
The minor changes in composition after
14 days of storage suggest that ‘Manoa Sugar’
peas can be stored for 2 weeks at tempera-
tures that are higher than the recommended
0C (Hardenburg et al., 1986) without serious
loss of quality. However, texture and fi-
brousness were not measured. The use of CA
storage (2.4% O2 with or without 2.6% or
4.7% CO2) further extended the shelf life to
21 days at 10C, but the effect of low O2 was
greater than that of high CO2. Storage at
temperatures near the recommended 0C
maintains the quality of sugar peas for 21
days. Robinson et al. (1975) found that ‘Kel-
vedon Wonder’ peas could be stored for 1.5
to 3 weeks at 1 to 2C.

Our results showed that CA treatments of
2.4% O2 maintained quality of sugar peas
for periods of up to 3 weeks at higher than
recommended storage temperatures. Increas-
ing the CO, levels to 2.6% or 4.7% had no
adverse effects on quality. While CA may
not currently be economical on a commercial
basis, the use of plastic films may be an
economically feasible method to produce
beneficial modified atmospheres.
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Abstract. Catalase isozymes were examined in a wide range of peach [ Prunus persica
(L.) Batsch] cultivars representing historical U.S. cultivars, commercial cultivars from
numerous North American breeding programs, and the peach plant introduction (PI)
collection. All historical peach cultivars from the United States and those released from
commercial breeding programs were fixed for the slow ( Cat l-2) allele, with the excep-
tion of ‘Belle of Georgia’, ‘Honeyglo’ nectarine, and various cultivars from the Univ.
of Florida breeding program, which possessed a fast-migrating ( Cat 1-l) allele in homo-
zygous or heterozygous state. Polymorphism was revealed in the 51 peach PI clones
examined, with allelic frequencies of 0.69 and 0.31 for the Cat l-2 and Cat l-1 alleles,
respectively. Most PIs that originated directly from China were homozygous Cat l-l/
Cat l-l, while most PI clones introduced from Europe were homozygous Cat l-2 / Cat l-
2. Examination of the catalase genotype of cultivars previously proposed as the possible
male parent of ‘Belle of Georgia’ (‘Champion’, ‘Early Crawford’, ‘Late Crawford’,
‘Oldmixion Free’, and ‘Stump-the-World’) revealed that none of these cultivars could
have been the male parent of ‘Belle of Georgia’. Segregation data from various peach
crosses was consistent with the hypothesis that catalase polymorphism could be ex-
plained by the presence of two alleles at a single locus.
Limited isozyme polymorphism has been
reported in peach, despite variability for nu-
merous morphological traits. Previous re-
search has identified polymorphism in six
enzyme systems (Arulsekar et al., 1986;
Durham et al., 1987; Messeguer et al., 1987;
Mowrey et al., 1990). Isozymes are useful
as molecular markers in genetic linkage
studies; however, polymorphism is a prereq-
uisite for their use in such studies. The ob-
jective of this study was to examine a
comprehensive collection of peach cultivars
and the U.S. Dept. of Agriculture’s (USDA)
peach PI collection for catalase polymor-
phism. The inheritance of catalase is also
reported.

Numerous cultivars (Table 1) and 51 peach
PIs (Table 2) were examined in this survey.
Cultivars examined were representative of
commercial germplasm developed in U.S.
breeding programs, with special emphasis
placed on cultivars released from the Univ.
of Florida; USDA, Byron, Ga.; and North
Carolina State Univ. breeding programs.
Historical cultivars of North American origin
distinct from the germplasm base rep-
resented by cultivars originating from North
American breeding programs were also ex-
amined. Eight seedling populations segre-
gating for catalase were examined to deter-
mine the inheritance of catalase.

Fully expanded leaves ≈ 6 cm from the
terminal bud were collected from actively
growing shoots of field-grown trees in Sum-
mer 1990. Catalase was characterized on
lithium borate/Tris·citrate starch gels (Stuber
et al., 1988) using previously described elec-
trophoretic procedures (Mowrey et al., 1990),
except that the modified stone-fruit extrac-
tion buffer of Arulsekar and Parfitt (1986)
was used. The extraction buffer was modi-
fied by deleting polyethylene glycol, L-cys-
teine, and β − mercaptoethanol. Gels were run
for 6 h at 13 W of constant power. All cul-
tivars and PIs were characterized twice for
catalase using two independent electropho-
retic runs. Progeny of seedling populations
were characterized only once. Goodness-of-
fit of observed segregations to the appropri-
ate genotypic test ratio was conducted using
chi-square analysis. Migration distances were
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recorded to the nearest millimeter. Relative
migration (Rm) for each band and allelic
designations were assigned as described by
Mowrey et al. (1990).

