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ABSTRACT

Purpose The present study made an attempt to develop cop-

per nanoparticles (Cu-NP) with antifungal property using

green synthesis method. Copper oxide nanoparticles (CuO-

NPs) botanically synthesized using Neem leaf extract

(Azadirachta indica A. Juss) were characterized by using differ-

ent techniques like; UV–visible spectrophotometry, FTIR,

XRD, SEM and TEM.

Methods Materials were chosen the disease free and fresh

Azadirachta indica A. Juss were collected and identified at

Center of Biodiversity and Taxonomy. The plant samples

were vigorously washed with distilled water then shade dried

followed by sterilization with 0.1% mercuric chloride for 20 s

and again it was washed with distilled water. 15 g powder

form of plant material was added to 200 ml double distilled,

CO2 free and deionized water and kept in shaker at 80°C and

1500 rpm for six hours. After agitation, the extract was sepa-

rated by regular centrifugation at 10,000 rpm followed by

filtration by using whatmann filter paper. The final volume

of 100 ml of supernatant was collected as pure extract and

stored in cool place for further use.

Results The final results confirm a significant inhibition of

CuO-NPs for the test fungi. Additionally, CuO-NPs demon-

strated an enhanced effect when combined with Neem leaf

extract. A total of 20–30% improvement in activity was no-

ticed after combination, which correlates with commonly used

synthetic fungicides. The toxicity results reveal that A. indica

extract and their combined fractions with CuO-NP were less

toxic to the test seeds of experimental plant while as bulk Cu

followed by biosynthesized CuO-NPs influenced the germina-

tion rate as compared to control pots.

Conclusions The study drops a concern of research and offers

a promising route of developing Copper based green fungi-

cides that can help to combat with modern issues of synthetic

fungicides. An average size of 80 ± 15 nm monoclinic cupric

oxide (CuO) and cubic cuprous oxides (Cu2O) nanocrystals

that existed in mixed form were successfully developed.

KEY WORDS biomedical activity . electronmicroscopic .

green route . nanoparticles . spectroscopic assay

INTRODUCTION

Phytosynthesis of surface plasmon resonance (SPR) based no-

ble metal and oxide nanoparticles (NPs) offers a perspective to

enrich their application in various activities like textile indus-

try, biosensing, photocatalysis, electronics, laundry additives,

room sprays, dyes, water cleaners, medicine, cancer biology
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and food technology. The study of metal nanoparticle appli-

cations in agriculture is the matter of interest because this field

is already concerned with the use of heavy metals as pesticides

(1). Thus, the use of nanotechnology procedure will of course

help to reduce the heavy metal quantity in pesticides after they

are built in a way that all the required properties are possessed

(2–5). However, Nanoparticles provide a significant means for

the growth of pesticides in a controlled manner with high site

specificity that can help to reduce collateral damage (1).

Phytosynthetic route of nanoparticle synthesis has many

advantages over other biological processes as it is helpful the

way it eliminates the total development of cell culture main-

tenance and also it is easy to utilize this process for mass pro-

duction of nanoparticle synthesis (6,7). Copper nanoparticles

(Cu-NPs) with significant antimicrobial properties have been

previously synthesized using plant extract (8–12). On the other

hand, the use of Neem leaf extract (Azadirachta indica A. Juss) as

biogenic source for nanoparticle synthesis (13) and a suitable

pesticide agent has also been reviewed (14–20).

While considering the pesticide role of copper compounds

(like copper oxychloride), copper nanoparticles as well as Neem

extract were focused in the present study for their evaluation of

individual and synergistic way of how the formula can be useful

to generate a bio-pesticide with less quantity of heavy metals.

METHODOLOGY

Plant Extract Preparation

The disease free and fresh leaves of Azadirachta indica A. Juss

were collected within the main campus of Vels University-

Chennai, and was identified at Center of Biodiversity and

Taxonomy, Department of Botany, University of Kashmir

(India). The plant sample was vigorously washed with distilled

water then shade dried followed by sterilization with 0.1%

mercuric chloride for 20 s and again it was washed with dis-

tilled water. 15 g powder form of plant material was added to

200 ml double distilled, CO2 free and deionized water and

kept in shaker at 80°C and 1500 rpm for six hours (53). After

agitation, the extract was separated by regular centrifugation

at 10,000 rpm followed by filtration by using whatman filter

paper. The final volume of 100 ml of supernatant was collect-

ed as pure extract and stored in cool place for further use.

