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Abstract. Several inhibitors of ethylene biosynthesis and action, as well as an atmospheric ethylene scrubber, were
used to investigate the role of ethylene in adventitious root initiation in de-bladed petioles from the juvenile and
mature phase of English ivy (Hedera helix L.). Induction of root primordia required NAA regardless of the inhibitor
treatment. Difficult-to-root mature petioles have been shown to produce higher amounts of ethylene than easy-to-root
juvenile petioles. However, mature petioles failed to root under any combination of NAA and inhibitor treatment,
indicating that the continued evolution of ethylene in NAA-treated mature petioles was not responsible for the absence
of a rooting response. Root initiation in juvenile petioles was not affected by treatment with the ethylene action
inhibitors STS and NDE, nor by removal of atmospheric ethylene with KMnO 4. Inhibition of ethylene biosynthesis
using AVG or AOA reduced root initiation in juvenile petioles, but this response was not well-correlated to the
observed reduction in ethylene evolution. The inhibitory action of AVG could not be reversed by the addition of
ethylene gas or ACC, which indicated that AVG could be acting through a mechanism other than the inhibition of
ethylene biosynthesis. Chemical names used: 1-naphthalene acetic acid (NAA); l-aminocyclopropane-l-carboxylic acid
(ACC); silver thiosulfate (STS); 2,5-norbornadiene (NDE); aminoethyoxyvinyl-glycine (AVG); aminooxyacetic acid
(AOA).

Auxin stimulates adventitious root initiation (9) as well as
ethylene production (18) in many plant tissues. However, the
role of ethylene in root initiation is still unclear. Inhibitors of
ethylene biosynthesis or ethylene action have been used as a
means of separating the auxin and ethylene effects on root initiation. Robbins et al. (13), using mung bean cuttings, have
reported a reduction in root initiation with the application of
AVG, a potent inhibitor of ethylene biosynthesis. In a later
report, Robbins et al. (14) treated mung bean cuttings in a recirculating solution system with the ethylene action inhibitors
STS or NDE. They observed no effect on the mean number of
roots per cutting due to a silver pretreatment, but observed a
significant decrease in root initiation using NDE. Linkins et al.
(11) eliminated rooting in 1H-indoleacetic acid-treated bean petiole explants by scrubbing the atmospheric ethylene from assay
vessels using mercuric perchlorate. In contrast, Coleman et al.
(4), using cultured tomato leaf disks, observed an enhancement
in rooting due to either silver nitrate in the medium or mercuric
perchlorate in the vessel. Batten and Mullins (2), however, showed
that neither the inhibition of ethylene action with high CO 2 nor
the hypobaric removal of ethylene had an effect on rooting in
etiolated mung bean cuttings.
In a previous study, debladed petioles from juvenile phase
leaves of English ivy were shown to respond to auxin by forming adventitious roots, while mature-phase petioles respond to
auxin over a wide concentration range by forming callus only
(5). Geneve et al. (6) have also shown a significant difference
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in ethylene evolution from petioles of the two forms treated
with NAA. Ethylene evolution from NAA-treated juvenile petioles subsided from a maximum level at 48 hr after treatment
to near control (no auxin treatment) levels after 10 days. Ethylene evolution in mature petioles was similar to juvenile petioles after 48 hr but continued to increase slowly over the
remainder of the 12-day experimental period. The difference in
the pattern of ethylene evolution in juvenile and mature petioles
during the period of root initiation suggested that root initiation
potential may be related to ethylene biosynthesis and action.
The objectives of this study were: 1) to determine the effects
of several ethylene inhibitors on adventitious root initiation in
debladed petioles of juvenile and mature English ivy, and 2) to
assess the possible role of ethylene in the low rooting potential
of mature petiole cuttings.
Materials and Methods
Debladed petioles from mature and juvenile English ivy were
assayed for their rooting response in vitro as described previously (5). AOA, AVG, and NDE were applied alone or in
combination with 100 µM NAA. AOA and AVG were supplied
in the sterile culture medium. Concentrations of NDE were obtained in the gas phase by the complete volatilization of a known
amount of the liquid phase. The gaseous NDE was injected into
sealed 25-ml Erlenmeyer flasks containing five petioles. The
atmosphere of each flask was vented every 24 hr for 15 min
and then reinfected with the appropriate concentration of NDE.
The NDE treatment was 12 days long. NAA, AVG, and AOA
were present in the medium for 18 days.
Ethylene evolution from AVG-treated petioles was measured
in each sealed flask every 24 hr using a Hewlett Packard 5880A
gas chromatography (6). The flasks were vented for 15 min after
each sampling period and then resealed. Ethylene levels were
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expressed as nanoliters produced during 24 hr, based on initial
fresh weight.
