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Abstract. A major goal of the citrus cultivar improvement pro
g~am at the CREC continues to be to combine all necessary 
d1se~se and pest resistance into high-yielding, cold-hardy, 
h~rt1culturally desirable rootsto<?ks adapted to the various en
vironmental conditions that exist in Florida. Improved root
stocks should also produce trees of optimal size to minimize 
harvesting costs and facilitate cold-protection via microsprin
klers. Somatic hybrids produced at the CREC include at least 
~2 intergeneric hybrids from sexually compatible parents, 15 
mt~rgeneric .~ybrids.from sexually incompatible parents, and 
46 m~e.rsp~c1f1c hybr~ds. Two main strategies utilizing somatic 
hybnd1zat1on are bemg employed to develop improved root
stocks for Florida. One strategy is to combine existing root
~tocks that exhibit complementary traits. A second strategy 
involves the wide hybridization of Citrus with related genera in 
efforts to expand the germplasm base for citrus rootstock im
provement. Somatic hybrids produced using these strategies 
have been propagated and are being evaluated for disease, 
ne"'!atode, an.d ~est resistance, and commercial rootstock po
tential. Descriptions of the somatic hybrids produced for root
stock improvement to date along with preliminary information 
from field trials will be presented. 

Co1:11mercial citrus rootstocks used in Florida usually do 
not satisfy all selection criteria for a specific location, includ
i?g disease and nematode resistance, cold-hardiness, adapta
tion to various soils and conditions, appropriate tree size, and 
high yield of quality fruit (Castle, 1987; Castle et al., 1993). A 
major goal of the citrus cultivar improvement program at the 
CREC is to develop improved rootstocks that will provide 
growers with alternative choices for any given location/citri
cu~ture scheme. Techniques for producing citrus somatic hy
bnds have been advanced to the point where numerous 
hybrids covering a wide range of rootstock germ plasm can be 
produced on a timely basis (Grosser and Gmitter, l 990a; 
Grosser et al., 1992, 1994; Louzada et al., 1992). This report 
pr~s~n~ a general description of our cell-fusion (somatic) hy
bnd1.zation program for rootstock improvement, and of the 
hybnds that have been produced to date. 

Somatic hybrids produced by protoplast fusion are differ
ent than sexual hybrids produced by conventional breeding, 
because they contain all the nuclear genetic information of 
?oth ~arents. The .additive nature of cell-fusion hybridization 
~nvolvm~ any spe.c1fic parental combination generally results 
m genetically umfonn allotetraploid plants, which simplifies 
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screening. As a result, somatic hybrids have potential 
many of the positive attributes of their parents. Au to re· 
loid citrus rootstocks have been shown to have good tore,, 
for tree size control (Lee et al., 1990), and prelimin!;ttr1 

vations of allotetraploid somatic hybrid roots tocks ,1 °~ ·· 
gest this Q. W. GroSi~r, unpublished data). Selected a so, .... 
hybrid rootstocks should therefore fit well into high s~ni 
planting schemes designed to reduce harvesting costs a e 
to maximize the efficiency of cold protection systems thnd ' 
elevated microsprinklers. Two categories of citrus soma~. J 

brids are being produced for rootstock improvement le 

first category contains hybrids that combine complem ·. r 
citrus rootstock germ plasm (Grosser et al., 1992, 1994· ~nt ' 
da et al., 1992), and the second contains hybrids of Ci;l"l. 'ou, 

1 d (. 1 d' 11 . · , 14nn re ate. genera. me u mg se~ua y mcompat1ble genera) r}, • 
contam potentially useful traits (Grosser and Gmitter 19!) · 
b, c; Grosser et al., 1996; Louzada and Grosser 1994), r.:''·· 

1 · b 1 · l d ' · ... nn r~ ati~es are a vast ut re ative y untappe reservoir of gen("J 
d1vers1ty. 

The production of somatic hybrid plants requires an ·u 
cient system for the isolation, fusion and culture of pr~14 " 
plasts (wall-less citrus cells). Plant cells are separated ar 
their walls removed by enzyme digestion to liberate ia ... , 
quantities of protoplasts. Embryogenic callus or suspens11:, 
cultures, initiated from nucellar tissue taken directly from l ·1 

rus fruits, are generally used in fusion experiments to provid, 
the capacity for plant regeneration after fusion. Such embm 
genie cells are capable of developing into somatic ernbrv11 
that be can be germinated to produce normal plants, jusi ,1 

with nucellar embryos. Citrus embryogenic cultures are dilli 
cult to establish, but easy to maintain once established. Ou1 
current collection contains cultures from more than 50 cirrn, 
genotypes. In most cell-fusion experiments, citrus emb1v~ 
genie protoplasts are mixed with leaf-derived pro top la r:· 111 

