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Abstract. Within the past 10 years, several abscission
chemicals and tank-mix combinations have been developed
to loosen fruit and thus aid in harvesiing citrus. ETHREL
(ethephon or 2-chloroethyl phosphonic’ acid) is commercdially
used in Florida for both color and abscission of tangerine and
tangerine hybrids (tangelos) destined for fresh fruit use.
Cycloheximide (ACTI-AID), 5-chloro-3-methyl-4-nitro-1H-pyra-
zole (RELEASE), and glyoxal dioxime (PIK-OFF) produce an
abscission response on all orange cultivars destined for pro-
cessing fruit utilization, although only RELEASE and PIK-OFF
can be used in commercial evaluations with the late or ‘Va-
lencia’ cultivar. ACTI-AID and RELEASE together or with
chlorothalonil (SWEEP) have been particularly effective in
producing abscission. The 3-way combination generally pro-
duces the Lest fruit loosening with the least side effects. A
concn ratio for ACTI-AID:SWEEP of 1:50 to 1C0 appears best
using 1 to 5 ppm ACTI-AID, but the concn of RELEASE in
the 3-way combination can be varied substantially as desired.
Full clearance has been granted by EPA {Environmental Pro-
tection Agency of the U. S. Government) for ETHREL and
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ACTI-AID, while PIK-OFF, RELEASE, and the 2-way tank-m
combination have been granied experimental use permit
Abscission chemicals are subject fo variation from adver:
environmental factors such as rain and cold temperature
Warm temp, however, may sometimes increase abscissic
activity. Judicious use of these growth regulators can benei
harvesting, both with hand picking crews and mechanic
equipment.

Within the past 10 years, several new chemicals hav
become available for use as abscission (loosening) agen:
for mature citrus fruit. The purpose of this paper is t
give a short review of the current status of chemicals whic
are available in the USA and some of the horticnltor
aspects of their use in Florida which should be considerec

Basic Mechanisms of Abscission Action

A great deal of information has been written on th
subject, however, it would appear that abscission of frui
and leaves is regulated by a balance of juvenility faciom
(presumably auxins) which prevent fruit or leaf loosenin
and cell wall degrading enzymes whose synthesis is cor
trolled by the ethylene level (1). Fruit and leaves require a
aging perio:l before ethylene (exoegenous or endogenous)
effective in producing abscission, but exogenously applie
ethylene can hasten this aging process. There is lack ¢
agrecment as to which enzyme(s) is involved in the actu:
cell wall degradation process, but cellulase synthesized :
a response to ethylene appears to be generally accepted
the principal one. To some extent, the cell wall degradatio
process is reversible. Biggs (2) indicates these findings woul
appear to apply to citrus as well as to other plants.

The first chemicals found to produce mature citrt
fruit abscission (10) were cventually discarded in favor «
the newer chemicals which gave overall improved fru
loosening, less phytotoxic effects and, in some cases, coul
be effectively used on the ‘Valencia® orange. Considernb
time and cffort by the Florida Department of Citrus (FDO(
was tlevoted 1o sareening for new and better compound
and this cooperative program was at least partially respo
sible for discovering some of the newer chemieals whis
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were submitted by various commercial chemical companies
21, 24). - -

( In )all cases, the currently used commercially (or ex-
perimentally) available chemicals appecar to have mechan-
isms of action based on production of ethylenc. How-
ever, there are 2 distinct classes ol compounds. The first
group, typified by 2-chloroethyl phosphonic acid (ETHREL
or ethephon), produces ethylene by degradation of the
chemical compound into ethylene and other inert products
when absorbed by the plant (25). Other experimental com-
pounds (chemical structures unknown), which produce
similar abscission, appear to cause cthylene production in a
similar manner. The chie{ advantage of this type chemical
action is citrus [ruit abscission with little or no damage
to the peel (22, 25). However, they have also shown dis-
advantages which will be discussed subsequently.

A second class of compounds, typified by 3-[2(3,5-di-
methyl-Z-oxycyclohexyl)2 hydroxyethyl}-glutarimide (ACTI-
AID or cycloheximide), 5-chioro-3-methyl-4-nitro-1H-pyra-
z0le(RELEASE), and glyoxal dioxime (PIK-OFF) cause
fruit ethylene production by producing light to moderate
peel injury. It is well established that injury to a fruit or
leaf will cause substantial increases in ethylene production.
-For the most part, chemicals of this group injure primarily
the outer portion of the peel (Aavedo) and sometimes the
albedo. The injury rarely penetrates through the entire
albedo. The chief disadvantages of these type chemicals
are that the fruit cannot be used as fresh fruit, treated fruit
"must be processed relatively quickly, and sometimes the
juice may have a slight but detectable overripe flavor (12).
However, the concentrate process appears to remove most
“off-flavors (3). Further, any blending of this concentrate
with concentrate from untreated fruit may ellectively elimi-
nate major flavor problems. On the whole, this class of
chemicals produces substantially better fruit loosening and

usually less leaf drop than those which do not injure the
fruit. '