Phytosynthesis of Copper Oxide Nanoparticles

(CuO-NPs)

Copper oxide nanoparticles were synthesized according to the

procedure provided recently by Abboud, Y. et al (21). 10% plant

extract was added to 1mM copper(II) sulfate solution in the ratio

of 2:1. The solution was kept for shaking (2000 rpm) at 70 to

90°C for 24 h. The color change was monitored time to time.

Deep blue solution was seen to gradually become colorless

changed to brick red coloration followed by dark solution. This

color change indicates formation of CuO nanoparticles (21).

Detection of CuO-NPs by UV–Vis Spectrophotometer

The primary detection of absorption spectrum of CuO-NPs

was done by using UV–vis spectrophotometer (UV-260

Shimadzu) observable in 200–700 nm range to check for sur-

face resonance plasmon absorption transitions. The measure-

ments were conducted with highly diluted solutions.

Characterization of CuO-NPs by Different Methods

FT-IR experiments were done using IR spectrophotometer

(Bruker D8). All samples were examined and compare molec-

ular chemical functional groups of vibrational bonds of neem

extract and CuO-NPs by using KBr pellet in the range of

400–4000 cm−1. X-Ray Diffraction (XRD) instrument

(Bruker D8) was operated at 40 kV (30 mA) with Cu Kα

radiation in θ to 2θ degree configurations. Further, the SEM

(scanning electron microscope) studies (JEOL JSM-5600)

were performed for characterization of shape of CuO-NPs

by placing the samples on carbon tape coated standard grid.

TEM images (Tecnai G2–20) were observed to get the accu-

rate morphology with size and shape of nanoparticles.

Colloidal nanoparticles were drop was put onto carbon-

coated copper grid for TEM investigation.

Fungal Culture

Three pathogenic fungal species of apple orchards namely

Alternaria mali, Diplodia seriata and Botryosphaeria dothidea were

obtained from Division of Plant Pathology, Sher-e-Kashmir

University of Agricultural Sciences and Technology, Srinagar,

India. The fungal cultures were grown at normal temperature

and then maintained at low temperature onto PDA slants. All

fungal growth inhibition experiments were done on PDAmedia

previously poisoned with test fractions. For proper dispersal, the

media was shaken well at 150 rpm and then incubated at 25°C

for 72 h.

Assessment of Anti-Fungal Activity of CuO-NPs

CuO-NPs were evaluated against Alternaria mali, Diplodia seriata

and Botryosphaeria dothidea for estimation of their anti-fungal

activity by using modified food poisoning technique (FPT) as

described by some researchers (22). A volume of 0.5 ml of

each 0.05, 0.10, 0.25, and 1 mg per milliliter concentrations

were aseptically poured into the petriplates loaded with 9.5 ml

of molten PDA and were thoroughly mixed to achieve a uni-

form solution. In control, Mancozeb a commercial fungicide

was used. In order to take comparative studies, copper
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sulphate and plant extract were also evaluated along with. An

inoculum disc (5 mm) of each test fungi (slashed from a grow-

ing mycelium) was inoculated at the center of the media and

was incubated at 25 ± 2°C. Using micro-scale, the average

size (diameter) of the growing mycelium was measured on

the 10th day after incubation and percent mycelial growth

inhibition (PMGI) was measured using the formula;

Mycelial growth inhibition (%) = (gc - gt)/gc× 100

where, gc= growth of mycelial colony in control and gt =

growth of mycelial colony in treatment.

Statistical Analysis

All experiments were done in triplicate and the resulting fungal

growths were analyzed as mean ± standard deviation (n= 4).

Microscopic Observation of Fungi Treated

with Nanoparticles

Light Microscopy

To investigate the effect of nanoparticles on the growth of

mycelia, fungal mass was collected by hand picking using ster-

ilized cork borer from the surface of petri plates containing

Diplodia seriata culture developed on PDA media treated with

50 ppm CuNP synthesized by using A. indica. Concurrently,

the fungal plates treated with tap water were preserved as

control samples. Morphology of the fungal cells was observed

under a florescence light microscope equipped with a digital

camera (23).

