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Abstract. To successfully use abscission agents for ‘Valencia’ sweet orange mechanical
harvesting throughout the harvest season, unwanted flower, fruitlet, and leaf drop must
be assessed and minimized. Ethephon (400 mg�L–1), 1-methylcyclopropene (1-MCP;
5 mM), ethephon + 1-MCP, 5-chloro-3-methyl-4-nitro-1H-pyrazole (CMNP; 200 mg�L–1),
and a kinetic adjuvant control [0.15% (v/v)] were applied to ‘Valencia’ branches at
various times from full bloom in Mar. 2006 to the end of full bloom in Mar. 2008. Effects
of these treatments on fruit detachment force (FDF) and abscission of developing and
mature fruit, flowers, and leaves were recorded. Three separate response periods to
abscission agent applications were observed: the first spanned the first 100 days after
bloom (DAB) and was characterized by high initial response followed by decreasing
sensitivity; the second spanned between 100 and 225 DAB and was characterized by little
to no response; and the third spanned from 225 DAB to harvest and was characterized by
a gain in sensitivity. Young fruitlets in the first response period were highly sensitive to
ethephon but were less sensitive to CMNP or ethephon + 1-MCP. Mature fruit in the
third response period were highly sensitive to CMNP and less sensitive to ethephon
or ethephon + 1-MCP. The application of ethephon resulted in high leaf abscission
and showed no clear sensitivity pattern throughout both cropping years. CMNP or ethephon
+ 1-MCP application caused minimal leaf abscission. The same abscission agent
treatments were applied on whole tree canopies 6 and 28 DAB in Mar. 2007. Application
date had no significant effect on the measured parameters. Although ethephon
application induced high initial leaf drop, leaf area indices determined 7 months after
any compound application were not significantly different. However, subsequent 2008
yield in trees sprayed with ethephon in 2007 was significantly less, whereas 2008 flower
number was higher. The results indicate a complex interaction of fruitlet abscission and
leaf loss during the first response period contributed to yield reduction and increased
flower number in ethephon-treated trees.

The use of the abscission agent 5-chloro-
3-methyl-4-nitro-1H-pyrazole (CMNP) in
combination with mechanical harvesting
increases mature sweet orange fruit removal
without causing phytotoxicity to leaves and
young developing fruit through most of
the harvesting season (Burns et al., 2005;
Li et al., 2008). Work to register this product
for Florida mature citrus fruit abscission
is ongoing. In the event that CMNP registra-
tion fails or is delayed, other abscission
agent options such as ethephon (2-chloro-2-
ethyl-phosphonic acid), methyl jasmonate,
and coronatine (Burns, 2002; Burns et al.,
2003; Hartmond et al., 2000) remain as viable
candidates. Ethephon is an attractive second
choice because it is currently registered for
use on several food crops and is relatively
inexpensive to apply. Previous work demon-
strated that unacceptably high defoliation

associated with ethephon applications, espe-
cially at high temperatures (Bukovac et al.,
1969; Yuan and Burns, 2004), could be
abated during the majority of the harvest
season by coapplication of the ethylene
binding inhibitor 1-methylcyclopropene (1-
MCP; Pozo and Burns, 2000; Pozo et al.,
2004).

To be fully adopted by the citrus industry,
an abscission agent must not impact tree
health and yield. The sweet orange cultivar
Valencia [Citrus sinensis (L.) Osbeck] is a
high-quality citrus juice orange in Florida
that usually commands a premium price.
‘Valencia’ is considered a 13- to 16-month
crop in Florida, meaning that mature fruit and
flowers and/or fruitlets are usually present at
the same time. This poses unique challenges
for selective mature fruit loosening at and
after bloom when abscission agent applica-
tions will be required for mechanical harvest-
ing. During bloom and shortly thereafter,
fruitlets are in an active cell division stage
(Bain, 1958) and highly responsive to growth
regulator applications as a result of rapidly
changing hormonal and carbohydrate balan-

ces and intersink competition (Guardiola
and Garcı́a-Luis, 2000). At the onset of the
cell elongation stage of fruitlet growth, certain
growth regulators such as CMNP can be
applied at concentrations that loosen mature
fruit but not fruitlets, whereas ethephon will
cause abscission in both (Burns, 2002). In this
case, CMNP can be used to selectively loosen
mature fruit without removing fruitlets, pro-
vided that machine harvesting is performed
at reduced frequency (Burns et al., 2006).
Developmental changes in sensitivity to
abscise naturally or in response to growth
regulator applications in fruit such as citrus
have been described (Abeles et al., 1992;
Brown, 1997; Guardiola and Garcı́a-Luis,
2000). Little is known, however, if the loss
of young sweet orange ‘Valencia’ fruitlets
resulting from abscission agent application at
key times in the cropping cycle translates into
significant yield reduction. Such information
is critical for timing abscission agent appli-
cations to achieve the desired outcome and
retain next year’s yield.

