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ABSTRACT
Investigations were carried out to document the effect of bioregulator triacontanol with two

concentrations (5, 10 µg) on  seed germination seedling growth in rice during 2011. The results revealed

that seed germination was increased with treatment of triacontanol over all the treatments and improved

the growth of polyethylene glycol -20 % (mw-6000) + Triacontanol treated seeds compared with polyethylene

glycol -20%. Length, fresh and dry weights were also found to increase with triacontanol treatment. Catalase,

Peroxidase and Superoxide dismutase activities were also discriminated by the treatment under polyethylene

glycol induced drought conditions.
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Rice (Oryza sativa L.) is an important food
cereal belongs to Poaceae family. The share of the
Asian farmers is 92% in world’s total rice production
(Kondamudi et al., 2011). Rice as a paddy field crop
is particularly susceptible to water stress (Tao et
al., 2006), the variety IR64 is highly susceptible to
drought stress (Lafitte et al., 2007).

Drought is the most important limiting factor
for crop production and it is becoming severe problem
in many regions of the world (Passioura, 2007).
According to statistics, the percentage of drought
affected land areas more than doubled from the
1970s to the early 2000s in the world (Isendahl et
al., 2006). With increasing population and global
climate change makes the situation more serious
(Hongbo et al., 2005). It is estimated that 50% of
the world rice production is affected more or less by
drought (Bouman et al., 2005). Drought stress was
found to reduce dry weight, root traits, water
potential, photosynthetic parameters (Chen et al.,
2010).

Triacontanol is a saturated long-chain
primary alcohol that is known to have a growth
enhancing activity. Earlier research proved that
improving growth and yield of several plants with
application of triacontanol (Borowski et al., 2000).
Effect of triacontanol on soybean plants under salt
stress was proved in restoring the normal metabolic
process (Radhakrishnan and Ranjitha Kumari 2008).
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Triacontanol application increased the yield in
groundnut plants (Kabadagi and settee 2010).
Shagufta et al., (2010) reported a marginal increase
was found in photosynthetic rate in wheat plants
under salt stress by the application of triacontanol.
Triacontanol induced seed germination, seedling
growth was found in mungbean by Puspendu and
Bera (2007).

The present studies were carried out to
investigate the influence of triacontanol on seed
germination, seedling growth and antioxidant
system in rice seedlings under drought stress.

MATERIAL AND METHODS
Laboratory experiment was conducted at Directorate
of Rice Research Institute, Hyderabad, during
Scptember to Decomber 2011.

For drought stress initiation, one of the most
popular approaches is to use high molecular weight
osmotic substances, like polyethylene glycol
(Landjev a et al., 2008). In current study,
polyethylene glycol was used for drought stress
induction in rice seedlings.

Seed germination
IR-64 seeds were surface sterilised with

dilute sodium hypochlorite solution (with 0.5% v/v)
and washed thoroughly with several changes of
sterile distilled water. Twenty seeds were placed in



petriplate. Four ml of either of the test solution or
distilled water (Control)/20% polyethylene glycol
solution supplemented with 5,10 µg of triacontanol
was added to different petriplates. The seeds were
allowed to germinate in dark at 20±10 OC. Every
12h number of seeds germinated was recorded in
each plate. 2 ml more test solution was added every
alternate day. On 7th day, the growth of the seedlings
was recorded in terms of plumule and radicle weight
and estimated antioxidant enzymes of Catalase,
Peroxidase, Superoxide dismutase and the activity
is expressed in mg g-1 fresh weight.

Catalase (EC 1.11.1.6)
Catalase activ ity was assayed by the

method of Barber (1980). Enzyme extract was added
to hydrogen peroxide and phosphate buffer (pH 7.0).
The reaction was stopped by adding concentrated
sulphuric acid, and the residual hydrogen peroxide
was titrated against KMnO

4
 until a faint purple colour

persisted for atleast 15 seconds.