the selected complementary parent. Protoplast mixtures :m 
then induced to fuse by treatment with the chemical polycth 
ylene glycol (PEG), and cultured in a complex medium. A k1' 
days following the fusion, protoplasts (fused and unfu.~ed) n 
synthesize new cell walls and begin cell division to form colt~ 
nies. From these colonies, it is possible but difficult to recowt 
hybrid embryos from which plants can be regenerated, usi1l'' 
a sequence of tissue culture media. It generally requires ;,.; 
months to recover plants following a fusion. Detailed pron·· 
<lures for producing citrus somatic hybrid plants are (k· , 
scribed in Grosser and Gmitter (1990a) . 1 

Potential somatic hybrids are separated from reg neral ·d 
plants on the basis of morphology, and are verified by chrr~ 
mosome number determination and either isozyme (Cro 't.'J 

and Gmitter, 1990a) or RA.PD analyses (S. Y. Xiao, pei orrnl 
communication). Allotetraploid citrus somatic hybrids :~r 
expected to have 36 chromosomes per cell, 18 from each dip
loid parent. Isozyme or RAPD analyses are used to show eitlu.'l 
the expression of genes or the presence of DNA, respectireh. 
from each parent in a corresponding somatic hybrid. C tl· 

finned somatic hybrid plants are propagated either by tissUt 
culture micropropagation or by a rooted cutting merh.od. 
Liners are grown out, budded and subjected to appropnaL 
evaluation. Seed trees of each hybrid are being grown out ::-L" 

multaneously with commercial evaluation. 
19()'1 
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S 
iumar.- of confirmed somatic hybrid plants produced by cell-fusion at the CREC as of October 1995. 

·;Jhl~1. ll . . 
~ . 

l c:on1bimi.[ion 
f':tn:"Ol:1l 

~c Hybrids, ~exually C?mpatibl~ . . . 
! (et Ciinis sinensis cv. Hamlm + Ponczrus trifoliata cv. Flymg Dragon 

1. :t. sinensis cv. Succari + P. trifoliata cv. Argentine . 
''· c sinensis cv. Valencia+ Carrizo citrange 
::t c. reticulata cv. Cleopatra + P. trifoliata cv. Flying Dragon 
t c. reticulata cv. Cleopatra + P. trifoliata cv. Argentine 
'i. c. reticulata cv. Cleopatra + Swingle citrumelo 

11•. 
11-
]:!. 
ll 
ll. 

1ti. 
17. 

'c. sinensis cv. Valencia + Fortunella crassifolia cv. Meiwa 
c. reticulata cv. Dancy + F. crassifolia cv. Meiwa 
· c. reticulata cv. Changsha + F. crassifolia cv. Meiwa 
c. sinensis cv. Hamlin + Microcitrus papuana 
c. aurantium cv. sour orange + P. trifoliata cv. Flying Dragon 
c. aurantium cv. sour orange + Carrizo citrange 
c. paradisi cv. Red Marsh + P. trifoliata cv. Flying Dragon 
c. paradisi cv. Red Marsh + P. trifoliata cv. Argentine 
C. sinensis cv. Succari + F. crassifolia cv. Meiwa 
Murcott tangor +Cohen citrange (pentaploid) 
Nova tangelo +Cohen citrange (pentaploid) 
c. reticulata cv. Cleopatra+ Cohen citrange (pentaploid) 

· C. reticulata cv. Cleopatra+ Carrizo citrange 
C. sinensis cv. Succari + Microcitrus papauna 
C. jambhiri hybrid cv. Milam + Swingle citrumelo 
C. jambhiri hybrid cv. Milam + Carrizo citrange 

rnw,..,.eneri Hybrids, Sexually Incompatible 
'.!J. 

0 

C. sinensis cv. Hamlin+ Severinia buxifolia 
~ L C. sinensis cv. Hamlin+ S. buxifolia (triploid) 
2r. C. sinensiscv. Succari + S. buxifolia 
2fi. C. sinensis cv. Hamlin + S. disticha XX 
~7. C. sinensis ·cv. Valencia + S. disticha XX 
~ . C. reticulata cv. Cleopatra + S. disticha XX 
'.!~~ - C. sinensis cv. Succari + S. disticha XX 
30. Nova tangelo + S. disticha XX 
:H. C. sinensis cv. Hamlin + Citropsis gilletiana 
:>2. C. reticulata cv. Cleopatra + Citropsis gilletiana XX 
~':t Nova tangelo + Citropsis gilletiana 
J.L C. sinensis cv. Hamlin + Atalantia ceylanica 
:hi. C. sinensis cv. Succari + A. ceylanica 
:t~. C. sinensis cv. Succari + qtropsis gilletiana 
:17. L'. sinensis cv. Succari + Feronia limonia 

