'Hamlin'; however, previous work has shown that holding
fruit on the tree later (May and June) than in this experi
ment did result in considerable fruit drop (1).
Yields as kg-solids were calculated even though grape

fruit is not usually sold on this basis. The kg-solids tended
to decrease as the season progressed instead of increasing as
did yields on a box basis. This was due to decreases in both
TSS and percent juice. Differences were small and not
statistically significant. Kg-solids per tree increased to a
maximum during Dec. and Feb. the second year, the yield

for the latest harvest date (Apr.) being about the same as or

slightly less than for the first harvest in Oct. These yields
were, of course, reflections of the box yields, TSS and per
cent juice, with the lower TSS and percent juice causing kgsolids to drop more sharply for the Apr. harvest than did
yields on a box basis.

well as the date of harvest influences the subsequent crop.
Similarly, it would be best to harvest light crops of 'Marsh'
grapefruit late and heavy ones early or else partially harvest
(spot pick) heavy crops as is often done anyway. Previous
work (10) has shown that even partial early harvest (Nov.)
will appreciably offset the harmful effects of late harvest.
Date of harvest must also take into account the seasonal
demands and prices for fruit and the greater hazard of
freeze when fruit is held late. Virtually all grapefruit on
trees in this experiment were lost from freeze damage in
1977, the year after conclusion of the experiment.
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Application of Results

The data presented herein should not be used on a
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their benefit.
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Abstract. The leaffooted plant bug pierces the citrus fruit
peel and sucks juice directly from the underlying vesicles,
feeding punctures between the oil glands can result in
secondary infections by microorganisms that are difficult to
detect Nrirtwwrt cutting the fruit. Citrus oil released at the site
iFlorida Agricultural Experiment Stations Journal Series No. 786.
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of penetration during feeding appears to inhibit secondary
infection but the released oil often leads to a surface necrotic
spot. Feeding and subsequent juice vesicle drying and oxida
tion in grapefruit make the fruit unsuitable for sectionizing
as the dried-out juice vesicles become extremely visible as
reddish-brown spots after alkali peeling.

The citron bug, Leptoglossus gonagra (F.), and the leaffooted plant bug, L. phyllopus (L.), have been recognized
as minor pests of Florida citrus for many years (4, 12, 13,
14). In recent years, these species have built up consistently

damaging populations in many groves. This has been par
ticularly true in the Indian River district (2).
Thompson (12), Watson (13), and Griffith and Thomp
son (4) have described feeding injury by these insects as
penetration of the peel and extraction of juice which results
in dry spots in the juice vesicle area. Fruit with several
punctures might drop off the tree before harvest (12).
Punctured fruit often decayed after harvest (13).
Alternate hosts are thistle (14), citron, and watermelon
for L. gonagra (4), and some leguminous cover crop plants
serve as host plants for both species. This paper reports ad63

ditional observations of stylets, feeding and feeding injury
of Leptoglossus species feeding on Florida citrus and other
host plants.

Materials and Methods

grove where Leptoglossus feeding was suspected were ob
served after commercial alkali peeling and sectionizing. In
festation was confirmed and some fresh grapefruit were col
lected from the grove, hand peeled and alkali peeled in the
laboratory to remove the segment membranes.

Insects were collected from orange and grapefruit trees

(Citrus sinensis and C. paradisi), guava (Psidium guajava),
common nightshade (Solarium nigrum), and sowthistle
(Sonchus oleraceus) for observation, photography, and
scanning electron miscroscopy (SEM). Some insects were
cage-fed on citrus or nightshade to facilitate photography.
Some of these feeding insects were anesthetized with chloro
form before transfer to an acrolein, glutaraldehyde, osmium
tetroxide fixation series (3, 5, 7) for SEM preparation.
Solvent dehydration through an acetone and Freon TF
concn series and critical point drying (1) were used prior to
mounting and sputter coating the insects with 60/40 Au/Pd
metal of approx 100 A° thickness.
Infested orange and grapefruit groves were examined in
the Indian River and Ridge districts for Leptoglossus feed
ing on fruit. Leptoglossus feeding sites on oranges were
circled for future identification and then re-examined and
dissected 1 or 2 months later. Damaged grapefruit from a

Results and Discussion

Both L. gonagra and L. phyllopus, as described by Mead
(8, 9), were observed feeding on citrus in the Ridge and
Indian River areas. Their general shapes, markings, and
stylets are shown in Figs. 1 and 2. The early nymphal stages
were 6 to 8 mm long, amber in color with black markings,
and were found only on weed host plants. The last nymphal
stage (still wingless) and the adults were similar in shape
and color to each other and about 3 times as large as the
early nymphs.

