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Abstract
Tests were done on the effects of titanium dioxide spray on Pinto bean (Phaseolus vulgaris L. c.v ‘c.o.s.16’). The
study was conducted as a factorial experiment in a randomized complete block design with four replications for
two years (2014 - 2015). Treatments consisted of two factors; the first factor was stage of plant growth that
spraying was applied (rapid vegetative growth, flowering and pod filling); and the second factor was that of
different concentrations of titanium dioxide nanoparticles (TiO2) that consisted of spray with water (control), nano
titanium dioxide at concentrations of 0.01%, 0.02%, 0.03% and 0.05%. Activity of guaiacol peroxidase (GPX),
activity of superoxide dismutase (SOD), activity of catalase (CAT), activity of peroxidase (POD),
malonyldialdehyde (MDA) Content and 8-deoxy-2-hydroxyguanosine (8-OHDG) content were assayed. Results
showed that effect of nano TiO2 was significant on activity of superoxide dismutase (SOD), activity of catalase
(CAT), activity of peroxidase (POD), malonyldialdehyde (MDA) Content and 8-deoxy-2-hydroxyguanosine
(8-OHDG) content. Results of combined analysis of variance showed that the effect year significantly affected on
SOD and 8-OH-2-DG (P ≤ 0.05). The effect of different amounts of titanium dioxide nanoparticles (TiO2)
significantly affected (P ≤ 0.05) on MDA and 8-OH-2-DG. The effects of different amounts of titanium dioxide
nanoparticles and year were significant on SOD, POD, MDA and the amount of 8-deoxy-2-hydroxyguanosine in P
≤ 0.05. None of the physiological traits were affected by spraying of nano titanium dioxide. The effects of TiO2
nanoparticles times of spraying and year were significant on SOD, CAT and 8-deoxy-2-hydroxyguanosine (P ≤
0.05). Interaction effects of nano TiO2 concentrations × nano TiO2 spraying times did not have a significant impact
on SOD, CAT, POD, GPX, MDA and 8-OH-2-DG. Although, all trait were affected by interaction effects of year
× nano TiO2 concentrations × nano TiO2 spraying times with the exception of GPX (P ≤ 0.05).
Keywords: Tio2 nanoparticles, various growth stages, Antioxidant Enzymes, MDA, 8-OH-2-DG and pinto bean
(Phaseolus vulgaris L.)
1. Introduction
Common bean (Phaseolus vulgaris L.) is the most important food legume worldwide, providing the primary
source of protein in human diets, supplying about 20% of the protein intake per person (Broughton et al., 2003).
As half the grain legumes consumed worldwide are common beans. Unfortunately, the yields of common beans
are low, and the quality of their seed proteins is sub-optimal. Most probably, common bean can be redressed by
modern techniques (Broughton et al., 2003).
The use of nanoparticles for the growth of plants and control of plant diseases is a recent practice (Rico et al., 2011).
During the last decade, an array of exploratory experiments has been conducted to gauge the potential impact of
nanotechnology on crop improvement (Nair et al., 2010). Metal oxide nanoparticles are already being manufactured
on a large scale for both industrial and household use. Titanium dioxide (TiO2) nanoparticles are found in everything
from cosmetics to sunscreen, paint, vitamins and water pollution treatment; therefore, TiO2 Nanoparticles will
inevitably reach bodies of water through wastewater and urban runoff (Yang et al., 2007). But, physiological effects,
depending on the nanomaterial type, particle size, concentration, and plant species (Rico et al., 2011) For example, it
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is reported that TiO2 nanoparticles in higher concentration had pronounced effects on photosynthetic pigments while
lower concentration of Titanium dioxide (TiO2) nanoparticle had significantly increased root length (Samadi et al.,
2014). Nanoparticle-induced toxicity is mainly mediated through the generation of reactive oxygen species (ROS) in
cells (Melegari et al., 2013). ROS are partly generated as byproducts of metabolic pathways in chloroplasts and are
responsible for chlorophyll deterioration (Rico et al., 2015). Thus, disturbance in plant photosynthetic activity by
MONPs can generate ROS and activate the plants’ defense mechanisms to combat oxidative stress damage. Enzymes
such as (superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), guaiacol peroxidase (GPX),
malondialdehyde (MDA) content and 8-deoxy-2-hydroxyguanosine (8-OHDG) are generally altered as a response to
the alternation in ROS concentration (Du et al., 2016). In this regard, it is reported that metal oxide nanoparticles
