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ABSTRACT

Maize (Zea mays L.) shows reduced crop stand under stressful conditions; sensitivity to abiotic stresses is the main reason for
this. Short term exposure to abiotic stresses may help more precisely understand the stress tolerance mechanisms. High
temperature (heat stress) is more crucial amongst the abiotic factors as it aggravates the effects of other abiotic stresses. This
study was conducted on six-day old plants heat-tolerant (Sultan) and heat-sensitive (S-2002) maize varieties to explore the
biochemical changes taking place at three harvests at two-day intervals. The determinations were made for oxidative damages,
antioxidants and reducing power assay in shoot and root of tested cultivars. Results from H,O, and MDA data revealed that
heat stress produce oxidative stress on both the varieties, although lowly in the tolerant one. Although heat stress altered their
production in both varieties, enhanced or steady state levels of niacin (Nia), ascorbic acid and riboflavin (Rib) as well as
enhanced ability of reducing powers led to a greater alleviation of oxidative damage in the tolerant variety. In conclusion, heat
tolerance in maize was associated with better metabolites adjustments in the shoot than root. This is the first report on the

possible contributions of Nia and Rib as antioxidants in plants subjected heat stress. © 2012 Friends Science Publishers
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INTRODUCTION

Gradually increasing global temperature is a leading
constraint responsible for altered crop performance and
reduced profitable production, where it alters morphology,
biochemistry and physiology of plants (Wahid et al., 2007).
Major consequence of environmental perturbations is the
overproduction of activated oxygen species (AOS) e.g.,
H,0,, OH, O, and O, etc. Since 2.7 billion years of
aerobic life origin; these partially reduced forms of oxygen
have been unwanted companions of molecular oxygen.
They execute dual impact on life; their balanced production
contributes towards the regulation of growth, development
and defense, whereas their overproduction leads to lipid
peroxidation (Van Breusegem et al., 2008), denatures
proteins and increase unsaturation of fatty acids with
ultimate loss of cell contents (Savchenko et al., 2002).
Moreover, they negatively affect the activity of antioxidant
enzymes (Liu & Huang, 2000), the levels of metabolites
(Wahid et al., 2007) and self-control of cells (Taiz & Zeiger,
2010), and may shorten life cycle of stressed plants
(Anderson-Teixeira et al., 2012). Hence, a balanced level of
AOS in cells is needed to be firmly synchronized.

A range of surviving strategies has been evolved in
plants to sense and combat AOS. Reducing power is a vital

feature in the cell’s knack to counter the drastic effects of
unrestrained oxidation. A pool of reductants and
antioxidants perks-up the reducing powers in the cells.
Cellular redox system powers plant growth and defense in
crop species (Foyer et al., 2009). Antioxidants assist in
normalizing cellular redox homeostasis and avert oxidation
of molecules such as proteins and nucleic acids. Reducing
power develops in concomitance with the antioxidant
property. In fact antioxidant activity and reducing power are
linked as reductones to donate a hydrogen atom that
culminates in the termination of free radical chain reaction
(Duh et al., 1999). Therefore, reducing capacity of a
compound may be a noteworthy gauge of its antioxidant
potential (Patil et al., 2009).

Antioxidants mediated thermotolerance is a selection
factor as well as a driving force for improved resistance and
adaption to stress (Jochum et al., 2007). Plant scientists are
working for years to emphasize plant responses to
ameliorate stressful conditions. So far, there are anatomical,
physiological, biochemical and molecular studies with
information  highlighting  this  aspect; nonetheless
understanding of vitamins as antioxidants in plants is still
scarcely understood as compared to bacteria, yeast and
mammals (Smirnoff et al., 2004). Vitamins detoxify AOS to
encounter biotic and abiotic challenges (Giovannoni, 2007).
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Amongst plant vitamins ascorbic acid (AsA) is the
most studied with a comprehended quantification for its
nutritive value. However, as cellular redox state sensor still
it is not as much reviewed in plants as in animals and
bacteria (Smirnoff, 2000; Netto, 2001). Under adverse
ecological conditions, it mitigates the stress effects by
acting as an antioxidant (Smirnoff et al., 2004; Iriti & Faoro,
2007; Zhang et al., 2007). Optimum levels of AsA attenuate
its oxidative impairment (Sairam et al., 2000), where it
reacts with ROS and stabilize them in the form of
monodehydroascorbate radical, which douse free radicals by
self dismutation (Halliwell & Gutteridge, 1999). Moreover,
AsA promotes biosynthesis of a-tocopherol (Asada, 1994)
and confers resistance in plants by conferring tolerance
against stresses such as ozone and sulfur dioxide (Luwe et
al., 1993) and heat stress (Almeselmani et al., 2006; Farooq
etal., 2011).

