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Abstract. 1-Methylcyclopropene (1-MCP) is a gaseous ethylene
binding inhibitor used to control or delay ethylene-related
postharvest problems in a range of horticultural commodities.
To evaluate the potential of 1-MCP to prevent unwanted defoliation and fruitlet loss when using ethephon to loosen mature
citrus fruit, canopy sector tests were conducted in ‘Valencia’
orange [Citrus sinensis (L.) Osb.] using 400 mg·L-1 ethephon
(2-chloro-ethyl-2-phosphonic acid) in combination with 1, 2.5
and 5 mM concentrations of 1-MCP. Although there was no difference in loosening of mature fruit by ethephon and ethephon
+ 1-MCP treatments, 1-MCP reduced defoliation caused by
ethephon. Studies on the effect of 1-MCP + ethephon application on flower and fruitlet abscission demonstrated that unwanted abscission in these organs could also be reduced. The
results suggest that ethephon-induced phytotoxicity can be
reduced with 1-MCP, but the gaseous nature of 1-MCP is an impediment to uniform application. A sprayable 1-MCP formulation is needed for preharvest use in many horticultural crops.
A selective abscission compound is considered crucial for
the adoption of year-round mechanical harvesting of Florida’s citrus ‘Valencia’ crop. To date, no abscission agents are
registered for use in citrus. A number of potential abscission
agents have been tested in Florida during the past 10 years,
such as 5-chloro-3-methyl-4-nitro-1H-pyrazole (CMNP), methyl jasmonate (MeJA), 2-chloro-2-ethyl-phosphonic acid (ethephon), and coronatine (Burns, 2002; Burns et al., 2003;
Hartmond et al., 2000). Among them, only CMNP has proven
to selectively loosen mature fruit when used over wide concentration ranges. Ethephon is registered for use on several
food crops and relatively inexpensive to purchase and apply.
Thus, this product could be an attractive abscission agent candidate, particularly if unwanted defoliation can be reduced.
Ethephon is an ethylene-releasing agrochemical used to
enhance mature fruit abscission and aid mechanical harvesting in several horticultural crops (Bukovac et al., 1969; Cooper and Henry, 1968; Kender, 1998; Kender and Hartmond,
2000; Martin et al., 1981; Perez et al., 1981; Rasmussen, 1976).
Its potential as an abscission agent in citrus harvesting remains limited unless adverse side effects, such as abscission of
young developing fruitlets, excessive leaf abscission, terminal
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dieback, and gummosis (Burns, 2002; Kender et al., 2000)
can be effectively minimized.
The ethylene binding inhibitor 1-methylcyclopropene (1MCP) has been effective in controlling or reducing ethephonrelated disorders associated with senescence. These include
pre- or post-harvest problems on climacteric fruits, abscission
in floricultural commodities (Blankenship and Dole, 2003),
as well as fruit decay during postharvest storage of apples
(Mattheis et al., 2001; Saftner et al., 2003), peaches (Kluge
and Jacomino, 2002), avocado, tomatoes (Huber et al., 2003;
Nakatsuka et al., 1997), bananas (Golding et al., 1998; Harris
et al., 2000), and papaya (Jacomino et al., 2002). Abscission
in citrus leaf and fruit explants could be reduced by 1-MCP
treatment (Porat et al., 1999; Zhong et al., 2001). Leaf abscission, gummosis, and twig dieback were successfully controlled
in Citrus madurensis and Citrus sinensis treated with a simultaneous application of 1-MCP + ethephon, with little effect on
ethephon-induced reduction of fruit detachment force (Pozo
and Burns, 2000; Pozo et al., 2004). Application of 1-MCP was
more effective when combined with ethephon in the spray
tank rather than applying it 24 h before or after ethephon
treatment (Pozo et al., 2004). We hypothesized that 1-MCP
could reduce ethephon-induced loss of fruitlets in citrus. The
objective of this work was to investigate the effect of 1-MCP +
ethephon spray solutions on fruitlet retention and abscission
of mature fruit and leaves at full bloom and during young
fruit growth in ‘Valencia’ orange.
Materials and Methods

