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Abstract

Besides retarding expansion growth paclobutrazol stimulates the root forming process both in in-
tact plants and stem cuttings.

The promoting effect on the rooting process in primary leaves of treated plants was not observable,
the formation of root primordia was definitely inhibited in petioles. This inhibition can be overcome by
IBA, ABA and ethylene-generator treatment, and all the three cases the initiation of root primordia can
be prevented by STS pretreatment.

Results are discussed in connection with the endogenous IAA content and ethylene production of
bean plants.
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Introduction

Stimulation of root formation is a known side effect of plant growth retar-
dants.

The triazole derivative paclobutrazol (PP333) is also characterized by such ef-
fect both in intact plants and stem cuttings (STerrens et al., 1983; LEnz, 1984; STEF-
rENs and WanG, 1984; Davis et al., 1985; Sesanex et al., 1991).

PP333 originally had been developed as fungicide, but today it is used as a po-
tent growth retardant which is active in a wide range of plant species (LEVER, 1986)

The retarding effect of PP333 on shoot growth is generally explained by the in-
hibition of gibberellin-biosynthesis (Darzier and Lawrence, 1984; Heppen and
GRrAEBE, 1985; Lever, 1986; Graese, 1987). In connection with the rooting process
its effect on the indole-3-acetic acid (IAA) metabolism should also be taken into
consideration since it is generally well accepted fact that IAA has an important role
in rooting process (Torrey , 1976; HartmaN and Kester, 1983).

Since the stem-thickening effect of retardants in the basal part of the stem is a
characteristic ethylene effect as well, in the induction of rooting the production of
ethylene may be also important.

In our present work we investigated the IAA content and its distribution, the
ethylene production of the hypocotyls and primary leaves of beans treated with
PP333 in connection with their rooting capatity.
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Material and Methods

Seeds of Phaseolus vuigaris L. c. v. Juliska were soaked in a paclobutrazol (ICI, USA) solution
containing § mg- 1-! of the active component in a thermostat at 25 °C. On the 3rd day they were sowed
into garden mould. The plants were grown under controlled conditions (CONVIRON Cabinet model
EF7, equipped with 4 x 50 W Sylvania incandescent lamps, at 25/20 °C day/night temperatures respect-
ively, 16 h illumination with 21 Wm-? and 65% relative humidity). The IAA-content and ethylene produc-
tion of the hypocotyls was measured in six-day-old plants, while that of the primary leaves in fourteen-
day-old ones. The hypocotyls were divided into two parts of the same length, in the case of leaves the la-
minae and petioles were separate and the amount of IAA was determined separately in both parts.

Measurement of IAA-content: the IAA-contents of hypocotyls and that of primary leaves were de-
termined after extraction with 80% cold methanol.

The extract was evaporated to dryness under reduced pressure, then it was purified and fraction-
ated according to the method of KaMisaka and LARSEN (1977). The amount of IAA present in the final
acidic ether fraction was measured by the indolo-a-pyrone fluorescence method (KNEGT and BRUINSMA,
1973; HEMBERG and TILLBERG, 1980) with a PERKIN-ELMER spectrofluorimeter.

Losses of IAA during extraction and purification were estimated by adding a known amount of
[2-4C)-IAA (Amersham, U. K., 120 GBg/mol IAA"") as an internal standard.

Measurement of ethylene-production: ethylene was measured by a gas chromatograph fitted with a
flame ionization detector and an alumina column. Plant parts were enclosed in 20—100 ml gas tight
flaske and samples were withdrawn from the flask with a Hamilton gas-tight syringe and analysed iso-
thermally after 6-h-incubation.

All experiments were repeated at least three times and measured 5 parallel samples.

In the experiments on root formation stem and primary leaf cuttings were immersed in fourth
strength Hoagland nutrient solution supplemented with 1 ml of complex solution of micronutrients.

In order to promote rooting the primary leaves were evenly moistened with 1 ul of 1 mg/l indole-3-
butyric acid (IBA, Reanal) and abscisic acid (ABA, Sigma) solution containing 0,05% TWEEN 80 as a
detergent.

