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Abstract

The effect of brassinolide, 28-homobrassinolide and 24-epibrassinolide on the
shoot growth, foliar growth (leaves per plant and leaf area) and chlorophyll
pigments (chl “a”, chl “b” and total chlorophylls) of radish plants was studied.
Brassinosteroids stimulated the shoot growth as well as the foliar growth of
radish plants. The promotion of shoot and foliar growth was associated with
increased levels chlorophyll pigments indicating the ability of brassinosteroids
in positively monitoring photosynthesis.

INTRODUCTION

Radish (Raphanus sativus) is an edible root vegetable belonging to the family Brassicaceae
which is grown throughout the world. It consists of ascorbic acid, folic acid, niacin and many
important minerals apart from carbohydrates [1-3]. It is a well established fact from time
immemorial that plants are the critical components of dietary food chains in which they provide
almost all the essential minerals and organic nutrients to humans [4]. Therefore, Grusak and
Dellapenna [5] emphatically stressed the need of ‘divert research’ activities in improving the
nutritional quality of plants with respect to its nutrient content and composition.
Brassinosteroids (BRs) are a new type of polyhydroxy steroidal phytohormones with significant
growth promoting influences which are now considered as the sixth group of phytohormones
[6, 7]. BRs were discovered by Mitchell and his co-workers [8] and were later extracted from the
pollen of Brassica napus L. [9]. BRs are considered ubiquitous in plant kingdom as they are
found in almost all the phyla of the plant kingdom like alga, pteridophyte, ggmnosperms, dicots
and monocots [10]. Dwarf and de-etiolated phenotypes and BR - deficient species of some
Arabidopsis mutants were rescued by the application of BRs [11, 12]. The work with BR
biosynthetic mutants in Arabidopsis thaliana [13] and Hordeum vulgare [14] provided strong
evidences that BRs are essential for plant growth and development. Thus, BRs are a new group
of phytohormones that perform a variety of physiological roles like growth, seed germination,
rhizogenesis, senescence etc. and also confer resistance to plants against various abiotic
stresses [15, 16]. The present study is undertaken to understand the effect of application of BRs
on the shoot growth, foliar growth and chlorophyll pigments of radish plants.
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MATERIALS AND METHODS

Chemicals and plant material

Brassinolide (BL), 28-homobrassinolide (28-homoBL) and 24-epibrassinolide (24-epiBL) were
purchased from M/s. Beak Technologies Inc.,, Brampton, Ontario, Canada. Seeds of radish
(Raphanus sativus L. var Pusa chetki long) were obtained from National Seeds Corporation,
Hyderabad, Andhra Pradesh, India.

Shoot growth

The seeds were sown in clay pots containing fresh sieved red soil mixed with farmyard manure.
Plants were grown in a glass house under natural day length. BRs was supplied to the plants as
foliar spray at three different concentration levels viz., 0.5 uM, 1.0 puM and 3.0 uM on 20th, 35t
and 50t day (from the day of sowing). Shoot growth parameter in terms of shoot fresh weight
was recorded on 60th day. The shoots were oven dried at 110 °C for 24 hours and dry weights
were also recorded.

Foliar growth

Foliar growth was recorded in terms of leaves per plant and leaf area per plant. Average leaf
area per plant was determined with the help of the equation developed by Kemp [17] (1960)
A=(LxBx0.9)xn,

Where A= leaf area, L= leaf length, B=leaf breadth, 0.9= constant factor and n= number of leaves.
Chlorophylls

Chlorophyll pigments were extracted and estimated by the procedure described by Arnon [18].
Leaves were homogenized with 80% (v/v) acetone and centrifuged at 4000 rpm for ten
minutes. The acetone extract was used to calculate the chlorophyll “a”, “b” and total chlorophylls
employing the formula given below.

Chlorophylls a= [0.D at 663 nmx 12.7 -0.D at 645 nm x 2.69] x [v/1000) x w]

Chlorophyll b=[0.D at 645 nm x 22.9- 0.D. at 663 nmx 4.68] x [v/1000) x w]

Total chlorophylls = [0.D at 663 nm x 8.2+0.D at 645nm x 20.2] x [v/1000) x w]

Where, v = volume of acetone extract and w = weight of leaves.

The values were presented as Mean # S.E. of 5 replicates. ANOVA - one way revealed that the
mean values of different activities of 28-homoBL are significant at 5% level of significance over
control. The values were calculated employing SPSS 16.0 statistical software.

RESULTS

Exogenous application of BRs (BL, 28-homoBL and 24-epiBL) resulted in substantial increase in
growth of radish shoots as reflected in increases in fresh weight and dry weight of the shoots
(Table 1). Among the three BRs employed, 28-homoBL was found to be most effective in
stimulating the shoot growth of radish plants. An increase of around 70% of shoot growth was
observed in the plants treated with 3uM conc. of 28-homoBL over all the other treatments.

