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IMPROVED CHICKPEA MUTANT LINES THROUGH INDUCED
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Abstract: Chickpea (Cicer arietinum L.) is one of the major pulse crops in India. It is a major source of
protein for populations that are vegetarian by choice or unaffordability of animal proteins. Chickpea
cultivar ‘Vijay’ is a very old variety that is still popular among farmers of Maharashtra State. There is a
scope to improve this cultivar in terms of yield and nutritional value. The present attempt focused on
development of mutant lines with improved yield and nutrition using induced mutation. The Chickpea
variety- ‘Vijay’ was treated with different doses of gamma rays (300Gy, 400 Gy, 500 Gy) and EMS (0.2%,
0.3%, 0.4%) and sown to grow M, generation. The M, was harvested on single plant basis and sown
in next season as plant to row progeny to grow M, generation. M, generation was visually screened
thoroughly for different types of mutations. Additionally the M, harvest was also screened for protein
content using calorimentric methods. Total 171 mutants were selected based on yield, nutrition and
earliness. These mutants were sown as plant to row in M, generation to study the breeding behavior.
Out of these, 12 mutant lines were found to have higher yield than control Vijay, including 07 lines with
bold seeds and one line with earliness in M, generation. The selected lines will be forwarded to advance
generation (M, to M) to stabilize the yield contributing characters and then will be evaluated in various
trials.

Keywords: Cicer arietinum L., Germplasm, Gamma rays, EMS, Mutant.

INTRODUCTION

Chickpea (Cicer arietinum L.) is the second largest
pulse crop, grown in over 50 countries, and
traded across the globe [1]. Chickpea is valued
and accepted globally for its nutritive seed
composition and protein content as a substitute
for animal protein [2]. Mutation breeding is
an effective tool and playing vital role in crop
improvement since its inception in agriculture.
Induced mutation technique has proved to be
successful for improving different traits in a
wide variety of crops especially pulses. To date,
more than 3,274 varieties in more than 224 plant
species derived from mutagenesis programs
have been officially released as listed in the
FAO/IAEA Mutant Varieties Database (MVD).

Among these, 493 mutant varieties of pulses are
registered, with 21 improved chickpea mutants
released for cultivation [3, 4].

Mutation breeding is an additional
advantage when there is a case of improvement
of a good variety as it has to alter just one
or two traits [5]. Genetic variability can be
effectively induced through mutation and its
practical applications are well recognized [6, 7].
Considering the rapidly increasing population
and declining per capita pulses consumption
in India, while also considering comparatively
large area under its cultivation then other pulses,
the chickpea production statistics over the last
decade is not sufficient to meet the growing
demand. Therefore, attempts are needed to
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crack the stagnation of chickpea productivity
by developing high yielding and better adapted
varieties. The main purpose of this work was
to evaluate the mutagenicity of gamma rays,
EMS doses employed and the magnitude of
variability induced in various morphological
and quantitative traits of the chickpea variety-
Vijay for the practicable selection based on yield
attributing characters and nutrition.

MATERIAL AND METHODS

The study was aimed to develop the Chickpea
mutant with high yield potential and high
nutrition. For this a Desi variety- Vijay was
selected, and germplasm was procured from
Mahatma Phule Agriculture University, Rahuri
(MS). After screening of the seed material for
purity, they were treated with gamma rays and
EMS. Each treatment of mutagen included about
300 seeds. The doses selected were [gamma
rays- 300, 400 and 500 Gy and EMS 0.2, 0.3, and
0.4 %]. The treated material was then sown in
field during mid of October 2015. Standard
agricultural practices were followed throughout
the cultivation. After germination, the growing
progeny was monitored for germination and
survival rate and physiological variation if
any. The M, population was harvested during
January-February 2016. In October 2016, M,
generation was grown and closely monitored
for different morphological variations. The
plant types with high yield, bold seeds and
other economic characters were marked and
harvested separately from progeny of each
treatment. The M, progeny was harvested
during February- March 2017. The M, selections
were grown as M3 progeny on plant to row basis
(during October 2017). After germination, each
line was monitored closely for the traits under
observations and noted. The M3 progeny was
harvested during February - March 2018. After
harvest, number of seeds per plant, 100 seed
weight was noted and protein content [8] of each
seed sample was analyzed.

RESULTS AND DISCUSSION

Total 12 high yielding mutants were selected
from M, population of variety Vijay for their
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breeding nature in M,. All of them were found
segregating in M, for their yield character.
However, few of them showed interesting results
in terms of their average yield, 100 seed weight
and boldness of seeds. The data of performance
of high yielding mutant lines is presented in
table 1.

Mutant 1(14-03) with total 20 plants showed
segregation in yield and yield contributing
characters but observed to be early flowering
and early maturing as compare to control (by 8
days) (Fig. 2). Mutant 11(04-03) with 10 plants
respectively in M, showed segregation in yield
but the average yield and seed weight was found
to be slight higher than control. Mutant 17(03-
01) does not showed any stability in selected
characters. Mutant 17(04-01) with 10 plants in M,
showed segregation in M, generation for yield,
but interestingly the average seed yield was
double than control with slight increase in 100
seed weight. Mutant 16(06-22) was found to be
true breeding for yield characters with average
seed yield nearly 3 times than control. 100 seed
weight and protein content was also found to
slight higher than control.

Mutant 16(07-01) showed segregation in
yield character in terms of seed number, however
most of these plants showed higher seed weight
and bold size. Mutant 16(04-11) plants also
showed segregation in yield, with average seed
yield less than control but average seed weigh
(24.78g) per 100 seeds and increased protein
content (18.45 mg/ g to 21.82 mg/g) was seen.

Mutant 11(04-11) with 26 M, plants
showed segregation in yield as compare to its
M, performances. But their average yield was
nearly same as that of control. Moreover, seeds
of all these plants were bolder than control (100
seed weight 25.38g; Fig. 1) with sizable increase
in protein content. Mutants 11(04-12) A, B & C
with about 50 plants in M, showed segregation
in M3 for yield but seeds of entire progeny were
found to be bold, where 100 seed weight were
found to be nearly 04 to 06 gm more than control.
Mutant 16(06-09) also showed segregation in
yield characters averaging less than control in
terms of number of seed grains buts its seed size
was bold (100 seed weight 23.81g) with increase
in protein content (table 1).



Isolation of high yielding, nutritionally improved chickpea mutant lines through induced mutagenesis... 37

The use of induced mutations has played a
key role in the improvement of superior plant
varieties especially pulses. A large number
of improved mutant varieties have been
released for commercial cultivation [9,10]. In
releasing mutant varieties of Chickpea, India is
contributing immensely through the efforts of
Indian Agriculture research Institute, its sub-
centers and collaboration with several State
Agriculture Universities [11]. In some earlier
reports [12] similar results in chickpea breeding
were noted that reported segregating lines till
M, generation but showed stability from M,
onwards to develop a superior line with high
yield and high protein content. Few workers
[13] reported the isolation of high yielding bold
seeded mutant lines of chickpea using gamma
rays and EMS. Development of bold seeded

Kabuli cultivar “CM2008” also revealed the
same procedure [14,15]. Some workers have
used EMS and SA as mutagen and isolated the
desired mutant lines especially high yielding
and yield contributing characters [16, 17]. Thus,
results of the present study are in line, however,
needs evaluation at least up to M, or M, to
observe the stability of mutants for yield and
yield contributing characters. From the results
discussed, it is clear that the lower doses (300
Gy) are found to be more effective inducing high
degree of defined mutations as compare to their
counter higher doses of gamma radiations. No
selections were recorded from EMS progeny.
Further on the basis of yield performances and
protein content analysis it could be stated that,
the selected mutant lines are potential sources
for developing the new improved variety.

