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ABSTRACT

The effects of triazole compounds namely triadimefon (TDM), tebuconazole (TBZ), and propiconazole (PCZ) on

drought stress, biochemical, and antioxidant metabolism were studied in Zea mays L. (Maize) under pot culture.
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Plants were subjected to 4 days interval drought stress and drought with TDM at 15 mg/L, TBZ at 10 mg/L,
and PCZ at 15 mg/L separately by soil drenching on 30, 40, and 50 days after sowing (DAS). Irrigation at 1 day
interval was kept as control. The plant samples were collected on 40, 50, and 60 DAS and separated into root,
stem, and leaf for estimating the amino acid (AA) and proline (PRO) contents and the activities of antioxidant
enzymes. The drought and drought with triazole treatments increased the AA and PRO contents, superoxide
dismutase, catalase, and ascorbate peroxidise activities when compared to control. Qur results of this investigation
have good significance, as this increase the innate biochemical and antioxidant metabolism of this maize plant.
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INTRODUCTION

Water is a major limiting factor affecting plant growth,
development, and yield mainly in arid and semi-arid
regions where plants are often exposed to periods of
water deficit drought (Wang et al., 2004). Drought,
cold, and salinity are major forms of stress from abiotic
sources that adversely affect plant growth and productivity
(Nakashima et al., 2012) of which drought is considered
as the most devastating. Drought or soil water deficit can
be chronic in climatic regions with low water availability
or random and unpredictable due to changes in weather
conditions during the period of plant growth. The effects
of drought are expected to increase with climate change
and growing water scarcity. Water is an increasingly scarce
resource given current and future human population and
societal needs, putting an emphasis on sustainable water
use (Rosegrant and Cline, 2003). Thus, an understanding
of drought stress and water use in relation to plant growth
is of importance for sustainable agriculture. The need
for water conservation and evaluation of the existing
and/or newly developed germplasm of crop plants for their
tolerance to drought has become urgent (Morison et al.,
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2008; Sivritepe et al., 2008). Under drought stress, plants
tend to close their stomata to avoid unnecessary water
loss (Rasmussen et al., 2013). Plants, being sessile, have
evolved specific acclimation and adaptation mechanisms
to respond to and survive short- and long-term drought
stresses. Analysis of these protective mechanisms will
contribute to our knowledge of tolerance and resistance
to stress. The complex responses to environmental stress,
from perception to transcriptional and physiological
changes, need to be considered at a global systems biology
level to study the multiple interactive components in this
biological process (Krishnan and Pereira, 2008).

Maize (Zea mays L.) is one of the most important
crops for livestock and humans worldwide. Its growth
and development are seriously affected by adverse
environmental conditions (Ron and Walter, 2007). It is
primarily a cross-pollinating species, a feature that has
contributed to its broad morphological variability and
geographic adaptability. Kernels may be colorless (white)
or yellow, red, blue, or variegated with these colors in
mottled or striated patterns (Salvador, 1997). Traditionally
maize is used for human consumption (white maize)
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(Rehman et al., 2002) and animal feed (yellow maize)
(Dredge, 2004). This crop is also versatile and is used
in many inedible products, including rubber, plastics,
biofuel (Bant, 2007), alcohol fermentation, clothing, food
additives, and adjuncts and literally thousands of other
forms (Abbas et al., 2006).

