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ABSTRACT

The present study deals with the synthesis, characterization and influence of differential weight of copper
nanoparticles on growth, biochemical characteristics and yield of black gram Vigna mungo. Copper sulphate was
utilized for the synthesis of copper oxide nanoparticles using precipitation method and characterized by using UV-
Vis Spectroscopy, SEM, EDAX, FTIR, and XRD. Differential weight of copper oxide nanoparticles (0, 100, 200, 300,
400, 500 mg) were utilized for growing black gram. After 60 days, growth, biochemical and yield parameters were
measured. UV-visible absorption spectrum of the synthesized copper oxide nanoparticles was confirmed from the
peak at 500 nm. SEM image of copper oxide nanoparticles was observed as spherical in shape. EDAX spectrum
recorded on the copper oxide nanoparticles is shown as three peaks located between 2 KeV and 10 KeV. The
functional groups of synthesized copper oxide nanoparticles were confirmed by FT-IR. The crystalline structure of
synthesized copper oxide nanoparticle was obtained using XRD. Germination efficiency, Shoot length, root length
fresh weight, dry weight, Vigor index chlorophyll a, b, total chlorophyll, carotenoid and L-proline of Black gram
Vigna mungo was higher in T3 (300 mg). The protein content is higher in T;. The weight and number of Black gram
was higher in Ts.
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INTRODUCTION

Nanotechnology plays a very important role in modern research and it is the most capable technology
that can be applied almost all fields such as pharmaceutical, electronics, health care, food and feed,
biochemical science, drug, gene delivery, chemical industry, energy science, cosmetics, environmental
health, mechanics and space industries. Development of nanotechnology has encouraged the
production of engineered nanoparticles worldwide [1]. Nanoparticles like gold, silver, copper, zinc,
aluminum, cesium oxide, zinc oxide, are used in crop production, fertilizer and irrigation. Among
different nanoparticles, copper oxide nanoparticles have attracted significant attention because of its
wide range of application such as super conductors, sensors, catalytic, electrical, giant magnet
management resistance materials, solar energy transformation and
“Corresponding Author: preparation of organic and inorganic nanostructure composites. Its size
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typically below 100 nm have been applied in an increasing number of
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due to variety of vitamins, carotenoids, beneficial acids, sugar and minerals. The work related to the
synthesis, characterization and influence of differential weight of CuO NPs on growth, biochemical
characteristics and yield of black gram is totally wanting. Hence, the present study was carried out.

EXPERIMENTAL METHODS
1. Synthesis of Copper Oxide Nanoparticles

Synthesis of copper oxide nanoparticles was carried out by simple precipitation method. Precipitation
was done by mixing 1M NaOH which is to be added in a drop wise to the 1mM of copper sulphate
solution under vigorous stirring. At a particular time the solution turns dark green and indicates the
formation of copper nanoparticles. Then the solution was centrifuged at 3500 rpm for 10 min followed
by re-dispersion of the pellet in deionized water for purifying CuO. Then the precipitate was dried at
room temperature. Finally copper oxide nanoparticles were stored in dry tube containers.

2. Characterization

The synthesized copper oxide nanoparticles were characterized by the following techniques.

2.1. UV- Visible Spectroscopy

The formation of CuO NPs was initially confirmed visually and by using UV-visible spectroscopy
technique, which has been frequently used to characterize the synthesized metal and metal oxide
nanoparticles.

2.2. SEM and EDAX Analysis

The surface morphology and size of the nanoparticles were obtained by scanning Electron Microscopy
(SEM) analysis. The morphology and composition of the copper nanoparticles were examined by
scanning Electron Microscope (SEM) using HITACHI SU600 equipped with energy dispersive.

2.3. Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR analysis was used to identify the capping, reducing and stabilizing capacity. The FTIR spectra of
synthesized copper oxide nanoparticles were analyzed for knowing the possible functional groups. The
measurement was carried out by JASCO (FTIR- 6200) spectrum.

2.4. X-ray Diffraction Analysis

X-ray diffraction (XRD) analysis was carried out by a powder diffractometer (Rigaku llI/A, Japan)
equipped with a copper oxide target and a nickel filter to analyze the structure of the product.