Recent evidences suggest that vitamins other than
ascorbate, also play a noteworthy role as antioxidants in
plant cells (Havaux et al., 2009; Tunc-Ozdemir et al., 2009).
The evidence has been obtained for vitamin B6 (Titiz, 2006;
Havaux et al., 2009), which although provides low Trolox-
equivalent antioxidant capacity (a measure of defense
against free radicals) and that are effectual
quenchers/scavenger of singlet oxygen but not good
trappers of free radicals (Triantaphylide & Havaux, 2009).
Among vitamin B compounds, riboflavin (B2; Rib) and
niacin (B3; Nia) have been well reported for their crucial
role in animal defensive system, where Rib is of vital
importance in respiratory mechanics, promoting the release
of energy from blood. Furthermore, it facilitates resistance
against some skin and eye disorder (Oram, 1983). In a
similar fashion, evidence shows that Nia is an antioxidant
against some human diseases (Tazer, 1986). However, the
role(s) of Rib and Nia in plant physiological functions are
obscure yet.

Changes in ambient temperature are more important to
plant growth and development than other stressors, since a
rise or drop by a single degree may substantially changes
the physiology of living organisms. High temperature
hampers the plant growth and final yield. The effects of heat
stress are more pronounced at initial growth stages.
Although a C, plant, maize (Zea mays L.) shows a range of
changes in growth and physiological phenomena when
exposed to high temperature. This study was conducted to
determine the role of endogenous vitamins biosynthesis in
metabolic changes and important adjustments responsible
for heat tolerance in selected maize varieties.

MATERIALS AND METHODS

General experimental details: Laboratory experiments
were conducted to compare changes in oxidative damage
and the possible role of vitamin (AsA, Rib & Nia) and
reducing powers assay (RPA) using a heat tolerant (Sultan)
and heat sensitive (S-2002) varieties of maize (Zea mays L.)
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at seedling stage in a time course manner. The varieties
were selected during screening experiments (Mahmood,
2010). Seeds were surface sterilized with 0.1% HgCl, for 3
minutes and washed several times with sterilized distilled
water before sowing in pots containing 2 kg of washed river
sand. Six days old seedlings were divided into two sets; one
set placed in an illuminated growth chamber (FLI,
Eyelatron, Rikkakai, Japan) 27/22°C+2 (control) whereas
second set was stressed at 42/37°C+2 (light/darkness period
14/10 h). The plants were supplemented with half strength
Hoagland and Arnon (1949) nutrient solution whenever
required. The experiments were laid out in a completely
randomized design (CRD) with three replications and
repeated to confirm the results. Seedlings were harvested at
2, 4 and 6 day after heat treatment. For biochemical
determinations, the shoots were cut from its attachment with
the root, while the roots were washed blotted dried for 10
seconds and then used for measurements.

Oxidative damage parameters: The H,0, concentration
was determined as described by Velikova et al. (2000).
Fresh shoot and root samples (0.1 g) were homogenized in
an ice bath with 1 mL of 0.1% (w/v) trichloroacetic acid
(TCA) and centrifuged at 12,000%g for 15 min. Supernatant
(0.5 mL) was added to 0.5 mL 10 mM potassium phosphate
buffer (pH 7.0) and 1 mL 1 M potassium iodide, vortexed
and absorbance read at 390 nm using water as blank. The
H,0, concentration was determined from standard curve
prepared by using 35% H,0.,.