Triazoles are the largest and most important group
of systemic compounds, developed in the 1960s for
the control of fungal diseases in plants and animals.
Commercial triazole derivatives (such as paclobutrazol
[(2RS, 3RS)-1-(4-chlorophenyl)-4,4- dimethyl-2-
(1,2,4-triazolyl)-pentan-3-ol]) have been recommended
for use as either fungicides or plant growth regulators
(Fletcher et al., 1986). Several of these compounds,
including paclobutrazol, uniconazole, tetraconazole, and
triadimefon (TDM), cause remarkable growth responses
in plants. Changes caused by triazoles are mediated
through cytochrome P-450 group of enzyme inhibition
(Zhu et al., 2004). Characteristic of morphological and
anatomical effects of the triazole include reduced shoot
elongation and trichome length, increased epicuticular
wax, larger chloroplasts, and increased root growth
(Grossmann, 1990). Triazoles affect the isoprenoid
pathway and alter the levels of certain plant hormones
by inhibiting gibberellin synthesis, reducing ethylene
evolution and increasing cytokinin levels (Kamountsis
and Chronopoulou-Sereli, 1999). Triazole treated plants
have a more efficient free-radical scavenging system
that enables them to detoxify active oxygen (Kopyra
and Gwozdz, 2003). Morphological and physiological
changes associated with triazole treatment in various
plants, include the inhibition of plant growth, decreased
internodal elongation, increased chlorophyll levels,
enlarged chloroplasts, thicker leaf tissue, increased root
to shoot ratio, increased antioxidant potentials, and an
enhancement in alkaloid production (Muthukumarasamy
and Panneerselvam, 1997; Muthukumarasamy ez al.,
2000; Jaleel ez al., 2006). The drought stress amelioration
by triazole compounds is of major research interest
because these compounds have the innate potentiality for
increasing antioxidant enzymes and molecules in oxidative

stressed plants (Fletcher et al., 2000).

Biochemical effects of the triazole include detoxification of
active oxygen (Kraus and Fletcher, 1994), increased levels
of proline (PRO) (Mackay et al., 1990), and antioxidants
(Senaratna et al., 1988). The application of TDM caused a
partial recovery of the damaging effect of drought stress
by its influence on the antioxidant system (Mohamadi
and Rajaei, 2013).Triazoles protect plants against various
stresses including drought, low and high temperatures,
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ultraviolet light, and air pollution. They have been referred
to as plant “multi-protectants” because of their ability to
induce tolerance in plants to environmental and chemical
stresses (Gupta et al., 2004). Therefore, spraying PBZ
with 50 mg/L or 6-BA with 30 mg/L at the heading stage
could increase grain yields and improve grain qualities in
the two super-hybrid rice (Pan et al., 2013). This study
investigated the use of TDM, tebuconazole (TBZ), and
propiconazole (PCZ) as one of the triazole less has been
tested on tolerance to the drought stress in Z. mays L.

MATERIALS AND METHODS

Biological Material and Drought Stress Applications

The hybrid maize seeds variety NK 6240 were obtained
from Syngenta India Private Limited and used for this
investigation. The experimental seeds were surface
sterilized with 0.2% mercuric chloride solution for
5 min with frequent shaking and thoroughly washed with
tap water. In the preliminary study, under lab condition,
2,5,10, 15, and 20 mg/L of triazole compounds were
tested and among the concentration tested, 15 mg/L of
TDM, 10 mg/L of TBZ and 15 mg/L of PCZ treatments
were prepared as optimum doses and used for further
study. Plastic pots of 40 cm diameter and 45 cm height
size were used for pot culture study. The pots were filled
with 10 kg of soil mixture containing red soil; sand
and farm yard manure in 1:1:1 ratio and the pots were
arranged in a completely randomized block design. Totally
250 pots were used, and one set containing 50 pots was
kept as control, and another set of 50 pots was used for
drought stress inducement and the remaining three sets
of 150 pots were used for drought stress with triazoles
treatment. The treatments were given as soil drenching,
30 days after sowing (DAS). The plants were left for 30
DAS with alternative day irrigation. From 30™ to 60" day,
control plants were irrigated on every alternative day,
drought treated and drought with triazole treated plants
were irrigated at every four days interval. After drought
treatment, all the pots were irrigated on the alternative
day, and it last up to harvest. Plants were uprooted
randomly on 40™ 50," and 60" DAS, washed with water
and separated into root, stem, and leaf for estimating
biochemical and antioxidant metabolism.

Biochemical Analysis

Estimation of total free amino acid (AA) content

Extraction and estimation of AA content were followed
by the method suggested by Moore and Stein (1948).
0.5 g of plant material was taken in a pestle and mortar
and homogenized with 10 ml of 80% boiling ethanol.
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The extract was centrifuged at 800 g for 15 min, and the
supernatant was made up to 10 ml with 80% ethanol and
used for the estimation of free AAs. 1 ml of ethanol extract
was taken in a 25 ml test tube and neutralized with 0.1 N
sodium hydroxide using methyl red indicator, to which 1 ml
ninhydrin reagent was added. The contents were boiled in a
boiling water bath for 20 min and then 5 ml of diluted reagent
was added, cooled, and diluted to 25 ml with distilled water.
The absorbance was read at 570 nm in a spectrophotometer.
The standard graph was prepared by using glycine. The AA
content was calculated using the standard graph. The results
were expressed in milligrams per gram of dry weight.

