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AssTrACT. Coronatine is a polyketide phytotoxin produced by several plant pathogenic Pseudomonas spp. The effect of
coronatine on abscission in Citrus sinensis L. Osbeck ‘Hamlin’ and ‘Valencia’ orange fruit, leaves, fruitlets, and flowers
was determined. Coronatine at 200 mg-L-! significantly reduced fruit detachment force of mature fruit, and did not
cause fruitlet or flower loss in ‘Valencia’. Cumulative leaf loss was 18 % with coronatine treatment. Coronafacic acid
or coronamic acid, precursors to coronatine in Pseudomonas syringae, did not cause mature fruit abscission. Ethylene
production in mature fruit and leaves was stimulated by coronatine treatment, and 1-aminocyclopropane-1-carboxylic
acid oxidase (ACO) and 12-oxo-phytodienoate reductase (12-oxo-PDAR) gene expression was upregulated. A slight
chlorosis developed in the canopy of whole trees sprayed with coronatine, and chlorophyll content was reduced rela-
tive to adjuvant-treated controls. Leaves formed after coronatine application were not chlorotic and had chlorophyll
contents similar to controls. Comparison of coronatine to the abscission compounds methyl jasmonate, 5-chloro-3-
methyl-4-nitro-pyrazole and ethephon indicated differences in ethylene production and ACO and 12-0x0-PDAR gene
expression between treatments. Leaf loss, chlorophyll reduction and low coronatine yield during fermentation must

be overcome for coronatine to be seriously considered as an abscission material for citrus.

Coronatine is a polyketide phytotoxin produced by several plant
pathogenic Pseudomonas spp. (Mitchell 1982; Volksch and Wein-
gart 1998). In compatible host—pathogen interactions, coronatine
was associated with virulence and symptom development. Coro-
natine induces a diffuse nonhost-specific chlorosis afterapplication
to many plants (Bender et al. 1999; Gnanamanickam et al., 1982;
Mitchell and Young, 1978). Although the mode of action of coro-
natine is not known, recent work demonstrated that coronatine was
immunolocalized to the chloroplastand induced proteinase inhibitor
and chlorophyllase gene expression (Tsuchiya et al., 1999; Zhao et
al., 2001). In addition to its phytotoxic effects, coronatine can also
induce growth regulator-like effects such as hypertrophy and can
stimulate ethylene production and tendril coiling (Ferguson and
Mitchell, 1985; Gnanamanickam et al., 1982; Kenyon and Turner,
1992; Perner et al., 1994; Stelmach et al., 1999).

Ithas beenreported that coronatine shares significant structural
and functional similarities with jasmonic acid, its precursor 12-
oxophytodienoate, and methyl jasmonate, which are plant growth
substances important in octadecanoid signaling (Haider et al.,
2000; Koch et al, 1999; Koda et al., 1996; Weiler et al., 1994).
Components of the octadecanoid pathway have been shown to
affect the regulation of defense responses (Penninckx et al.,
1998; Rickauer et al., 1997), wounding (Benedetti et al., 1998),
fruit ripening (Fan et al., 1998), and abscission (Miyamoto et
al., 1997; Ueda et al., 1996). Our interest in octadecanoid com-
pounds was in their potential as abscission-inducing agents for
citrus. Both jasmonic acid and its methyl ester methyl jasmonate
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were shown to induce leaf abscission in bean explants without
significant production of ethylene (Miyamoto et al., 1997; Ueda
et al., 1996). In citrus, methyl jasmonate induced citrus mature
fruit abscission when applied to the entire tree canopy (Hartmond
et al., 2000a; Kender et al., 2001). However, unacceptable leaf
abscission occurred in ‘Valencia’ orange, and this was associ-
ated with increased ethylene production in both leaves and fruit.
Since coronatine and octadecanoid compounds can induce similar
biological activities, we tested the ability of coronatine to cause
abscission in citrus. Overall, our results indicate that coronatine
induced mature fruit abscission, had low leaf loss, and did not
cause immature fruit or flower loss.