exposure can induce the generation of ROS, consequently causing oxidative stress and activating plant responses for
detoxification such as enzymatic activity (Ma et al., 2015). Similarly, Servin et al. (2013), Hong et al. (2005) and
Song et al. (2013) reported an increase in the activities of SOD, CAT, POD and decreased accumulation of ROS
when plants were exposed to TiO2 nanoparticle.
The ultraviolet-B (280–315 nm) light has long been recognized a detrimental factor for plants (Brosche & Strid,
2003; Jenkins, 2009). In addition to being a potential source of oxidative stress, solar UV-B is recognized as a
key environmental signal, affecting development and metabolism (Hideg et al., 2013). Responses involve both
UV-B-specific signaling and non-specific pathways. Photomorphogenic signaling in response to low intensity
UV-B regulates the expression of genes involved in protection against UV (Jenkins, 2009), such as the synthesis
of UV-absorbing phenylpropanoids (Brown, et al., 2005). The non-specific pathway involves reactive oxygen
species (ROS) such as superoxide radicals (O2.-), singlet oxygen (·O2), hydrogen peroxide (H2O2), and hydroxyl
radicals (·OH) to accumulate in chloroplast during photosynthesis, which caused oxidative damage and
photosynthesis reduction of plants (Zheng et al., 2008). One of the consequences of uncontrolled oxidative stress
(imbalance between the prooxidant and antioxidant levels in favor of prooxidants) is cells, tissues, and organs
injury caused by oxidative damage. It has long been recognized that high levels of free radicals or reactive
oxygen species (ROS) can inflict direct damage to lipids. The primary sources of endogenous ROS production
are the mitochondria, plasma membrane, endoplasmic reticulum, and peroxisomes (Moldovan and Moldovan,
2004). Lipid peroxidation or reaction of oxygen with unsaturated lipids produces a wide variety of oxidation
products. The main primary product of lipid peroxidation is lipid hydroperoxides. Among the many different
aldehydes which can be formed as secondary products during lipid peroxidation, including malondialdehyde
(MDA), propanal, hexanal, and 4-hydroxynonenal (4-HNE) (Esterbauer et al., 1991), MDA appears to be the
most mutagenic product of lipid peroxidation (Esterbauer et al., 1990).
8-deoxy-2-hydroxyguanosine (8-OH-2-DG) is a principal stable marker of hydroxyl radical damage to DNA. It
has been related to a wide variety of disorders and environmental insults, and has been proposed as a useful
systematic marker of oxidative stress (Bogdanov et al., 1999).
ROS can be activated by higher UV-B (Brosche and Strid, 2003). UV-B induced photomorphological changes in
leaves including reduced leaf size, increased leaf thickness and the synthesis of phenolic compounds (Jansen et
al., 1998). These changes also affect optical propertiesof leaves and thus may alter the amount of quanta
reaching thephotosynthetic apparatus. The main influence of UV-B on photo-synthesis is believed to be more
direct. Protein complexes engagedin the light reactions, as well as specific enzymes of the dark reac-tion are
functionally impaired by UV-B (Jordan et al., 2016).
It has been reported that UV-B radiation induced oxidative damage of photosystem II and decreased electron
transfer rate and thylakoid membrane stability (Renger, 1989; Eva, 1999). Nano-anatase is capable of undergoing
electron transfer reactions under ultraviolet light, e.g., the electron was excitated and transferred, then
photogenerated electron holes in nano-anatase; the electron holes were reduced when the electron was captured
by other molecule, while it was oxidized when self-captured (Crabtree, 1998). It is reported that nano-anatase
treatments could markedly promote chlorophyll biosynthesis and the Rubisco activity and the photosynthesis
efficiency of spinach (Zheng et al., 2005). Nano-anatase treatment could also activate superoxide dismutase
(SOD), catalase (CAT), ascorbate peroxidase (APX), and guaiacol peroxidase (GPX), and remove ROS in the
aged chloroplasts of spinach. Nano-anatase could absorb ultraviolet light and convert light energy to stable
chemistry energy finally via electron transport in spinach chloroplasts. Therefore UV-B radiation on choloplasts
could be reduced or could avoid the oxidative damage (Zheng et al., 2008).
According to the results obtained, we decided to investigate the effects of TiO2 nanoparticles on the activities of
antioxidant enzymes in pinto bean (Phaseolus vulgaris L.) in a two years study.