Plant material, compounds and application procedures. Citrus
sinensis L. Osbeck cv. ‘Valencia’, grafted on rough lemon
rootstock were located at the Citrus Research and Education
Center, Lake Alfred, Fla., and used for this study. Trees were
between 15 and 18 years of age. Experiments were conducted
in March through June 2006. 1-Methylcyclopropene (1-MCP)
was obtained from Rohm and Haas, Inc., Philadelphia, Pa., as
a 3.3% active ingredient formulation (‘SmartFresh®’). Abscission agents used in this work were ethephon, 2-chloro-ethyl-2-phosphonic acid (‘Ethrel®’, 21.7% ethephon w/v,
Aventis Crop Science, Research Triangle Park, N.J.) and
CMNP (5-chloro-3-methyl-4-nitro-1H-pyrazole, 17.2% active
ingredient, as previously formulated by Abbott Laboratories,
Libertyville, Ill.). Spray solutions contained the organosilicate
adjuvant Kinetic® (Setre Chemical Co., Memphis, Tenn.) at
0.15% (v/v). Treatments were applied to canopy sections (approximately 1 m3) using a pressurized 1-L capacity hand
sprayer. Spray solutions were applied until runoff. Rainfall
did not occur for 3 d after application in all trials reported.
Fruitlet retention, mature fruit, and leaf drop measurements.
Trees within a 30-tree row were used in the trial. One-hundred canopy sections were marked within this row and randomly assigned treatments. Each section contained over 30
mature fruit and fruitlets, and more than 100 leaves. Equatorial diameter (mm) of at least 10 fruitlets was monitored on a
weekly basis within these sections from day 0 (16 Mar. 2006)
through 111 d (5 Jul. 2006) after full bloom (DAB) using a
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digital caliper (‘Digimatic’ caliper, Model CD-6”CS, Mitutoyo
Products Corporation, Japan). At fruit developmental stages
corresponding to 0, 26, 35, 63, and 81 DAB (avg. diameters of
2, 5, 10, 20, and 30 mm; Fig. 1), four canopy sections were
sprayed with either 5 mM 1-MCP + 400 mg·L-1 ethephon, 400
mg·L-1 ethephon, 5 mM 1-MCP, 200 mg·L-1 CMNP, or only
Kinetic plus water as a control. Thus, each treatment was replicated four times on each of the five spray dates. Fruit detachment force (FDF, kg) was measured 5 d after each application
with a digital force gauge (‘Force Five’, Wagner Instruments,
Greenwich, Conn.; Pozo et al., 2004). Cumulative percent of
leaf abscission and fruitlet retention was measured by counting these organs immediately prior to and 30 d after each application. Results are expressed as a percentage of the total
organ number at the beginning of the experiments.
Statistics. Percentage data were transformed to stabilize
variance using arcsin transformation in MS-Excel functions
(Microsoft, Redmond, Wash.). Data were analyzed within
each spray date as a 1-way factorial with spray treatment as the
independent variable. Analysis of variance, regression analysis, and Duncan’s multiple range tests were performed using
the SAS statistical package (SAS Inst., Inc., Cary, N.C.).
Results

Defoliation and FDF of mature fruit. As expected, ethephon
application at 0, 26, 35, 63, and 81 DAB resulted in high defoliation (Fig. 2). The most severe defoliation was observed
when treatments were applied at 26 DAB. The absolute values
of ethephon-induced leaf drop during the treatment period
ranged from 48%-82%. Application of 1-MCP + ethephon
markedly reduced ethephon-induced leaf abscission. FDF remained unaffected by 1-MCP, with little or no difference between 1-MCP + ethephon and ethephon treatments 5 d after
application (Fig. 3). CMNP reduced FDF to consistently lower
values than other treatments.

Fig. 1. Fruitlet diameter of ‘Valencia’ oranges from full bloom (16 Mar.
2006) to 111 d after full bloom (5 Jul. 2006). Arrows indicate date of spray.
Range of fruitlet diameters on each spray date are indicated above arrows.
Standard error bars are smaller than mean markers. The equation for the
line is y = 64[1+e-((x-78)/28)], r2 = 0.98.
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Fig. 2. Effect of 5 mM 1-MCP + 400 mg·L-1 ethephon, 400 mg·L-1 ethephon, and 200 mg·L-1 CMNP on leaf abscission 30 d after spray application.
There was no difference observed between 1-MCP and adjuvant alone treatments so only the adjuvant alone is plotted (control). Data are presented as
percent of control. Points (alone or cluster) at the same application date with
different letters are statistically different at P < 0.05.