Materials and Methods

BACTERIAL STRAINS AND GROWTH CONDITIONS. For all experi-
ments described in this work we used Pseudomonas syringae
pv. glycinea PG4180.N9 to produce coronatine. Pseudomonas
syringae pv. glycinea PG4180.C0 and PG4180.B2 were used to
produce the precursors to coronatine, coronafacic acid (CFA),
and coronamic acid (CMA), respectively (Ullrich et al., 1994).
Cells were routinely cultured on mannitol-glutamate-yeast extract
medium (MGY; Keane et al., 1970) at 26 °C. For coronatine pro-
duction, a previously described two-step fermentation protocol was
used (Palmer and Bender, 1993). Briefly, for each fermentation
batch, aloop of fresh culture was inoculated into 12 different tubes
containing 10 mL MGY broth supplemented with 10 pg-mL-! of
kanamycin. Starter tubes were incubated in a rotary shaker at 26
°C and 220 rpm. After 48 h, cultures obtained a density of ~1.0 x
107 cfu/mL (A, 1.0). All starter cultures were combined and 25
mL were inoculated into 1-L baffled flasks containing 475 mL of
Hoitink-Sinden medium (Palmer and Bender, 1993) supplemented
with 10 pg-mL-! kanamycin. Fermentation was carried out at 18
°C for 6 d at 220 rpm in a rotary shaker.

ISOLATION AND QUANTITATION OF CORONATINE. Coronatine was
isolated from the fermentation media by partitioning against ethyl
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acetate and sodium carbonate as described by Palmer and Bender
(1993). After drying in vacuo, coronatine was stored at —80 °C.
Before application, the material was quantified by HPLC as de-
scribed (Palmer and Bender, 1993).

PLANT MATERIAL. Citrus sinensis (L.) Osb. ‘Hamlin’ or ‘Va-
lencia’ grown at the Citrus Research and Education Center, Lake
Alfred, Fla., was used. Studies were conducted in the 1999, 2000,
2001,and 2002 seasons. Experiments with ‘Hamlin’ oranges were
conducted in November, December, or January, whereas experi-
ments with ‘Valencia’ oranges were conducted in March, April,
May, or June. Average minimum and maximum temperatures dur-
ingexperiments with ‘Hamlin’were 11.3 and 23.6 °C, respectively,
and 18.6 and 34.1 °C, respectively, with ‘Valencia’. No rain fell
on trees within the first 3 d after application. Trees on ‘Swingle’
rootstock were 12 to 16 years of age and ranged from 3 to 5 m
in height. In most experiments, coronatine or other abscission
compounds were applied to isolated branches. Branch sprays
consisted of five branches on each of three trees, with at least
10 fruit and 50 leaves per branch. Branch tests were replicated
at least three times. Loss of 60-d-old fruitlets was evaluated in
“Valencia’ orange using branch tests as described above. In one
experiment conducted in 2002, coronatine was applied to entire
trees. Inthis case, four trees of “ Valencia’ orange were used. Three
replicates of mature and young leaves (12 leaves/replication) were
randomly removed from two trees at the north, south, east, and
west canopy locations for chlorophyll analysis.

ABSCISSION MATERIALS AND APPLICATION TO CITRUS. Ethephon
(Aventis, Ethrel, [2-chloroethyl] phosphonic acid), Ally (Dupont
Chemical, metsulfuron-methyl, methyl 2-[([([(4-methoxy-6-meth-
yl-1,3,5-triazin-2yl) amino] carbonyl) amino] sulfonyl) benzoate]
and Kinetic adjuvant (Setre Chemical Co., Memphis, Tenn.) were
purchased from Helena Chemical Company (Collierville, Tenn.).
5-Chloro-3-methyl-4-nitro-pyrazole (CMN-P; 17.18%active ingre-
dient) was applied as formulated by Abbott Laboratories =30 years
ago (Wilson et al., 1973). Methyl jasmonate (MJ) was purchased
from Bedoukian Research Inc. (Danbury, Conn.). Coronatine, CFA
or CMAwere extracted from the fermentation media and quantified
by HPLC as described by Palmer and Bender (1993).

Abscission materials were dispersed in 0.125% Kinetic im-
mediately before application to the citrus canopy. Ethephon and
CMN-Pwere applied at 200 mg active ingredient/L. Metsulfuron-
methyl was applied at 2 mg active ingredient/L. Coronatine was
applied at concentrations ranging from 0 to 300 mg-L-!; whereas
CFA and CMA were applied at 100 mg-L-!. Treatments were ap-
plied to citrus until solutions began to run-off the canopy.

