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Abstract

Nanoparticles have gathered large interest due to their novel applications in field of
biotechnology, nanomedicines, environmental sciences and agriculture. Zinc oxide
Nanoparticles has wide application in many consumer products from cosmetics
industries to textiles. However there is not enough research on effect of ZnO
nanoparticles on plant germination and shoot regeneration. This research successfully
investigated in vitro effect of ZnQ on seed germination, micropropogation,
phytochemicals and antibacterial activity of Qcimum basilicum L. Two concentrations
of Zinc oxide nanoparticles i.e. 0.05ul/m] and 0.1 pl/ml were tested to evaluated ZnO
NPs effect on O. basilicum and compared with control. Result suggested that 0.05
ul/ml conc. increased seed germination of sweet basil while germination rate was
decreased significantly in higher conc. of nanoparticles. Case was opposite for shoot
regeneration in which 0.1 pl/ml conc. tremendously increased shoot regeneration
followed by 0.05 pl/ml nanoparticles conc. while control plant showed slow shoot
initiation. Antibacterial activity of nanoparticles extract increased as compared to the
control plants, 0.05 pl/ml have maximum zone of inhibition of 15mm followed by
12Zmm of 0.1 pl/ml, control plant extract has lowest zone of inhibition of 8mm.
Phytochemical analysis showed absence of Alkaloids, phenols, terpenoids, saponins

and steroids in all extracts.
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Chapter 1 Introduction

1. Introduction

1.1 Nanotechnology

Nanoparticles have very large surface area and show different behavior from
their counter bulk materials due to high surface energy, this gives nanoparticles novel
properties. Research has been made in every aspect on nanotechnology (Abdul Salam
et al., 2014). They are able to change the field of agriculture, environment, medicine,

food industry and water resources (Baruah and Dutta, 2009).

Nanoparticles are important materials; their chemical, biological, thermal and
mechanical properties are different from bulk materials. They show shape and size
dependent chemical and electrical properties (Iravani, 2011). NPs have many
important applications in field of biotechnology which include gene delivery, drug
targeting, medical imaging, cell labeling treatment of tumor, hyperthermia and
anticancer activity (Yoshidé and Kobayashi, 1999; Premanathan et al., 2011; Cao et
al, 2003; Vinardell and Mitjans, 2015).

The global market for nanobiotechnogy products was 10 billion in 2005 and it
is estimated that it will reach $1 Trillion with in decade (Roco, 2005). There is a
rapid growth in Nanobiotechnology industry which arise the importance to understand
its effect to regulate their use and disposal. There is not much research on mechanism
and effect of NPs on higher plants (Monica and Cremonini, 2009). It is of great

importance to study NPs effect on higher plants, animals and microorganisms.

Application of different nanoparticles in nanomedicines and nanofertilizers
arise the importance of Agri-nanotechnology. The benefit include site specific
targeting of nanomedicines and efficient delivery of micronutrients which enable safe
handling of insecticides and reduced exposure of harmful chemicals to the
environment. Nanocapsqles, NPs mediated plant transformation techniques, NPs
application in plant pathology and crop protection has generated further interest in

nanobiotechnology and agriculture (Nair et al., 2010).

1
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Chapter 1 Introduction

Understanding the effect of nanoparticles on plants in soil as well as in vitro is
very important as Properties of NPs can change in soil and its effect on plant growth.
Cytotoxity of nanoparticles in soil is reduced by decreased availability of nano ions in
the soil, cytotoxity increase in agar medium due to higher concentration of
nanoparticles (Lee et al., 2012). Optimization of nanoparticles concentration in vitro
is important to reduce the phytotoxicity of NPs and increase the germination with

nanofertilizers.
1.1.2 Zinc oxide nanoparticles

Metal oxides nanoparticles has gathered wide interest, among them zinc oxide
is very important due to its optical and electrical properties. Tons of ZnO NPs
produced annually around the world by 300 companies, annual production for
cosmetics is 1000 tones, and they have many commercial applications in-consumer
products i.e. cosmetics, lotions, ceramics, wastewater treatment and in processing of
rubbers. It has many uses in industrial area such as electronics, solar cells, gas sensors
and photo catalyst. ZnO NPs absorb ultraviolet radiations and thus used in cosmetics,
its antibacterial activity make it odor resistant, its anticancer activity make it favorable
for treatment of cancér and tumors. NPs are often released into environment which
can cause harmful effect so research is necessary to understand the effect of ZnO NPs
in seed germination and plant growth (Kumari et al., 2011; Hackenbert et al, 2010;
Abdul Salam et al., 2014).

