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Nut drop in the filbert is a consequence of the senescence of the 

husk.    It is possible to accelerate this process by the application of 

ethephon     (2-chloroethyl)phosphonic acid     after the nut has abscised 

from the base of the husk.    This study is an investigation on the physio- 

logical effects of the use of this chemical to accelerate husk senes- 

cence.    By measuring the amount of ethylene evolution following husk 

treatments of ethephon,   it was found that a tremendous increase in the 

rate of ethylene evolution,  which is dependent on the log of the concen- 

tration of ethephon used,   occurred during the first day.     The rate of 

ethylene evolution from the husks remained high for over 7 days. 

Translocation studies of ethephon from the leaves to the husk were at- 

tempted by using both radioactive tracer and biological methods.    Ra- 

14 
dioautographs  of filbert stems following foliar applications  of       C- 



ethephon showed accumulations of radioactivity in stem tips,   lateral 

buds and husks.    In the biological method,   rates of ethylene evolution 

were compared from (1) husks receiving direct ethephon treatments, 

(2) husks from branches where both the husks and leaves were treated, 

(3) husks from branches where only the  leaves were treated,  and (4) 

husks from untreated control branches.    Results from this study re- 

vealed a significantly higher rate of ethylene evolution from husks 

receiving only a foliar ethephon treatment as compared to untreated 

controls.     This indicated that either ethephon or its active derivative 

was translocated from the leaves to the husks.    Such an increase in 

ethylene evolution occurred in less than a day following ethephon treat- 

ments.    From these experiments,   it is concluded that rapid trans- 

location of ethephon could be acheived in a source-to-sink manner. 

The applied ethephon breaks down in the plant,   leading to an increase 

in ethylene evolution,  and brings about the acceleration of husk sen- 

escence.     This conclusion is supported by simple laboratory tests 

using beans and peas.    In both plant species,  uptake of ethephon was 

found to occur via the roots and leaves.    Biological effects following 

ethephon applications were those typical of ethylene treatments. 

These responses were observed mainly in fast-growing locations which 

would serve as  strong metabolic sinks. 
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THE TRANSLOCATION OF ETHEPHON AND ITS PHYSIOLOGICAL 
EFFECTS ON THE FILBERT (Corylus avellena L. ) 

DURING HUSK SENESCENCE 

INTRODUCTION 

Ethephon,   (2 -chloroethyl)phosphonic acid,   introduced in the re- 

cent years,   is becoming one of the more widely-used plant growth 

regulators.    Reports on its beneficial effects in various agricultural 

practices are numerous.-   Most of these reports are purely empirical 

in nature.    Although this chemical is generally recognized as an 

ethylene-producer ,   the relationship between ethephon application and 

the internal hormonal balance is  seldom examined.     The use of 

ethephon in hastening filbert nut drop has been reported.    The filbert 

is one of the few crops in which ethephon is registered for commercial 

use.     Only the practical results of ethephon application in accelerating 

filbert nut drop has been noted.    No attempt to elucidate the physio- 

logical basis behind accelerated nut drop was made in these studies. 

Nut drop in filbert is mainly the result of the senescence and 

abscission of the husk,   a modified leaf enclosing the nut.     At the time 

the nut matures and abscises from the base of the husk,   the husk is 

still immature.    Release of the nut necessitates the senescence and 

rupture of the husk.    With the proper timing and concentration,   ethe- 

phon sprays -will accelerate this husk senescence process.     To date, 



we have only a fair understanding of the physiology of leaf senescence 

and abscission in general. The physiology of filbert husk senescence 

has not been studied. 

This study was designed to provide basic information regarding 

the physiological aspects of ethephon applications in accelerating fil- 

bert nut drop.     The findings of this  study should result in recommenda- 

tions for a more effective use of ethephon on filberts. 

In this investigation,   emphasis was placed on the hormonal con- 

trol of husk senescence following ethephon application.     The translo- 

cation of ethephon in the plant,  following foliar applications,  was also 

studied. 

This thesis reviews current knowledge regarding the physiology 

of leaf senescence and abscission;   the chemistry and growth regulating 

responses of ethephon;   and the translocation of ethephon.     General 

methodology employed in the experiments are described.    Individual 

experirnents,  with results and conclusions,   are presented as papers 

in the format acceptable for submission to Hortscience,  the Journal of 

the American Society for Horticultural Sciences,   and  Plant Physiology. 



LITERATURE REVIEW 

Senescence and Abscission 

Senescence and the subsequent abscission of the leaf is a train of 

internal metabolic events which finally leads to the separation of the 

organ from the plant.     The transition from senescence to abscission is 

not well-defined.    Abscission of a plant part can be regarded as the 

end result of localized senescence.    Alternatively,   senescence can be 

held as the preparatory stage of abscission.    In reviewing current 

knowledge on the physiology of this separation process,   senescence and 

abscission are grouped together and discussed as one. 

In.filberts,  two events must occur before nut drop can take place: 

(1) Ripening of the nut and its abscission from the base of the husk, and 

(Z) senescence and abscission of the husk.     Normally,   by the time the 

nut turns from green to brown and abscises from within the husk,   the 

husk is  still green and immature.    As  senescence of the husk occurs, 

its bracts dry and flare back,  and the nut is mechanically released. 

There is usually a lag of 2 to 4 weeks between the time of nut ripening 

and the actual time of nut drop.     The husk,  which envelopes the nut at 

all times while it is on the tree,   is a modified leaf.    It is assumed 

that the physiology of the senescence and abscission of the husk would 

resemble closely what is known for the leaves in general. 

To date,  we have only a fair understanding of the physiology of 



senescence and abscission in plants.     Leaf senescence is generally- 

said to take place when it reaches a maximum size and can no longer 

import materials from elsewhere.    In addition,  a gradual failure of 

nucleic acid and protein syntheses occurs and this process is associat- 

ed   with the loss of chlorophyll (58).    At this stage,   the leaf is no 

longer capable of supplying its own requirements for respiration.    Its 

nitrogen and phosphates are also exported if they are in short supply 

in other growing areas (51). 