For determination of malondialdehyde (MDA)
concentration, with the method of Heath and Packer (1968),
plant tissue (0.1 g) was homogenized in 1 mL of 5% TCA,
centrifuged at 12,000xg for 15 min and mixed 1 mL
supernatant an equal volume of thiobarbituric acid [0.5% in
20% (w/v) TCA]. The mixture was heated for 30 min at
95°C, cooled and centrifuged at 7500xg for 5 min to clarify
the solution. The absorbance of the mixture was recorded at
532 nm and 600 nm, while using 5% TCA as blank. Non-
specific turbidity was corrected by subtracting the
absorbance at 600 nm from that taken at 532 nm. MDA
contents were calculated using its absorption coefficient of
155000 nmol/mol as: MDA (nmol/mL) = [(As3-A 600)/
155000]10°

The relative membrane permeability (RMP) was
determined in terms of ion leakage from the control and
stressed seedlings following the protocol of Yang et al.
(1996). Fresh shoots and root samples (0.5 g) were taken,
put in 10 mL distilled water, vortexed for 5 sec and
measured for electrical conductivity at 0 h (EC,). The test
tubes containing samples in distilled water and covered with
aluminum foil were placed in refrigerator at 4°C for 24 h
and measured for EC,. Then these test tubes were
autoclaved, filtered and filtrate measured for EC, (of dead
tissues). The relative membrane permeability (RMP) was
determined by applying the following formula:

RMP (%) = [EC,-EC, / (EC »-EC ()] x100
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Determination of vitamins and reducing powers assay
(RPA): For AsA determination following AOAC (1990),
fresh sample (0.5 g) was extracted in 100 mL d.H,O. A 25
mL of 20% glacial acetic acid was added to 10 mL of the
sample extract and titrated against standardized 2, 6-
dichloroindophenol (0.05 g/100 mL) solution. The Rib and
Nia were analyzed with the method of Okwu and Josiah
(2006), using fat free sample (defatted as described by
AOAC, 1996). For Rib determination, 0.5 g fat free sample
was extracted with 10 mL of 50% ethanol (v/v), shaken for
1 h, filtered. Extract (0.1 mL) was pipette in an Eppendorf
tube followed by addition of 0.1 mL of 5% potassium
permanganate solution and 0.1 mL of 30% H,0,, and
allowed to stand in a hot water bath (at 50°C) for 30 min.
Then 200 pL of 40% sodium sulfate was added up to 0.5
mL mark, vortexed and absorbance taken at 510 nm on a
spectrophotometer (U-2000, Hitachi, Japan). For Nia
estimation, 0.5 g defatted sample was treated with 5 mL of 1
N sulfuric acid, and shaken for 30 min, followed by addition
of three drops of ammonia solution and filtered. Filtrate (1
mL) was pipetted into Eppendorf tube and 0.5 mL
potassium cyanide solution followed by 0.5 mL of 0.02 N
H,SO,4 were added. Final absorbance of the reaction mixture
was taken at 470 nm, and amount in the unknown samples
were determined from standard curve constructed from the
Rib and Nia solutions.

For RPA determination, samples were prepared

following the protocol of Sofowora (1993). The samples
were air-dried at room temperature and blended to a mesh
size of 1 mm. Sample (5 g) was soaked in 20 mL of 98%
methanol for 48 h, filtered and concentrated to dryness
using rotary evaporator, removed and refrigerated for
analysis. The RPA of maize roots and shoots extracts was
quantified by the method of Perumal and Becker (2003)
with modification. Methanolic extract was re-dissolved in
80% methanol and 1 mL of this extract was mixed with
phosphate buffer (5.0 mL of 2.0 M, pH 6.6) and potassium
ferricyanide (5.0 mL of 1.0%). The mixtures were incubated
at 50°C for 20 min. A portion (5.0 mL) of TCA (10%) was
added and the mixture was centrifuged at 3000xg for 10
min. The upper layer of the solution (5.0 mL) was mixed
with distilled water (5.0 mL) and ferric chloride (1.0 mL of
0.1%), and absorbance of the pink color complex was
measured at 700 nm. Increased absorbance of the mixture
indicates increased reducing power.
Statistical analysis: The data were statistically analyzed to
find the significance of variance sources using MSTAT-C
computer software. The means were compared to denote
differences amongst them using Duncan’s new multiple
range (DMR) test at P < 0.05.