Scanning Electron Microscopy (SEM) of Fungal Mycelia

In order to see microscopic effect of nanoparticles on test

fungi, healthy hyphae of test fungi grown on PDA plates were

sprayed with 50 ppm of CuO-NPs solution synthesized by

using A. indica, and incubated for 7 days. The specimen was

washed with distilled water following dehydration in a graded

ethanol arrangement up to 100%. SEM studies of treated and

untreated test fungi were carried out by using scanning elec-

tron microscope (JEOL JSM 5600). The sample was placed

on a carbon-coated copper grid operating at 80 kV for SEM

studies (8).

Phytotoxicity Study of Copper Oxide Nanoparticles (CuO-NPs)

Efficacy of CuO-NPs, their bulk material (ion solution) along

with leaf extract of A. indica were investigated for their impact

on seed and root parameters of Vigna radiate (seed germination

test) and Allium cepa (Allium test) respectively while considering

the methodology described earlier (24,25).

Preparation of Suspension Solutions

The equivalent masses of bio-synthesized CuO-NPs, their

bulk materials (i.e. ion solutions of Cu salt) and leaf extract

of A. indica were ground and dissolved in DDW to obtain

0.1 mg/mL, 1.0 mg/mL and 2.5 mg/mL concentrations at

room temperature under aseptic conditions. To obtain uni-

form solutions, the samples were dispersed by ultrasonic vi-

bration (100 W, 40 kHz) for 30 min and manually agitated

prior to use (26).

Seed Germination Inhibition Test

The seeds germination inhibition test of nanoparticles was

carried out on seeds of Vignaradiata (Fabaceae) as test plant.

Healthy seeds of Vignaradiata (weighing 47.82 ± 1.50 mg) were

obtained from agricultural out let of Chennai city and were

identified by using standard procedure. A voucher specimen

of the test seeds was deposited at Department of

Biotechnology, Vels University (Voucher No. VUCC0037).

Seed Surface Sterilization

Sterilization was carried out by soaking the healthy seeds in

10% sodium hypochlorite for 10 min and then rinsed thor-

oughly with DI-water to remove adsorbed Sodium hypochlo-

rite present on the outer coat of the seeds (USEPA, 1996). The

seeds were air-dried for several days and were then stored at

room temperature (25).

Seed Viability Test

Seed viability is the most fundamental condition for Seed

germination. 100 seeds were sterilized and germinated in a

petri plate with moist cellulose paper and was incubated in

dark for 48 h. This was done in triplicates and the numbers of

seeds germinated were counted. The average germination

rates of seeds were greater than 90% as shown by a prelimi-

nary study. Seeds were kept in dry place in the dark under

room temperature before use.

Seed Germination Assay

The effect of copper nanoparticles and their corresponding

bulk materials along with aqueous extract of A. indica were

tested for their impact on seed germination and root elonga-

tion of Vigna radiate seeds. For germination study, seeds were

placed in Petri dishes (35 mm × 10 mm); each dish was

amended with 3 mL of copper nanoparticle solution, bulk

copper solution and plant extract. The seeds were placed

per dish and 1 cm or larger distance between each seed

(24,27). For the elongation assay, seeds were pre-germinated

and those with a radical of approximately 0.5 mm were
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selected. There were five replicate dishes for each treatment.

The seeds were allowed to grow for five days in the dark under

room temperature, until more than 80% of the control seeds

had germinated and when the roots reached up to 20 mm in

length in control, the germination process was halted and

percentage of seed germination was calculated along with

control seeds.

Allium Test

Test Plant

Healthy bulbs of Allium cepa var. aggregatum were obtained from

agricultural out let of Chennai city and were identified by

using standard procedure. A voucher specimen of the test

plant was deposited at Department of Biotechnology, Vels

University (Voucher No. VUCC0036).