Current Status of Abscission Chemicals

1. ETHREL is a product of the Amchem Company,
Ambler, PA and is distributed worldwide. It is cleared by
the EPA (Environmental Protection Agency of the United
States government) for use in Florida on lemons, tangerine
hybrids, and tangerines (7). Suggested concns are dilute
sprays of 250 ppm for all cultivars except ‘Orlando’ tangelo
where the suggested rate is 200 ppm. This chemical, in
addition to producing fruit Joosening, also enhances fruit
color development (7, 25).

The chief problems with ETHREL are its tendency to
cause excessive leaf fall and occasional erratic performance.
Although all abscission chemicals are to some extent un-

redictable in action, this chemical requires more expertise
in its use for it appears to be more subject to the vagarics
of the weather than other abscission agents. One special
precantion with ETHREL is never to apply it with a sur-
factant as use of a surfactant can substantially increase the
pereentage of leaf drop. The chemical should not be applicd
as a concentrate spray.

Copies of a symposium on the proper use of ETHREL
are available on request from the Florida Department of
Citrus (20). This cdited wvanscript of a mecting of in-
terested scientists and growers contains informution on the
practical use of ETHREL.

2. ACTI-AID, a product of the Upjohn Company,
Kalamazoo, M1, USA, 15 cleared by the EPA for use in
Florida on oranges intended for processing. This chomical
has generally produced good loosening of carly and mid-
season oranges when applicd as dilute sprays of 1020 ppm
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(5, 6, 22). It should not be applied after the spring grov

flush begins (22), otherwise, severe phytotoxicity can

sult. Unfortunately, its performance on “Valencia' or 1
oranges has been erratic, and few growers attempt to use
for this purpose although by 6 wecks following bloom 1
tree (although not necessarily the immature fruit) w
usually tolerate concns up to 20 ppm. Excessive droppi
of immature fruit may also occur from' 1 to 6 weeks follc
ing bloom (16). ACTI-AID normally causes light to mod
ate rind pitting, thus eliminating its use for looseni
fresh fruit (22). Use of a suitable surfactant is suggest
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()3. RELFASE is a product of Abbott Laboratori
North Chicago, I1., USA and is approved for experimen
use by the EPA (temporary tolerancz) on Florida orang
intended for processing. This chemical was the first whi
showed the ability to Joosen mature ‘Valencia’ oranges wh
causing virtually no injury to bloom, young fruit or folia
(8, 18) when used as recommencded. Higher concns, howew
are reported to cause some yield reductions (14). Lat
recommendations (for dilute sprays) are 75-125 ppm f
early and midscason oranges and 175-250 ppm for late

‘Valencia’ oranges. The chemical can be applied in conce
trate form but should not be used at less than 50 gal/aa
Use of a surfactant is suggested.

RELEASE causes a superficial peel injury which oft
appears as a distinct ring burn at the blossom-end of tl
fruit (18). Pecl injury tends to be more severe near tl
beginning of the fruit season (December) on early and mi
season oranges. The ‘Valencia’ orange is not as subject
injury.

4. PIR-OFF, a product of CIBA-GEIGY 1td., Basl
Switzerland, is a chemical very similar in action to R
LEASE. It differs principally in that it produces slight
more fruit peel injury and may cause injury to imumatw
‘Valencia’ fruit which attains a diameter of about 2.5 &
Label recommended rate is 300 ppm and use of a surfactax
is not recommended (15). PIK-OFF is currently availab:
under experimental Jabel (temporary tolerance) granted L
the EPA.

5.. CHEMICAL COMBINATIONS. Two-way comb
nations of RELEASE and ACTI-AID have given superic
fruit loosening to either chemical used alone (11, 23). Th
EPA has granted experimental approval to combine (tanl
mix) these chemicals for limited field testing during th
1976-77 Iruit scason. Suggested rates (11, 23) for early an
midseason oranges are RELEASE (50-100 ppm) plus ACT
AID (1-5 ppm). With "Valencia,' the amount of ACTI-All
used should remain quite low (1 ppm) during and shortl
after the Lloom period, but up to 200 ppm RELEASE ca
be used in a 2-way combination. Use of a surfactant i
suggested with all these combinations.