Determination of PRO content

The PRO content was estimated by the method of Bates
et al. (1973). The plant material was homogenized in
3% aqueous sulfosalicylic acid and the homogenate was
centrifuged at 10,000 rpm. The supernatant was used for
the estimation of the PRO content. The reaction mixture
consisted of 2 ml of acid ninhydrin and 2 ml of glacial
acetic acid, which was boiled at 100°C for one h. After
termination of the reaction in an ice bath, the reaction
mixture was extracted with 4 ml of toluene and the
absorbance was read at 520 nm.

Antioxidant Enzyme Activities

Superoxide dismutase activity (SOD, EC: 1.15.1.1)
The crude enzyme extract was prepared for assay of SOD
by the method suggested by Hwang et al. (1999). The
enzyme protein was determined according to Bradford
(1976) for all the three enzymes for expressing the specific
activity of enzymes. SOD (EC 1.15.1.1) activity was
assayed according to Beauchamp and Fridovich (1971).The
reaction mixture contained 1.17 X 107° M of riboflavin,
0.1 M of methionine, 2 X 107> M of potassium cyanide
and 5.6 X 107> M of nitroblue tetrazolium salt dissolved
in 3 ml of 0.05 M sodium phosphate buffer (pH 7.8). 3 ml
of the reaction medium were added to 1 ml of 5-enzyme
extract. The mixtures were illuminated in glass test tubes
by two sets of Phillips 40-W fluorescent tubes in a single
row. [llumination was started to initiate the reaction at
30°C for one h. Identical solutions that were kept under
dark served as blanks. The absorbance was read at 560 nm
in the spectrophotometer against the blank. SOD activity
was expressed in units (U/mg protein).

Catalase activity (CAT, EC: 1.11.1.6)

CAT was measured according to Chandlee and Scandalios
(1984), with modification. The assay mixture contained
2.6 ml of 50 mM potassium phosphate buffer (pH 7.0),
0.4 ml of 15 mM H O, and 0.04 ml of enzyme extract.
The decomposition of H ,0, was followed by the decline in

Journal of Plant Stress Physiology e Voll e Issuel e 2015

absorbance at 240 nm.The enzyme activity was expressed
in U/mg protein.

Ascorbate peroxidase activity (APX, EC: 1.11.1.11)
APX (EC 1.11.1.1) activity was determined according
to Asada and Takahashi (1987). The reaction mixture
(1 ml) contained 50 mM of potassium phosphate buffer
(pH 7.0), 0.5 mM of ascorbic acid, 0.1 mM of H O, and
200 pl of enzyme extract. The absorbance was read as the
decrease at 290 nm against the blank, correction was done
for the low, non-enzymatic oxidation of ascorbic acid by
H,O, (extinction coefficient: 2.9/mM/cm). The enzyme
activity was expressed in U/ mg protein.

Statistical Analysis

Statistical analysis was performed using the one-way analysis
of variance followed by the Duncan’s multiple range test.
The values are mean % standard error for seven samples
in each group. P < 0.05 were considered as significant.

RESULTS AND DISCUSSION

Biochemical Analysis

Effect of drought and drought with triazole
combination on AA content

Drought stress increased the AA content when compared
to control in Z. mays [Figure 1]. The AA content increased
under drought condition in Arachis hypogaea (Asha
and Rao, 2002). Accumulated AA may be occurring
in response to the change in the osmotic adjustment
of their cellular contents (Shao et al., 2007). AAs and
other soluble nitrogenous compounds play an essential
role in plant metabolism being the primary product of
inorganic nitrogen assimilation and precursors of protein
and nucleic acids. Because of the importance of soluble
nitrogenous compounds, there has been much interest in
the influence of environmental stress on their metabolism.
A common response of plants to environmental stress is
an accumulation of AAs (Aspinall and Paleg, 1981). The
AAs accumulation plays a very important role in drought
tolerance, probably through the osmotic adjustment in
different plant species such as Radix astragali (Tan et al.,
2006). The complexity of tolerance to water deficit and
supports the statements of many authors that the flexibility
of cell metabolism and its fast acclimation to changes in
environmental conditions is a first essential step in stress

avoidance (Zlatev and Lidon, 2012).

