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Summarv. Ethylene xx'as found to have no influenice on atlxin transport in hypo-
cotvls of Heliantihlis (laiii1o1ts and Pliascolins zvidgaris: coleoptiles of ZcaC 111u'1as;
petiole sections of Gossy/tniaa Iirsiutumzl, Phlaseoluis ildgaris, alnd Colcons bloiiiiei. In

the experiments described here, the tissues uvere treated xvith ethylene only duriiig the 3

hours of polar tranisport. This short treatment is in conitrast to the mnethods of others

who found an effect of ethylene on auxin transport when plants grovn in ethylene are

used as experimental tissues.

Zin-merir,aii and(I \Vilcoxon (19) wNere the first to
showv that midloleacetic acid (IAA) stimulate(d ethy-
leine pro(luctioni \Xlieul they rel)orted that a tomato
plant treated xvith a laniolini paste containing IAA
)rodluced ani emaniationi t'hat caused an epinastic re-
spqomie in Cli copo/i'odooo (lbnzsl lplanlts. This observa-
tioni ha1s been conifirmiied recently by otlhers (3,6, 15),
.eeisuring ethvleine production bV gai chromatographx

an(l using a vtri2cv of pllailts as test material. In
ani earlier paper (2) xx-c presented evidence that eni-
logenous as wvell as externally supplie J TNA may
regulate ethylene production fromi Iplai)t tissue. Unltil
recently (5, 6 16), the reverse effect, that of ethylene
oni auxiin n-etabolisi-mq alncl physiology. lhas been re-
portedl in relatively fewx papers (4. 10, 14, 18).

\Ve are reinvestigating the effect of ethylene on
auxin tranlsport because others have tised aln inhibition
(11, 16) or alterationi (10) of auxinl transport to
explain the phlsiological effects of ethylene. For
exanmple, Hall and A1orgaii (11) founld( that greater
anvounts of IAA oxidaFe wvere extracted froml ethv-
le--treited versus control plants. They p stlulated
that the inicreased activity of the oxidate prevented
the auxini fronm reachiig the al scission zonie and that
loNxcredl auxin levels in turn permitted leaf abscission.
Bv mea.surinig auixin tranlsport through a varietv of
pl-ant strtuctures such as coleoptiles. hvpocotyls, an(l
petioles, it shouldl be l)osil)le to determiinie if ethylene
enihanices oxidase levcls in vivo. If increased levels
of oxidase are acting in ethylene-treated sectionis,
then less auxini should gbe collectedl fromli the bottom
of treatedl sections. Inhibition of growth (5, 6) and
geo,tropism (6, 8) by ethylene are other ex'-mples that
implicate ani effect of ethylene on auxin tranisport.

In this report xve wvill pr.senit evidence that ethv-
kcne has no s g,'ificant effect oni auxiin transport when
tissue sectionis are niot pretreatelxvith ethylenle.

Materials and Methods

Five plalnt species \vere choseni for the experi-
menits, Zea mIar-s L. var. Burpee's Snoxvcrop (corni),
Hcli(anltlh1fs anotlis L. var. Alammioth Rtussian (sun-
flower), Go.assypimn litisitotm1 L. var. Acala 4-42
(cottonl), Pla(lseoluts 7itlgaris L. var. Recl Kicldney

(1 ean), and Colcios bl/uuoiui Beluth, (coleus ). The
method of growing and collectinig corln and slll flox er
wxas alui.ost identical wx ith those described by Gillesp)ie.
aind Thiimiiin ( 8 ) Cottoni andl bean planits xxec e
groxx n in soil in 10-ccm pots tunicler- 1200 ft-c of a
combination of fltlorescenit and incaniescent li,ghts
for 14 hours per (lay at 27°. Coleus plants were
groxvn in the greenillotise in soil. Etiolate(d bean,s
Nvere grown oln miloist verm-iicuilite at 25° and(I harvestedl
after 7 (lays.

Petiole section-s xere collectedI frolmi the micddle
of the petioles of A ) tbe prilmary le-if of 2-week0-old(
beais; 1B) the cotyledoniarv leaf of 3-x\eek-old cotton
pli-nts; and(t C) thle fourth leaf of coleuis, le-tf inumber
onie being the tuppermlost xx ith a p)eticle of 5 Mmll oi-
milore. lHyvpo coty l tissuie fromi etiolatd(l beans W aS
collected julst l elow the crook.

The beta-indoleucetic-2 I4C acidl ( 14C IA )
(specific activity (0.9h m/cin,ole) was tise(l as o0-
taimled froIml Bair(d Atomic Iiicorporated, Camlibridge,
Massachusetts. h'l'e purity of the compl)otlund was
checke(d by paper chromatography ( 17) aid(I the radio-
activitv of the spots was assayeld xxith a stril) sca-nner.
-Ninetv-five p,ercent of the activityvwas associatecl
xx ith a Salkowxs-i- pcsitive -pot that had a R1, similar
to that of ipure IAA.