The specificity of AVG action on ethylene evolution in juvenile petioles was tested by adding 100 µ M ACC or 10 µl of
ethylene/liter to petioles treated with 100 µ M NAA + 100 µM
AVG. Ethylene was injected into Erlenmeyer flasks fitted with
rubber serum stoppers. Each flask was vented at the end of each
24-hr period, resealed, and reinfected with the appropriate concentration of ethylene for a total of 12 days. The ethylene produced by juvenile petioles treated with 100 µM NAA + 100
µ M AVG + 100 µ M ACC in sealed flasks was measured using
gas chromatography as described above.
Juvenile and mature petioles were pretreated with 500 µM
STS (distilled water was used as a control) by placing the base
of each petiole of intact individual leaves in
solution. The petioles were pretreated for 5 hr under conditions
to ensure transpiration uptake. The lamina was detached from
the petiole and then the latter was assayed for rooting, as described previously (5).
To remove endogenously evolved ethylene from the atmosphere surrounding the petioles during the rooting assay, Erlenmeyer flasks containing mature or juvenile petioles were sealed
in 240-ml Mason jars fitted with a serum stopper in the lid.
Each Mason jar contained a bed of 30 ml of perlite saturated
with KMnO4, as described by Saltveit (13), or perlite alone as
a control. Gas samples were taken through the serum cap fitted
in the Mason jar lid.
The statistical design for all experiments was a nested classification. The values presented for the mean number of roots
per cuttings were from representative experiments and were the
means for five petioles in each of two replicated flasks.
Results
Treatment with several concentrations of AOA, AVG or NDE
in the absence of NAA did not induce rooting in juvenile and
mature petioles (data not presented). Mature petioles did not
initiate roots when treated with 100 µM NAA plus several concentrations of AOA, AVG (data not presented), or NDE. No
reduction or enhancement of root initiation for NAA-treated
juvenile or mature petioles was observed at the tested concentrations (0 to 6000 ml·liter–1) of NDE, all being in the range
of 7.7 to 8.5 roots per cutting. NAA-treated juvenile petioles
showed no reduction in the number of roots per cutting when
treated with 1 µM AOA or AVG, but, at 100 µM AOA, root
number was reduced from 7.2 to 4.3 roots per cutting (Table
1). Rooting of NAA-treated juvenile petioles was dramatically
reduced to less than one root per cutting when treated with 100
µ M AVG (Table 1).
AVG was an effective inhibitor of ethylene evolution in petioles treated with 100 µM NAA (Fig. 1). AVG at 10 and 100
µM reduced the ethylene concentration of 100 µ M NAA-treated
petioles to the levels of the untreated controls. AVG at 1 µ M
reduced the ethylene concentration to a level between the NAAtreated and control petioles.
Mature petioles failed to initiate roots in response to 100 µ M
NAA with or without the addition of 100 µM AVG at various
times after initiation of culture (Table 2). NAA-treated juvenile
petioles were inhibited from initiating roots when 100 µM AVG
was supplied at day 1. Inhibition of rooting was gradually reduced as the application of AVG was delayed for 3, 6, or 9
days. Petioles with AVG supplied at day 9 had the same number
of roots per cutting as petioles treated with NAA alone (Table

2).
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Fig. 1. Time course for ethylene evolution in juvenile petioles treated
with 100 µM NAA and various concentrations of AVG. Standard
error (SE) range indicates the minimum and maximum SES for the
points in a treatment.

Addition of 10 µl ethylene/liter or 100 µM ACC to NAA +
AVG-treated juvenile petioles at day 0 failed to overcome the
inhibition of rooting caused by 100 µM AVG (Table 3). Juvenile
petioles treated with NAA + AVG + ACC were able to me-
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tabolize ACC, as indicated by ethylene evolution (data not presented).
Juvenile or mature petioles pretreated with STS but not treated
with NAA did not initiate roots (data not presented). Mature
petioles treated with NAA alone or in combination with STS
did not initiate roots (data not presented). STS pretreatment had
no effect on the number of roots per cutting in NAA-treated
juvenile petioles (9.2 roots for STS pretreated and 8.2 roots per
cutting for non-pretreated). However, pretreatment with silver
reduced the characteristic loss of chlorophyll observed in NAAtreated petioles, indicating uptake and action of the silver thiosulphate.
Removal of ethylene from the flask atmosphere with KMnO4
did not affect the number of roots per cutting in NAA-treated
juvenile petioles. NAA-treated juvenile petioles placed in KMnO4saturated jars produced 5.9 roots per cutting, compared to 6.4
roots for petioles in control jars. Both of these treatments caused
a reduction in the number of roots compared to the NAA-treated
controls not placed in jars (Table 1). NAA-treated mature petioles failed to initiate roots with or without the scrubbing of
ethylene with KMnO4. Ethylene was not detected in the atmosphere of KMnO4-treated jars, while measurable ethylene was
detected in the control jars.
