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Abstract
The present work was aimed to determine the effect of IAA and glutamate zerovalent iron nanoparticles (Glu-
ZVFeNPs) on the physiological mechanism of heavy metal (Pb+2) stress tolerance in the selected maize variety
(Pahari white) under induced heavy metal stress of 4ppm and 8ppm at vegetative stage. Seeds of Maize variety
(Pahari white) collected from CCRI, PersabaqNowshera, were sown in earther pots (18cm lower inside diameter,
18cm upper inner diameter, 20cm height and 2cm thickness) filled with 2kg of air dried soil and silt (2:1) having
EC3.09-5.12, pH 6.8-7.3 and moisture content 4-15% in triplicates in the green house of the Department of
Botany, University of Peshawar in maize growing season, 2017. SEM results showed spherical shape of
nanoparticles which are uniformly dispersed as observed, coarse surfaces ranges from 45–167nm indicating a
high surface area suitable for adsorption properties. EDX analysis showed elemental composition including C,
N, Ca+2, Si, Cl- and both the Fe along with O at 0.6 KeV and Zerovalent Iron (Fe0) at 6.5 and 7.1 KeV.
TGA/DTA showed the endothermic major decline in mass at 200oC to 400oC and the exothermic major peek
formed at 300oC to 400oC. At low concentration of lead (4ppm) the growth responses have been reduced
indicating from the minimum amplitude of chlorophyll “a”, chlorophyll “b” and POD content, whereas; this
adverse effect has been reduced by application of Glu-ZVFeNPs as separate treatment as compared to the foliar
application of IAA alone and in combination with Glu-ZVFeNPs. High concentration of lead (8ppm) enhanced
the values of osmolities, protein and SOD whereas the maximum amplitude of proline reduced by the
application of Glu-ZVFeNPsas separate treatment indicating that the plant behaves normal with nanoparticle at
heavy metal stress of 8ppm.
__________________________________________________________________________________________
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INTRODUCTION
Nanoparticles are being used for diverse purposes,
like medical treatments and agriculturealong with
various branches of industry production such as solar
and oxide fuel batteries for energy storage, to wide
incorporation into diverse materials of everyday use
such as cosmetics or clothes (Hasan 2015). Nanoscale
iron particles are sub-micrometer particles of iron
metal. They are highly reactive because of their large
surface area. In the presence of oxygen and water,
they rapidly oxidize to Iron is a fourth most common
element in the earth crust, it is a metal in first
transition series and its symbol is Fe, its atomic
number is 26 and its atomic mass is 55.845. The
melting point of iron is 1,538ᴼC and its boiling point
is 2,862ᴼC form free iron ions (Morgan and Enders
1980). They are widely used in agriculture, medical
and laboratory applications and have also been
studied for remediation of industrial sites
contaminated with chlorinated organic compounds
(Zhang 2003). Iron nanoparticles are also useful in
cleaning up organic pollutants in groundwater
because they can donate electrons to more
electronegative atoms, such as chlorine atoms,
present in many of the molecules that make up
organic pollutants (Perch 2016). In Pakistan maize

crop is mainly grown in two seasons i.e. spring and
autumn. Its grain is a rich source of starch 72%,
vitamins A & B 3–5%, proteins 10%, 4.8% oil, 5.8 %
fiber, 3.0% sugar and 1.7% ash. One hundred gram of
fresh grain contains 361 calories of energy, 9.4g
protein; 4.3g fat, 74.4g carbohydrate, 1.8g fiber, 1.3g
ash, 10.6 per cent water, 140mg vitamins,9mg
calcium, 290mg, phosphorus and 2.5mg iron
(Arain2013). Maize rankedthird most important
cereal in Pakistan, having average productivity of
2850 kg/ha, which is the highest among all cereals
grown in the country (Tariq and Iqbal 2010). Lead
(Pb) is a widespread heavy present in soils, plants and
waters, mostly present in top layer of soil due to the
deposition from air containing smoke from vehicles
released from mining, industrial and agricultural
chemicals (Faridet al, 2015).