Increased AA content to a higher level immediately after
treatment, later it declined as the day progresses. The
AA content has been shown to increase under drought
condition in coconut (Kasturi Bai and Rajagopal, 2000)
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Figure 1: Effect of drought and drought with triazole combination on the
amino acid content of Zea mays. Values are given as mean + standard
error of seven samples in each group. Bar values are not sharing a
common letters (a, b, ¢, d, e) differ significantly at P < 0.05 (Duncan’s
multiple range test)

and wheat (Hamada, 2000). Triazole treatment to the
drought stressed maize plants lowered the AA content
when compared to drought stress, but it was higher than
that of control. Similar results were observed in olive
varieties under water stress (Thakur et al., 1998), wheat
seedlings (Berova et al., 2002), Abelmoschus esculentus
(Amalan Rabert et al., 2013).

Effect of drought and drought with triazole
combination on PRO content

Drought stress caused a higher accumulation of PRO
content in all parts of the maize plants [Figure 2]. The
results coincide with the reports of previous works.
Increased PRO accumulation was reported in water
stressed Gossypium hirsutum (Ronde et al., 1999), bell
pepper (Nath et al., 2005) and wheat (Vendruscolo et al.,
2007). PRO accumulated under stressed conditions
supplies energy for growth and survival and thereby
helps the plant to tolerate stress (Jaleel et al., 2007b).
PRO content increased in a large variety of plants under
stress, up to 100 times the normal level, which makes

upto 80% of the total AA pool. PRO was known to
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Figure 2: Effect of drought and drought with triazole combination on
the proline content of Zea mays. Values are given as mean + standard
error of seven samples in each group. Bar values are not sharing a
common letters (a, b, c, d, e) differ significantly at P < 0.05 (Duncan’s
multiple range test)

accumulate in plants under water stress (Hsiao, 1973).
PRO accumulation was maximum at flowering stage and
minimum at Vegetative stage.

Accumulated PRO may supply energy to increase
salinity tolerance (Misra and Gupta, 2006), PRO as
an osmoprotectant compound, plays a major role in
osmoregulation and osmotolerance (Demir, 2000). The
development of root system increases the water uptake
and maintains requisite osmotic pressure through higher
PRO levels in Phoenix dactylifera (Djibril et al., 2005).

Antioxidant Enzyme Activities

Effect of drought and drought with triazole
combination on SOD activity

The drought stress increased the SOD activity in all the
maize plant when compared to control [Figure 3]. Triazole
treatment decreased SOD activity when compared to
drought stress and increased it in the control. SOD

activity increased under drought stressed higher plants

(Ramachandra Reddy et al., 2004). An increase in SOD
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Figure 3: Effect of drought and drought with triazole combination on
the superoxide dismutase activity of Zea mays. Values are given as
mean =+ standard error of seven in each group. Bar values are not
sharing a common letters (a, b, ¢, d, e) differ significantly at P < 0.05
(Duncan’s multiple range test)

activity was reported in Vigna plants under water deficit
stress and PCZ application (Manivannan et al., 2007) and
rice (Wang et al., 2005). Spraying PBZ at the heading stage
could increase the number of spikelets per panicle, seed
setting rate and grain yields in Peizataifeng and Huayou86
in both seasons. PBZ treatment significantly improved
head rice rate and amylose content in Peizataifeng and
Huayou86 in the early season. Furthermore, it was
observed that spraying PBZ or 6-BA could increase
SOD (Pan et al., 2013). Similar results reported under
hexaconazole in A. esculentus (Amalan Rabertet al., 2013)

TDM in Catharanthus plants (Jaleel et al., 2006).