Using bean explants,   De la Fuente and Leopold related the aging 

of bean petiole explants to the initial stages of senescence in the pul- 

vinar tissue {2.2).    Leopold divided the abscission process into five 

phases:    (a) the development of an abscission zone,   (b) a static stage 

of this zone (Stage I),   (c) a dynamic stage (Stage II),   (d) the actual 

separation step,  and (e) a final healing over process (41). 

Molisch sees abscissionas a localized starvation of the senescing 

organ (52).     Crane observed the abscission events occurring in apricot 

and pistachio,   and found an existence of a competition between different 

plant parts for available nutrients  (20). 

From another point of view,   the separation process has been 

attributed to a change in the chemical activities of the plant.    A large 

body of evidence supporting this view is available.    It has been estab- 

lished that in senescing tissues,   the levels of DNA,   RNA and proteins 

gradually decrease (32).    Srivastava claimed that the aging of plants 



was  in fact an active process.     He found an increase in protein content 

during the initial days of senescence    in barley leaves.    He suggested 

that these were the degradative proteins which caused the subsequent 

decrease in total protein during the later stages (73).    Abeles showed 

that the abscission process is characterized by a de novo synthesis of 

RNA and proteins (4).     Wollgiehn related the idea of localized starvation 

to the difference in protein contents found in different plant parts (82). 

He did this by drawing data from his own studies and the results of 

other workers using the changes in protein and PNA levels during se- 

nescence of old leaves. 

Anatomical and enzymatic studies on senescence and abscission 

are being carried on (21,   34,   44,   80).    In beans,  morphological studies 

show a differential swelling of the tissues proximal and distal to the 

abscission zone prior to separation (40).     One of the most prominant 

features leading to abscission is the dissolution of the newly formed 

cell walls (8,   53,   80).     The involvement of the enzyme cellulase in 

this process appears probable (14,  34,   68).    In addition,  an increase 

in the activities of pectinase (53),   ribonuclease  (6),   dehydrogenase and 

acid phosphatase (64),  as well as a decrease in pectin methylesterase 

activity (56) in the abscising tissues are reported. 

Like many other physiological processes,  control of senescence 

and abscission at the hormonal level is  explained as a balance between 



different growth regulators.    Although almost all known plant hormones 

would take part in this control,   special attention has been placed on the 

antagonistic effects of ethylene and auxin (3,   13,   16,   46,   54,   59).    Par- 

ticipation of ethylene in fruit ripening (senescence) is often cited as a 

support to the view that ethylene is acting as a natural plant hormone 

(42,   65,   75).     During ripening of some fruits,   a tremendous increase 

in endogenous ethylene production is often observed (18,   45).     To a 

lesser extent,  an increase in ethylene evolution from senescing leaves 

may also be noted (83).     One possible explanation for the effects of 

ethylene on senescence and abscission is its ability to inhibit auxin 

synthesis and transport or enhance auxin destruction (3,   13,   16,  46). 

In this view,   ethylene is seen to exercise an indirect effect on senes- 

ence.    A scheme of auxin regulated RNA and protein synthesis,  which 

would result in the control of senescence,  has been proposed by Os- 

borne (60).    In Leopold's five-stage model for abscission,  the ability 

of auxin to inhibit separation is predominant in the abscission zone in 

Stage I,  a static period that is relatively insensitive to ethylene (7). 

With the onset of Stage 11,   the auxin inhibitory effect diminishes and 

the effect of ethylene dominates (14).    Abscission rates are thus de- 

termined by an increase in sensitivity of the tissue to the ethylene that 

is already being produced (3).    Other investigations,  however,  showed 

that even the very young abscission zone  (Stage I) can respond to 



ethylene if a sufficiently high concentration is applied (16).    Anatomi- 

cal studies have showed that location of the abscission zone can be 

shifted in response to ethylene application (18). 

An active role played by ethylene in senescence and abscission is 

proposed by Burg et al.   (17).    They suggest that ethylene binds to a 

metal-containing receptor in the tissue which brings about an alteration 

of microtubule structure,   of microfilbril orientation,   and of DNA 

metabolism. 

Eidge and Osborne demonstrated that ethylene increased cyto- 

plasmic hydroxylation of proline (69).     This leads to an increase in 

specific hydroxy-proline-rich wall peroxidase,  which could result in 

loss of wall extensibility (60). 

Ethylene has been found to increase tissue permeability (70,   77). 

With this increase in permeability,   the release of enzymes could cause 

an acceleration of the metabolic processes,  particularly those as- 

sociated with senescence. 

Abscisic acid is known to exhibit some regulatory effects on 

senescence and abscission.     Its  role  in this process  is first noted when 

an increase in the endogenous abscisic acid level is found in senescing 

leaves (9).    In rose petals,   such an increase is found to be preceded 

by a rise in ethylene evolution,  and it could be induced by ethylene 

treatments  (49).     Accelerating effects of abscisic acid on abscission 
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may be due to a stimulation in celluiase activity in the separating zones 

(66).     Detailed mechanism of its control is  still not known. 

Another group of plant hormones,   the cytokinins,   are found to 

have a retarding effect on leaf senescence (57,   61,   62 ,   76).    The inter- 

relationship of cytokinins and ethylene in the control of senescence and 

abscission has not been established. 