Toxicity Assay

The Allium toxicity assay was conducted according to the pro-

cedure described by Akdeniz and Ali (28). Healthy bulbs of

Allium cepa var. aggregatum (200–250 g) were carefully un-scaled

and cultivated on top of test tubes filled with DDW at room

temperature (28 ± 0.5°C) and water supply was maintained in

every 24 h.When the roots reached 2–3 cm in length theDDW

was exchanged with treatments (suspension solutions of copper

nanoparticles, corresponding bulk copper suspension and test

plant extract) of different concentrations as discussed early. Test

tubes filled with tap water were considered as control. There

were five replicate test tubes for each treatment. The test tubes

were kept in an incubator at 24 ± 2°C. After 72 h the roots

were counted and their lengths were measured for each onion.

The interaction time was 4 h in accordance with a protocol

standardized by Fiskesjo (29). The data was collected as mean

± SD (standard deviation) of triplicate samples with 10 seeds in

each trail for Vigna radiate seeds. While as the values were given

as mean ± SD (standard deviation) of triplicate samples with

four bulbs in each trail for A. cepa.

RESULTS

UV–Visible Analysis

The initial detection of CuO-NPs was seen as a color change

from deep blue to colorless solution and then changed slowly

to reddish and finally to dark black which happens due to

phenomenon of Surface Plasmon Resonance. The surface

plasmon resonance of CuO-NPs revealed a well absorption

(resonance) peak at about 260 nm and a weak absorbance at

about 650 nm shown in Fig. 1 which confirms the formation of

cuprous oxide nanoparticles (Cu2O) and cupric oxide (CuO)

nanoparticles respectively.

Characterization of CuO-NPs by Different Methods

Microscopic Analysis

Themorphology and size of synthesizedCuONPswas elucidated

with the help of SEM and TEM. Scanning electron micrographs

shown in Fig. 2 confirm CuO-NPs have irregular shaped clusters

form produced in large number. Transmission electron micros-

copy focused further insight of the morphology and size of CuO-

NPs. Fig. 3 shows TEM image recorded from the CuO-NPs.

Upon the analysis of data obtained from TEM, the average size

of nanoparticles was confirmed to be approximately 80± 15 nm.

X-Ray Diffraction (XRD)

The formation of Copper nanoparticles was further confirmed

by XRD examination as mentioned in Fig. 4. Two distinct

crystalline forms of mono-clinic cupric oxide (CuO) and cubic

cuprous oxides (Cu2O) nanocrystals existed. CuO and Cu2O

were identified as confirmed with the standard peaks with 2θ

values. The diffraction peaks for CuO exist at 32.8°, 35.9°,39.1°,

46.3°, 49.1°, 52.9°, 58.7°, 66.6°, 68.3° and 72.6° which are

indexed at (−111), (002), (111), (−112), (−202), (020), (202),

(−311), (113), and (311) respectively while as peaks for Cu2O

exist at 29.4°, 36.8°, 42.1°, and 61.9° were monitored and

assigned as (110), (111), (200), and (220) respectively. These

results display that the amount of cupric oxide (CuO) was great-

er than that of cuprous oxides (Cu2O). The relative higher in-

tensities at 32.8°, 35.9° and 46.3° for cupric oxide indicate their

crystalline nature and bulk proportion in the total mixture. In

order to estimate the average particle size of CuO-NPs,

Scherrer’s formula was used.
Fig. 1 UV-visible spectroscopy of phyto-synthesized Copper nanoparticles

using A. indica leaf extract.
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D ¼
kλ

βcosθ
ð1Þ

where, D= diameter, k = constant (equals 1), λ=wavelength of

X-ray source (0.1541 nm), β is the full width at half maximum

(FWHM) and θ, the half diffraction angle. After calculation, the

average particle size of cupric oxide and cuprous oxide obtained

from XRD was found to be approximately 80 ± 15 nm, further

compared with TEM analysis.