Table 1: M, Performance of high yielding mutants isolated from M, progeny of Var- Vijay

Variety Treatment/ Dose | M, plant no. M, Plant no. Seeds/ plant 100 Seed wt. (gm) | Protein content
(Seed plant’/ 100
Seed wt.
Vijay Control 74.89 18.12 18.28 £ 0.53
Gamma rays
300 Gy 01 (14-03) 1(14-03)-1 58 18.22 18.56

[680/17.32]
1(14-03)-2 89 18.54 18.48
1(14-03)-3 102 18.52 18.39
1(14-03)-4 150 18.78 18.62
1(14-03)- 5 130 18.52 18.56
1(14-03)-6 111 18.38 18.42
1(14-03)- 7 124 18.70 18.42
1(14-03)-8 78 18.23 18.45
1(14-03)-9 57 18.52 18.65
1(14-03)-10 65 18.50 18.38
1(14-03)-11 79 18.25 18.48
1(14-03)- 12 164 18.63 18.58
1(14-03)- 13 162 18.65 18.65
1(14-03)- 18 215 17.80 18.45
1(14-03)-19 110 18.25 18.42
1(14-03)-20 108 17.89 18.28
Total Plant= 20 Avr=87.02 Avr=18.40 Avr=18.26

11 (04-03) 11 (04-03)-1 85 18.52 18.52

[465/18.02]
11 (04-03)-2 48 18.28 18.33
11 (04-03)-3 69 18.39 18.45
11 (04-03)-4 55 18.25 18.29
11 (04-03)-5 89 17.88 18.33
11 (04-03)-6 92 18.62 18.42
11 (04-03)-7 167 18.72 18.39
11 (04-03)-8 152 18.80 18.45
11 (04-03)-9 160 18.93 18.52
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Variety Treatment/ Dose | M, plant no. M, Plant no. Seeds/ plant 100 Seed wt. (gm) | Protein content
(Seed plant/ 100
Seed wt.
11 (04-03)-10 101 18.38 18.45
Total Plant= 20 Avr=87.40 Avr=18.33 Avr=18.41
17(03-01) 17(03-01)-1 115 19.30 18.58
[1026/17.30]
17(03-01)-2 108 18.45 18.46
17(03-01)-3 40 18.00 18.45
17(03-01)-4 46 17.90 18.42
17(03-01)-5 168 18.50 18.42
17(03-01)-6 108 16.80 18.66
17(03-01)-7 62 17.85 18.36
17(03-01)-8 118 18.00 18.64
17(03-01)-9 102 18.22 18.22
17(03-01)-10 70 19.40 18.45
17(03-01)-11 135 18.50 18.98
17(03-01)-12 98 17.80 18.43
17(03-01)-13 50 19.20 18.52
17(03-01)-14 102 20.70 18.54
17(03-01)-15 175 19.60 18.28
17(03-01)-16 115 18.95 18.33
17(03-01)-17 165 19.45 18.46
17(03-01)-18 65 18.60 18.36
17(03-01)-19 142 19.70 18.78
17(03-01)-20 40 20.00 18.48
17(03-01)-21 85 18.20 18.46
17(03-01)-22 85 20.18 18.48
17(03-01)-23 52 19.00 18.58
17(03-01)-24 82 19.05 18.96
17(03-01)-25 25 19.08 18.56
Total Plants=25 | Avr=94.12 Avr=18.81 Avr=18.51
17(04 - 01) 17 (04- 01)- 1 102 18.03 18.38
[305/18.80]
17 (04- 01)- 2 120 18.50 18.40
17 (04- 01)- 3 325 19.02 18.42
17 (04- 01)- 4 107 18.60 18.55
17 (04- 01)- 5 109 18.30 18.54
17 (04- 01)- 6 212 18.20 18.87
17 (04- 01)- 7 305 19.50 18.48
17 (04- 01)- 8 98 18.30 18.79
17 (04- 01)- 9 268 17.90 18.44
17 (04- 01)- 10 102 18.30 18.38
Total plants=10 | Avr=164 Avr=18.46 Avr=18.52
16( 06- 22) 16( 06- 22)- 01 105 18.30 18.44
[320/18.08]
16( 06- 22)- 0 98 18.06 18.48
16( 06- 22)- 0 97 18.00 18.58
16( 06- 22)- 0 432 20.27 18.85
16( 06- 22)-05 105 18.70 18.53
16( 06- 22)- 0 303 18.50 18.32
16( 06- 22)- 07 412 18.60 18.38
16( 06- 22)- O 93 17.80 18.42
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Variety Treatment/ Dose | M, plant no. M, Plant no. Seeds/ plant 100 Seed wt. (gm) | Protein content

(Seed plant/ 100

Seed wt.
16( 06- 22)- 09 103 18.02 18.47
16( 06- 22)- 10 100 18.21 18.42
Total plants 10 Avr=214.80 Avr=18.46 Aver=18.48

16(07-01) 16(07-01)-01 70 24.60 18.87

[382/20.94]
16(07-01)-02 75 20.00 18.47
16(07-01)-03 77 22.10 18.56
16(07-01)-04 170 20.25 19.87
16(07-01)-05 65 22.06 18.42
16(07-01)-06 70 20.24 18.57
16(07-01)-07 89 20.16 18.78
16(07-01)-08 59 20.60 18.45
16(07-01)-09 85 20.18 18.47
16(07-01)-10 130 19.08 19.20
16(07-01)-11 58 17.60 18.97
16(07-01)-12 58 17.80 18.78
16(07-01)-13 74 21.50 18.58
16(07-01)-14 97 18.78 18.48
16(07-01)-15 88 19.20 18.45
16(07-01)-16 66 19.80 18.59
16(07-01)-17 126 21.31 19.56
16(07-01)-18 154 18.51 19.47
16(07-01)-19 201 17.99 19.78
16(07-01)-20 216 18.50 19.48
16(07-01)-21 93 19.30 18.87
16(07-01)-22 83 20.82 18.65
16(07-01)-23 100 18.30 18.63
16(07-01)-24 168 23.47 19.20
16(07-01)-25 168 19.79 19.46
Total plants 25 Avr=105.6 Avr=20.15 Avr=18.90

