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INTRODUCTION

White radish (Raphanus sativus L.), belongs to the 
family Brassicaceae is an important vegetable crop and 
cultivated in tropical and subtropical regions of India. 
It is available at a cheaper price for the poor people 
(Sankari et al., 2006). Ascorbic acid (vitamin ‘C’) consists 
of a 6-carbon lactone ring with 2,3-enediol moiety and 
shows antioxidant activity due to enediol group. It is a 
leading natural antioxidant that can scavenge reactive 
oxygen species and has anti-carcinogenic effects (Kim 
and Lee, 2004; Lee et al., 2002). Plant growth regulators 
have been successfully used to increase the yield in many 
vegetable crops and particularly in tuber crops. Triazole 
compounds like triadimefon (TDM), hexaconazole 
(HEX), paclobutrazol, and uniconazole are mainly used 
as systematic fungicides and also have growth regulating 
properties (Fletcher and Hofstra, 1990; Fletcher et al., 
2000). Over the past few years, several triazole derivatives, 
collectively described as sterol biosynthesis inhibitors, 
have been developed and used as fungicides. They also 
have plant growth regulating properties. TDM (bayleton) 

propiconazole (banner), paclobutrazole (bonzi), and 
uniconazole (sumagic) are used as growth regulators or 
retardants. However, all of these products can exhibit both 
fungicidal and growth regulating properties to varying 
degrees (Fletcher et al., 2000). Plant growth retardants, 
i.e. uniconazole, paclobutrazol, triapenthenol, TDM and 
HEX have been reported as effective agents in reducing 
the size of plants, but retaining dark-green leaves and 
thick roots, which define them as healthy plantlets, and 
aiding anti-wilting, leading to better survival, growth 
root yield (Hazarika, 2006; Kozak, 2006; Thakur et al., 
2006). Triazoles affect the isoprenoid pathway and alter the 
levels of certain plant hormones by inhibiting gibberellin 
synthesis, reducing ethylene evolution, and increasing 
cytokinin levels (Rademacher, 2000; Jaleel et al., 2007). 
TDM treated plants accumulate zeatin and have cytokinin 
like activity with anti-senescence properties and darker 
green leaves in cucumber (Fletcher and Arnold, 1986). 
Increased level of cytokinin, particularly transaction 
and its riboside has been reported in sunflower, rice, 
soybean, and rape after uniconazole treatment (Grossmann 
et al., 1994). The increased cytokinin levels with triazole 
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treatments resulted in the inhibition of ethylene formation 
(Grossmann et al., 1993). The objective of the present 
research work is to estimate the effect of TDM and HEX 
on the improvement of growth biomass and biochemical 
content of radish.

MATERIALS AND METHODS

Seed Material and Plant Treatments

The seed of R. sativus L. var. Pusa Chetki was obtained 
from Mahyco Hybrid Seeds Co. Ltd, Maharashtra, India. 
The field work was carried out in Botanical Garden, and 
analyses were done in Plant Growth Regulation Lab, 
Department of Botany, Annamalai University, Tamil Nadu. 
The field experiment was conducted in Completely 
Randomized Block Design (CRBD) with three replicates 
during 2013-2014. Each plant was treated with 20/mg 
of TDM and 20/mg of HEX on 23, 38 and 53 days 
after sowing (DAS). The treatments were given by soil 
drenching. The fully expanded mature leaves of plants 
which emerged after the treatments were collected 
randomly on 30, 45 and 60 DAS to determine by growth 
and biochemical content of R. sativus.

Determinations of Fresh and Dry Weight

After washing the plants in tap water, fresh weight was 
determined by using an electronic balance (Model-
XK3190A7M) and the values were expressed in gram. 
After taking the fresh weight, the plants were dried at 
60°C in an hot air oven for 24 h. After drying, the weight 
was measured and the values were expressed in gram.

Biochemical Analysis

Starch content was extracted and estimated by the 
method of Clegg (1956), protein content by the method 
of Bradford (1976), amino acid content by the method of 
Moore and Stein (1948).

Statistical Analysis

The experiments were conducted by CRBD. Statistical 
analyses were performed using SPSS software the 
one-way analysis of variance. The expressed values are 
mean ± standard deviation for 3 replications in each group.

