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Since the early X-ork of Laibaclh (7 al)scission.
lhas been consi(lere(l to be controlled bA- auxin. but
comlparative effects have heen reporte(l for onlI a
few auxinls (4, 5, 13 ) an(l it is not clear to h-liat ex-
tent abscission activit, is reall- relate(l to auixinl
activity. A\oreover, whlen comparative stud(lies have
been imia(le only the inhibitory effects of aulxins have
beeni compared (4).

The aim of the present stu(dy is to comiipare cluanti-
tativelv the ahscissioni effects of a selectioni of clheml-
icals having various (legrees of auixini activity. Botlh
inhibitory aindl promotive aspects have been consi(ler-
e(l in an effort to clarify the extent to w-hiiclh abscis-
sionl effects are relate(d to auxin eftects on grow th.

Materials & Methods
The bioassav for abscission Was use(Il as descril)e(l

b1 Rubinsteini and l eopol(l (10 ). Seeds of Phcascolius
Vzlgaris L. var Red Kidnev w-ere sovn in vermiculite
in controlle(l environment chambers an(l thle plants
were imiainitailne(l un(ler- uniformiii coll(litionis (16 hr
photoperiod, 2000 ft-c anid 24 4- 20 ). Plants w-ere
app)roximately 15 days old when the plrimary leaves
were excisedl and the bladles trinlmllle(l off. The petiole
pieces were then cut by a 1 cmii cuttter so thlat the
abscission zone wvas in the center of the explant.

For plroximal treatmients, substances to be teste(d
wvere comiibinie(d wN-ith 1 % aggar soluitioni au(dI poure(l
into petri (lishes to a (dept)h of 4 mmin. The petiole
exp)lants \vere tlheni insertedl illto the agar w ith their
lproximal end(s dow-n, and tlle (lislies w-er-e retuirne(d
to the conitrolle(l envi ronment cllamber at a lighlt in-
tensity of 400 ft-c.

For (listal treatmelents. tlle petiole exl)lalts xxere
inselrte(l inlto 1 ( agar in the usial miianinier, and the
chemicals beinig teste(d xwere ad(led to the (listal endl.
Discs 2.5 nmm of \VhNlatman No. 2 filter paper wvere
(lipped into 40 (( ethlanlol solutionis of the substances
to be testedl (contr-ols liaving plain 40 ethianol-
dipped (liscs') an(d placed onl the (Iistal ell(ns of the
explanits. The (lishes xvere returnle(d to the controlled
environment chamber. The paper dis.s xwere xvette(l
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once after 24 hours vitlh the solution being teste(l.
The tolloxving colmlpounldls xere includled inl the

stl(l: Tincloleacetic acidI (IAA'). Naplhtlhaleneacetic
acirl (NAA-), Phenoxyacetic acidi (PAA 2-chloro-
phenoxvacetic acid (2-Cl ), 4-chlorophenox-vacetic
aci(l (4-Cl). 2-4-dichlorophenoxvacetic aci(d (2.4-D!
2-5-dichlorophenoxy-acetic acid( (2,5"-D), 2-6-dichloro-
phenoxyacetic acid (2,6-D), 2-4-5 trichlorophenoxy-
acetic acid (2,4,5-T). 2-4-6 trichlorophenoxyacetic
aci(l (2,4.6-T), 2-4-5 trichlorophenoxy isobutvric acid
(2.4.5-T-IBA), d-2-4-dichlorophenoxv -2-propioinic
aci(l ('-2, 4-DP ), 1-2-4-dichlloroplheinoxv--2-propicolic
aci(l (1-2,4-DP). The phenoxy acidIs were obtained
fromii tlle A lmchelmi Company. .Amilbler. Peninsylvani a.

In experimilenlts followving Changes in auixlin effects
xwith indeluction times, explants xx-ere inserted ilal ar
for specified times, after wxxicll thley x-ere treated
eitlher proximiially or distallyx witli relative] higlh
concentrations of the auixinl miiater-ial. The tre.at-
menltsx -ere all carrie(d out ill lighlt ot 400 ft-c. 1 6)
lhour plhotoperiod, aind( 24' 4 20.