1.1.3 Antibacterial activity of Nanoparticles of ZnQ

Zinc oxide nanoparticles have antibacterial activity against many bacterial
species including E. coli and Staphylococcus aureus (Jones ef al., 2007). However
mechanism of antibacterial activity is not fully understood. Various mode of action of
NPs on bacterial strains were presented which include formation of ROS species,
disruption of cellular process, interference with DNA replication enzymes or proteins
(Duncan, 2011). Other mechanism include formation of super oxides and hydroxyl
radicals on bacterial cell wall by ZnO, disrupting DNA and proteins and cauée cell

death in bacteria (Bajpai et al., 2012).

A 2
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Chapter 3 Materials and Methods

3. Material and methods

3.1 Materials
3.1.1 Nanoparticles

Green synthesized Zinc oxide nanoparticles were used in research, nanoparticles size

was 35-100nm.
3.1.2 Plant material

Sweet Basil plant has been obtained from local nursery seeds, leaves and stem were

used in research.
3.1.3 Glassware and Tools

Petri dishes (Pyrex), Culture tubes(25 mm x 150 mm), conical flasks (100ml, 250ml,
500ml, 1000m]), graduated cylinder (100ml), measuring beaker (1000 ml).

Foreceps, scalpels, surgical blades, test tubes racks, micropipettes, falcon tubes, filter

paper, spirit lamp, mortar and pestle, Scissors and scale.
3.1.4 Chemicals

Murashige and Skoog Salt mixture, gelrite agar, nutrient agar, sucrose, deionized
water, distilled water, sodium hydroxide, hydrochloric acid, sulfuric acid, acetic acid,
picric acid, chloroform, ferric chloride, ethanol (99.9 %, 70%), methanol, liquid

detergent, Clorox, spirit.
3.1.5 Machinery

Automatic autoclave, laminar air flow cabinet, microwave oven, drying oven,

electronic balance, shaker, pH meter, incubator.

15
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Table 3.1: Nanoparticles treatment of Ocimum basilicum seeds

NPs concentration Nanoparticles Time of treatment
0.05 pl/ml Zn0O 48 hours in NPs
0.1 pl/ml Zn0O 48 hours in NPs
Control None -

3.2.3 Sterilization of seeds

Nanoparticles treated and control seeds were separately surface sterilized in laminar
air flow cabinet in the following steps

» Seeds were washed by liquid detergent for 2mins to remove dust particles and
then washed by sterile distilled water.

» Seeds were then surface sterilized with a solution of 70% alcohol for 2mins
and rinsed 3 times with sterile distilled water.

« Then seeds were treated in a solution of sodium hypochlorite for 20mins and
rinsed 3 to 5 times with sterile double distilled water to wash all chemicals.

Seeds were then placed on autoclaved filter paper to dry.

Figure 3.2: Seeds on filter paper for drying

17
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Chapter 3 Materials and Methods

Table 3.2: Callus and leaf extract of Ocimum basilicum

Extract Plant type . Solvent Plant/solvent
A :
i Ratio
E
El Callus from 0.05 pl/ml Methanol 1:100

treated seedlings;

i
E2 Callus from 0.1 pl/ml Methanol 1:100

treated seedling§

|

C Callus from contr;ol Methanol 1:100

S Callus from matu§re | Methanol 1:100
explant

LW Leaf from mature p‘!lant | Water 1:10

LM Leaf from mature ;)]lant Methanol 1:10

!

|

- \’ .
& Phytochemical analysis was performed on nanoparticles treated seedling callus and

3.2.9 Phytochemical analysis

control to detect the influence of nanoparticles on secondary metabolites of basil.

