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The present study was aimed to examine the influence of BRs on seed germination and seedling growth in
Gossypium hirsutum L. Var Svpr 2 and Vigna mungo (L.) Hepper Var T9. The application of BRs on seed
germination of Gossypium hirsutum increased the rate of germination considerably with varied percentage from
60.4 to 99. Vigna mungo seed also showed the varied percentage of germination from 56.8 to 80.1. Both the
plants exhibited high percentage of vegetative growth such as shoot length, fresh weight, dry weight and leaf
area on 3% of BR supplementation. The amount of chlorophyll a, b and total chlorophyll increased under BR
treatments. Among the concentration, 3% BRs caused maximum effect than the other tested concentrations.
High percentage of starch 53% and 31 % was observed in Gossypium and Vigna mungo respectively. The results
of the present study shows that 3% BRs promotes the growth rate of Gossypium hirsutum L. Var Svpr 2 and
Vigna mungo (L.) Hepper Var. T9. The results of the present study supplemented to the previous observations
and practical utilization of the new steroidal group of phytohormones for large scale production of the
economically important crops Gossypium hirsutum L. Var Svpr 2 and Vigna mungo (L.) Hepper Var. T9.
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The occurrence of brassinosteroids (BRs) has
been demonstrated in almost every part of plants
such as pollen, flower buds, fruits, seeds, vascular
cambium, leaves, shoots and roots. BRs are required
for normal development of plants. Works on higher
plants suggest that they play a critical role in a range
of developmental processes, e.g. stem and root
growth, floral initiation, and the development of

flowers and fruits (Hayat and Ahmad, 2003; Sasse,

2003). Brassinosteroids (BRs) are steroidal sixth
group of phytohormones that regulate various
aspects of plant growth and development, including
cell elongation, photo-morphogenesis, xylem
differentiation, and seed germination (Rao et al.,
2002; Sasse, 2003) as well as adaptation to abiotic
and biotic environmental stresses (Krishna, 2003;
Divi and Krishna, 2009). The role of BRs in plant

stress responses has been validated in several
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studies (Dhaubhadel et al., 1999; Dhaubhadel ef al.,
2002; Kagale et al., 2007; Koh et al., 2007).

BR supports tolerance in plants to a wide range
of stresses including heat, cold, drought and salinity.
This increase is generally correlated with higher
expression of stress marker genes such as heat shock
protein (hsp) genes, RD29A and ERD10 (Bajguz
and Tretyn, 2003; Kagale ef al., 2007; Nilovskaya et
al., 2001; Kamuro and Takaysuto, 1991; Kulaeva et
al.,, 1991; Vardhini and Rao, 2003; Anuradha and
Rao, 2003), indicating that increased expression of
stress-responsive genes is responsible, in part, for
the higher stress tolerance in BR-treated plants. To
this date, about 70 BRs have been isolated from
plants (Dhaubhadel et al., 1999). In view of some
reports it is evident that the exogenous application
of brassinosteroids as a foliar spray improves
growth and yield of some plants e.g. tomato
(Vardhini and Rao, 2001) and Arachis hypogaea
(Vardhini and Rao, 1998). Exogenous application of
brassinosteroids can also alleviate the adverse
effects of wvarious environmental stresses and
produces resistance in plants against these stresses
e.g., salt stress (Hathout, 1996; Vardhini and Rao,
1997), heat stress (Zhu et al., 1998), drought stress
(Li and Van Staden, 1998) and chilling stress (Wilen
et al., 1995). Brassinosteroids are known to act
along with auxins to stimulate cell elongation
(Katsumi, 1991; Sasse, 1991). A number of studies
were recorded the role of BRs on seed germination,
vegetative growth, elongation of shoot and root and
improving the productivity of various crops such as
vegetables, pulses, cereals, fruits and oil seeds
(Anuradha and Rao 2003; Swamy and Rao, 2006;
Anuradha and Rao, 2007; Kagale et al, 2007
Shahbaza and Ashraf, 2007; Bajguz and Hayat,
2009). But there is no report on the influence of BRs
on seed germination and growth in Gossypium

hirsutum L. and Vigna mungo L. To fulfill the
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lacuna, the present study was aimed to examine the
influence of BRs on seed germination and seedling
growth in Gossypium hirsutum L. Var Svpr 2 and
Vigna mungo (L.) Hepper Var T9.