3. Source of Materials used in Pot Culture

Red soil and cow dung were collected from the Gandhigram Rural Institute campus and physico-
chemical parameters such as pH, electrical conductivity, nitrogen, organic carbon, potassium and
phosphorus of red soil and cow dung were estimated [3]. Black gram Vigna munga was selected for the
present study based on the relative importance of daily diet of people. The viable seeds were purchased
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from Rajesh Agriculture Store, Dindigul, Tamil Nadu, India.
4. Growth Studies

Red soil and cow dung was mixed in the ratio of 1:1 and were taken in 18 plastic pots (25 cm diameter,
25 cm height) for growth studies. Then differential weight of copper oxide nanoparticles such as 0, 100,
200, 300, 400, and 500 mg was mixed with 1 kg each of red soil and cow dung for To(control), Ty T,, Ts,
T, and Tsrespectively. 10 number of black gram seeds were sown in each pot for six treatments in three
replicates and grown in a Net house for 60 days. Tap water is used as an irrigant. Growth parameters
such as germination percentage, shoot and root length, fresh and dry weight and vigor index, and
biochemical characteristics such as chlorophyll a, b, total chlorophyll, carotenoids, anthocyanin, total
soluble sugar, total protein and L-proline were estimated after 60 days and the procedures followed are
presented in Table 1. The yield parameters such as length of pod, weight and number of black gram per
plant were also estimated.

Table 1: Procedures Followed for Growth and Biochemical Characteristics of Black Gram

S. No Parameters Units | References
1 Germination % Carley and Watson, (1968) [4]
2 Shoot length cm Arts and Mark, (1971) [5]
3 Root length o Burris et al., (1969) [6]
4 Total fresh weight g Burris et al., (1969) [6]
5 Total dry weight " Burris et al., (1969) [6]
6 Vigor index % Abdul Baki and Anderson, (1973) [7]
7 Chlorophyll a mg/gfw | Arnon, (1949) [8]
8 Chlorophyll b ” Arnon, (1949) [8]
9 Total chlorophyll ” Arnon, (1949) [8]
10 Carotenoids mole gfw | Arnon, (1949)[8]
11 Anthocyanin ) Mancinelli et al., (1975) [9]
12 Total soluble sugar ,, Jeyaraman, (1981) [10]
13 Total protein ” Lowry et al., (1951) [11]
14 L- proline " Bates et al., (1973) [12]

RESULTS AND DISCUSSION

The UV-Vis analysis of chemically synthesized CuO Nps is presented in Figure 1. The peak at 500 nm
indicates the formation of CuO NPs. Mekala et al., (2016) [13] also reported the green synthesis of
copper oxide nanoparticles subjected to UV-spectroscopy analysis and obtained a single peak but broad
at 589 nm and area in conformity with the eco-friendly synthesis of copper nanoparticles. The surface
morphology and size of the nanoparticles were obtained by Scanning Electron Microscopy (SEM)
analysis. The SEM image (Figure 2) showing the high density of synthesized CuO nanoparticles. It is
evident that the nanoparticles are spherical is shape and size in the range of 9.10 nm (15.2 um) and
5.19nm (26.6um). DA Coasta and Sharma (2016) [2] reported that the surface morphology and size of
the nanoparticles were obtained by Scanning Electron Microscopic (SEM) analysis. The nanoparticle
characterization studies revealed that the shape of CuO NPs was spherical in size of SEM. Sathish and
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Sharma et al., (2016) [14] reported that synthesis of Cu NPs from medicinal plants and SEM analysis
shows uniformly distributed and spherical.

