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ABSTRACT

The present study is aimed at understanding the effect of indole-3-butyric acid (IBA) and triazole compounds viz., triadimefon
(TDM) and propiconazole (PCZ) on the biochemicals of ashwagandha. Treatments were given on 50, 90 and 130 d after sowing
(DAS). Biochemical constituents such as proline, glycine betaine and total alkaloids content were determined. It was observed
that proline, glycine betaine and alkaloids content were enhanced by TDM and PCZ than followed by IBA treatment when
compared to control for respective growth stages. Among the treatments, triazole compounds caused pronounced effect to the
biochemical accumulation in higher level when compared to IBA treatment. These results suggest that, triazole active
compounds act as a growth regulator also influence hormonal balance and great significance, which is helpful to satisfy the

needs of enhance the biochemical contents in Ashwagandha.
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INTRODUCTION

Ashwagandha (Withania somnifera L. Dunal) (Family:
Solanaceae) is a medicinally important root crop and
cultivated for tropical and subtropical region of India and
vernacular name as Amukkra kizhangu in Tamil. The dried
roots of ashwagandha are used as various form herbal
medicine by Ayurveda, Siddha and Unani formulation. The
root quality basically determined secondary metabolites
contents such as alkaloids and steroidal lactone
(Withanolides). It has household remedy for various
ailments and is known by various local names, as
Ashgandh in Hindi, Amukkiran Kizhangu in Tamil,
Hiremaddinagida in Kannada, Askandha in Marathi. The
plant species is widely distributed all over the India
subcontinent [1-3]. The ashwagandha roots diverse
therapeutic effect, it has been used in many groups of
formulations for the treatment of an array of ailments
[4,5]. The root drug is used various physiological disorders
[6-7]. Many active compounds are being isolated from
various parts of this plant [8-12].

Triazoles are fungicides which can be used as plant growth
regulators and also influence by hormonal balance such as
inhibition of gibberellic acid biosynthesis and increase
abscisic acid and cytokinin contents [14, 13]. Triazole
induced changes in morphological, physiological and
metabolic changes are reported earlier in plants [13, 15].
Triazoles proved a better growth regulator and stress

protectant in many plants [16-23]. Auxins if supplied
externally has many profound effects in growth and
metabolism of plants [24, 25]. Exogenous applied auxins
induced the biomass production, biochemicals and
secondary metabolite accumulation [26, 27]. The present
study aimed to estimate the effects of triazoles and IBA on
biochemical constituents of Withania somnifera.

MATERIALS AND METHODS

The seeds of Ashwagandha (Withania somnifera L.)
variety “Jawahar Asgandh-20” were obtained from Tamil
Nadu Agricultural University, India. Indole-3-butyric acid
(Sigma Chemicals), Bayleton™ (Triadimefon) (Bayer India
Ltd.) and Banner™ (Propiconazole) (Rallis India Ltd.)
were used for this study.

The experiment was in Completely Randomized Block
Design (CRBD) with six replications. 2.5 mgL? IBA, 20
mgL* TDM and 20 mgL PCZ concentrations were used to
determine the effect of these chemicals on the growth of
W. somnifera and the treatments were given on 50, goth
and 130%h"DAS by soil drenching. Plants were harvested on
60!, 100t and 140MDAS and they were used for the
determination of proline, glycine betaine and alkaloids
content of W. somnifera.

Proline content was extracted and estimated by following
the method [28]. The glycine betaine content for method of
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Grieve and Grattan [29]. Total alkaloids content estimated
by standard method [30].

Statistical analysis

SPSS software version 16.0 was to make statistical
analysis. The data analysis was performed using one way
analysis of variance (ANOVA) followed by Duncan’s
Multiple Range Test (DMRT). The values are
meanztstandard deviation (SD) for six samples in each
group. P values < 0.05were considered as significant.