The objectives of this work were 1) to
determine fruit loosening and leaf drop
responses to abscission agent applications at
various times throughout a 2-year cropping
cycle; and 2) to assess the impact of abscis-
sion agent applications at two key times
during the cell division phase of fruitlet
growth on yield the next season.

Materials and Methods

Plant material. Citrus sinensis L. Osbeck
cv. Valencia sweet orange trees, grafted on
‘Swingle’ rootstock, located at the UF/IFAS
Citrus Research and Education Center, Lake
Alfred, FL, were used in all trials. Trees were
between 20 and 23 years of age and irriga-
tion, pest control, and fertilization were pro-
vided according to standard commercial
practices.

Compounds and application procedures.
Abscission agents used in this work were 1)
ethephon [(2-chloroethyl) phosphonic acid
(Ethrel, 21.7% ethephon w/v; Aventis Crop
Science USA LP, Research Triangle Park,
NC)]; and 2) CMNP (15% w/w a.i., as pro-
vided by AgroSource Inc., Westfield, NJ). 1-
Methylcyclopropene (AgroFresh, Inc., Phil-
adelphia, PA) as SmartFresh (3.3% a.i.) was
also used. Compounds were dissolved in
distilled water that contained the organo-
silicate adjuvant Kinetic (Setre Chemical
Co., Collierville, TN) at 0.15% (v/v). Treat-
ments described subsequently were applied
either to 1-m3 canopy branches (Expt. 1) or
entire tree canopies (Expt. 2) using a pres-
surized, 1-L capacity hand sprayer (Expt. 1)
or a 12-L capacity motorized backpack
sprayer (Expt. 2). Spray solutions were
applied until runoff. Rainfall did not occur
within 3 d after application in all trials
reported.

Expt. 1: Branch tests. Branch tests were
used to determine the fruit and leaf response
to monthly applications of abscission agents
and compound combinations. For the 2006–
2007 cropping cycle, applications were begun
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on 16 Mar. 2006 (full bloom) and ended 16
Mar. 2007. For the 2007–2008 cropping
cycle, applications were begun on 5 Apr.
2007 (full bloom) and ended on 6 Mar. 2008.
A block of 90 uniform trees was used for each
cropping cycle. Application treatments were
400 mg�L–1 ethephon, 5 mM 1-MCP, 400
mg�L–1 ethephon plus 5 mM 1-MCP, 200
mg�L–1 CMNP, and a Kinetic (adjuvant)
control. 1-MCP was dissolved in spray mixes
immediately before application (Pozo et al.,
2004). Treatments were randomly applied to
five canopy branches (replications) per spray
treatment. Each branch contained between 15
and 200 flowers and/or developing fruit and
leaves and/or 15 mature fruit, depending on
the time of year. Applications were per-
formed on a biweekly to monthly basis
throughout the two cropping periods, each
covering from full bloom to at least 340
d after full bloom (DAB). Immediately
before application, flower, fruitlet, leaf, and/
or fruit number were counted. The date of
each application was noted, and retained
organs were counted 30 and 60 d after appli-
cation for leaves and fruit, respectively.
Percentage retention of fruit was calculated
by dividing the remaining fruit on the branch
by the initial number and multiplying by
100. The percentage fruit loss in control
branches represented nonabscission agent-
induced organ loss. The actual abscission
agent-related fruit retention was expressed
as percentage control and calculated by
dividing the percent retention in each abscis-
sion agent treatment by the percent retention
of the controls and multiplying by 100. The
percent fruit retention after 60 d for each
abscission agent treatment (as percentage
control) was plotted by application date. Leaf
abscission was calculated by subtracting the
final number of leaves from the initial num-
ber, dividing by the initial number, and
multiplying by 100. The percent leaf abscis-
sion after 30 d for each abscission agent
treatment (as percentage control) was plotted
by application date. Fruit growth was mea-
sured in both cropping cycles by measuring
the equatorial diameter (mm) of developing
fruit at various times after full bloom until
fruit maturation using a digital caliper (Mitu-
toyo Digimatic Caliper, Model CD-6 CS;
Mitutoyo America Corp., Aurora, IL). In
the 2007–2008 cropping year, fruit detach-
ment force (FDF, kg-force) was measured 6
d after spray treatments in both mature and
developing fruit with a digital force gauge
(Force Five; Wagner Instruments, Green-
wich, CT). For developing fruit, a holding
platform was made for the arm of the gauge
to hold the small fruitlets in place for meas-
urements. Final results were expressed as
percent of control.