Peroxidase (EC 1.11.1.7)
Peroxidase activity was assayed adopting

the method of Kar and Mishra (1976). Phosphate
buffer (pH 7.0), pyrogallol and hydrogen peroxide
were added to enzyme extract. After incubation, the
reaction was stopped by adding sulphuric acid. The
amount of purpurogallin formed was estimated by
measuring the absorbance at 420nm.

Superoxide dismutase (EC 1.15. 1.1)
Superoxide dismutase activity was assayed

by measuring its ability to inhibit the photochemical
reduction of nitroblue tetrazolium adopting the

method of Beauchamp and Fridovich (1971). The
reaction mixture contained phosphate buffer (pH 7.8),
Methionine, NBT, EDTA, enzyme extract and
riboflavin, which was added at the end. After mixing
the contents, test tubes were shaken and placed
30 cm below light source. The absorbance was
measured at 540nm.

Statistical analysis:
The data represents the mean values of 5 replicates
and 3 replicate for Catalase, Peroxidase and
Superoxide dismutase. The data were analyzed by
identifying least significant difference (LSD) and one-
way ANOVA, followed by Multiple Comparisons with
Statistix-8.1 software. The differences were
considered significant if P was at least d” 0.05. The
mean values have been compared and lower case
alphabets are used in the tables and figures to
highlight the significant differences between the
treatments.

RESULTS AND DISCUSSION
Growth parameters markedly decreased

due to polyethylene glycol treatment in rice (Table-
1).However application of Triacontanol significantly
increased germination percentage than the other
treatments wi th increased concentration.
Polyethylene glycol + Triacontanol also showed
increase over polyethylene glycol induced drought
stress respectively (Table-1). The results clearly
revealed that the difference between drought stress
and hormonal treatment to polyethylene glycol
induced drought stressed seeds (Triacontanol -5 µg
+ polyethylene glycol 20%, triacontanol -10 µg+
polyethylene glycol 20%) in terms of  seed

Table-1. Effect of triacontanol on seed germination under poly ethylene glycol induced drought stress in rice.

Treatments 12h 24h 36h 48h

control 8.3  a 30  a 90  ab 95  abc

triacontanol -5 µg 11.6  a 31.6  a 95  a 96.6  ab

triacontanol -10 µg 13.3  a 33.3  a 96.6  a 98.3  a

Poly ethylene glycol-20% 0  b 0   b 18.3  c 31.6  d

triacontanol  -5 µg 0  b 3.3  b 80  b 85  bc

+ Poly ethylene glycol-

20% triacontanol -10 µg +0  b 11.6  b 81.6  b 86.6  bc

Poly ethylene glycol-20%

LSD 1.62 3.02 2.51 2.09

Seed germination (%)
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germination percentage at 48h was 31.6%, 85%,
86.6% respectively.

Rice seedling growth was effected by
polyethylene glycol concentration. The physical
process of water uptake leads to the activation of
metabolic processes as the dormancy of the seed
is broken following hydration. Elevated polyethylene
glycol slows down water uptake by seeds, thereby
inhibiting their germination shoot and root elongation.
Polyethylene glycol solutions of  increasing
concentration were probably caused by the decrease
in water potential gradient between the seeds and
their surrounding media (Bewley and Black, 1994).
Polyethylene glycol may readily cross the cell
membrane into the cytoplasm of the cells unless

an active metabolic pump prevents accumulation of
the ions.

Earlier results of Swamy and Rao (2005)
proved application of Brassinosteroids decreased
the lead toxicity in fenugreak seeds at germination
level. Salicylic acid eliminated the adverse effects
of cold stress in bean seeds by Gharib and Hegazi
(2010). Similarly a lower concentration of
triacontanol increased seed germination of cow pea
under water stress by Tilottama et al., (2010).

Seedling growth in terms of length, fresh
and dry weights (plumule and radical) were found
increased with triacontanol treatment (Plate-1). A
remarkable inhibition was found in polyethylene
glycol induced drought seedling growth and it was

Plate-1. Effect of triacontanol on rice seedling growth under poly ethylene glycol induced drought stress.

Table-2. Influence of triacontanol on seedling growth under poly ethylene glycol induced drought stress in rice.

