Percentage juice per fruit was not significantly differ
ent among rootstocks except for the interspecific hybrid

Ridge Pineapple x P. trifoliata (1573-26), Rangpur x
Troyer, and Vangasay lemon which were low. TSS were
highest for Ridge Pineapple x P. trifoliata (1573-26) and
lowest for Rangpur x Troyer, and Vangasay lemon. Ratio
of TSS/acid was highest for Valencia seedling rootstock
and lowest for Duncan grapefruit rootstock.
Calculated TSS per box was highest from Sun Chu Sha
which was significantly higher than Swingle citrumelo, C35 citrange, Rangpur x Troyer. Vangasay lemon was sig
nificantly lower than all rootstocks.
Across all 6 'Valencia' clones there was no difference in
juice color score by rootstock in this test. There are few
reports of rootstock influence on juice color. Published
works from the 1940s indicate no effect (Harding et al.,
1940; Miller et al., 1941), although these results are con
tradicted by more recent works (Foguet et al., 1970;
Wutscher & Bistline, 1988). Reported differences seem to
occur between extreme juice color scores from a given year
and may vary with scion clone and with time of testing, i.e.
color improves as the season progresses.
In summary these data from 4-year-old trees favors
nucellar VS-SPB-1-14-19 standard 'Valencia' and RRV472-11-43. Compared to the other 'Valencia' clones RRV472-11-43 had less acid, low TSS, but acceptable ratio and
TSS/box. Old-line clones and VS-SPB-1-14-19 had the
highest TSS. VS-SPB-1-14-19 had the highest ratio and
RRV-472-3-26 the lowest ratio. The 'Rohde Red Valencia'
clones had the highest juice color score and there was no
difference in juice color of old-line and nucellar clones.

There was a difference in juice color between the 'Rohde
Red Valencia' selections. Juice color was highest for RRV42-11-43. Juice color was not affected by rootstock in this
test.
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Abstract. 'Cohen' citrange, produced from a cross made by Dr.
Mort Cohen, is a single tree that has remained thrifty in the
AREC research plot (Ft. Pierce) for more than 35 yr. Since the
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tree fruits but never produces seed, it has not been evaluated
for use as a commercial rootstock. Due to the thrifty nature
and survivability of this tree under challenging conditions,
there has been some interest in developing an alternative

method of propagating it for evaluation. Undeveloped ovules
were removed from mature fruit of 'Cohen' citrange and cul
tured in-vitro. Somatic embryo proliferation was observed
from 3 ovules. These embryos were enlarged and germinated,
then transferred to a shoot multiplication medium. The result
ing shoots were rooted and transferred to potting soil in a
growth chamber. More than 200 plants have been recovered
for evaluation. This method of propagation would probably
remove some pathogens that might have been in the original
tree. More than 24 plants were also recovered from rooted

cuttings from the original tree. A comparison of the plants
from ovule culture with the rooted cuttings using isozyme
analysis showed that they were true-to-type.

Traditional propagation of citrus rootstocks is by seed,
and requires a high level of nucellar polyembryony. This
method of propagation precludes the use of genotypes that
produce seed primarily of zygotic origin or inadequate
57

nucellar-derived seed, thereby restricting the germplasm
tested for rootstock use. Alternative methods of propaga
tion such as in-vitro micropropagation (Grosser and Chan
dler, 1986; Moore, 1986) or rooting cuttings (Sabbah et al.,
1991) can be developed for many citrus genotypes. How
ever, these in-vitro micropropagation systems require
nucellar seed internodal stem sections as explant, and
juvenile explant is preferred for efficient rooting of cut
tings. The purpose of this study was to develop an efficient
micropropagation system for a genotype ('Cohen' citrange)
that produces inadequate explant for existing propagation
systems, so that it can be tested for potential as a rootstock.
'Cohen' citrange was produced from a cross of 'Parson
Brown' sweet orange (Citrus sinensis (L.) Osbeck) x trifoliate
orange (Poncirus trtfoliata (L.) Raf.) made by Dr. Mort Cohen
in 1955. The only mature tree of 'Cohen' citrange (Fig. la
and b) is growing at the IFAS AREC in Ft. Pierce. The tree
is now 38-yr-old and is in good health. The tree fruits annu
ally but never produces seed (Fig. lc). Until now, 'Cohen'
citrange has never been propagated.
Materials and Methods