RESULTS AND DISCUSSION
Proline content

IBA and Triazole compounds such as TDM and PCZ
treatments significantly increased the proline content in
the roots, stem and leaves of Withania somnifera. Among
the treatments, TDM and PCZ caused pronounced effect to
induced the proline accumulation to a higher level when
compared IBA treated plants (Table-1). Active ingredients
of triazole gradually increased the proline content in
Aesculus hippocastanum [31]. Triazole compounds
enhanced the accumulation of proline content in
Dioscorea rotundata and Abelmoschus esculentus [21,32].
Paclobutrazol concentrations resulted that higher proline
content in Festuca arundinacea and Lolium perenne [33]
and sativa plant [34]. Triadimefon treatments increased
the proline content in Lycopersicom esculentum [35] and
Cajanus cajan [36]. Triadimefon and propiconazole
treatments enhanced proline accumulation in all the stages
of growth of Raphanus sativus [37].

Proline and glycine betaine are through to function as
osmoprotectants for proteins [38]. Proline acts as a free
radical scavenger and may be more important in
overcoming stress than in acting as a simple osmolyte [39].
Mulberry treated with triadimefon and uniconazole
showed an appreciable increase in free proline content and
this increase was directly proportional to the triazole
concentrations [40]. Triazole induced the abscisic acid

biosynthesis in Phaseolus vulgaris [41]. The increased the
abscisic acid content induced by TDM and PCZ might be
the reason for increased proline content in W. somnifera

Endogenous applied IBA significant increased the proline
content in weights in Pisum sativum [42]. IBA
concentrations gave the highest values for proline content
observed in onion plants [43-44]. Teng [45] reported that
cultivars variation occurs in levels of free proline and
gibberellins and a lower level of ABA, along with higher
pollen vigour and germination rate even after prolonged
higher drought stress in rice. Thus they suggested a
possible correlation between IAA and ABA free proline
content in maize plant [46]

Glycine betaine content

Glycine betaine content significantly increased under the
PCZ, TDM and IBA treated plants. Among the treatments,
triazole had higher level of glycine betaine when compared
to IBA treated plants of W. somnifera (Table-2). Triazole
with drought stress increased the glycine betaine
accumulation in  Abelmoschus  esculentus [32].
Paclobutrazol treatment significantly increased the
osmoregulation content like proline and glycine betaine
content in Sesamum indicum [47] and Arachis hypogaea
[48]. Ketoconazole treatment increased the proline and
glycine betaine content in Cowpea [49]. Osmotic potential
of their cells by synthesizing and accumulating compatible
osmolytes such as proline and glycine betaine, which
participates in the osmotic adjustments in Helianthus
annuus under abiotic stress [38]. Glycine betaine is an
osmoprotectant which can improve stress tolerance in
plants [50]. Triazole treatments increased glycine betaine
contents, triazole treatment modified biochemical content
and antioxidant enzyme activity. Plants are highly
regulated by triazole compounds and can give stress
tolerance [32,51]. The increased the abscisic acid content
induced by triazole might be the reason for increased
glycine betaine content in W. somnifera

Table 1: Influence of IBA, TDM and PCZ on the proline content of Ashwagandha

Biochemical Growth stages  Control Indole-3-butyric Triadimefon Propiconazole
constituents (DAS) acid (IBA) (TDM) (PCZ)
Proline content (mg g fr. wt.)
60 6.346+0.4842  6.725+0.5102 7.720+£0.589P 7.891+0.600P
b= 100 8.605+0.6582  9.593+0.7252P 11.015+0.841P 11.396+0.859b¢
3 140 9.965+0.7572  10.711+0.8152 12.121+0.922b 12.406+0.945P
60 6.656+0.5062  7.065+0.5372 8.201+0.627P 8.351+0.636P
g 100 8.963+0.6872  9.990+0.7562P 11.496+0.880P 11.865+0.900b¢
& 140 10.213+0.777a  10.708+0.815a 11.868+0.900P 12.205+0.929P
60 7.231+0.5502 7.781+0.5912 8.981+0.685P 0.131+0.694P
bS] 100 9.566+0.7322 10.705+0.819P 12.426+0.951¢ 12.546+0.960°¢
p% 140 10.9254+0.8332 11.661+0.887% 12.815+0.976P 13.131£0.998P

Expressed values are the mean+SD of six replicates in each group. Values, that are not sharing a common superscript (a, b, c,)

differ significantly at P < 0.05
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Table 2: Influence of IBA, TDM and PCZ on the glycine betaine content of Ashwagandha