59

jmbr.ccsenet.org

Journal of Molecular Biology Research

Vol. 6, No. 1; 2016

2. Materials and Methods
This survey was done as a factorial experiment in a complete randomized block design. Treatments consisted of
two factors; 1- stage of plant growth that spraying was applied (rapid vegetative growth, flowering and pod
filling); and 2- titanium dioxide nanoparticles (TiO2) concentrations that sprayed; including water (control),
0.01%, 0.02%, 0.03% and 0.05% nano titanium dioxide. Pinto bean seeds were planted in May 2015 and 2016.
Fertilization and plant feeding was done according to recommendations from results of a soil test. Spraying
treatment was based on growth stages and concentrations of nanoTiO2. Plants were treated with 240 ml titanium
solution per square meter. Control plants were treated with distilled water. Evaluations were made for the
parameters of (superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), guaiacol peroxidase (GPX),
malondialdehyde (MDA) content and 8-deoxy-2-hydroxyguanosine (8-OH-2-DG).
2.1 Enzyme Extraction
A quantity of 0.5 g of fresh foliar tissue from fresh seedlings (uppermost leaves) was harvested, weighed,
washed with distilled water and homogenized in ice cold 0.1 M phosphate buffer (pH=7.5) containing 0.5 mM
EDTA with prechilled pestle and mortar. Each homogenate was transferred to centrifuge tubes and was
centrifuged at 4°C in Beckman refrigerated centrifuge for 15 min at 15000×g. The supernatant was used for
enzyme activity assay. (Esfandiari et al., 2007).
2.2 Antioxidant Enzyme Activity Assays
SOD: The activity of superoxide dismutase (SOD) was assayed according to Misra and Fridovich (1972). About
500 mg of leaves were homogenized in 5 mL of 100 mmol L-1 K-phosphate buffer (pH 7.8) containing 0.1
mmol L-1 ethylenediaminetetracetic acid (EDTA), 0.1% (v/v) Triton X-100 and 2% polyvinylpyrrolidone (PVP)
(w/v). The extract was filtered and centrifuged at 22,000 g for 10 min at 4ºC, and the supernatant was utilized for
assays. The assay mixture consisted of a total volume of 1 mL, containing glycine buffer (pH 10.5), 1 mmol L-1
epinephrine and enzyme material. Epinephrine was the last added component. Adrenochrome formation over the
next 4 min was spectrophotometrically recorded at 480 nm. One unit of SOD activity is expressed as the amount
of enzyme required to cause 50% inhibition of epinephrine oxidation under the experimental conditions used.
This method is based on the ability of SOD to inhibit the autoxidation of epinephrine at an alkaline pH. Since the
oxidation of epinephrine leads to the production of a pink adrenochrome, the rate of increase of absorbance at
480 nm, which represents the rate of autoxidation of epinephrine, can be conveniently followed. The enzyme has
been found to inhibit this radical-mediated process.
CAT: Catalase activity was measured according to Aebi (1984). About 3 ml reaction mixture containing 1.5 ml
of 100 mM potassium phosphate buffer (pH=7), 0.5 ml of 75 mM H2O2, 0.05 ml enzyme extraction and distilled
water to make up the volume to 3 ml. Reaction started by adding H2O2 and a decrease in absorbance recorded at
240 nm for 1 min. Enzyme activity was computed by calculating the amount of H2O2 decomposed.
POD: Peroxidase activity was measured using modification of the procedure of McAdam et al. (1992). Guaiacol
was used as the substrate. POD activity was measured in a reaction mixture (3 ml) that contained 0.1 ml enzyme
extract, 12 mM H2O2, and 7.2 mM guaiacol in 50 mM phosphate buffer, pH 5.8. The kinetics of the reaction
were followed at 470 nm. Activity was calculated using extinction coefficient (26.6 mM_1 cm_1 at 470 nm) for
tetraguaiacol and expressed as units per gram of fresh weight (FW). One unit of POD activity was defined as 1
mmol tetraguaiacol produced per minute. Protein content in enzyme extracts was determined by the method of
Bradford.
GPX: Glutathione peroxidase (GPX) activity was measured according to Paglia and Valentine (1987) in which
0.56 M (pH 7) phosphate buffer, 0.5 M EDTA, 1mM NaN3, 0.2 mM NADPH was added to the extracted
solution. GPX catalyses the oxidation of glutathione by cumene hydroperoxide in the presence of glutathione
reductase and NADPH, the oxidized glutathione is immediately converted to the reduced form with the