CuO Nps

500 nm

Absorbance

Figure 2: Scanning Electron Microscope Images of Copper Oxide Nanoparticles
A) 2um of Copper Nanoparticles B) 5um of Copper Nanoparticles C) 20um of Copper Nanoparticles

EDAX spectrum recorded on the copper oxide nanoparticles is shown as three peaks located between 2
KeV and 10 KeV (Figure 3). The EDAX pattern clearly shows that copper oxide nanoparticles are
crystalline in nature and it confirms the copper oxide nanoparticles weight percentage (68%). Amrut
Lanje et al., (2010) [15] also recorded highest percentage of elemental copper oxide peaks and were
confirmed using EDAX analysis. The FT-IR results revealed that the peaks at 3429.8, 2918.2, 1619.2,
1376.9 and 1021.1cm™ correspond to the functional groups of copper oxide nanoparticles and viewed
the functional groups of alcohol, alkane, aromatic amine and Sulfoxide (Figure 4). Maria Isabel et al.,
(2014) [16] reported the green synthesized copper oxide nanoparticles and showed bands at 1384 and
1528 refer to N-H bending, 2048 cm™ represents alkynes, 3612 cm™, corresponds to phosphorous
compound, 1228 cm™ corresponding to C-O-C stretch.

The phase and crystalline structure of synthesized copper oxide nanoparticles was characterized via XRD
analysis. The peak position with 26 values of 15.530, 16.240, 17.370, 18.850, 20.070, 22.360, 24.070 and
64.1800 which corresponds to crystalline structure of CuO (Figure 5). Awwad et al., (2015) [17] reported
that the XRD analysis showed small distinct diffraction peaks at 32.842, 61.403 and 71.189, which
indexed the copper oxide nanoparticles with a monocyclic phase. The XRD pattern revealed that the
synthesized copper oxide nanoparticles are crystalline [18].
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Figure 3: Energy Dispersive X- ray Spectroscopy Image
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Figure 4: Fourier Transform Infrared Spectroscopy of Copper Oxide Nanoparticles
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Figure 5: XRD Analysis of Copper Oxide Nanoparticles

The physico-chemical parameters of red soil and cow dung used in growth studies are presented in
Table 2. The effect of differential weight of copper oxide nanoparticles on growth parameters of Black
gram Vigna mungo is presented in Table 3. The germination percentage in Ty, Ty, T, T3, T4, Tsis 97, 90,
93, 100, 83, 75 respectively. Prasad et al., (2012) [19] reported 100% germination of pea plant nut
treated with Zinc Oxide nanoparticles. Raskar et al., (2013) [20] reported that the TiO nanoparticles at
the concentration ranging from 10 to 40 ppm enhance seed germination, promptness index and
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seedling growth but result shows that lower concentration was not harmful to the seed germination and
early seedling growth. The shoot length is higher in T; containing 300 mg of copper oxide nanoparticles
and lower in Ts containing 500mg of nanoparticles. Pramond Mahajan (2011) [21] reported that the
shoot length of Mung and Gram increased in lower concentration of nanoZnO particles and higher
concentration of ZnO nanoparticles decreased the shoot length. The root length of the Black gram in
control is 2.33. Among the treatments the root length is higher in T3 (5.4) and lower in T;. Among the
treatments the fresh weight is higher in T; (2.46). The fresh weight of the Black gram in control is 1.22 g.
Sri Sindhura et al., (2013) [22] reported that the fresh weight of peanut is higher in lower concentration
of ZnO nanoparticles The dry weight of the Black gram is higher in T, and lower in T; and lower in T, and
Ts. Naderi et al.,, (2012) [23] reported the effect of treatment of ZnO nanoparticles at different
concentration and the results showed that the dry weight was influenced by different concentration of
Zn0 nanoparticles. The vigor index of Black gram in control is 2619. Among the treatments vigor index is
higher T; and lower in Ts. Bhim Jyoti et al., (2016) [24] reported a vigour index 1701.3 in peanut treated
with ZnO nanoparticles.

Table 2: Physico-Chemical Parameters of Red Soil and Cow Dung

S.No | Parameters Red Soil Cow dung
1. |pH 7 6.99
2 Electrical conductivity (ds/m) 0.38 0.51
3 Organic Carbon (%) 30 16.7
4 Total Nitrogen (%) 11.3 23.4
5 Potassium(%) 0.27 0.8
6 Phosphorus (%) 0.31 0.83

Each value is the average of 10 individual observations.