RESULTS
Oxidative stress and RMP: There was significant (P<0.01)

difference in the varieties, heat treatments and harvests with
significant (P<0.01) interactions of these factors for shoot
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and root H,O,. Under control condition, there was no
difference in the varieties at all harvests for H,O, content of
both parts (Fig. 1). However, under heat stress although
shoot H,O, contents increased in both the varieties, Sultan
manifested a much lower HO, content than S-2002 (Fig.
1a). However, for root H,O,, Sultan displayed a decreased
root H,0O, at all harvests, while S-2002 indicated a steady
state level (Fig. 1b). Of the two parts, shoot indicated a
much greater H,O, accumulation than root.

For shoot MDA, there was significant (P<0.01)
difference in the varieties and harvests but a non-significant
one (P>0.05) in the heat treatments. Varieties x harvests and
heat treatments x harvests interactions were significant
(P<0.01). Under control condition, Sultan showed a steady
state level of MDA in shoot, while S-2002 indicated a
substantial increase at day-4 and then a small decrease at
day-6. However, under heat stress although shoot MDA
increased in both the varieties, Sultan manifested a much
lower shoot MDA at day-2, increased at day-4 and attained
a steady state level at day-6, while it increased linearly in S-
2002 (Fig. 2a). For root MDA, there was significant
(P<0.01) difference in the varieties but a non-significant
(P>0.05) difference in the heat stress treatments and
harvests, although interactions of these factors were
significant (P<0.01). Under control condition, Sultan
showed decreased root MDA at day-2 and 4 and an
increased at day-6, while S-2002 showed a steady state
increase in this attribute at all harvests (Fig. 2b). Of the two
parts, shoot indicated a relatively higher level of MDA than
root.

Shoot RMP showed significant (P<0.01) difference in
the varieties, heat stress and harvests, while the varieties x
heat treatments and heat treatments x harvests interactions
were significant (P<0.01). Control plants of both the
varieties showed similar shoot RMP at all harvests.
However, under heat stress, although increased in both the
varieties, Sultan showed a lower shoot RMP than S-2002
(Fig. 3a). For root RMP, there was significant (P<0.01)
difference in the varieties, heat stress treatments and
harvests, with significant (P<0.01) interactions of these
factors. With no difference under control, Sultan showed a
little decrease in root RMP at day-4 and then an increase at
day-6, while S-2002 showed increased root RMP up to day-
4 and then attained a steady level at day-6 under heat stress
(Fig. 3b). In both parts, shoot indicated a much higher RMP
than root.