Catalase is a tetrameric enzyme in plants
(Stuber et al., 1988). Three catalase banding
patterns were detected in this study (Fig. 1).
Observed segregation in peach (Table 3) is
consistent with the hypothesis that the vari-
ation is controlled by two alleles at one lo-
cus. Homozygous individuals were charac-
terized by a fast (Rm = 1.00) or a slow (Rm
= 0.22) homotetrameric band. The fast band
generally showed better resolution and stained
more intensely than the slow band (Fig. l),
with the slow band often showing a streaked
phenotype similar to the Cat 3-7 allele in corn
(Goodman and Stuber, 1983). Allelic des-
ignations of Cat 1-1 and Cat 1-2 are pro-
posed for the catalase alleles producing the
fast and slow bands, respectively, in peach.
Because of the tetrameric structure of cata-
lase, heterozygous individuals should have
five bands. In our study, heterozygous in-
dividuals usually showed a streaked band in-
termediate between the fast and slow bands,
rather than five discrete bands on the gel
(Fig. 1). Occasionally, five discrete bands
could be discerned on gels showing good
resolution.

Most commercial cultivars surveyed in this
study that were released from North Amer-
ican breeding programs were fixed for the
slow (Cat 1-2) allele (Table 1). This result is
not surprising, because most commercial
peach cultivars in the United States have been
developed from a germplasm base that traces
back to the single cultivar Chinese Cling that
was homozygous for the Cat 1-2 allele (Scorza
et al., 1985). Interestingly, ‘Belle of Geor-
gia’ (a seedling from a ‘Chinese Cling’ out-
cross) was heterozygous, indicating that its
male parent must have contributed the Cat l-
1 allele. ‘Belle of Georgia’, a clone of his-
torical importance in the United States, was
discovered and named by Samuel Rumph of
Marshallville, Ga., in the 1870s (Hedrick,
1917). Although the male parent of ‘Belle
of Georgia’ is not known, Rumph and others
have proposed that ‘Oldmixion Free’ is the
likely male parent (Hedrick, 1917; Myers et
al., 1989). ‘Early Crawford’, ‘Late Craw-
ford’, ‘Stump-the-World’, and ‘Champion’
were also proposed as the possible male par-
ent of ‘Belle of Georgia’ (Myers et al., 1989).
Fortunately, all these cultivars still exist, and
electrophoretic analysis of leaf samples ob-
tained from each cultivar from the USDA
germplasm collection at Byron revealed that
all five of these cultivars are homozygous
Cat 1-2 / Cat 1-2. Thus, based on catalase, none
of these cultivars could have been the male
parent of ‘Belle of Georgia’.

Examination of the 14 cultivars surveyed
from the Univ. of Florida breeding program
revealed that three clones were homozygous
Cat 1-1 / Cat 1-1, three were heterozygous
Cat 1-1 / Cat 1-2, and eight were homozygous
Cat 1-2 / Cat l-2. The existence of catalase
polymorphism in the Florida germplasm can
be explained by the wide genetic base of the
breeding material. Unique germplasm was
introduced early into this program to provide
a source of genes for low chilling require-
ment. Interestingly, the three clones from this
program that were homozygous Cat l-l / Cat l-
1, (‘Okinawa’, ‘Florida Evergreen’, and
‘Barton’) all originated from southern China
and have a very low chilling requirement.
‘Okinawa’ was one of the primary cultivars
used in the Florida program as an initial source
of genes for low chilling requirement. ‘Bar-
ton’ is a rootstock cultivar used in Australia.

Catalase polymorphism was also present
in the peach PI collection (Table 2). The
existence of polymorphism in this collection
is not surprising because these clones are
highly variable for bloom date, fruit size and
quality, and other traits (Ackerman, 1957).
Frequencies of the Cat 1-1 and Cat 1-2 al-
leles in the PI collection were 0.31 and 0.69,
respectively. Of the 51 PIs examined, 13 were
homozygous Cat l-l / Cat 1-1, and 32 were
homozygous Cat 1-2 / Cat 1-2. A low fre-
quency of heterozygous individuals in the
PIs is probably due to the high rates of self-
pollination that occur in peach. A low fre-
quency of heterozygous individuals was also
observed for isocitrate dehydrogenase in the
peach PIs (Mowrey et al., 1990). Cat 1-1
was the most common allele in clones orig-
inating directly from China, occurring in nine
out of 10 clones, while 13 clones of Euro-
pean origin were all monomorphic for Cat l-



2 (see Mowrey et al., 1990, for origin of
peach plant introductions). A similar trend
was found for the Mdh 1-3 and Mdh 1-2 al-
leles in peach (Mowrey et al., 1990).

