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Abstract     Green house experiment was conducted

during 2014 to study the response of maize to foliar

spray of nano ZnO formulations in a Vertisol. The pot

culture experiment was conducted with eleven treat-

ments involving various concentrations of nano ZnO

in completely randomized block design with four rep-

lications carried  for 60 days. Ten kg of soil was taken

whereas, nano ZnO (<50 nm size) particles were pur-

chased from Sigma Aldrich company was used. Che-

lated bulk ZnSO
4
.7H

2
O  was used as a reference mate-

rial. A known concentration of nano ZnO at 100, 250,

500, 750, 1000, 1250 and 1500 ppm were used for this

study. The foliar spray was taken up at 30 DAS and

effect of these treatments on plant height, number of

leaves, leaf area plant–1, chlorophyll content and dry

matter production were studied. Results revealed that

plant height, number of leaves per plant, leaf area per

plant, chlorophyll content and dry matter production

were recorded higher in treatment receiving foliar

spray of nano ZnO @ 750 ppm compared to bulk

ZnSO
4
. 2H

2
O and lower values were recorded in the

absolute control whereas, higher concentrations @

1250 and 1500 ppm exhibited detrimental effects on

growth of maize crop.
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Introduction

Zinc is an essential micronutrient for humans, ani-

mals and plants. Maize is known as an indicator plant

for evaluation of Zn deficiency in soils. Plants absorb

Zn in the form of Zn+2. The functional role of Zn in-

cludes auxin metabolism, nitrogen metabolism, influ-

ence on the activities of  enzymes, cytochrome syn-

thesis and stabilization of ribosomal fractions and

protection of cells against oxidative stress. The most

common symptoms of zinc deficiency in maize  in-

clude the development of whitish (white  bud) or yel-

lowish stripes parallel to the midrib on the young leaves

and acute shortage stunted growth with shortened

internodes. Necrotic spots and reddish color may

develop on leaves at advanced stage of zinc defi-

ciency. Zinc deficiency has been identified as one of

the main problems limiting agricultural production

particularly in calcareous soils. Because of increased

cropping intensity on marginal lands, lesser use of

FYM and micronutrient carriers and also use of mix-

ture of foliar sprays and chelates have led to very

little residual fertility which lead to enhanced zinc

deficiency.

Nano-materials can be applied in designing more

soluble and diffusible sources of zinc fertilizer for in-

creased plant productivity. Nano-materials being

smaller in size, with high specific surface area and

reactivity are proposed to be the materials for the

new millennium. Nano-particles with small size and

large surface area are supposed to be the ideal forms

for use as a Zn carrier in plants. Farmers are using

both sulfates and chelated Zn  (Zn  EDTA / Zn
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EDDHA)  for soil and foliar applications, but their

efficacy is low. In the light of the above, the present

study was undertaken to investigate  the promotory

or inhibitory effects of various concentrations of nano

ZnO particles on growth parameters of maize in a cal-

careous Vertisol.

Materials and Methods

Green house experiment was conducted in the De-

partment of Soil Science College of Agriculture

Dharwad during 2014 to study the effect of nano zinc

oxide [ZnO] formulations on growth parameters of

maize in a Vertisol are discussed below.

Soil sample was processed and analyzed for im-

portant physical and chemical properties by employ-

ing standard methods. The soil was clay in texture

and slightly alkaline in reaction (pH 7.8) with low elec-

trical conductivity (0.19 dS/m). The organic carbon

content was medium (5.70 g/kg) and calcareous in

nature (CaCO
3
 9%) with low available nitrogen (219.5

kg N/ha), medium available phosphorus (34 kg P
2
O

5
 /

ha) and high available potassium (448 kg K
2
O / ha).

The soil was sufficient in all micro nutrients except

zinc and iron.

The pot culture experiment was conducted with

eleven treatments involving various concentration of

nano ZnO in  completely randomized block design

with four replications.