concomitant oxidation of NADPH to NADP. The decrease in absorbance at 340 nm was measured with a
spectrophotometer.
MDA: Malondialdehyde (MDA) was measured by colorimetric method (Stewart and Bewley, 1980). 0.5 g of
leaf samples were homogenized in 5ml of distilled water. An equal volume of 0.5% thiobarbituric acid (TBA) in
20% trichloroacetic acid solution was added and the sample incubated at 95°C for 30 min. The reaction stopped
by putting the reaction tubes in the ice bath. The samples then centrifuged at 10000×g for 30 min. The
supernatant removed, absorption read at 532 nm, and the amount of nonspecific absorption at 600 nm read and
subtracted from this value. The amount of MDA present was calculated through the extinction coefficient of 155
mM-1cm-1. Enzyme activity and MDA content of samples were recorded with duplication. The following
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formula was applied to calculate malondialdehyde (MDA) content using its absorption coefficient (ɛ) and
expressed as nmol malondialdehyde g-1 fresh mass, following the formula:
MDA (nmol g-1 FM) = [(A532-A600) ×V×1000/ɛ] ×W,
where ɛ is the specific extinction coefficient (=155 mM-1 cm-1), V is the volume of crushing medium, W is the
fresh weight of leaf, A600 is the absorbance at 600 nm wavelength and A532 is the absorbance at 532 nm
wavelength.
8-OH-2-DG: 8-deoxy-2-hydroxyguanosine (8-OH-2-DG) was measured according to Bogdanov et al. (1999). In
this case, extract from the carbon column 8 (C8) is passed, this column is for the absorption of purines. After
reaching equilibrium, passing all the solvent in the extraction, then column by passing the new mobile phase
containing Tris Hcl with pH 8-deoxy-2-hydroxyguanosine of this column is removed and transferred to C8 new
column. After equilibration column was washed with the mobile phase containing adenosine concentrations of
0.65 M. This has led to proprietary separation of the desired material as a private peak, so that the peak detector
devices of the type Colometric were identified and transferred. The amount of 8-deoxy-2-hydroxyguanosine for
a certain proportion of total purine peak will be assessed. To separate the extract, the leaves of beans are weighed
and then determine the total protein ratio, a part of the leaf tissue in buffer solution of phosphate bicarbonate
(mono sodium) 1.6 M (PH 7.4), crushed and then quickly the presence of ice and cold conditions were
homogenized. Dimethyl sulfoxide at a concentration of 0.4 M was added to the solution. After adding the new
buffer (pH 5.6) acetate monosodic, it is in the dialysis against distilled water for 6 hours and then the remaining
content was centrifuged at 1500×g for 10 minutes. The supernatant in a spectrophotometer at wavelengths of 280
and 260 nm, respectively, were absorbed. Then, by adding trichloroacetic acid was free 35/0 mole of protein.
This solution is then centrifuged at 300×g for 15 minutes was centrifuged and the supernatant is used for sensing
of guanosine hydrate.
2.3 Characterization Analysis of TiO2 NPs
The anatase TiO2 NPs was purchased from Nano Pars Lima Company. The TiO2 NPs had a purity of greater than
99.5%, average of particle diameter of 21 nm, and a surface area of 60 m2/g. Then, in order to prepare
concentrations of nano TiO2, 20 g nano TiO2 was dissolved into water and then 0.01 ml of solution was filled up
to 1000 ml. Thus, different concentrations of titanium dioxide (0.01%, 0.02%, 0.03% and 0.05%) were prepared.
An ultrasound instrument was used to homogenize the solution. Titanium dioxide nanoparticles were sprayed on
plants using a calibrated pressurized backpack sprayer (capacity 20 l).
2.4 Statistical Calculations
Data were subjected to analysis of variance (ANOVA) using software Statistical Analysis System 9.0 (SAS
Institute 1988) and followed by Duncan’s multiple range tests. Terms were considered significant at P ≤ 0.05.
3. Results
Results of combined analysis of variance showed that the effect year significantly affected on SOD and
8-OH-2-DG (P ≤ 0.05, Table 1). The effect of different amounts of titanium dioxide nanoparticles (TiO2)
significantly affected (P ≤ 0.05, Table 1) on MDA and 8-OH-2-DG. The effects of different amounts of
titanium dioxide nanoparticles and year were significant on SOD, POD, MDA and the amount of