MEASUREMENTS. Fruit detachment force (FDF) in kg was
measured within 5 d after application of ethephon, coronatine,
CFA, CMA or CMN-P and 10 d after application of metsulfuron-
methyl using a Force Five pull-force gauge (Wagner Instruments,
Greenwich, Conn.) as described (Hartmond et al., 2000b). Leaf
loss in ethephon and coronatine treatments was measured 10 d
after application of coronatine or ethephon. Leaf loss was ex-
pressed as a percentage by counting the total number of leaves at
the beginning of each test and dividing by the number of leaves
dropped. Fruitlet loss with coronatine, metsulfuron-methyl or
CMN-P treatments was determined 22 d after application and
expressed as percentage as described above. Chlorophyll was
extracted from leaves of “Valencia’ and quantified according to
the method outlined by Hipkins and Baker (1986). Analysis of
variance and Duncan’s multiple range test were performed using
the SAS statistical package (SAS Inst. Inc., Cary, N.C.). Ethylene
production from mature fruit and leaves of ‘Hamlin’ orange was
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measured by gas chromatography as described by Burns et al.
(1999). Data were presented as means =+ SE mean.

GENE EXPRESSION ANALYsIS. Total RNA was extracted from
fruit abscission zones, leaf abscission zones, and leaf blades of
Citrus sinensis ‘Hamlin’ orange 24 h after application of coro-
natine, CMN-P, ethephon, 10 mm MJ, or adjuvant (Burns et al.
1998). Ten micrograms of total RNA were electrophoresed on
a 1% formaldehyde-agarose gel and transferred to Hybond-N
membranes (Amersham, Pharmacia, Biotech Inc., Piscataway,
N.J.) by capillarity using 10x SSC as transfer buffer. Membranes
were dried, cross-linked, and prehybridized in Perfect Hyb Plus
hybridization buffer (Sigma Chemical Co., St. Louis, Mo.). RNA
was hybridized with digoxigenin labeled cDNA probes (DIG Prime
DNA Labeling and Detection Starter Kit I, Roche, Indianapolis,
Ind.) following the manufacturer’s instructions. Probes were gener-
ated using partial cDNAs sequences of ACO and 12-oxo PDAR
genes previously isolated from citrus (Burns, 2002). Sequences
were cloned into pGEMT-easy (Promega, Madison, Wis.) and
used as DNA templates for PCR reactions. PCR amplification was
performed with primers derived from the vector which flanked
the insert DNA. PCR conditions were: initial denaturing at 94
°C for 5 min; 35 cycles denaturing at 94 °C for 1 min, annealing
at 55 °C for 1 min and extension at 72 °C for 2 min, with a final
extension step of 10 min at 72 °C. Hybridization signals were
quantified using Quantity One Quantitation Software (Bio-Rad,
Hercules, Calif.). Gene expression analysis was repeated twice
with total RNA from each treatment.
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Fig. 1. The effect of coronatine on fruit detachment force (FDF) (A) and
% cumulative leaf drop (B) in ‘Hamlin’ orange branch tests. Coronatine
was applied at 200 and 300 mg-L-!, ethephon at 200 mg-L-! and Kinetic
adjuvant alone at 0.125%. Vertical bars represent S mean. Mean
separation by Duncan’s multiple range test, P < 0.05.
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Fig. 2. The effect of various coronatine concentrations on fruit detachment
force (FDF) in ‘Valencia’ orange branch tests. Coronafacic acid (CFA;
including 170 mg-L-' CFVal + 70 mg-L-' CFlle) and coronamic acid
(CMA) at 100 mg-L-' were also included in the trial. Coronatine and
coronatine precursors were compared with 200 mg-L-! ethephon, 200
mg-L-'CMN-PorKineticadjuvantalone at0.125%. Vertical bars represent
SE mean. Mean separation by Duncan’s multiple range test, P < 0.05.

Results
Coronatine reduced FDF in ‘Hamlin’ orange when applied at

200 and 300 mg-L-! to branches (Fig. 1A). A similar reduction
in FDF was measured in fruit treated with 200 mg-L-! ethephon.
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Fig. 3. Ethylene evolution in ‘Hamlin’ mature fruit (A) and leaves (B)
after treatment with 200 mg-L-! coronatine, 200 mg-L-! ethephon, 200
mg-L-* CMN-P or Kinetic adjuvant alone at 0.125%. Vertical bars
represent SE mean.
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Coronatine caused 18% leafloss when applied at both concentra-
tions (Fig. 1B). Leaf loss was unacceptably high with ethephon
and was 100% 10 d after application.