The radish plants treated with foliar application of BRs (BL, 28-homoBL and 24-epiBL) showed
increased foliar growth in terms of number of leaves/plants and leaf area (Table 1). 28-
HomoBL at 3uM conc. was more effective in increasing the foliar growth compared to its other
concentrations as well as all the concentrations of 24-epiBL, BL treated plants as well as control
plants. The shoot growth promotion by BRs (BL, 28-homoBL and 24-epiBL) was associated
with increments in the levels of chlorophyll ‘a’, chlorophyll ‘b’ as well as total chlorophylls of the
radish plants (Table 2). 3uM Conc. of 28-homoBL exhibited maximum elevated levels of
chlorophyll “a”, chlorophyll “b” and total chlorophylls compared to both the other treatments
(BL and 24-epiBL) and also the untreated controls.

DISCUSSION

It is a well-established fact that BRs are a new group of plant growth regulators which play a
positive role in the growth and development of plants. Earlier studies clearly emphasized that
external supplementation of 0.01 and 0.05 mg/L of Biobras- 6, a synthetic BR improved the
plant growth in the case of Alluim cepa [19] and Oryza sativa [20]. Supplementation of 40 mg/L,
20mg/L and 0.03mg/L of epiBL along with DA-6 (dialkyl amino ethyl alkoate) and GAs
increased the shoot fresh weight, length and fresh weight of petiole of Spinacia oleracea [21].
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Supplementation of 0.1 and 1.0 ppm of HomoBL increased the growth of two varieties of
Triticum aestivum [22] whereas 0.5, 1.0 and 3.0 uM of 24-epiBLand BL application increased the
shoot growth of Arachis hypogaea [23] which are in tune with the present study where the foliar
application of BL, 28-homoBL and 24-epiBL substantially increased the shoot growth of radish
plants.
The enhanced shoot growth was associated with increased foliar growth of the radish plants.
Similarly, Arteca and Arteca [24] reported that 1.0 uM BL and 24-epiBL induce exaggerated
growth in hydroponically grown Arabidopsis thaliana. Treatment of the BR-related mutants of
Arabidopsis thaliana (L.) Heynh, det2 (de-etiolated2 = cro1) and dwf1 (dwarf1 = cro2) and wild-
type plants with BL, reversed the mutation and restored the potential for growth to that of the
wild type suggesting that BRs play a dual role in regulating cell expansion and proliferation [25].
Qayyam et al. [26] reported that foliar application of 0.125 or 0.025 mgL-! of epiBL increased
the total chlorophylls in S-24 cultivar of wheat (Triticum aestivum). EpiBL enhanced the rate of
photosynthesis in Cucumis sativus plants by increasing not the total chlorophyll contents, but
also by regulating various photosynthetic processes like O, assimilation and elevation of a
variety of photosynthetic enzymes like RUBISCO, fructose 1-6-bisphosphatase, fructosel-6-
bisphosphate aldolase etc. [27]. Further, Yu et al. [28] reported that 0.01, 0.1 or 1.0 mgL! of
epiBL also enhanced the total chlorophylls of Cucumis sativus plants which is in agreement with
the results obtained in the present study, where external supplementation of BL, 28-homoBI
and 24-epiBL resulted in increased Chlorophylls “a”, “b” and total chlorophylls of radish plants.

Table 1. Effect of brassinosteroids on the shoot growth and foliar growth of radish plants

Compounds Treatments Shoot fresh weight Shoot dry weight Foliar growth
BL 0.5uM 300.6 £2.42 18.8 +0.39 428 + 3.54
1.0uM 347.5+1.48 20.1+0.19 457 +6.03
3.0uM 362.6 £ 1.68 22.5+0.17 507 +£2.48
28-HomoBL 0.5uM 322.3+2.76a 204 £0.21a 470 +2.73a
1.0uM 357.6 +1.18a 22.4 +.0.34a 492 +4.73a
3.0uM 372.6 £ 1.28a 23.6+0.17a 554 + 3.06a
24-EpiBL 0.5uM 312.3£3.92 19.7 +0.33 432 +3.56
1.0uM 350.0 £ 2.35 21.5+0.23 492 +4.73
3.0uM 367.6 £3.21 22.6+0.23 540 +3.12
Control 218.0 + 1.24b 15.2 £ 0.24b 344 + 5.44b

BL= Brassinolide, 28-HomoBL = 28-Homobrassinolide, 24-EpiBL = 24-Epibrassinolide

Mean * S.E (N=5). ANOVA - one way employing SPSS 16.0 statistical software revealed that the mean values of different
activities of 28-homoBL are significant at 5% level of significance over control

Shoot fresh & dry Wt. = g, foliar growth = Sq.cm.
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