8-deoxy-2-hydroxyguanosine in P ≤ 0.05 (Table 1). None of the physiological traits were not affected by
spraying of nano titanium dioxide. In the event that, the effects of TiO2 nanoparticles times of spraying and year
were significant on SOD, CAT and 8-deoxy-2-hydroxyguanosine (P ≤ 0.05, Table 1). Interaction effects of
nano TiO2 concentrations × nano TiO2 spraying times did not have a significant impact on SOD, CAT, POD,
GPX, MDA and 8-OH-2-DG (Table 1). Although, all traits were affected by interaction effects of year × nano
TiO2 concentrations × nano TiO2 spraying times with the exception of GPX (P ≤ 0.05, Table 1).
Comparison of means demonstrated that nano TiO2 at concentrations of 0.01% and 0.03% increased activity rate
of SOD in leaves compared with control, although there was no significant difference between the nano TiO2
concentrations regarding catalase enzyme and nano TiO2 at concentrations of 0.02%, 0.03% and 0.05% boosted
activity rate of CAT in leaf tissue (Table 2). In the case of nano titanium application, the highest amount of POD
was obtained at concentrations of 0.01%, 0.03% and 0.05%, whereas the lowest amount of POD was found at
concentrations of 0.02%. In the case of TiO2 usage, the highest amount of GPX enzyme has been showed at
concentrations of 0.03% and 0.05%, whereas the highest content of MDA was found in those plots which were
treated with titanium dioxide 0.02% (Table 2). Finnaly, the highest content of 8-OH-2-DG (12.821 nm/ mg
Protein) was found at concentration of 0.03% (Table 2).
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According to Table 2, the highest amount of SOD, CAT, GPX and MDA were found in rapid vegetative growth
stage in pinto bean leaves, whereas the highest content of POD was seen in pod filling stage and for 8-OH-2-DG,
the highest content was found in flowering stage.
When it comes to the combined effects, results show that the maximum of the activity measure of the SOD
enzyme (208.13 U mg -1 Protein) in leaves was observed by the application of 0.02% nano titanium dioxide at
the rapid vegetative growth stage and the minimum of the activity mount of the SOD enzyme (95.50 U mg -1
Protein) in leaf tissue were found by the foliar of 0.05% nano titanium dioxide at the rapid vegetative growth
stage (Table 3). Interaction effects of nano TiO2 concentrations × nano TiO2 spraying times on CAT showed the
maximum of the activity measure of the catalase enzyme (232.75 U mg -1 Protein) in leaves were observed by
the application of 0.03% nano titanium dioxide at the rapid vegetative growth stage. By contrast, when nano
titanium dioxide (0.03%) was applied on plants during the flowering stage, the lowest of CAT enzyme (111.50 U
mg -1 Protein) was produced (Table 3). The maximum and minimum POD enzyme were obtained when plants
were treated with titanium dioxide nanoparticles (0.05%) at the pod filling stage and titanium dioxide nanoparticles (0.02%) at the flowering stage, respectively (Table 3). The combined effects among growing stages and
nano TiO2 concentrations indicate that the most GPX enzym were produced when titanium dioxide nanoparticles
(0.05%) were applied at the rapid vegetative growth stage, whereas the least GPX enzyme was obtained from
nano titanium application at the flowering stage in pinto bean (Table 3). When the effects of tow experimental
factors were combined, the highest MDA amount was obtained when titanium dioxide nanoparticles (0.02%) at
the pod filling and the lowest MDA content was obtained when titanium dioxide nanoparticles (0.05%) at the
pod filling stage (Table 3). The highest 8-OH-2-DG amount was observed when plants were treated with
titanium dioxide nanoparticles (0.05%) at the flowering stage; on the other hand, the lowest 8-OH-2-DG amount
was obtained from those plants which were not treated with nano TiO2 at the flowering stage (Table 3). A
significant positive correlation was found between GPX enzyme amount and CAT enzyme amount under
experimental treatments of pinto bean (r0.01 = 0.266) (Table 4). Also, there was a significant positive correlation
between GPX enzyme amount and 8-OH-2-DG content in leaves of pinto bean under experimental treatments
(r0.05 = 0.202) (Table 4).
4. Discussion
In this two-year study, we found that foliar of TiO2 nanoparticles at different growth stages induce some
