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Abstract. Debladed midribs of citrus leaves showed the typical delay of abscission in
response to indoleacetic acid (IAA), and the typical acceleration of abscission in response to
gibberellic acid (GA). Interaction experiments with these 2 hormones indicated that the
balance of the 2 hormones may be more important in regulating abscission than the quantity
of either. The often reported acceleration of abscission with low quantities of IAA did not
seem to exist in citrus. IAA did accelerate abscission in this tissue when its application was
delayed for at least 24 hours after deblading, which suggests the 2-stage effect is also present
in citrus.

When abscission was first delayed with IAA and then allowed to continue, the rate of
abscission proceeded at a slower rate than was typical for this tissue. This slower rate was
also typical of the effect observed when GA overcame the abscission retarding effect of IAA.
The phenylurethane, Barban, blocked the GA acceleration of abscission, but it did not affect
the rate of abscission of control or IAA treated midribs.

Auxins and gibberellins have been shown to be
involved in the control of leaf abscission of many
plants (2, 6,10,11,13, 18), including citrus (14);
however, litttle has been done with ithe interactions
of *these 2 hormones. Thereafter, it was the go>al
of this research ito study such interactions. It was
also in-tended to compare a more nearly intact plant
system with an explant bioassay, since the ul,timate
test of our knowledge of abscission must involve
an intact plant.

Materials and Methods

Leaif Explant Bioassay. The explants used in
the experiments were prepared from fully devel,oped
leaves of Valencia Late variety of sweet orange
(Citruts sinensis, Osbeck). The leaves were cleaned
wiith 10 % ch,lorox (sodium hypochilorite) albove
and below the abscission zone 'to. avoid fungal and
bacterial infectionis. Each explant was 13 mm long,
including 10 mm of petiole and 3 ,mm of leaf midrib
(fig 1B).

Explants were mounted wi'th their proximal
ends inserted into 4 % (w/v) sterilized agar, in a
100 X 20 mm petri dish as slhown in !figure 1C. The
substances to be tested were diissolved in 0.1 M
citrate buffer wi,th pH 6.0 and the solutions were
incorporated into equal volume of 2 % (w/v) agar.
A 5 ,uliter droplet of the agar gel, containing the

1 Present address: Punjab Agricultural University,
Hissar, India.

test compound, was applied at the distal end of
each explant with a tuberculin 'syringe. The con-
trol explants were treated wi,th a similar droplet
of plain 1 % (w/v) agar.

Treated explants were placed in an incubator
in the dark at 25°. Abscission was tested by ap-
plying a pressure of 5 g to the distal end of the
midrib, with a calibrated wire ispring mounted on
forceps (1). The IAA was purchased from Sigma
Chemical Company and the gibberellic acid (GA)
was supplied by Merck Chemical Company.

Debladed Midrib Bioassay. Polbted seedlings of
sweet orange about 9 months old were selected for
maximum uniformity of height, leaf color, and leaf
quality. The growing terminal was removed, leav-
ing only apparently mature leaves. Leaf blade and
petiolar wings were removed, leaving a 4 mm
portion of the leaf midrib and the pebiole (fig 1D).
Preliminary experiments showed no correlation be-
tween ithe position of the debladed midrib on the
seed-ling and the order in which (they abscised. The
compounds to be tested were applied at the distal
end of the midrib in a manner similar to that of
the leaf explants. Treated seedlings were retained
in the growth chamber in the dark at 250.

In experiments where hormonal treatments were
to be applied at different time intervals after leaf
removal, the length of ithe miidrib was increased
to 6 mm, of which 2 mm were removed just prior
to 'application o'f compounds to facilitate uniform
uptake through a freshly-cuit surface.