A-aar cdisks (1.5 ) couttinig '4C IAA xvere pre-
pare l according to t'le mnethodI of 'McCreadv (13).
Activitv of the agar blocks and tissue was mea,.s;ured
b)y a x indowvless floxv coutnter. l'ihe metho(l of pre-
paring sam)ples for coulnting followred es5entially that
of 'McCready (12).

Sections of tissuie 5.7 m loing, apic ?1 o (list:l
end upwxard, wvere set on plain agar clisks (height L.;
nmm, dliameter 5. mnm). Another a-ar dii-k of similar
din-ensic'-s tihat containied 6 X 10( imoles of 14 AJ \A
was set on tol) of the tissne se tions. This coincen-
traticn of ' C IA-A was, the lowvest thnt xwould give
sigIlificant counits ill thle receiver blo -s. THigher
conlcltrationis xvere not used because tlev might iL
terfere wxith eridogencus transport or give rise to a

stimulation of endlogenmus ethylene evolution. Others
(8) has e shoxvn that the concentration of 14C IAA
used here does not cauise a satuirationi of the polar
transport systemii anll probably is xvithini the physi0-
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logical range for transport experiments. During the
time allotted for these experiments no ethylene was
observed in the gas phase above the control sections.
The gas-chromatographic technique used to measure

ethylene is capable of measuring levels as low as

0.05 ppm (0.05 nl C2H4/ml gas phase).
Ten sections with donor and receiver blocks were

set in a glass container that was sealed with a rubber
vaccine cap. When required, 1 ppm ethylene was

injected into the bottles after the last section was set
up. This concentration is maximal for most effects
of ethylene on physiological processes such as growth,
abscission, and fruit ripening (2, 5). Higher con-

centrations usually do not have anv additional effect.
Moist filter paper was placed inside the bottles to
prevent the agar blocks and tissue from drying out.
After 3 hours, donor blocks, receiver blocks, and
tissue sections were collected and pooled into 3 sep-

arate planchets and counted. Evidence that the radio-
activity is associated with the IAA in the receiver
blocks has been dis-ussed by Goldsmith and Wilkins
(9). Each experiment with 3 controls and 3 ethy-
lene-treated containers was repeated 3 times except
those with coleus, which were repeated twice. Data
are presented as the mean of each group, plus or

minus the standard deviation.

Results

Table I summarizes a series of experiments de-
signed to measure the effect of ethylene on polar
auxin transport. There was no observable difference
between treated and control sections using a variety
of plants. In addition, ethylene had no effect on

the amount of activity left in the donor block or in-
corporated in the tissue sections.

Some experiments were performed measuring the
effect of ethylene on nonpolar transport (donor block
basal) on corn coleoptiles and bean hypocotyls. Little
transport was observed (ca. 1-2 %) under these con-

ditions, and ethylene had no effect on the amount of
activity observed.

Discussion

Van der Laan (18) found that 5 to 50 ppm ethy-
lene had no effect on auxin-a transport through Avena
coleoptiles. However, since his experiments were not

performed with IAA, comparison with more recent
experiments is not possible.

Michener (14) reported that IAA transport
through oat coleoptile sections cut from ethylene-
treated and normal pl-nts was the same. In another
experiment he found that 1000 ppm ethylene reduced
auxin transport through pea hypocotyls but he inter-
preted this as due to enhanced destruction of auxin
by ethylene-treated hypocotyls. Hovever it is diffi-
cult to compare his experiments on auxin destruction
and transport because he used intact plants in the
destruction experiments and decapitated plants in
the transport experini-ents. Recently, Burg and Burg

Table I. Effect of Ethylene on Auxin Transport
f3-Indoleacetic-2-'4C Acid; 0.96 mc/mmole, 6 YX 10-10

mole in 60 mm3 1.5 % Agar Disk (10-5 A&).
Ethylene; 1 nl/ml gas plhase, total gas phase 41 ml.

Duration of experiment, 3 hours. Temperature 250.

% Total initial
radioactivity in
receiver blocks*

Plant material Control Ethylene
Zea mays coleoptiles 26.6 ± 4.4 31.2 ± 7.9

23.8 ± 0.2 26.0 ± 5.8
18.6 ± 4.1 18.3 ± 2.6

Helianthus annuus hypocotyl 7.8 ± 1.2 3.8 ± 1.4
3.8 ± 0.2 3.4 ± 03
4.8 ± 1.5 5.8 ± 3 0

Phaseolus vulgaris hypocotyls 15.9 ± 7.2 19.6 ± 8.4
16.8 ± 5.9 12.6 + 4.5
16.7 ± 6.0 156 ± 0.6

Gossypium hirsutum petioles 3 5 ± 2.5 4.1 1 2
2.9 ± 0.9 3.4 ± 10
2.5 ± 1.0 3.9 ± 1.4

Phaseolus vulgaris petioles 2.6 ± 0.2 2.6 ± 0.8
3.0 ± 1.0 1.8 ± 0.1
2.0 ± 1.2 1.3 ± 06

Coleus blumici petioles 28 ± 1.0 2.8 ± 1.6
1.3 ± 1.1 1.1 ± 0.2

* Plus or minus standard deviation.