Heavy metals such asPb, Cd and Hg do not have any
beneficial effect on organisms and are thus regarded
as the “main threats” since they are very harmful to
both plants and animals, pollutant in the environment
air, water and soil, may be poisonous or toxic and
will cause harm to living things after accumulating in
ecological food chain through uptake at primary
producer level and then through consumption at
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consumer levels and plants roots are the primary
contact site for heavy metal ions (Asatiet al,2016).
Phytohormone iodole acetic acid improved salt
tolerance in crop plants by significantly activated
catalase, peroxidase, and ascorbate per oxidase
increased photosynthetic pigment and enhancing the
accumulation of nontoxic metabolites (sugar, proteins,
amino acid and free proline) as a protective
adaptation mechanism in different wheat organs
(Nasser and Barakat 2011).

MATERIAL AND METHODS
Preparation and Analysis of Glu-ZVFeNPsNano
Particles
L-glutamic acid, tannic acid, Sodium hydroxide,
hydrochloric acid and Iron III chloride hexahydrate
were purchased from Sigma-Aldrich. The synthesis
of amino acid capped zero valent iron nanoparticles
was performed following (Siskova et al, 2012) with
slight modification. Briefly, 14.71mg of L-glutamic
acid was dissolved in 100mL of deionized water (pH
6) to obtain 10mM concentration. 1.0mM aqueous
solution of FeCl3.6H2O was prepared by adding 27.03
mg of FeCl3.6H2O to 100ml of deionized water was
added to amino acid solution with continuous stirring
to obtain solution A. 1.0mM aqueous solution of
tannic acid was prepared by dissolving 170.1mg/100
ml solution and place in an ice bath. Tannic acid
solution was added drop wise to solution A with
constant stirring on magnetic stirrer. The resulting
precipitates were centrifuged at 3000rpm for 20
minutes at 25°C, washed twice with deionized water
and dried overnight. The resulting powders were
further stored in closed vials under ambient
conditions.

The Glu-ZvFeNPs were subjected to morphological
observation using SEM. The synthesized Glu-
ZvFeNPs were coated on a carbon tape and subjected
to gold coating with auto fine coater (Spi-module
sputter coater) and analysed for morphological
features through SEM using FE-SEM (JSM-5910-
JEOL-JAPAN).The dried glutamate capped
zerovalent iron nanoparticles (Glu-ZvFeNPs) were
characterized for elemental profile through Energy
Dispersive X-ray Spectroscopy (EDS). For the
elemental composition, the Glu-ZvFeNPs suspension
in deionized water was centrifuged at 10,000rpm for
20 minutes, oven dried at 50 Co and the powdered
mass was used for EDS analysis using the Oxford
Inca 200 SEM instrument equipped with a Thermo.
Thermogravimetric analysis was carried out for Glu-
ZvFeNPs using a TA Instruments Pyris Diamond
Series TG/DTA make by Perkin Elmer, USA under
air atmosphere between the temperature ranges of
30°C-600°C at heating rate of 10°C /min, using
ceramic (Al2O3) crucible. A 6.446mg sample was
initially heated to 50.00 °C for 1.0 min to remove all
adsorbed solvent. The sample was then heated to

600°C at 10°C/min and kept at 600°C for 20min.
Weight loss was calculated between weights
measured at 30°C and at final temperature.

Pot Experiment
Seeds of selected local accessions (Pahari white of
maize) (Zea mays L.), which are primitive
cultivars/land races belonging to different areas
having rainfall less than 1000mm, were obtained
from cereal crop research institute
PirsabaqNowshehra (CCRIP). The seed were sown in
earthen pots (18 cm lower inside diameter, 18 cm
upper inside diameter, 20 cm height and 2cm
thickness) containing soil and silt in a ratio of 2:1 in
triplicates. Pots were arranged in Complete
Randomized Design (CRD) and were protected from
rain. A week after germination the plants were
thinned to four per pot were subjected to heavy metal
stress of 4ppm and 8ppm along with untreated control
whereas; Glu-ZVFeNPs and IAA foliar spray were
used in the the designed experiment. Standard
practices suitable for pot experiment was followed
and no pest or disease problems were found during
the experimental period. The plants in pots were
watered as required.