The adults and nymphs had long hinged labia that en
cased short labra and long stylets (6) when not feeding (Fig.
1). On the adult the labium, labrum, and stylet bundles
were approx 5 x .15 mm, 1.7 x .06 mm, and 5 x .03 mm,
respectively (Figs. 1 and 2). When in use, the stylets were
first guided into the tissue by the labium which had many
sensors on the tips (Fig. 2B). Sometimes the stylets were out-

Fig. 1. Adult (A) and nymph (B) of L. gonagra with closeup by SEM in C and D, respectively-labium (li), labrum (lr), stylets (st) antennae

(a), eye (e), leg (1).
64
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Fig. 2. Lcptoglossus phyllopus in feeding positions. Adult and nymph feeding on orange pieces (A) and adult showing stylets in nightshade fruit
(nf) (B). Stylets are surrounded by labium (li) with sensors (s) on tips (B). Stylet tips retracted from nightshade fruit and surrounded by labium
(li) (C) are shown in closeup in D. Serrations (sr) on mandibular stylets (md-st) which are drawn back and surround the maxillary stylets (mx-st)
(E). Saliva gel flange (sgf) on fruit surface after mouthparts were retracted (F).
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side of the labium during feeding. The mandibular stylets
had sharp tips and serrations (Fig. 2E) apparently for
cutting during penetration and anchorage while the inside
maxillary stylets were pushed into the juice vesicle area (10).
The stylets were sealed in a stylet sheath of saliva gel dur
ing penetration (10). When the stylets were removed from
the fruit by the insect, the saliva gel flange remained on the
surface (Fig. 2F). Manipulation of the pierced fruit and in
sect resulted in the flange breaking off and remaining with

were determined to have come from a grove infested with

Leptoglossus. When fresh fruit from this grove were brought
to the lab and examined, feeding sites could be found but
the juice vesicle areas were only slightly brown (amber) and
dried out. After the peels were removed and the fruit were
treated with hot alkali, the injury spots turned the same
dark reddish-brown as those found on the commercially
treated fruit. The nature of this color reaction was not de
termined.

the stylets (Fig. 2B-C).

Marking feeding sites on oranges in the grove and ob
serving them 1 or 2 months later revealed that many sites
did not develop secondary decay problems. These feeding
punctures were almost always through oil glands. Sometimes
these punctures released oil which resulted in necrotic spots
on the rind (Fig. 3A). Punctures in the parenchymous tissue
between the oil glands often led to secondary fungal decays
that were found upon dissection of the tagged feeding areas
1 or 2months later (Fig. 3B). None of the several tagged
fruit dropped during the first month following feeding
activity of Leptoglossus. Perhaps not enough feedings oc
curred per fruit or the beginning secondary decay was not
advanced enough to lead to fruit drop. Fruit drop from
Leptoglossus species feeding cited in previous reports (4,
12) may have been caused from secondary infections by
microorganisms only at advanced stages of decay. The
authors gave no details of fruit condition.
Alkali peeled grapefruit with reddish-brown spots on the
segment surfaces found in a sectionizing plant (Fig. 4A-B)

Fig. 4. Group of sectionized grapefruit showing reddish-brown spots
which are the result of Leptoglossus feeding (A). Dried out juice vesicle
areas shown in more detail (B).