Mature fruit of 'Cohen' citrange were collected and sur
face sterilized by immersion in 20% commercial bleach for
15 to 20 min, and undeveloped ovules (explant) were re
moved under aseptic conditions in a laminar flow transfer
hood. Ovules were entered into a tissue culture sequence
utilizing Murashige and Tucker (1969) basal medium (Table
1), with modifications as described in Table 2. Twenty petri
dishes (100 x 15 mm) containing approximately 20 unde
veloped ovules/plate were maintained at 28°C under low light
for 4 wk for culture initiation. Embryo proliferation was
achieved by culturing responding ovules for 2 additional 4wk passages on EME medium (Grosser and Gmitter, 1990).
Embryo enlargement was achieved by one 4-wk passage on
1500 medium (Grosser and Gmitter, 1990) in 100 X 20 mm
petri dishes. Embryo germination was conducted by one pas
sage on B+ medium (Grosser and Gmitter, 1990) in 100 x
20 mm petri dishes. Multiplied shoots were harvested over
3 passages on DBA3 medium (Grosser and Gmitter, 1990)
in 100 x 20 mm petri dishes. Rooting of shoots was con
ducted on RMAN medium (Grosser and Gmitter, 1990) in
GA7 magenta boxes. All tissue culture vessels were sealed
with Nescofilm (Karlan Chemical Corp., Torrance, CA).
Rooted plantlets were acclimated under high humidity in a
growth chamber prior to transfer to the greenhouse.
Results and Discussion

Initially, only 2 ovules responded to culture, and began
to produce healthy somatic embryos of normal morphology
(somatic embryogenesis) (Fig. Id). A third ovule responded
later. Embryos proliferated rapidly on EME medium, and
additional passages probably could have been used for the
large-scale production of embryos that would be required
for commercial production. Embryos germinated single
shoots on B+ germination medium (Fig. le). Germinated
embryos and sectioned non-germinated embryos transferred
to DBA3 medium produced multiple shoots from existing
meristems as well as via adventitious buds (organogenesis).
Quality shoots were harvested at the end of each 4-wk pas
sage. After 3 passages on DBA3, shoot quality diminished,
frequent callus growth was observed, and cultures were ter
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minated. Shoots rooted readily on RMAN medium usually
during the first passage (Fig. If). The small fraction of shoots
that did not root on the first passage were always successfully
rooted on the second. The transfer of rooted shoots to soil
was more than 98% successful. Approximately 250 plants
have been produced to date (Fig. lg and h). Additional
plants are currently being regenerated from the late re
sponding ovule. Although inefficient, 24 plants were also
produced by rooting cuttings from the mother tree accord
ing to the method of Sabbah et al. (1991).
Regenerated plants are vigorous, upright, and very uni
form morphologically. Isozyme analysis (Grosser and Gmit
ter, 1990) revealed that the in-vitro micropropagated plants
were genetically identical to the plants obtained by rooting
cuttings. An assay for blight specific proteins (Derrick et al.,

1992) showed that both sources of plants were free of blight
associated proteins. The plants obtained from micropropa
gation should be free of most systemic pathogens that the
mother tree may have accumulated during its long life due
to their nucellar origin; whereas, plants from rooted cuttings
from the mother tree may be carrying such pathogens.
Juvenility was also restored in the micropropagated plants,
but not in the plants obtained from cuttings. Additional
propagations of 'Cohen' citrange should come from newly
initiated tissue cultures or from rooted cuttings of vegetative
material propagated from the in-vitro derived plants.
These results have allowed 'Cohen' citrange to be entered
into commercial citrus rootstock trials. 'Cohen' citrange is
also being tested for burrowing nematode resistance and will
subsequently be tested for other disease and nematode resist
ances.