Statistical Methods. The statistical evaluationi
of treatment effects was based on time taken for
50 % absci'ssion. The value for the Itime for 50 %
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abscission was calcuflated by fitting the (lataL to aI
straig,ht line eqltiationi of log y = log a + X log b
which was derived fromn the ftinction y - ab.
Keeping log y = , log a a, and log b b, the
value of b was calculated as follows:

I x Y - x Y/

bx

Takinlg ( aas log of 0.5, i.e., 50 % abscission anid
keeping Y as the log mean of the proportion of
explants Inot abscised, the valtue of X for the time
taken ito reach 50 % abscissdion was calculated by
the equation:

a =F -bX
T-he coefficieint of correlationi for the best fit

of the line was examined andl the valtues obtained
sho,wed a good fit. TI'he analysis of variance was
wvorked ouit on factorial design for the 50 % values.
The LSD or the shortest significant range vallues
were calculated as necessary. Functional analvsis
of variance was done to assess acnd sort otit specific
treatmenit o,r interaction effects as the data war-
ranted.

Results

.1 Coimparismi of the $.rplIaat and the I)ebl(lae(
Midrib Bia(assa ys. 'I'he actions of IA and GA
on abscission of the citrtis leaf explant xx-ere simillar
to those uolilservedl for other plant minterials. Con-
centrations of IAA (table 1) higher than 0.1 fg
per explant retairded abscission. Trhe low\er conI-
centrationis, 10-4 and 10- g, tended to cauise the
stimulatioin of abscission seen by others (3, 4, 8),
btut the effec,t was never statistically significant.

Concentrations of GA froui 10-- to 10 ug per
explant significantlv accelerated abscission (table
I); however, the time to 50 % abscission w\x,as
correlated wi,th conceintrationi only up to 10-3 Kg.
From 10- to 1 pg, there wvas 110idecrease in the

Table I. lekspoo.sc O1 Citruls L t .rfhixplit.n/s
144LA ('lid Cl

Timies to 50 % abscission xx-erc calculatedIby fitting
the (data to the straight line eqtuation. Observations
wvere made ever- 16 hiouri1s up) to 128 hours. At tile
enid of the experimiienit 0 %, 2 %, acnd 18 % of 10, 1, and(
10-1 ,gu treatments, respectively. la(l abscisedl.

Hormon c

per explant

WIJ
10

1
10-2
10-3
10-4
10-5i
0

LSD - 5%

l iliie to 50 % abscission
IAA GA

/Iiis
> 303
>303
303
113
109
97
96

101
35

hr-s
79
63
66
67
68
75
86
96

time to 50 % abscission and 10 ug decreased the
time to 50 % abscission compared with 1 /ug.
The decreased effectiveness of 10 ,ug of GA com-
pared with lowver concentrations was observed con-

sistently iin numerous experiments.
In all the above experiments, the hormone was

applied immediate,ly after deblading. Since Rtiben-
stein and Leopold (17) and Chatterjee and Le,opold
(6) have demonstrated that IAA accelerates ab-
scissioIn of bean petioles if applied later than 9
houirs after deblading, a similar experimenit wvas
done with the citrtis explants. No acceleration of
abscission by delayed applications of IAA was

observed; applications as lalte as 36 hlouirs atfter
deblading still retarded abscissioni (fig 2).

Z 60

Cl)

co

o 40

56 72 88 104 120 136
H O U R S

FIG. 2. Abscission responses of 1 ,ug of IAA per
.xplant, applied at different time intervals after prepa-

ration. The treatmenits i-12, 24, and 36 indicate the
lhours after explant preparation when IAA was applied.
rreatments C12, C24, and C36 are the respective coIn-
trols. Fresh plain agar wvas applied at the corresponding
time to conitrols.

