»

)
»
.
.

.........

OOOOOOOOOO
..........
0000000000

00000000000
...........
00000000000
...........
00000000000
...........
...........
...........

00000000000
00000000000

00000000000

..........
..........

OOOOOOOOOOO

00000000000

00000000000
...........
...........
...........
...........
00000000000
000000000000
...........
...........
...........
00000000000
...........
00000000000

00000000000
ooooooooooo
...........
...........
...........
00000000000
00000000000
...........
...........

e

...........
00000000000
00000000000
...........
00000000000

.......
......
.....

>
©

MISCELLANEOUS PUBLICATION 8

PROCEEDINGS OF

THE SECOND DEFOLIATION CONFERENCE,

5-6 AUGUST 1964

compiled by

Robert A. Darrow
Vesta Z. Mattie

AUGUST 1965

- -

s =)

[ -
fa ¥ g
o : d - 2

HES '!:"’.\:‘
' LSS
4 - c el
“ a N
s 27 ol
T
.
&
F

UNITED STATES ARMY

BIOLOGICAL LABORATORIES
FORT DETRICK




SECURITY
MARKING

The classified or limited: status of this repoit applies
to each page, -unless otherwise marked.
Separate page printouts MUST be marked accordingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION-OF— -
ixa CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs ne. responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.




PR gagoss n Ty e .

Reproduction of this publication in whole or part
is prohibited except with permission of cdommanding
Officer, U.S. Army Biologicai Laboratories, ATIN:
Technical Releases Branch, Techaical Inforwation
Division, Fort Detrick, Frederick, Maryland, 21701,
However, DDC is authorized to reproduce the publi-
cation for United States Government purposes.

DDC_AVAILABILITY NOTICES

Qualified requestors way obtain copies of this
publication from DDC.

Foreign announcement and dissemination of this
publication by DDC is not authorized.

Releasc or announcement to the public is not
authorized.

DISPOSITION INSTRUCTIONS

Destroy this publication when it is nv longer
needel. Do not return it to the originator.

The findings in this publication are not to be
construed as an official Department of the Army
position, wunless so designated by other authorized

docunients.

i




S g e IEg e

7 T

U.S, ARMY BIOLOGICAL LABORATORIES
Fort Datrick, Frederick, Maryland

PROCEEDINGS OF THE SECOND DEFOLIATION CONFERENCE,
5-6 August 1964

compiled by

Robert A. Darrow
Vesta Z. Mattie

Crops Division
DIRECTORATE OF BIOLOGICAL RESEARCH

Project 1C522301A06101

August 1955




C

-

S LIRS

o L e

A

FOREWO!

This Proceedings of the Second Defoliation Conference of the U.S. Army
Biological Laboratories presents a record of research progress in our
knowledge of the process and mechanisms of natural defoliation or leaf
abscission and in the search for effective chemicals that induce defoliatiom.

New information has been developed in both contract and in-house
research programs concerning the role of ethylene and other endogenous
substances that stimylate leaf abscission. Ir vitro production of ethy-
lene from cell-free plant extracts has been measured for the first time
in biochemical studies of ethylene synthesis in plants. Detailed studies
have been made of the structural charges that teke place in the abecission
layers of leaves curing the abscission process.

Contract synthesis and screening programs have been expanded to include
a large number of contract firms in the search for effective defoliants.
This concentration of effort on synthesis has led to the discuvery of
several uew groups of biologiraliy active compounds. A number of chemi-
cals huve been investigated that show defoliant or desiccant activity in
primerv screening programs at rates of 0.1 pound per acre.

In-house screening and field test activities have been expanded.
Several of the newly synthesized candidate agents have been included
in field test programs,

ABSTRACT

The research program in chemical defoliation of the U.S. Army Biologi-
cal Laboratories and its affiliated contractors and agencies is summarized
in this Proceedings of the 1964 Defoliation Conference.

Four phases of the effort are reviewed: (i) basic studies in the
mechanisms of leaf abscission by contract and in-housa research; (ii)
synthesis of new chemicals as candidate defoliants, desiccants, or
herbicides; (iii) screening and evaluation of candidate chemicals by
in-house and contract programs; and (iv) field testing of promising
defoliants under in-house and USDA programs.
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I. RELATIONSHIP BETWEEN L A SSION AND E ENE EVOLUTION

Bernard Rubinstein® and Fred B. Abeles¥*

Our efforts during the past year have been directed primarily toward
learning the mechanism of leaf abscission and, more specifically, to
investigating the nature of abscission stimulations. Drawing on previous
work by Hall and co-workers,” 3*** ye have attempted to correlate the
presence of internally produced ethylene with the onset of bean leaf
abscission,

Phaseolus vulgaris L. var. Black Valentine was used as the test plant.
Abscission measurements involved the use of one-centimeter sections of
primary leaf petioles with the abscission zone centrally located. These
explants were sealed in bottles and the air was withdrawn at intervals
and injected into a gas chromatograph.