AGRONOMIC AND PHYSIOLOGICAL
ANALYSIS OF PLANT
Soil pH and Soil Electrical Conductivity (EC)
The pH of rhizospheric soil was measured by
preparing 1:1 (soil: water) suspension (McKeague
1978; Mclean 1982). Air dried soil sample (10g) was
mixed in 10ml distilled water and stirred for 1 hour
on magnetic stirrer for homogenous mixing. Then the
suspension was filtered with Whatman No. 42 filter
paper. The pH of filtrate was determined with pH
meter while electrical conductivity meter recorded
the EC of extract. Readings were measured in micro
siemens per centimeter (µS/cm).

Soil Moisture Content
Soil (10) gram was taken from uniform depth i.e.6
inches from the surfaces of pots. Dry weight was
determined after drying the soil in oven for 72 hrs at
70 ˚C till constant weight.
The %age moisture content of soil is calculated by
following formula.
%age moisture content = Fresh weight of soil- Dry
weight of soil x100
Fresh weight of soil

Field Capacity of Rhizospheric Soil
The field capacity of rhizospheric soil was
determined following the method
% Field Capacity =

Weight of wet soil (g)-Weight of dry soil (g) × 100
Weight of dry soil (g)
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TREATMENTS DETAIL

Leaf Protein Contents
Protein content of leaves was determined following
the method of (Lowery et al, 1951) using BSA as
standard.
Phosphate Buffer (Stock Solution)

a. Monobasic sodium phosphate:
0.25g was dissolved in distil water

(9ml)
b. Dibasic sodium phosphate:

2.27g was dissolved in 45ml
Monobasic sodium phosphate (8ml) and dibasic
sodium phosphate (42ml) was mix together to get the
desire pH (7.5) of phosphate buffer.
Reagent A: 0.75g Na2CO3 0.15g NaOH (0.1 N)
and 0.37g Na-K tartrate was dissolved in 40ml of
distilled water?
Reagent B: CuSO4.5H2O (0.03g) was dissolved
in 8ml of distil water.
Reagent C: Solution A (38ml) and Solution B
(0.7ml) were mixed.
Reagent D:Folin phenol reagent was diluted with
distilled water in 1:1 ratio.
Procedure fresh leaves 0.1g were ground with the
help of mortar and pestle in 1ml of phosphate buffer
pH 7.5 and, centrifuged for 10 min at 3000rpm. The
supernatant (0.1ml) of given sample containing
unknown amount of protein was poured in the test
tubes and total volume of 1ml was made by distilled
water. 1ml of reagent C was added. After shaking for
10min, 0.1ml of reagent D was added. The
absorbance of each sample was recorded at 650nm
after 30 min incubation. The concentration of protein
contents was determined with the reference to
standard curve made by using standard BSA. The
BSA of different concentration viz 20,40,60,80,320,
and 640mg was prepared. The absorbance of BSA
was recorded at 650 nm.

Sugar Estimation
Sugar estimation of fresh leaves was done following
the method of (Duboiset al,1956). Fresh plant
material (0.5g) was homogenized with 10ml of
distilled water in a clean mortar and then centrifuged

at 3000 rpm for 5 min. In 0.1ml of supernatant 1ml of
30% (w/v) phenol was added, after incubation at
room temperature, 5ml concentrated sulphuric acid
was added. The sample is incubated for 4 hrs and ten
absorbance of each sample was recorded at 420 nm.
The concentration of unknown sample was calculated
with reference to standard curve made by using
glucose.

Chlorophyll Content of Leaves
Chlorophyll content of leaves was determined by the
method of (Aron 1968). Crude preparation 1ml was
mixed with 4ml of 80% (w/v) acetone and allowed to
stand in dark at room temperature. It was centrifuged
at 2000 rpm for 5 min to clear the suspension.
Supernatant was used for chlorophyll determination.
Absorbance of solution was read at 645 nm
(chlorophyll a) and at 663nm (chlorophyll b) on
spectrophotometer against 80% (v/v) acetone blank.
Total chlorophyll was determined for the equation
given by Aron (1949).
Total chlorophyll (mg/l)
= (20.2 x A645) + (8.02 x B663)