Endogenous vitamins biosynthesis and RPA: For shoot
AsA, data indicated significant (P<0.01) difference in the
varieties, heat treatments and harvests with significant
(P<0.01) interactions of all these factors, except a non-
significant (P>0.05) varieties x harvests interaction. Under
control condition, Sultan displayed a similar shoot AsA at
all harvests while S-2002 indicated a consistent increase.
Under heat stress, on the contrary, both the varieties
indicated increased shoot AsA but Sultan indicated a
substantial increase, particularly at day-6, while S-2002
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Fig. 1: Time course accumulation of H,0, in the shoot (a) and root (b) of differentially heat tolerant maize varieties
under heat stress at three harvests (2, 4 & 6 days). The figures with alphabets on columns indicate significant
(P<0.05) interaction of varieties, harvests and stress treatments
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Fig. 2: Time course accumulation of malondialdehyde (MDA) in shoot (a) and root (b) of differentially heat tolerant
maize varieties under heat stress at three harvests (2, 4 & 6 days). The figures with alphabets on columns indicate
significant (P<0.05) interaction of varieties, harvests and stress treatments
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Fig. 3: Time course changes in relative membrane permeability (RMP) of shoot (a) and root (b) of differentially
heat tolerant maize varieties under heat stress at three harvests (2, 4 & 6 days). The figures with alphabets on
columns indicate significant (P<0.05) interaction of varieties, harvests and stress treatments
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indicated a lesser increase (Fig. 4a). For root AsA, results indicated a steady state level while S-2002 indicated
revealed significant (P<0.01) difference in the varieties heat increased root AsA. However, under heat stress Sultan
stress treatments and harvests were observed, while among showed a consistent increase, while S-2002 indicated
the possible interactions, temperature X harvests and increased AsA contents at day-4 but a decreased one at day-
varieties X heat stress treatments X harvests interactions 6 (Fig. 4b). Of the two parts shoot displayed relatively
were significant (P<0.01). Under control condition, Sultan higher AsA level than root.
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Fig. 4: Time course changes in the ascorbic acid concentration of shoot (a) and root (b) of differentially heat
tolerant maize varieties under heat stress at three harvests (2, 4 & 6 days). The figures with alphabets on columns
indicate significant (P<0.05) interaction of varieties, harvests and stress treatments
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Fig. 5: Time course changes in the riboflavin concentration of shoot (a) and root (b) of differentially heat tolerant
maize varieties under heat stress at three harvests (2, 4 & 6 days). The figures with alphabets on columns indicate
significant (P<0.05) interaction of varieties, harvests and stress treatments
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Shoot Rib indicated significant difference in the
varieties (P<0.05), heat stress and harvests with significant
(P<0.01) interactions of these factors except a non-
significant (P>0.05) heat stress treatments x harvests
interaction. Control plants of Sultan displayed a consistently
increased shoot Rib, while plants of S-2002 showed a
decreased at day-4 and then an increased at day-6. However,
under heat stress Sultan displayed a fairly steady state level
while S-2002 an increased shoot-Rib concentration (Fig.
5a). For root-Rib, there was non-significant (P>0.05)
difference in the varieties but significant difference in heat
stress treatments and harvests (P<0.01), while significant
(P<0.01) interactions of all these factors was evident except
a non-significant (P>0.05) temperature x harvests
interaction. At 27°C, both the varieties indicated no
difference in the root Rib, while at 42°C, Sultan showed an
increased while S-2002 a steady state level of Rib at all
harvests (Fig. 5b).

For shoot Nia, there was significant (P<0.01)
difference in the varieties and harvests but not the heat stress
treatments (P>0.05), while there was no interaction (P>0.05)
of all these factors for shoot Nia. At 27°C, Nia decreased in
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both the varieties at day-4 and day-6, although this reduction
was greater in Sultan. Under heat stress too, both the
varieties displayed a reduction in shoot Nia concentration,
but S-2002 exhibited a greater reduction (Fig. 6a). For root
Nia, although there was non-significant (P>0.05) difference
in the varieties, heat stress and harvests had significant
(P<0.01) difference, with significant (P<0.01) interactions
of these factors. Under control condition, Sultan indicated a
steady state level while S-2002 indicated consistent decline
in the root Nia. Under heat stress, Sultan showed a steady
state level of root Nia while S-2002 displayed a linear
decline at all harvest (Fig. 6b). Of the two parts, shoot
indicated substantially higher Nia than root.

For shoot RPA there was significant (P<0.01)
difference in the varieties, heat treatments and harvests
with significant (P<0.01) interactions of all these factors.
Under control condition, Sultan displayed a similar shoot
RPA at all harvests while S-2002 indicated a similar shoot
RPA at day-2 and day-4 but a decreased one on day-6.
However, under heat stress both the varieties indicated
increased shoot RPA but Sultan indicated a substantially
higher increase than S-2002 (Fig. 7a). For root-RPA data
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Fig. 6: Time course changes in the niacin concentration of shoot (a) and root (b) of differentially heat tolerant maize
varieties under heat stress at three harvests (2, 4 & 6 days). The figures with alphabets on columns indicate