16(04-11) 16(04-11)6-1 32 26.96 18.97

[258/23.76]
16(04-11)6-2 68 25.02 18.85
16(04-11)6-3 31 25.16 18.59
16(04-11)6-4 40 27.20 19.27
16(04-11)6-5 45 23.34 18.98
16(04-11)6-6 60 25.52 19.23
16(04-11)6-7 74 26.98 21.52
16(04-11)6-8 87 25.74 21.45
16(04-11)6-9 91 24.52 21.42
16(04-11)6-10 32 25.44 19.85
16(04-11)6-11 48 26.18 19.54
16(04-11)6-12 89 26.18 21.85
16(04-11)6-13 48 23.12 18.45
16(04-11)6-14 100 25.90 21.82
16(04-11)6-15 67 22.89 18.59
16(04-11)6-16 65 25.68 19.23
16(04-11)6-17 45 26.84 20.17
16(04-11)6-18 49 25.54 20.05
16(04-11)6-19 39 26.40 21.42
16(04-11)6-20 59 22.40 18.97
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Variety Treatment/ Dose | M, plant no. M, Plant no. Seeds/ plant 100 Seed wt. (gm) | Protein content
(Seed plant/ 100
Seed wt.
Total plants=20 Avr= 60.80 Avr=24.78 Avr=19.91
11(04-11) 11(04-11)01-1 107 25.63 21.45
[258/23.76]
11(04-11)01-2 72 28.60 21.83
11(04-11)01-3 134 26.85 21.48
11(04-11)01-4 145 27.40 21.89
11(04-11)01-5 106 25.48 21.26
11(04-11)01-6 52 29.10 22.82
11(04-11)01-7 42 25.32 21.42
11(04-11)01-8 43 26.00 21.30
11(04-11)01-9 116 27.21 21.66
11(04-11)01-10 36 28.00 22.28
11(04-11)01-11 57 27.54 22.18
11(04-11)01-12 |20 24,50 20.88
11(04-11)01-13 26 25.20 21.20
11(04-11)01-14 37 25.20 20.85
11(04-11)01-15 47 25.40 21.17
11(04-11)01-16 111 24.40 21.55
11(04-11)01-17 78 24.28 20.84
11(04-11)01-18 73 27.12 21.08
11(04-11)01-19 67 26.00 20.85
11(04-11)01-20 123 27.94 21.46
11(04-11)01-21 72 26.25 20.98
11(04-11)01-22 121 27.45 21.58
11(04-11)01-23 33 27.30 21.15
11(04-11)01-24 34 27.20 21.10
11(04-11)01-25 39 27.30 20.97
11(04-11)01-26 68 23.48 20.85
Total plants=26 Avr=71.11 Avr=25.38 Avr=21.38
11(04-12) A 11(04-12)02-1 66 21.72 20.17
[320/22.2]
11(04-12)02-2 42 22.80 20.02
11(04-12)02-3 26 20.30 19.18
11(04-12)02-4 102 23.41 21.48
11(04-12)02-5 38 26.38 21.25
11(04-12)02-6 22 20.18 19.85
11(04-12)02-7 110 27.20 22.02
11(04-12)02-8 69 24.40 19.85
11(04-12)02-9 147 25.60 21.98
11(04-12)02-10 221 26.90 21.48
Total plants=10 Avr=84.3 Avr= 23.88 Avr=20.72
11(04-12) B 11(04-12)07-1 86 23.80 2047
[320/22.2]
11(04-12)07-2 70 27.00 20.85
11(04-12)07-3 55 28.12 20.58
11(04-12)07-4 66 25.20 20.15
11(04-12)07-5 46 27.20 20.65
11(04-12)07-6 42 25.75 20.27
11(04-12)07-7 60 27.00 21.12
11(04-12)07-8 50 25.10 20.17
11(04-12)07-9 135 26.80 21.85
11(04-12)07-10 38 26.40 21.25
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Variety Treatment/ Dose | M, plant no. M, Plant no. Seeds/ plant 100 Seed wt. (gm) | Protein content

(Seed plant/ 100

Seed wt.
11(04-12)07-11 90 27.05 2145
11(04-12)07-12 37 27.10 21.62
11(04-12)07-13 40 24.20 20.42
11(04-12)07-14 40 27.00 21.72
11(04-12)07-15 90 30.26 21.83
11(04-12)07-16 108 24.58 21.48
11(04-12)07-17 80 25.10 20.45
11(04-12)07-18 50 25.00 20.45
11(04-12)07-19 120 25.70 21.95
11(04-12)07-20 40 24,50 20.48
Total plants=20 | Avr= 65.85 Avr=26.15 Avr=21.98

11(04-12) C 11(04-12)08-1 25 20.20 18.98

[320/22.20]
11(04-12)08-2 34 25.60 20.85
11(04-12)08-3 30 25.25 18.87
11(04-12)08-4 17 25.00 18.96
11(04-12)08-5 44 25.45 19.05
11(04-12)08-6 41 27.20 19.45
11(04-12)08-7 90 26.30 21.46
11(04-12)08-8 25 23.40 18.87
11(04-12)08-9 75 24.20 20.12
11(04-12)08-10 40 23.80 19.86
11(04-12)08-11 36 24.50 20.23
11(04-12)08-12 45 25.25 20.27
11(04-12)08-13 70 25.50 20.17
11(04-12)08-14 60 28.20 20.22
11(04-12)08-15 90 26.50 20.15
11(04-12)08-16 115 26.29 22.05
11(04-12)08-17 67 26.34 21.18
11(04-12)08-18 40 25.40 20.27
11(04-12)08-19 82 24.00 19.82
11(04-12)08-20 97 25.46 20.15
11(04-12)08-21 60 26.96 21.25
11(04-12)08-22 60 26.40 20.26
11(04-12)08-23 20 25.30 20.75
11(04-12)08-24 62 24.48 20.02
11(04-12)08-25 45 26.00 21.12
11(04-12)08-26 48 25.30 20.47
11(04-12)08-27 60 25.32 20.17
11(04-12)08-28 45 25.20 20.32
11(04-12)08-29 110 26.20 22.06
11(04-12)08-30 33 23.00 19.85
Total plants 30 Avr=54.86 Avr= 25.26 Avr=20.85

16 (06-09) 16(06-09)01-1 57 23.01 19.83

[301/21.43]
16(06-09)01-2 51 24.72 20.12
16(06-09)01-3 41 24.24 20.15
16(06-09)01-4 - - -
16(06-09)01-5 81 22.86 18.98
16(06-09)01-6 52 23.52 19.35
16(06-09)01-7 96 23.10 19.23
16(06-09)01-8 87 26.28 19.85
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Variety Treatment/ Dose | M, plant no. M, Plant no. Seeds/ plant 100 Seed wt. (gm) | Protein content

(Seed plant/ 100

Seed wt.
16(06-09)01-9 60 2248 18.45
16(06-09)01-10 26 2412 20.25
16(06-09)01-11 147 24.23 21.46
16(06-09)01-12 - -- --
16(06-09)01-13 46 22.80 19.58
16(06-09)01-14 32 25.20 20.46
16(06-09)01-15 33 24.44 20.24
16(06-09)01-16 25 27.20 21.23
16(06-09)01-17 32 24.08 20.58
16(06-09)01-18 122 24.17 21.45
16(06-09)01-19 74 26.10 20.84
Total plants=19 Avr= 60.36 Avr=23.81 Avr=20.11

TRT |

Figure 2: Early flowering mutants of Variety Vijay (M, Population)
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An update on role of salicylic acid (SA) in abiotic stress tolerance in crop
plants: a review
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in abiotic stress tolerance in crop plants: a review. AGBIR. 2021;37(6):204-
210.

Abiotic stresses have been recognized as the potential threat for
agricultural production across the globe. Anthropogenic activities related
to industrialization and urbanization also have aggravated the degradation
of agricultural system as they are experiencing increasing impact of abiotic
stresses. These stresses potentially induce various adverse effects on plants
affecting their physiological, biochemical and molecular processes ultimately

leading huge loss in crop productivity. Plant hormones are recognized
amongst the handiest tools to mitigate the abiotic stress. Salicylic acid (SA) is
one of most essential and multifaceted plant hormone that not only play vital
role in plant defense but also have active participation in conferring abiotic
stress tolerance. The present review deals with the illustrations of studies
carried out by different workers on the role of SA in combating various types
of abiotic stresses like metal stress, salinity stress, temperature stress and
water stress in different crops.