Abscission of bean petioles has been shown previously to take place in
two stages. Thus, immediate applications of naphthaleneacetic acid (NAA)
inhibit abscission; later applications stimulate abscission regardless of
concentration or site of application, The NAA causes marked increases in
ethylene production during both stages, but the amount of ethylene present
during stage 2 can be correlated with the acceleration of abscission.*

Chatterjee and LeopoldB found that the ability of different phenoxy-
acetic acids to promote abscission during stage 2 was directly related to
the growth activity of these compounds. To examine any correlation between
ethylene evolution and induction of abscission, explants in stage 2 were
transferred to agar containing various substituted phenoxyacetic acids
and the ethylene evolved was measured 12 hours later.

Data are shown in Figure 1 with the compounds arranged according to
increasing abscission activity from left to right, There appears to be
an approximate correlation between stimulatory action on abscission and
ethylene production, but the same concentrations (10-4M) were used through-
out this experiment, These tests are not directly comparable to those of
Chatter jee and Leopold,e who used the minimum concentration that would
inhibit abscission during stage 1. In general, however, compounds thiat
are active growth regulators and hence potent abscission stimulators
{2-5~dichlorophenoxyacetic acid and 2,4-dichlorophenoxyacetic acid) pro-
duce more ethylene than the less active compounds.

* Department of Botany, University of California, Berkeley, Califormia,
(Formerly of U.S. Army Biological Laboratories)
%% U,S. Army Biological Laboratories.
»%% See Literature Cited, page 20,
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To investigate any relationship between ethylene evolution and abscis-
sion, one must also consider the wide variety of nonauxinic compounds that
have profound effects on leaf abscission. Rubinstein and Leopold? found
that amino acids have varyirng dcgrees of activity on the bean petiole
abscission test; alenine and glutamic acid are among the most stimulatory,
and valine and leucine are relatively inactive. These amino acids were
applied to explants in gas collection bottles and the ethylene evolved
was measured over time (Fig. 2). The pattern of ethylene evolution is
quite different frouhthe immediate increases in gas production following
applications of NAA." WNo differences can be seen from the controls until
36 hours after the explants are cut. .t that time ethylene evolution is
markedly increased by the two amino acids that stimulate abscission.
Abscission occurs 12 hours after thc ethylene acceleration. The amino
acids leucine and valine that are ineffectual promoters of abscission

have little effect on ethylene evolution,

Amino acids were further analyzed as to their effects on the two abscis-
sion stages. The four amino acids were added to bean explants at intervals
up to 12 hours after cutting to observe effects on stage 1 and until 48
hours after cutting to observe effects on stage 2. As shown in Table 1,
the amino acids had no effect on either ethylene production or abscission
rate when applied from O to 12 hours after cutting. If applied 48 hours
after cutting, however, alanine and glutamic acid markedly increased both
ethylene evolution and the rate of abscission. Leucine and valine still
had no effect on rate of ethylene evolution, and these explants gbscised

at about the same times as the controls.

Similar analyses were also performed with some common defoliants.
Endothal and two of its inactive analogs, methyléi.e endothal and A-methylene
endothal (Fig. 3) were applied to bean explants along with potassium iodide
(KI) and the ethylene evolution was measured over time (Fig. 4). Both
active defoliants, endothal and KI, caused increases in ethylene evolution—
the endothal showed immediate stimulations with a subsequent decline and KI
stimulated ethylene increasingly for 24 hours before tapering off. The
analogs of endothal, methylene endothal and A-methylene endothal, which
are relatively ineffective defoliants, showed only slight differences from

the controls.

The effect of the various defoliants on the two stages of abscission is
shown in Table 1. Both endothal and KI stimulated ethylene production dur-
ing stage 1 (applications from O to 12 hours) but abscission was inhibited.
When these compounds were applied during stage Zz (after 48 hours had
elapsed), ethylene production was s** . .ted once again, but the abscission
rate was also markedly accelerated. ‘.ethylene endothal and A-methylene
endothal showed a slight stimulation of ethylene evolution during stage 1
but had no effect if applied during stage 2. Abscission rates of explants
treated with these two endotahl analogs were not different from the control.
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Figure 1. Effect of Various Phenoxyacetic Acids
on Ethylene Production of Bean Petiole
Abicigsion Zones. Explants were in
plain agar for 48 hours before being
transferred to test substances.
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From data presented, we feel that endogennusly produced ethylene may be
implicated in the abscission processes. Large numbers of abscission-
accelerating substances were applied to bean petiole explants and the
evolution of ethylene always preceded the stimulation of abscission., For
example, certais phenoxyacetic acid compounds that are active as growth
regulavors are active promoters of abscission during stage 2.° These
compounds also markedly stimulated ethylene evolution. The amino acids
alanine and glutamic acid did not immediately stimulate ethylene evolution
but 12 hours before abscission could be observed, measurable amounte of
ethylene were produced. Explants treated with the latter two amino acids
48 hours after cutting evolved large amounts of ethyiene immediately after

placement.