significant (P<0.05) interaction of varieties, harvests and stress treatments
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Fig. 7: Time course changes in the reducing powers ability (RPA) of shoot (a) and root (b) of differentially heat
tolerant maize varieties under heat stress at three harvests (2, 4 & 6 days). The figures with alphabets on columns
indicate significant (P<0.05) interaction of varieties, harvests and stress treatments
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exhibited significant (P<0.01) difference in the varieties heat
stress treatments and harvests, while the possible
interactions of these factors were significant (P<0.01)
except a non-significant temperature x harvests interaction.
Under control condition, Sultan indicated a steady state
level while S-2002 indicated a reduced and then an
increased root RPA. However, under heat stress Sultan
manifested much greater increase in root-RPA at day-2,
which decreased at day-4 and then did not change at day-6.
However, S-2002 displayed an increased root RPA at all
harvest, but its level was much lesser than that noted in
Sultan (Fig. 7b).

DISCUSSION

Heat stress leads to the generation of AOS such as
H,0,, singlet oxygen, hydroxyl ions etc. (Skopelitisa et al.,
2006; Foyer et al., 2009). H,0,, being longer lived amongst
the ROS, is more damaging to the membrane of organelles

710

where they are generated (Jones, 2000; Adachi et al., 2009).
The effects are evident on the production of MDA after the
peroxidation of lipid bilayer and enhanced ion-leakage
under heat stress (Liu & Huang, 2000; Wahid et al., 2007).
In the present case the determinations made for the H,O,
accumulation in the shoot and root of differentially heat
tolerant maize varieties indicated no remarkable differences
under normal temperature but a substantial increase under
heat stress in the shoot but not in the root, and the effects
were time and varieties dependent, tolerant variety being
less affected (Fig. 1). Likewise, heat stressed plants showed
a greater MDA accumulation in the shoot while roots
indicated the MDA almost similar to the control plants (Fig.
2). An increased production of both H,O, and MDA leads to
enhanced ion-leakage from the leaf surface (Wahid &
Shabbir, 2005; Wahid et al., 2008). The relative membrane
permeability measured from the leaves indicated no
significant changes in the control samples but greatly
increased in the heat stressed shoot but lowly in the roots



ENDOGENOUS VITAMINS IMPROVE HEAT TOLERANCE IN MAIZE / Int. J. Agric. Biol., Vol. 14, No. 5, 2012

(Fig. 3). A parallel set of changes in the H,O,, MDA and
RMP specifically in the shoot suggested that shoot being
directly exposed to the hot environment is highly impinged
upon by the heat stress.

When exposed to hot environments, the tolerant plants
try to evade or cope with the oxidative damage with the
measurable metabolic adjustments, which include both
enzymatic and non-enzymatic ROS scavengers (Liu &
Huang, 2000; Zobayed et al., 2005; Skopelitisa et al., 2006;
Wang et al., 2012). Among the non-enzymatic antioxidants
attention has been mainly given to glutathione (Mittler,
2002), phenolics including salicylates (Llusia et al., 2005;
Wahid et al., 2007), soluble phenolics and anthocyanins
(Wahid, 2007), while roles of vitamins including Nia, AsA
and Rib are not explored in plant systems. This study
showed that Nia and AsA concentration in the shoot of
tolerant variety (Sultan) were higher than S-2002 while Rib
contents were steady (Fig. 4-5). These metabolites appeared
to help maize to withstand high temperature environment.
Changes in the root, however, were not consistence with the
heat tolerance in both the varieties.

Reducing powers ability has been regarded as measure
of the scavenging of AOS (Bukhari et al., 2008). Heat
tolerant variety indicated an increased RPA than the
sensitive variety both in the shoot and root (Fig. 4). It is
plausible that the increased RPA in the tolerant variety is
due to increased concentrations of these vitamins, which
scavenged the ROS and enabled the tolerant maize to
withstand high temperature environment.

In nutshell, being directly exposed, shoot compared to
root was more prone to the oxidative damage caused by heat
stress. Data suggest that tolerant maize coped with the
oxidative damage by reduced production of H,O, and MDA
and reduced RMP while greater concentrations of Nia, AsA
and Rib, and higher RPA. Thus the endogenous synthesis of
vitamins as metabolites is an adaptive mechanism in maize
for heat tolerance.
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