Proline Content of Leaves
The proline contents of leaves were measured by the
method of (Bates et al,1973). Fully expanded fresh
leaves were sampled. Purified proline was used to
standardize the procedure for quantifying sample
values. Reagent acid Ninhydrin was prepared by
warming 1.87g ninhydrin in 45ml glacial acetic acid
and 30ml 6 M phosphoric acid, with agitation, until
dissolved. Kept cool (store at 4°C), the reagent
remains stable for 24 hrs. Approximately 0.5g of
plant material was homogenized in 10ml of 3%
aqueous sulphosalicylic acid and homogenate filtered
with Whatman # 42 filter paper. 2ml of filtrate was
reacted with 2ml acid ninhydrin and 2ml of glacial
acetic acid in a test tube for 1 hr at 100°C and
reaction is terminated in ice bath. The reaction
mixture was extracted with 4ml toluene, mixed
vigorously with a test tube stirrer for 15-20 sec. The
chromophore containing toluene was aspirated from
the aqueous phase, warm to room temperature and

Treatments Heavy Metal Concentration Treatments Heavy Metal Concentration

T1 4ppm (Pb) concentration T7 8ppm(Pb) concentration +IAA

T2 4ppm (Pb) concentration +NPs T8 8ppm(Pb) concentration +NPs +IAA

T3 4ppm (Pb) concentration +IAA T9 Untreated Control

T4 4ppm (Pb) concentration +NPs +IAA T10 Untreated Control + NPs

T5 8ppm(Pb) concentration T11 Untreated Control +IAA

T6 8ppm(Pb) concentration +NPs T12 Untreated Control +NP +IAA
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absorbance read at 520nm against toluene as blank.
The proline concentration was determined from
standard curve and calculated on fresh weight basis
as follow: [(ugproline /ml x ml toluene)/
115.5ug/umol]/ [(g sample)/5] = µ molproline/g of
fresh weight material.

Extraction for Peroxidase
Fresh leaves (5g) were homogenized with 15ml of
0.05N phosphate buffer (PH 7.0) containing 10%
PVPP and 0.1 M EDTA. Homogenate was
centrifuged at 15,000 rpm for 15 min at 4°C.
Supernatant was used for superoxide dismutase (SOD)
and peroxidase (POD) assay.POD activity was
determined by the method of (Vetter et al, 1958) as
modified by (Gorin and Heidema1976). POD activity
was measured following the assay mixture contained
0.1ml enzyme extract, 1.35ml of 100mM MES buffer
(PH 5.5), 0.05% H2O2 and 0.1% phenylenediamine.
Change in absorbance was recorded at 485 nm for
3min with spectrophotometer. The activity of POD
was presented as ΔOD 485nm /min mg protein. SOD
activity was determined by measuring inhibition of
photochemical reduction of NBT using method of
(Beauchamp and Fridovich1971). The reaction
mixture (3ml) was composed of 13mM methionine,
0.075 mM NBT, 0.1 mM EDTA, .002mM riboflavin
and 0.1ml of enzyme extract in 50mM phosphate
buffer (pH 7.8). The mixture in tube was placed
below light chamber for 15 min. The absorbance was
read at 560nm with spectrophotometer. One unit of
enzyme activity was taken as that quantity of enzyme,
which reduced the absorbance reading to 50 in
comparison with tube lacking enzyme.

RESULTS
Agronomic and Physiological Study
Foliar application of Glu-ZVFeNPs and IAA
alleviated the damaging effect of heavy metals stress
on the mentioned attributes including shoot length,
shoot fresh weight, shoot dry weight and % moisture
content in the treatment T6 (8ppm+NP) and T7
(8ppm+IAA) reported maximum at the ambient
heavy metal(pb) whereas the moderate amplitude has
been reported in the T1 (4ppm) and T2 (4ppm+NP)
along with the T8 (8ppm+NP+IAA) and T4
(4ppm+NP+IAA). Results in the Table 2-4 indicated
that among the best result of the treatment T8
(8ppm+NP+IAA) ranked top percent with enhanced
values of root length, root fresh weight, root dry
weight, % moisture content, number of leaves, leaves
fresh weight, leaves dry weight, %moisture content,
leaf area, %germination, seed vigorous index(SVI)
and root+shoot ratio. The finding of T8 indicating the
combined effect of IAA and Glu-ZVFeNPs, along
with the least performance of T9 (untreated) for the
mentioned attributes. T2 (4ppm+NP) showed
significantly similar and considerable results.The
chlorophyll “a”, chlorophyll “b”, total chlorophyll,

