploited for rootstock breeding in 
Florida by the Institut of Food and Agri­
cu ltural Sciences. Promising results have 
been o btai ne c.l at the agronomica l leve l 
and for some tolerances to pathogens 
such as tristeza and Phytophthora [29]. 
This resea rch team has also proved that 
te traplo idy itse lf confe rs some level o f 
tolerance to nematodes [331. So far, how­
ever, Jess informatio n is avai lable rega r­
ding the heritability of tolerances to abio­
tic factors such as alkalinity and salinity. 

4. somatic hybridization 
program for citrus rootstock 
breeding 

4.1. establishment of a callus line 
library 

The establishment of a callus library of 
the potential genitors is a prerequisite for 
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Table Il. 
Example of allele transmission with sexual and somatic hybridization for nine 
independant loci (with only one homozygous locus for the tolerant allele among one 
of the parents). 

Plant type Ailelic structure Frequency 

Parental genotypes 
Parent A T T s T s T T s T 

s s s s s s s s T 

Parent B s T T s T s s T s 
s s s s s s s s s 

* Sexual progeny 
parent A x parent B s T s T s T s s T 0.58 

s T T s s s s T s 
T s s s s T T s T 0.58 
s T s s T T s T s 
s s s T s s s s T 0.58 
s T s s s s s s s 
T T s T s T T s T 0.58 
s T T s T s s T s 
T T s T s T T s T 0.58 
s s T s T s s T s 
T s s T s T T s T 0.58 
s T T s T s s T s 

Somalie hybrid somalie T T s T s T T s T The tetraploid 
progeny: s s s s s s s s T hybrid possesses 
parent A + parent B s T T s T s s T s tolerant aileles for 

s s s s s s s s s ail the loci 

S: susceptible ailele; T: tolerant ailele. 
*: only 3 x 0.58 of the progenies possess ail the tolerant aileles. 

an efficient somatic hybridization pro­
gram. Indeed, successful regeneration 
from heterofusion protoplasts is depen­
dent on the callus emb1yogenic potential. 
Moreover, it is easier to isolate protoplasts 
from callus lines than from leaves of adult 
trees. True-to-type genetic origin is also 
easier to assess for callus lines than for in 
vitro seedlings that are classical explants 
for mesophyll protoplast isolation. 

It has been proved that somatic hybrid 
cells are generally more competitive at 
the cellular level than the parental 
embryogenic callus one [34]. Conse­
quently, it is not necessary to rely on a 
selection strategy by differential metabolic 
requirements of protoplasts arising from 
different expiant sources (embryogenic 

callus protoplast and leaf protoplasts) as 
the one proposed by Grosser e t al. [35l. 
Finally, somatic hybrids can also be 
obtained easily w ith embryogenic callus 
protoplasts from both parents. 

Our callus lines were induced by ovule 
culture on Murashige and Tucker medium 
added w ith 1 mgT1 kinetin [25], or by 
seed culture on the medium described by 
Jumin and Nito [36]. A total of 17 callus 
lines with potential interest for rootstock 
breeding are presently being run (table III). 
The established embryogenic callus lines 
from ovule culture can be arnplified in 
hormone free medium over several years 
or eventually cryopreserved in liquid 
nitrogen [37l. More difficulties are arising 
from the callus obtained at the hypocotyl 
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Table Ill. 
Gallus lines with potential interest for rootstock breeding obtained by Cirad-Flhor. 

Embryogenic callus line 

Cleopatra mandarin 
Bintangor mandarin 
Sunki mandarin 

Gallus line from mature seeds 

Citrus macrophylla 
C. amblycarpa 
Rangpur lime 

Sour orange 
Willow leaf mandarin 
Shamouti sweet orange 
Star ruby grapefruit 
Mexican lime 

Poncirus trifoliata cv. Pomeroy 
P. trifoliata cv. Flying dragon 
Carrizo citrange 
Muraya paniculata 
Clausena excavata 

Lakeland limequat 

of seedlings in the Jumin and Nito 
medium. In fact, the s tabilization of 
embryogenic callus lines was successfu l 
o nly for limequat cv. Lakeland and Bin­
tangor mandarin. The other lines require 
subculture on media supplemented w ith 
auxin and cytokinin as they frequently 
become compact calli. 