Key Words: Salicylic acid; Abiotic stress; Plant defense; Tolerance

INTRODUCTION

Human beings are continuously exploiting natural resources to fulfill their
needs without any check; this has huge negative impact on climatic conditions
and agriculture. Though, there is improvement in agriculture production,
but other natural resources are declining and when these coupled with
increasing population, the overall situation appears alarming. Food and
Agriculture organization (FAO) predicted that by 2050, we need to enhance
agricultural food production by 70% (FAO, 2009). The effects of changing
climate like global warming showed direct effect on the plant production and
as per the report of IPCC (2007) there will be increase in global temperature
of earth by 2-40C and this will further affect the agricultural productivity
(1,2].

Any negative change in the existing climate is the major cause of abiotic and
biotic stress observed in a particular region. Several abiotic stresses coupled
with developmental activities like urbanization and industrialization have
been assessed as the potential threats to the agricultural productivity [3].
The major abiotic stresses includes salinity stress, water stress (flooding and
scarcity) metal/ metalloid stress, temperature stress (extreme temperature),
nutrient stress (deficiency and excess) are some major issues for world
agriculture [4-7]. All these abiotic stresses potentially modulate physiological,
biochemical and molecular mechanism in plants irrespective to their
developmental stages and cause severe loss in the yield of crop plants [8,9].

MATERIALS AND METHODS
Salicylic acid (SA): brief history

The name of salicylic acid (SA) was derived from the Latin word Salix (willow
tree). The bark and leaves of willow tree used by Americans, Indians and
Greeks to cure aches and fever. It has been documented that Hippocrates for
the first time administered a drug to relive pain of women during child birth
and fever, it was salicylic acid. It was first isolated as glucoside of salicylic
alcohol, salicin by a German scientist Johann Andreas Buchner. Later on
it was reported from 36 other plants in addition to willow tree [10-13]. The
phytohormone SA is a simple phenolic compound (C7TH603) with an
aromatic ring to which one carboxylic and one hydroxyl group are attached.
The biosynthesis of this molecule takes place through shikimate pathway,
which later branched as isochorimate pathway and phenylalanine pathway.
The most common pathway in plants for SA synthesis is isochorismate
pathway. About 90% of SA in plant is synthesized by this pathway. However,
SA biosynthesis may also be accomplished by phenylalanine pathway [14-
16]. The rout of synthesis of SA is schematically presented in (Figurel).
Earlier, it was reported to be involved in various physiological processes like

stimulation of root development, stomata closure, and reduced transpiration
reversal of the effects of abscisic acid (ABA) (Davies, 2004) and regulation of
gravitropism [17]. Yuan and Lin (2008) suggested that deficiency or very high
concentration of SA increases the susceptibility of plants towards abiotic
stress but moderate or optimal concentration (0.01 mM to 0.05 mM) of SA
may be useful for abiotic stress tolerance.

Figure 1) Presentation of biosynthetic pathways of salicylic acid in plants

METHODOLOGY
Salicylic acid (SA) in abiotic stress tolerance

LSA was reported to play a vital role in improving abiotic stress tolerance in
several crop plants. Khan had taken an overview of historical background and
biosynthesis of salicylic acid under both optimal and stressful environments
in plants. They have also illustrated potential mechanisms governing
salicylic acid-induced plant abiotic stress-tolerance. Li suggested that SA
acts upstream of NO under high concentration of carbon dioxide (COZ) to
induce enhanced flavonoid biosynthesis in tea plants. This indicates that
SA enhanced biosynthesis of secondary metabolites in tea plants under the
abiotic stress conditions. Zaid reported that in watermelon plants, resistance
against root-knot nematode by red light is regulated by the coordination of
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SA and Jasmonic acid (JA) signaling. This report indicates potential of SA
in enhancing tolerance against biotic stress in watermelon. In general, it was
noted to participate in several important plant processes and regarded as an
important growth regulating and defense related molecules in plants [18-20].
The overall role of SA in managing/ combating different types of abiotic
stress is been presented in (Figure 2).

Figure 2) Presentation of mechanism of salicylic acid in abiotic stress tolerance

A in metal/ metalloid stress tolerance

Plant responds to metals and metalloid stress by generating reactive oxygen
species (ROS). Overproduction of ROS can damage the nucleic acid, proteins,
carbohydrates and lipid peroxidation [21,22]. To combat the uncontrolled
oxidation, defense systems have to produce several enzymes (SOD, CAT, GR,

TABLE 1

GPX, GST etc.) and SA reportedly involved in this mechanism. SA increases
plants tolerance to metal stresses by modulating various metabolites of
antioxidant defense system, osmolytes, secondary metabolites and metal
chelating compounds (23,24].

Some studies have reported that SA perform the role of an iron-chelation
molecule or sometimes directly act as a scavenger of hydroxyl radicals and
degrade metal-bioactivity by enhancing antioxidant enzyme activities [25].
Oxidative stress caused by ROS products such as H2O2 can be reduced by
optimal concentrations of SA. In plants, when H202 is accumulated in high
concentration, toxicity in plants caused by the production of reactive hydroxyl
radicals can lead to oxidative stress and eventually disturb plant metabolism
[26-30]. However, application of the low concentration of SA is reported to
improve plant tolerance and increase plant defense by inducing antioxidant
enzyme activities, leading to reduced oxidative stress [31]. Exogenous
application of SA was reported to improve growth and photosynthetic traits
in several crop plants including lead (Pb) exposed Oryza sativa, Cd exposed
Zea mays (Krantev et al., 2008) and Cu -exposed Phaseolus vulgaris [18].
The efficacy of SA as foliar supplement on two mentha cultivars, namely,
Kosi and Kushal grown under Cd (50 pM) stress conditions was tested by
Zaid [32,34]. Out of three foliar applications of plant growth regulators,
the application of SA at different growth stages proved best in alleviating
Cd toxicity. Application of SA was also found to tolerate as toxicity in two
varieties of Artemisia annua L. [35]. This study also suggested that the
application of SA via leaf significantly increased the artemisinin content
in both varieties. Es-sbihi studied the effects of SA on physiological traits,
distribution of glandular hairs and essential oil (EO) composition in Salvia
officinalis L., grown on Cu contaminated medium and noted that its foliar
spray enhance the synthesis of essential oil. Thus, exogenous application of
SA could enhance plants tolerance against metal stress. In general, SA is one
of most essential phytohormone that regulates the plants tolerance to abiotic
stress especially metal stress by stimulating genes associated with expression
of defense system, modulating the cellular redox homeostasis and alteration
of transcription element activities [36]. Some of the important reports of
alleviation of metal and metalloid stress using SA are presented in (Table 1).