Phytochemicals test were performed on callus extracts.
i

a) Alkaloids

Iml of each extract nanoparticles treated callus, control, leaf methanol and water
extract was taken in test tube and pinch of picric acid was added in each test tube.

Orange color precipitates show positive result.
b) Terpenoids

In each extract 1ml of chloroform is added with 2 ml of acetic acid and few drops of

H,S0,. Pink color indicates positive riesult.

) Phenolic compounds

(1

20
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Chapter 3 Materials and Methods

For testing the presence of phenolic compounds, 0.5ml of ferric chloride is added in

1ml of extract. Color change to blue green indicates positive results.

d) Steroids

0

H
Acetic acid was added in each extract, solution is cooled and few drops of H,SO,

were added in it. Red color show positive results.
€) Sapponings

I ml of each extract was mixed in 2 1211 of water and shaken well, formation of foam

indicates presence of saponins. l

3.2.10 Antibacterial activity of ballus cxtract

|

Antibacterial activity of nanoparticles: treated callus, control and leaf extract of basil
plant was observed and compared by|disc diffusion method. Results were compared

by the.presence and size of zone of inhibition around the disc.

28g/L nutrient agar was prepared and autoclaved at 121 °C for 15 min. Media was
poured on sterile Petri plates and after media was cooled down inoculation was done
by sterilized inoculation loop. Bacteria were inoculated on agar plates by taking
bacterial colony from bacterial culture and streaking it on agar plate. 6mm of
sterilized disc were soaked into each? extract and applied to the bacterial inoculated
agar plate. These plates were incubatéd for 48 hours in incubator at 37 °C. Screening
of callus and leaf extracts were done by measuring Zone of inhibition around the disc.

|

!
i
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Chapter No. 4 Results

4. Results

-

41 Effect of ZnO NPs on seed germination

Germination rate was observed after 10 days interval, growth start after a
week in control but nanoparticles treated seeds show slower growth. On 10‘h and 20"
day data was collected 0.1 pl/ml NPs treated seeds show 38.8% growth rate, 7 seeds
show complete growth out of 18. Control seeds show 66.6% growth rate after 20 days
12 seeds show complete germination. Growth rate of 0.05 pl/ml NPs treated seeds

was 72%, 13 out of 18 showed germination.

Table 4.1: Effect of ZnQ nanoparticles on basil seeds germination

Nanoparticles Germination rate | Germination rate Contamination
concentration 10 days 20 days frequency
0.05 pl/ml 61.1% 2% 5%
!
0.1 pl/ml 333% 38.8% 5%
Control 61.1% | 66.6% 0

1

Result indicated that rate ‘'of germination decreases with increase in
nanoparticles concentration while 0.05 pl/ml NPs slightly increase growth rate.
Contamination frequency of nanoparticles treated seeds were more than control, Data
suggested that ZnO did not show antifungal activity on both concentrations.
Nanoparticles treated seedlings did not exhibited any abnormality in physical
appearance. Statistical analysis reveals that result were significant different for 0.1
ul/ml nanoparticles treatment (P < ;0.05) while control and 0.05 pl/ml were not

significantly different (P > 0.05).

22
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Chapter No. 4 Results

4.2 Effect of ZnO NPs on Callus induction frequency

The effect of zinc oxide nanoparticles on callus was observed, control and NPs
treated seedlings were used as explants and inoculated in 1.2mg/L 2,4-D and MS
medium. Callus initiation start within' 10 days of inoculation, NPs treated seedlings
and control callus were similar in morphology and physical appearance callus were
yellowish white in color. Control explants show highest callus frequency of 90%,
which was followed by 85% callus i'nduction frequency of 0.1 pl/ml. 0.05 pl/ml
explants have lowest frequency of 83%. Highest contamination frequency of 9.5 was
observed iln 0.1 pl/ml callus followed by 0.05 pl/ml nanoparticles treated callus has

zero contamination frequency.

