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A bstract. Ethrel, a mixture of 2-chloroethanephosphonic acid and its ethyl ester, hastens
abscission of leaves, debladed petioles, and flower buds of cotton plants (Gossypium hirsutum,
L.). Both young and old leaves abscissed while still green. Application of Ethrel stimulated
evolution of ethylene, and this response preceded abscission. Air concentrations of ethylene
around enclosed, treated-plants were adequate to produce abscission in plants. Non-treated
plants defoliated when enclosed with plants sprayed with Ethrel. The stimulation of abscission
of explant petioles by Ethrel was reversed by naphthalene acetic acid. The stimulation of
abscission by Ethrel was concluded to be mediated by ethylene.

M'faterials that stiiltllate ethylenie )roductioll,
either as stubstrates or 1y iin(lirect actioln, may be
useftul growth regulators (18). This proposal was
based oni the findin, theat exogenotus auxins stimutlate
ethylene lpro(luction anid the restiltini concitlsion that
ethiylene may in tiuril contribtite to the synmptomils
previously attributted solely to atuxinl (12, 19, 20, 25).
The signlificanice of atuxin-iilduced ethvleine produc-
tionl has slince l)eenl established by a series of investi-
gatiolns of specific plant responses (1, 4. , 6, 17, 21).
Abscission, growth illhibition, tissue proliferation,
flowvering, root growth inh ihitionl, geotropistin. fruit
maturation, epilnastv anid leaf senescenlce have all
heen shownl to ilnvolve a modification of ethyilene
evolution hv auxin.

Ani oppl)ortunity to test ain apparent "ethylene
prodtucig", growth reguilator occturred wvhen Amclle
Products, Ilcorporated rel eased ani experimental
chemical whose effects parallel those of exogenouslv-
applied ethylenie (2). The active ingredient is
2-chloroethanephosphonic acid (C1CH.CH..POH., ) ,

htit the I)roduct, n.amiied Ethrel, also colntainis the
mono 2-chloroethvl ester (7).

Since this stuldv wN-as initiated, Warner alid Leo-
)0o1l (23) have reported that Ethrel, theni ideentifie(d
hv the formutlationl co(le name Amlichemii 66-329, in-
crease(d the ethylene )ro(luction of pea steini sections.
Cooke anid Randall ( 7) reported that 2-chloroethane-
phosphonic acid i s colnVerted quantitatively to ethylene
1b a base catalyzed elimination reactionl. Thev
postulaltetl that the conversion of the ester to ethvlene
in the p)lant is milediate(d by hydrolytic enzymes.

1 Research supported in part by a grant from the Cot-
ton Producers Institute. A contribution of the Texas
Agricultural Experiment Station. A preliminary report
of this study appeared in the 1968 Proceedings Beltwide
Cotton Production Research Conferences, 'National Cot-
ton Council, Memphis, Tennessee,

The presenit paper reports the effect of Ethirel on
ahscissioll alnd tile mllechallinils 1wv whicil the effect
occurs.

Methods and Materials

Cotton grovn- iII a greenlhouse in iner t miedia
suplplied with Hoaglanld's linitrienit soluition xwas used
in all tests. For defoliationi tests. potted planits wvere
treated aind thell maintained in a greenihouse or
placed ouitside ancd leaf fall nloted periodically. In
additioll the activity of thle coillpounlid was deter-
minilied 1y the cottoin cotvledoniary nodle exllanlt bio-
assay which has been (lescril)ed previously (22).

In experimelits wlhel-e ethylene lprodtictioni wi-as
measuired, plants wvere treated in the laboratory.
enclosed in gas-tight containers anld mailitained at
32' ill conltinltuotus lighit (135 ft-c). Followinig eacih
ethylenie determitnation. the plaiit contaiiners were
opened anid thoroughly velitilated to remoxve all
ethylenie. At this timie each plant wxs shaliell gently
and abscission of leaves aand fruitinig forms- recorded.

Plailts were treated by spraying with water or
Ethrel in distilled w\ater to the poilnt of run off.
PlanIts were allowed to dr-y before thev were mioved
or enclosel. Conceltrtations of activ-e ingredienit
were expressed as molar conlcentirationl of 2-chloro-
ethanlephosphon-ic acidl eqlui\alenits.

Ethylene wvas measured w\ith a 'Model 810 F&AM
-Gas Chromatograph usingi- a flame deionlizatioin de-
tector, 6 feet bv one-eighth inch activated alunmina
coltimn, a Scc gas samipling valve, lheliuili carrier
gas. and ambient oven temlperattire. Ethylene w%as
identified by retention time and co-chromatography
with ethylene. The identity of the emanation from
Ethrel-treated plants was verified by complete ab-
sorption of the emanation in cold mercuric perchlorate
and quantitative release by LiCl, (24). The amouint
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of ethylen,e was determined from a standard cturve
based on peak area.