4.2. electrofusion and hybrid 
selection methodology 

Embryogenic callus lines of one parent 
versus leaves of the other or callus lines 
of the two parents are used to isolate pro­
toplasts according to the method of Gros­
ser and Gmitter (38]. Pratoplast suspen­
sions are then submitted to an AC electric 
field to praduce the alignment of proto­
plasts; some pulses of 225 V (DC) are 
then emitted to induce pratoplast fusions. 

After electrafusion, the suspension of 
pratoplasts in BH3 0.6 M medium (39] 
modified by Grasser and Gmitter (38] is 
poured into an MT 0.6 M sucrase solid 
medium (40] in 90 x 15 mm petri dishes. 
Protoplasts are then cultivated under dark 
conditions for 3 weeks at 28 °C. Subse­
quently, they are transferred to a culture 
raom at the same temperature with 12 h 
of light daily. One month after electrafu­
sion , the pra-embryos and cell lines are 
subcultured in MT 0.15 M sucrase or MT 
0.15 M galactose solid medium for further 
development. When cotyledona1y emb1yos 
are obtained, they are subcultured on MT 
medium added w ith 1 mg r 1 GA3 and 
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0.1 M sucrase for raot and shoot elonga­
tion. 

Somatic hybricls a re selected afte r 
plantlet regeneration by isozyme analysis 
and ploidy evaluation by flow cytometry 
(34]. 

4.3. obtention of a first 
promising hybrid 

Ciracl-Flhor has recently unclertaken a 
raotstock breecling pragram, by somatic 
hybridization , with a view of acldressing 
the mecliterranean citrus raotstock chal­
lenge. Severa! interspecific and intergene­
ric combinations have been praclucecl. A 
pramising intergene ric somatic hybrid 
between P tri:foliata and C. deliciosa bas 
already been cleveloped for merging the 
tole rance traits towards biotic constraint 
of P tr/foliata with tolerance traits towards 
abiotic fac to rs, s uch as alkalinity of 
C. deliciosa. This intergeneric hybricl has 
a vigorous grawth (ligure 1) and praved 
resistant to tristeza ( Grisoni, persona[ 
communication). It is presently being pro­
pagatecl by soft-wood cutting (figu re 2) 
for further multilocal evaluations concer­
ning tolerance and agronomical traits. 

4.4. methodologies 
for the propagation of new somatic 
hybrid rootstocks 

Expeclient propagation techniques of 
new somatic hybricls are essentia l for 
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assessing their agronomical potential and 
for commercial applications. Considering 
the long juvenile phase, it is necessa1y to 
develop vegetative amplification methods 
from juvenile material. 

The development of an amplification 
process by soft-wood cuttings is already 
experimented for the C. deliciosa x P tri­
f oliata hybrid (41] (figure 1) . This tech­
nique relies on the induction of rooting of 
soft-wood microcuttings comprised of 
two or three internode segments in artifi­
cial controlled conditions of light, tempe­
rature and humidity. The principle is that, 
after flu shing, axillary buds o f each 
microcutting develop in shoots bearing 
new nodes . A period of 45 d after exci­
sion was necessary to enable the micro­
cuttings to develop simultaneously an 
aerial and root system. An average of 90% 
of rooted cutting recove1y was achieved , 
the roots having originated from the basal 
section of the explants . After acclimatiza­
tion, 95% of the rooted micro-cuttings 
were transferred successfully on soi! and 
rock wool blocks in greenhouse. Without 
delay, these nodes will be harvested for a 
next cycle of multiplica tio n. This tech­
nique is convenient fo r low range p ro­
duction rates enabling eva lua tion trials. 
However, highe r rates of mul tip lication 
and safer methodologies concerning 
disease-free materie l p roduction will be 
required for the establishment of com­
mercial plantations. In vitro micro-cutting 
techniques similar to the ones already 
developed fo r Poncints Flying Dragon 
(42] would also be applied for somatic 
hybrids. 