Both endochal and potassium iodide instantly stimulated ethylene evolu-
tion, but when these substances were apnlied immediately after the abscis-
sion zone explants were excised, no abscission occurred. If the same con-
centration of defoliants was applied when explants were in the second
stage (48 hours after cutting), stimulation of ethylene evolution was
again observed and at that time abscission occurred rapidly. These
results show for the first time that direct applications of defoliants
to the abscission zone can stimulate abscission. It is possible that
the defollants injure the explants and retain them in the first stage.
Ethylene, as reported earlier, is ineffective as an abscission stimulant

during stage 1.

Aleng with the findings that compcunds that promote abscission likewise
increase ethylene evolution is the observation that other substances that
have little effect on explant abscission are unable to stimulate the pro-
duction of ethylene. Phenoxyacetic acids that are ineffectual growth
regulators also produced few changes in time of abscission.® These
same compounds stimulated the evolution of ethylene only slightly,

The amino acids leucine and valine were reported to be relatively poor
stimulators of abscission,” They algso had no effect on ethylene produc~
tion during either abscission stage and the abscission response was like-~
wise negligible., Methylene endothal and A-methylene endothal were not
active on whole bean plants and stimilated explant abscission and ethylene

evolution only slightly.

We conclude, therefore, that endogenously produced ethylene is Impli-
cated in the processes of bean leaf abscission. Caution, however, must be
exercised in interpreting the data. The method is limited to measuring
only the observable separation of the tissues, thus making it impossible
to determine if a substance affects the very onset of abscission or only
the final dissolution of the cell wall materiale. The possibility also
remains that other su“stances, both dissolved and volatile, may participate
in initiating leaf abscission,
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SUMMARY

Various auxins and nonauxinic compounds were observed for their effects
on abscission and ethylene production of bean petiole explants. In general,
all substances that accelerate abscission also promote evolution of ethyl-
ene. Ineffective abscission stimulators have little effect on ethylene
production. It is concluded that endogenously produced ethylene partici-
pates in the abscission processes.
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Il., CELL-FREE ETHYLENE EVOLUTION FROM ETIOLATED PEA_ SEEDLINGS

F.B. Abeles* und Bernard Rubinsteink*

Early reports of ethylene evolution from cell-free preparctions have
been criticized by Aurg and Burg. ***  gSince that time Spenczr et al.®”
and Gibson  have reported on cell-free ethylene evslution. Some of this
work has been criticized by Meigh.v The unusual property of these prepa-
rations to evolve ethylene after exposurc to temperatures greater than
90 C compromises their enzymic significance. We will describe a cell-
free preparation from peas that evolved ethylene in both an enzymic and
nonenzymic manner,

Etiolated epicotyls of f-day-old peas (Pisum sativum L. var. Alaska)
grown on ve.miculite at 23 C were harvested and stored in the freezer
until used. All procedures were performed between 0 and 4 C. About 250
grams of epicotyls were chopped into small pieces, added to 125 milli-
liters (ml) of glass-distilled water, and ground in a Waring Blendor until
a smooth paste was formed. The paste was squeezed through checesecloth and
the liquid was centrifuged at 12,000 x g for 3 minutes to remove the
larger particles.

The enzyme was prepared by adding 11 grams of ammonium sulfate to 50
ml of crude supernatant, centrifuging at 10,000 x g for 15 minutes, and
discarding the pellet. An additional 8 grams of ammonium sulfate was
added, the solution was centrifuged at 10,000 x g for 15 minutes, and
the resultant nellet was taken up in 10 ml of water to be dialyzed over=-
night against water, The dialyzed protein was then cleared by centrifuga-
tion at 10,000 x g for 15 minutes and found to have a protein ~oncentra-
tion of about 7 ng of protein per ml as dectermined by absorption at 260
and 28C millimicrons (nu).‘ The enzyme prepared by this method appeared
to be soluble, because centrifugation at 144,000 x g for one hour did
not resulc in a significant decrease in activity,

It was also possible to prepare an active protein fraction from the
original crude supernatant by adding CM-Sesphadex C-Z0 to remove the sub-
stances at lower molecular weight, However, the ammo::lum sulfate method
was used for the experiments described here in order to ccacentrate the
protein, The enzyme was stable at 0 C with a 50% loss in activity after

two days.