Ethephon -- Its Chemistry and Agricultural Uses 

Ethephon is a liquid source of ethylene,   quite stable at a low pH. 

at a pH above 4,  which is the condition in most plant tissues,   it breaks 

down to evolve ethylene according to the following scheme (10,   86): 

O 
I 

Cl - CH0  CH,   - P - O     +   HO (or OH  ) 
2 c.        | L 

O 

Cl    +C_H. +H_PO.     (or HPO^     ) 
2    4 2       4 4 

The ethylene thus produced can act directly on responsive tissues.    It 

can also stimulate the autocatalytic biosynthesis of ethylene by the 

plant itself (43,   58).    Methionine is generally believed to be the pre- 

cursor of endogenously produced ethylene,   one possible pathway of 

this biosynthesis is (43): 

Cu2+ + HO 
CH. S CH    - CH - COOH -^ CH3 SC^CHO        +C02 + NH3 

NH„ 
Stretcker 
degradation 

Cu2+   + H202 

CH, SH + C0H/1 + C00 3 2    4 2 
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Thus,   the biological effects obtained from applications of ethephon are 

essentially the same as those due to the application of ethylene. 

Being a liquid,   ethephon is easy to use and finds wide application 

in agricultural practices (24).     Varying with the timing of applications 

and the concentrations used,   ethephon has been reported to elicit    the 

following physiological responses:    It can induce flowering and early 

fruiting in juvenile apple trees (35,   36);   it has enhanced color develop- 

ment in apples (30);   and it will promote ripening of blueberries (2b, 33), 

sweet and sour cherries (11,   15),  and grapes (31).    Its many effects 

on various vegetable crops are summarized by Miller et al.   (50). 

Use of ethephon as a harvest aid has been reported for apples (12), 

blueberries (26,   33),   citrus fruits (67),  grapes (19,   79),  filberts (38), 

and walnuts (48).    In most cases,  no fruit or leaf phytotoxicity was 

found and,  when applied at the correct concentrations,   no excessive 

leaf abscission occurred. 

The effectiveness of ethephon applications depend on temperature 

(72),  timing,  and the concentration used (31,   55).    Calcium chloride 

was found to inhibit the effects of ethephon in promoting bean leaf 

abscission (63).    Conversely,   some adjuvants were found to promote 

its effects (27,   74). 

Applications of ethephon resulted in an increase in ethylene 

levels  in tomato fruits (23).     Mack reported that application of ethylene 

more than doubled the respiration rate in celery (47).    Dozier and 
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Barden,  however,   found that respiration was not increased by ethephon 

concentrations below 4000 ppm (2 5).     They also noted that up to 4000 

ppm of ethephon did not affect the net  photosynthesis of leaves on green- 

house grown apple trees. 

In the filbert (38),   concentrations of 750 to 1000 ppm of ethephon 

were found to accelerate nut drop by 2 to 3 weeks.     The recommended 

time for applying the chemical is when nuts start changing color from 

green to brown and begin their normal abscission from the base of the 

husk. 

Translocation of Ethylene and Ethephon in Plants 

Mobility of ethylene in plants has been taken for granted.    By 

virtue of its being a reactive gas with five times the solubility of oxygen 

in water (5),   ethylene is assumed to move freely in the plant (42,   65, 

75).     Zimmerman et al.   reported that ethylene transport occurred 

across both dead and living tissues in the tomato.    Application of the 

gas on one leaf caused ethylene symptoms throughout the tomato plant 

(87).    In eastern hemlock,  the movement of ethylene was found to be 

100 times faster longitudinally then transversely (29). 

Ethephon,   a liquid,   does not have the same facility of movement 

as ethylene.     Like other plant growth regulators,   the movement of 

ethephon in the plant begins with its penetration into the leaves.    This 

process  is  facilitated mainly by diffusion.     The  rate of diffusion varies 
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with the concentration gradient across  the cuticle.     This gradient in 

turn is dependent on the availability of the applied regulator,  the in- 

ternal concentration of the "free regulator",   and the thickness of the 

cuticle.     Moreover,  foliar penetration of the applied regulators will 

differ from species to species and even within the same species under 

different environmental conditions  (71). 

Studies on the trans location pattern of ethephon have been per- 

formed on apples and cherries (28),   grapes (78),  peach fruit (1,   39 a, 

b,  c), walnut (2) and some vegetables (84).    Radioactive tracers were 

used in all cases.    Applying ethephon to peach fruits,   it was found 

that most of the activity accumulated in the exocarp and no notable 

lateral translocation was observed.    A higher rate of degradation of 

the compound was found to take place in the younger fruits (39 a).    In 

apples and cherries,   radioactive ethylene was detected within 12 hours 

14 
after application of       C -ethephon.     The majority of the ethephon moved 

into the fruit from adjacent leaves (28).     Noting the presence of 

radioactivity in stem tips of grapes following foliar applications of 

14 
C -ethephon,   Weaver et al.   concluded that translocation of ethephon 

in grapes was via the phloem in a source to sink relationship (78).     The 

radioactive materials translocated were identified by thin-layer-chro- 

matography to be ethephon (39 a,   78).    In most studies,  translocation 

of intact ethephon prior to its breakdown to ethylene was assumed. 
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The presence of metabolic intermediates upon application of this 

chemical is doubtful (1,  39 b,   39 c,   78,   84). 
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GENERAL METHODOLOGY 

Evaluation of Ethylene Evolution From Filbert Husks 

Evaluation of endogenous  ethylene evolution from filbert husks 

would ideally be made on intact plants.    However,  tree size and en- 

vironmental variations under field conditions preclude reliable meas- 

urements on intact husks.    In preliminary tests,  husks were enclosed 

in plastic bags in attempts to measure levels of evolved ethylene.    This 

method failed because a good seal could not be obtained and there was 

no way   to control the environmental variations.     Measurement of 

ethylene evolution from excised husks harvested at different times 

throughout the season, was adopted instead. 

Sample collection and incubation of the husks. 

Gas-tight containers were prepared to contain the excised husks, 

allow controlled incubation,  and facilitate gas sampling.     These con- 

tainers were made of 267 c.c.   canning jars.    A hole was drilled in the 

center of each cover and fitted with a rubber septum.     Gas samples 

were taken with a syringe. 

Ethephon treatments were made on selected branches of mature 

filbert trees.    After ethephon applications,   clusters were excised 

about 2 cm.   above the husks and put immediately into the containers 

and sealed.    The clusters were then incubated in the laboratory in the 

dark at 20   C.     At various  incubation times,   the ethylene levels were 
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determined for each cluster sample.    When daily measurements were 

taken from the same sample jars for an extended period of time,  the 

jars were flushed with air at the end of each 24-hour period. 