Somatic embryogenesis run from 
embryogenic ca llus obtained d uring 
somatic hybrid rooting (figure 3) should 
be an interesting alternative way for mass 
p ropaga tion. This method would allow 
for ve ry high amplificatio n rates and 
offers the possibility of storing the hybrid 
lines by cryopreserva tion (37] w hile the 
rootstock evaluation phase is carried out. 
Prelimina1y studies on somatic emb1yoge­
nesis induction by carbohydrate content 
[43] or osmotic regulation [44] and emb1yo 
development [45] have already been per­
formed. Additional studies are necessary, 

however, for the assessment of somatic 
emb1yo conformity and the optimization 
of emb1yo germination and plantlet reco­
ve1y. 

Figure 1. 
Allotetraploid somalie hybrid 
between Citrus deliciosa and 
Poncirus trifoliata. 

Figure 2. 
Soft-wood cutting of the Citrus 
deliciosa x Poncirus trifoliata 
somalie hybrid. 
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Figure 3. 
Citrus amplification by somalie 
embryogenesis. 
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Selecci6n de porta injertos de agrios para la producci6n mediterranea; 
potencialidades de la hibridaci6n somatica. 
Resumen - Las tendencias de la producciôn de agrios en regiôn mediterrânea. El 
naranjo amargo es el principal porta injerto utilizado hasta el momento en region mediterra­
nea , no obstante la extension del virus de la tristeza de los agrios (CTV) hace imprescidible 
desarrollar rapidamente un nuevo porta injerto resistente a esta enfermedad y bien adap­
tado a las limitaciones de esta zona de cultivo . Factores que limitan el desarrollo de los 
porta injertos en regiôn mediterrânea. Los principales problemas que afectan esta zona 
son la salinidad , la alcalinidad de los suelos calcareos, la tristeza, los nematodos y el Pby­
topbtbora. Se tienen que encontrar nuevos porta injertos que ofrecen una buena compatibi­
lidacl con los cultivares de agrios locales y tolerantes a estas varias limitaciones. Posibles 
estrategias que permiten desarrollar nuevos porta injertos . Interesantes caracteres de 
tolerancia frente a los estreses bio ticos y abioticos existen en las especies ciel género Citrus 
y en los géneros apa rentados . La recombinacion genética, utili za ble para explo tar esta 
cliversiclacl genética, se balla limitacla por la biologia de la reprocluccion de los agrios y la 
fu e rte heterozigotia de la mayorîa de los cul tivares y porta injertos; en cambio, la hibricla­
cion somatica resulta ser una via mas favo rable a la acumulacion de los ca racte res de 
inte rés agrono mico y de tole rancias a patogènos tales como la tristeza y la 
Pbytopbtbora. Programa de hibridaciôn somâtica para el mejoramiento de los agrios. 
A partir de cultivos de ovulos o de semillas, el equipo ciel Ciracl-flhor ha constituido 17 cles­
cendencias de callos, que presentan un interés potencial para la seleccion de porta injertos. 
Permitieron aislar protoplastas por electro fusion; y luego, después de regeneracion de las 
plantulas, se seleccionaron hibriclos somaticos, entre ellos un hibrido inter genérico entre P. 
tri/àliata and C. deliciosa, vigoroso y resistente a la tristeza, actualmente multiplicado por 
esqueje para proximas evaluaciones en distintos sitios . Sin embargo, la utilizacion del callo 
embriogeno fo rmado clespués de fu sion durante el proceso de regeneracion seria una via 
interesante para la propagacion cle masa. (© Elsevier, Paris) 
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