Some representative report on salicylic acid (SA) mediated response towards abiotic stress impact in wild as well as crop plants

(Adopted partially from Khan et al., 2015)

Plant Name Conc. of salicylic acid used Parameters studied Response References
Cd stress
Ricinus communis 0.5 mM Gas exchange, Chiorophyll - Liu et al., 2011
content.
Brassica juncea 1.0 mM Mineral nutrient content + Ahmad et al., 2011
SOD activity, GSH content,
. heme- oxygenase-1 activity, .
Glycine max 120 mM and Chlorophyll content, relative + Noriega et al., 2012
protein content.
Poa pratensis 0.5mM Nutrient element content + Guo et al., 2013
Poa pratensis 0.5mM Cd uptake - Guo et al., 2013
Photosynthetic capacity,
Cucumis melo 0.1 mM efficiency of PSII, Water use + Zhang et al., 2015
efficiency
Zea mays 0.5mM Defense compounds + El Dakak and Hassan, 2020
Nickel Stress
Thlaspi goesingense 0.5mM Induction Ofggﬂ increase in + Freeman et al., 2015
Catharanthus roseus 10-5M Content of aIkaI0|ds_V|ncr|st|ne + Idrees et al., 2013
and vinblastine
Iron stress
Arachis hypogaea 1.0 mM Fe upt_ake and bglance of + Kong et al., 2014
mineral nutrients
Copper stress
Phaseolus vulgaris 0.5mM Photosynthetic traits and growth + Zhengin, 2014
Manganese stress
Cucumis sativus 100 uM Oxidative stress in exposed . Shi and Zhu, 2008
leaves
Mercury stress
Vallisneria natans 100 pM Pb uptake and Mn, Ca, and Fe - Wang et al., 2011

content
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Salinity stress

Cucumis sativus 1.0 mM uptake of N, P, K, Ca, and Mg Yildirim et al., 2008
Zea mays 0.5 mM K+/Na+ and Ca2+/Na+ ratios Tufail et al., 2013
Glycinebetaine (GB) production,
Vigna radiata 0.5mM net photosynthesis, plant dry Khan et al., 2014
mass
Chlorophyll content, net CO,
Torreya grandis 0.5mM assimilation rates, proline Shen et al., 2014
content
Glycine max 0.5 mM Na+/K+ ratio Ardebili et al., 2014
Glycine max 0.5 mM SOD activity, ascorbate content
Hardeum vulgare 0.05 mM MDA content, Na+/K+ ratio Fayez and Bazaid, 2014
Hardeum vulgare 10-4 mM Content anq aCt'VItY of Rubisco, Lee etal.,, 2014
Rubisco activase
Brassica juncea 0.5 mM S assimilation Nazar et al., 2015
Gossypium barbadense 200 ppm Growth and yield characters El- Beltagi et al., 2017
Pennisetum glaucum 0.05mM Physmlogma}l{i‘gi‘lts governing + Yadav et al., 2020
Sugar contents, protein, proline,
Zea mays 0.5 mM and activities of SOD, POD, CAT + Fahad and Bano, 2020
Cold, Chilling & Freezing stress
Ultrastructure of chloroplast of
Musa acuminata 0.5 mM mesophyll cells, mitochondria of + Kang et al., 2007
mesophyll cells
Apoplastic antioxidative
Hardeum vulgare 0.1 mM enzymes, ice nucleation activity, + Mutlu et al., 2013
pattern of apoplastic proteins
Total phenolics, activity of
Citrus limon 2.0 mM phenylalanine ammonialyase + Siboza et al., 2014
(PAL)
Trehalose, proline, tocopherol,
Spinacia oleracea 1.0 mM ascorbic acid, osmolytes and + Min et al., 2019
antioxidants
Heat stress
Brassica juncea 1.0 mM Accumulation of essential + Ahmad et al., 2011
elements
Proline content, glutamyl kinase
Triticum aestivum 0.5mM activity, gas exchange, water + Khan et al., 2013
potential
Triticum aestivum 0.5 mM Antioxidants + Karpets et al., 2020
Water stress (Drought)
Triticum aestivum 1,2,3mM Nitrogen assimilation + Singh and Usha, 2003
Triticum aestivum 1.0 mM Ca, Mg, an?olgtlsn shoot and + Al Tayeb and Ahmed, 2010
Zea mays 0.001 mM Leaf roIhr_]g degree,_ water + Saruhan et al., 2012
potential, dry weight
Simarouba glauca 0.05mM Polyphenol, alkaloids, flavonoid + Awate and Gaikwad, 2014
content
growth, photosynthetic pigment
Portulaca oleracea 0.5mM contentg gas exchanges trglts, + Saheri et al., 2020
fatty acid contents, compatible
solutes, secondary metabolites
Photosynthesis performance,
Triticum aestivum 1.0 mM membrane permeability, stress + Khalvandi et al., 2021

proteins and antioxidants

Note: mM means Concentration in milimolar,uM means concentration in micro molar

RESULTS (GPX) activity in roots, and induces an accumulation of polyamines that
could be correlated with increased tolerance to salinity [44,45]. The pre-
soaking treatment of seeds with SA was reported that it positively affected
the osmotic potential, shoot and root dry mass, K+ /Na+ ratio and contents
of photosynthetic pigments in wheat seedlings, under saline and non - saline
conditions [46]. Salicylic acid promotes germination under saline conditions
by reducing NaCl induced oxidative stress [47]. Bastam reported that the
external application of SA enhanced the tolerance of pistachio seedlings to
NaCl stress. Exogenous application of SA (0.5 mM) minimizes the negative
effects of salt stress with evidence of increasing the growth and productivity
of tomato plants which could be correlated with increased photosynthetic
pigments, soluble carbohydrate, protein content, total proline and phenol,
electrolyte leakage percentage and leaf relative water content of plants
[48,50]. Boukraa also demonstrated that SA treatment (exogenous or
endogenous) potentially alleviate the negative results of chickpea under salt
stress by increasing content and activity of antioxidant enzymes.

SA in salinity stress tolerance

Increasing salt concentration in soil is a major issue causing salt or salinity
stress in most part of the world. The major adverse effects of salinity stress
include increased ion toxicity, osmotic stress, and nutrient acquisition,
impaired stomatal conductance, reduction in leaf water potential, altered
physiological/biochemical processes, and elevated ROS-causing oxidative
stress [37,39]. The role of SA in strengthening salinity stress-tolerance
mechanisms has been extensively evidenced in many crops including Brassica
juncea and V. radiata [40-42].

Exogenous application of SA increases the proline content in wheat
seedlings under salinity stress, thereby alleviating the deleterious effects of
salinity [43]. The pre-treatment SA was found to improve the photosynthetic
efficiency, enhanced ascorbate peroxidase (APX) and guaiacol peroxidase
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Salicylic acid (SA) mitigated salinity stress-injury in Solanum lycopersicum
by causing characteristic changes in the expression pattern of GST gene
family members [51,52]. SA was also reported to induce salinity tolerance
and increased biomass in Torreya grandis as a result of increased chlorophyll
content and the activity of antioxidant enzymes that eventually activated the
process of photosynthesis and counter oxidative stress [53]. Foliar spraying of
SA (0.5 mM) on mung been under salt stress condition induces accumulation
of glycinebetaine due to increased methionine and suppressed ethylene
formation under salt stress; this eventually enhances antioxidant system
resulting in alleviation of adverse effects of salt stress on photosynthesis and
growth [54].Some reports indicate that SA applications helped to combat
salinity stress in various crops. Rajeshwari and Bhuvaneshwari had reviewed
the role of salicylic acid in salinity stress tolerance in different crop plants.

In a hydroponic study exogenous SA was applied to alleviating salt stress in
cucumber seedlings [55,56]. They noted that the exogenous application of
SA alleviated the NaCl toxicity by enhancing photosynthesis and architecture
of root system. Hussain et al. (2020) worked out the mechanism of SA and
Sulfur (S) interplay under salt stress in mungbean plants. Salt-exposed
plants showed an enhancement of reactive oxygen species (ROS), lipid
peroxidase, glucose, antioxidant enzymes, reduced glutathione and proline
but marked inhibitions in the nitrate reductase (NR), nitrite reductase
(NiR) activities, Nitrogen content, photosynthesis rate, and growth traits.
The supplementation of SA and S strengthened the antioxidant machinery,
improved NR and NiR activities, Nitrogen content, antioxidant enzymes and
also decrease accumulation of ROS and glucose (a photosynthesis repressor).
This study suggested that proper application of SA with S scale down the
negative impact of the NaCl-mediated changes in tested plants [57,58].