RESULTS AND DISCUSSION

Effect of TDM and HEX on the Shoot and Tuber Fresh 
and Dry Biomass of Radish

Triazole compounds significantly reduced the shoot 
fresh and dry weight. But vegetable part of the fresh 

and dry weight of tuber increased in radish. Among the 
triazole treatments, HEX treatment reduced to a larger 
extent when compared to TDM (Figures 1-3). Triazole 
compounds have promoted tuber growth in various tuber 
crops such as carrot, coleus, and Chinese potato (Gopi 
et al., 2007; Lakshmanan et al., 2007; Kishorekumar et al., 
2007). Triazole treatments reduced the stem elongation, 
plant height and decreased the fresh weight in citrus 
(Mehouachi et al., 1996). Paclobutrazol suppressed shoot 
height and dry weight in tomato (Pasian and Bennett, 2001; 
Still and Pill, 2003), wheat (Berova et al., 2002), barley 
(Sarkar et al., 2004). Triazole compounds such as TDM, 
paclobutrazol, and uniconazole have promoted rooting in 
various plants such as chrysanthemum, bean (Davis et al., 
1988) and apple (Wang and Faust, 1986). Triazole treated 
plants have exhibited thickened fleshy roots with increased 
root diameter and weight in apple and soybean (Sankhla 
et al., 1985; Wang and Faust, 1986; Bausher and Yelenosky, 
1987). Paclobutrazol and TDM treatments affected the 
fresh and dry weight of the shoot, while increasing it in the 
roots as in Brassica carinata (Setia et al., 1995). The growth 
retarding effect of triazole is caused by the inhibition of 
gibberellic acid biosynthesis and increased abscisic acid 
content in Cucurbita maxima (Buchenauer and Grossmann, 
1977). Triazole induced marked reduced in the shoot and 
this be attributed to the reduced gibberellic acid level by 
triazole treatment. Inhibition of shoot growth induced by 
increased abscisic acid and lowered gibberellin may be the 
cause for reduced fresh and dry weight of shoot reduced 
by triazole treatments.

Effect of TDM and HEX on the Starch, Protein and 
Amino Acid Content of Radish

Triazole treatments increased the starch content in the 
tuber and shoot parts of the radish plant. Among the 
triazole treatments, TDM treated plants exhibited a 
higher starch content than HEX treated plants (Figure 4). 
Triazole compounds are known to alter the carbohydrate 

Figure 1: Effect of triadimefon and hexaconazole treatments on the 
growth variation of 45 days after sowing old radish
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status in various plants such as sweet orange (Vu and 
Yelenosky, 1992) and potato (Kapur et al., 1993). The 
increased starch content in triazole treated plants may 
be due to decrease in starch hydrolysis as reported in 
treated bean (Steffens et al., 1983; Upadhyaya et al., 
1986). TDM and uniconazole treatments increased the 
total starch content in potato (Kapur et al., 1993). TDM, 
paclobutrazol, Uniconazole, and etaconazole increased 
the nonstructural carbohydrates in mature leaves of Poa 
paratensis, B. carinata and apple (Setia et al., 1995; Wang 
and Steffens, 1985; Wang and Faust, 1986). Paclobutrazol 
increased the started and sorbitol concentration in apple 
(Wieland and Wample, 1985). In both triazoles treated 
R. sativus the protein content was increased in all the 
stages of growth when compared to control. Among the 

treatments, TDM had pronounced effect in increased 
higher amount of protein accumulation than HEX 
(Figure 5). Propiconazole caused a higher level of protein 
accumulation in Basella alba (Shanmugam et al., 2012). 
Similar results were observed in cucumber seedling 
(Feng et al., 2003) and TDM treated cow pea, white 
yam (Gopi et al., 1999; Jaleel et al., 2007). The increased 
cytokinin content induced by TDM and HEX treatments 
might have increased the protein content in the shoot 
and tuber of R. sativus. The amino acid content increased 
with the age in control and treated plants in all growth 
stages of the radish plant. HEX and TDM treatments had 
pronounced effect to increase the amino acid content to a 
higher level when compared to control plants (Figure 6). 
TDM treatment increased the amino acid content in 

Figure 2: Effect of hexaconazole and triadimefon on the dry weight of radish

Figure 3: Effect of hexaconazole and triadimefon on the dry weight of radish

Figure 4: Effect of hexaconazole and triadimefon on the starch content of radish
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Phaseolus vulgaris (Mackay et al., 1990), paclobutrazol 
treatment also induced a moderate increase in amino 
acid content of Catharanthus roseus (Jaleel et al., 2006). 
HEX and paclobutrazol treatments increased the amino 
acid content in carrot (Gopi et al., 2007). Among the 
organs, leaf tissue accumulated the higher level of amino 
acids than stem and root tissue. Accumulated amino acid 
may be occurring in response to the change in osmotic 
adjustment of their cellular contents (Shao et al, 2007). 
Amino acids accumulation plays a very important role in 
drought tolerance, probably through osmotic adjustment 
in different plant species, such as Radix astragali (Tan 
et al., 2006). The increased cytokinin content induced 
by triazole treatments might have increased the protein 
and amino acid contents in the shoot and root of radish.

CONCLUSION

From these results, it is cleared that triazole applications 
at low concentrations are highly increased the fresh and 
dry biomass and also biochemical content in economically 
important tuber of R. sativus. Triazole compounds such 
as TDM and HEX enhanced the tuber productivity. 
The relative growth rate of the radish was elevated by 
the triazole compounds and they increased the relative 
root growth net assimilation rate, root/shoot ratio but 
decreased the shoot biomass and storage part tuber 
increased in all the stages of growth of radish.
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