For con,venience, the test material (formulation
code Amchem 66-329) will be referred to as Ethrel.

Results

Abscission. Ethrel accelerated the defoliation of
cotton (table I). Ethrel also accelerated abscission
of isolated petioles of cotvledonarv node explants
(table II).

Ethvlene Ezolution. Ethrel cauised a marked in-
crease in ethylene evoluitioni, bv flowerin,g cotton
plants (Fig. 1). TIn another exper-imiienit xvith larger
plaiits (Acala 4-42 variety) air conicentrations of
ethvlenie wvere 65) atnd 15.5 ppm at 32 and 50 ihr after
treatment.

The question of wlhetlher the amount of ethylene
produced was adeqtuate to accelerate abscission was
considered. The time course of abscission in plants
treated with 9 to 10 ppm ethylene was similar to
that of the planits sprayed with Etlhrel (Fig. 2).
However, in the ethvlenie treatmiient the abscissioni
response vas (delaved becauise tile gas was nlot added

Table 1. Defoliation of Cotton Plants Sprayed With
Ethrel September 26, 1967

Abscission
Treatmiient 2 Days 8 Days
Greenhouse plants' % %

Control 0 2
1.4 X 10-2 3 8
2.8 X 10-2 M 10 90
5.5 X 10-qI 5 50 + 48D2

Outside plants3
Control ... 0
5.5 X 10-2 ... 75

Mature Deltapine TPSA plants, 2 reps/treatment,
open bolls.

2 Dessicated, non-abscissed leaves.
Preflowering, vegetative Deltapine TPSA cotton
plants, 2 per pot, 7 pots per treatment. Leaves which
did not fall in 8 days were the just fully expanded
leaves of intermediate age.

Table II. Abscission of Petioles of Cotton Cotyledonarv
Explants Dippe(d for 15 Alin in Ithrel

Tliree week-old, Acala 4-42 seedlings cut to yield 10
mm apical stemi, 25 mm petioles atnd basal stem. 2 reps/
treattmienit, 10 explanits per rel.

Abscission
Etlirlel conlcnt. 24 Hr 48 Hr 72 Hr

Ni 1% %, %
Control 0 3 20
6.9 X 10-5 20 90 93
6.9 X 10-4 58 95 95
3.5 X 10-3 38 100
6.9 X 10-3 0 60 80
1.4 X 10-2 0 48 63
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1Fic.. 1. Fffect of 1.4 X 10- 2rt Fthrel on leaf ab-
scission and ethylene produictioni per collection period
by Stoneville 213 cottoil plaints. Two plants enclosed
in each 12 liter bell jar x-hich xas venltilated after each
ethylene assay (2 reps per treatmilenlt.)

uintil 27 hr after the plants Avere eniclosed. In this
experiment, 4 non-sprayed seedlings were enclosed
in each 'bell jar (with treated ,plants). The abscission
of leaves of the seedlings was hastened in the Ethrel-
treatment containers, and the effect was paralleledl
by 9 ppm ethylene (Fig. 3). These resuilts inxdicate
that ethylene produced bv the plants treated with
Ethrel induced defoliation of the non-treated seed-
lings. Alternatively, the Ethrel might have been
transferred phvsically to the non-treated plants. To
fuirther clarify this question, an experiment was coIn-
ducted with flowering Acala 4-42 cotton plants.
Thlree plants treated with 1.4 X 10-2 M Elthrel alnd

3non-treated plants 'were enclosed in a large plexi-
glass chamber. The plants were physically sepairated
b! a polyethylene slheet, and the chamber wAas opened
aInld ventilated each 24 h%r. Albscission was rapid an(d
essentially parallel inl each gropl) of plantts. Abscis-
sionl of flower buds, flowers anld voming bolls preceded
that of leaves. The ethvlene level after 24 hr was
16.5)ppm.

If the induction of abscission by Ethrel was caused
exclusively by the ethylene produced in response to
the Ethrel, then the abscission response should be
blocked by exogenous auxin. Hall (10) has demon-
strated that the abscission activity of ethylene is
reduced or blocked completely if the plants are first
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FIG. 2. Abscission of leaves of flowering Acala 4-42
cotton plants following treatment with 1.4 X 10-2 M
Ethrel or 9 to 10 ppm ethylene. Ethylene treatment
started 27 hr after spray application of Ethrel. Con-
tainers ventilated during each observation of abscission
(2 reps per treatment).

treated with exogenous auxin. The suppositioin was

tested withl cotton explants (Fig. 4). Ethrel accel-
erated abscission, and auxin very clearly reversed or

blocked this acceleration of abscission. As the con-

centration of Ethrel (and presumably ethylene) de-
clined, the ability of auxin to delay abscission in-
creased. These observations are consistent with the
hypothesis that ethylene accounts for all of the ab-
scission stimulatin(g activity of Ethrel.