Table 3: Influence of Differential Weight of Copper Oxide Nano Particles on Growth Parameters of
Black Gram Vigna mungo Grown for a Period of 60 days . Each Value is the Average of 10 Individual
Observations (Average + S.D)

S. No. | Parameters Days Treatments
To L T, T3 T, Ts
1 Germination - 97 90 93 100 83 75
Percentage
2 Shoot Length 60 246+0.57 | 20.6+1.6 243+2.4 323+1.6 |[26.3+1.24 22.3+1.24
(cm)
3 Root Length (cm) 60 233+0.47 [3.1+043 3.7+0.50 54+043 |4.06+0.16 4.16 £0.28
4 Fresh Weight (g) 60 1.22+0.06 | 1.49+0.36 | 1.5+0.07 2.96+0.44 1 1.97£0.33 1.62 £ 0.45
5 Dry Weight (g) 60 0.29+0.08 | 0.26+0.08 | 0.38+0.02 | 0.47+0.08 | 0.31 +0.001 0.23 £0.02
6 Vigor Index 60 2619 2133 2606 3773 2519 1984

The chlorophyll a, b and total chlorophyll of Black gram Vigna mungo is presented in Figure 6. The
chlorophyll a, b and total chlorophyll are higher in T; and lower in T,. Mohammad et al., (2014) [25]
reported that on the effects of Magnetite Nanoparticles on Soybean and also reported that the

ISSN 2397-5547 21
Copyright © 2020 Whites Science Innovation Ltd. All rights reserved.



International Journal of Nanotechnology and Nanoscience, Volume 6, 2020, 16-25

chlorophyll content of Lettuce is increased when treated with iron oxide nanoparticles. Ragavan et al
[26] reported that the chlorophyll a, b and total chlorophyll of cluster bean were higher when treated
selenium nanoparticles. The carotenoids are higher in T,(1.07) and lower in T5 (0.93) (Figure 7). Sinha et
al., (2007) [27] reported an increase in carotenoids content and suggested further that is a defense
strategy of the plant under metal stress. Anthocyanin is known to accumulate in stressed condition as a
result of secondary metabolism [28]. The results demonstrated that the supply of copper could increase
anthocyanin content of seedlings. Protein and L-proline of Black gram gradually increased in lower
weight of copper oxide nanoparticles and decreased in higher weight (Figure 8). Baskaran et al., (2009)
[29] recorded an increase in protein content of green gram at lower concentration and then the content
decreased at good concentration with sugar mill effluent was observed. Ragavan et al (2017) [26]
reported similar results of L-proline in Cluster bean treated with different quantities of selenium
nanoparticles.

H chlorophylla
H chlorophyllb

H Total chlorophyll

,\{& < P T/

T
TREATMENTS © “2

Figure 6: Chlorophyll a, b and Total Chlorophyll of Black Gram Vigna mungo
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Figure 7: Carotenoid, Anthocyanin and Amino Acid of Black Gram Vigna mungo

ISSN 2397-5547 22
Copyright © 2020 Whites Science Innovation Ltd. All rights reserved.



International Journal of Nanotechnology and Nanoscience, Volume 6, 2020, 16-25

1.2 4
|
1 4
|
. 08+
= |
E 06 -
2 |
04 1 B PROTEIN
0.2 1 W L-PROLINE
o Ly N
To -
T1 T2 ——
T3 T4
T5
Treatments

Figure 8: Protein and L. Proline of Black Gram Vigno mungo

The yield parameter of Black gram Vigna mungo is presented in Table 4. The length of black gram pod,
weight, and number of black grams per plant is higher in T; and lower in T,. Gokila et al (2017) [30]

reported similar results when treated with differential weight of zinc oxide nanoparticles in Lady’s
finger.

Table 4: Yield Parameters of Black Gram Vigna mungo

Treatment Length Weight Number
To 13.46+11.13 0.75+0.46 12+2
T, 11.85+8.75 0.93+0.56 12+3
T, 14.01 £ 10.31 0.87 £ 0.65 9+1
T3 18.86 + 13.46 1.71+1.24 17+1
T, 15.18 + 11.12 1.14 +0.83 8+1
Ts 13.23+9.7 0.92+0.69 7+1

CONCLUSION

This study successfully demonstrates the acceptable application of copper oxide nanoparticles and

subsequent utilization as nutrient for the growth, biochemical characterization, and yield of Black gram
Vigna mungo.
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