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Abstract: The main objectives of this study wre to asses the effect of Triadimefon and Hexaconazole on the
non-enzymatic antioxidant potentials of Manihot esculenta Crantz during the growth and maturation period.
One  litre  of  20  mg  L  triadimefon  and 15mg L  hexaconazole solution per plant was used for the treatment-1 -1

and  control  was  treated with one litre of irrigation water. The treatment was given on 25,45,65 and 100 DAP
by  soil  drenching.  Plants  were  harvested  randomly  on  40,  80,  120,  160,  200 and 240 DAP and separated
into  stem, leaf, root  and  tuber  was  used  for  determining  antioxidant  status.  From  these  results  it  is  clear
that  triadimefon,  hexaconzole  can  be  used  as  enhancer  for  non-enzymatic  antioxidant  potentials of
Manihot esculenta.
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INTRODUCTION The tuber crops become the most important food

Number   of natural    and   synthetic  substances energy  for  people living near sustenance level in
like Auxins, Gibberellins, Abscissic acid, Ethylene, Tropical East and West Africa, East and South pacific
Cytokinin, Brassinosteroids, Terpenoids, Aliphatic islands and part of South America and India [5-7]. Tapioca
alcohols, Polyamines and Triazoles have growth (Manihot esculenta Crantz) also known as Cassava,
regulating  properties  in various plants. These Mandioca and Yucca is a bushy shrub belongs to the
substances  induce  specific  responses   in  specific family Euphorbiaceae is an important food crop grown
plants  [1].  Chemicals  like Lunaric acid, Batasins, throughout the tropics for its enlarged tuberous roots [8].
Jasmonic acid, Turgorins, Tuberonic acid and Cucurbic The tubers are used for sago industry for starch extraction
acids induce specific responses in specific plants. The and grown in rainfed areas where a number of sago and
responses of plant growth regulators may vary with plant starch mills exist. In addition the boiled tubers are
species, variety, age, plant, environmental conditions, consumed as staple food. The leaves of Tapioca are rich
physiological and nutritional status, stage of development in protein serving as an excellent cattle feed. It is an
and endogenous hormonal balance [2]. Plant growth important daily source of starch for 300 – 600 million of
retardants are widely used to modify canopy structure, the  people  around  the  world.  The tuber contains 30 to
yield and stress tolerance in many crop plants [3]. 35 % starch and appreciable amount of calcium and

Triazole compounds are mostly used as the systemic vitamin-C [8].
fungicides to control fungal diseases in plants and Triazole compounds increase the fresh and dry
animals. They inhibit gibberellin biosynthesis and modify weight of tubers and alter the partitioning by increasing
the sterol metabolism in the host and parasite organism. the  translocation  of photosynthates to the tuber [6,8,9].
They also have plant growth regulating properties and It also influence the carbohydrate and antioxidant
effectively retard the shoot growth in monocotyledons metabolism  in  various  plants [10-12]. The enhancement
and dicotyledons. [4]. of  yield  in  tuber crops like tapioca will be beneficial to

crop after cereals and legumes. They form a rich source of
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the farmers if right type of triazole compound and 100  DAP  by  soil  drenching.  The  EC  of  the  soil  was
concentration is determined by experiments. A lot of work 0.21 dSm  and pH was 6.8 after the treatment. The average
has been done on the effect of triazole compounds on temperature was 32/26°C (maximum and minimum) and
stress protection in various plants. However, work on relative humidity (RH) varied between 60-75 percent
increasing the growth, yield and modification of during the experimental period.
antioxidant potential using triazole compounds in tuber Triadimefon [1- (4- chlorophenoxy) –3, 3- dimethyl
crops like tapioca is scanty. Hence, a study becomes –1- (1H-1, 2, 4- triazole –1 –Y1) –2 butanone] [C  H  Cl N
essential to evaluate the effect of triazole compounds on O ] M.W. 293.75 has been obtained from Bayer India Ltd.,
the growth and metabolism of Tapioca. In this study, it is Mumbai  and  Hexaconazole (2- (2, 4- dichlorophenyl)-1-
proposed to evaluate the effect of triazole compounds viz. (2 H-1, 2, 4- triazole-1-Y1) hexan –2-01) [C  H Cl  N  O]
Triadimefon and Hexaconazole on growth and metabolism M. W. 314.2 has been obtained from Rallis India Ltd.,
of Manihot esculenta Crantz. Mumbai used for this study. Plants were harvested

The main objectives of this study are to asses the randomly on 40, 80, 120, 160, 200 and 240 DAP and
effect of Triadimefon and Hexaconazole on the non- separated into stem,leaf,root and tuber was used for
enzymatic antioxidant potentials of Manihot esculenta determining antioxidant status.
Crantz during the growth and maturation period.