Fourier-Transform Infrared Spectroscopy (FT-IR)

IRmeasurements of aqueous neem extract and dried CuO-NPs

(Fig. 5) were carried out to find out the related bio-molecules

mainly responsible for reduction, capping and stabilization of the

bio-reduced CuO-NPs. Our FTIR study revealed the presence

of absorption peaks mainly at 3408, 2910, 1719, 1615, 1037 and

680 cm−1. While the phytochemistry of A. indicais compared,

different views can be drawn about the formation of additional

peaks in synthesized nanoparticles. Terpenoids from A. indica are

identified as strongest hydroxyl peaks at 3408 cm−1, α, β-

unsaturated ketone band at 1719 cm−1, olefinic band at

1615 cm−1. Secondary alcohol functional bands at 1037 cm−1,

bands at 2910 cm−1 attribute to aliphatic functional group of C–

H stretching and bending modes as seen earlier by some

researchers (30,31). The absorption peak at 1719 cm−1 can be

due to presence of CH3CO (j = 2.05 Hz) previously analyzed

using NMR study of nimanol which contributes to the major

part of active components of Neem leaf extract (32). Moreover,

the absorption peaks at 3408, 1615, 1037 cm−1 observed after

synthesis correspond to O-H, C=C and C-O stretches respec-

tively (21). However, the broad absorption bands of 1719 cm−1

(CH3CO group) which lie between 2800 and 4000 cm−1mainly

ascribed to O-H and C−O groups situated at the surface of

copper oxide nanostructure crystals.

Anti-Fungal Assay

Impact of CuO-NPs on Mycelial Growth of Test Fungi

Anti-fungal activity of CuO-NPs synthesized using A.indica was

determined against three plant pathogenic fungi viz., Alternaria

Fig. 2 SEM images of phyto-

synthesized Copper nanoparticles

using A. indica leaf extract.

Fig. 3 TEM images of phyto-

synthesized Copper nanoparticles

using A. indica leaf extract.

Pharm Res          (2020) 37:246 Page 5 of 12   246 



mali, Diplodia seriata and Botryosphaeria dothidea dominant in apple

orchards of Kashmir valley in India. The results of their food

poisoning technique reveal that all the fungi were inhibited by

total fractions like; (i) Aqueous neem extract, (ii) Copper sul-

phate, (iii) CuO-NPs, and combination of (i) and (iii) as is evi-

dent from Table I. The rate of growth reduction was directly

proportional to the concentration of tested fraction in the me-

dium. Alternaria maliwas the most altered fungi followed by

Botryosphaeria dothidea. Above 40% of mycelial growth inhibition

was seen for concentration of 1 g/ml of all the fractions (Plate.1-

a). Moreover, Copper nanoparticles showed enhanced activity

when used in combination with the Neem extract even at lower

concentrations (Plate.1-b). The active compounds in neem ex-

tract which are supposed to be main chemicals taking part in

reduction of Cu+2 ions to Cu0 remain unaltered while mixing

with CuO-NPs. Thus, CuO-NPs along with these active

compounds act upon the target fungi individually. This phe-

nomenon of action provides more aberration sites in fungi to

kill it.

Microscopic Observation of the Effect of the CuO-NPs

Fractions on Mycelial Growth of Test Fungi

Light Microscopy

The effect of the CuO-NPs synthesized using A. indica upon

fungal growth of test fungi is shown in Fig. 6. The mycelia of

non-treated cultures were abundant. On the other hand, the

treated fungal cells show remarkable decrease of mycelial

growth. The microscopic study reveals presence of mycelial

fragments or conidia spores for test fungi. The formation of

conidial spores by pathogenic fungi indicates the final stage of

their life cycle because of occurrence of toxic environment that

is unsuitable for their growth and development.

Scanning Electron Microscopy (SEM)

The microscopic observation of impact of nanoparticles on

growing hypea revealed that nanoparticles clearly damaged

hyphae of test fungi (Fig. 7), while hyphae treated with water

appeared to remain intact (Fig. 7A, a). In the treatment of

nanoparticles (Fig. 7B, b), the shape of hyphal walls turned

abnormal while some layers of hyphal walls were tearing off

and damaged and many hyphae were collapsed.