Expt. 2: Whole tree application at 6 and
28 d after full bloom. Abscission agent treat-
ments described in Expt. 1 were applied to
whole tree canopies. A total of 30 uniform
trees was randomly assigned to each of the
five treatments for each application date.
Each treatment consisted of six single-tree
replicates. Before application, trees were

Fig. 1. Retention of ‘Valencia’ sweet orange growing fruit as percent adjuvant control 60 d after
application. Treatments were applied to runoff as branch sprays in 2 cropping years at the dates
indicated: (A) 2006–2007; (B) 2007–2008. Means with the same letter within the same date
of application are not significantly different as indicated by Duncan’s multiple range test (P #
0.05). Ethe = ethephon; 1-MCP = 1-methylcyclopropene; CMNP = 5-chloro-3-methyl-4-nitro-1H-pyrazole.

Fig. 2. Fruit detachment force (FDF, percent of control) of ‘Valencia’ sweet orange fruit 6 d after
application. Treatments were applied to runoff as branch sprays in the 2007–2008 cropping year at
the dates indicated. Means with the same letter within the same date of application are not significantly
different as indicated by Duncan’s multiple range test (P # 0.05). Ethe = ethephon; 1-MCP = 1-
methylcyclopropene; CMNP = 5-chloro-3-methyl-4-nitro-1H-pyrazole.
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harvested in early Apr. 2007 and fruit weigh-
ed to obtain the 2007 yield. Abscission agents
were applied on two dates corresponding to
petal fall (6 DAB, 12 Apr. 2007) and fruit
set/postbloom abscission (28 DAB, 4 May
2007). These key dates were selected based
on the high rate of natural fruitlet loss
beginning at full bloom and ending �30 to
40 DAB. To measure the recovery of leaf
number after application of abscission com-
pounds, leaf area index (LAI) was measured
in Nov. 2007 using a 1-m2 frame placed at a
height of 1.5 m on both sides of each replicate
tree. Leaf number in the frame was used to
estimate total number of leaves per tree based
on canopy volume measurements. To deter-
mine leaf area, a 25-leaf subsample from
each replicate tree was taken to the laboratory
and average leaf area measured using a
portable leaf area meter (LI-3000; LI-COR,
Lincoln, NE). LAI was calculated as leaf area
divided by the ground surface area under the
canopy. Final yield was evaluated by indi-
vidually harvesting experiment trees in Mar.
2008. Harvested fruit in 2007 and 2008 were
weighed and results for 2008 yield expressed
as percentage of 2007 yield. To measure
flower number per tree, flowers were counted
at full bloom (Mar. 2008) using a 1-m2 frame
and the counts converted into flower number
per tree as described previously for total leaf
number.

Statistics. Percentage data were trans-
formed to stabilize variance using arcsine
transformation in Microsoft Excel functions
(Microsoft, Redmond, WA). For the whole
tree experiment, data were analyzed as two-
way factorial to determine date of applica-
tion and spray treatment effects on yield.
Further analyses were performed using one-
way analysis of variance and Duncan’s mul-
tiple range tests to determine differences
between spray treatments within dates. All
analyses were performed using the SAS sta-
tistical package (SAS Inst. Inc., Cary, NC).