Biochemical Growth stages  Control Indole-3-butyric Triadimefon Propiconazole
constituents (DAS) acid (IBA) (TDM) (PCZ)
Glycine betaine content (mg g fr. wt.)
60 3.805+0.2912 3.916£0.3002 4.436+0.335P 4.701£0.434°¢
4 100 6.251+0.4762 6.997+0.5212b 7.630+0.582P 7.990+0.602P
3 140 7.223+£0.5482  7.618+0.5802 8.551+0.649P 8.981+0.685P
60 2.926+0.2242  3.100+0.2373b 3.340+0.255b¢ 3.460+£0.264¢
g 100 5.473+0.4182 5.973+0.4592p 6.418+0.490b¢ 6.670+0.510¢
& 140 6.363+0.4862  6.723+0.5892 7.606+0.578P 7.733+0.589P
60 4.530+0.3452 4.879+0.3562 5.341+0.407P 5.651+0.430P
kS 100 7.00£0.5352 7.795+0.595P 8.797+0.671¢ 8.986+0.689¢
§ 140 8.133+£0.620? 8.613+0.656% 9.791+0.743¢ 9.998+0.685¢
Total alkaloids content (mg g fr. wt.)
60 16.333+1.245°  17.903+1.3612P 19.003+1.447 19.403+1.478P
kS 100 26.903+2.057% 29.915+2.288P 32.015+2.449b¢ 33.126+2.536¢
;§ 140 33.605+2.557¢ 38.006+2.894P 41.996+3.198¢ 43.056+3.274¢

Expressed values are the mean + SD of six replicates in each group. Values that are not sharing a common superscript (a, b, c)

differ significantly at P < 0.05

Total alkaloids content

The total alkaloid content was gradually increased in all
stages of growth, but high level of alkaloids production in
the later root at maturity stages. Triazole treated W.
somnifera enhanced the alkaloids content in higher level
than IBA treatment when compared to control plant
(Table-2). Triazoles application could well be used as an
antioxidant potential tool to increase the antioxidant
production and alkaloid production in Gloriosa superba
[52]. Triadimefon treatment increased the accumulation of
alkaloid “ajmalicine” content in Catharanthus roseus [53-
54] Similar results observed in Plectrantus forskohlii
alkaloid “forkolin” content under the triadimefon and
hexaconazole treatments [23]. Triadimefon mediated
increased the indole alkaloids content in Datura species
[55]. Triazole treatment has good significance, as these
increases the secondary metabolites of Catharanthus
roseus [53]. These increased alkaloids content might be
due to triazole effect on Geranylgeranyldiphosphate
(GGPP) which is the precursor for the synthesis of
terpenoids, carotenoids, ABA and cytokinin [56]. Triazole
treatments increased the cytokinin content and it might
also be a reason for the increased alkaloid content in
triazole treated plants of Withania somnifera as observed
in Coleus forskohlli culture cells treated with cytokinin
[571.

Foliar application of IAA, IBA and NAA enhancement in
the total alkaloids of leaves and roots, contents of vincristine
and vinblastine production in Catharanthus roseus [26].
According to Ataei-Azimi [58] 2,4-D, KIN, and IAA
enhanced the production of vincristine and vinblastine
alkaloids during in vitro culture. IBA supplementation is
useful tool for growth and secondary metabolite production
in adventitious roots of Morinda citrifolia [59]. An
increased alkaloid content was also reported in
Catharanthus roseus by the application of 2,4-D and IAA
[60]. Auxin appears to be the primary factor controlling
growth and morphology of roots, while the effects of
cytokinins vary depending on secondary metabolite
formation as well as the relevant plant species [61].

CONCLUSION

The present investigation, it can be concluded that the
exogenous applied indole-3-butyric acid, triadimefon and
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propiconazole at low concentrations (IBA 2.5 mgL?, TDM
20 mgL!and PCZ 20 mgL?) significantly enhanced the
proline, glycine betaine and total alkaloids content for
respective growth stages of ashwagandha. Among the
treatments, triazole caused pronounced effect to enhance
the biochemicals accumulation in higher level when
compared to IBA. Triazole application could well be used
as a potential agronomical tool to enhanced primary and
secondary metabolites production in medicinally
important root crops.
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