Effect of drought and drought with triazole
combination on CAT activity

CAT activity was increased in all the parts of drought and
drought with triazole treatment in maize plants when
compared to control [Figure 4]. The CAT activity is
increased under drought in Pinus halepensis (Alonso et al.,
2001). The combined action of CAT and SOD converts
the toxic O,~, H O, into the water and molecular oxygen,
averting the cellular damage under unfavorable conditions
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Figure 4: Effect of drought and drought with triazole combination on
the catalase activity of Zea mays. Values are given as mean + standard
error of seven in each group. Bar values are not sharing a common
letters (a, b, ¢, d, e) differ significantly at P < 0.05 (Duncan’s multiple
range test)

such as water stress (Manivannan et al., 2007). Similar
results were observed in wheat (Gong et al., 2005).
CAT activity increased in drought stress and with TDM
treatments compared with control. Enzyme activity in
stressed plants treated with TDM showed no significant
increase compared with control (Mohamadi and Rajaei,
2013). Under salt stress, the CAT activity increased in
spinach (Ozturk and Demir, 2003). Increased CAT activity
was reported in Phaseolus acutifolius under drought stress
(Turkan et al., 2005) and in soybean (Heerden and Kruger,
2002).

Effect of drought and drought with triazole
combination on APX activity

Drought stress has increased the APX activity in all the
parts of plants to a larger extent under all the treatments
in Z. mays L. [Figure 5]. Increased APX activity was
reported in P acutifolius under drought stress (Turkan
et al., 2005). APX found in organelles is believed to
scavenge H O, produced from the organelles, whereas
the function of cytosolic APX is probably to eliminate
H O, that is produced in the cytosol or apoplast and that
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Figure 5: Effect of drought and drought with triazole combination on
the ascorbate peroxidase activity of Zea mays. Values are given as
mean =+ standard error of seven in each group. Bar values are not
sharing a common letters (a, b, ¢, d, e) differ significantly at P < 0.05
(Duncan’s multiple range test)

has diffused from organelles. In the chloroplast, H O, can
be detoxified by the ASA—~GSH-NAPDH system, which
has been catalyzed by APX (Jaleel ez al., 2006). Drought
stress induced generation of active oxygen species is well
recognized at the cellular level and is tightly controlled
at both the production and consumption levels through
increased antioxidant systems (Ramachandra Reddy et al.,
2004). Triazole treatment increased APX activity when
compared to the case of control and drought-stressed
plants. Similar results were obtained by many workers
in many higher plants under drought stress (Manivannan
et al., 2007b). Paclobutrazol increased the APX activity in
peanut plants under drought stress (Sankar et al., 2007).
A similar increase was also reported in under ketoconazole
treatments in C. roseus (Jaleel et al., 2007a), hexaconazole
and TBZ in A. esculentus (Amalan Rabert et al., 2013).

ACKNOWLEDGMENT

The authors would like to thank the University
Grants Commission for providing financial assistance

F.No0.F.42-958/2013 (SR) Dated: March 14, 2013, for the

40

execution of the project. The authors also acknowledge
the Professor and Head, Department of Botany, Annamalai
University, Annamalai nagar, for providing necessary
facilities to carry out the work.

REFERENCES

Abbas HK, Cartwright RD, Xie W, Shier WT. Aflatoxin and
fumonisin contamination of maize (Zea mays L.) hybrids
in Arkansas. Crop Prot 2006;25:1-9.

Alonso R, Elvira S, Castillo FJ, Gimeno BS. Interactive effect
of ozone and drought stress on pigments and activities of
antioxidative enzymes in pinis halpensis. Plant Cell Environ
2001;24:905-16.

Amalan Rabert G, Rajasckar M, Manivannan P, Somasundaram R,
Panneerselvam R. Effect of triazole fungicide on biochemical
and antioxidant enzymes activity in okra (Abelmoschus
esculentus L.) plant under drought stress. Int ] Agric Food
Sci 2013;3:100-7.

Asada K, Takahashi M. Production and scavenging of active oxygen
in photosynthesis. In Kyle D], Osmond B, Arntzen CJ, editors.
Photoinhibition. Amsterdam: Elsevier; 1987. p. 227-87.

Asha S, Rao KN. Effect of simulated water logging on the levels
of amino acids in groundnut at the time of sowing. Indian
J Plant Physiol 2002;7:288-91.