This study identified a new genetic marker
in peach and further substantiates that the
North American germplasm base of peach is
very narrow. Further, allozyme variation re-
vealed in this and a previous study (Mowrey
et al., 1990) of the PI collection suggests that
this collection should be examined for other
valuable qualitative and quantitative traits.
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Abstract. Fresh pollen from Citrus tachi
dried, or placed into anhydrous acetone, 
freeze-dried or stored in anhydrous acetone
oven-dried pollen germinated in 1 hour a
that was oven-dried for 12 hours and stor
oembryonic hybrid of ‘Temple’ (origin unk
can’xC. reticulata Blanco ‘Dancy’). Glutam

Citrus species are all sexually compatible,
although some inter- or intraspecific hybrids
are difficult to create because of varying de-
grees of facultative apomixis (Barrett and
Rhodes, 1976). Use of C. tachibana (tach-
ibana orange) germplasm in the U.S. Dept.
of Agriculture-Agricultural Research Ser-
vice (USDA-ARS) breeding program has not
been possible for two reasons. First, C. tach-
ibana is highly apomictic (C.J.H. and D.J.
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mes, tachibana orange, glutamate-

bana Macf. was oven-dried (37C), freeze-
and stored at -20C over silica gel. Pollen
 did not germinate 24 hours after treatment
nd was comparable to fresh pollen. Pollen
ed for 1 year was used to pollinate a mon-
nown) x ‘Orlando’ (C. paradisi Macf. ‘Dun-
ate-oxaloacetate transaminase (GOT) isozyme

Hutchison, unpublished); most seedlings are
nucellar in origin, thus precluding its use as
a seed parent. Second, it flowers in the Or-
lando area 4 to 6 weeks later than most other
Citrus spp. and hybrids, thus preventing its
use as a pollen parent. The purpose of this
work was to determine if tachibana orange
pollen could be stored for 1 year with suf-
ficient viability to be used in controlled hy-
bridizations.

Unopened flowers approaching anthesis
were collected in Apr. 1988 from a mature
C. tachibana tree growing in the germplasm
collection at the USDA-ARS, A.H. Whit-
more Research Farm near Leesburg, Fla.
Flowers were stored in covered polystyrene
dishes at 25C until anthesis and pollen de-
hiscence, and anthers were cut from the fil-
aments with a scalpel. Fresh anthers were
oven-dried at 37C for 3, 6, 12, or 24 h; or
freeze-dried (-40C, 10 millitorr) for 1, 2,
4, or 8 h. Dried anthers were stored in 1.5
ml microcentrifuge tubes over silica gel at
-20C. Pollen and anthers were also stored
at -20C in anhydrous acetone prepared by
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mixing S-mesh Drierite (W.A. Hammond
Drierite, Xenia, Ohio) with acetone for 1 h,
and then filtering through Whatman no. 1
filter paper (Thomas Scientific, Swedesboro,
N.J.) to remove the hydrate. The entire
process was repeated two more times. This
pollen was also removed 24 h later, washed
three times in distilled water (dH2O), rehy-
drated, germinated, and stained.

Anthers were removed from cold storage
and tested for pollen viability 24 h later. They
were poured onto a glass slide and placed
into a polystyrene dish over wet filter paper
for 1 h to rehydrate the pollen. Pollen was
germinated in Brewbaker’s medium (Sahar
and Spiegel-Roy, 1980) for 4 h at 27C, stained
with Alexander’s stain (Alexander, 1980),
and counted to determine viability. At least
1000 pollen grains were counted per treat-
ment. A pollen grain was considered viable
if tube length exceeded grain diameter. Stored
pollen was used the next season to pollinate
emasculated flowers of a seedy, monoem-
bryonic ‘Temple’ x ‘Orlando’ hybrid. Flow-
ers were bagged after pollination, although
this is generally unnecessary in Citrus breed-
ing as honeybees, the primary Citrus pollen
vectors, do not visit flowers after the petals
have been removed (C.J.H. and D.J. Hutch-
ison, unpublished), and wind is not a sig-