Treatment  details

T
1 
: Absolute control (No RPP, only water spray at 30

DAS), T
2
 : RPP (Water spray at 30 DAS, T

3
 : Foliar

ZnSO
4
.7H

2
O @ 0.5% at 30 DAS, T

4
 : Foliar nano ZnO

@ 100 ppm at 30 DAS, T
5
 : Foliar nano ZnO @ 250

ppm at 30 DAS, T
6
 : Foliar nano ZnO @ 500 ppm at 30

DAS, T
7 
: Foliar nano ZnO @ 750 ppm at 30 DAS, T

8
 :

Foliar nano ZnO @ 1000 ppm at 30 DAS, T
9 
: Foliar

nano ZnO @ 1250 ppm at 30 DAS, T
10

 : Foliar nano

ZnO @ 1500 ppm at 30 DAS, T
11

 : Control–ZnSO
4
.

7H
2
O (Water spray at 30 DAS).

1. RPP : FYM @ 10 ton + 150 kg N +75 kg P
2
O

5 
+

37.5 kg K
2
O + 25 kg ZnSO

4
.7H

2
O+25 kg FeSO

4
 / ha.  2.

From treatments T
3
 to T

11
, RPP is common except soil

application of ZnSO
4
.7H

2
O. 3. Absolute control (Only

water spray at 30 DAS). 4. Control (RPP without

ZnSO
4
. 7 H

2
O).

Ten kg of soil was taken and filled into polythene

bags. Nano ZnO (<50 nm size) was used. Chelated

bulk ZnSO
4
.7H

2
O was used as a reference material.  A

known amount of nano ZnO powder was weighed

and put in water to obtain 100, 250, 500, 750, 1000,

1250 and 1500 ppm nano ZnO suspensions. The sus-

pension was then dispersed by magnetic stirrer for 30

minutes to avoid aggregation of the particles. The

maize hybrid used in the investigation was Super-

900M. Ten kg of soil was mixed with required quan-

tity of manures and chemical fertilizers and filled into

polythene bags as per treatments. Maize seeds were

sown in each bag and one plant per bag was main-

tained throughout the experiment. The foliar spray

was taken up at 30 DAS. Ten ml of known concentra-

tion of nano ZnO was sprayed to each plant. Growth

parameters and chlorophyll content in leaf were re-

corded at 35 and 60 DAS.

Results and Discussion

The plant height of maize did not differ significantly

at 35 DAS. However, plant height of maize differed

significantly at 60 DAS. Treatment receiving foliar

spray of nano ZnO @ 750 ppm recorded the highest

plant height at 60 DAS (135.5 cm) and the lowest was

recorded with absolute control (99.88 cm). Treatment

T
8
 was on par with T

7
, treatments T

9
, T

10
 receiving

higher concentration of nano ZnO recorded lower

plant height. Whereas, higher nano ZnO concentra-

tions @ 1250 and 1500 ppm exhibited detrimental ef-

fects on growth of maize crop (Table 1). Similar re-

sults were also obtained by several earlier workers.

Prasad et al. [1] observed that nano ZnO promoted

seed germination, seedling vigor, early flowering and

higher chlorophyll  content  in leaf. They also ob-

served beneficial  effects of  NPs  in enhancing plant

growth, development and yield in peanut at lower

doses, but at higher concentrations ZnO  NPs were

detrimental just as the bulk nutrients. Pramod et al. [2]

found that at certain optimum concentration, the mung

bean seedlings treated with nano ZnO showed good

growth over control and beyond that concentration

retardation in growth was observed.
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Table 1.  Plant height, number of leaves and leaf area plant–1 of maize as influenced by foliar application of nano ZnO

formulation at different growth stages. 1. RPP : FYM @ 10 ton+150 kg N+75 kg P
2
O

5
+37.5 kg K

2
O+25 kg ZnSO

4
.7H

2
O+25 kg

FeSO
4 

/ ha. 2. From treatments T
3
 to T

11
, RPP is common except soil application of ZnSO

4
.7H

2
O. 3. Absolute control (only

water spray at 30 DAS). 4. Control (RPP without ZnSO
4
.7H

2
O). DAS–Days after sowing, Values  denoted by same alphabets do

not differ significantly.