* U.S. Army Biological Laboratories.
*% Department of Botany, Life Science Building, University of California,
Berkeley, California., (Formerly of U.S. Army Biological Laboratories).
*k% See Literature Cited, page 25.
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Substrate was prepared from the original crude supernatant by adding
1.5 volumes of acetone per volume of supernatant to precipitate protein.
The precipitate was removed by centrifugation at 10,000 x g for 15 minutes,
and the acetone was evaporated off under vacuum at 30 C. This crude sub- -
strate was stable at 0 C and lost a negligible amount of activity in three
days. It is also possible tc prepare substrate by dialyzing the crude
supernatant against water and evaporating the resultant dialyzate down
to the original volume of crude supernatant. Although identical results
were obtained with both procedures, the acetone precipitation method was
uged as a matter of convenience,

The reaction was run in a 5-ml syringe (liquid volume 2,5 ml, gas
volume 2.5 ml) fitted with a rubber vaccire cap so that a 2-ml gas sample
could be withdrawn for analysis. The syringes were shaken 80 times a
minute with an amplitude of 2 cm at 29 C. Presence of ethglene was deter-
, mined by gas chromatography by a method described earlier.

Data in Table 1 show that there was no ethylene evolution by the enzyme
alone and a slight evolution of gas ly “he subetrate alone. Stepwise
increases in protein resulted in similar increases in ethylene evolution.
Increasing the amount of substrate while holding the protein concentration
constant resulted in an increasing rate of gas production until the process
was substrate-saturated. Fifteen minutes were routinely used to determine
the rate of ethylene evolution because gas production was linear within
this time.

-~

TABLE 1. ETHYLENE EVOLUTION BY CELL-FREE PEA EXTRACTSE/

Ethylene Picoliters/

Protein, mg Substrate, ml 15 min

0.0 1.4 0.10

0.1 1.4 0.3C

0.2 1.4 0.60

C.4 1.4 1.70

0.5 0.0 c.0

0.5 0.5 1.1

0.5 1.0 2.1

0.5 1.5 2.7 :
0.5 2.0 2.70

a, 125 pmoles of acetate buffer (pH 4.6); 0.125 umole
V.\N03)2; 2.5 m1 liquid volume; 29 C.




g, o8

ki

23

Heating at 100 C for ten minutes destroyed all enzymic activity and
at 60 C lowered the activity to half that of the original. The substrate
wag also found to be heat-labile, The substrate became inactive for enzymic
release of ethylene if the pH was raised to 9 for 10 minutes and then lowered
to the original pH of 6, Half of its activity was destroyed at pH 7.5. The
substrate was stable between pH 6 and 4, but lower pH partially destroyed
activity., For example, pH 3 for 10 minutes caused a 257 decrease in
activity.

With 50 millimoles of acetate buffer the pH optimum for the reaction
was between 4.5 and 4.7. A similar pH optimum was observed with citrate
buffer, although the rate was one-fourth that in acetate,

A series of ions were tested for their effect on the reaction, and
only manganese (M'n‘+ ) at 5x10 ™ M stimulated ethylene liberation., Greater
conzentrations of Mn*2 progressively inhibited the reaction. Other ions
tesged that had either no effect or 1nhibited i% a concentration range of
10 to 107 M wers A1t3, cat?, cot?, K+, Mgt2, Mo*6,

Ni+ , and znt

The coenzymes ddenosine triphosphate (ATP), coenzyme A {CoASH),
thiamine pyrophosphate, nicotinamide adenine dinucleotide (NAD), nicotin-
amide adenine dinucleotide reduced (NADH), nicotinamide adenine dinucleo-
tide phosphate (NADP), flavin mononucleotide (FMN), and flavin adenine
dinuclectide (FAD), at a range of concentrations, had either no éffect
or inhibited the ethylene-evolving reaction.

The most effective inhibitor tgfted was cyanide (CN ), which inhibited
evolution of ethylene by 50% at_ 10 M. Azide and sodium fluoride (NaF)
produced a 507 inhibition at 1078 M; mercury (ug*z), dinitrophenol
iodoacetate, and hydroxylamine inhibited 307 or less at 1072 M, Ethylene-
diaminetetraacetate (EDTA) at a concentration of 5x10° ™% M resulted in a
507% decrcase in ethylene evolution. Addition of larger amounts of Mt
had only slightly relieved this inhibitionm,

Compounds containiug SH groups also inhibited the prodqsﬁion of
ethylene. Thioglycolic acid was most effective (100% at 100 M); thio-
glycerol, cysteine, reduced glutathione, and CoASH, respectively, had
less effect. Ascorbic acid behaved similarly to the compounds mentioned
above. In the presence of these compounds our preparations evolved ethane
in quantities equivalent to the amounts of ethylene normally producad.