MATERIALS AND METHODS analysis of variance (ANOVA) as described by the

The  land  was prepared by ploughing thoroughly between treatments from the error mean square by LSD
five  times to a depth of 35 cm and the soil was sandy (Least Significant Difference) at the P = 0.05 and P = 0.01
loam without any stones and pebbles. The Farm yard confidence level using Tuckey’s [14] test.
manure (FYM) was applied at the rate of 10 tonnes per
hectare. The stem cuttings of Manihot esculenta Crantz. Lipid  Peroxidation:  Peroxidation  of  membrane  lipids
(Tapioca) CV-H-226 were obtained from Tamil Nadu was assayed by the method of Heath and Packer [15].
Agricultural  University  (TNAU)  India. The stem Degradation of malonaldialdehyde (MDA) is a
cuttings of uniform thickness having three nodes were product of peroxidised lipids. Estimation of MDA can
used for planting. The stem cuttings are dipped for 10 account for the lipid peroxidation. MDA reacts with TBA
minutes in  1%  Bavestin  before  planting  to avoid (thiobarbituric acid) to form TBA-MDA chromophore
fungal infections. Each stem cuttings  was  planted  in a proportional to the extent of peroxidation of lipids.
plot of 1.5 × 1.5 to a depth of 5 cm inside the soil and Using a pestle and mortar fresh tissue 0.3 g of was
Completely  Randomized  Block  Design  (CRBD) was homogenized  in  5  ml  of  0.1  %   trichloroacetic  acid.
used for this experiment. The   homogenate    was   centrifuged   at   10,000   g  for

No inorganic fertilizer was used throughout the 5 minutes. Then 1ml of supernatant was added to 4 ml of
experiment and no systemic pesticide or fungicide was reaction solution containing 0.5% thiobarbituric acid
used during the experiment. Only ground water was used (TBA) in 20% TCA and incubated at 95°C for 30 minutes.
for irrigation. In preliminary experiments, 5, 10, 15, 20, 25 The solution was allowed to cool and centrifuged at 1000g
and 30 mgL  triadimefon and hexaconazole were used for for 2 minutes to remove the protein precipitated by TCA.-1

treatment to determine the optimum concentration of Absorbance was read at 532 nm and adjusted for non
triadimefon and hexaconazole. specific absorbance at 600nm. MDA was estimated using

Among these treatments, 20mg L  triadimefon and extinction coefficient of 155 mL  cm .-1

15mg L  hexaconazole concentrations were found to-1

increase the dry weight significantly and in higher Antioxidants
concentrations they slightly decreased the growth and Ascorbic Acid: Ascorbic acid was assayed as described
dry  weight. Hence 20 mg L   triadimefon  and  15  mg L by Omaye et al. [16].-1 -1

hexaconazole concentrations were used to determine the
effect of these chemicals on the growth and metabolism of Extraction: One gram of fresh material was ground in a
tapioca. One litre of 20 mg L triadimefon and 15mg L pestle and mortar with 5 ml of 10 per cent TCA, the extract-1 -1

hexaconazole solution per plant was used for the was centrifuged at 3500 g for 20 minutes. The pellet was
treatment and control was treated with one litre of re-extracted twice with 10 per cent TCA and supernatant
irrigation water. The treatment was given on 25,45,65 and was made to 10 ml and used as extract.

-1

14 16 3

2

14 17 2 3

Statistical Analysis: The data was analysed using the

method outlined by Ridgman [13]. Means were compared

-1 -1
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Estimation: To 0.5 ml of extract, 1 ml of DTC reagent was RESULTS AND DISCUSSION
added and mixed thoroughly. The tubes were incubated
at  37°C  for  3  hours  and  to  this  0.75  ml   of   ice  cold Lipid Peroxidation
65 per cent H SO  was added. The tubes were then Leaf (Fig. 1.): The Lipid peroxidation in the leaf cells was2 4

allowed to stand at 30°C for 30 minutes. The resulting inhibited by the triazole treatment. The inhibition of lipid
colour was read at 520 nm in a Spectrophotometer. The peroxidation was higher in triadimefon and hexaconazole
ascorbic acid content was determined using a standard treated plants and it was 67.88 and 64.8 on 240 DAP.
curve prepared with ascorbic acid and the results were
expressed in mg per gram dry weight. Tuber (Fig. 2.): Triazole treatment significantly inhibited

a-Tocopherol: -tocopherol activity was assayed as 79.61 percent as compared to control in triadimefon and
described by Baker et al. [17]. hexaconazole treated plants on 240 DAP.