In branch tests with ‘Valencia’ orange, coronatine concentra-
tions below 200 mg-L-! only slightly reduced FDF, whereas 200
mg-L-! coronatine was as effective as 200 mg-L-!' ethephon or
CMN-P (Fig. 2), an abscission material specific for mature citrus
fruit(Burns, 2002). Coronatine precursors were applied to “ Valen-
cia’ orange to determine if these compounds could induce mature
fruit abscission. Pseudomonas syringae pv. glycinea PG4180.C0
strain produces CFA during fermentation, but also produces the
coronafacoyl analogs coronafacoylvaline (CFVal) and corona-
facoylisoleucine (CFlle) (Young, et al., 1992). Application of
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Fig. 4. The effect of whole tree application of 200 mg-L-! coronatine, 2
mg-L-! metsulfuron-methyl (metsulf), 200 mg-L-' CMN-P and Kinetic
adjuvant alone at 0.125% on fruit detachment force (FDF) (A), %
cumulative leafloss (B), and % cumulative fruitletloss (C) in ‘ Valencia’
orange. FDF was measured 10 d after metsulf application and 5 d after
application of other treatments. Vertical bars represent SE mean. Mean
separation by Duncan’s multiple range test, P < 0.05.
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N thereafter. Coronatine induced high levels of ethylene in leaves
0.4 1 1 d after application and then decreased (Fig. 3B). Ethephon also
0.2 induced high levels of ethylene, but levels were lower than the
0.0 » coronatine-treated plants. Two days after application of ethephon,
chla chib tot chl allleaves abscised. In general, CMN-Pand adjuvant control leaves
had low but variable ethylene production.
20 . O 200 mg L coronatine B Whole trees of “Valencia’ orange were sprayed with200 mg-L-!
O 200 mg L CMN-P coronatine, 2 mg-L-! metsulfuron-methyl, 200 mg-L-! CMN-P, or
- 1.8 7 . adjuvant alone. FDF was reduced significantly with all abscission
> 16 M adjuvant control d treat ts. but leaf | hioh ith ti
e compound treatments, but leaf loss was higher with coronatine
> 144 a aa and metsulfuron-methyl (Fig. 4A and B). Leaf loss approached
2 12 T 70% with metsulfuron-methyl treatment 22 d after application but
& 1.0 - T remained unchanged in the coronatine or CMN-P treatments (data
2 7 a 3 a not shown). Fruitlet loss was markedly higher with metsulfuron-
s 0.8 - methyl (Fig. 4C). However, fruitlet loss was low in coronatine
E 06 a a a and CMN-P treatments and no different than the adjuvant control.
0.4 - Flower abscission was also unaffected by coronatine (data not
0.2 - m shown). Unlike branch applications of coronatine, a slight chlo-
0.0 ! rosis developed in the canopy beginning about one week after
chla chib tot chl
100 mg-L-t CFA solutions containing 170 and ACC Oxidase 12-oxo Phytodienoate Reductase
70 mg-L-! CFVal and CFlle, respectively, had
no effect on FDF. Similarly, 100 mg-L-' CMA & e SN e
had no effect on FDF. 35
5.0 4 mature fruit abscission zones . mature fruit abscission zones

Ethylene production was measured in
mature fruit and leaves of ‘Hamlin’ branches
treated with coronatine, ethephon, CMN-Pand
adjuvant alone. CMN-P increased ethylene
production in mature fruit one day after ap-
plication and was significantly greater than the
other treatments (Fig. 3A). After 3 d, ethyl-
ene production dropped =50%. Ethephon and
coronatine also increased ethylene production
one day after application. Coronatine-induced
ethylene production decreased after the first
day and remained low throughout the 7-d
monitoring period. Ethylene production in

Fig. 6. ACC oxidase (A, B, and C) and 12-oxo
phytodienoate reductase (D, E, and F) gene
expression analysis of ‘Hamlin’ mature fruit
abscission zones (A and D), leaf abscission
zones (B and E) and leaf blades (C and F) 24
h after application of 200 mg-L-' coronatine
(cor), 200 mg-L-* CMN-P, 10 mm MJ, 200
mg-L-! ethephon (eth) and Kinetic adjuvant
alone (control) at 0.125%. Figure depicts a
representative northern hybridization. In each
panel, the top portion contains the image of
the northern blot, the middle section contains
the image of the ethidium bromide gel, and the
lower graph depicts the relative gene expression
within the northern blot.
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application to whole trees. After 60 d, chlorophyll content was
measured in leaves of trees treated with coronatine, CMN-P and
adjuvant. Chlorophyll a, chlorophyll b, and total chlorophyll were
reduced in leaves of coronatine-treated whole trees (Fig. 5A).
However, leaves that emerged after coronatine application had
chlorophyll content similar to leaves that emerged after treatment
with CMN-P or adjuvant alone (Fig. 5B).