lt1ter~pecific Hybrids, Sexually Compatible 
:J • C. aurantium cv. sour orange+ Volkameriana (zygotic) 
:)9. C. aurantium cv. sour orange + C. limonia cv. Rangpur 
·HI. C. reticulata cv. Cleopatra + C. aurantium cv. sour orange 
cl 1. c. sinensis CV. Succari + c. aurantium CV. sour orange 
cl~. Smooth Flat Seville + C. jambhiri cv. rough lemon 
· ~'.! . C. sinensis cv. Succari + C. reticulata cv. Changsha 
~l . C. jambhiri hybrid cv. Milam + C. reticulata cv. Sun Chu Sha 
15. C. aurantifolia cv. Key lime + C. sinensis cv. Valencia 
Jti. C. jambhiri hybrid cv. Milam + C. limon cv. Femminello 
H. C. sinensis cv. Valencia + C. limon cv. Femminello 
18. C. sinensis cv. Hamlin + C. Limon cv. Femminello 
1·9. C. sinensis cv. Hamlin + C. jambhiri cv. rough lemon 
fiO. C. sinensis cv. Valencia + C. jambhiri cv. rough lemon 
~I. C. sinensis cv. Hamlin + C. limonia cv. Rangpur 
Z'i~ . C. reticulata cv. Cleopatra+ C. limonia cv. Rangpur 
:3. Nova tangelo+ Palestine sweet lime 
.14. C. reticulata cv. Cleopatra+ C. jambhiri cv. rough lemon 
-5. C. reticulata cv. Cleopatra + C. volkameriana cv. Volkamer lemon 
:io. Nova tangelo + Citrus ichangensis 
:ii. C. sinensis cv. Succari + C. jambhiri cv. rough lemon 8166 
:"i, · C. sinensis cv. Succari + C. obovoidea cv. Kinkoji 

~ I ~ improved cold hardiness/ tree size control. 
.. ,,, •mproved blight field tolerance. 
:k iinproved resistance to C1V-induced quick decline. 
!'" ~nipraved nematode resistance. 
~improved Phytophthora resistance. 
_ - UllproYed adaptation to high pH calcareous soils. 
;~traplo id breeding parent for seedless triploid scion production. 
' -1.1nexpected disease susceptibility (fungal). 
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No. plants 
in soil 

>800 
>250 

>75 
>300 
>100 
>300 
>100 

>40 
13 

>30 
>100 
>100 

36 
15 

>50 
3 

>10 
3 

>10 
>10 
>35 

3 

>200 
>100 

>30 
4 
3 
2 
3 
2 

>150 
>40 

3 
4 

>40 
>30 
>24 

>100 
>50 

>150 
>40 

>100 
>30 
>50 

>100 
>100 
>300 

>40 
>200 
>200 
>400 
>500 

>50 
>200 
>200 

>40 
>50 

4 

Evaluation for 
rootstock poten
tial in progress 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Primary 
objectives* 

1,2,5 
1,2,5 
2 
1,2,5 
1,2,5 
1,2,5 
7,1,2,5 
7,1,2,5 
7,1,2,5 
1,2 
1,2,3,5,6 
1,2,3,5,6 
1,2,5 
1,2,5 
1,2,5",7 
1,2,3,5,6 
1 
2 
1 
1,2 
1,2,4,5,6 
1,4,6 

1,2,4,5 
1,2,4,5 
1,2,4,5 
1,2,4,5 
1,2,4,5 
1,2,4,5 
1,2,4,5 
1,2,4,5 
2,4,5 
2,4,5 
2,4,5 
1,2,4,5 
1,2,4,5 
2,4,5 
2 

2,3,6 
2,3,6 
1,2,3 
2,3,6 
2,3,6 
1,2,6 
1,2,4,6 
2,7 
2,4,7 
2,7 
2,7 
2,7 
2,7 
2,7 
1,2,7 
1,2,7 
1,2,7 
1,2,7 
1,2 
1,2,5,6 
2,6 
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Table 1. (Continued) Summary of confirmed somatic hybrid plants produced by cell-fusion at the CREC as of October 1995. 