chlorophyll a/b ratio, and carotenoid content has been
enhanced by the application of Glu-ZVFeNPs in
T8(8ppm+NP+IAA) and T10(untreated+NP)
indicating lower amount than T11(untreated+IAA)
proved that Glu-ZVFeNPs having promoting effect
like IAA but of little amplitude as shown in Fig 1-3.
High concentration (8ppm) of heavy metal stress
significantly enhanced the protein and osmolities
(proline and sugar) content on the medium in the
selected variety at p≤0.05 showed in Fig 4 and 5
indicating tolerance level of the selected variety at the
mentioned stress. Significantly amount of SOD
content reported in T4 (4ppm+NP+IAA) showed that
the combined effect of Glu-ZVFeNPs lower the
effect of induced heavy metal stress while POD
content has been enhanced by the heavy metal stress
with individual application of Glu-ZVFeNPs and
IAA in T2 (4ppm+NP) and T3 (4ppm+IAA)
indicating that at low concentration of heavy metal
stress Glu-ZVFeNPs is of similar function like
recommend growth regulator (IAA).

Physical Characterization of Nano Particles
The Glu-ZvFeNPswere subjected for its elemental
mapping using Energy Dispersive X-ray
Spectroscopy (EDX). The spot-profile EDX of Glu-
ZvFeNPs shows the strong signals of the metallic
iron at 0.6KeV, 6.5KeV and 7.1KeV due to the SPR
band which indicates that Fe+3 in its aqueous solution
was reduced by tannic acid leads to the formation of
metallic iron core ofZvFeNPs (Fig: 7). Besides the Fe
and O elements the EDX spectrum also contains the
intense peaks for other elements. These elements are
Cl, C, N, Ca and Si. The quantitative results of
various elements along with iron is shown in the
(Table: 5). SEM technique was used for the structural
characterization of the Nanoparticles. In (Fig: 8)
SEM micrograph of the Glu-ZvFeNPs was shown
which contains the particles are almost of spherical
shape and they are uniformly dispersed as observed.
Several nanoparticles were investigated to determine
the particle size. The size of the particles varies in
range from almost 45nm up to 167nm. The average
size of the Glu-ZVFeNPs was approximately
81.75nm.

The sample was observed at 60,000X magnification
with an accelerating voltage 20Kv. TG analysis was
carried out from room temperature 27oC to 600oC at
10oC/ min using Pyris Diamond Series TG/DTA
make by Perkin Elmer, USA. Slightly mass reduction
was observed from 50oC to 100oC which is due to the
evaporation of solvent and moisture. The
endothermic mass loss (6.4 mg- 5.8mg) observed
from 100oC to 200oC. Major decline in mass (5mg to
0.8mg) was recorded between 200o C and 400o C is
associated with the decomposition of organic
substances whereas no capping ZvFeNPs of the
material was observed at 420o C onward as shown in
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Fig 9.DTA plot display on intensive exothermic
peak between 300oC and 400o C which mainly
attributed to crystallization of Glu-ZvFeNPs. DTA
profiles show that complete thermal decomposition
and crystallization of the sample occur
simultaneously as shown in Fig 10.

DISCUSSION
Heavy metal stress is one of the major set-back that
reduce the maize growth however soil amendment
can be employed to ameliorate the detrimental effects
of heavy metal stress. To testify this hypothesis, the
current study was carried to examine the effect of
foliar application Glu-ZVFeNPs and plant growth
vegetative with and without influence of heavy metal
stress on maize growth, heavy metal stress at lowest
concentration (4ppm) significantly enhanced the
morphological and physiological growth of maize
whereas; at high concentration (8ppm) showed toxic
effect on seed germination, root growth, seedling
growth and dry biomass of plant species tested with
control (Table 1-4). Increased in root length under
induced stress expressed tolerance level in the
selected variety, based on physiological mechanism
of stress tolerance supported by the study of (Rudolf
R.Kastori et al, 2012). Pbhas significant impact on
shoot length results according to (Alia et al,2015) as
shown in Table 1. However, some previous studies
on heavy metal have indicated that lead (Pb) had
adverse effect on seed germination, root elongation
and biomass Junaidet al., (2013).