Fruitlet retention. When applied from 0 to 63 DAB, ethephon caused nearly all flowers and/or fruitlets to abscise within 30 d after application (Fig. 4). At the last spray date (81
DAB), green fruit retention in ethephon-sprayed canopy sections approached that of the control, but was still significantly
lower. In general, abscission occurred at the pedicel abscission layer for the first four application dates, whereas at the
last application date, fruitlets abscised either at the calyx or
pedicel abscission zones (data not shown). Fruitlet abscission
decreased in branches sprayed with 1-MCP + ethephon, but
average retention remained below the control in all but the
last application date. Application of 1-MCP alone numerically

Fig. 3. Effect of 5 mM 1-MCP + 400 mg·L-1 ethephon, 400 mg·L-1 ethephon, and 200 mg·L-1 CMNP on fruit detachment force (FDF) 5 d after spray
application. There was no difference observed between 1-MCP and adjuvant
alone treatments so only the adjuvant alone is plotted (control). Points
(alone or cluster) at the same application date with different letters are statistically different at P < 0.05.
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Fig. 4. Fig. 2. Effect of 5 mM 1-MCP, 5 mM 1-MCP + 400 mg·L-1 ethephon,
400 mg·L-1 ethephon, 200 mg·L-1 CMNP, and adjuvant alone (control) on
fruitlet retention 30 d after spray application. Data are plotted as percent of
control. Points (alone or cluster) at the same application date with different
letters are statistically different at P < 0.05.

reduced natural fruitlet drop at the first and third application
dates. Interestingly, CMNP application significantly reduced
fruitlet retention when applied at the first three dates. By 63
DAB, there was no difference between fruit retention of
CMNP-treated and the adjuvant control.
Discussion

Our previous work demonstrated that the ethylene binding inhibitor 1-MCP applied as a gas to potted Citrus mandurensis trees before ethephon treatment or as a spray solution
containing ethephon +1-MCP, greatly reduced defoliation
and gummosis associated with ethephon applications. Ethephon-induced mature fruit loosening was either not altered
or only partially reduced by 1-MCP (Pozo and Burns, 2000;
Pozo et al., 2004). Yuan et al. (2005) demonstrated that up to
25% annual defoliation caused no adverse effect on tree
growth and return yield in ‘Valencia’ when defoliated before
bloom. Taken together, these results suggested that ethephon could be considered as an abscission agent candidate for
Florida citrus, provided that fruitlet abscission was not markedly increased with ethephon sprays. Retention of young fruit
is especially important if ethephon is to be used for late
season ‘Valencia’ harvest in combination with mechanical
harvesting.
The focus of the current work was to determine the effect
of ethephon and 1-MCP + ethephon applications on flower
and fruitlet retention during and after bloom in ‘Valencia.
Our results confirmed that 1-MCP could reduce ethephoninduced flower and fruitlet abscission. However, fruitlet loss
remained greater than the control at most application dates.
In some cases, fruitlet retention was increased with 1-MCP
alone, suggesting that subsequent yield could be improved.
Surprisingly, CMNP application increased fruitlet loss in this
study, implying that next year’s yield would be negatively
impacted. In previous trials, CMNP application to ‘Valencia’
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canopies containing fruitlets from 4 to 26 mm in diameter did
not reduce yield the following season (Whitney, 1975; Whitney et al., 1986). Whether yield would be altered by treatments described in our study will require increased sample
sizes, whole tree application, and evaluation of yield the following season. As fruitlets developed, sensitivity to ethephon
was greatly reduced. Altered sensitivity of developing organs
to ethylene has been well documented (Abeles et al., 1992).
Ethephon + 1-MCP applications, although promising, remain experimental. Since 1-MCP is a gas in its active form,
field application remains problematic. In this work, 1-MCP
was dissolved in the spray tank, the spray tank capped, and
sprays were applied within 10 min. Any further delay in applying the spray mixture, once the combined solution was prepared, could lead to loss of the gaseous active ingredient.
Furthermore, combined sprays should be applied in large
droplet sizes under relatively low pressure to reduce loss of
the volatile active ingredient. The volatility of 1-MCP is the
reason why a relatively large concentration (5 mM) was needed to counteract unwanted side effects of ethephon.
In conclusion, ethephon-induced fruitlet and leaf loss can
be mitigated by including 1-MCP in the spray without compromising effective loosening of mature fruit. Successful field
application will require development of a sprayable formulation or a non-gaseous 1-MCP analog that will minimize volatile loss of the active ingredient.
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