Evaluation for ~ 
No. plants rootstock paten- Primal"\ 

P_a_r_e_n_ta_l _co_m_b1_·n_a_ti_on~------------------------------i_n_s_01_·1 ___ u_·a_l _in_p_r_o_gr_e_s_s _ _ o_b.:_~ecth·e.· 
2,~ 
2,6 

59. C. jambhiri hybrid cv. Milam+ C. obovoidea cv. Kinkoji 
60. C. paradisi cv. Red Marsh + C. jambhiri cv. rough lemon 8166 
61. C. sinensis cv. Succari + C. retzculata cv. Ponkan 
62. C. sinensis cv. Succari +Minneola tangelo 

1 
>15 
>20 
>10 

7 
7 

63. C. sinensis cv. Valencia+ (Robinson x Temple hybrid) CJ Hearn/ USDA 2 
2 

>50 
>10 
>10 

7 
64. Nova tangelo + C. sinensis cv. Succari 
65. Nova tangelo+ C. grandis cv. Hirado bun tan (zygotic) 
66. C. sinensis cv. Succari + C. grandis cv. Hirado bun tan (zygotic) 
67. C. sinensis cv: Hamlin+ (Clementine x Minneola hybrid AP-LB8-4) 
68. C. sinensis cv. Valencia + Minneola tangelo 
69. C. sinensis cv. Succari + USDA-CJH Hybrid 1 (Fortune x Kinnow) 
70. C. paradisi cv. Thompson Pink+ Murcott tarigor 
71. C. sinensis cv. Hamlin + C. reticulata cv. Dancy 
72. C. sinensis cv. Rohde Red Valencia+ C. reticulata cv. Dancy 
73. C. sinensis cv. Valencia+ Page 
74. C. sinensis cv. Valencia+ Murcott tangor 
75. C. sinensis cv. Hamlin+ C. reticulata cv. Ponkan 
76. C. sinensis cv. Succari +Page 
77. C. sinensis cv. Succari + Murcott tangor 
78. C. sinensis cv. Succari + C. reticulata cv. Dancy 
79. Murcott tangor + USDA-CJH Hybrid 1 (Fortune x Kinnow) 
80. Murcott tangor + USDA-CJH Hybrid 2 (Wilking x Valencia) 
81. Murcott tangor +(Clementine x Minneola hybrid AP-LB8-9) 

1 
6 

35 
3 
2 

>10 
3 
9 

>10 
>10 
>20 

+ 
7 
2,7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

82. C. paradisi cv. Red Marsh+ (Clementine x Minneola hybrid AP-LB8-9) 

>6 
>3 

>10 
1 
1 

7 
83. C. sinensis cv. Rohde Red Valencia + USDA-CJH Hybrid 1 

*l= improved cold hardiness/tree size control. 
2= improved blight field tolerance. 
3= improved resistance to CTV-induced quick decline. 
4= improved nematode resistance. 
5= improved Phytophthora resistance. 
6= improved adaptation to high pH calcareous soils. 
7= tetraploid breeding parent for seedless triploid scion production. 
XX= unexpected disease susceptibility (fungal). 

Complete evaluation of new somatic hybrid rootstock can
didates that is now underway is a long-term, expensive en
deavor that requires the cooperation of horticulturists, 
pathologists, nematologists and commercial growers. The re
sistance/ tolerance to diseases, and horticultural perfor
mance (nursery and field) must be evaluated and compared 
with the industry standard rootstocks at representative loca
tions before new hybrids can be released or recommended to 
~~ill~ . 

Somatic hybrid plants produced to date at the CREC and 
the primary objective(s) for producing each hybrid are pro
vided in Table 1. Strategies for applying cell-fusion hybridiza
tion to minimize existing production problems in Florida are 
as follows: 

Cold-hardiness/tree size control. Freezes that occurred during 
the 1980s have caused production and tree losses approach
ing $10 billion. Increasing harvesting costs have also brought 
new interest in tree size control, as evidenced by the industry 
harvesting research program that is attempting to develop ef
ficient mechanical harvesting systems. Our approach has 
been to develop rootstocks that induce deeper tree dormancy 
over a broader range of environmental conditions to reduce 
the susceptibility of scaffold wood to cold damage during 
freezes and reduce tree size to maximize the efficiency of ele
vated microsprinkler cold-protection of trees planted at high
er densities. This should ensure a crop every season that 
could be harvested· at a reduced cost because no ladders 
would be necessary. Rootstocks that can bring trees into pr~ 
duction at an earlier age may help growers attain a profit 
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7 

more quickly. An integrated approach combining such ro<H· 
stocks with early-ripening cold-hardy scion varieties may allm 
for profitable citriculture in colder areas, even with the occur 
rence of severe freezes. Field experiments are in progres to 
demonstrate the feasibility of this overall approach. Somatic 
hybrids showing the most promise for tree size reduction ;rnd 
early fruit production include those with trifoliate orange, rl· 
trange, citrumelo, or Rangpur parentage. Scions budded to 