The ethylene treatment was carried out by ,Rol-Fruct” an ethylene-generator, contaning 40%
2-chloroethyl-phosphonic acid (Chinoin Co., Budapest). 0,04 ug of agent was spread over the entire sur-
face of one leaf.

0,1 mM silver thiosulfate (STS, O,1 mM AgNO:y + 0,1 mM sodium thiosulfate) was applied to in-
hibit the effect of ethylene.

Fig. 1.: Effect of PP333 on the growth of six-day old Phaseolus vuligaris cv. Juliska seedlings. (Left:
control, right: treated plants)
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Results

The effect of PP333 treatment on growth of bean seedlings is presented in
Fig. 1. and Table 1.

Besides retarding expansion of shoot growth, stimulation of stem-thickening,
richer and longer roots are the main morphological differences between the treated
and control plants.

From the point of view of the retarding effect on shoot elongation and the
stimulating effect on root growth first of all the knowledge of the effect on [AA
content is important.

The results are summarised in Table 2.

In the hypocotyls of PP333 treated plants the total IAA content is higher than
that of the control, but the distribution ratio between the apical and basal part was
changed comparing to the control. This new proportion is favourable only for root-
ing process but disadvantageous for elongation growth of the shoot.

Table 1. Effect of paclobutrazol on the growth of bean plants (Data of six-day old plants)

hypocotyl root
length diameter fresh weight  dry weight length of  fresh weight  dry weight
mm of basal part B mg primary root g mg
mm mm
Control 108,8+11,2 3,1+0,2 1,0524+0,290  55,5+5,1 110,21+11,50 0,464+0,029 41,461%5,05
Treated 37,9%12,1 52403  0,534%0,190 33,7459 1944011430 1,0271£0,040 56,88+7,16

Table 2. Effect of paclobutrazol on the IAA content and quantitative distribution between apical (A) and
basal (B) parts of hypocotyls

Control Treated
A B A B
ng IAA/hypocotyl part 1,8+0,5 2,404 2,2+0,6 4,910,6
ng IAA/fresh mass 2,710,2 3,6%+0,5 3,710,5 7,2%0,6
distribution in % of 42,85 $7.15 30,98 69,02

the total quantity

Table 3. Effect of paclobutrazol on the ethylene production of the apical (A) and basal (B) parts of bean

hypocotyls
Control Treated
A B A B
ethylene nl/hyp. part/h 0,093+0,008  0,087£0,006 0,0031+0,0001 0,052710,004
ethylene/g fresh mass/h 0,1301:0,040 0,110+0,030  0,070£0,0100 0,12001£0,030
distribution of ethylene
production between A and B 51,7 483 5.4 94.6

parts of hypocotyls as %o
of total ethylene release
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In the effect of PP333 on the ethylene production of hypocotyls (Table 3.) the
effect on the total ethylene production is not so striking than the difference between
the levels of ethylene formation in the apical and the basal parts.

In the primary leaves of PP333 treated plants an increase in rooting capacity
was not observable, on the contrary the formation of root primordia were definitely
inhibited in petioles (Fig. 2.). After PP333 treatment the distribution of IAA bet-
ween petiole and blade was changed (Table 4.).

Fig. 2.: Adventitious root formation of detached primary leaves of PP333 treated bean plant

Table 4. Effect of paclobutrazol on IAA content and its distribution in blade and petioles of bean leaves

Control Treated
blade petiole blade petiole
ng IAA/leaf part 3,5%0,6 3,21+0,5 7,810,6 3,1£0,6
ng IAA/g fresh mass 4,4%0,1 8,61+0,4 9,7£0,5 6,210,8

distribution in % of
the total IAA quantity 52,23 47,77 71,55 28,45
between blade and petiole

Table 5. Effect of paclobutrazol on the ethylene production of the blade and petiole of bean leaves

Control Treated
blade petiole blade petiole
ethylene nl/plant part/h 0,79010,07 0,05201%0,01 2,690+0,62 0,031010,01
ethylene nl/g fresh mass/h 1,78010,67 0,540010,02 7,15010,43 0,690010,02
distribution of ethylene
production between blade 93.8 6.2 98.9 Il

and petiole as % of total
ethylene release
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The quantity of ethylene production is also changed in the blade and petiole; in
the petioles of primary leaves of treated plants only a lower ethylene production can
be measured (Table 5.).