Measurement of ethylene evolution. 

Ethyiene evolution from living tissues can be estimated by 

perchloratocerate oxidation,   manometric technique,   or gas chroma- 

tography (5).     Of these three methods,   gas chromatography was chosen 

because it is more sensitive,   direct and accurate. 

An F & M Scientific Corporation Model 810 Gas Chromatograph 

with a flame ionization detector and an 18 inch x l/4 in O. D. column 

packed with 60/80 mesh alumina was used for such ethylene detection. 

The oven temperature and detector temperatures were set at 80   C 

o , 
and 100   C respectively.    Nitrogen (30 ml/min) was used as carrier 

gas,  and air and hydrogen were used as fuel.    A 0. 5 ml sample was 

analyzed from each container and the peak responses were compared 

to an 8 ju l/l.   ethylene standard.    Peak areas on the chromatograms 

were estimated by triangulation.    In all cases,  theratesof ethylene 

production from the samples were calculated on a p l/l/kg fresh wt. / 

hr basis. 

14 
Radioautography of       C-ethephon in the Filbert 

A simple,  non-quantitative,  radioautography method was employ- 

ed in the  study of the translocation pattern of ethephon in the filbert. 
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14 
The radiactive tracer,   1,2-      C-(2-chloroethyl)phosphonic acid,  was 

supplied by the AmChem Company. 

For these experiments,   small branches containing filbert clusters 

were selected from trees in the Smith Street Research Orchard in Cor- 

vallis.     These branches were thinned to 3 or 4 fully expanded leaves 

and the clusters.    Radioactive ethephon was applied by brush on the 

leaves.     The branches were then enclosed by small wire-gauze cages to 

prevent the loss of the treated portions.    At different periods,   the 

whole branches were removed and separated into stems,   leaves,  husks 

and nuts.     The components of each branch were then mounted on card- 

board,   pressed,  and dried at 82   C.    Individual radioautographs of each 

branch were made using Kodak no-screen films.    Exposure time was 

15 days in each case. 

Bean and Pea Assays 

Biological effects of ethephon were evaluated by established bio- 

assays for ethylene.     The bean abscission test and the triple response 

of pea seedlings to ethylene were chosen because of their simplicity 

and easy reproductability. 

Bean abscission test. 

Bean seeds (Phaseolus vulgaris,   cv.   Black Valentine) were 

planted in soil and grown in the greenhouse at 21   C/20   C day/night 

temperature without supplemented light.     Ethephon treatments were 
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made to the seedlings  14 days after planting.    Abscission of leaves and 

terminal buds,  the stimulation of lateral bud break,  and lateral stem 

enlargement were evaluated two weeks after treatment. 

Etiolated pea test. 

Seeds of Pisum sativum,   cv.   Alaska, were grown in vermiculite 

in 21 cm plastic pots in the dark.     To avoid distribance of the placement 

of the seeds,  the pots were sub-irrigated.    Five days after planting, 

ethephon treatments were made on the etiolated seedlings.    Epicotyl 

applications of ethephon were made by brush and root applications were 

made by applying 10 ml of the treatment solutions to the growing medium. 

All treatments were performed under a green safe-light.     The pea 

seedlings were kept in the dark for 2 additional days and then placed 

in continuous light for  12 days.     At the end of this period,   the typical 

triple response,  namely,   (1) ageotropic epicotyl growth,   (2) a delay 

in hook opening,  and (3) thickening of the epicotyl were noted.    Lateral 

bud growth and root development were also evaluated.     Physical 

measurements of the plants as to the lengths of the roots and stems were 

taken for  quantitative comparison. 
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EFFECTS OF APPLICATIONS OF (2-CHLOB OETHYL) 

PHOSPHONIC ACID ON ETHYLENE EVOLUTION FE OM 

FILBEET HUSKS-/ 

2/   ■ 
Francis Y.   Kwong and H.   B.   Lagerstedt— 

Abstract.      Evolution of ethylene from filbert husks (Corylus avellena 

L.),  following applications of 100,   500,  and 1000 ppm (2-chloroethyl) 

phosphonic acid (ethephon),  was measured by gas chromatography. 

During the first day after application of the chemical,  the rate of 

ethylene evolution was found to be related to the logarithm of the con- 

centration of ethephon applied.    A prolonged increase in ethylene pro- 

duction in the husks following treatment was also detected.    It is con- 

cluded that the effects of applications of ethephon on acceleration of 

nut drop are due to the enhancement of ethylene evolution in the 

receptive tissues. 

Endogenous  ethylene production is often used as  evidence of the 

participation of ethylene in the senescence and abscission processes. 

— Eeceived for publication -- 1975.     Technical Paper No.   401 5. 

Oregon Agriculatual Experiment Station. 

2/ — Graduate Student,   Department of Horticulture,   and Eesearch Horti- 

culturist,  United States Department of Agriculture,  Agricultural 

Research Service,   Western R egion,   respectively. 



During fruit ripening in many plant species,  an enormous increase in 

ethylene production is observed.     Evolution of ethylene has also been 

detected in senescing leaves,  but at a lower rate as compared to fruits 

(7).     Exactly how the ethylene gas is produced endogenously,   and its 

mechanism of action,   are still in doubt.    However,   enhancement of the 

senescing process by exogenous application of ethylene indicates that 

an active role is played by this hormone in plant senescence (3,   6). 

Biological effects of ethephon are generally related to its break- 

ing down into ethylene gas (9).    Responses to this  exogenously applied 

growth regulator would depend on its concentration and the sensitivity 

of the treated tissues.    Changes in tissue sensitivity with variations in 

the concentrations of growth regulators applied are possible.    In 

Leopold's five-stage model for leaf abscission (5),   it was found that 

Stage 1 was a static period and test tissues were relatively insensitive 

to ethylene (1).     Other investigations,  however,   showed that if a high 

enough concentration of ethylene was applied,   even the very young 

abscission zone (Stage 1) would respond to ethylene (Z). 

