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Abstract

The synergistic effect of plant growth retardants, such as daminozide, paclobutrazol and triadimefon, and of
indole-3-butyric acid (IBA) on the formation of adventitious roots in hypocotyl cuttings of mung bean was
studied. The three retardants and IBA all stimulated adventitious root growth, but IBA was the most effec-
tive. However, mixtures of the retardants with IBA have proven generally more effective than IBA alone in
promoting adventitious root formation . When IBA was applied to the hypocotyls one day after cutting pre-
paration followed by the growth retardant on the second day, there were even more adventitious roots pro-
duced than if applied in the reverse order . The effectiveness of the treatments were in the order, IBA followed
by growth retardant, IBA + growth retardant together, and IBA alone .

Abbreviations : IBA = indole-3-butyric acid ; GA = gibberellin

1. Introduction

		

enhancing the adventitious rooting achieved with
IBA alone .

Indole butyric acid (IBA) is one of the most widely
used rooting promoters [4], but plant growth retar-
dants may also promote the formation of adventi-

	

2. Materials and methods
tious roots. For example, triadimefon affected
mung bean rooting [8], paclobutrazol affected mung
bean [15] and bean [3], and daminozide stimulated
Protea rooting [2], but the magnitude of effect of
the growth retardants was less than that of IBA . A
proposed scheme of event associated with various
phases of adventitious root formation has been sug-
gested by Jarvis [13] : the induction phase of root pri-
mordia is promoted by IAA accumulation and the
early initiation phase of root primordia is inhibited
by GA. Since growth retardants inhibit the biosynth-
esis of GA, it was thought that IBA and growth retar-
dants could have a synergistic effect on rooting when
applied simultaneously or sequentially. The present
study attempted to clarify the relationship between
IBA and growth retardants on the development of
adventitious roots, and to develop methods of
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Mung bean (Phaseolus aureus L .) seedlings were
grown from seeds at 27 ± 2 °C in the dark for
48 h, and then transfered to an incubator for 3
days. The experimental condition were : 12 h light
each day; light intensity 30 W/m 2 ; temperature
27 ± 2'C; relative humidity 80%. For maximal
uniformity the cuttings were selected according to
height, hypocotyl diameter, size of leaf and cotyle-
don. Material was prepared by cutting the seed-
lings 4 cm below the cotyledons. The cuttings
were dipped in 3 .5 cm deep solutions of damino-
zide, paclobutrazol or triadimefon alone or in combi-
nation with IBA respectively, at various con-
centrations. The bases of the cuttings were then
washed with distilled water in order to remove excess
chemicals from the surface . The cuttings then were
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3. Results

3.1 Application ofplant growth retardant and IBA
combinations

Daminozide at concentrations ranging from
10-5M to 10-3M slightly increased adventitious
root development, but 10 -2M was much more
effective . As compared with daminozide and IBA
applied alone, a mixture of daminozide and
10-4M IBA strongly increased the formation of
adventitious roots (Fig . la) .

Concentrations of paclobutrazol from 10 -7M to
10-4M slightly increased the number of roots, with
increasing concentration (Fig . lc). Mixtures of
paclobutrazol with 10 -4M IBA treatment signifi-
cantly increased adventitious root number, particu-
larly at concentration between 10 -7M to 10-5M.
This data confirms previously reported informa-
tion [15] .

80

0

(a) Daminozide

+IBA

•

z---T- 1-,BA '

I

	

I

	

I

	

I
0

	

10-5

	

10 -4 10-3 10-2 0

(b) Triadimefon

+IBA

T •
T

	

T' • -IBA

,

(c) Paclobutrazol

+IBA

1 T
-IBA

I-,,

10-7

	

10-6

	

10 -5 10-4 0

	

10-7 10-6 10-5

	

10-4

Concentration of growth retardant (M)

Fig . 1 . Effects of different concentration of growth retardants alone or in combination with 10 -4M IBA on the rooting of hypocotyl
cuttings of mung bean seedlings .

maintained in wet sand and watered every day . The
number of adventitious roots were counted 6 days
later . The data presented are the means of three or
four experiments with 15-30 hypocotyls per treat-
ment.

The structure of triadimefon is similar to that of
paclobutrazol and it exhibits comparable growth
regulatory properties . Treatment with triadime-
fon at 10 -5M and 10-4M for 24h significantly
promoted the growth of adventitious roots (Fig .
Ib). Mixtures of 10 -4M IBA with different concen-
tration of triadimefon were much more stimulatory

Fig 2 . Effects of triadimefon alone or in combination with IBA
on the rooting of hypocotyl cuttings of mung bean seedlings .
From left to right: CK; 10 -6M triadimefon : 10 -4M IBA;
10 -6M triadimefon + 10-4M IBA .



Table 1 . Effects of daminozide, pacobutrazol and triadimefon in combination with IBA respectively on the rooting of mung bean
hypocotyl cuttings

Values followed by the same letter are not significantly different at 5% level (Duncan's Multiple Range Test) .

than treatment with either chemical alone (Fig . 2) .
In the treatments concerned, not only more adventi-
tious root were produced, but they were formed
more extensively along the hypocotyl .

These data shown in Figure 1 were obtained
from separate experiments . In order to have a
more exact comparison of promotory effects of
the chemical combinations, the most effective con-
centration of each growth retardant was chosen,
i .e. daminozide at 10-2M, paclobutrazol at 10 -7M
and triadimefon at 10-6M, and a further experi-
ment was set up . Table 1 shows that each growth
retardant combined with 10 -4M IBA significantly
produced more adventitious roots than IBA
alone. Among these combinations, the treatments
of IBA with paclobutrazol or triadimefon were
superior to the IBA plus daminozide treatment,
in respect to rooting .