Fahad and Bano (2020) studied the effect of foliar spray of SA on a maize
hybrid grown in saline soil conditions. The salinity treatment was found
to significantly increased sugar contents, protein, proline, and activities of
SOD, POD, and CAT but decreased the chlorophyll, carotenoid, osmotic
potential and membrane stability index. The external application of SA to
plants grown under saltstressed conditions further increases the osmolytes,
antioxidant enzymes, contents of endogenous abscisic acid (ABA), indole
acetic acid (IAA), root length, and fresh and dry weights of roots [59].
This report indicates that foliar application of SA proved to be effective
in combating ill effects of salinity stress on maize. Some of the important
reports countering salinity stress in crop plants using SA are presented [60-

62].
SA in temperature (extreme) stress tolerance

Present scenario of temperature extremes i.e. high temperature (heat) and
low temperature (cold/ chilling/ freezing) represent potential threats to the
crop plants as both type of stress conditions could affect many physiological
and biochemical processes and molecular mechanism directly or indirectly
[63]. SA was noted to help out plants to counter heat stress and chilling
stress [64].

Khan had shown that treatment of SA can alleviate heat stress in T. aestivum.
In yet another study Khan et al. exposed wheat plants to heat stress (40°C for
6 h) and studied the potential of 0.5 mM SA in alleviating the negative effects
of heat stress on photosynthesis. Under heat stress, the net photosynthesis
(Pn) and activity of ribulose 1,5-bisphosphate carboxylase (Rubisco) and
photosynthetic nitrogen use efficiency (NUE) decreased, but metabolism of
proline was found to be increased[65-68]. The results of this study suggested
that SA supplementation alleviates heat stress effects by interacting with
proline metabolism and ethylene formation to improve photosynthesis in

wheat plants [69-72].

SA was also reported to protect ultra-structures in Musa acuminata seedlings
under chilling stress [73-75]. Mutlu showed that external application of SA
results in cold tolerance by enhancing antioxidant enzymes, ice nucleation
activity, and the patterns of apoplastic proteins in H [76,77]. vulgare genotypes.
SA mediated increased synthesis of total phenolics and the activity of PAL
was reported to improve chilling tolerance in cold-stored lemon fruit [78-80].
In yet another related work, Kumar by using MALDITOF-TOF/MS showed
that spraying 100 mM SA alleviates the heatinduced (38°C) oxidative stress
damage in wheat plants via modulation of the expression of heat-stable genes
and proteins.

Min studied the cellular mechanism of SA induced freezing tolerance in
Spinach by metabolite profiling [81]. This study showed that the treated
leaves showed presence of more trehalose, proline, tocopherol, ascorbic acid,

higher amount of compatible solute (osmolytes) and antioxidants [82]. In a
recent report, Pan worked out the involvement of hydrogen sulfide (H2S) in
SA-induced chilling stress tolerance in cucumber seedlings by using specific
scavenger. In this study, authors reported that SA acts as an up-streaming
signaling molecule of cucumber plants by increasing antioxidant defense
system and modulating the expression of chilling stress-responsive genes [83].
Few more studies indicating the role of SA in countering chilling, freezing or
heat stress conditions are presented.

DISCUSSION
SA in water (flooding/ scarcity) stress tolerance

The effect of salicylic acid (SA) on water stress was reported more
pronounced as compare to other stresses. Some early reports showed that the
SA treatment improve the response to drought stress [84,86]. The improved
drought response induced by SA is mostly associated with an increase or
maintenance of plant growth, Rubisco activity, and the ant oxidative capacity
[87]. Miura also reported that SA is important to tolerate drought stress as
it induces the expression of drought related genes. It was suggested that that
salicylic acid might be act as ROS scavenger [88]. Jesus demonstrated that
salicylic acid could potentially modulate physiological and hormonal changes
in Eucalyptus globules under water deficit environment [89].

Now it is believed that the expressions of dehydrins, chaperones, protein
kinase genes and rubisco genes are involved in countering ROS production
in photosynthetically active tissues [90]. Few studies have shown that external
application of SA results in a positive effect by protecting plants against the
oxidative damage caused by drought stress [91,93]. As SA is involved in
induction of various genes related to antioxidant system, it was also noted to
be directly involved in water stress tolerance [94].

Foliar application of Si, SA and especially the combination Si + SA, markedly
improved grain yield and yield components of the two wheat cultivars
under water-deficit. The results of the study highlight the role of Si and SA
application in regulating water-stress response in wheat plant, suggesting that
Si and SA are involved in physiological activities that could cope the negative
impact of water deficit [95]. Saheri studied the effect of foliar application of
salicylic acid under drought stress in Portulaca oleracea L. Usually, drought
stress showed a decrease in the photosynthetic pigments, gas exchanges
attributes, growth, biomass production, soluble sugars, total phenolic,
flavonoids and unsaturated fatty acids like oleic, linoleic and linolenic acid,
stearic and behenic acid but increased the contents of H202, MDA, and
palmitic and arachidonic acid, respectively.

Application of SA improved the growth, photosynthetic pigment contents,
gas exchanges traits, fatty acid contents, compatible solutes, secondary
metabolites and observed the decrease in level of drought-induced oxidative
stress compounds. Similar reports were made by Sohag et al. indicating the
positive role of SA in drought tolerance of rice crops and Pourghasemian et
al. (2020) in sesame crop [96].

Khalvandi et al. (2021) showed that SA treatments effectively ameliorated
the negative effects of drought stress on wheat crop by improving the
photosynthetic performance, keeping membrane permeability, induction of
stress proteins, and enhancing the activity of antioxidant enzymes[97,98]. In
the same year, with detailed morphological, physiological and biochemical
alterations, Zafer et al. demonstrated that foliar application of SA improves
water stress tolerance in Conocarpus erectus L. and Populus deltoides L. Some
other reports on application of SA to tolerate water flooding conditions,
water scarcity or drought conditions [99,100].

CONCLUSION

Abiotic stresses had been recognized as major threats to the agricultural
production leading to huge loss in the productivity causing economic
loss. To counter these, plants induce several physiological and molecular
mechanisms. Investigations so far have shown that SA is a strong and potential
tool in reducing and managing the adverse effects of most abiotic stresses on
plants especially crop plants and their productivity. External application of
SA has been shown to be beneficial for plants either in normal or stressful
conditions. SA is reportedly regulating various plant metabolic processes and
modulates the production of varied osmolytes, secondary metabolites and
also maintains plant-nutrient status; and thus protect plants under abiotic
stress conditions. Over last two decades, the work related to SA synthesis
and its applications reaches to another level and revealed that a number of
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SA signaling components involved in a variety of cellular processes. Recent
SA -centered discoveries have significantly increased the capabilities of this
natural compound beyond its previously identified functions in local and
systemic defenses, development, stress management, cellular repair, growth,
senescence and programmed cell death. In the recent years researches on
SA and its applications has given new dimensions. Current researches on
SA include SA-mediated signaling processes in growth, development and
stress management which have been elucidated under various environmental
conditions. It’s important to investigate how SA induce and manage different
types of abiotic stresses in various crop plants under different environmental
conditions to improve the crop yield.