In recent years, serious incidences of injuries such as
these have been frequent. Even though the 1976-77 winter
freeze would be expected to reduce the possibility of in
jurious populations (11), one grove in Ft. Pierce was found
to have a heavy population of nymphs on the nightshade
plants in the weed population. Growers would be well ad
vised to learn to identify the nymphal stage of these plant
bugs and time their mowing operations to destroy the al
ternate hosts before the winged adults are produced which

will move to the fruit (12, 13).
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Abstract. A method is described for screening materials
for melanose control without having to subject them to costly
and time consuming conventional-type field plot tests, that
can provide reliable data only in years when natural infection
is sufficiently heavy. Young grapefruit trees were sprayed
with test materials about 4 weeks after petal fall and samples
of fruit were picked and inoculated in the laboratory with
conidia of the melanose fungus, Diaporthe citri, to determine
the fungicidal activity of the spray residue. The inherent ac
tivity of a material against D. citri was determined from
samples tested soon after treatment. Information on fungicide
stability and resistance to weathering was obtained from ad
ditional tests on fruit sampled at longer intervals of up to 7
weeks after spraying.

Several practical problems are encountered in Florida
when attempting to determine the potential value of new
materials for melanose control in conventional-type plot
tests in citrus groves.
Melanose severity varies considerably from year to year
and sometimes there is insufficient disease pressure to de
termine whether a material even has enough activity to
justify inclusion in further trials.
Generally, serious losses from melanose are encountered
only in older groves. Because of the considerable difference
in vigor that can occur in older groves between trees, and
the influence this can have on the abundance of inoculumbearing dead twigs, melanose pressure can be extremely
variable. To compensate for this, it is necessary to increase
the number of trees per plot and the number of replications
per treatment. Another problem that arises in older groves
is that, because of tree size, buffer trees are essential be
tween plots to guard against spray drift. Thus, a large area
of grove is required to conduct even small scale plot tests
for melanose control.
The number of treatments that can be conveniently in
cluded in each grove test is determined by the amount of
iFlorida Agricultural Experiment Stations Journal Series No. 792.
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handgun spraying that can be handled in one day. In
practice, it is usually possible to increase the number of
treatments only at the expense of reduced plot size and
replication. Because of the high costs and time involved in
testing fungicides against melanose in conventional-type
plots, a more rapid and cheaper method was sought for
screening candidate materials for melanose control.
This paper describes a field-laboratory bioassay pro
cedure (i) to screen out very rapidly those materials that
possess little or no inherent protective activity against in
fection by Diaporthe citri Wolf when applied to fruit rind
and (ii) to determine whether a spray residue on fruit rind
is likely to persist long enough to provide melanose control
when the material is applied only once postbloom.

Materials and Methods
When a young unsprayed citrus fruit, with portion of
stem attached and leaves removed, is placed with its stem in
water and inoculated with D. citri, a melanose reaction de
velops within 7 days, long before substantial degeneration
of the fruit commences.
Spraying of trees. Grapefruit trees ('Marsh' and 'Ruby')
were sprayed once to drip off with the test materials between
mid-Aprfl and early May, approx 4 weeks after petal fall.
Only 2 trees were used for each treatment, if they carried
sufficient fruit for sampling purposes.
Fungicides. The fungicides used were basic copper sulfate, Cu 53% (Cities Service Co.); captafbl (Difolatan 4F,
Chevron Chemical Co.); dithianon (Thynon W75, Thomp
son-Hay ward Chemical Co.); chorothalonil
(Bravo 6F,
Diamond Shamrock Chemical Co.); captan (Ortliocide 80W,
Chevron Chemical Co.); folpet (Phaltan 50W, Chevron
Chemical Co.); dodine (Cyprex 65W, American Cyanamid
Co.); benomyl (Benlate 50W, E. I. duPont de Nemours and
Co.); guazatine (SN-513 30EC, Nor-Am Agricultural Prod
ucts, Inc.) and ,EL-222 1EC (Eli Lilly and Co.). No ad
juvants were used in any of the spray mixes except for
captan and folpet, to which Chevron spray sticker was
added.
Fungus culture and inoculum production. Stock cultures
of D. citri were maintained on potato dextrose agar. To
produce the conidia that are required as inoculum, the
fungus was grown in culture tubes on portions of autoclaved
1- to 2-year-old living twigs cut from grapefruit trees. Por
tions of stock culture were transferred to the stems and
these started to produce mature pyenidia 2 to 3 weeks later.

After pyenidia development was adequate, the colonized
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