Foliar applications have been reported a viable
approach to counter heavy metal stress as Glu-
ZVFeNPs and indole acetic acid either accumulate in
plant or enables it to show resistivity against heavy
metal stress on plant. In present day study IAA
employed as artificial fertilizer treatments particularly
chlorophyll “a”, chlorophyll “b”, total chlorophyll,
carotenoid and proline contents enhanced the
physiological performance of maize under heavy
metal stress and Glu-ZVFeNPs with heavy metal
stress showed tolerance in protein, proline and sugar
content and adversely affect the chlorophyll “a”,
chlorophyll “b”, total chlorophyll, carotenoid,
chlorophyll a/b ratio, SOD and POD contents, while
heavy metal concentrations showed significant
changes in physiological measures in variety (Pahari
white).

At vegetative stages maize crop exposure to heavy
metal stress caused decreased in chlorophyll “a”,
chlorophyll “b”, chlorophyll a/b ratio, total
chlorophyll and POD contents and exhibit maximum
increase in protein, sugar, proline, carotenoid and
SOD contents. According to the (Ghani Abdul 2010)
that lead have no significant effect on chlorophyll
content in desi maize variety.At lower metal
concentrations, an increase in proline and sugar was

observed but at higher concentrations their decrease
was noticed according to (R. John et al,2008).Pb
treatment had a stimulating effect on carotenoid
content at low concentration and an inhibitory effect
at higher concentration according to (Xiao shu et
al,2011). Heavy metals caused significant decreases
in protein content according to (Abdul Ghani 2010).

The Glu-ZvFeNPs are in the Oxide form as iron is
present along with oxygen at 0.6 KeV and in pure
form at 6.5 KeV and 7.1 KeV due to the SPR band
(Fig: 7) EDX spectrum of iron oxide NP showed the
oxidized Fe found at 0.7 KeV while metallic Fe was
found at 6.4 and 7.1 KeV (Keho2006). Similarly;
green tea extract mediated FeNPs shown iron peaks
at 0.4, 0.5, 0.6, 6.5 and 7.0 KeV(Michiraet al, 2014);
(Paul et al, 2013). The size of the particles varies in
range from about 45 nm up to 167 nm. The average
size of the Glu-ZvFeNPs was approximately 81.75
nm (Fig.8).Available literature showed that the
diameter as in the range of 50-90nm where the
average diameter of iron oxide NPs is close to
60±10nm (Rahman et al, 2011). Scanning electron
microscopy of zero-valent iron nanoparticles
morphology are in spherical shape, which exist in
contact with each other and form chains having
diameters of 50-100 nm (yuvakkumar et al,2011). TG
analysis was carried from room temperature i.e 27oC
to 600oC at increasing rate of 10oC/min.The major
decomposition of organic matter occurs at
temperature 200oC to 400oC whereas in the DTA the
major peek is formed at temperature ranges from
300oC to 400oC as shown in Fig 9 and 10. Whereas
the TGA results showed that the weight losses were
12% at 60–205∘ C and 31% at 280–510∘ C which
were due to the removal of moisture, hydrogen, and
three oxygen molecules present in coumaric acid,
although (Juríková et al,2012) resulted thatduring
heating up to the temperature of 600◦C, the dried
initial magnetic fluid MF shows one significant
decomposition stage starting at about 300◦C that
relates to the evaporation of sodium oleate used for
the stabilization of the magnetic Fe2O3Glu-
ZVFeNPs(TayyabaNaseem and Muhammad
AkhyarFarrukh 2015).

CONCLUSION
Conclusively heavy metal stress was found to have
negative impact on growth and development of maize
cultivar. The high concentration of heavy metal
(8ppm) had more negative effects on agronomic and
physiological attributes, while low concentration of
heavy metal (4ppm) recorded comparatively less
reduction in maize growth and its related
attributes.Adverse effect of heavy metal has been
reduced by application of Glu-ZVFeNPs as separate
treatment as compared to the foliar application of
IAA alone and in combination with Glu-ZVFeNPs.
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Fig:1 Effect of Glu-ZVFeNPs and indole acetic acid foliar spray on 
(Chlorophyll "a" and Chlorophyll "b" content) of maize (Zea mays) under lead stress. 