Plant height Number of leaves Leaf area plant–1

       (cm)        plant–1        (cm2)

35 60 35 60 35 60

Treatments DAS DAS DAS DAS DAS DAS

T
1

: Absolute control (NO RPP,

only water spray at 30 DAS) 25.73a 99.88 l 5.25b 9.50h 174.1c 393.6h

T
2

: RPP (water spray at 30 DAS) 31.78a 115.1ef 7.25a 11.50c-f 199.0a 423.8d

T
3

: Foliar ZnSO
4
.7H

2
O @ 0.5% at

30 DAS 29.9a 124.9bc 7.00a 12.5a–c 184.1bc 445.9b

T
4

: Foliar nano ZnO @ 100 ppm

at 30 DAS 28.88a 110.5g 7.00a 10.75e–g 190.9ab 414.0ef

T
5

: Foliar nano ZnO @ 250 ppm

at 30 DAS 26.93a 113fg 6.75a 11.25d–g 193.1ab 419.9de

T
6

: Foliar nano ZnO @ 500 ppm

at 30 DAS 29.00a 121.6cd 6.5ab 12.00b–d 185.9b 434.7c

T
7

: Foliar nano ZnO @ 750 ppm

at 30 DAS 29.65a 135.5a 6.25ab 13.25a 194.0ab 462.1a

T
8

: Foliar nano ZnO @ 1000 ppm

at 30 DAS (approx equivalent

to ZnSO
4
.7H

2
O at 0.5%) 28.87a 128b 6.25ab 12.75a–b 194.1ab 454.9a

T
9

: Foliar nano ZnO @ 1250 ppm

at 30 DAS 28.25a 118.2de 6.75a 11.75b–e 191.3ab 426.6cd

T
10

: Foliar nano ZnO @ 1500 ppm

at 30 DAS 29.50a 104.1b 6.25ab 10.25g–h 192.8ab 398.7gh

T
11

: Control (water spray

at 30 DAS) 28.50a 106.0h 6.75a 10.50f–h 189.2ab 405.5 fg

SEm± 2.26 1.21 0.44 0.35 3.57 3.05

CD (p = 0.05) NS 3.47 1.2 1.02 10.26 8.76

CV (%) 6.02 2.08 8.50 6.17 3.76 1.43

Number of leaves in maize also differed signifi-

cantly at 35 and 60 DAS at 35 DAS T
2 
 which received

RPP recorded the highest number of leaves. How-

ever, there is an increase in number of leaves to foliar

application of nano ZnO at 60 DAS but increase was

observed upto 750 ppm. Treatment receiving foliar

spray of nano ZnO @ 750 ppm (T7) recorded the high-

est number of leaves (Table 1). Whereas, higher con-

centrations @ 1250 and 1500 ppm exhibited detrimen-

tal effects on growth of maize crop. Prasad et al. [1]

observed that nano ZnO promoted seed germination,

seedling vigor, early flowering and higher chlorophyll

content in leaf. They also observed beneficial effects

of NPs in enhancing plant growth, development and

yield in peanut at lower doses, but at higher concen-

trations ZnO NPs were detrimental just as the bulk

nutrients.

The leaf area per plant differed significantly at 30

and 60 DAS as expected at 35 DAS the highest leaf

area per plant was recorded (199.0 cm2) in the treat-

ment (T
2
) receiving RPP at 60 DAS  leaf area per plant

increased with  increasing concentration of nano ZnO

upto 750 ppm and thereafter decreased at both stages.

Treatment receiving foliar spray of nano ZnO @ 750

ppm (T
7
) recorded the highest leaf area per plant (462.1

cm2)  (Table 1).  Thus, it can be stated that foliar appli-

cation of fertilizers enhances the accumulation and

translocation of assimilates which leads to prolonged

vegetative phase and better photosynthetic capacity

of plant producing higher leaf area. Liang et al. [3]

reported that combined application of fertilizer and

carbon nanoparticles promoted tobacco growth, as

evident by the significant increase in plant height,

leaf area and dry matter accumulation.
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Table 2.  Chlorophyll content and dry matter production  of maize as influenced by foliar application of nano ZnO formulation

at different growth stages. 1. RPP : FYM @ 10 ton+150 kg N+75 kg P
2
O

5
+37.5 kg K

2
O+25 kg ZnSO

4
.7H

2
O+25 kg FeSO

4 
/ ha.