Results

Expt. 1: Fruit and leaf response on
branches sprayed with abscission agents.
Three major response periods could be dis-
tinguished throughout fruit growth, develop-
ment, and maturation in both cropping years
(Fig. 1). Response Period I, during approxi-
mately the first 100 DAB, was characterized
by high initial response to abscission agent
applications followed by decreasing sensitiv-
ity. Ethephon induced very high levels of
fruitlet drop; less than 5% of the total fruitlet
number was retained when compared with
the control. CMNP application resulted in
approximately half the initial fruitlet loss.
Addition of 1-MCP to the ethephon spray
mix greatly reduced ethephon-induced fruit-
let drop, but retention remained less than that
in controls. 1-MCP treatment alone numeri-
cally increased fruitlet retention. Response
Period II, covering �100 through 225 DAB,
was characterized by little or no response of
developing fruit to abscission agents at the
concentrations applied. Response Period III,

from 225 DAB to harvest, was characterized
by a gain in sensitivity to abscission agents.
In contrast to fruitlet response during Period
I, significantly less mature fruit sprayed with
CMNP were retained when compared with
ethephon. Mature fruit sprayed with ethe-
phon + 1-MCP were retained on branches and
did not drop. However, these fruit did loosen
as indicated by a significant decrease in FDF
measured in the 2007–2008 cropping year
(Fig. 2). Other than ethephon + 1-MCP

treatment, trends in mature fruit retention
(Fig. 1) and FDF (Fig. 2) were similar.

Changes in fruit diameter were plotted
during both cropping years (Fig. 3). Three
fruit growth development stages as defined
by Bain (1958) were observed: cell division
(Stage I; 0 to 50 DAB), cell elongation (Stage
II; 50 to 200 DAB), and cell maturation
(Stage III; beyond 200 DAB). Abscission
agent Response Period I, characterized by
high initial but decreasing sensitivity to

Fig. 3. Growth curves of ‘Valencia’ sweet orange fruit in 2006–2007 (A) and 2007–2008 (B) cropping
years. Growth is expressed as equatorial diameter in millimeters at the dates indicated. Vertical dotted
lines delineate fruit abscission responses and Response Periods. Growth curves were fit to sigmoidal
third parameter equations: A, y = 68.43/{1 + e[(–(x – 83.85)/32.29)]}; B, y + 70.4/{1 + e[(–(x – 88.7)/30.0)]}.
Correlation coefficients and significance are A: R = 0.995, P < 0.0001; B: R = 0.99, P < 0.0001. Fruit
growth and development stages described by Bain (1958) are located at the top of each graph.
Abscission agent response periods are shown.
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abscission agent treatment, was associated
with the cell division (Stage I) and most of
the cell enlargement stage (Stage II). The
transition from the cell enlargement to the
cell maturation stage (beginning �100 and
ending 250 DAB) was characterized by little
or no response to abscission agent applica-
tion. As fruit and cell maturation continued,
fruit again gained sensitivity to abscission
agents.

No clear pattern in sensitivity of leaf
abscission was observed during the two
cropping cycles (Fig. 4A–B). Ethephon
markedly increased leaf abscission, whereas
CMNP or 1-MCP alone had little effect when
compared with leaf loss from control
branches. Ethephon-induced leaf abscission
was significantly reduced by addition of 1-
MCP to ethephon sprays. However, leaf loss
from ethephon + 1-MCP remained higher
than that from CMNP, 1-MCP alone, or
control treatments during most of the two
cropping years. In 2006–2007, leaf loss
resulting from ethephon treatment (Fig. 4A)
appeared to follow the response pattern of
fruit (Fig. 1A), whereas in 2007–2008, leaf
abscission was high but variable throughout
the cropping cycle (Fig. 4B).

Expt. 2: Leaf area index, yield, and return
bloom in whole tree canopies sprayed with
abscission agents. Leaf loss in whole cano-
pies after abscission agent applications 6
and 28 DAB in 2007 was similar to that of
branch tests. Nearly 80% leaf drop occurred
30 d after ethephon application (data not
shown). LAI was measured 7 months after
application in Nov. 2007 to determine recov-
ery of leaves and future impact on yield and
return bloom. No effect of spray date on LAI
within each spray treatment was observed
(P # 0.05; data not shown). Average LAI
ranged from 4.1 to 4.6. Despite high initial
leaf loss in ethephon-treated trees, LAI was
not statistically different from any other
treatment.