The use of ethephon to hasten filbert nut drop is a successful 

commercial practice (4).    The normal drop of nuts from the tree in- 

volves two steps:     (1) ripening of the nut and its abscission from the 

base of the husk,   (Z) senescence of the husk and its subsequent rupture 

to release the nut.    At the time ethephon is commercially applied,   ab- 

scission of the nut within the huskhas usually occurred,  but the 
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husks are still green and immature.     The effect of ethephon is mainly 

on accelerating the senescence of the husk.     The husk is in fact a 

modified leaf enclosing the nut.    As such,   involvement of ethylene in 

husk senescence and abscission is expected.    An examination of the 

quantity and pattern of ethylene evolution from the husk following 

ethephon treatment would provide us with a better understanding of the 

physiology of this practice. 

Mature filbert trees located at the Smith Street Experimental 

Orchard in Corvallis were used for this study.    Ethephon solutions at 

concentrations of 100 ,   500,  and 1000 ppm were applied to intact clus- 

ters of single nuts as a 15-second dip.    Following treatments,   these 

clusters were excised and put in air-tight glass containers.    Un- 

treated control clusters were harvested at the same time for compar- 

ison.    Each treatment consisted of a single husk and was replicated 

4 times.    At different times during the first day,   0. 5 ml gas  samples 

were taken and the amount of ethylene produced was detected, by gas 

chromatography.    An F & M Scientific Corporation model 810 gas 

chromatograph,   equipped with a flame ionization detector and a 457 

mm x 6 mm O. D.   column packed with 60/80 mesh alumina was used 

o 
for this purpose.     The oven temperature was set at 80   C.    Hydrogen 

and air were used as fuel,  and nitrogen (30 ml/min) was employed as 

the carrier gas.    A standard of 0. 5 ml 20 ppm ethylene gas was used 

for reference.    At the end of every 24 hours,   the glass container with 
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the sample was flushed with air and re-sealed.    Determination of 

ethylene evolved was made for 7 consecutive days.     This experiment 

was repeated 3 times. 

Ethylene evolution data,  following applications of various concen- 

trations of ethephon from one experiment,  are summarized in Table 1. 

Ethylene evolution from treated husks  started within 2 hours of ethe- 

phon applications at 500 and  1000 ppm.    Husks treated with 100 ppm 

ethephon evolved detectable amounts of ethylene 8 hours after ap- 

plication.     Control husks required 24 hours  incubation before record- 

able levels of ethylene could be detected.     The rate of ethylene pro- 

duction from treated husks was greatest in the first 24 hours following 

treatments.     When the rates of ethylene production are plotted on semi- 

log paper against the concentrations of ethephon applied (Fig.   1),  a 

straight line is obtained.     This indicates an exponential relationship 

between applied ethephon concentrations and ethylene production. 

After the initial high rate of ethylene production during the first 

day,  the rate decreased gradually (Table 1).     The rate of this decrease 

differed slightly for the various concentrations used.     Ethylene evo- 

lution from the husks was still apparent 7 days after treatment.    In 

one of these experiments,   noticeable amounts of ethylene production 

could be detected 18 days after treatment.     During the first week after 

treatment,  the rate of ethylene production was  statistically lower at 

the  5% level of significance  in the  100 ppm treatments than in the  500 
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ppm treatments.    There was no significant difference in the rate of 

ethylene production between the  500 and 1000 ppm treatments.    In the 

control husks,   a small,   yet detectable rate of ethylene evolution was 

obtained (Table 1). 

These data indicate that ethylene evolution is  strongly enhanced 

following ethephon treatment.     The ethylene evolved could either come 

directly from the breakdown of the chemical,   or it could be produced by 

the plant itself.    Upon entry into the plant,   breakdown of the chemical 

occurs due to a tissue mediated increase in pH (9).    The ethylene e- 

volved could stimulate the endogenous  production of ethylene in recep- 

tive tissues.     This could be an autocatalytic biosynthesis of ethylene 

from methionine (8). 

The dosage responses following ethephon applications to the 

filbert husk were most noticeable during the first few days.     This sug- 

gests that the ethylene evolved was obtained mainly from the breakdown 

of the chemical.     The prolonged ethylene evolution from the husks, 

however,   may indicate that the husk tissue could have been stimulated 

to produce its own ethylene.    A combination of these two processes 

could occur at the same time. 

Regardless of the source of the ethylene evolved,   the result of 

ethephon application remains the same;    husk senescence and subse- 

quent  nut drop are accelerated.     It is  concluded that the accelerating 

of filbert nut drop following ethephon application is due mainly to the 
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increase of ethylene evolution in the husk.    Since there was no signifi- 

cant difference in the amount of ethylene produced between 500 and 

1000 ppm treatments,  application at the higher rate would not be neces 

sary providing thorough spray coverage was achieved. 
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Table 1.      Ethylene evolution from filbert husks during the first week 

after ethephon treatments (jal/l/kg/hr). 

z/ Concn.   ethephon No.   days after treatment- 
applied 1 

0 ppm 0.6a 0.4a 0.2a O.Za 0.1a 0.6a 0.3a 

100 ppm 14. Zb 5.3b 6.6b 3.6b 1.9b 1.7b 3.0b 

500 ppm 51.7c 31.6c Z5.1c Z0.9c 7.4c 1Z. 8c 7.6c 

1000 ppm 6Z.lc 34.8c 31.Zc 17.7c 13.1c 14.5c 6.9c 

z/ — Means not sharing the same letter within columns are significantly 

different at the  5% level. 
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Fig.   1.     Ethylene evolution from filbert husks during the first 24 hours 

after ethephon applications at varying concentrations. 
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TRANSLOCATION OF (2 -CHLOROETHYL) PHOSPHONIC 