The timiie of abscissioin xasIletelrinil xisu;dlev.
Aks the expl)ants approaclhe(d the finial stages of abscis-
sion, the abscission zonie xvas seeni acs ai whitish linie,
xwhile adjacent tissue Nvas still greeni oir velloxv and
opaqlue. At this stage, a slighlt pressure xx as al)plie(l
to the explants xvhich readily brought about separa-
tion. Readlings xvere takeni every 12 hoturs ad the
tilmie requiredl for abscission of 50 % of the 10 ex-
llants xvas taken as- the experimental result. The
least significant (lifference (LSD 5 , ) for tile ab-
sCissiOin tests (lescril)edl lere xas betxveen 18 and 21
hours. All experimlelnts reported xx ere repe.ated at
least three tillmes -vith consistent results,.

For dleterminiatioln of groxvth prollloting, activity
of the comlpoundIs the Avena coleoptile straighlt
groxv-thl test wvas usedl ( 9). Coleoptile sections (4
mm ) froulm 3 nmmi below the tip xxeret flofltead fo
3 hiour-s onl glass (listille(l xxwater c-ontaining 1 mogW
liter of M\lnSO4 H.,O. Teln sections xere put ill
1.0 ml of solution contaillilng 2 ( sucrose p)1is- a
buffer at pH 5.0 (K.,HPO, 1.794 g liter citric
aci(l monohvdrate 1.019 g liter) anid thle groxx t stub-
s-tance being testedl. Sections xwere incubated about
20 hours in the dark at 25° in a rotator and the final
lengtlhs xN-ere mleasuredl ut(ler- a microscope vith anl
ocular miiicromleter. Growvth is recorded as percent-
age increase over contr-ols.
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Results
In order to compare the abscission activities in

relation to changes in the molecular structure, the
relative effects of a series of auxins and auxin ana-
logues were measured with the bean abscission test.
The effects on abscission were compared by both
proximal and distal methods of application to petiole
explants over a concentration range of 10-8 to
103 AI (fig 1 & 2).

Both IAA and NAA showed the well-known two-
phase action on abscission, weaker concentrations
promoting abscission when applied proximally and
stronger concentration inhibiting it with either posi-
tion of application. Promotion of abscission was
nmaximal with proximal applications of 10-5 M in
both cases (fig la). Lack of promotion with distal
application agrees with Biggs and Leopold (3) who
obtained promotions only with bigger explants of
primary leaves.
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FIG. 1. Abscission responses of bean explants to in-

doleacetic and naphthaleneacetic acids. a (upper). with
proximal or distal applications of various concentrations.
b (lower). distal applications of 5 X 10-4 M after vari-
ous intervals of induction. Time of 50 % abscission of
controls: for a. 90 hours proximal and 92 hours distal;
for b. 91 hours.

In contrast with IAA and NAA, mono-chloro
phenoxyacetic acids (fig 2a) did not produce any
detectable promotion of abscission. Inhibition ef-
fects set in at relatively low concentrations with
4-Cl as compared with 2-Cl or the unsubstituted
phenoxyacetic acid. Dichlorinated substitutions (fig
2b) likewise produced no detectable promotion. In-
hibition was very strong with 2,4-D, intermediate
with 2,5-D and only occurring with concentrations
above 10-4 M with 2,6-D and 3,5-D. In the tri-
chlorinated series (fig 2c) 2,4,5-T was as inhibitory
as 2,4-D, 2.4,5-T-IBA was much less and 2,4.6-T
was as weak as phenoxyacetic acid. Among the op-
tical isomers tested, significant promotion of abscis-
sion was clear with d-2.4-DP whereas the 1-2,4-DP
had no significant promotive effects (fig 2d).

The above data reveal the general effectiveness
of the phenoxy compounds on inhibition of abscis-
sion, with those compounds possessing greatest auxin
activity (like 2,4-D & 2,4,5-T) producing the strong-
est inhibitions. It is noteworthy that compounds
with little or no auxin activity (2,6-D, 2.4,6-D, 3.5-D)
pro(luce(l some inhibition. Promotions of abscission
wvere not (letected with any of the phenoxy compounds
except dextro-2.4-DP.