Discussion
Cuttings from the mature phase of English ivy have been
demonstrated to be difficult to root (5, 7, 8). In this study, the
possibility that high ethylene production might be involved in
the inability of the mature phase to initiate roots was tested using
inhibitors of ethylene biosynthesis and action. Mature petioles
failed to root regardless of the material used to inhibit ethylene
synthesis or action (Tables 1 and 2). Therefore, the failure of
mature petioles to initiate roots does not appear to be due to
endogenously produced ethylene.
Earlier research indicated that ethylene does not substitute for
auxin in stimulating root initiation in juvenile petioles (6). These
data did not, however, eliminate the possibility that auxin-stimulated production of ethylene had a physiological role in root
initiation. The results presented here showed that several inhibitors of ethylene action had no effect on rooting, while inhibitors
of ethylene biosynthesis (AVG and AOA) had an inhibitory
effect on root initiation (Table 1). These apparently conflicting
results leave the role of ethylene in adventitious root initiation
for juvenile petioles still in question. However, the following
discussion may provide an explanation for these conflicting results.
AVG and AOA are inhibitors of pyridoxal phosphate-requiring enzymes and thereby inhibit the biosynthesis of ethylene by
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blocking the conversion of S-adenosylmethionine to ACC (19).
In NAA-treated juvenile petioles, AOA and AVG were inhibitory to rooting at 10 and 100 µ M , with 100 µM AVG reducing
rooting to less than one root per cutting (Table 1). However,
the inhibition of root initiation by AVG may not be due entirely
to the reduction of ethylene evolution. The reduction in ethylene
evolution was nearly identical for petioles treated with 10 and
100 µM AVG (Fig. 1), while root initiation was reduced to a
much greater extent at 100 than 10 µ M AVG (Table 1). Thus,
the reduction in the number of roots per cutting caused by increasing the AVG concentration 10-fold was not due to decreased ethylene production. This was reinforced by the fact
that inhibition of rooting in AVG-treated cuttings could not be
overcome by adding back ethylene or ACC to NAA + AVGtreated petioles (Table 3). Petioles treated with NAA + AVG
+ ACC were, however, able to metabolize ACC to ethylene in
an apparent normal manner (data not presented). These results
were consistent with expectations, since AVG acts to inhibit the
production of ACC and not the synthesis of ethylene from ACC
(19) and support the results with AVG-treated mung bean cuttings (10, 12). In these reports, ACC was also unable to reverse
AVG-inhibited root formation. On the basis of these results, the
reduction in rooting by AVG may be better explained by its
effect on pyridoxal phosphate-requiring enzymes that are not
related to ethylene biosynthesis but may be important to root
initiation.
The results of delaying the application of 100 µM AVG for
3, 6, or 9 days (Table 2) indicated that the early stages of root
initiation (5) were the most sensitive to AVG inhibition. AVG
inhibition of rooting was lost when AVG was added 9 days after
the start of the assay. The reduction and elimination of AVG
inhibition of rooting as a result of delaying AVG treatment could
be interpreted as indicating an early requirement for ethylene in
root initiation. This conclusion, however, is not substantiated
by the failure of ethylene treatment to overcome the AVG inhibition of root initiation (see above). It may be more appropriate to conclude that the critical early inductive stages of rooting
were sensitive to inhibition of enzymes requiring pyridoxal
phosphate as a cofactor.
Several approaches were used to reduce levels of ethylene or
inhibit the action of ethylene in NAA-treated juvenile petioles:
1) competing for the ethylene binding site with NDE (14, 15),
2) altering the binding site with silver (3, 18, 19), and 3) scrubbing the atmosphere with KMnO4 (1, 15). The results with NDE
indicated no effect on root initiation over the range of concentrations tested. NDE at concentrations similar to those used in
this study has been shown to effectively counteract the ethylene
effect on abscission of citrus leaves (16) and to delay the senescence of carnation flowers (17). Likewise, no effect on root
initiation in juvenile petioles was observed when petioles were
pretreated with STS or when petioles were rooted in a flask
atmosphere with reduced ethylene levels obtained by scrubbing
with KMnO4. These results using inhibitors of ethylene action
and reduced ethylene levels indicate no relationship between
ethylene action and auxin-stimulated root initiation in juvenile
petioles.
Several conclusions can be drawn from the evidence presented in this study: 1) the inability of mature petioles to initiate
roots could not be explained as a simple inhibition of root initiation by endogenously produced ethylene; 2) ethylene was not
required for root initiation in auxin-treated juvenile petioles since
the effect on rooting of various ethylene inhibitors was minimal
(except for 100 µ M AVG); 3) endogenous ethylene production
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does not limit the number of roots per cutting, since there was
no increase in root initiation after inhibitor treatment as compared to the juvenile petioles treated with NAA alone; and 4)
care should be taken in concluding that AVG acts specifically
to reduce rooting by inhibiting biosynthesis of ethylene.
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