ACO and 12-oxo PDAR gene expression was monitored 24
h after application of abscission compounds. ACO was consti-
tutively expressed in mature fruit abscission zones, leaf abscis-
sion zones, and leaf blades (control lanes in Fig. 6A, B, and C).
A slight increase in ACO gene expression was measured with
coronatine treatment in fruit abscission zones when compared
with the adjuvant control (Fig. 6A). MJ, CMN-P and ethephon
induced a 2-fold or greater increase in ACO gene expression in
fruit abscission zones. ACO gene expression in leaf abscission
zones was similar in CMN-P and adjuvant treatments, and was
highest in leaves treated with other abscission compounds (Fig.
6B). ACO gene expression was suppressed in leaf blades treated
with CMN-P but was elevated in leaf blades recovered from the
coronatine and ethephon treatments. No change in ACO gene
expression was measured with MJ-treated leaf blades as com-
pared with adjuvant control. 12-Oxo PDAR gene expression was
increased in mature fruit abscission zones, leaf abscission zones,
and leaf blades treated with coronatine and ethephon (Figs. 6D,
E, and F). CMN-P increased 12-oxo PDA expression in fruit and
leaf abscission zones but not in leafblades, whereas MJ increased
expression in leaf abscission zones and leaf blades but not in fruit
abscission zones.

Discussion

The biological activities of coronatine are similar to those of
the oxylipins MJ, jasmonic acid, and 12-oxophytodienoate. These
activities include the promotion of tuberization and cell expansion
in potato, mechanotransduction, senescence, volatile synthesis,
and induction of defense and wound related genes and their pro-
tein products (Falkenstein et al., 1991; Koch et al., 1999; Koda
et al., 1996; Stelmach et al; 1998; Weiler et al., 1994). Jasmonic
acid and MJ caused abscission in leaves and explants of bean
(Miyamoto et al., 1997; Ueda et al., 1996) and citrus (Hartmond
et al., 2000a; Kender et al., 2001). In this paper, we demonstrate
that coronatine induced abscission in citrus. Applications of 200
mg-L-! appeared to be optimal for mature citrus fruit loosening, as
higher concentrations did not enhance the effect, and lower con-
centrations were not as efficacious. Mature fruit were particularly
responsive to coronatine, whereas leaves were less responsive.
This pattern of response was consistent throughout the harvest
season in multiple years. Fruitlets and flowers did not abscise at
the concentrations of coronatine tested. Similar results were ob-
tained when MJ was used as a citrus abscission agent (Hartmond
et al., 2000a). However, the response of ‘Valencia’ to MJ was
much reduced and a higher concentration was needed to cause
acceptable fruit loosening. Unfortunately, higher concentrations
of MJ resulted in higher leaf loss. Although we noticed a slight
reduction in efficacy later in the ‘Valencia’ harvest season, 200
mg-L-! coronatine consistently reduced FDF to >50% of its start-
ing value. This value has been reported as a threshold FDF value
for improving the harvesting efficiency of several mechanical
harvesting technologies (Wilson, 1973).

Coronatine is composed of two distinct moieties: the polyketide
CFA, and CMA, an ethylcyclopropyl derivative of isoleucine

J. AMER. Soc. HorT. Scr1. 128(3):309-315. 2003.

(Bender et al., 1999). In some cases, CFA and CMA have been
shown to exhibit biological activities. CMA is structurally
similar to the ethylene precursor, aminocyclopropyl carboxylic
acid (ACC). Addition of CMA to cut carnation flowers inhibited
ethylene production and extended shelf life (Toshima et al.,
1993), possibly because CMA may bind competitively to ACO,
the enzyme responsible for the conversion of ACC to ethylene.
CFA, coronatine and MJ induced the production of proteinase
inhibitors in tomato, but only coronatine caused chlorosis and
changes in chloroplast structure (Palmer and Bender, 1995).
Neither CMA nor CFA caused abscission in mature fruit at the
concentrations tested.