ACID IN THE FILBERT (Corylus avellena L. )-'   -' 

3/ Francis Y.   Kwong and H.   B.   Lagerstedt— 

Abstract.      A knowledge of the mobility of (2-chloroethyl) phosphonic 

acid (ethephon) is  essential to provide guidelines for efficient orchard 

applications of the chemical to hasten filbert nut drop.    In this study, 

detection of ethephon translocation was determined by 1) evaluation of 

ethylene evolution by gas chromatography from untreated husks fol- 

lowing leaf application of ethephon,  and 2) radioautography of husks, 

14 
leaves and stems following leaf treatment with       C -ethephon.    Signifi- 

cant differences in ethylene production between husks from leaf treat- 

ments and those from control branches were observed.    Results from 
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radioactive-tracer studies showed the presence of radioactivity in stem 

14 
tips,  buds and husks when       C-ethephon was applied to leaves.     The 

data indicate that translocation of ethephon in the filbert is rapid,  as 

shown by radioactivity and ethylene evolution,   being completed within 

1  day of foliar application. 

Filbert nut drop has been hastened with the use of ethephon (3). 

Foliar sprays containing ethephon are now commercially used as a har- 

vest aid in filbert orchards.    At the time of application,  nut abscission 

at the base of the husk has already occurred.    However,  the nut is 

enveloped by the immature husk which must dry and flare back before 

the nut can be released.     The effect of ethephon on the husk involves 

primarily the acceleration of its senescence. 

Some ethephon translocation studies have been reported for ap- 

ples,   cherries,   peaches,  walnuts,   and grapes (1,   2,   4,   5,   6).    In 

apples and cherries,   radioactive ethylene was detected within 12 hours 

14 
after application of      C-ethephon.     The majority of ethephon moved 

into the fruit from adjacent leaves (2).     Noting the presence of radio- 

14 
activity in stem tips in grapes following foliar application of      C- 

ethephon,   Weaver et al.     concluded that translocation of ethephon is 

via the phloem iij a source to sink relationship (6).    Radioactive ethe- 

phon was  utilized in all these translocation studies.     Most of the tracer 
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materials translocated were identified by TLC to be ethephon (4,   6). 

The presence of metabolic intermediates is doubtful (Z ,   4,   6,   7). 

The filbert husk presents such a small target that most of the 

spray is assumed to be intercepted by the foliage.    A better understand- 

ing of the mobility of ethephon in the plant would provide guidelines for 

more efficient field applications:    it would resolve whether or not the 

husk alone is the target organ or if leaf treatment alone will suffice to 

promote husk senescence. 

MATERIALS AND METHODS 

In this study,  translocation of ethephon was detected by two means: 

(1) Analysis of ethylene evolution by gas chromatography from untreat- 

ed husks following leaf treatments with ethephon,  and (2) radioauto- 

14 
graphy of leaves,   stems and husks following       C-ethephon leaf treat- 

ments.    No attempt to elucidate the chemical identity of the translocated 

material was made. 

Detection of ethylene production in husks.     Ethylene production in the 

husks was used as the criterion of ethephon activity following foliage 

and husk applications of ethephon.    Mature filbert trees located at   the 

Smith Street Experimental Orchard in Corvallis,   Oregon,  were used 

in this experiment.     Branch treatments of 1000 ppm ethephon were 

made to thoroughly wet:,   a) all leaves and husks,   b) leaves only,   and c) 

husks only.    After 1 and 3 days,   five nut clusters from each treatment 

were harvested.     These  samples were incubated at room temperature 
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in air-tight glass containers from 10 to 24 hours.     The rates of ethy- 

lene evolution were determined with a F & M Scientific Corporation 

Model 810 Gas Chromatograph with a flame ionization detector and 

a 457 mm x 6 mm O. D.   column,   packed with 60/80 mesh alumina. 

The oven temperature was set at 80   C.    A 0. 5 ml gas sample was 

tested and the peak response was compared to an 8 ppm ethylene 

standard.    Husks from control branches were also tested for compar- 

ison.     This experiment was repeated twice. 

14 
Radioactive Tracer Method.    Radioactive ethephon (1,   2-      C- 

(2-chloroethyl) phosphonic acid) was applied by brush on the fully 

expanded leaves of small branches having clusters of nuts.    After 

2,   5,   7,   9,  and 11  days,  these branches were excised and separated 

as to leaves,   stems,  and husks.     The component parts were pressed 

and dried in a 60    C oven.    After drying,   radioautographs were made 

using Kodak No-screen X-ray film. 

RESULTS AND DISCUSSION 

The levels of ethylene production from husk samples harvested 

1 day after treatment and from those harvested 3 days after treatment 

were similar (Table 1).    Significant differences in the rates of ethylene 

production were found between the husks from leaf treatments and 

those from control branches.     This indicated that husk responses of 

increased ethylene  evolution can be obtained with foliar treatment and 

that such responses are evident within 1  day of the foliar application. 
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Ethylene production was also significantly higher in the husks treated 

directly with ethephon as compared to husks from leaf-only treated 

branches.     There was no difference in ethylene evolution between husk 

applications and the husk plus leaf applications. 

14 
A radioautograph of a       C-ethephon treated branch excised 7 

days after treatment is shown in Figure 1.    The greatest density of 

14 
radioactivity was found in the leaves where the       C-ethephon was 

applied.    Radioactivity was also found in the stem,   in the husks and in 

14 
the terminal and lateral buds.    Application of a drop of       C-ethephon. 

on the lamina of a leaf resulted in very little translocation into other 

parts of the leaf (Figure 1).    No basipetal movement of radioactivity 

from the distal,   younger leaves to the proximal,  older leaves was ob- 

served.    Results from the branches excised Z,   5,  9,  and 11 days after 

foliar application of the tracer material exhibited similar radioactive 

patterns.     This  indicates that the translocation pattern was completed 

when the first sample was taken,   less than 2 days after application. 