physiological and biochemical responses that can promote tolerance levels in pinto bean.
The nano TiO2, attributed to their photocatalytic property and thermal conductivity, enhanced water absorption,
improved light absorption in chlorophyll a, and induced oxygen evolution rate, consequently showed beneficial
effects on photosynthesis (Rezaei et al., 2015; Rico et al., 2015b).
Our results showed that nano TiO2 sprayed on pinto bean leaves inhibited ROS accumulation and increased
antioxidant enzymes activity and also, showed a significant increase in the contents of each biomarkers MDA
and 8-OH-2-DG.
Similarly, nano CuO caused significant oxidative stress with higher ROS, MDA content, but increased activities
of antioxdative enzymes in rice (Da Costa & Sharma, 2016; Shaw & Hossain, 2013; Wang et al., 2015).
In the event of oxidative stress in plant, the leaves damaged by the collapse of chlorophyll, is reduced the rate of
photosynthesis and eventually decline yields crops.
In this case, by increasing the amount and activity of antioxidant enzymes in plant leaf tissue, can be reduced the
amount of damage and prevent yield losses. In this regard, it was reported that internal O2 concentration is high
during photosynthesis, and chloroplasts are especially prone to generate activated oxygen species; therefore,
these cytotoxic active oxygen species can seriously disrupt normal metabolism through oxidative damage of
lipids, nucleic acids, and proteins. Deleterious effects of ROS and lipid peroxidation products are counteracted
by an antioxidant defense system (Pejic et al., 2009). From one aspect, it can be expressed that probably with the
application of nano TiO2 in the plant and then with the entry of it into the leaf tissue, causing phytotoxicity in
plants, at the same time increases the amount of oxidants in plants, finally, increase the amount and activity of
antioxidants (including antioxidant enzymes and biomarkers MDA and 8-OH-2-DG) to counteract the
disadvantageous effects of ROS.
Malondialdehyde is the decomposition product of polyunsaturated fatty acids of bio membranes and its increase
is the result of greater accumulation under high antioxidant stress. Malondialdehyde content serves as an
indicator of the extent of lipid peroxidation and an indirect reflection of the extent of cell damage (Wang et al.,
2011).
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Servin et al. (2013) reported an increase in CAT activity (250-750 mg/kg) but a decrease in APX (500 mg/kg)
when cucumber plants were exposed to nano TiO2. Also, Laware and Raskar (2014) reported that CAT and GPX
activities can be enhanced in the presence of 10-30 μgml-1 TiO2 nanoparticles, but their activities decrease by
higher concentrations of TiO2 nanoparticles. Also, Lei et al. (2008) showed that nano-anatase treatment could
activate SOD, CAT, APX, and GPX of spinach chloroplasts. SOD can convert O2. - into H2O2 and O2;
moreover, CAT, APX, and GPX can reduce H2O2 into H2O and O2. Therefore, SOD, CAT, APX, and GPX can
maintain a low level of ROS and prevent ROS toxicity and protect cells.
From other aspect, it can be declared that with the foliar application of titanium dioxide nanoparticles in the
plant, nano TiO2 can reduce the effects of photo oxidative stress and prevent the chloroplasts destruction and
chlorophyll degradation of leaf tissue. About this issue, Lei et al. (2008) announced that nano-anatase could
absorb ultraviolet (UV) light and convert light energy to steady chemistry energy finally via electron transport in
spinach chloroplasts, so that UV-B radiation on choloplasts could be reduced or could avoid the oxidative
damage. In other words, Zheng et al. (2007) reported that enriched energy electron from nano-anatase, which
entered chloroplast under ultraviolet light, was transfered in photosynthetic electron transport chain and made
NADP+ reduced into NADPH, coupled to photophosphorylation, and made electron energy be transformed to
ATP, and nano-anatase h+, photogenerating electron holes, captured an electron from water that accelerated
water photolysis and O2 evolution.
Table 1. Combined analysis of variance on SOD, CAT, POD, GPX, MDA and 8-OH-2-DG of pinto bean
affected by nano TiO2 concentrations and different growth stages (2014 - 2015)
Means square
8-OH-2-DG