To permit a comparison of the abscission inhibit-
ing activities of these phenoxy compounds with their
growvth activities, straight growth tests were carried
out. The nmaximum promotion of coleoptile section
growth obtained with each compound has been en-

tered in table I. Growth promotions were of course

greatest for 2,4-D and 2,4,5-T with intermediate
promotions by 2,5-D and d-2,4-DP and little or no

promlotions with the diortho substituted acids, the
isobutyric acid, the laevo acid or 3.5-D. Comparison
of the growth promoting activity and the abscission
inhibiting activitv in table I indicates a close agree-
ment, substances causing the greatest stimulation of
growth being most inhibitory of beani explant ab-
scission. Minimum concentrations require(l for com-

plete inhibition of abscission were low%-est with the
strongest growth promoters. For exanmple. nminimum
concentrations for complete inhibition of abscission
by 2.4-D and 2,4,5-T were 5 X 10-7 a and 10-6 M
respectively. These two conmpoundls showed high
growth activity (53 % & 33 % respectively). Sub-
stances producing a very small stimulation of growth
(e.g. 2,6-D & 3,5-D) required 1,000 to 2.000 fold
higher concentrations to inhibit abscission completelv.

In a previous publication the abscission process
has been shown to be comprised of more than one

physiological stage, with the auxin NAA inhibiting
a first stage and promoting a second one (Rubinstein
& Leopold, 10). Experiments were undertaken to

establish whether the same molecular requirements
w-ould hold for the two separate effects of auxin.
Explants w,ere given various lengths of induction
time after which they were given higlh concentra-
tions of IAA and NAA and six phenoxy compounds
selected to include strong auxins (2,4-D & 2,4.5-T),
wveak auxins (2,5-D & d-2,5-DP), and nonauxins
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Table I
Co,iiparative Activities ont Growth & Abscission of a Series of

Phentoxyacetic Acid Derivatives
Growth as maximal % increase of coleoptiles over controls within the concentration range 10-3 to 10- M. Ab-

scission as minimum concentration for complete inhibition of bean explants, or hours promotion after 36 hours in-
duction: compounds applied distally.

Abscission activity
Compounds Growth activity fMinimum conc. for complete Abscission promotion

inhib. of abscission in second stage (hr)
P-AA + 2% 10-3
2-Cl + 4% 10-3
4-Cl + 14% xO5X 10 -I

2.6-D + 4% 10-3r 6
3,5-D + 8% 5 x10- 4_ 8
2,5-D + 22% 5 x 10- At 28
2,4-D + 53% 5 x 10- 7i 55

2,4,6-T + 4% 5 x 10-4A
2,4,5-T-IBA + 8 % 10-4 -\

2,4,5-T + 33% 10-s M 48
-~~~~~~~~~~~~~~~~X1-d-2,4-DP + 20%X 10-5n 31

1-2,4-DP + 10 % 10-3

Table II
Inductiont Effects on Abscission Responises to a Series of Autxins & .Atlxill Analoguesl

Applied Proximally in Initially Inhibitory Concenttrations
Differenice from controls for 50 % abscission of the bean explants after varying induction period. (±+ =

complete inhibitionl; + = inhibition in hours over control; - = promotion in hours over controls).

Abscission after hrs of induction
Compo>undl Conc

0 6 12 18 24 36 (hr)
IAA 5 X 10-4 M ++ +± + 8 -52 -55 -55
NAA 5 x 10-4nl ++ +25 - 6 -55 -60 -62
2,4-D 5 x 10-7 is ++ ++ ±45 -15 -50 -5
2,4,5-T 10-6 ++ ++ +10 -38 -42 -45
2,5-D 5 X 10-5I ++ +12 -25 -30 -26 -29
d-2,4-DP 5 x 10-5s ++ +15 -28 -30 -32 -36
1-2,4-DP 10 NI ++ +15 +10 - 8 -10 - 8
3,5-D X 10-4 M ++ + 8 + 2 - 8 0 - 6
2,6-D 10- ++ + -6 - 8 - 9 - 6

(3,5-D & 2.6-D). A high concentration of each of
the comlpounds was used to insure that any effect on
the first stage would be only inhibitory. Both proxi-
mal anid distal applications were separately tested
wvith comiiparable results.

The dlata for abscission effects of nine compoundls
applie(d proximally are reported in table II. Wlhen
the auxins were applied immediately after leaf re-
moval (O 1r) inhibition of abscission occurred in
every instance. If the same concentrations were
appliedl after increasing lengths of time, inhibitions
becamle less proncouinced and in the cases of the most

active auxiins a very miiarke(d stimulation of abscission
ultimately occurred. Thus high concentrations of
IAA and NAA produced 55 or 62-hour promlotions
when applied 36 hours after cutting. Similarly, the
stronigest plhenoxyacetic auxins, 2,4-D and 2,4,5-T
produced 55 and 45-hour pronlotions of abscissioni.
Moderate promotions occurre(d with 2,5-D anid d-2,4-
DP (29 & 36 hr) whereas the 1-2,4-DP, 2,6-D and
3,5-D did not give significant stimulations of abscis-
sion even after a 36-hour in(luction periodl.