Table 4.2: Effect of ZnO on Callus induction frequency

Nanoparticles Callus induction | Callus induction Contamination
conc, frequency 10 frequency 20 frequency
days days
0.05 pl/ml 73.8% 83% 0%
0.1 p/ml 88% ' 85% 9.5%
control 90% i 90% 2.3%
{

LSD for NPs treatment = 8.7693 ‘

LSD for time period = 7.1601

Statistical analysis showed that 0.05 pl/ml and control callus induction
frequency were significantly different (P < 0.05). However the effect of time duration
has overall no significant effect on callus induction frequency (P > 0.05). Time and
treatment interaction has no 51gmﬁcant effect on callus frequency. Statlstlcal analysis

on contamination frequency indicated that there was no significant difference among
r

|
|

I

three treatments (P > 0.05).

25
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4.3 Effect of ZnO Nanoparticles on Shoot Regeneration

Two different concentration of ZnO NPs 0.05 pl/ml and 0.1 uV/ml were tested
in regeneration medium and compared with control, all explants exhibited growth in
respective media. Shooting was observed on 15™ day of inoculation, nanoparticles
treated éxplants showed shoot regeneration while control indicated only integration.
0.1 pl/ml NPs treated explants exhibited highest shoot regeneration frequency of
44.4% on 15" day followed by 27.7 % shoot regeneration frequency of 0.05 pl/ml.
Control explants showed only integration on 15t day. Results revealed that ZnO
nanoparticles enhance shooting in basil plant when applied in regeneration medium

and increased no of leaves and shoot height.

Table 4.4: Effect of ZnO Nanoparticles on Shoot Regeneration Frequency

NPs conc. Shoot regenerafion frequency Contamination
in mediuﬁ 15 days : 30 ;iays frequency
(k).OSKpl/ml 27.7% | 333 % 0%
0.1 pl/ml 44.4 % ‘ 55.5% 0%
control None : 222% 5.55%

LSD for NPs treatment = 13.075

LSD for time = 10.675

Statistical analysis revealed that all three media were significant different from
one another for shoot regeneration. Time (P < 0.05) and Treatments (P < 0.05) had
significant effect on regeneration frequency. While the interaction between time and

treatments were non-significant (P > 0.05).

28
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Analysis of Variance Table for germination

Source DF Ss MS F P
time 1 246.92 246.92 0.84 0.3769
treatment 2 3425.91 1712.95 5.84  0.0169
time*treatment 2 30.87 15.43 0.05 0.9489
Error 12 3518.50 293.21

Total 17 7222.20

Grand Mean 55.555 Cv 30.82

LSD All-Pairwise Comparisons Test of germination for time

time Mean Homogeneous Groups
20 59.259 A
10 51.851 A

Alpha 0.05 Standard Error for Comparison 8.0720
Critical T Value 2.179 Critical Value for Comparison 17.587
Error term used: Error, 12 DF

There are no significant pairwise differences among the means.

LSD All-Pairwise Comparisons Test of germination for treatment

treatment Mean Homogeneous Groups
1 66.666 A
3 63.889 A
2 36.111 B

Alpha 0.05 Standard Error for Comparison 9.8862
Critical T Vvalue 2.179 Critical vValue for Comparison 21.540
Error term used: Error, 12 DF

There are 2 groups (A and B) in which the means

are not significantly different from one another.

LSD All-Pairwise Comparisons Test of germination for time*treatment

time treatment Mean Homogeneous Groups

20 1 72.222 &

20 3 66.666 AB

10 1 61.111 ABC

10 3 61.111 ABC

20 2 38.889 BC

10 2 33.333 C
Alpha 0.05 Standard Error for Comparison 13.981
Critical T Value 2.179 Critical value for Comparison 30.462

Error term used: Error, 12 DF




%gg

There are 3 groups (A, B, etc.) in which the means
are not significantly different from one another.