2. From treatments T
3
 to T

11
, RPP is common except soil application of ZnSO

4
.7H

2
O. 3. Absolute control (only water spray

at 30 DAS). 4. Control (RPP without ZnSO
4
.7H

2
O). DAS–Days after sowing, Values  denoted by same alphabets do not differ

significantly.

  Chlorophyll  content Dry matter production

       (SPAD values)             (g/plant)

Treatments 35 DAS 60 DAS 35 DAS 60 DAS

T
1

: Absolute control (NO  RPP, only

water spray at 30 DAS) 37.48b 38.80e 18.75b 39.23g

T
2

: RPP (water spray at 30 DAS) 39.65a 43.9a–d 24.78a 44.25c–f

T
3

: Foliar ZnSO
4
.7H

2
O @ 0.5%

at 30 DAS 39.13ab 46.28ab 23.93a 47.63a–c

T
4

: Foliar nano ZnO @ 100 ppm at

30 DAS 39.05ab 41.65b–e 23.63a 42.80d–g

T
5

: Foliar nano ZnO @ 250 ppm at

30 DAS 39.03ab 42.15b–e 23.38a 43.35dg

T
6

: Foliar nano ZnO @ 500 ppm at

30 DAS 38.85ab 45.53ab 24.13a 46.00b–d

T
7

: Foliar nano ZnO @ 750 ppm at

30 DAS 39.25ab 48.35a 23.70a 51.00a

T
8

: Foliar nano ZnO @  1000 ppm at

30 DAS (approx equivalent to

ZnSO
4
.7H

2
O at 0.5%) 38.90ab 47.53a 23.38a 48.50ab

T
9

: Foliar nano ZnO @ 1250 ppm at

30  DAS 38.95ab 44.85a–c 23.30a 45.75b–e

T
10

: Foliar nano ZnO @ 1500 ppm at

30 DAS 38.48ab 39.93c–e 24.18a 40.75f–g

T
11

: Control (water spray at 30 DAS) 39.08ab 39.05de 23.85a 41.63e–g

SEm± 0.58 1.55 0.56 1.31

CD (p = 0.05) 1.67 4.46 1.60 3.77

CV (%) 2.76 7.14 4.76 5.87

The chlorophyll content of leaf also followed the

same trend as that of leaf area. Highest chlorophyll

content of (48.35) was recorded at 60 DAS  in the

treatment receiving 750 ppm nano ZnO. Chlorophyll

content of leaf increased with increasing concentra-

tion of nano ZnO upto 750 ppm and thereafter de-

creased. Whereas, higher concentrations @ 1250 and

1500 ppm exhibited harmful  effects on growth of maize

crop (Table 2). These findings are in conformity with

the findings of Elham et al. [4] who reported that ef-

fect of nano TiO
2 
 was significant on chlorophyll (a

and b) content total chlorophyll (a + b), chlorophyll

a/b, carotenoids and anthocyanins. The maximum

amount of pigment was recorded in the treatment of

nano TiO2 spray at the reproductive stage in com-

parison with control treatment (water spray).

The dry matter production differed significantly

at 35 DAS. Among all treatments the highest dry mat-

ter production (24.78 g plant–1) was noticed in the

treatment receiving RPP and lowest was recorded in

absolute control (18.75 g plant–1). The dry matter pro-

duction differed significantly at 60 DAS and recorded

highest (51.00 g plant–1)  in the treatment receiving

nano ZnO at 750 ppm and lowest was recorded in

absolute control (39.23 g plant–1). Treatments T
9
,  T

10

receiving  higher concentration of 1250 and 1500 ppm

recorded less dry matter production (Table 2). Improve-

ment in growth parameters like plant height, number

of leaves and leaf area per plant due to foliar applica-

tion of nano ZnO resulted in increased dry matter

accumulation. Burmana et al. [5] who observed prom-

ontory  effects of nano ZnO formulations (1.5 and 10

ppm) on dry matter production in chickpea seedlings.

Overall biomass accumulation improved in the ZnO

nanoparticles treatments compared to zinc sulfate.

Raliya and Tarafdar [6] noticed that ZnO NPs induced

a significant improvement in cluster bean with respect
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to plant biomass, shoot and root growth, root area

and chlorophyll.
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