Simlilar experimlenits wvere carrie(d out with distal
applications, and the respolnses are p)resente(l in fig

FIG. 2. Abscission responses of bean explants to distal applications of phenioxyacetic acid derivatives at various
concentrations. Time for 50 % abscission of controls for each treatment: 92 hours. a (upper left). Phenoxy-
acetic acid and its monochloro substitutions. b (?lpper right). Dichloro substitutions. c (lower left). Trichloro
substitutions. d (lower right). Optical isomers of 2,4-DP.
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1Fi(. 3. Clhaniges in abscission reslnonses of bean ex-

planits xxitli inicreasinig tillme before applicationi of various

phenoxyacetic acids. Distal applications of initially in-
hibitorv concentration-s: 2,6-I): 10-3 m, 3,-D: 5 X

,4xo 2,5-1): 5 X 10 m, (1-2,4-DP: 5 X 10 M

2,4,5-T: 10 2,2,4-D: X10DX i. Time for 50

abscissioii of conitrols: 92 hours.

11) andl 3. Thle timiie curves for 1AA and \NAA are

lagain closely allike, both stimiulating abscission 50
to 60 llouirs and after simlilar induction l)erio(ls (fig
lb WN'itlh the phenoxyacetic aci(ds the ind(ullctionl

perio(ls le(d to a (leterioration of the inhibitorx effects,
n(dl as i tlle lproximial treatments the largest promllo-

tionls wxere obtained ith 2.4-D anld 2.4-5-T ( &
44 hr '. iilterm-e(liate promlotiolns xvith d1-24-1)1' and

2.5-D ( 32 & 28 hr ) an(1 ilo siginificalnt proimotions
xith 2,6-1) an(l 3,5-1) (fig 3 ).

Thus it can be seeni that tlle inhibitory effects of
lhigh concentrations of these auxinls are converted
to accelerative effects x-ithl the interl)olation of ani

ini(luction pleriod(. 13ut amiiongr the coipound(l teste(l,
acceleratixe effects aire fouli(l only for the comlnpounds
xx-liclh are effecti-e auxills, ill the stimuitilationi of

groxx th. Numiierical comipari sons of the I)romiiotion
effects ol growx th anlId on abscission are given in
table 1'.

Discussion

\While the control of abscission hl,as been conisider-
e(I to be a funlction- of aulxiii. it has lnot been mllalde
clear xhether the nmolecular reqtuiremiielnts for auxin

effects on abscission wxere similar to those for groxth.
The exper-ilmlents reporte(d her-e indicate that ihllibi-
tioIns of abscission can le obtained -ith conilypunds
having very little growxtli-stiiiiulating auixin activity.
but that the ccmncentrations re(uire(l for thlese inhibi-
tionis reflect similarities to the relative activities of

the comlpounds in the stimulationi of growvth. Onl
the other hand, promotions of abscission were oh-

tained only with those compoundls teste(d which (lo
satisfy the structural requiremiienits for growthl ac-

tivitv.

The r-esults obtained xx itlh tlle plhenoxyacetic
aci(ls indlicate such a corr-espon(leilce between ab-
scissoion act vity and( grow-tlh activity. Anmong the

comlpounds tested, those having the highliest growth
activity (2,4-D, 2,4,5-T) appeare(d to be the mlost
strongly inhibitory of hean explanlt abscission, an(l

aimioing the less active auxins tlle inllibitory effects
onl abscis-sion become less pronounlice(d withldecrease
in groWth activitv. However, ev eni the conmpoun(lds
xith the lowest auxin activity ( e.g. pihenoxyacetic
acidl') showed somle inhibition of abscissiOI at rela-
tively hiigh concentrations.