No significant effect of application date on
yield was measured within each spray treat-
ment in Mar. 2008; �10 to 11 months after
application of abscission compounds. How-
ever, when compared with yield in 2007, total
mature fruit weight harvested from trees trea-
ted with ethephon was significantly less in
2008 when compared with other treatments
(Fig. 5A). Fruit size measurements indicated
that the diameter of ethephon-treated fruit was
not significantly different from other treat-
ments, including controls (73 mm average
diameter; P # 0.05; data not shown). Although
CMNP or 1-MCP + ethephon application 6
and 28 DAB resulted in 25% to 50% less
fruitlets retained as indicated by our branch
studies, yield was not significantly different
from control trees. Moreover, 1-MCP applica-
tion alone did not increase yield in 2008,
indicating that minor improvements in fruitlet
retention when applied 6 and 28 DAB in 2007
did not result in more fruitlets developing
into harvestable fruit in 2008. Return bloom
in 2008 was counted 1 week after harvest
on trees treated 6 and 28 DAB in 2007 with
abscission compounds. Only ethephon treat-

ment increased return bloom (Fig. 5B). The
ethephon-treated trees had significantly
greater numbers of bloom in 2008 when
compared with all other treatments.

Discussion

Fruit were highly sensitive to ethephon
applications during the cell division and
cell expansion growth and developmental
stages. In many fruit crops that exhibit
alternate bearing or fruit size problems,
ethylene-releasing or ethylene-promoting fruit-
thinning agents such as ethephon or NAA

applied during this time improve final fruit
size by adjusting crop load early in fruit
development (Costa et al., 2006). Thinning
practices are effective in overloaded trees
(Guardiola and Garcı́a-Luis, 2000) when
young fruitlet removal reaches �50%
(Agustı́ et al., 1995, 2002; Zaragoza et al.,
1992). However, efficacy of thinning agents
is highly variable, and application timing is
critical for success.

As citrus fruitlets developed after bloom,
sensitivity to ethephon was high and variable
from year to year but decreased as growth
continued. Ethephon concentrations up to

Fig. 4. Cumulative leaf abscission of ‘Valencia’ sweet orange as percent adjuvant control 30 d after
application. Treatments were applied to runoff as branch sprays in two cropping years at the dates
indicated: (A) 2006–2007; (B) 2007–2008. Means with the same letter within the same date
of application are not significantly different as indicated by Duncan’s multiple range test (P #
0.05). Ethe = ethephon; 1-MCP = 1-methylcyclopropene; CMNP = 5-chloro-3-methyl-4-nitro-1H-
pyrazole.
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400 mg�L–1 applied during Response Period I
reduced fruit number in ‘‘on-crop’’ years, but
unpredictable fruitlet removal and intense
defoliation prevented its wide-scale use as a
thinning agent in citrus-growing areas where
thinning is needed (Gallash, 1974; Hutton,
1992; Kender et al., 2000). Young citrus
fruitlets behave as climacteric fruit with
System II-like autocatalytic ethylene biosyn-
thesis activity (Katz et al., 2004). System II
gives way to System I as development pro-
ceeds, which is characterized by low internal
ethylene production and autoinhibition.
Together with the balance between phyto-
hormones such as auxin (Gómez-Cadenas
et al., 2000; Goren, 1993; Talon et al.,
1992), this System I to System II transition
in part explains high sensitivity to ethylene-
releasing agents in fruitlets and reduction in
sensitivity as fruitlets continue to develop
(Oetiker and Yang, 1995). Developmental
and physical constraints may also contribute
to altering abscission sensitivity as fruitlets
develop from Response Periods I to II. Dur-
ing the first 8 weeks of fruit development,
abscission occurs through the pedicel abscis-

sion zone (AZ-A) of fruitlets (Goren, 1981),
whereas the calyx abscission zone (AZ-C)
remains less active because the separation
layer remains undifferentiated. The changing
hormonal gradients in AZ-A and lignifica-
tion of pedicel tissues surrounding AZ-A
(Goren and Huberman, 1976; Greenberg
et al., 1975; Huberman et al., 1983) contrib-
ute to the decreased sensitivity of AZ-A to
abscission agents as fruitlets continue to
grow.

Developing citrus fruit became more sen-
sitive to abscission agents in Response Period
III as the cell maturation phase continued. At
this time, fruit were more sensitive to CMNP
than to ethephon application. Such sensitivity
differences were maintained even through
the ‘‘less responsive period’’ (late April to
Early May) typically observed in ‘Valencia’
orange (Hartmond et al., 2000; Yuan et al.,
2001). Gain in sensitivity to ethylene as fruit
mature is well known, but its mechanism
remains unclear. The balance among auxin,
abscisic acid, and ethylene in and around the
fully differentiated AZ-C is thought to play a
role in increased sensitivity to abscission as

fruit maturation progresses (Costa et al.,
2006; Yuan et al., 2001). CMNP may alter
the phytohormone balance in favor of accel-
erated abscission, or alternatively, fruit could
be more developmentally sensitive to CMNP
as maturation proceeds. Whatever mecha-
nism, CMNP causes rapid and predictable
citrus mature fruit abscission under environ-
mental conditions common to Florida (Burns,
2002).

