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Metabolic changes associated with paclobﬁtrazol induced rootings
in hypocotyl cuttings of mung bean
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Abstract. In comparison to control, paclobutrazol significantly increased number of adventitious roots
on the cuttings of mung bean, however, the chemical reduced length of root and hypocoty! of seedling.
The treated cuttings exhibited increased activities of peroxidase, polyphenol oxidase, acid phosphatase
and protease in the base of cuttings. The highest paclobutrazol-induced promotion of enzyme activity
occurred with peroxidase compared with controls. In contrast, paclobutrazol reduced amylase activity,
soluble sugars, in comparison to control, suggesting that-this enzyme in particular may not be associat-
ed with root formation. The decrease in phenolic compound in treated cuttings were also evident. The
results indicate that enhancement of adventitious root formation by paclobutrazol is accompanied by
changes in enzyme activities and level of chemical constituents which have previously been postulated
to be involved in rooting.
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Introduction

Triazoles has recently emerged as a new .group of
synthetic plant growth regulators. Paclobutrazol [(2
RS, 3 RS)-1-(4 chlorophenyl)-4-4-dimethyl-2-1, 4 tri-
azol-yl-pentan-3-ol)] is an experimental antigibberel-
lin plant growth regulator which reduces plant growth
by suppressing the synthesis of gibberellins and its
effects are reversed by gibberellin application (Davis et
al., 1986). This compound affects several physiological
and biochemical processes in plants including reduction
of internodal length and leaf expansion (Davis et al.,
1986) chlorophyll content (Wood, 1984) and enzyme
activities (Sankhla et al., 1985). Recently, paclobutr-
azol has been reported to induce adventitious root for-
mations in hypocotyl cuttings of some species (Davis et
al., 1985; Bora and Mathur, 1989). The mode by which
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Abbreviations: IAA =Indole acetic acid.

paclobutrazol increased root formation is not clear and
needs investigation.

The changes in enzyme activities and metabolic
constituents are known to occur during the rooting
process and it has been suggested that some of these
enzymes and metabolic constituents may be involved in
root formation (Bhattacharya et al., 1978; Bassuk et
al., 1981; Swarnkar et al., 1987; Bhattacharya, 1988;
Kumar and Kakkar, 1989). The objectives of the cur-
rent investigation was to study the paclobutrazol in-
duced changes in some enzyme activities and metabolic
constituents which may be involved in adventitious
root formation on mung bean hypocotyl cuttings. ,

Materials and Methods

Mung bean (Vigna radiata L.) seeds were surface
sterillized with 0.19% mercuric chloride solution for five
minutes and after thorough rinsing in distilled water,
were transferred to sterilized Petri dishes lined with
filter paper and moistened with 5 ml distilled water.
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Seven seeds were germinated in each Petri dish under
continuous light from fluorescent tubes in a growth
. chamber maintained at 28+2°C. The hypocotyl cut-
tings were obtained after excising roots of 48 h old
seedling. Each seedling consists of hypocotyl, cotyle-
dons and epicotyl with small primary leaves. These cut-
tings were then transferred to Petri dishes containing
distilled water (control) and paclobutrazol (5 ppm)
respectively, and placed under similar experimental
conditions for rooting. Enzyme activities and metabolic
constituents were measured 48, 72 and 96 h after seed-
ling transfer. For each experiment three samples were
taken for biochemical assaying. Rooting and shoot
elongation were evaluated after 120 h. Each set consist-
ed of three replications and seven seedlings in each
Petri dish served as one replication. The experiments
were then repeated twice.

Enzyme activities were measured in the basal 2 cm
hypocotyl section of the cuttings, which is where adven-
titious roots emerged about 58 h after transfer in both
the treatments. Basal hypocotyl sections from the two
cuttings (100 mg f.wt) were used. for each individual
analysis.

For enzyme assays, the basal sections were
homogenised in 0.05 M Tris-HCI buffer (pH 7) contain-
ing 0.001 M EDTA and 0.003 M MgCl, and the extract
prepared as described earlier (Bora et al., 1980).

Peroxidase activity was measured as a change in
absorbance by incubating enzyme with O-dianisidine
and hydrogen peroxide (Shannon ef al., 1971). Poly-
phenol oxidase activity was determined using catechol
as substrate (Farkas and Kiraly, 1962) and expressed in
terms of a change in absorbance h™! g.f.wt.”!. The
assay method of Bernfeld (1955) was used for estimat-
ing a-amylase activity and activity was expressed in
terms of g maltose liberated min~! g.f.wt.~!. P-Nitro-
phenyl phosphate was used as substrate for assaying
the acid phosphatase activity (Zink and Veliky, 1979)
and the activity was expressed as ug nitrophenol
released h™! g.f.wt.”'. Protease activity was determined
as ug tyrosine released h™! g.f.wt.”! (Bergmeyer, 1974).
The metabolic constituents like soluble sugar was esti-
mated by the method of Roe (1955) using anthrone re-
agent. And phenols was assayed by the method of Far-
kas and Kiraly (1962). Results are averages of two
experiments each with three replicates.
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Table 1.  Effect of paclobutrazol on number of roots and
seedling growth of mungbean cuttings after 120
hours of treatment