All of the above compounds initiated ethane evolution from the substrate
alone, but for ~ysteine, glutathione, thioglycerol, and ascorbate, the
presence of protein enhanced the rate of ethane evolution.

Ethanol, ethionine, methionine, glycine, glycolic, glyoxylic acid,
ethane, and acetyl-coenzyme A were added to the enzyme in the presence of
a limiting amount of substrate to see if they were possible precursors
of ethylene., None had any stimulatory effect.
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Although indoleacetic acid stimulated ethylene production in intact
plants, it had no effect on ges production from cell-free preparations,

In addition to the enzzmic production of ethylene from the substrate,
it was iound that iron Fe'“ ions and flavin mononucleotide (FMN) (5x 1073 ')
would cause ethylene evolution from the substrate alone at a rate greatly
exceeding (sevenfold for FMN and fourfold for Fet ) that obtained with a
saturating amount of enzyme. In addition, the total amount of ethylene
evolved in the nonenzymic reaction was greater than that in the protein-
mediated reaction.

Thus it appears that ethylene evolution from cell-free preparations of
etiolated peas can be mediated by both enzymic and nonenzymic means; this
may explain in part some of the conflicting reports of earlier workers,

It should be possible to determine the compound involved in the biosynthesis
of ethylene for the system described in this paper.
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IIT. ENDOGENOUS ABSCISSION INDUCERS: RECENT PROGRESS
F.T. Addicott and O0.E. Smith¥*

The research program of the group at Davis is directed to isolation and
determination of chemical structure and physiological properties of the
endogenous substances (hormones) that affect abscission of plant organs.
The major substances known to have important influences on abscission
include abscisins, auxins, gibberellins, kinins, and ethylene. This paper
reports some of our recent work with abscisin II and with indole-acetic
acid (IAA), the principal endogenous auxin.

A. ABSCISIN II

Substantial progress was made during the past year in the difficult
chemical work of synthesizing the molecule postulated for abscisin II.
By the close of the year a structure was synthesized that differed from
abscisin II only by the lack of two H atoms, having a triple bond where
a double bond should be. The synthesized compound showed abscission-
accelerating activity equivalent to that of abscisin II (Figure 1A).

The parallel work of isolating a new supply of abscisin II from
natural sources required a great deal of time, mainly because of the
large volumes of solvents and other reagents required. Twenty-eight
55-gallon drums of acetone alone were used in the initial extraction
of the 2,100 pounds of young cotton fruit. In addition, tem 55-gallon
drums of ethyl acetate were used during purification by acid-base frac-
tionation. Further purification, using seven different separations by
either column or paper chromactography resulted in a yield of 10 milligrams
(mg) of crystalline abscisin II. This amount will permit a number of
important experiments further characterizing the physiological properties
of abscisin II, but will not permit much further exploration of the chemi-
cal properties.

Some abscission effects of applications of pure abscisin II to cotton
seedling explants (excised abscission zones) are shown in Figure 1.
Abscigsion acceleration from distal applications (to petiole stumps) of
1.0 and 0.1 microgram (ug) is greater than can be obtained from maximum
accelerating concentrations of gibberellin A3 (GA3) or IAA, Abscisin II
is also active when applied proximal (to stem stumps) to the abscission
zone, but appears to be somewhat less effective,

* Department of Agronomy and Crops Research Division, U.S. Agricultural
Research Service, University of California, Davis, California.
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Abscisin II is a strong Inhibitor of growth in the classical Avena
coleoptile test (straight growth), as f{llustrated in Figure 2B. The
data of Figure 2A, obtained with an impure preparation, show a very
different concentration response, indicating the necessity of isolating
endogenous substanc<s in pure form before their properties can be
accurately determined.

B. AUXIN

The literature shows that auxin carn eit er accelerate or retard
abscission, depending on a number of facto.s including (i) growth status
of tissue, (1i) amount of tissue used, (iii) site of application,

(iv) amount applied, and (v) time of application in relation to excis-
sion. Most research publications in the field have reported experiments
with only one or two of these factors. Clearly, to understand the func-
tion of auxin in the control of abscission, it will be necessary to
analyze the interaction of all such factors. As one step in this direc~-
tion, a range of amounts-of TAA was applied to explants of cotton seed-
lings, either distal or proximal to the abscission zone or in various
combinations,

The results of distal applications alone and of proximal applications
alone are shown in Figure 3. The distal applications retarded and inhibited
abscission; the proximal applications accelerated it. Other experiments
showed that when the amounts of proximal IAA are increased, the rate
eventually falls and ultimately complete inhibition is obtained. The
curves in Figure 3 illustrate the basic pattern of response of the cotton
explant material to applied IAA., However, as the experimental factors
are varied the curves shift. One such shift is shown in Figure 4, where
the control curve is that for proximal applications alone and the experi-
mental curve reiulted from the application of a vange of amounts of IAA
proximally with 100 milligrams per liter applied distally in all cases.
As the amount of proximal IAA increased, the response changed from strong
retardation to a significant acceleration. This is a striking example of
the effectiveness of the gradient of applied auxin (i.e., the site of
application) in the control of abscission. Similar response curves were
obtained with distal applications of 25 and 50 mg per liter.