Aspinall D, Paleg LG. Proline accumulation: Physiological
aspects: In: Pleg LG, Aspinall D, editors. Physiology and
Biochemistry of Drought Resistance in Plants. Sydney,
Australia: Academic Press; 1981. p. 215-28.

Bant MU. Tropical maize for biofuels, 2007. Available from:
http://www.aces.uiuc.edu/news/stories/news4169.
html. [Last accessed on 2007 Sep 19].

Bates LS, Waldern RP, Teare ID. Rapid determination of free
proline for water stress studies. Plant Soil 1973;39:205-7.

Beauchamp C, Fridovich 1. Superoxide dismutase: Improved
assays and an assay applicable to acrylamide gels Ann
Biochem 1971;44:276-87.

Berova M, Zlatev Z, Stoeva N. Effect of paclobutrazol on wheat
seedlings under low temperature stress. Bulg ] Plant
Physiol 2002;28:75-84.

Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle
of protein dye binding. Ann Biochem 1976;72:248-53.

Chandlee JM, Scandalios JG. Analysis of variance affecting the
catalase development programme in maize scutellum.
Theor Appl Genet 1984;69:71-7.

Demir Y. Growth and proline content of germinating
wheat genotypes under ultraviolet light. Turk ] Bot
2000;24:67-70.

Djibril S, Mohamed OK, Diaga D, Diegane D, Abaye BF,
Maurice S, et al. Growth and development of date palm

(Phoenix dactylifera L.) seedlings under drought and salinity

Journal of Plant Stress Physiology e Voll e Issuel e 2015



Rajasekar, et al.: Triazole induced changes on biochemical and antioxidant metabolism of Zea mays L.

stresses. Afr | Biotechnol 2005;4:968-72.

Dredge RD. Assessment of current economic and physical
environment of agriculture. Executive Summary, 2004.
Available from: http://www.nda.agric.za. [Last accessed
on 2005 Jul 24].

Fletcher R, Hofstra G, Gao J. Comparative fungitoxic and plant
growth regulating properties of triazole derivatives. Plant
Cell Physiol 1986;27:367-71.

Fletcher RA, Gilley A, Davis TD, Sankhla N. Triazoles as plant
growth regulators and stress protectants. Hortic Rev
2000;24:55-138.

Gong H, Zhu X, Chen K, Wang S, Zhang C. Silicon alleviates
oxidative damage of wheat plants in pots under drought.
Plant Sci 2005;169:313-21.

Grossmann K. Plant growth retardants as tools in physiological
research. Physiol Plant 1990;78:640-8.

Gupta SK, Raghava RP, Raghava N. Stomatal studies of cowpea
(Vigna unguiculata (L.) Walp. Cultivars in relation to
bromiconazole. | Indian Bot Soc 2004;83:116-9.

Hamada AM. Amelioration of drought stress by ascorbic acid,
thiamine or aspirin in wheat plants. Indian ] Plant Physiol
2000;5:358-64.

Heerden PD, Kruger HJ. Separately and simultaneously induced
dark chilling and drought stress effects on photosynthesis,
proline accumulation and antioxidant metabolism in
soybean. ] Plant Physiol 2002;159:1077-86.

Hsiao TC. Plant responses to water stress. Annu Rev Plant
Physiol 1973,24:519-70.

Hwang SY, Lin HW, Chern RH, Lo HF, Li L. Reduced
susceptibility to water logging together with highlight
stress is related to increases in superoxide dismutase and
catalase activity in sweet potato. Plant Growth Regul
1999;27:167-72.

Jaleel CA, Gopi R, Alagulakshmanan GM, Panncerselvam R.
Triadimefon induced changes in the antioxidant metabolism
and ajmalicine production in Catharanthus roseus (L.) G.
Don. Plant Sci 2006;171:271-6.

Jaleel CA, Manivannan P, Kishorekumar A, Sankar B,
Panneerselvam R. Calcium chloride effects on salinity
induced oxidative stress, proline metabolism and indole
alkaloid accumulation in Catharanthus roseus. C.R. Biologies
2007b;330:674-83.