As a result of high fruitlet loss, significant
yield reduction in 2008 after ethephon appli-
cation around bloom time in 2007 is not
surprising. The population of ethephon-
abscised fruitlets is likely composed of those
weakening organs that would naturally drop
to adjust fruit load and those that would
normally advance to maturity. CMNP is a
better choice for loosening mature fruit for
mechanical harvest during this highly sensi-
tive fruitlet removal phase. Subsequent yield
is not impacted, although up to 50% fruitlet
loss may occur. This amount of fruitlet loss
may be close to a threshold compensation
point beyond which yield reductions occur.
The mode of action of CMNP is not yet
known, but uncoupling activity and marked
ethylene production were associated with
its application in mature fruit (Alferez
et al., 2005; Yuan and Burns, 2004). Nothing
is known about CMNP-induced ethylene
production in Response Periods I and II
fruitlets. Significant detoxification reactions
postulated to occur in leaves and fruitlets
(Li et al., 2008) may minimize the ability
of CMNP to induce abscission in these
organs.

Unpredictable defoliation is a major
drawback of ethephon when used alone as a
mature fruit abscission agent for mechanical
harvesting, especially during the critical cell
division stage. In previous work, manual
defoliation between 25% to 50% of leaves
during 2 consecutive years within this highly
responsive cell division stage adversely
impacted yield (Yuan et al., 2005). High
levels of ethephon-induced defoliation,
together with loss of fruitlets, probably con-
tributed to yield loss, although LAI recovered
later. The fact that CMNP application did not
reduce yield indicates that fruitlet loss did not
reach the critical level required to reduce
yield. The use of the ethylene perception
inhibitor 1-MCP combined with ethephon
application during Response Period I allevi-
ated ethephon-induced fruitlet loss and defo-
liation with no impact on final yield. The fact
that mature fruit loosening still occurred with
minimal drop of fruit, fruitlets, and leaves
gives a new outlook for ethephon with 1-
MCP as a potential practical abscission agent
for Florida citrus (Burns, 2008; Pozo et al.,
2004).

Reduction of yield resulting from ethe-
phon application was followed by a signifi-
cant increase in subsequent flower number. A
plausible explanation could be an accumula-
tion of leaf carbohydrates after reduction in
total fruit sink strength leading to increased
flowering and fruit retention the next year
(Goldschmidt, 1999; Iglesias et al., 2002). Such

Fig. 5. Comparative yield in 2008 expressed as percent 2007 yield (A) and total canopy flower number
at full bloom in Mar. 2008 (B) in ‘Valencia’ sweet orange. Trees were sprayed in Mar. 2007 at 6 and
28 d after bloom. Since there was no significant effect of application date, data were pooled and the
means graphed for each spray treatment. Means of yield or flower number with the same letter are not
significantly different as indicated by Duncan’s multiple range test (P # 0.05).
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a scenario could increase nutrient availability
for subsequent bloom as well as lower total
gibberellin content (Garcia-Luis et al., 1986;
Guardiola et al., 1982), resulting in effective
regulation of the flower induction period
(Erner, 1989; Koshita et al., 1999; Monselise,
1985). A follow-up count of developing fruit
and their diameters 5 months after bloom
indicated no significant difference in number
or size between treatments (data not shown),
but final 2009 yield measurements are needed
to verify this outcome.

In summary, there were three fruit re-
sponse periods after application of abscission
agents. Response Period I occurred within
the first 100 DAB and was characterized by
initially high but decreasing sensitivity to
abscission agents, most notably ethephon.
Response Period II, characterized by little
or no response to abscission agents, occurred
between �100 and 250 DAB. Response
Period III occurred 250 DAB and beyond
and was characterized by a gain in sensitivity
to abscission agents, especially CMNP. A
combination of high fruitlet loss and defoli-
ation resulting from ethephon application
early in Response Period I resulted in signif-
icant reduction in subsequent yield. Com-
bining ethephon with 1-MCP application
alleviated unwanted fruitlet loss and defolia-
tion and improved final yield.
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