Juist as wvith the explant, higher levels of IAA
retarded and all levels of GA accelerated abscissioin
of the debladed midrib (table II). The GA effecit
(l.d not increase propclrtionately wilth the concen-

tration of the hormone in this system either, anid
compared with the large effect of 1 ,ug of IAA,
was a relatively small effect. The low level of
anx:n again tended to accelerate abscission buit the
effect was not significant. When the auixin was
removecl by cnitt'ng off the end of the midrib, the
f.rst md(1r bs abscised about 4 (lays later. Abscis-
S.oIn then continuied to complet on; however, the
rate of ab cission was slowver so that from the time
of IAA removal to 50 % abscission was albount
days rather than the 5 days typical of- the freshly
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Table II. Response of Debladed Midrib to IAA and
GA Applied Alone and Together (Days to 50%

Abscission)
Times to 50 % abscission were calculated by fitting

the data to the straight line equation. Observations
were made every 12 hours up to 26 days. Those marked
> 26 did not reach 50 % abscission within 26 days after
deblading; these values were not used in the statistical
analysis. LSD = 0.33 days.

GA
IAA

lAg/explant
0

10-4
10-2
1

0 10-4 1o02

5.38
5.23
6.70
> 26

1

,ug/explan t
4.65 4.58 4.49
z.33 5.14 4.87
6.79 6.66 5.34
>26 > 26 16

I__________________________a_a____ j *debladed midrib,s (fig 3). This slower rate of
2 4 D6 8 10 12 absciss!ion wals typical of any situation where ab-

scission was del,ayed for a few days and then
C

. con-tinuied.Althotigh the 2 bioassays responded similarly,
the debladed midrib had several advantages over
the explant: there were no signs of fuingal con-
tamination, the results were less variable, the de-
blladed midrib wa,s more like an initact system than

/ij Jo the explanit, and there was less chance o,f ethylene
being a critical factor, since the debladed midrib

l '-jtl3 * was in a ventilated growth chamber while the
expilant was enclosed in a petri dish. For these
reasons, all suibsequient experiments were do.ne with

, !S.# tihe deboladed mi.ldrib bioassay.
7jl ,e2 Interaction of GA (and MAA Applied to Debladed

~ +__4-_*+_frMidlrib Bio(assay. This experiment was condtucted
3 5 7 9 11 13 15 17 as a 4 X 4 factorial des;gn with 4 replications of

D A Y S eac,h treatment. GA and IAA were each uise(l at
t4concentraiteons: 0, 10-4, 10-2, anfd 1 jig per mid,rib

F c / w(tasbe IT). Wihen 10it2er 10-4 or 10-2 jg ofGAA
= o._*_+..4 ^r~~as comlbined with 1, 10-2, or 10-4 jgof TAA, qthe

6
D A Y S

FIG. 3. (Upper) The regular rate of abscissiion is
that observed for control debladed midribs treated with
plain agar. The slow rate of abscission results when
IAA is applied after deblading to delay abscission for
several days, then the IAA is removed and abscission

takes place. The time in days for slow abscission was
calculated from the time of IAA removal.

FTG. 4. (Middle) Abscission responses of seedling
explants to 1 gg of GA, alone anid in combination
with various amiiounts of IAA. The treatments were:
1) 1 ,g GA, 2) 1 GA + 1 X 10-4 gg IAA, 3) 1 jg
GA 1 X 10-2 p- IAA, and 4) 1 pg GA + 1 pg JAA;
C) Control received plain agar. The calculated time
for 50% abscissi'on for each treatment was: 1) 4.49,
2) 4.87, 3) 5.34, and C) 5.48 days. Treatment 4 was not
incltuded in the statistical anialysis. LSD at the 5 %
level was 0.33 dav.