Jaleel CA, Manivannan P, Sankar B, Kishorekumar A, Gopi R,
Somasundaram R, et al. Induction of drought stress tolerance
by ketoconazole in Catharanthus roseus is mediated
by enhanced antioxidant potentials and secondary
metabolite accumulation. Colloids Surf B Biointerfaces
2007a;60:201-6.

Kamountsis AP, Chronopoulon-Sereli AG. Paclobutrazol affects
growth and flower bud production in gardenia under
different light regimes. Hortic Sci 1999;34:674-5.

Journal of Plant Stress Physiology e Voll e Issuel e 2015

Kasturi Bai KV, Rajagopal V. Osmotic adjustment as a mechanism
for drought tolerance in coconut (Cocos nucifera L.). Indian
J Plant Physiol 2000;5:320-3.

Kopyra M, Gwozdz EA. Antioxidant enzymes in paraquat
and cadmium resistant cell lines of horseradish Biol Lett
2003;40:61-9.

Kraus T, Fletcher R. Paclobutrazol protects wheat seedlings
from heat and paraquat injury. Is detoxification of active
oxygen involved? Plant Cell Physiol 1994;35:45-52.

Krishnan A, Pereira A. Integrative approaches for mining
transcriptional regulatory programs in Arabidopsis. Brief
Funct Genomic Proteomic 2008;7:264-74.

Mackay C, Hall ], Hofstra G, Fletcher R. Uniconazole-induced
changes in  abscisicacid, total amino acids and proline in
Phaseolus vulgaris. Pestic Biochem Physiol 1990;37:74-82.

Manivannan P, Jaleel CA, Kishorekumar A, Sankar B,
Somasundaram R, Sridharan R, et al. Changes in antioxidant
metabolism under drought stress in Vigna unguiculata (L.)
Walp. Indian ] Plant Physiol 2007;12:133-7.

Manivannan P, Jaleel CA, Sankar B, Kishorekumar A,
Somasundaram R, Lakshmanan GM, et al. Growth,
biochemical modifications and proline metabolism in
Helianthus annuus L. as induced by drought stress. Colloids
Surf B Biointerfaces 2007b;59:141-9.

Misra N, Gupta AK. Effect of salinity and different nitrogen
sources on the activity of antioxidant enzymes and indole
alkaloid content in Catharanthus roseus seedlings. ] Plant
Physiol 2006;163:11-8.

Mohamadi N, Rajaci P. Effect of triamidefon fungicide on some
growth parameters and antioxidant enzymes activity in
tomato (Lycopersicon esculentum Mill.) plant under drought
stress. Int ] Adv Biol Biom Res 2013;1:341-50.

Moore S, Stein WH. Photometric ninhydrin method for
use in the chromatography of amino acids. ] Biol Chem
1948;176:367-88.

Morison ]I, Baker NR, Mullineaux PM, Davies W]. Improving
water use in crop production. Philos Trans R Soc Lond B
Biol Sci 2008;363:639-58.

Muthukumarasamy M, Dutta Gupta S, Panncerselvam R.
Enhancement of peroxidase, polyphenol oxidase and
superoxide dismutase activities by triadimefon in NaCl
stressed Raphanus sativus L. Biol Plant 2000;43:317-20.

Muthukumarasamy M, Panneerselvam R. Amelioration of NaCl
stress by triadimefon in peanut seedlings. Plant Growth
Regul 1997;22:157-62.

Nakashima K, Takasaki H, Mizoi ], Shinozaki K, Yamaguchi-
Shinozaki K. NAC transcription factors in plant abiotic
stress responses. Biochim Biophys Acta 2012;1819:97-103.

Nath AK, Kumari S, Sharma DR. In vitro selection and
characterization of water stress tolerant cultures of bell
pepper. Indian J Plant Physiol 2005;10:14-9.

41



Rajasekar, et al.: Triazole induced changes on biochemical and antioxidant metabolism of Zea mays L.

Ozturk L, DemirY. Effect of putrescine and ethephon on some
oxidative stress enzyme activities and proline content
in salt stressed spinach leaves. Plant Growth Regul
2003;40:89-95.

Pan S, Rasul F, LiW, Tian H, Mo Z, Duan M, et al. Roles of plant
growth regulators on yield, grain qualities and antioxidant
enzyme activities in super hybrid rice (Oryza sativa L.).
Rice (NY) 2013;6:9.