somatic hybrids with Flying Dragon parentage are extrerneh 
dwarfed, particularly when low vigor scions are used (e.g. :1· 

lencia sweet orange). Grapefruit or juvenile bud-lines of si,vc t 

orange are producing trees (and fruit) .of more accepmbk 
size. · 

Citrus blight. This disease of undetermined etiology lead. 
to the destruction of more than 500,000 producing trees an· 
nually in Florida. There are no known sources of resistance or 
immunity to citrus blight within the genus Citrus. Vigorm · 
productive rootstocks have enjoyed great popularity in thr 
past, particularly for juice-orange production; but, their t~e 
has declined because of susceptibility to blight (and cold 1~1 

some cases). Field tolerance to citrus blight has been idcnu· 
fled in sweet orange, sour orange, and certain mandarins to 3 

lesser extent. Our approach has been to produce somatic ~1r
brids that combine vigorous productive rootstocks such as 
rough lemon, Milam, Femminello lemon, Volkamer lern°0· 
Palestine sweet lime, and Carrizo citrange with blight tol r:.u1

[ 

parents (e.g. sweet orange, sour orange, Cleopatra and ~l111 

Chu. Sha mandarins) . Preliminary observations regar~ln~ 
horticultural performance of sweet orange grafted to e' ei· 
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f these somatic hybrids in commercial plantings look prom
~ ·nu :( e.g. 'Hamlin' sweet orange+ rough lemon, Cleopatra 
1 1 

.., darin + Volkamer lemon, and 'Valencia' sweet orange+ 
man '1 · h b 'd ) · ·Fentminello emo? somatic y n s . . . 

CUnls tristeza virus (CTV). The spread of quick dechne 
ed bv severe isolates of CTV in Florida has resulted in de

c~~:a ed {1tilization of one of our most important rootstocks, 
n;;Ullely sour orang~. Hea~thy trees on sour orange rootstock 

. duce high quahty fruit and perform well on almost any 
0~ 0e of soil, including the heavy calcareous and high pH soils 
{ ~1nd in the Indian ~ver District and elsewhere (on ':hich 
opular trifoliate hybnd~ perform very poorly). Somat.J.c hy

~ri.diza.tion offers potential_ to deve~op rootstocks that are re-
. tant to CTV-induced quick declme and possess all of the 
~0 ~i tiv attributes of sour orange, but with possibly improved 
tree size control. Althou~h ~our oran~e has pr~ven to be 
more difficult to work with m cell-fusion expenments, we 
ha\'c produced several somatic hybrids (Table 1). Assays con
ducted to determine whether these hybrids are resistant to 
cnr~induced quick decline (conducted in collaboration with 
•. L Garnsey, USDA/Orlando) have identified the following 
r ·sis Lant somatic hybrids: sour orange + Rangpur; sour or
ange +Volkamer lemon (zygotic); and sour orange+ Carrizo 
·itrange. These assays also showed that the 'Succari' sweet or
;mge +sour orange hybrid was susceptible to decline, and that 
ch ~~ Cleopatra + sour orange, and sour orange+ Flying Drag
on hybrids were stunted in response to challenge by decline 
isohHe. of CTV. Early horticultural performance of these sour 
or<mge somatic hybrids in commercial trials appears to be ad
equate. Somatic hybrids have also been produced · using 
Smooth Flat Seville and 'Kinkoji' as parents. These two 
CTV-quick decline resistant parents are promising rootstocks 
in their own right, with attributes similar to sour orange (Cas-
tlt et al. , 1992). · 

Phytophthora and nematodes. Parents that are resistant to 
fool<. nd root rot (caused by Phytophthora spp.), and the citrus 
:md burrm1.ring nematodes have also been included in various 
rnnatic hybrids (Table 1.). Resulting hybrids are currently 
b ·ing evaluated for expression· of these traits accordingly (in 
collab ration with]. H. Graham, CREC for Phytophthora resis
lance, and L. W. Duncan, CREC for nematode resistance). 

In conclusion, at least 83 somatic citrus hybrids have been 
produced at the CREC to date, and many have potential for 
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direct use as improved rootstocks. Preliminary nursery and 
field observations of young trees on many of these somatic hy
brids are encouraging. Determining their characteristics and 
the nature of genetic control of important traits should pro
vide growers with alternative rootstock choices for specific ci
triculture schemes and will provide valuable feedback that 
will be used in the selection of parental combinations for fu
ture somatic hybridization experiments. 
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