MATERIALS AND METHODS
Cultivation of plants

Seeds of Gossypium hirsutum L. Var Svpr 2 and
Vigna mungo (L.) Hepper Var. T9 were collected
from the Tamil Nadu Agricultural University, Tamil
Nadu, India and washed in the running tap water for
5 min. To remove the surface contaminants, the
seeds were treated with commercial detergent Triton
X100 for 3 min and washed with distilled water. The
washed seeds were sterilized with 0.1% HgCl, for 3
min and washed thrice with sterile distilled water.
The sterilized seeds were soaked in water for 24 h at
room temperature and germinated in dark for 40 h
on moist soil. After germination, the pots were
transferred to direct solar radiation. For each
treatment 20 seeds were placed in the earthen pots

and repeated thrice.
Isolation of BR and extract preparation

500 mg fresh cauliflower inflorescences were
harvested and pulverized with 400 ml of isopropyl
alcohol. The suspension was filtered through two
layered muslin cloth. The filtering process was
repeated thrice to obtain the maximum quantity of
crude extract from the inflorescence. The filtrate
was collected and stored in the refrigerator at 4°C.
To study the effect of BRs on seed germination,
growth and biochemical changes of Gossypium
hirsutum L. Var Svpr 2 and Vigna mungo (L.)
Hepper Var. T9, different percentage of BRs (0.01,
0.05, 0.1 and 3) was prepared.

Seed germination

For the seed germination studies, the healthy
seeds of Gossypium hirsutum L. Var Svpr 2 and

Vigna mungo (L.) Hepper Var. T9 was soaked in
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different percentage of BR extracts viz., 0.01, 0.05,
0.1 and 3 %(v/v). The seeds soaked in distilled water
were treated as control. The seeds were soaked in
BRs and distilled water for 24 h at room
temperature. After 24 h, seeds were planted in
earthen pots for germination. The earthen pots were
filled with Black soil, Red soil and sand in 1:1:1
ratio. Growth and biochemical characteristics of the
plants were observed at the end of 5%, 10®, 15®, 20"

and 25" days after germination.
Growth analysis

The growth of the plant was recorded on 25" and
50" day in terms of shoot and root length, fresh and

dry weight of shoots and roots by random selection.

For each treatment ten plantlets were selected
randomly. The leaf area was measured by the
conventional graph method and leaves were selected

randomly.
Biochemical analysis

Pigment was extracted by grinding the
leaves in 80% acetone (v/v) and the total
chlorophyll content was determined by
Wellburn and Lichtenthaler (1984) method. The
amount of total soluble leaf protein was
calculated using Lowry et al., (1951) method.
The amount of starch content was calculated by

using Lugol’s iodine method.

Table 1 Influence of Crude Brassinosteroid extracts on Seed germination of Gossypium hirsutum L.
Var Svpr 2 and Vigna mungo (L.) Hepper Var T9

Concentration of Mean % of Seed germination + S.E.
Crude Brassinosteroid in % G. hirsutum Var Svpr 2 V. mungo Var. T9
Control 75.5+0.82 68.5+0.82
0.1 78.3 +0.64 80.1 £0.51
0.3 81.4+0.48 75.6 £0.43
0.5 85.3+£0.61 70.3 £0.61
1.0 90.8 +0.38 65.8 +0.44
2.0 92.3+£0.41 63.4+0.28
3.0 94.3 £0.38 61.3+0.38
4.0 73.1 +£0.65 60.3 +0.58
5.0 60.4 +0.38 56.8 +0.41

Effect of BR concentration on photosynthetic

pigment composition

The effect of various concentrations of BRs
on photosynthetic pigments composition in
Gossypium and Vigna mungo is showed in Fig.
1. K-L & Fig. 2. A-F. The amount of
chlorophyll a, b and total chlorophyll increased
under BR treatments. A maximum increase of
45% in total chlorophyll was observed in
Gossypium whereas 43% increase was observed
in Vigna mungo at the end of 25" day.