The inhibiting effect of PP333 on rooting of primary leaves can be overcome by
IBA (Fig. 3.), ABA (Fig. 4.) and ethylenegenerator (Fig. 5.) treatment, and in all
three cases the inhibition can be restored by STS.

Fig. 3.: Effect of IBA on the adventitious root formation of detached primary leaves of bean plant pre-
treated with PP333.

Fig. 4.: Effect of ABA treatment on the adventitious root formation of detached primary leaves of bean
plant pretreated with PP333.
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Fig. 5.: Effect of ethylene-generator (E) treatment on the adventitious root formation of detached pri-
mary leaves of bean plant pretreated with PP333.

Discussion

Hormonal regulation of root formation was studied in bean hypocotyls and
primary leaves treated with PP333.

In the hypocotyls of treated plants positive correlation can be observed between the
effect of rooting capacity and the change of IAA distribution.

The higher IAA content measurable in the basal part of hypocotyls is advan-
tageous for the induction of rooting process. The change in the IAA content in-
volves the change in the ethylene production as well because of the known effect of
auxin on the ethylene production (SHinco and Imaseki, 1971; Burg, 1973; Lau and
Yung, 1974; MaLLocH and OsBornE, 1976).

The ethylene production of hypocotyl parts correlates well with their [AA con-
tent. The higher ethylene production in basal hypocotyl parts is advantageous for
the root initiation and this is the cause of the stem-thickening too, observable at the
basal part of hypocotyls which comes into beeing by stimulation of lateral expan-
sion of the cells (Camp and WickLirr, 1981; PinFIELD et al., 1984).

The PP333 treated primary leaves contain higher IAA amount than that of the
control. Inspite of this root initiation is inhibited. The reason of this phenomenon
may be partly the changed IAA-distribution in the primary leaf between the blade
and petiole, on the other hand the high cytokinin content because of the treatment
with a triazole derivative (FLETrcHER and ArnoLD, 1986; Grossmann et al., 1987; lzu.
mi et al. 1988) don’t make possible the advantageous IAA/cytokinin ratio for root-
ing. In the originating of favourable ratio ethylene has an important role by decreas-
ing the cytokinin level (Van Stapen et al., 1987; Borimark and Eviasson, 1990), but
the ethylene amounts produced by PP333 treated leaves are not sufficient to this.
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According to our results ethylene is primely important in this system, because
the hormones which are capable of increasing the ethylene production of leaf blade
and petiole are effective in promoting the formation of adventitious roots.

Besides the ethylene-generator ,,Rol-Fruct”, abscisic acid (ABA) is also suitable
to increase the ethylene production because the higher ABA level brings about hi-
gher ethylene production (Mavak and DiLLey, 1976; GoRreN, 1979; LIEBERMANN et
al., 1977; SackE et al., 1980; WricnT, 1980; Riov et al., 1990). Otherwise PP333
treatment decreases the endogenous ABA level in the leaves (WanG et al., 1987; Bu-
1A and SpauLDING, 1991).

The effectiveness of IBA in initiation of root primordia may be due to the in-
duction of high ethylene production in the region of adventitious root formation
(Riov and Yana, 1989). Effect of IBA on decreasing of cytokinin level in petioles
(BripGaLL and VAN STADEN, 1985; BoLimark and ELiAssON, 1990) may be connected
with the great ethylene production too.

On the bases of our results ethylene can play a key role in this system in the orig-
ination of IAA/cytokinin ratio advantageous for the root forming process. Our
suggestions are supported by the effect of Ag*, an inhibitor of ethylene action
which can prevent the stimulation of root formation in petioles of all three applied
hormones.
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