It is evident that ethephon,   or its active derivative,   is trans- 

located to the husk and hastens its  senescence upon application as a 

foliar spray.     This could be accomplished either by decomposing to 

evolve ethylene,   or by stimulating   the husk to produce its own ethylene. 

Translocation of the applied ethephon is assumed to be quite rapid 

since an increase in ethylene production in the husk was observed just 
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1  day after application and the radioactive translocation pattern was 

complete after 2 days.     Our radioautographs do not define the con- 

ducting tissue,   but indicate primarily acropetal translocation.     The 

tracer materials were moved from the leaves to the maturing husks, 

terminals and lateral buds,   organs which would all serve as metabolic 

sinks. 

Significant differences between ethylene production between the 

husk samples taken from leaf treatments and those husks treated 

directly with ethephon was observed.    However,   no difference in the 

timing of nut drop was noted.    In both cases,   over 80% nut drop occur- 

red about 2 weeks earlier than the control.    It is concluded that the 

husk alone is not the only target organ to promote accelerated nut drop, 

but that foliar applied ethephon also serves to hasten husk senescence 

and subsequent nut drop. 
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Table 1.     Ethylene evolution from filbert husks following foliar 
ethephon applications made on September 10,   1974. 

34 

Location of application 

C_H    production (^l/liter/kg/hr) 
'2    4 

1 day 3 days 

Leaves only 

Husks only 

Both leaves and husks 

Control 

6. 67b 

53.31a 

36.25a 

0. 06c 

5. 01b 

49.79a 

54.94a 

0.28c 

Means not sharing the same letter are significantly different at the 
5% level. 
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14 
Fig.   1.    Eadioautograph of       C-ethephon treated branch excised 7 

days after treatment and its components  separated.     Note 

lack of movement in lower leaf which received a drop treat- 

ment on lamina.     Translocation from the 2 painted   leaves 

appears in the outlined stem and the 3 husk pieces. 
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TRANSLOCATION OF (2 -CHLOR OETHYL) PHOSPHONIC 

AN; 

2/ 

ACID (ETHEPHON) IN PEAS AND BEANS-^ 

Francis Y.   Kwong and H.   B.   Lagerstedt- 
Oregon State University,   Corvallis 

ABSTRACT 

Translocation of (2-chloroethyl) phosphonic acid (ethephon) 

was  studied by observing the biological effects of this  chemical in 

seedlings of bean (Phaseolus vulgaris,   cv.   Black Valentine) and pea 

(Pisum sativum,   cv.   Alaska).    In both plant species,  uptake of ethe- 

phon was found to occur via the roots and foliage.    It was concluded 

that the observed biological effects were due to the translocation of 

ethephon from the point of application to the site of action.     The pos- 

sible modes of ethephon translocation are also discussed. 

1/ 
To be submitted to Plant Physiology 
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Graduate Student,   Department of Horticulture and Research Horticul- 
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Translocation of ethylene in plants has been generally assumed. 

By virtue of its being a reactive gas with 5 times the solubility of 

oxygen in water,   ethylene is assumed to move freely in the plant (Z). 

Ethephon,  a liquid which could break down to release ethylene,  does 

not have the same facility of movement.     Translocation of this com- 

pound from the point of application to the site of action presents a 

problem whose solution is essential to the understanding of its use with 

plant materials. 

Limited translocation studies of ethephon have been done in apples, 

cherries,   peaches,  walnuts and grapes (1,   4,   7,   11).    In general,   it 

was concluded that ethephon was readily translocated from mature 

leaves to other parts of the plant via the phloem.    All these studies 

have been done by the use of radioactive ethephon.     One shortcoming 

of such tracer studies is that the results are not conclusive.     The pres- 

ence of radioactivity in one portion of the plant need not mean that the 

active ingredient of the applied chemical is present.    We attempted to 

approach the problem of ethephon mobility in plants by means of bio- 

assays.     In simple laboratory tests,   physiological responses away from 

the point of ethephon application were used as the criterion of the pres- 

ence of the active compounds in those parts of the plant.     These studies 

we're intended to supplement results obtained from radioactive findings. 
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METHODS AND MATERIALS 

(1) Bean tests.       This method is based on the ability of ethylene to 

promote premature leaf abscission in beans  (5,   8,   9).     Black Valen- 

tine beans were planted and grown in the greenhouse at 21   C/20   C day/ 

night temperature without supplemented light.    After. 14 days,  the plants 

were placed in 4 groups of 25 plants each and given foliar treatments 

of 0,   100,  250,  and  500 ppm of ethephon,   respectively.    Ethephon 

applications were made by brush on the two fully expanded primary 

leaves of the seedlings.    Growth responses of the whole plant were 

evaluated for two weeks following treatment. 

In a correlated experiment,   3 groups of 2 5 plants were grown in 

vermiculite for 14 days under the same conditions as described above. 

A 285 ppm ethephon solution adjusted to a pH of 6. 7 by K HPO. was 

applied to the roots of one group.    A foliar application of the same 

solution was applied to a second group,  and an untreated control group 

was included for comparison.    Responses were evaluated for 2 weeks 

following treatment. 

(2) Etiolated pea tests.        Bioassays for ethylene were made utilizing 

the established triple response of the etiolated pea (10).    Alaska peas 

were grown in vermiculite in 10 cm plastic pots in the dark.    After 5 

days,   a 285 pprn ethephon solution adjusted to pH 6. 7 with K   HPO    was 

applied to the roots  of one group of 50 seedlings and to the epicotyls of 
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a second group.    A third group of control plants was used for com- 

parison.    All treatment and control seedlings were kept in the dark 

for 2 additional days and then placed in continuous light for 1Z days. 

Whole plant growth responses were then noted and physical measure- 

ments of the plants were taken.    All tests were replicated at least 3 

times. 