Carotenoid content also showed a similar trend

with BRs application. There was not much
difference in the chlorophyll a/b ratios. Among
the concentration, 3% BRs caused maximum

effect than the other tested concentrations.
Effect of BR concentration on metabolites

The soluble protein content and starch level was
determined in Gossypium and Vigna mungo leaves
subjected to BRs treatment. The influence of BRs in
soluble protein and starch content are depicted in
Fig. 2. G - J. High percentage of protein and starch
was observed in Gossypium and Vigna mungo on

3% BR supplemented medium.
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Figure 1 Influence of Crude Brassinosteroid extracts on physiological and Biochemical Changes in

Gossypium hirsutum L. Var Svpr 2 and Vigna mungo (L.) Hepper Var T9 seedlings

A) Influence of Crude Brassinosteroid extracts on shoot length of Gossypium
B) Influence of Crude Brassinosteroid extracts on shoot length of Vigna mungo
C) Influence of Crude Brassinosteroid extracts on root length of Gossypium

E) Influence of Crude Brassinosteroid extracts on fresh weight of Gossypium

F) Influence of Crude Brassinosteroid extracts on fresh weight of Vigna mungo
G) Influence of Crude Brassinosteroid extracts on dry weight of Gossypium

D) Influence of Crude Brassinosteroid extracts on root length of Vigna mungo
H) Influence of Crude Brassinosteroid extracts on dry weight of Vigna mungo

Influence of Crude Brassinosteroid extracts on leaf area of Gossypium

)
)

Influence of Crude Brassinosteroid extracts on leaf area of Vigna mungo
K) Influence of Crude Brassinosteroid extracts on chlorophyll a content of Gossypium
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Figure 2 Effect of Crude Brassinosteroid extracts on the Biochemical Changes in Gossypium

Davs of arowth

Days of growth

hirsutum L. Var Svpr 2 and Vigna mungo (L.) Hepper Var T9 seedlings

A) Effect of Crude Brassinosteroid extracts on chlorophyll b content of Gossypium

D) Effect of Crude Brassinosteroid extracts on Total chlorophyll content of Vigna mungo

C) Effect of Crude Brassinosteroid extracts on Total chlorophyll content of Gossypium
E) Effect of Crude Brassinosteroid extracts on carotenoids content of Gossypium

B) Effect of Crude Brassinosteroid extracts on chlorophyll b content of Vigna mungo

F) Effect of Crude Brassinosteroid extracts on carotenoids content of Vigna mungo
G) Effect of Crude Brassinosteroid extracts on protein content of Gossypium

H) Effect of Crude Brassinosteroid extracts on protein content of Vigna mungo
I) Effect of Crude Brassinosteroid extracts on starch content of Gossypium

J) Effect of Crude Brassinosteroid extracts on starch content of Vigna mungo
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RESULTS

Effect of various concentrations of BRs on

seed germination

The application of BRs on seed germination of
Gossypium  hirsutum  increased the rate of
germination considerably with varied percentage
from 60.4 to 99. Similar to that, Vigna mungo also
showed the varied percentage of germination from
56.8 to 80.1. For G. hirsutum, the highest percentage
(99.3 £ 0.38) of seed germination was achieved in
3% BR supplementation. For V. mungo, the highest
percentage of germination (80.1) was achieved on
0.1% supplementation of BR extract (Table 1). The
emergence of radical was taken as to the exogenous
application of crude BR extracts. Above 3% of BRs
supplementation showed the lethal effects, the high
concentration of BR extract was unable to promote

rate of seed germination.
Effect of BR on vegetative growth

The effect of BRs on vegetative growth was
depicted on Fig. 2 and 3. The effect of various
concentration of crude BRs extract on growth
parameters such as shoot length, fresh weight, dry
weight and leaf area of Gossypium and Vigna are
demonstrated in Fig.1 A-J. Both the plants exhibited
high percentage of vegetative growth on 3% of BR
supplementation. Besides the role of BRs on shoot
and root morphology, leaf area was also monitored
at various stages of plant growth. The Gossypium
and Vigna mungo showed the significant increase
throughout the growth period by the augmentation
of BRs. Nearly 50% increase was noticed in
Gossypium at 3% BR application (Fig. 8) after 20
days of growth. The increase in leaf area was more

prominent in G. hirsutum than V. mungo seedlings.
DISCUSSION

During the last few decades, the concern about

the use of BRs as growth hormone has increased.