Extraction:  0.5  grams of fresh tissue was homogenised showed a lower level of lipid peroxidation when compared
with  10  ml  of  a  mixture  of  petroleum  ether:  ethanol to  control.  Malonoldialdehyde  (MDA)  a  product of
(2:1.6  v/v)  and  extract  was  centrifuged  at  10,000  g  for lipid peroxidation damages enzymes  and  plant
20 minutes and supernatant was used for the estimation membranes  as  observed  in Daucus carota tubers [9].
of -tocopherol. The lipid peroxidation is a consequence of higher

Estimation: To 1 ml of extract 0.2 ml of 2 per cent 2, 2 electrolyte leakage and MDA accumulation and
dipyridial  in ethanol was added and mixed thoroughly consequently decreased the heat induced lipid
and kept in dark for 5 minutes. The resulting red colour peroxidation in rape plants [19].
developed was diluted with 4 ml of distilled water and
mixed well. The resulting colour in the aqueous layer was Antioxidants
measured at 520 nm. The -tocopherol content was Ascorbic Acid
calculated using a standard graph made with known Leaf (Table. 1): The ascorbic acid content increased with
amount of -tocopherol. the age in the leaves of the  control  and  treated  plants.

the lipid peroxidation in the tuber and it was 82.40 and

Triadimefon and hexaconazole treated tapioca plants

oxidative  stress  [18].  Uniconazole reduced the

Fig. 1: Triazoles induced changes in the lipid peroxidation in the leaves of Tapioca

Fig. 2: Triazoles induced changes in the lipid peroxidation in the tubers of Tapioca
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Fig. 3: Triazoles induced changes in the –tocopherol content in the leaves of Tapioca

Fig. 4. Triazoles induced changes in the –tocopherol content in the tuber of Tapioca

Table 1: Triazole induced changes in the ascorbic acid  content  in  the
leaves of Tapioca (Values are the mean of three replicates expressed
in µg/ g fresh weight)

DAP CON TDM HEX F- ratio LSD
40 102.45 122.44 119.88 * 4.62
80 106.03 128.83 126.30 * 4.34
120 118.37 146.90 144.71 ** 4.86
160 122.18 156.51 154.33 ** 5.17
200 128.41 169.77 167.52 ** 5.46
240 120.84 156.25 154.51 * 4.84
NS-Non significant; *-Significant at 0.05 level; **-Significant at 0.01 level

Table 2: Triazole  induced  changes  in the ascorbic acid content in the
tuber of Tapioca (Values are the mean of three replicates expressed
in µg/ g fresh weight) 

DAP CON TDM HEX F- ratio LSD
80 12.03 15.11 14.71 * 1.38
120 17.05 22.02 21.73 * 2.42
160 21.18 28.02 27.57 * 3.67
200 38.12 51.28 50.91 ** 4.12
240 42.15 58.22 57.88 ** 3.86
NS-Non significant; *-Significant at 0.05 level; **-Significant at 0.01 level

The ascorbic acid content increased to a larger extent in
triazole treated plants when compared to control and it
was 129.31 and 127.87 percent over control in the
triadimefon and hexaconazole treated plant on 240 DAP.

Tuber (Table. 2): In tapioca tubers triazole treatments
increased the ascorbic acid content to a larger extent
when  compared  to  control  and  it  was   58.225  and
57.88 microgram in the triadimefon and hexaconazole
treated plants as compared to 42.156 microgram in the
control plants.

Triadimefon and hexaconazole treatments increased
the ascorbic acid content in the leaves and tubers of
tapioca. Ascorbic acid is an important component of the
plant antioxidant system [20-21]. Ascorbate is one of the
two major soluble antioxidants in chloroplast [22].
Ascorbate also has photoprotective function because of
its antioxidant capacity [23].

Uniconazole increased the level of antioxidants like
ascorbic acid and -tocopherol and protected membrane
by preventing or reducing oxidative damage [4,20].
Increase in ascorbic acid content was reported in the
Triadimefon treated Catharanthus roseus plants [24].

 – Tocopherol
Leaf (Fig. 3): The triadimefon and hexaconazole treatment
increased the  – tocopherol content in the leaves of
tapioca. The tocopherol content increased with the age of
the  plant. The increased content of the  – tocopherol in
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the leaves of tapioca was 122.20 and 119.83 percent over 5. Abdul  Jaleel,  C.,  R.  Gopi,  M.  Gomathinayagam
control in the triadimefon and hexaconazole treated plant
on 240 DAP.

Tuber (Fig. 4): In the tubers of tapioca the  – tocopherol
content showed a significant increase in the triazole
treated plants when compared to control. Triadimefon and
hexaconazole increased the  – tocopherol to 5.686 and
5.536  µg  as  compared  to  4.588  µg  in  the control on
240 DAP.

Triadimefon  and  hexaconazole  treatment increased
-tocopherol content in the leaves and tubers of tapioca.
-tocopherol is the most abundant form of antioxidant in

nature [25,26]. -Tocopherol has antioxidant, cell
signaling and vitamin-E functions. It acts as a chain
breaking antioxidant, preventing the propagation of free
radical reactions [27,28]. The active oxygen species
formed at the membrane of leaves under water stress was
efficiently  removed  upon  rehydration  with increase in
the -tocopherol and â-carotene [29,30]. The increase in

-tocopherol level in the triazole treated tapioca can
increase the antioxidant potential in the leaves and tuber
tissue.
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