Thus, it is clear that treatments of all three
growth retardants mixed with IBA were more
effective in promoting adventitious root number
than any of the single chemical treatments, including
IBA.

3.2 Sequential application of IBA and growth
retardants

Chemicals were applied sequentially as indicated in
Table 2. Treatment 1 was the control treated with
distilled water only and this produced few adventi-
tious roots . Solutions were applied on two occa-
sions, firstly between 0 and 24h (first day) after
cutting preparation, and then between 24 and
48 h (second day). Treatment with IBA plus dami-
nozide produced the same effect irrespective of the
time of application, causing more adventitious root
development as compared to controls (treatments 2
and 3). Similar effects were observed from IBA
with paclobutrazol (treatments 4 and 5), and with
triadimefon (treatments 6 and 7). Thus there was
no appreciable difference in root number whether
IBA/growth retardant combinations were applied
on the first or second day .
When IBA and the growth retardants were

applied on different days, significant differences in
the production of adventitious roots were ob-
served . In general, IBA applied on the first day fol-

Table 2 . Effect of mixed or sequential applications of daminozide (10 -2M), paclobutrazol (10 -7M), triadimefon (10-6M) and IRA
(10-4M) applied on different days on the rooting of hypocotyl cuttings from mung bean seedlings

Values followed by the same letter are not significantly different at 5% level (Duncan's Multiple Range Test) .
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Treatment First day Second day Root number/cutting

1 H 2O H2O 7.2 f 2 .2 f
2 IBA + dam H2O 61 .6 f 11 .1 d
3 H 2O IBA + dam 58 .4 f 10 .4 d
4 IBA + pac H2O 66 .1 t 10 .4 b
5 H 2O IBA + pac 63 .1 ± 6 .6 c
6 IBA + tri H2O 69 .8 f 5 .6 b
7 H2O IBA + tri 70 .0 f 4 .2 b
8 IBA dam 69 .0 ± 9 .2 b
9 dam IBA 54 .0 f 8 .7 e
10 IBA tri 81 .0 ± 4 .8 a
11 tri IBA 63 .2 ± 5 .2 c
12 IBA pac 80 .6 ± 7 .1 a
13 pac IBA 54 .2 ± 6 .0 e

Treatment Root number/cutting

IBA (10 -4M) 50 .5 ± 7 .4 d 100
IBA (10 -4M) + daminozide (10 -2M) 61 .7 ± 9 .1 c 122 .2
IBA (10 -4M) + paclobutrazol (10 -7M) 71 .1 ± 7 .8 b 140 .8
IBA (10 -4M) + triadimefon (10 -6M) 75 .5 ± 7 .4 a 149 .1
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Fig. 3 . Effects of different concentration of GA on the rooting of
hypocotyl cuttings of mung bean seedlings treated with 10-4M
IBA, 10 -6M triadimefon, or 10 -4M IBA + 10-6M triadimefon .

lowed by growth retardant on the second day
(treatments 8, 10 and 12) induced more rooting
than applications in the reverse order, namely,
growth retardant applied on the first day and IBA
on the second day (treatments 9, 11 and 13) . The
fact that IBA and growth retardant applied on dif-
ferent days caused a large effect on rooting has not
been reported previously .

4. Discussion

It is well known that the production of adventitious
roots is controlled by growth substances [6, 7] .
Auxins are the main hormones for promoting root-
ing, and play a direct role in this process [9] .
Application of GA has been widely reported to in-
hibit adventitious root formation in cuttings of a
variety of species [1, 14] . In the mung bean hypoco-
tyl, adventitious root development is also inhibited
by GA alone, GA mixed respectively with IBA or
triadimefon, or by both (Fig . 3). This indicates that
GA reduces the rooting induced by IBA or growth
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retardants. Since plant growth retardants inhibit
GA biosynthesis, so decreasing the endogenous GA
levels it seemed likely that such compounds could
enhance adventitious root formation . Indeed this
has been demonstrated in several species [4, 5] .

The synergistic effects of indole, phenylacetic
acid and phenylbutyric acid on IAA-inducing root-
ing have also been reported [10, 11, 12] . In media
enriched with IAA and paclobutrazol, rooting per-
centage of cherry in vitro increased in one species
but was unaffected in another two species [16] .
We found that treatment with IBA plus paclobu-
trazol induced a synergistic influence on the root-
ing of mung bean cutting [15] . The present study
further demonstrated that hypocotyl rooting was
also hastened by the addition of daminozide, triad-
mefon or paclobutrazol in the presence of IBA .
Hence, mixtures of IBA with growth retardant
may induce more rooting than IBA or growth
retardant alone .

According to Jarvis' hypothesis [13], the first
phase (inductive or preparatory phase) of the
regeneration process is essentially characterized
by a lack of cell division . Auxins are accumulated
during this phase . The second phase (early initia-
tion phase) is characterised by cell division and
GA inhibits this process. In the present study,
IBA and growth retardants applied sequentially
were more effective in enhancing the number of
adventitious roots than when mixed together and
applied simultaneously . Whether this is related to
the fact that auxin is sufficient for the first develop-
ment phase and growth retardants are more effec-
tive during the second phase is not clear . Whatever
the reason, it is clear that the sequential application
of IBA and growth retardants was more effective in
terms of the extent of rooting and the number of
roots produced, than when they were applied as mix-
ture or alone.
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