T1=4ppm,T2=4ppm+NP,T3=4ppm+IAA,T4=4ppm+NP+IAA,T5=8ppm,T6=8ppm+NP,T7=8ppm+IAA,
T8=8ppm+NP+IAA,T9=untreated,T10=untreated+NP,T11=untreated+IAA,T12=untreated+NP+IAA
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Fig 2: Effect of Glu-ZVFeNPs and indole acetic acid foliar spray on 
(Chlorophyll a/b ratio and carotenoid content) of maize (Zea mays) under lead stress 

T1=4ppm,T2=4ppm+NP,T3=4ppm+IAA,T4=4ppm+NP+IAA,T5=8ppm,T6=8ppm+NP,T7=8ppm+IAA,
T8=8ppm+NP+IAA,T9=untreated,T10=untreated+NP,T11=untreated+IAA,T12=untreated+NP+IAA
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Fig 3: Effect of Glu-ZVFeNPs  and indole acetic acid foliar spray on
 (Total Chlorophyll content) of maize (Zea mays) under lead stress 

T1=4ppm,T2=4ppm+NP,T3=4ppm+IAA,T4=4ppm+NP+IAA,T5=8ppm,T6=8ppm+NP,T7=8ppm+IAA,
T8=8ppm+NP+IAA,T9=untreated,T10=untreated+NP,T11=untreated+IAA,T12=untreated+NP+IAA
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Fig 4: Effect of Glu-ZVFeNPs and indole acetic acid foliar spray on
 (Proline and Protein content) of maize (Zea mays) under lead stress 

T1=4ppm,T2=4ppm+NP,T3=4ppm+IAA,T4=4ppm+NP+IAA,T5=8ppm,T6=8ppm+NP,T7=8ppm+IAA,
T8=8ppm+NP+IAA,T9=untreated,T10=untreated+NP,T11=untreated+IAA,T12=untreated+NP+IAA
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Fig 5: Effect of  Glu-ZVFeNPs  and indole acetic acid foliar spray on
 (Sugar content) of maize (Zea mays) under lead stress

T1=4ppm,T2=4ppm+NP,T3=4ppm+IAA,T4=4ppm+NP+IAA,T5=8ppm,T6=8ppm+NP,T7=8ppm+IAA,
T8=8ppm+NP+IAA,T9=untreated, T10=untreated+NP,T11=untreated+IAA,T12=untreated+NP+IAA
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Fig 6: Effect of Glu-ZVFeNPs and indole acetic acid foliar spray on 
(SOD and POD content) of maize (zea mays) under lead stress 

T1=4ppm,T2=4ppm+NP,T3=4ppm+IAA,T4=4ppm+NP+IAA,T5=8ppm,T6=8ppm+NP,T7=8ppm+IAA,
T8=8ppm+NP+IAA,T9=untreated,T10=untreated+NP,T11=untreated+IAA,T12=untreated+NP+IAA
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Fig 7. EDX of Glu-ZvFeNPs

Fig 8. Scanning Electron Microscopy (SEM) Results of Glu-ZvFeNPs
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Fig 9. Thermogravimetric analysis (TG)
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Fig 10. Differential Thermal analysis (DTA)
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Table 2: Effect of Glu-ZVFeNano Particles and indole acetic acid foliar spray on (root length, root fresh weight,
root dry weight and %moisture content) of maize (Zea mays) under lead stress

T1=(4ppm), T2=(4ppm+NPs), T3=(4ppm+IAA), T4=(4ppm+NPs+IAA), T5=(8ppm), T6=(8ppm+NPs),
T7=(8ppm+IAA),
T8=(8ppm+NPs+IAA), T9=(untreated), T10= (untreated +NPs), T11= (untreated +IAA), T12=(untreated +NPs
+IAA)

Treatments Root Length
(cm)

Root Fresh
Weight (g)

Root Dry
Weight (g)