Examination of the data of these experiments disclosed no consistent
rzlationship between the total amount of auxin applied and the rate of
abscission. On the other hand, strong accelerations and retardations
were correlated with the relative amounts of auxin applied proximally
and distally. If the amount applied proximally was greater than that
applied distally, abscission was accelerated; if the amount distally was
greater than that applied proximally, abscission was retarded. Selected
data that illustrate these correlations are shown in Figure 5. This
graph may be described as multiphasic response curve of abscission to
increasing amounts of auxin.
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GROWTH (mm/sect/24 hr )

GROWTH (mm /sect /6 br )

Figure 2,
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-—-— TAA Control

0005  0.01 0015 0.02
INHIBITOR (eluate as fruit equivalents/ml)

A

——-——-—-— ]AA Control

02 T . Ll T ¥
0 o1 0.3 0.6 0.8 1.0

ABSCISIN II (pg/nl)
B

Effect of Inhibitor Eluate and Abscisin II on Growth
of Avena Coleoptile Sections.

A. TInhibitor eluate. Points show average growth of

60 sections, initial length 3.2 millimeters. Petri
dish contained ten sections in 20 ml of basal medium
with 0.1 ug/ml TAA, pH adjusted to 6.5.

B. Abscisin II. Points show average growth of 20
sections, initial length 5,06 millimeters. Each
tube contained ten sections in one ml of 2% sucrose,
0.1 ug/ml IAA, buffered at pH 4.8.
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Rate of Abscission as Affected by Application of Auxin (IAA)
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of Cotton
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Explants.
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IV. MORPHOLOGICAL STUDIES OF BEAN EXPLANT ABSCISSION

Peter C. Scott, Barbara D. Webster and A.C. Leopold#

A. TINTRODUCTICN

This morning I would like to discuss some of the current research on
bean abscission at Purdue University. Since our knowledge of hormonal
regulation of abscission has recently advanced quite markedly, we are
attempting to correlate the hormonal changes with morphological, metabolic,
and biochemical changes in the abscission zone.

Abscission in general has been shown in numerous instances to be
influenced by auxin. Two theories have been proposed to explain the
auxin effects. The auxin gradient theory states that as long as there
is a greater amount of auxin distal to the zone, abscission does not
occur, but as the leaf begins to senesce and the auxin concentration on
the distal side decreases relative to the proximal side, abscission of
the leaf blade occurs.

An alternative theory holds that auxin inhibits abscission if the
quantity is high enougP* whereas low concentrations promote abscission.
Thus, Gaur and Leopol * and Biggs and Leopolda showed that low concen-
trations of napthalene-acetic acid (NAA) promoted abscission whether
applied distally or proximally, but high concentrations inhibited
abscission.

Later work showed in addition that bean explant abscission comprises
two distinct stages with reference to time. A high concentration of NAA
inhibited abscission if applied immediately or up to 12 to 24 hours after
severing the leaf blade from the petiole. If the explants were placed
on plain agar for the l2- to 24-hour period and then transferred to a
high concentration of NAA, abscission was promoted. Therefore, auxin
can regulate abscission not only by the amount at the abscission zome,
but by the differential effects it has on two consecutive stages in
abscission development,

The first stage only is inhibited by auxin, and the promotions by auxin
seem to affect only the second stage. When a bean leaf blade is cut off,
its petiole will pass from the inhibited first stage to the second cr pro=-
motive stage in about 12 to 24 hours. Rubinstein and Leopolda suggested,
therefore, that the promotions and inhibitions were quite different actions
by auxin, and the changeover occurs between 12 and 24 hours after deblading.
Our research is oriented to ask what changes in the morphology or bio-
chemistry of the petiole may represent such a change in hormonal regulatiom.

* Horticulture Department, Purdue University, Lafayette, Indiana.
*% See Literature Cited, page 43,
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As experimental variables, we are using promotive and inhibitory treat-
ments with auxin, and also promotions by zthylene gas and inhibitions by
the r.spiratory inhibitor dinitrophenol (DNP).