The production of ethylene in mature citrus fruit and leaves
was increased by the application of coronatine and was associated
with abscission. Coronatine also induced ethylene production in
leaves of bean (Ferguson and Mitchell, 1985), tobacco (Kenyon
and Turner, 1992), and cell suspension cultures of Lycopersicon
esculentumbut not L. peruvianum (Perner et al., 1994). Although
fruit treated with coronatine, CMN-P, MJ, or ethephon caused
similar reductions in FDF, the amount of ethylene produced
differed in fruit between treatments. ACO gene expression was
induced by coronatine treatment in citrus leaf blades, leaf ab-
scission zones, and to a lesser extent in mature fruit abscission
zones. The elevated expression of ACO in leaf abscission zones
was correlated with a significant increase in leaf drop. 12-Oxo
PDAR gene expression was also monitored in the same tissues.
The 12-oxo PDAR gene that was used to probe northern blots
encoded a protein with high similarity to OPR2, a 12-oxo PDAR
induced by wounding and stress (Biesgen and Weiler, 1999) but
not significantly involved in jasmonic acid biosynthesis (Schaller
et al., 2000). Three isozymes of 12-oxo PDAR have been iden-
tified in Arabidopsis thaliana, and these differ in substrate
specificity and are differentially regulated (Biesgen and Weiler,
1999; Schaller et al., 2000). No information has appeared on the
isolation, characterization or regulation of 12-oxo PDAR genes
of citrus before our work. Coronatine induced 12-oxo PDAR
expression in all tissues examined, with the highest induction in
leaftissues, suggesting that the application of coronatine imposed
a general physiological stress. CMN-P induced marked 12-oxo
PDAR expression in leaf abscission zones, although its effect on
leaf abscission was minimal. In most cases, differences in ACO
and 12-oxo PDAR gene expression were not great. However,
unlike coronatine, MJ did not induce ACO gene expression in
leaf blades and 12-oxo PDAR gene expression in mature fruit
abscission zones above the levels observed in adjuvant-treated
controls. Such differences in gene expression induced by oxylipins
have been reported (Kramell et al., 2000) and may be the result of
concentration and duration of application, as well as specificity
of the compound for certain tissues.

Taken together, the results of these studies suggest that members
of the octadecancoid signaling pathway can induce abscission, and
their application can increase ethylene production in citrus. The
jasmonic acid precursor, 12-oxo-PDA, has been shown to have
similar biological activities to methyl jasmonate and jasmonic acid
(Stelmachetal., 1998, 1999). However, some studies suggest that
endogenous levels of 12-oxo PDA may be more important than
jasmonic acid in regulating physiological processes (Parchmann
et al., 1997). In separate studies,12-oxo PDA prepared either as
an aqueous suspension with Kinetic or dissolved in DMSO and
applied to ‘Valencia’ or ‘Hamlin’ at concentrations up to 245
mg-L-! failed to reduce FDF (data not shown). Thus, it appears
thatcoronatine and methyl jasmonate, butnot 12-oxo-PDA, share

313

$S800R 98l] BIA GO-/0-GZ0Z 18 /w0 Aiojoeignd-poid-swinid-yiewssiem-jpd-swiid,/:sdiy wouy pepeojumoq



a common signaling pathway that ultimately leads to abscission.
However, the lack of response with 12-oxo-PDA may be caused
by reduced uptake. Higher concentrations of 12-oxo-PDA should
be applied with several different solvents to determine its ability
to induce abscission.

The potential of coronatine as an abscission agent for citrus
remains under evaluation. To be seriously considered as a viable
abscission agent, several concerns must be addressed. Not surpris-
ingly, whole tree application of coronatine caused a diffuse chlorosis
in canopy leaves, which was supported by a concomitant reduction
in chlorophyll. Shoots that emerged 4 weeks after coronatine ap-
plication had chlorophyll contents similar to controls, suggesting
that the chlorotic effect was limited to leaves initially contacted
by the material. Furthermore, coronatine typically caused 15% to
20% leaf loss after application. Considering the number of active
abscission materials and the range of defoliation levels in our
screening trials, this amount of leaf abscission is comparatively
low. However, it is unclear what affect yearly coronatine-induced
defoliation events and reduced chlorophyll content would have on
long-term tree health and yield. Finally, impediments to coronatine
production must be overcome. Yields of coronatine ranged from
20 to 25 mg'L-!' fermentation media, and must be increased to
conduct large-scale trials necessary to evaluate efficacy. Typically,
1 g coronatine was needed in 5 L total volume for application to a
single tree. Efforts to improve yield of coronatine in the fermenta-
tion are underway and will allow us to evaluate the full potential
of coronatine as an abscission material for citrus.
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