FIG. 5. (Lower) Abscission effects of various
amounts of GA applied to each seedling explant with
1 pg of IAA. The treatments were: 1) 32 gg, 2)
16 , 3) 8 jug. 4) 4 ,g, 5) 2 ,ug GA, i) IAA alonie,
and C) Control. LSD at the 5 % level was 22.3, 23.4,
20.7, 10.7. 11.1. 11.1. 10.3, 10.3, 9.1, and 8.4 % from
the third to twelfth dlay of observation. consecutively.
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effect o,f IAA was not altered. That is, at low 1oa
levels -of gibberellin, it was the amount of autxin
which regulated abscission. This effect with 10-4
yg of IAA was surprising. It was pointed out
previously that low levels of auxin seemed to accel- 80
erate abscission. Since 10-4 and 10-2 ,ug of GA
promoted abscission in the absence of IAA, and
10-4 jig of IAA 'tended to increase abscission, it

10-4 ~~~~z60wa,s expected that treating with 10- g of IAA + 0
10 ,jug of GA would accelerate absoission, buit they XP
did not. Apparently the low concentrations of IAA U

and GA functioned in an opposing manner, just as m
did the highier concentrations of the 2 hormones.

Higher levels of GA tended to overcome the
abscission delaying effect of IAA (fig 4). One ug
of GA accelerated abscission in the presence of 20
10- M IAA, netitralizedl the retarding effect of
10-2 ,Mg of IAA, and shortened the retarding effect
of 1 ,ug of IAA. With 1 Mug of GA, 1 Mg of IAA
retarded abscission until the twelfth day, but then the
GA effect became dominant and 50 % of the midribs
ahscised by the sixteenth day. TIhe length of time
that 1 Mg of IAA retarded abscission shortened as o00
the concentration of GA increased, until levels of
GA were reached which totally overcame the IAA
effect. \Vith 2 and 4 Mug of GA, IAA retarded
absciissilon for 9 and 3 days, respectively (fig 5). 80
Then abscission proceeded btut, like 1 Mjg GA + 1 Mg
IAA, at the slower rate than controls. However,
8, 16, or 32 Mg of GA + 1 Mug IAA significantly z
decreased the time to 50 % abscission compared to o 60
the conitroils, similar to the effect observed with n

Qlower concenitra;tions of GA in the absence of IAA m
(fig 5). Therefo,re, the higher concentrations were 40
able to overcome comp,letely the IAA effect.

When 32 jg was added to the open midrib of
an intact leaf, 50 % abscission was not reached
until 10 (lays. Apparently, the intact leaf stupplied 20

FIG. 6. (Upper) Abscission effects of 1 Ag IAA 2
applied to each debladed midrib on seedlings at different
tinme intervals after leaf removal. The time in hours
when IAA was applied after lea-f removal was: 1) 100
12, 2) 24, 3) 36, 4) 48, 5) 60, 6) 72, and C) Control
(plain agar applied immediately on leaf removal).
LSD values were 3.6, 6.7, 8.6, 8.0, and 8.0 % abscission
at the 5 % level from fourth to eighth day of observa-
tioIn, consecutively.

FIG. 7. (Middle) Abscission responses to 1 ,ug IAA
applied at different time intervals following a zero z
hour application of 1 jug of GA to debladed midribs 0 60
on seedlings. The treatments were: 1) GA applied at CI
zero hotur, 2) IAA applied 36 hours after GA, 3) IAA Q

applied 24 hours after GA, 4) IAA applied 12 hours <: 40
after GA and C) control. LSD at the 5 % level was
10.9, 12.6, 14.8, 10.5, 12.2, 11.9, 19.0, 18.6, and 21.5 %
from the third to twelfth day, consecutively.

FIG. 8. (Lower) Abscission respoiises to GA and 20
IAA in the presence of Barban. The treatinenits were:
1) IAA or IAA + Barban, 2) GA + Barban, 3)
GA, and C) plain agar or plain agar + Barban.

DA Y S

D A Y S

356



LEWIS AND BAKHSHI-HORMONAL INTERACTIONS IN ABSCISSION

Table III. Summary of GA/IAA Balance in Abscission

Time to
IAA GA 50 % abscission

ug/leaf ug/leaf days
10-2 1 5
1 1 16
1 8 4
1 32 3

Intact leaf 32 10

more atuxin to the a'bscis,sion zone tthan 1 ug of
IAA in agar.