B. METHODS

Seeds of Phaseolus vulgaris were sown in vermiculite and germinated
under constant environmental conditions. After 15 days, explants one
centimeter long were cut to include the laminar abscission zone of the
fully expanded primary leaves. These explants were placed upright in
petri dishes containing 1% agar and put in the growth chamber for the
various lengths of induction time,

Explants were fixed for subsequent anatomical study in formalacetic
&cid-alcohol and aspirated for approximately three hours. The tissue was
then carried through the tertiary butyl-ethyl alcchol series to 100%
tertiary butyl alcohol. This procedure was followed by gradual infiltra-
tion with Paraplast, in which the tissues were finally embedded.

Tea-micron longitudinal and transverse sections of the material were
cut and after staining in safranin and fast green, slides were mounted
in Permo:at and dried for several hours on a warming table.

C. RESULTS

From the first examination of the sectionsg, one outstanding morphologi-
cal change appears to be correlated with natural abscission and with treat-
ments that promote abscission. 1In all the sections where abscission tcok
place, we found tyloses developing in the xylem elements at the abscission
zone. 3y tyloses we mean the active invagination of a living protoplast
into a nonliving xylem element plugging it agdinst the flow of sap. These
outgrowths, or tyloses, are from living parenchyma cells that surround the
xvlem elements in the vascular bundles. This active process would seen
to be an instance of localized growth of the cell wall surface and involve,
in addition, a radical change in the plasma membrane and cytoplasm of the
parenchyma cell, The regulation of tylosis formation may be a possible
mechanism for the regulation of abscission, whether by hormones, ethylene,
orr other abscissicn-regulating chemicals.

Let us first consider the anatomy cf the primary bean leaf petiole as
it is cut from a 15-day-old plant. The pith consists of large compactly
arranged pareachymatous cells that are continuous with those of the cortex
through the medullary rays. Seven to tem vascular bundles arranged in a
circle traverse the length of the petiole and coalesce in the laminar
pulvinar region. The most conspicuous elements of the vascular bundle
are the large round metaxylem elements. Xylem parenchyma cells are inter-
spersed among the metaxylem (Figure 1A).
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The sieve tubes in the phloem are long and narrow with simple sieve
plates in the end walls. The cortical cells are parenchymatous, often
containing starch grains and crystals of calcium oxalate., The cortex
is limited peripherally by a single layer of epidermal cells that nave
thickened outer and radial walls (Figure 1B).

If the ..af blade is removed and one~-centimeter explants are placed
on plain agar for 36 hours, we can see the following anatomical changes
occurring. Vessels in the abscission zone are being filled with tyloses
and the cortex has conspicuous newly divided cells (Figure 2). An area
of cell division activity is present in many instances of abscission but
not in all cases. This layer of new cells forms a protective surface
after abscission has taken place.

After 72 hours from ieaf blade removal, there is extensive plugginrg
of the metaxviem with tyloses (Figures 3A and 4A). Tiers of newly
divided cells are evident all acrogs the cortical parenchyma (Figure 4B).

Normal abscission in the explant occurs at about 100 hours and if we
compare the morphology of the abscission zone of the old buan (30-day old
plants), the similarity is etriking. The anatomical changes are the same
in the aging intact leaf, although they are progressing more slowly than
in the debladed petioles. Here again tyloses block the vessels and some
cz2ll division takes place. The actual abscission break is beginning in
the old bean leaf (Figure 5).

. A striking effect is obtained when abscission is promoted by ethylene
or low concentrations of auxin (Figure 6). In each case as abscission is
promoted so also is the development of tyloses in the vessels, Following
chemical treatments that inhibit abscission, there is no evidence of
tylosis formation. This is true in petiole explants inhibited by high
auxin concentrations or by DNP (Figure 7).

These results would seem to suggest a definite involveuwent of tylosis
formation in the hormonal regulation of bean leaf abscission.

D. SUMMARY

Tylosis formatior. has been found to be positively correlated with
normal and accelera’ed bean explant abscission. Treatments that promote
abscission retard tylosis development. It is suggested that plugging
the conductive cells in the region of the abscisasion zone may be specifi-
cally related to the separation processes.
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Figure 1. Sections of Primary Leaf Petiole of Phaseolus

——————

vulgaris Showing No Induction,

A. Cross section. Completed arc of vascular
tissue above abscission region. Thickened
walls of cells at edge of bundle may be
pericycle.” All vessels clear.

B. Sagittal section. Epidermal invagination at

extreme right edge. Metaxylem elements
short, chunky, and clear. No evidence of
actual cell divisions in cortical parenchyma,
nor any tyloses in vessels.




Figure 2,

Sections Showing Anatomical Changes after

Leaf Blade was Removed and One-Centimeter

Explants Placed on Plain Agar for 36 Hours.