Phytotoxicity Study of Copper Nanoparticles

The effect of coppernanoparticles synthesized by using

A.indica extract and corresponding bulk material used for

synthesis, on growth parameters was determined using test

plants. Vigna radia, a dicot plant and Allium cepa, a monocot

plant was selected for toxicity observations. The results of

seed germination rate of treated samples demonstrate a dif-

ference in comparison with control (Fig. 8). The treatment

concentration and time factor influenced the germination

rate of test seeds. Among all fractions, Cu ion solution

showed highest toxicity for seed germination, which was also

dose dependent. While as A. indica extract had least effect on

germination activity of seeds. Seeds treated with CuNP so-

lution were suppressed for germination that was dose depen-

dent. At higher concentrations (100 μg.ml−1), CuO-NPs in-

fluenced the germination rate and touched up to 65%,

which was increased up to 80% when CuO-NPs were used

in combination with A. indica extract at the same concentra-

tions. The overall results reveal that A. indica extract and

their combined fractions with CuO-NPs were less toxic to

the test seeds while as bulk Cu followed by biosynthesized

CuO-NPs influenced the germination rate as compared to

control pots.

Fig. 4 XRD pattern of phyto-synthesized Copper nanoparticles using

A. indica leaf extract.

Fig. 5 IR spectra of phyto-synthesized Copper nanoparticles and A. indica

leaf extract.
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The results of Allium test also produced substantial

variation among treatments and control (Fig. 9). All the

growth parameters had a significant effect by treatments

which was dose dependent. However, in case of bulk Cu

solution root number was reduced with increasing con-

centration while as root and shoot length was conse-

quently increased with increase in concentration

(Fig. 10). The reason may be because of elicitor nature

of this metal. The results put a further insight that the

treatments of combination of CuO-NPs and plant extract

has less effect on the growth parameters compared to

control.

DISCUSSION

The study shows that leaf extract of neem provides an econom-

ical and preeminent way for synthesis of Copper nanoparticles

of apposite shape and size. These Copper nanoparticles (CuO-

NPs) were confirmed by color change, UV-vis and XRD anal-

ysis reports as described by previous authors (21,33–34). An

average sized 80 nm cuprous oxides (Cu2O) and cupric oxide

(CuO) nanocrystals were generated using neem leaf extract at

normal conditions. Such findings were previously reported for

biological synthesis of copper nanoparticles (21,35,36,and)

some others suggest that colloidal mixture of synthesized nano-

particles has a combination of nanocrystals each of Cu2O and

CuO (36–38,and). The morphology and shape of CuO-NPs

was further analyzed by SEM and TEM microscopy. The

bio-synthesized CuO-NPs using plant extracts were previously

characterized using SEM and TEM by several investigators

(8–11,39). The crystalline nature of copper nanoparticles was

further confirmed by XRD examination. Our results of XRD

reports are in agreement with previous literatures (21,40–42).

Moreover, the XRD results were in agreement with the UV–

visible spectroscopy. FT-IR reports corroborate the presence of

different absorption peaks accountable for nanoparticle config-

uration. As early investigated (43) some of the absorption peaks

of CuO nanoparticles lie in the range of 500–700 cm−1 and

well sighted from Fig. 5, the major peak observed to be around

680 cm−1 is the stretching of Cu-O. The plane (202) seen by

XRD study correspond this peak (680 cm−1) which shows the

Cu-O stretching and thus confirm the formation of copper

oxide nanostructures.

These nanoparticles had a significant bio-activity against

pathogenic fungi like; Alternaria mali, Diplodia seriata and

Table I Percent mycelial growth inhibition of various metallic fractions and aqueous neem extract

Fractions Alternaria mali Diplodia seriata Botryosphaeria dothidea

C4 C3 C2 C1 C4 C3 C2 C1 C4 C3 C2 C1

NE ++ ++ + + ++ ++ + – ++ ++ + +

CuSO4 +++ ++ ++ ++ +++ +++ ++ + +++ +++ ++ +

Cu NP +++ +++ +++ ++ +++ +++ +++ ++ ++++ +++ ++ ++

CuNP + NE ++++ ++++ +++ ++ ++++ +++ +++ ++ ++++ ++++ +++ ++

Mancozeb ++++ ++++ ++++ +++ ++++ +++ +++ +++ ++++ ++++ +++ ++

Key; C1, C2, C3 and C4 denote 0.01, 0.25, 0.5 and 1 g/ml are concentrations respectively; NE=Neem leaf extract and NP=Nanoparticle;−, no antifungal