These experiments clearly demonstrate (talble
III) that the balance of GA 'and auxin-not the
concentration o,f 1 hormone-is the critical facto'r
in the control of absci,ssion by these 2 hormones.

Two-Stacge Effect on Debladed Midrib. When
1 jug of IAA was aipplied 12 hours after leaf re-

moval, ,abscission was typically retarded; however,
at all 'later times, 'the rate of albscission of some

leaf midribs was accelerated ('fig 6). When 'the
IAA was 'applied at 24 or 36 houlrs, a-bout 50 % of
the midribs abscised by the fifth day, compared to
40 % of 'the 'controls and only 4 % oif the 12 hour
IAA itreated. When the IAA was iapplied at 48 or

60 hoturs, about 70 % abscised 'by the fifth day
while the 72 hou'r 'application caused 90 % absciission
in 'the 'same time. There are 'severall significant
points about these data which should 'be noted:
A) unlike the explan't, there is a 2-stage effect wiith
th'e debladed mi'drib; B) the similarity between the
24 and 36 ho-ur 'and 48 and 60 hour treatmenits
suggests some type o,f diurnal effect, i.e., the re-

sponse was evident only 'at 24 hour points; and
C) it appears that ithe midribs do not all 1reach
stage-2 at 'the same 'time-50 % 'by 24 h'ours, 70 %
by 48 houirs, and over 90 % at 72 hours. Those
which have 'not reached 'stage-2 ait the time of IAA
treatment can respond to IAA, and they did not
ab'scise for 'the duir,ation of the experimen't. Those
whic'h 'have reached stage-2 abscise more rapidly
when treated wi'th IAA.

Since there seemed to be a persi,stent GA-IAA
interaction in these experiments, a gttidy was done
to 'see how deliayed applications of IAA wouild
affec't 'the GA response (fig 7). One ug of GA
applied alone cautsed 'its typical acceleration of
absci'ssion, biut application's of 1 ug o,f IAA as late
as 36 houtrs after deblading delayed abscission of
some petio'les. The 12 houtr application of IAA
wias very similiar.to 'the 'simultaneous application of
2 pg 'o'f GA and 1 ug of IAA ancd there was almost
uo a'bsci'ssion until about the ninth day. When
IAA was applied 'after 24 hours, 45 % of the sec-

tions ab'sci'sed by the fourth d'ay compared with
10 % for 'the controls, 'btit there w'as no further
abscission un'til the ninth 'day. When IAA was

applied after 36 hou'rs, 65 % o,f the sections abscised
by the fourth day and there was no further aibscis-

silon until the ninth day. In all 3 treatments, ab-
scission proceeded after the nin,th day, but at the
sliower rate (fig 3).

As was observed in figure 6, all of ithe abscission
zones did not become irreversibly engaged in the
abscission process at once. Apparently, none are
committed to. abscise at 12 hours with or without
GA, ais IAA applied at this time strongly delayed
abscission. Since the 24 hour IAA application
could not prevent the subsequent abscission oif 40
to 50 % of (the midribs, it would seem thiat abotit
one-half of the midribs are i,rreversibly committed
to abscise 'by 24 hoturs after deblading. This figur'e
seemed to be the same in the presence or absence
oif exogenous GA. Even though GA did noit in-
crease the rate of oommiitment to iabscise up to the
24 houir poinit, it did accelerate the iralte at which
committed midribs completed the abscission process.
Withotut GA, ithe group committed to. abscise dulring
the first 24 hotirs did so within 5 days, while onily
3 days were required with GA. By 36 hours, GA
increased the percentage irreversibly committed to
abscission it;o about 65 %, compared with 'about
50 % in the absence of GA.

The effeot 'of GA ion a'bscission was further
characterized by the persi;stence of the hormone.
In the a'hsen'ce of GA ahscission of debladed midribs
was not resumed, once ;it was istopped by the
delayed application of IAA, but with GA, IAA re-
tarded abscission for aboutt 5 days and tlhen it
restumed.