Treatment

Parameters

Paclobutrazol
Control & ppm)
Mean number of roots per
. 6.6 11.6
cutting

Mean length of longest root

3.3 3.4

(mm)
Mean hypocotyl length (mm) 30.5 8.2
Mean epicotyl length (mm) 21.0 2.5

Average of 42 seedlings

Results and Discussion

Paclobutrazol treated cuttings exhibited 80%
more number of roots compared with controls (Table
1). A slow growth of shoot and root was evident in
treated plants (Table 1). These responses to paclobutr-
azol are consistent with our previous work (Bora and

* Mathur, 1989) and with that of others (Krishnamoorthy,

1972; Davis and Sankhla, 1988) who have reported that
some other antigibberellin compounds promote root
formations on cuttings. The application of gibberellins
to cuttings generally inhibit rooting (Krishnamoorthy,
1972; Hansen, 1988) and promoting effect of paclobutr-
azol on rooting may be related to its antigibberellin
activity. It should be noted, however, that not all
antigibberellins promote rooting (Read and Hoysler,
1969).

Treated cuttings exhibited higher peroxidase
activity at all the stages of rooting (Fig. 1). The activity
of peroxidase may be related to rooting (Nanda et al.,
1973; Bhattacharya et al., 1978) and our results are sim-
ilar to those previously reported (Molnar and Lacroix,
1972; Bhattacharya and Nanda, 1979). Furthermore, the
enhancement of peroxidase activity by paclobutrazol is
similar to that of IAA, which also promotes rooting
(Bhattacharya, 1988). Hence, it is possible that pa-
clobutrazol stimulates rooting in part by enhancing
peroxidase activity in the base of the cuttings.

The activity of polyphenol oxidase was also
promoted ‘by paclobutrazol (Fig. 2). The endogenous
levels of phenolic compounds, however, remained low
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Fig. 1. Effect of paclobutrazol (paclo) on the activity of perox-

idase in the base of hypocotyl! cuttings. O—O Control,
@ — @ Paclobutrazol.
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Fig. 2. Polyphenol oxidase activity and phenolic contents in
the base of hypocotyl cuttings as affected by paclobutr-
azol (Paclo) control (Cont). Cont - Polyphenol
oxidase; Paclo - Polyphenol oxidase; N Cont -
Phenolic contents; § Paclo - Phenolic contents.

in treated plants. Similar inverse relationship between
polyphenol oxidase and endogenous phenolic contents
during rooting has been reported by Bhattacharya
(1988). Polyphenol oxidase may oxidize endogenous
phenolics which then conjugate with oxidation prod-
ucts of auxin to form phenolic cofactors necessary for
rooting (Bhattacharya, 1988). Hence it can not be ruled
out that paclobutrazol promotes rooting in part by en-
hancing the synthesis of phenolic cofactors through the
increased enzyme activity.

Previous workers had shown high sugar levels, en-
hanced amylase activity and disappearance of starch
during rooting (Swarnkar et al., 1987). On the other
hand, in the present study, paclobutrazol induced root-
ing was associated with a significant reduced amylase
activity and low soluble sugars (Fig. 3). The results of
the study suggest that amylase activity is not directly
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Fig. 3. Activity of @-amylase and soluble sugar content in the
base of hypocotyl cuttings as affected by paclobutrazol
(Paclo) control (Cont). & Cont - Soluble sugar; {3 Paclo
- Soluble sugar; N Cont - a- amylase;' Paclo - a-
amylase.
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Fig. 4. Protease and acid phosphatase activities in the base of
hypocoty]' cuttings as influenced by paclobutrazol
(Paclo) control (Cont). & Cont - Protease; &) Paclo -
Protease; & Cont - Acid phosphatase; § Paclo - Acid
phosphatase.

related to rooting and that paclobutrazol does not pro-
mote rooting by increasing starch hydrolysis in the
base of the cuttings.

The activities of acid phosphatase and protease in
the base of the paclobutrazol treated hypocotyl cut-
tings were higher than untreated control (Fig. 4).
Bhattacharya (1988) reported high activity of the
enzymes during rootings. Hydrolytic enzymes (e.g.,
protease etc.) facilitate root primordia emergence from
cuttings following digestion of middle lamella of cor-
tical tissues (Bell and McCulley, 1970). Similarly, phos-
phatases have also been reported to be involved in the
process of root emergence from the cuttings of
Phaseolus mungo (Bhattacharya and Nanda, 1979). The
increased activities of these enzymes by paclobutrazol
may facilitate emergence of greater number of root
primordia through biochemical degradation of cortical
tissues and, assist in the absorption of material derived
from these tissues (Malik and Kumari, 1977; Kumar
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and Kakkar, 1989). Furthermore, the increase of acid
phosphatase activity by paclobutrazol is similar to that
of IAA, which also promotes rooting (Kumar and Kak-
kar, 1989). Hence, paclobutrazol may stimulates root-
ing by enhancing acid phosphatase activity in the cut-
tings.

The current investigation indicates that paclobutra-
zol induced adventitious root formations in mung bean
is accompanied by changes in the activity of a number
of enzymes and metabolic constituents which have
been postulated to be involved in rooting. The enhan-
ced rooting seems to have been achieved through cumu-
lative metabolic changes by paclobutrazol. Further,
work will be required to elucidate fully the mode by
which the chemical stimulates rooting.
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