Ramachandra Reddy A, Chaitanya KV, Vivekanandan M.
Drought-induced responses of photosynthesis and
antioxidant metabolism in higher plants. ] Plant Physiol
2004;161:1189-202.

Rasmussen S, Barah P, Suarez-Rodriguez MC, Bressendorff S,
Friis P, Costantino P, et al. Transcriptome responses to
combinations of stresses in Arabidopsis. Plant Physiol
2013;161:1783-94.

Rehman Z, Habib F, Zafar SI. Nutritional changes in maize
(Zea mays L.) during storage at three temperatures. Food
Chem 2002;77:197-201.

Ron D, Walter P. Signal integration in the endoplasmic
reticulum unfolded protein response. Nat Rev Mol Cell
Biol 2007;8:519-29.

Ronde JA, Mescht AV, Steyn HS. Proline accumulation in
response to drought and heat stress in cotton. Afr Crop
Sci Soc 1999;1-11.

Rosegrant MW, Cline SA. Global food security: Challenges and
policies. Science 2003;302:1917-9.

Salvador R]. History of maize, 1997. Available from: http://
www.maize.agron.iastate.edu/maizearticle. html. [Last
accessed on 2005 Feb 25].

Sankar B, Jaleel CA, Manivannan P, Kishorekumar A,
Somasundaram R, Panneerselvam R. Drought induced
biochemical modifications and proline metabolism in
Abelmoschus esculentus (L.) Moench. Acta Bot Croatica
2007;66:43-56.

Senaratna T, Mackay C, McKersie B, Fletcher R. Uniconazole-
induced chilling tolerance in tomato and its relationship
to antioxidant content. ] Plant Physiol 1988;133:56-61.

Shao HB, Chu LY, Wu G, Zhang JH, Lu ZH, HuYC. Changes

of some anti-oxidative physiological indices under soil

42

water deficits among 10 wheat (Triticum aestivum L.)
genotypes at tillering stage. Colloids Surf B Biointerfaces
2007;54:143-9.

Sivritepe N, Erturk U, Yerlikaya C, Turkan I, Bor M, Ozdemir F.
Response of the cherry rootstock to water stress induced
in vitro. Biol Plant 2008;52:573-6.

TanY, Zongsuo L, Hongbo S, Feng D. Effect of water deficits on
the activity of anti-oxidative enzymes and osmoregulation
among three different genotypes of Radix astragali at
seedling stage. Colloids Surf B Biointerfaces 2006;49:60-5.

Thakur A, Thakur PS, Singh RP. Influence of paclobutrazol and
triacontanol on growth and water relations in olive varieties
under water stress. Indian J Plant Physiol 1998;3:116-20.

Turkan I, Bor M, Ozdemir F, Koca H. Differential responses of
lipid peroxidation and antioxidants in the leaves of drought
tolerant P. acutifolius gray and drought sensitive P. vulgaris
L. subjected to polyethylene glycol mediated water stess.
Plant Sci 2005;168:223-31.

Vendruscolo EC, Schuster I, Pileggi M, Scapim CA, Molinari HB,
Marur CJ, et al. Stress-induced synthesis of proline confers
tolerance to water deficit in transgenic wheat. ] Plant
Physiol 2007;164:1367-76.

Wang W, Zhang JH,Yang JC, Zhu QS. Effect of water stress on
metabolism of stored carbon-hydrate of stem and yield in
rice grown under unfavorable-delayed senescence. Acta
Agron Sin 2004;30:196-204.

Wang FZ, Wang QB, Kwon SY, Kwak SS, Su WA. Enhanced
drought tolerance of transgenic rice plants expressing
a pea manganese superoxide dismutase. ] Plant Physiol
2005;162:465-72.

Zhu L, Van Peppel A, Li X, Welander M. Changes of leaf water
potential and endogenous cytokinins in young apple trees
treated with or without paclobutrazol under drought
conditions. Sci Hortic 2004;99:133-41.

Zlatev Z, Lidon FC. An overview on drought induced changes in
plant growth, water relations and photosynthesis. Emirates
J Food Agric 2012;24:57-72.

Journal of Plant Stress Physiology e Voll e Issuel e 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