Treatment Plumule Radicle Plumule Radicle Plumule Radicle

control 3.44 c 4.54 b 145.8 d 57.8  c 23  c 9.8   c

triacontanol -5 µg 4.54  b 4.74 b 285.6 b 66.8  abc 33 b 13.8 c

triacontanol -10 µg 5.64  a 5.38 b 375.2  a 75.6  a 45 a 26    a

Poly ethylene glycol-20 1.16  d 0.22  c 31.0   e 1.8  d 3.8  d 0.2   d

triacontanol -5 µg  + 3.14  c 5.06  b 235.6  c 60.6  bc 25.6 c 19.2  b

Poly ethylene glycol-20

triacontanol -10 µg + 4.24  b 6.96  a 313  b 72.4  ab 37.6 b 22.6  ab

Poly ethylene glycol-20

LSD 0.48 1.05 37.00 12.62 6.93 5.19

    Length (cm) Fresh weight (µg) Dry  weight (µg)
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removed by triacontanol treatment (Table-2).
Polyethylene glycol + Triacontanol treated seeds
proved acute difference over poly ethylene glycol
induced drought seedlings.
Similarly Cavusoglu et al., (2007) reported barley
seedling growth was affected by the application of
triacontanol under saline conditions. Application of
triacontanol was increased the wheat plant growth
under sal inity by Bagdi  and Afria (2008).
Supplementation of triacontanol had a significant
effect on yield attributes of mustard plant by Fozia
et al., (2006).

To understand the protective action of
antioxidants against polyethylene glycol induced
drought stress, rice seedlings were treated with
triacontanol followed by measurement of the level
of antioxidant activity (Figure 1, 2 and 3). Increasing

triacontanol concentration significantly increased
enzyme activity under stress conditions.

The excessive generation of Reactive
oxygen species (ROS) in plants under drought stress
such as singlet oxygen (1/2 O

2
), superoxide (O

2
 -),

hydrogen peroxide (H
2
O

2
), and hydroxyl radicals

(OH) were scavenged by the antioxidant enzymes
like Catalase, Peroxidase, Superoxide dismutase
etc. Catalase is one of the highest of all enzymes
which converts millions of molecules of hydrogen
peroxide to water and oxygen in one second.

Catalase act iv ity was increased in
triacontanol as the concentration augmented over
control, polyethylene glycol + triacontanol
significantly increased over polyethylene glycol
induced drought treated seeds (Fig-1). Previous

Fig-1. Influence of triacontanol on catalase activity in rice seedlings under poly ethylene glycol induced
         drought stress

Fig-2. Influence of triacontanol on peroxidase activity in rice seedlings under poly ethylene glycol
         induced drought stress
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studies showed that application of  24-
epibrassinoslide increased catalase activity in bean
plants under cadmium stress by Mostafa (2011).

The highest Peroxidase activity was found
in polyethylene glycol induced drought seedlings
than the other treatments. Gradually enhanced the
Peroxidase activity in triacontanol and polyethylene
glycol + triacontanol treated seedlings with a
concentration increases over control (Fig-2).
Peroxidase is also known to play significant role in
oxidative stress conditions. The mode of action of
Peroxidase on H

2
O

2
 substrate differs from Catalase

in that Peroxidase liberates free radicals rather than
oxygen.

 The higher Superoxide dismutase activity
was noticed in polyethylene glycol + triacontanol
treatment as concentration increases over all the
treatments. Only triacontanol treatments were found
increased over control (Fig-3). Superoxide
dismutase an important defense enzymes catalyze
the dismutation and Chen et al., (1997) found the
application of homobrassinolide induced peroxidase
and superoxide dismutase activities in rice.

The results obtained in the present study
clearly demonstrated the ameliorative effect of
triacontanol on polyethylene glycol induced drought
stress. The increased triacontanol concentration
also improved the protection against polyethylene
glycol induced drought stress damage to the rice
seedlings. Hence, it can be concluded that the
supplementation of triacontanol proved to be
beneficial for rice seedlings under drought stress
conditions.
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