With respect to the promnotive effects of aulxins
onl abscission, Rubinstein anl(l Leopold ( 10) have

esttablished that such effects are restricted to a second

stage of abscission; for that reasonl. the pronmotive
effects have been measuredl here after various dura-

tions of in(luction periods in which no auxin was

applied. This imetlho(d permits the unmasking of pro)-
motive effects of the pheinoxvacetic acids which ere

not (letectable throuighi the n.se of the usual concentra-
tion series ( cf fig 2 & 3). Promofitions, were found
only forl coml)ounlds wx ith good growxth-stimulating
activity (2.4-D, 2,5-D. 2.4.5-T, & d1-2.4-DP. as well
NAAs & IAA).

,Some dleparttures froii the palndleli sim hetxx cen

aluixiin activity aan(l abscission inhibition hax e leen

rel)orte(l by Day and Erickson (4)iusilng lemloni cut-
ting.s as experimenital micaterial. They have shovn
that somie of the auxin holmilologues claimile(d to have

no auxin activity (e.g. the diortho ssubstitute(d phe-

noxv acetic acidls) are qluite active in preventing ab-

scissiOnI. The dlata friolim the present study aare in

agreementt while the (liortiho or the isohutyric com-

p)oun(ls (l0 inilibit abscission in beaan petioles. they
(lo so only at concentrations markedly higher- thaan
the compound(s having higher auxin activitv in

grox th.

Experiments on the auxins presenit in developing
ctirr-anit fruits led WNright (14) to coniclude that the
frilits ccintainledI anl auxini wNhich wasinot effective in

stimulating growth but xas effective in the inhibition
of the fruit abscission. Our experinments suggest
that ani auxin with qIuite lowr growth stimulating ac-

tivitv could showN up) in the abscission bioassay as an

abscission inhibitor, in the samlle imlannler as the culr-

r-anlt flruit auxin.

One of the most (lraniatic cases of structural miiodli-
fication of auixinl activitv is the case of the optical
isomiier-s of a-propionic acid auxins. In the stimula-
tioln of grov-tlh, the (lextro forml is consistently active
and(I the laevo forlml is Nveak or inactix e ('12, 1). In

the abscission test, the (1-2,4-DP is found(I to be qcuite
effective in both the ilnhibitory an(d in the proimotive
actions. By contirast. the 1 2,4-1)1' is as xxeak in

i llhi ti g- abscissiOn as is phenoxvacetic acid, and(
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yielded no apparent promotion effect. The striking
difference in abscission activity with such subtle
change in structure is no less surprising for its
similarity to the growth activity of the two isomers.

In the past, abscission studies with bean have
commonly been done with NAA, since Shoji and
Addicott (11) showed that IAA is readily destroyed
in the bean petiole. The relevance of these NAA
experiments has been criticized by Addicott (2) in
the context that synthetic NAA may have antiauxin
activity, thus serving to lower the effectiveness of
endogenous auxin rather than acting as an auxin.
Jacobs (6) too has rejected the NAA effects on ab-

scission as not being identical with IAA or endogen-
ous auxin effects. The experiments reported here

permit a precise comparison of the actions of NAA
and IAA on abscission and from these results it ap-

pears that each of the NAA influences is precisely
comparable to those of IAA. Not only is the con-

centration curve for IAA proved to be similar to
that of NAA for both proximal and distal modes of
application, but each auxin can be similarly altered
from an inhibitor to a promoter of abscission bv in-
sertion of an induction period. It is to be noted that
both IAA and NAA move in the same polar trans-
port system insi(le the plant (8) and both are active
in the Avena curvature test. It would seem unlikely
that these two compounds do not act in the same

auxin manner on abscission.

Summary

The effects of various auxins on leaf abscission
of Phaseolus zuzilgaris L. have been compared by
studying the abilities of indoleacetic acid, naphtha-
leneacetic acid and various phenoxyacetic acids to
inhibit or to promote abscission. The compounds
were selected to represent a range of auxin activity
associated with substitutions of the aromatic ring,
of the acidic side chain, and with optical isomerism.

I. Using the bean abscission test, it was found
that all of the compounds tested were capable of in-
hibiting abscission. Some inhibitory activity was

obtainable even from compounds with no detectable
growth activity. But the relative inhibitory effects
were increased with structural changes which in-
creased the growth activity of the auxin.

II. The promotive effects on abscission were re-

stricted to those compounds which do have auxin
activity in growth. This was especially evident when
the promotive effects were released by including an

induction period before the application of the auxins
or auxin analogues.

III. All of the auxins tested share in a quanti-
tative way the ability to inhibit ahscissioni and to
promote abscission.
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