Time Treat R1 R2 R3 Mean Std
10 1 83333 33.333 66.666 61.11067 25.45872
10 2 16.666 33.333 50 33.333 16.667
10 3 66.666 66.666 50 61.11067 9.62212
20 1 83.333 50 83.333 72,222 19.24482
20 2 33333 33.333 50 38.88867 9.622697
20 3 66.666 83.333 50 66.66633 16.6665

2-way Analysis of Variance Table for Callus

Source DF Ss MS F P
Time 1 102.44 102.436 2.11 0.1722
Treatment 2 305.48 152.7395 3.14 0.0799
Time*Treatment 2 114.53 57.265 1.18 0.3410
Error 12 583.17 48.597

Total 17 1105.61

Grand Mean 84.570 CV 8.24

1.SD All-Pairwise Comparisons Test of Callus for Time

Time Maan Homogeneous Groups
20 96.956 A '
10 82.184 A

Alpha 0.05 Standard Error for Comparison 3.2862
Critical T Value 2.179 Critical Value for Comparison 7.1601
Error term used: Error, 12 DF

There are no significant pairwise differences among the means.

LSD All-Pairwise Comparisons Test of Callus for Treatment for 2-way ANOVA

Treatment Mean Homogeneous Groups

3 88.000 A

2 86,933 AB

1 78.777 B
Alpha 0.05 Standard Error for Comparison 4.0248
Criticdl T Value 2.179 Critical value for Comparison 8.7693
Error term used: Error, 12 DF
There are 2 groups (A and B) in which the means
are not significantly different from one another.
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LSD All-Pairwise Comparisons Test of Callus for Time*Treatment

o
&igﬂ Time Treatment Mean Homogeneous Groups
T 20 3 91.333 A
g 10 2 88.000 A
20 2 85.867 AB
10 3 84.667 AB
20 1 83.667 AB
' 10 1 73.887 B
f Alpha 0.05 Standard Error for Comparison 5.6919
K Critical T Value 2.179 Critical Value for Comparison 12.402
1 Error term used: Error, 12 DF
» There are 2 groups (A and B) in which the means
are not significantly different from one another.
I
Time
duration Treatment RI1 R2 R3 mean std
R 10 1 73.33 73.33 75 73.88667 0.96417495
) 10 2 93 80 91 88 7
i 10 3 94 80 80 84.66667 8.08290377
! 20 1 80 80 91 83.66667 6.35085296
N 20 2 86.6 80 91 85.86667 5.53654525
. 20 3 94 80 100 91.33333 10.2632028
\E 2-way ANOVA for shoot Initiation
Analysis of Variance Table for shoot initiation
Source DF SSs MS F P
time 1 756.15 756.15 7.00 0.0213
treatment 2 4537.06 2268.53 21.00 0.0001
time*treatment 2 216.03 108.02 1.00 0.3966
Error 12 1296.33 108.03
. Total 17 6805.57
N
i
. Grand Mean 30.555 Cv 34.02
LSD All-Pairwise Comparisons Test of shoot initiation for time
time Mean Homogeneous Groups
30 37.037 A
: 15 24.074 B
N Alpha 0.05 Standard Error for Comparison 4.8996
;iyh Critical T Value 2.179 Critical Value for Comparison 10.675
2z Error term used: Error, 12 DF
L]
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Factorial AOV Table for shoot contamination

Source DF Ss- MS F P
treatment 2 6.8573 3.42867 1.00 0.4219
Error. 6 20.5720 3.42867

Total 8 27.4294

Grand Mean 0.6172
cv 300.00

Means of contamination for treatment

treatment Mean

1 0.0000

2 0.0000

3 1.8517
Observations per Mean 3
Standard Error of a Mean 1.0691
Std Error (Diff of 2 Means) 1.5118

LSD All-Pairwise Comparisons Test of contamination for treatment

treatment Mean Homogeneous Groups
3 1.8517 A
1 0.0000 A
2 0.0000 A

Alpha 0.05 Standard Error for Comparison 1.5119
Critical T Value 2.447 Critical Value for Comparison 3.6994
There are no significant pairwise differences among the means.