activity; +, scantly antifungal activity with PMGI value 25%;++, modest antifungal activity with PMGI value 25–50%;+++, strong antifungal activity with PMGI

value 50–75%; ++++, very strong antifungal activity with PMGI value 75–100%

Plate 1 Percent Growth Inhibition of Pathogenic fungi Exposed to, (a) Nanoparticles and Corresponding Materials in 1 g/ml conc. (b) Only CuNP+Neem

extract
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Botryosphaeria dothidea (Table I) prevailing in apple orchards of

Kashmir valley in India. Neem extracts which used as bio-

controls (14–16) showed a significant activity against all fungi

because of presence of active compounds like tetra terpenoids

and phenolics in it (17–20) purified polyphenolic flavonoids

like; Quercetin and ß-sitosterol, from neem fresh leaves found

that content of major compounds such as 6-deacetylnimbin,

azadiradione, nimbin, salannin and epoxy-azadiradione were

the active compounds when bio-assayed on many pathogenic

fungi (44). A considerable value of percent mycelial growth

inhibition (PMGI) was seen against these fungi. 60% PGMI

value of CuO-NPs and 100% of their combination of neem

extract with CuO-NPs at constant concentrations (Plate 1).

Such findings support the concept of synergistic effect where

the total effect is approximately the summation of individual

fractions (45,46). Our results confirm that the synthesized

CuO-NPs had significant anti-fungal activity against patho-

genic fungi of apple which may be attributed to their extreme-

ly large surface area. In addition, the CuO-NPs provide better

contact with microorganisms for their activity. On the other

hand, Cu ions released subsequently may also damage the

DNA by binding with them this can lead to total damage of

the helical structure by cross-linking within and between the

nucleic acid strands as suggested by some researchers (47).

Our microscopic study on treated fungi shows remarkable

decrease of mycelial growth and formation of conidial spores

Fig. 6 Morphology of fungi before and after treatment of CuO-NP, observed in light microscope with 40X magnification.
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by pathogenic fungi which indicates the final stage of their life

cycle because of occurrence of toxic environment that is

unsuitable for their growth and development. Our results

are in accordance with the study upon pathogenic fungi

conducted (8) where they saw presence of mycelial fragments

and conidia spores in case of treated fungi. Some of the

researchers also predict that Copper ions inside microbial cells

may also disrupt biochemical processes (48). Our previous

reports with iron nanoparticles also showed the same types

of findings (49). However, the exact mechanism needs overall

attention for their further studies.

Fig. 8 The germination rate of seeds soaked within 50 μg.ml−1, 75 μg.ml−1

and 100 μg.ml−1 copper oxide nanoparticle suspension. Significant difference

was marked with lower case letters (p<0.05).

Fig. 7 SEM images of; (A)

untreated, (B) treated Diplodia

seriatamycelium; (a) untreated, and

(b) treated Botryosphaeria dothide.

Fig. 9 Phyto-toxicity of CuO-NPs observed in Allium test at different

concentrations.
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Phytotoxicity study of copper nanoparticles were further

carried out using test plants like, Vigna radia, a dicot plant

and Allium cepa, belonging to monocotyledons. Root tips

frequently used for cytogenetic studies in the past five

decades were from Allium cepa and Vicia faba (50–51),

which are considered to be excellent materials for clasto-

genicity studies of physical and chemical agents. In addi-

tion, the seeds of Vigna radiate have long been used in

Fig. 10 Phyto-toxicity of CuO-NPs observed for (a) root Length at 0.1, 1.0 and 2 and (b) % germination of Mong seeds (V. radiata); (c) Root Length and (d)

Root number of onion plants (A. cepa).
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phytotoxicity studies (52). The overall results reveal that

A. indica extract and their combined fractions with CuNP

were less toxic to the test seeds while as bulk Cu followed

by biosynthesized CuO-NPs influenced the germination

rate as compared to control pots. More research is needed

to be done in this regard in order to develop biogenic

CuO-NPs pesticide formula that can be ideal for fungal

pathogen control in orchards.
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