RESULTS 

Bean tests.        Observations of foliar treatments of varying ethephon 

concentrations on bean plants are summarized in Table 1.    A dosage 

response to the ethephon treatment was exhibited by the plants.     Dif- 

ferent responses in various parts of the foliar treated plants indicated 

that ethephon or its active derivative was translocated throughout the 

plant.     This caused the abscission of the stem terminal above the point 

of application and stem thickening below that point.    Plants with foliar 

treatments of Z85 ppm ethephon adjusted to pH 6. 7 showed the same 

responses as plants receiving foliar treatments of an aqueous solution 

at pH 1. 8.    Both foliar treatments caused lateral bud break and abscis- 

sion of the terminals.    Abscission of the primary leaves occurred 7 days 

after treatment.    With root treatments,   epinasty and reduction of the 

stem elongation occurred 5 days after treatment.     This was followed 

by abscission of terminal buds.    A close examination of the terminals 

revealed that this abscission was caused by the formation of an abscis- 
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sion   layer in the internodal area.     Leaf senescence and abscission 

occurred about 2 weeks following treatment.    Additional treatment 

responses were promotion of lateral bud break and growth retardation. 

Etiolated pea tests.        Treated plants in Figure 1  show the characteristic 

ethylene response obtained in the etiolated pea test.    The typical triple 

response consists of:     (1) ageotropic epicotyl growth,   (Z) a delay in 

hook opening,  and (3) thickening of the epicotyl.     These responses 

were observed for both root and stem treatments.    An inhibition of 

lateral root growth was also noted in both treatments.    A summary of 

the physical measurements is presented in Table Z. 

DISCUSSION 

The above data show that ethephon is absorbed both through the 

leaves and by the root.    Responses are those usually elicited from 

ethylene treatments and are exhibited in all sensitive tissues through- 

out the plant.     These data do not contradict ethephon translocation 

patterns found in tracer experiments,  nor do they provide conclusive 

evidence that the translocated  substance is  ethephon per  se.     However, 

it is quite probable that the observed responses are due to the trans- 

location of ethephon or its active derivatives from the point of applica- 

tion to the sites of action. 
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The chemical properties of ethephon provide some clues as to 

the possible mechanisms of its movement in the plant.    With an initial 

pH of about 1,   ethephon is stable in aqueous, solution below pH 3. 5.    It 

is very soluble in water and other polar solvents but only slightly soluble 

in non-polar compounds.     The action of ethephon is generally accounted 

for by its decomposition into ethylene gas.     This is  essentially a base 

catalyzed elimination reaction: 

O O 
' I 

Cl-CH  CH.,   - P - OH + OH -—V CH  CH0 + HO - P - OH + Cl- 

O O 

The rate of decomposition is low at pH 4. 1,  but increases with in- 

creasing pH (3). 

Following ethephon application to a plant,   three possible things 

could happen:     (1) Breakdown of the chemical could occur prior to its 

entry into the plant.    Ethylene could be given off and taken in by the 

plant.    Ready translocation of ethylene in the plant would be assumed 

in this case.     This possibility seems unlikely since all the aqueous 

solutions used in the first bean test were less than pH 2.     Ethephon 

decomposition prior to entry would be very limited in those treatments. 

(2) Ethephon could enter the plant unaltered and breakdown inside the 

plant to produce ethylene.    Movement of ethephon prior to decomposition 

could be passive,   translocation being primarily facilitated by diffusion. 

Upon decomposition,   ready translocation of the gas would again be as- 
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sumed.     (3)    Upon entry,   ethephon could react with ADP in the plant to 

form the mono-2-chloroethylester of the acid: 

O        O O 

Adenosine  - O-P-O-P- OH + H   O-P-CH,-CH   -Cl    > 
o o '6'" 1  ~  ~ 1 ~"z ~"2 

9    9     9 
Adenosine  - O-P-O-P-O-P-CH  CH   -Cl + HO 

6        O        6 

In this postulated alternative,   plant enzymes would hydrolyze the ester, 

resulting in the reformation of ethephon as the final intermediate and 

eventually yielding ethylene within the receptive tissues.     This mechan- 

ism is similar to that postulated as the major path of phosphate uptake 

in plants (6).    Active transport could occur in this case. 

Noting the presence of radioactivity in stem tips of grapes fol- 

14 
lowing foliar application of       C-labelled ethephon,  Weaver et al.   con- 

cluded that translocation of the tracer was primarily via the phloem 

in a source-to-sink manner (11).    In filberts,   radioactivity was ob- 

served in the husks,   stem terminal and lateral buds following appli- 

14 
cation of       C-ethephon on the leaves.     The findings here are in agree- 

ment with observations of these tracer  studies.     Most of the noted re- 

sponses,   such as the premature abscission of the terminal buds and 

primary leaves,  are localized mainly in the fast growing areas which 

would serve as strong metabolic sinks.    It is reasonable to assume 

that these observed responses  could indeed be due to  ethephon trans- 

located from the sites of application. 
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Table 1.      Growth responses of beans  14 days after foliar application 
of ethephon. 

Concentration Applied ppm 
Responses 0            100 250             500 

Terminal growth N            A A-               A 

Primary leaves N            N A                A 

Lateral bud growth N            P PA 

Enlargement of stems N             N       , P                 P 

N = Normal A = Abscised P = Promoted 
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Table 2.     Physical measurements of Pea Seedlings  14 days after treat- 
ment with 0 or 285 ppm ethephon. 

Control Epicotyl Treatment Root Treatment 

Length of whole plant 32. 8 cm 20.8 cm 1 5. 1  cm 

Length of stem 20. 4 cm 12. 9 cm 7. 1  cm 

Length of root 12. 5 cm 7. 9 cm 8. 1  cm 

Hook opening                           100% 88.4% 71.6% 

Lateral root growth Normal Slightly inhibited Strongly inhibited 

Stem thickening Normal Promoted Promoted 



Fig.   1.     Etiolated pea test.    Growth of seedlings  14 days after root or epicotyl treatment with 0 or 285 
ppm ethephon and 12 days after exposure to continuous light. 
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