DECLARATION OF COMPETING INTEREST

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this review paper.

DECLARATION OF COMPETING INTEREST

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this review paper.

AUTHORS CONTRIBUTION

DK has designed and developed the concept, RG and SR wrote primary
manuscript, RS has reviewed it with inputs and all authors read final
manuscript and approved for publication.

FUNDING

This research work did not receive any specific grant from any funding
agencies in the public, commercial, or notfor-profit sectors.

REFERENCES

1. Ahmad B, Zaid A, Sadiq Y,et al. Role of selective exogenous elicitors in
plant responses to abiotic stress tolerance. Plant abiotic stress tolerance.

2019:21(4);273-29.

2. Abbas F. Analysis of a historical temperature record of the Punjab
province of Pakistan. Earth Interact. 2013:9;17(15):1-23.

3. Agamy RA, Hafez EE, Taha TH,et al. Acquired resistant motivated
by salicylic acid applications on salt stressed tomato (Lycopersicon

esculentum Mill.). AEJAES. 2013;13(1):50-57.

4. Ahmad P, Nabi G, Ashraf M. Cadmium-induced oxidative damage in
mustard [Brassica juncea (L.) Czern. & Coss.] plants can be alleviated by

salicylic acid. S AFR ] BOT. 2011;77(1):36-44.

5. Fahad S, Bajwa AA, Nazir U, et al. Crop production under drought and
heat stress: plant responses and management options. Front Plant Sci.

2017;8(5):1147.

6. Fahad S, Bano A. Effect of salicylic acid on physiological and
biochemical characterization of maize grown in saline area. Pak ] Bot.

2012;44(4):1433-1438.

7. Ahemad M, Khan MS, Zaidi A, et al. Remediation of herbicides
contaminated soil using microbes. Microbes in sustainable agriculture.

2009:261(5)-1-84.

8. Ardebili NO, Saadatmand S, Niknam V, et al. The alleviating effects
of selenium and salicylic acid in salinity exposed soybean. Acta Physiol

Plant. 2014;36(12):3199-3205.

9. Asgher M, Khan MI, Anjum NA et al. Minimising toxicity of cadmium
in plants—role of plant growth regulators. Protoplasma. 2015;252(2):399-
413.

10. Awate PD, Gaikwad DK. Influence of growth regulators on
secondary metabolites of medicinally important oil yielding plant
Simarouba glauca DC. under water stress conditions. ] stress physiol

biochem.2014;10(1):1-4.

11. Khan A, Tan DK, Afridi MZ,et al. Nitrogen fertility and abiotic stresses
management in cotton crop: a review. ESPR. 2017;24(17):14551-14566.

12. Bastam N, Baninasab B, Ghobadi C,et al. Improving salt tolerance by
exogenous application of salicylic acid in seedlings of pistachio. Plant

Growth Regul. 2013;69(3):275-284.

13. Belkadhi A, De Haro A, Soengas P,et al. Salicylic acid increases tolerance
to oxidative stress induced by hydrogen peroxide accumulation in leaves
of cadmium-exposed flax (Linum usitatissimum L.). ] Plant Interact.

2014;9(1):647-654.
14. Boukrad D, Benabdelli K, Belabid L, et al. Effect of salinity on

chickpea seed germination pre-treated with salicylic acid. Sci ] Biol Sci.

2013;2(4):8693.

15. Chai J, Liu J, Zhou J,et al. Mitogen-activated protein kinase 6 regulates
NPR1 gene expression and activation during leaf senescence induced by

salicylic acid. ] Exp Bot. 2014;65(22):6513-6528.

16. Csiszar J, Horvath E, Vary Z, et al. Glutathione transferase supergene
family in tomato: salt stress-regulated expression of representative genes
from distinct GST classes in plants primed with salicylic acid. Plant

Physiol Biochem. 2014;78(4):15-26.
17. El-Beltagi HS, Ahmed SH, Namich AA,et al. Effect of salicylic acid and

potassium citrate on cotton plant under salt stress. Fresen. Environ Bull.

2017;26(4):1091-1100.

18. El Dakak RA, Hassan IA. The alleviative effects of salicylic acid on
physiological indices and defense mechanisms of maize (Zea Mays L.

Giza 2) stressed with cadmium. Environ Process. 2020;7(3):873-884.

19. El Tayeb MA, Ahmed NL. Response of wheat cultivars to drought and
salicylic acid. AEJA. 2010;3(1): 1-7.

20. Emamverdian A, Ding Y, Mokhberdoran F,et al. The role of salicylic
acid and gibberellin signaling in plant responses to abiotic stress with
an emphasis on heavy metals. Plant Signal Behav. 2020;15(7):1777372.

21. Essbihi FZ, Hazzoumi Z, Benhima R, et al. Effects of salicylic acid on
growth, mineral nutrition, glandular hairs distribution and essential oil
composition in Salvia officinalis L. grown under copper stress. ] Environ

Sustain. 2020;3(5):199-208.
22.

23. Fahad S, Hussain S, Matloob A, et al. Phytohormones and plant responses
to salinity stress: a review. Plant Growth Regul. 2015;75(2):391-404.

24. Fahad S, Hussain S, Saud S,et al. Exogenously applied plant growth
regulators enhance the morpho-physiological growth and yield of rice
under high temperature. Front Plant Sci. 2016;7(2):1250.

25. Fayez KA, Bazaid SA. Improving drought and salinity tolerance in barley
by application of salicylic acid and potassium nitrate. ] Saudi Soc Agric
Sci. 2014;13(1):45-55.

26. Freeman JL, Garcia D, Kim D,et al. Constitutively elevated salicylic
acid signals glutathione-mediated nickel tolerance in Thlaspi nickel

hyperaccumulators. Plant Physiol.2005;137(3):1082-1091.

27. Gill SS, Tuteja N. Reactive oxygen species and antioxidant machinery
in abiotic stress tolerance in crop plants. Plant Physiol. Biochem.

2010;48(12):909-930.

28. Guo Q, Meng L, Mao PC, et al. Role of exogenous salicylic acid in
alleviating cadmium-induced toxicity in Kentucky bluegrass. Biochem

Syst Ecol. 2013;50(5):269-276.

29. Herrera-Vasquez A, Salinas P, Holuigue L,et al. Salicylic acid and reactive
oxygen species interplay in the transcriptional control of defense genes
expression. Front Plant Sci. 2015;6(4):171.

30. Hussain SJ, Khan NA, Anjum NA, et al. Mechanistic elucidation of
salicylic acid and sulphur-induced defence systems, nitrogen metabolism,
photosynthetic, and growth potential of mungbean (Vigna radiata)
under salt stress]. Plant Growth Regul. 2021;40(2):1000-10016.

31. Hussein MM, Balbaa LK, Gaballah MS,et al. Salicylic acid and salinity
effects on growth of maize plants. ] biosci agric. 2007;3(4):321-328.

32. Idrees M, Naecem M, Aftab T, et al. Salicylic acid restrains nickel toxicity,
improves antioxidant defence system and enhances the production
of anticancer alkaloids in Catharanthus roseus (L.). ] Hazard Mater.

2013;252(6):367-374.

33. Islam S, Zaid A, Mohammad Fet al. Role of triacontanol in
counteracting the ill effects of salinity in plants: a review. ] Plant Growth

Regul. 2021;40(1):1.