%Moisture
content

T1 13.3±3.2 0.53±0.08 0.15±0.01 71.14±4.771

T2 8.33±1.6 0.51±0.06 0.16±0.00 67.34±5.559

T3 8.21±1.2 0.47±0.04 0.16±0.03 64.91±5.108

T4 9.33±4.3 0.43±0.11 0.15±0.02 64.25±3.369

T5 10.1±3.6 0.44±0.25 0.18±0.12 60.84±5.641

T6 9.16±1.5 0.98±0.42 0.31±0.10 65.98±5.924

T7 10.3±0.8 0.71±0.15 0.26±0.03 60.71±9.833

T8 9.50±0.1 0.86±0.40 0.27±0.11 68.26±1.647

T9 7.06±0.8 0.36±0.08 0.08±0.06 76.44±14.79

T10 6.83±0.4 0.55±0.23 0.15±0.01 65.16±17.94

T11 7.06±0.5 0.49±0.12 0.15±0.04 68.60±9.147

T12 8.61±2.4 0.54±0.28 0.20±0.12 64.22±7.622
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Table 3: Effect of Glu-ZVFe Nano Particles and indole acetic acid foliar spray on (no. of leaves, leaves fresh
weight, leaves dry weight and %moisture content) of maize (Zea mays) under lead stress

T1=(4ppm), T2=(4ppm+NPs), T3=(4ppm+IAA), T4=(4ppm+NPs+IAA), T5=(8ppm), T6=(8ppm+NPs),
T7=(8ppm+IAA),
T8=(8ppm+NPs+IAA), T9=(untreated), T10= (untreated +NPs), T11=(untreated +IAA), T12=(untreated +NPs

+IAA)
Table 4: Effect of Glu-ZVFe Nano Particles and indole acetic acid foliar spray on (leaf area, germination
percentage, seedling vigorous index and root/shoot ratio) of maize (Zea mays) under lead stress

T1=(4ppm), T2=(4ppm+NPs), T3=(4ppm+IAA), T4=(4ppm+NPs+IAA), T5=(8ppm), T6=(8ppm+NPs),
T7=(8ppm+IAA),
T8=(8ppm+NPs+IAA), T9=(untreated), T10=(untreated +NPs), T11=(untreated +IAA), T12=(untreated +NPs

+IAA)

Treatments No. of Leaves Leaf Fresh
Weight(g)

Leaf Dry
Weight(g) %Moisture Content

T1 60±0.0 0.68±0.20 0.11±0.03 83.24±0.32

T2 54±4.8 0.82±0.22 0.12±0.04 85.52±2.47

T3 58±2.8 1.03±0.14 0.13±0.06 87.68±4.26

T4 60±0.0 0.64±0.27 0.10±0.04 83.94±1.75

T5 56±2.8 0.51±0.10 0.08±0.02 83.41±2.84

T6 58±2.8 0.91±0.18 0.12±0.02 86.48±1.22

T7 56±5.6 1.48±0.71 0.21±0.10 85.50±1.06

T8 56±2.8 1.40±0.83 0.19±0.11 86.15±0.30

T9 54±8.4 0.48±0.06 0.08±0.02 83.17±2.98

T10 60±0.0 0.48±0.08 0.08±0.01 83.30±2.66

T11 60±0.0 0.48±0.07 0.05±0.02 88.94±5.35

T12 58±2.8 0.54±0.23 0.07±0.03 85.69±0.77

Treatments Leaf area
(cm2) % Germination (SVI) Root/shoot

ratio
T1 54.3±10.08 99.9±0.00 615±0.00 0.61±0.07
T2 51.1±14.13 90.0±1.00 565±5.27 1.20±0.06
T3 60.2±15.32 96.6±0.50 618±4.75 1.11±0.24
T4 44.4±13.85 99.9±0.00 513±0.01 1.60±0.13
T5 34.8±8.661 93.3±0.50 478±6.54 1.40±1.26
T6 55.8±11.01 96.6±0.51 557±2.72 1.06±0.50
T7 91.2±36.29 93.3±1.01 637±13.4 1.35±0.05
T8 73.7±43.23 93.3±0.01 560±0.00 1.65±0.19
T9 36.6±9.150 90.0±1.50 458±9.47 0.47±0.41

T10 31.6±7.671 99.9±0.00 421±0.00 1.31±0.35
T11 29.9±5.241 99.9±0.00 405±0.01 1.15±1.20
T12 33.7±7.370 96.6±0.00 468±0.00 1.82±1.70
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Table 5 EDX result showing percentage of elements in Glu-ZVFeNPs

Element Weight% Atomic%

C K 38.51 45.75

N K 16.41 16.72

O K 40.53 36.15

Si K 0.14 0.07

Cl K 1.16 0.46

Ca K 0.20 0.07

Fe K 3.04 0.78

Totals 100.00 ---
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