Citranges are a promising group of rootstocks (Castle,
1987). Carrizo citrange is widely used in Florida and else
where due to its outstanding horticultural performance;
however, its use has been declining because of its susceptibil
ity to citrus blight (Castle et al., 1993). Several other citranges
are currently being tested in efforts to identify ones with
similar horticultural performance that may be more field
resistant to blight, and these include some that produce very
few seed (e.g. Morton and C-32). The results presented he
rein have provided enough plants of 'Cohen' citrange for

Table 1. Murashige and Tucker (1969) basal medium.
Component

Concentration (mg/liter)

NH4NO3

1650

KNO3
KH2PO4
MgSO4-7H2O

1900

CaCl2-2H2O

Na2 EDTA
FeSO4-7H2O (EDTA)

170
370
440
37.3

27.8

MnSO4H2O
ZnSO4-7H2O

22.3
8.6

H3BO3
KI

6.2
0.83
0.25
0.025
0.025
10
10

Na2MoO4-2H2O
CuSO4-5H2O
CoCl2-6H2O
Thiamine HC1
Pyridoxine HC1
Nicotinic acid
Myo-inositol
Agar

1

100
8000

pH = 5.8.
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Fig. 1. 'Cohen' citrange: (a) original tree located at Fort Pierce AREC; (b) branch showing trifoliate, bifoliate, and unifoliate leaves; (c) seedless fruit;
(d) somatic embryo; (e) germinating somatic embryo; (f) rooting shoots in-vitro; (g) in-vitro micropropagated plants; (h) liner ready for grafting.
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Table 2. In-vitro micropropagadon of 'Cohen' citrange, media sequence.
1. Ovule culture:

2. Embryo proliferation:
3. Embryo enlargement:

4. Embryo germination:

5. Shoot multiplication:

6. Rooting:

EME medium
MT Basal + 0.5 g/liter malt
extract, and 50 g/liter sucrose
EME medium
1500 medium
MT Basal + 1.5 g/liter malt
extract, and 50 g/liter sucrose
B+ medium
MT Basal + 0.02 mg/liter NAA,
1.0 mg/liter GA3,10 mg/liter
coumarin, and 25 g/liter sucrose
DBA3 medium
MT Basal + 3 mg/liter BA, 0.02
mg/liter 2,4-D, and 25 g/1 sucrose
RMAN medium

1/2 strength MT Basal + 0.02
mg/liter NAA, 0.5 g/liter activated
charcoal, and 25 g/liter sucrose

adequate commercial evaluation, and the methods described
should be amenable to the propagation of any other citrange
of interest where adequate plant numbers are difficult to
obtain from seed.
Inadequate nucellar polyembryony no longer has to be a
limiting factor in selecting germplasm for citrus rootstock
evaluation. Many genotypes are amenable to alternative
methods of propagation, and with minimal research, these