The importance of brassinosteroid as a plant growth
regular was investigated by several authors either by
the application to germinating seeds or by foliar
application. The application of steroid hormones to
plants stimulated cell elongation in roots and shoots,
cell division and flowering (Braun and Wild, 1984).
The results of the present study also coincide
directly with previous observations. The results
exhibited the increase in rate of seed germination,
growth pattern and biochemical constituents in
Gossypium hirsutum L. Var Svpr 2 and Vigna
mungo (L.) Hepper Var. T9 by the crude BRs
application. For the present study, the crude BR
extract was used as the source of hormone.
Moreover, the hormonal response of the extract was
tested by the conventional rice lamina inclination
assay. The angle between the second lamina and the
leaf sheath was measured and 3% BR induced the
maximum angle. The rice - lamina inclination test
confirmed the hormonal activity of the crude BR
extract (Takatsuto et al., 1983). Brassinosteroids
have unique growth promoting activity when
applied exogenously (Mandava et al., 1981). In the
present study, application of crude BR extract to
soaked seeds of Gossypium hirsutum L. Var Svpr 2
and Vigna mungo (L.) Hepper Var. T9 evoked
positive responses. Our results were directly
coincided with Mandaya et al., observations. From
the experiments, it was found that the shoot length,
root length, fresh weight and dry weights of both the
plants increased to a greater extent throughout the
experimental period (5-25 days). Stimulation of
such growth parameters was reported by Braun and
Wild (1984). Unlike other phytohormones, BRs
induced all the growth parameters. Similar
observation was made in BR treated barley by
Gregory (1981). Kauschmann et al., (1996) also
reported a similar kind of observation in bean plants.

Vardhini and Rao (1999) correlated BR induced
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growth responses to changes in macromolecules
such as nucleic acids and proteins. The results of the
present study also confirm and supplemented the
previous observations (Braun and Wild, 1984;
Kauschmann et al., 1996; Vardhini and Rao, 1999).
The changes in chlorophyll a, chlorophyll b,
chlorophyll a + b and carotenoid content in cotton
and blackgram upon BR application confirms the
hormonal activity of BRs. Total chlorophyll level
was elevated to a greater level in blackgram and
cotton at 3% BR treatment. Although, low
concentration caused increase in pigment level, a
significant rise was noticed only at 3% BR.
Carotenoid content also increased. Supplementation
of BR to salt stressed seedlings ameliorated the
stress by increasing chlorophyll content (Anuradha
and Rao, 2003). Enhanced levels of chlorophyll and
carotenoid in treated plants indicate a better
photosynthetic level of total chlorophyll increased is
in agreement with the findings of Braun and Wild
(1984). They ascertained that high RuBP case (a
Calvin cycle enzyme) activity and high chlorophyll
content are reasons for greater photosynthetic
activity. In addition to photosynthetic pigments, the
level of soluble proteins and starch was also high in
BR treated plants indicating an overall growth.
Increase in soluble protein and starch content in the
tested plants was also noticed in groundnut as
reported by Prakash et al., (2003). The increase in
soluble protein could be due to enhanced activity of
the enzyme in nitrogen metabolism. Even though,
enzyme activity like nitrate reductase was not
followed, the enhancement in non-structural
carbohydrate indicates the better adaptiveness of the
crop plants to BR treatment. The induction of
protein, DNA and RNA content in excised beans
exposed to BR treatment was reported by Kalinich
et al., (1985). The possible reason for enhancement

of metabolite in BR treated cotton and blackgram

could be high in DNA and RNA polymerase
activity. Both enzyme systems were enhanced by
BR treatment (Kalinich et al., 1985). Recently,
leucine-rich protein (BRL 1) has been identified
from Arabidopsis. This protein os considered to be
the BR preceptor, located on the plasma membrane.
The binding of BR molecule to the receptor causes
activation of the kinase domain with subsequent

phosphorylation (Clouse and Sasse, 1998).
5. Conclusion

The present study confirmed the influence of
BRs on the germination and growth of Gossypium
hirsutum L. Var Svpr 2 and Vigna mungo (L.)
Hepper Var. T9. The results of the present study
showed that the concentration of BRs has the
influence on the germination and seedling growth
and metabolites. The results of the present study
shows that 3% BRs promotes the growth rate of
Gossypium hirsutum L. Var Svpr 2 and Vigna
mungo (L.) Hepper Var. T9. The results of the
present study supplemented to the previous
observations and practical utilization of the new
steroidal group of phytohormones for large scale
production of the economically important crops
Gossypium hirsutum L. Var Svpr 2 and Vigna
mungo (L.) Hepper Var. T9.
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