Since 14C-labeled 2-chloroethanephosphonic acid
was not available, no attempt was made to determine
whether the observed ethylene arose directly from
the material applied or the Ethrel stimulated the
natural synthesis system. I have observed that
ethylene is present in air spaces over the undiluted
and diluted formulation. Ethylene was detected at
about 0.2 ppm when the material sprayed on paper
was enclosed in bell jars. All of the observations
mentioned here were made under non-sterile condi-
tions.

Discussion

The results here show that Ethrel will cause

abscission. The ethylene produced by plants treated
with Ethrel was present in amounts large enough to

induce abscission. The stimulation of ethylene pro-
duction preceded abscission (Fig. 1), and the time
course of abscission due to ethylene and Ethrel was
similar (Fig. 2 and 3). Therefore, the observed ab-
scission is concluded to be due to the ethylene pro-
duced from or by the active ingredients in the
formulation.

Other observationis support the hypothesis that
abscission caused by application of 2-chloroethane-
phosphonic acid is mediated by ethyleiie. Exogenotus
eth! lene causes anl extremiiely rapid abscissionl of
flower buds, flowers anid young -bolls of cottoin whichi
precedes leaf abscissioln (10,. 11), and the sanie be-
havior was nioted witlh Ethrel. Further, witlh the
exceptioni of cotyledons, ethylene in high concenitra-
tions usually causes the abscission of the young
terminal leaves of cottoni before the mature or fully
expanded young leaves (11, 12, 13). A similar pat-
tern of abscission occurred in response to Ethrel
(table I) wvhere the just fully expanded leaves of
intermediate age did not abscise, but all younger and
older leaves did. The behavior of cotton leaves
subjected to Ethrel and ultimately to ethylene gen-
erated from this sulbstrate suggest that in cotton
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FIG. 3. Abscission of leaves and cotyledons of non-
treated Acala 4-42 cotton seedlings enclosed with the
various treatments outlined in Fig. 2. The plants were
subjected to the atmosphere in the containers but not
sprayed \-ith Ethrel. Abscission in the control was
senescing cotyledons.
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FIG. 4. Effect of Ethlrel and( naphltlhalenle acetic aci(d
oni abscission of cotton cotyledonary node petioles. Curves
are identified by fractional symbols which present the
molar concentrationi of 2-chloroetlhainephosphonic acid
equivalents over a niotationi of the presence or absence
of NAA. NAA was sul)plied at 5.4 X 10- mr. Data

are the average of 2 exl)erimenits, 2 replicationis of eacl
treatment per experimenlt. Explantxs were immliersed in
water or NAA for 15 lmin ani(l then imimiiersed in Ethrel
for 15 mIi at the concentrationis indicated.

ethylene responsiveness of inltact leaves is not always

directlv correlated wN-ithl age or- senescence. Thius.

cottoni is an exception to the generalizatioi that the

sensitivity of intact leaves to ethylelle inicreases with
age ('3,8,9).

Leiberman and Kuniisill (15') have reporte(l that

)ro)anal stimillates the plroduction of ethylelle by
tissue slices of milature green tomlatoes. -Methionine.
eth ioIiine, an.d y-imethyl tll io a-ke tobbutyric acid are

coniverted to ethylene b1 miodel systems ( 14. 16). It
seems- probable that several precursors to ethylene
will he available for use in plant growth conitr ol.

Thlese materials appear to have ain advanitagre over

axinsi which, in addition to stimilulatinig ethlvlene
production, produce otlher effects. Thus, 2.4-D
stimulated ethylene sylnthesis anld ethvl elle in (luce(I
abscission vet, except ull(ler specialize(d conditions.

the "auxini-action" of at-xins p)redominate(l and ab-

scissioll WaS ihliibited ill spite of enlllalnced ethylene
produlction ( 12). Ethrel was without auxin activity

in the Avcnia straighit growth test ( 23) and had the

opposite effect of auxinl in the cotyledonary node
ab.scission bioasSay (Fig. 4). An ethylene prectursor.
withi no other hormonal activity, would have no ac-

tioli other than that of the ethylenie it prodluces.
E,threl andl similar nialterials that stimulate ethyl-

enie syn-thesis are potentially uiseful in regutlating any

response that ethylenie alone will regulate as well as

some responises once colnsilere(l to he caused by

exogeous auxill ( 12. 25). The list of processes

wvhich mlay be regulated incluldes: rooting. epinasty

of leavN es, l)roliferation of tissue. glroowth illibitioll.
colorinlg and rip)ening of fruits. hydr(olsis of storlage
maltterills and other mjetal)olic changes. flow1ering.
leaf movements. ahsci ssion. ap)iCal doninance al1(l 1)11(1
(lorm111ancy.
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