Three-way combinations of RELEASE + ACTI-AID -
SWEEP (chlorothalonil or tetrachloroisophthalonitrile) pre
duce better fruit Joosening than the 2-way combinatior
(11, 23). With ‘Hlamlin® oranges, the combination of Rl
LEASE + ACTI-AID + SWEEP (25 + 5 + 250 ppn
respectively) was as effective as RELEASE at 100 ppm ¢
ACTI-AID at 20 ppm. With "Valencia® oranges, a combin
tion ol RELEASE + ACTLAID + SWEEP (100150 -
5 + 250 ppm, respectively) was as cflective as RELEAS
at 250 ppm. Use of the 3-way combination has not ye
been approved by the EPA. SWEED is a product of Di:
mond Shamrock Corp., Cleveland, OH, USA. Combinatior
of ACTI-AID and SWEEP with PIK-OFF appear to b
beneficial, hut not to the degree noted with RELEASE.

Special Considerations Relating to Abscission Chemicals
As previously stated by Wilson and Coppock (22), fru
4«



treated with abscission chemicals does not loosen evenly on
the tree. Research (18, 19) indicates that when f{ruit is
as loose as theoretically desired for most mechanical har-
vesters, heavy fruit drops result. This detracts from the
efficiency of shaker-catchirame combinations which miss and
sometimes run over fallen fruit, but can be handled by
harvest systems which remove fruit to the ground for
mechanical sweeper-fruit pick-up systems.

Adverse weather can aflect abscission chemicals. To be
effective, most chemicals must remain on the tree for at
least a few hours, and sudden rains within 2 hours usually
result in complete loss of activity. Under desert conditions,
air humidities are often so low that some abscission chemi-
cals, to be effective at all, must be applied at concns double
cor triple those applied under humid conditions (17). Tree
vigor is also an important consideration with all abscission
- chemicals and growers should not apply them to trees which
are noticeably weakened {rom such factors as disease, insects,
drought or freezing tempcratures.

Low temp will delay or lessen the effects of abscission
chemicals. Exact temp ranges have not been worked out
for all abscission chemicals, but field observations indicate
that little loosening takes place at daytime temp below
60°F (16°C). Loosening may subsequently occur with the
arrival of warmer weather. Low temp retardation of loosen-
ing is sometimes a problem in Florida with winter barvest-
ing of early and midscason oranges. ‘Valencia’ oranges are
normally harvested in spring and summer when such low
temp are rarcly encountered. High temp have generally
not hindered the activity of abscission chemicals.

Under Florida conditions most chemicals which have
been useful for fruit loosening also cause peel injury. Be-
cause most of the Florida orange crop is uiilized for pro-
cessing, peel injury is inconsequcntial unless it produces

severe damage, such as that caused by certain weak acids

which can lead to fruit rot problems (17).

The ‘Valencia’ orange, in addition to presenting the
problen of the presence of both immature and mature fruit
crops at the timc of harvest, also undergoes a period referred
to as “regreening.” It has been obscrved that during this
period the mature fruit becomes more difficult to loosen with
abscission chemicals, especially if the rootstock is rough
lemon (C. jambhiri Lush.) (5). In Florida this period usually
occurs during May and early June and is probably associ-
ated with juvenility factors resulting from active growth of
the tree.

Field experience has shown that dilute sprays (applying
chemical solution until there is some runoff from {oliage
and fruit) give the most consistent abscission results. Al-
though concn of some of the currently available abscission
chemicals can be made successively, increased leaf drop has
sometimes been observed following concentrate sprays.

There are, of course, 3 basic cost factors to be considered
in the use of abscission chemicals, namely chemical cost, ap-

lication cost (equipment and labor), and surfactant cost
(if used). These can be a significant portion of the expense
of harvesting, but vary according to yield (boxes per tree)
{9, 18). The chemical itself is usually the most significant
portion of these costs, although even surfactants (which
growers often add) have become relatively expensive and
can no longer be considered a negligible item.

Abscission chemicals can be used to increase the effective-
ness of hand pickers (4). A number of these tests have been
conducted in the past and individual picker cfficiency in-
creases of 30 to 509, were noted, although these type ex-
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periments often produce wide variability and are difficy
to control. .

Conclusion

The future use of mechanical and chemical aids
harvesting depends on a number of factors including cos
availability of labor, and ability to achieve the harvest go:
desired (percentage fruit removal, reduced tree injury, eic
Many of these factors will be considered in other papers :
this section. In addition, national and world events relatix
to cconomy and energy may also affect implementation «
these programs.
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