methods could be made economically competitive. Examina
tion of a broader germplasm base (including wide in
terspecific and intergeneric hybrids being produced by citrus
improvement programs) should accelerate the identification
of improved rootstock genotypes that have the necessary disease/nematode resistance and stress tolerance, as well as
adequate horticultural performance.
Literature Cited
Castle, W. S. 1987. Citrus rootstocks. p. 361-399. In: R. C. Rom and R. F.
Carlson (eds.). Rootstocks for fruit crops. Wiley, New York.
Castle, W. S., D. P. H. Tucker, A. H. Krezdorn, and C. O. Youtsey. 1993.
Rootstocks for Florida citrus. University of Florida, Institute of Food
and Agricultural Sciences, Gainesville.
Derrick, K. S., G. A. Barthe, B. G. Hewitt, R. F. Lee, and L. G. Albrigo.
1992. Detection of citrus blight by serological assays. Proc. Fla. State
Hort. Soc. 105:26-28.
Grosser, J. W. and J. L. Chandler. 1986. In vitro multiplication of Swingle
citrumelo rootstock with coumarin. HortScience 21:518-520.
Grosser, J. W. and F. G. Gmitter, Jr. 1990. Protoplast fusion and citrus
improvement. Plant Breed. Rev. 8:339-374.
Moore, G. A. 1986. In vitro propagation of Citrus rootstocks. HortScience
21:300-301.
Murashige, T. and D. P. H. Tucker. 1969. Growth factor requirements of
Citrus tissue culture. Proc. First Inter. Citrus Symp. 3:1155-1161.
Sabbah, S. M., J. W. Grosser, J. L. Chandler, and E. S. Louzada. 1991. The
effect of growth regulators on the rooting of stem cuttings of Citrusy
related genera and intergeneric somatic hybrids. Proc. Fla. State Hort.
Soc. 104:188-191.

Proc. Fla. State Hort. Soc. 106:60-62. 1993.

RESPIRATION DIFFERENCES OF CITRUS ROOTSTOCK FEEDER ROOTS
H. K. Wutscher, R. E. McDonald, and G. Yelenosky
U.S. Horticultural Research Laboratory
USDA/ARS
2120 Camden Road
Orlando, FL 32803

Additional index words, oxygen uptake, CO2 evolution.
Abstract. Oxygen uptake of root tips of 'Hamlin' orange (Citrus
sinensis [L] Osbeck) trees on 5 rootstocks grown in pots in a
greenhouse was measured at 15 min intervals for 60 min.
Roots of Sun Chu Sha mandarin (C. reticulata Blanco) took
up more oxygen than those of rough lemon ( C. limon Burm
f.) and Cleopatra mandarin ( C. reticulata). Carrizo citrange
(Poncirus trifoliata [L] Raf. X C. sinensis) and sour orange

(C. aurantiun) roots absorbed the least O2. Carbon dioxide
evolution of feeder roots collected from 'Valencia' orange (C
sinensis) trees on 12 rootstocks at 2 locations was measured
by shaking 15.0 g of roots in calibrated flasks overnight. The
flasks contained 100 ml of Hoagland's solution, and CO2 was
determined by gas chromatography of the headspace air.
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for the field part of the experiment. Mention of a trademark, warranty,
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Roots of citrumelos (C. paradisi Macf. X P. trifoliata) from
both locations produced the most CO2 per square meter of
root surface per hour. Sour orange, Carrizo citrange, and Volkamer lemon evolved the least CO2.

Root respiration is an important aspect of plant/soil re
lations. Lack of oxygen in the root zone has a wide range
of detrimental effects on the above-ground parts of plants.
The CO2 liberated modifies the soil around the roots, and
the energy released by respiration drives vital functions
such as nutrient absorption. We investigated both compo
nents of respiration, the oxygen uptake of feeder roots of
greenhouse-grown plants on 5 rootstocks and the CO2
evolution of feeder roots of 12 citrus rootstocks of mature,
producing trees in the field. In all cases, we used grafted
plants because work with rootstock seedlings gives dubious
results because of the strong influence of the scion on

rootstock behavior (Smith, 1975).

Materials and Methods

Root tip samples 1-cm long (62-79 mg dry weight) were
taken in October 1989 from 1-year-old 'Hamlin' orange
(Citrus sinensis [L.] Osbeck) trees, 3 trees each on rough
lemon (C. limon Burm. f.), sour orange (C. aurantium L.),
Cleopatra mandarin, Sun Chu Sha mandarin (C. reticulata
Blanco), and Carrizo citrange (Poncirus trifoliata [L.] Raf. x
C. sinensis) rootstocks growing in 2.6-liter pots, in 60%
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