Phenylurethane Effect of Abscission. Beciatuse
of the an'ti-gi'bbereltin effecit of phenyluirethianes
recenitly reported by Yting and Miann (23), Barban
and CIPC were tesited for their effect on absci'ssion.
CIPC had no effecit bhut Barban, which i.s o'ften
more potenit than, CIPC, eliminated the 'accelerated
abscission normally caused 'by GA (fig 8). Barbail
did no,t affect either the absc'i'ssion of conitrol 'tissule
or the IAA inhibition of abscission.

Discussion

The interactions o'f GA 'and IAA indicate that
the balance of the 2 'ho'rm'ones, not 'the absolute
quanftity of either is th'e primary f'actor in their
actions on abscissi'on. The 'importance of 'their
balance wa's demonstrated by the increased concen-
trations of GA required 'to overcome increasing
concentrations o,f IAA. At low 'levels of GA, the
IAA effeot was dominant, btut 'ait higher levels o'f
GA, the GA effect 'controlled abscission. How GA
anid IAA mighit compete for control 'of abscission
will not be clear unti'l mtuch more is known about
the individtual mechanism's of action of 'plant 'hor-
mones.

One interaction of GA and IAA which shotuld
be disctussed is th'at observed when 1 ug of GA is
combined with 1 ptg of IAA. In thi's sittiation, the
IAA delay of abscission persisted f'or a few days,
btut then abscission continued at the slower rate
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(fig 3) just as if the su,pply of IAA had been
phy's'icalily removed from the debla)ded midrib. Per-
haps GA has done ju,st ithiat by causing a deteriora-
tion of the transport system in the manner suggested
for ethylene by Burg and Buirg (5). Either the
suipply of IAA has been cut off from the abseission
7one 'by fauTlty transport or else the presence of
GA has stiumlated the accumullation of some factor
that catuses the 'ceIlls to act as if 'there were no IAA
there, and abscission follows. It woulld seem reason-
able 'to expec:t that this uinknown factor m'ight be
an enzyme or group of enzymes since the role of
gi.)bberel,lin as a stimul'laitor of enzyme synithesis is
well documented (7, 21).

Ce'rtain segmen'ts of 'the responses seen 'in ab-
scission can be expliained 'by mech,anism's of ntcleic
acid synthesis. Results of severail workers (9, 12,
16) indicate that tne action o.f IAA depends on1
contintued svnithesis of imRNA becautse of a 2 or
3 houir half-ilife o'f 'the template material, btut that
TAA dloes n'ot de-repress a genome for synthesis of
a mRNA containing new informaition. If the
argutment -is presented that IAA represses synthesis
of a'bscission inducing mRNA, then GA or just the
absence of IAA (e.g. the conitrols) must de-repress
this system to induce abscission. Butt Barban
blocked only the GA accelerating act,ion not the
abscissi'on o'f central midribs. This expilanation
nieedls 'a (Ie-repression svstem in'dependen't of GA
and one dependent on GA. This may be possible
butt ilt seems cuimbersome.

Finally, other workers have clearly demonstrated
that protein synithesis is essen.ti,al fo'r IAA action
(15), and Winter and Thimann (21) reported that
JAA was bound to the pro'tein fra!otion in colleoptile
sections. Sarkissian and Daniel (20) have also
suiggesteid an iallosteric protein-IAA mechanism for
the very rap d response observed in the IAA sbimu-
l,at-on of oxidative phosphorylation. Recently, Sar-
kissiani (19) reported an in vitro system where
TAA redutced ithe number of protein bands observ-
able on an electrophoretic plate. He suggested this
may resulit fro,m an allosteric protein-TAA effect.
Stuch an IAA-protein complex 'could prov)ide the
enzymaltic conltrol of abscission if 'the protein accel-
erated abscission in 'the absence of TAA and re-
tarded abscission in its presence.
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