(6) and Morgan and Gausman (16) reported that
ethylene did not stimulate the destruction of 14C IAA
in pea anid cotton sections, respectively.

Although no evidence was presented, Borgstr6m
(4) advanced the idea that "under the influence of
ethylene, auxins are assumed to be spread laterally
throughout the tissue, which implied that the phloem
loses the capacity for retaining the growth hormone."
Guttenberg and Steinmetz (10) failed to substantiate
Borgstrom's theory as they were unable to find any
difference in the inward spread of auxin applied on
the surface of ethylene-treated and control oat coleop-
tile sections. Guttenberg and Steinmetz (10) also
measured the effect of ethylene on auxin transport
through 2-mm portions of Avena coleoptiles using
the auxin diffusing from coleoptile tips as the source
of hormone. In contrast to the results published by
Michener (14) they found that coleoptile sections
cut from ethylene-treated plants inhibited the flow
of auxin into agar receiver blocks. They obtained
similar results with Helianthus annunts and Phaseolus
viilgaris.

More recently Morgan and Gausman (16) con-
firmed Guttenberg and Steinmetz (10) observations.
They found that auxin transport through sections of
cotton and cowpea (Vigna sinensis Endl.) stems cut
from ethylene-treated plants was reduced when com-
pared to controls.

In experiments similar to those reported here,
Burg and Burg (5, 6) found no effect of ethylene
on auxin transport through pea, corn, or sunflower
sections in a 3-hour period. Repeating Morgan and
Gausman's (16) experiments they found that the
inhibition of auxin transport first became noticeable
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after 4 to 5 hours of ethylene fumigationl and was
almost complete after 18 hours.

An inhibition of auxin transport throug'h sections
cut from ethylene-treated planits has been observed
by all workers (6, 10,16) except Michener (14).
However, Michener's (14) experimrents are difficult
to interpret because he did not indicate the length
of time he incubated his oat coleoptiles in ethylene.

Results presented here, and those of Burg and
Burg (.5,6) indicate that there is no effect of ethy-
lene oni auxin transport when the gas is supplied
during the transport experiment.

In sumnmary, most workers have found that when-
plants are grown in ethylene their auxin transport
system is altered. On the other hand ethylene has
no effect on 3-hour auxin transport ex7eriments with
normal -tissues. It seems reasonatble that an ethylene
furrigation that inhibits growth would be difficult to
analyze in terms of subsequent effects on auxin
transport; that is, it is hard to distinguish betweeni
auxin transport in tissue whose normal growth has
been inhibited and any special effect of ethylene on
the transport system itself.

The best example of an experim2nit that shows
that the physiological response of plant tissue to
ethylene is due to an interference of auxin move-
ment has been presented by Burg and Burg (6).
They found that ethylene inhibited the geotropic
curvatu,re of pea sections within an hour after the
presentation of a geotropic stimulus and that ethy-
lene almost imn-ediately inhibited lateral transport of
14C IAA in this tissue. They also reported that ethy-
lene would inhibit the growth of pea-stem sections
after a 3-hour lag. If the inhibition of growth was
due to an inhibition of IAA transport, then it should
have been observable within the time alloted to these
expe.riments. It is apparent that some explanation
other than an inhibition of auxin transport will have
to account for the inhibiting effect of ethylene on
pea-stem growth.

AMorgan and Gausman (16) cite their experinments
as supportin-g the idea that an inhibition of auxin
transport by ethylene accounts for the action o'f ethy-
lene on abscission as well as other formative effects
of the gas. It is well known that IAA prevents ab-
sciSsion. Fresumably 'then, restriction of atixin
transport by ethylene that in turn reduces auxin levels
in the petiole could account for the abscission-stimu-
lating effect of ethylene. Howvevcr. ethvlene had no
effect on the auxin transport ex-eriments with bealn,
cotton, and Coleucs petiole sections re rorte-l here.
Recent experiments (2) suggest an alternative hy-
pothesis as to how ethyleie stin-ulates abscissivoi.
We have found that inhibitors of proten synthesis
such as actinomycin I) and cycloheximide prevent
abscission anid that ethylene is capable of sti,-rulat-
ing RNA and protein synthes:s in the separation
layer of bean explants. These results suggest that
the role of ethylene, in abscission at least, is not to
prevent auxin transport, but to act as an effe-tor
substance in a specially sensitive region of the plant
leading to the formation of protein specifically re-
quired for the abscission process.
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