MDA

GPX

POD

CAT

SOD

df

Sources of variation

1.79*

0.02 n.s

0.67 n.s

0.92 n.s

1.41 n.s

1.89*

1

Y (Year)

0.90

0.40

0.16

0.77

0.70

0.37

6

Error

0.85*

0.70*

0.31 n.s

0.44 n.s

0.08 n.s

0.30 n.s

4

(A) Concentrations of nano TiO2

0.79*

0.31*

0.25 n.s

0.72*

0.12 n.s

1.13*

4

Y×A

n.s

n.s

n.s

n.s

1.01 n.s

0.47 n.s

2

(B) Times of spraying

0.22

0.05

0.08

0.03

1.02*

0.32 n.s

0.06 n.s

0.15 n.s

0.00*

0.27*

2

Y×B

n.s

n.s

n.s

0.42 n.s

0.71 n.s

0.58 n.s

8

A×B
Y×A×B

0.41

0.42

0.12

0.41*

0.82*

0.52 n.s

0.46*

0.27*

0.25*

8

0.41

0.39

0.62

0.64

0.66

0.49

84

30.41

17.45

17.74

24.22

16.98

14.73

Error
C.V (%)

Note: Ns, Non Significant, * and **, Significant at 5% and 1% levels respectively.

Table 2. Mean comparison of physiological traits of pinto bean in nano TiO2 concentrations and nano TiO2
spraying times (2014 - 2015)
CAT

8-OH-2-DG

MDA

GPX

POD

(nm/ mg

(nm/ mg

(U mg -1

(U mg -1 Protein) (U mg -1

(U mg -1

Protein)

Protein)

Protein)

Protein)

Protein)

SOD

Treatments

Concentrations of nano TiO2
8.317b

48.967ab

105.25a

0.040958a

149.92a

135.42a (Distilled water) Control

9.738ab

38.200b

97.38a

0.042500a

141.38a

151.88a (0.01%) Nano TiO2

9.388ab

51.300a

97.50a

0.040417a

150.83a

134.75a (0.02%) Nano TiO2

12.821a

39.054ab

115.92a

0.051500a

157.22a

152.71a (0.03%) Nano TiO2

12.454ab

37.471ab

111.83a

0.064042a

160.71a

130.92a (0.05%) Nano TiO2

10.403a

44.360a

107.33a

0.045522a

171.35a

157.50a Rapid vegetative growth

11.025a

42.113a

102.55a

0.045400a

140.35a

135.88a Flowering

10.203a

42.523a

106.85a

0.053025a

144.33a

130.03a Pod filling

Times of spraying of nano TiO2

Means in each column followed by similar letter(s) are not significantly different using Duncan's Multiple Range
Test.
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Table 3. Interaction effects of nano TiO2 concentrations × nano TiO2 spraying times on physiological traits of
pinto bean (2014 - 2015)
8-OH-2-DG

MDA

GPX

POD

CAT

SOD

Times of spraying of nano