A. Cross section. Cortical cells dividing,
vessels filled with tyloses, cortical
cells nucleate.

B, Paradermal section. Anaphase in a cortical
cell, short metaxylem vessel containing a
large tylose.
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Figure 3,
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Sections Showing Anatomical Changes after
Leaf Blade was Removed and One-Cen*imeter
Explants Placed on Plain Agar for 72 Hours.

A,

Cross sectiun, At the area of cbescission
vascular bundles are coalescing, cortical
cells are dividing, and metaxylem elements
are filled with tyloses,

Sagittal section. Tiers of newly divided
cells in the cortical and pith parerchyma.
Evidence of tyloses both above and below
abscission zone. Cell divisions may con-
tinue into vascular pavenchyma.
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Figure 4.

Sagittal Sections Showing Anatomical Changes after Leaf Blade Removal and
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One-Centimeter Explants Placed on Plain Agar for 72 Hours.

A.

B.

Tylose material in vessels. Nuclei also appear in vessels as
further evidence of tyloses.

Tiers of newly divided cells across the cortical parenchyma at
the abscission zone. Uppermost cell in one tier is at metaphase.
Newly divided cells are retained within the mature cell wall.,
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Figure 5.

Sagittal Section. Very old, naturally aged.
Extension of newly divided cells across the
width of the petiole and beginnings of the
actual breaking of cells (to the left). Some
vessel blockage in the fragment of bundle of
vascular tissue at lower part of photograph.
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Figure 6. Sagittal Sectionms,
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Abscission promoted by ethylene or low concentration

of napthalensacetic acid (NAA),

A,

B.

Actual break from the adaxial to the abaxial
Some cells are completely broken, and some
Vessels are partially blocked with

Ethylene treatment,
side of the petiole.
intact cells are broken away.

tyloses.

NAA treatment. Vessels filled with tyloses. Limited cell division.
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Abscission inhibited by high concentrations of auxin

or by dinitrophenol (DNP).

Sagittal Sections.
A.
B

Figure 7.

No evidence of cell division.

Tiers of dividing cells extending across the width

of the abscission zone.

Xylem vessels clear, no evidence of tyloses.

Napthaleneacetic acid (NAA) treatment,

DNP treatment.

i

bl




[ N

L e

43

LITERA IED

Gaur, B.K.; Leopold, A.C. 1955. The promotion of abscission by auxin,
Plant Physiol, 30:487-490.

Biggs, R.H.; Leopold, A.C. 1958. The two-phase action of auxin on
abscission. Plant Physiol., 45:547-551,

Rubinstein, B.; Leopold, A.C. 1963, Analysis of the auxin control
of bean leaf abscission, Plant Physiol. 38:262-267.

Esau, K, 1953, Plant anatomy. John Wiley and Sons, Inc., New York.
734 p.

e R AR D




N I

45

V. CELL WALL-CYTOPLASM INT TIONS ASSOCIATED WITH LEAF ABSCISSION

D. James Morre and A.C. Leopold#

A, INTRODUCTION

Electron microscopy reveals a marked alteration in appearance of mem-
brane structures in cells of the abscission zone.** As abscission proceeds
the cell membrane, chloroplasts, mitochondria, endoplasmic reticulum, and
other membrane structures can be observed in increasingly severe stages of
degeneration., At the time of cell separation, the plasma membrane appears
ruptured and is often reduced to a series of wall-associated remmants.

Cell wall breakdown also becomes evident, including an apparent dissolu-
tion of intercellular cementing substances,

A clue to the nature of the cell wall changes has come from measurement
of the relative extractability of cell wall fractions as abscission proceeds
(Fig. 1). With increasing time after deblading, both cold and hot water-
soluble carbohydrate fractions increase, whereas fractions available to
extraction with dilute acid decrease. These two extraction media would
be expected to extract carbohydrate differentially on the basis of degree
of polymerization and cross linking within the cell wall, That acid-
extractable carbohydrates decline is evidence that the abscission process
may be, in fact, assoclated with cell wall depolymerization and dissolution.

The auxins, 2,4-dichlorophenoxyacetic acid (2,4-D) and indole-3-acetic
acid (IAA) are known to influence the properties of plant cell walls and to
alter the course of abscission as well, The immediate cell wall changes are
expressed in the form of an auxin-increased deformability component under
externally imposed load. Such differences can be measured using*gigher
standard fiber testing techniques®** or tissue bending methods, The
chemical nature of the auxin-induced wall alteration is not known with
certainty but may also involve degradative cell wall changes.2 That 2,4-D
does affect deformability of bean petiole tissue in the vicinity of the
abscission zone is shown in Figure 2,

* Department of Botany and Plant Pathology an