Concentrations of nano

(nm/ mg

(nm/ mg

(U mg -1

(U mg -1

(U mg -1

(U mg -1

TiO2

TiO2

Protein)

Protein)

Protein)

Protein)

Protein)

Protein)

8.688ab

50.605abc

104.13a

0.04150a

145.38ab

162.13ab Rapid vegetative growth

Control

9.750ab

44.93abc

95.38a

0.04150a

132.00ab

153.13ab Rapid vegetative growth

(0.01%)

9.888ab

45.28abc

90.38a

0.03425a

182.75ab

208.13a Rapid vegetative growth

(0.02%)

11.250ab

40.55abc

114.00a

0.05713a

232.75a

168.63ab Rapid vegetative growth

(0.03%)

12.438a

40.55abc

132.75a

0.05175a

163.88ab

95.50b Rapid vegetative growth

6.138b

51.665ab

95.00a

0.03938a

169.50ab

113.25ab Flowering

7.425ab

28.655c

92.13a

0.04113a

144.88ab

141.63ab Flowering

(0.01%)

9.963ab

46.015abc

99.25a

0.02838a

144.25ab

98.13b Flowering

(0.02%)

15.675a

38.365abc

119.88a

0.05200a

111.50b

154.25ab Flowering

(0.03%)

15.925a

45.875abc

106.50a

0.06613a

131.63b

172.13ab Flowering

(0.05%)

10.125ab

44.64abc

116.63a

0.04200a

134.88ab

130.88ab Pod filling

Control

12.038ab

41.03abc

104.63a

0.04488a

147.25ab

160.88ab Pod filling

(0.01%)

8.313ab

62.615a

102.88a

0.05863a

125.50b

98.00b Pod filling

(0.02%)

11.538ab

38.25bc

113.88a

0.04538a

127.41b

135.25ab Pod filling

(0.03%)

9.000ab

26.09c

96.25a

0.07425a

186.63ab

125.13ab Pod filling

(0.05%)

(0.05%)
Control

Means in each column followed by similar letter(s) are not significantly different using Duncan's Multiple Range Test.

Table 4. Pearson’s correlation coefficients among GPX, SOD, CAT, POD, MDA and 8-OH-2-DG of pinto bean
affected by nano TiO2 concentrations and different growth stages (2014 - 2015)
Trait

GPX

SOD

CAT

POD

MDA

DHG

GPX

1

-0.002

0.266**

0.155

-0.019

0.202*

SOD

-0.002

1

-0.002

-0.169

0.061

-0.137

CAT

0.266**

-0.002

1

-0.004

-0.059

0.042

POD

0.155

-0.169

-0.004

1

-0.068

0.057

MDA

-0.019

0.061

-0.059

-0.068

1

0.004

DHG

0.202*

-0.137

0.042

0.057

0.004

1

* and **, significant difference at 5 and 1%, respectively.
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