34. Janda T, Szalai G, Rios-Gonzalez K, et al. Comparative study of frost
tolerance and antioxidant activity in cereals. Plant Sci. 2003;164(2):301-
306.

aceiR ShriNg hivajiscoltege of Arts, Commerce and Science, Akola. Page 14 of 2#9



Koche D. et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

4.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

209

Jesus C, Meijon M, Monteiro P, et al. Salicylic acid application modulates
physiological and hormonal changes in Eucalyptus globulus under water

deficit. Environ Exp Bot. 2015;118(6):56-66.

Jumali SS, Said IM, Ismail I, et al. Genes induced by high concentration
of salicylic acid in'Mitragyna speciosa'. Australian J. Crop Sci.

2011;5(3):296-303.

Kang G, Li G, Xu W, et al. Proteomics reveals the effects of salicylic
acid on growth and tolerance to subsequent drought stress in wheat. ]

Proteome Res. 2012;11(12):6066-6079.

Kang GZ, Wang ZX, Xia KF, et al. Protection of ultrastructure in
chilling-stressed banana leaves by salicylic acid. ] Zhejiang Univ Sci B.

2007;8(4):277-282.

Karpets YV, Shkliarevskyi MA, Horielova EI, et al. Participation of
hydrogen sulfide in induction of antioxidant system in roots of wheat
plantlets and their heat resistance by salicylic acid. Appl Biochem
Microbiol. 2020;56(4):467-472.

Kaydan D, Yagmur M, Okut Net al. Effects of salicylic acid on the
growth and some physiological characters in salt stressed wheat (Triticum
aestivum L.). Tarim Bilim Derg. 2007;13(2):114-119.

Kazemi-Shahandashti SS, Maali-Amiri R, Zeinali H, et al. Effect of
shortterm cold stress on oxidative damage and transcript accumulation

of defenserelated genes in chickpea seedlings. ] Plant Physiol.
2014;171(13):1106-1116.

Khalvandi M, Siosemardeh A, Roohi E, et al. Salicylic acid alleviated the
effect of drought stress on photosynthetic characteristics and leaf protein
pattern in winter wheat. Heliyon. 2021;7(1):1.

Khan MI, Asgher M, Khan NA et al. Rising temperature in the changing
environment: a serious threat to plants. Clim chang environ sustain.

2013;1(1):25-36.

Khan MI, Asgher M, Khan NA,et al. Alleviation of saltinduced
photosynthesis and growth inhibition by salicylic acid involves
glycinebetaine and ethylene in mungbean (Vigna radiata L.). Plant

Physiol Biochem. 2014;80(3):67-74.

Khan MI, Fatma M, Per TS, et al. Salicylic acid-induced abiotic stress
tolerance and underlying mechanisms in plants. Front Plant Sci.

2015;6(4):462.

Khan M1, Igbal N, Masood A, et al. Salicylic acid alleviates adverse effects
of heat stress on photosynthesis through changes in proline production

and ethylene formation. Plant Signal Behav. 2013;8(11):e26374.

Khokon MA, Okuma EI,Hossain MA, et al .Involvement of extracellular
oxidative burst in salicylic acidlinduced stomatal closure in Arabidopsis.

Plant Cell Environ. 2011;34(3):434- 443.

Maghsoudi K, Emam Y, Ashraf M, et al. Alleviation of field water stress
in wheat cultivars by using silicon and salicylic acid applied separately or

in combination. Crop Pasture Sci. 2019;70(1):36-43.

Kong ], Dong Y, Xu Let al. Effects of foliar application of salicylic
acid and nitric oxide in alleviating iron deficiency induced chlorosis of
Arachis hypogaea L. Botanical studies. 2014;55(1):1-2.

Koo YM, Heo AY, Choi HW,et al. Salicylic acid as a safe plant protector
and growth regulator. Plant Pathol J. 2020;36(1):1.

Krantev A, Yordanova R, Janda T,et al.Treatment with salicylic acid
decreases the effect of cadmium on photosynthesis in maize plants.]

Plant Physiol. 2008;165(9):920-931.

Kumar RR, Sharma SK, Goswami S,et al. Salicylic acid alleviates the
heat stress-induced oxidative damage of starch biosynthesis pathway by
modulating the expression of heatstable genes and proteins in wheat
(Triticum aestivum). Acta Physiol Plant.2015;37(8):1-2.

Larkindale J, Knight MR. Protection against heat stress-induced oxidative
damage in Arabidopsis involves calcium, abscisic acid, ethylene, and

salicylic acid. Plant Physiol. 2002;128(2):682-695.

Laxa M, Liebthal M, Telman W, et al. The role of the plant antioxidant
system in drought tolerance. Antioxidants. 2019;8(4):94.

Lee S, Kim SG, Park CM,et al. Salicylic acid promotes seed germination
under high salinity by modulating antioxidant activity in Arabidopsis.
New Phytologist. 2010;188(2):626-637.

56.

51.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Lee SY, Damodaran PN, Roh KS, et al. Influence of salicylic acid on
rubisco and rubisco activase in tobacco plant grown under sodium

chloride in vitro. Saudi J Biol Sci.2014;21(5):417-426.

Lefevere H, Bauters L, Gheysen G,et al. Salicylic acid biosynthesis in
plants. Front Plant Sci.2020;11(3):338.

Li X, Zhang L, Ahammed GJ, et al. Salicylic acid acts upstream of nitric
oxide in elevated carbon dioxide-induced flavonoid biosynthesis in tea
plant (Camellia sinensis L.). Environ Exp Bot. 2019;161(4):367-374.

Liu C, Guo ], Cui Y, et al. Effects of cadmium and salicylic acid on
growth, spectral reflectance and photosynthesis of castor bean seedlings.

Plant and Soil. 201;344(1):131-141.

Miao Y, Luo X, Gao X, et al. Exogenous salicylic acid alleviates salt

stress by improving leaf photosynthesis and root system architecture in
cucumber seedlings. Sci Hortic. 2020;272(2):109577.

Min K, Showman L, Perera A, et al. Salicylic acid-induced freezing
tolerance in spinach (Spinacia oleracea L.) leaves explored through

metabolite profiling. Environ Exp Bot. 2018;156(2):214-227.

Miura K, Okamoto H, Okuma E,et al. SIZ1 deficiency causes reduced
stomatal aperture and enhanced drought tolerance via controlling
salicylic acidlinduced accumulation of reactive oxygen species in A

rabidopsis. Plant ].2013;73(1):91-104.

Mohamed HI, Akladious SA, Ashry NA et al. Evaluation of water stress
tolerance of soybean using physiological parameters and retrotransposon-

based markers. Gesunde Pflanzen. 2018;70(4):205-215.

Mustafa NR, Kim HK, Choi YH,et al. Biosynthesis of salicylic
acid in fungus elicited Catharanthus roseus cells. Phytochemistry.

2009;70(4):532-539.

Wood L, Alsawy S. Recovery in psychosis from a service user perspective:
a systematic review and thematic synthesis of current qualitative

evidence. Community Ment Health ]. 2018;54(6):793-804.

Naeem M, Sadiq Y, Jahan A, et al. Salicylic acid restrains arsenic induced
oxidative burst in two varieties of Artemisia annua L. by modulating
antioxidant defence system and artemisinin production. Ecotoxicol

Environ Saf.2020;202:110851.

Najafabadi MY, Ehsanzadeh P. Photosynthetic and antioxidative

upregulation in drought-stressed sesame (Sesamum indicum L.) subjected
to foliar-applied salicylic acid. Photosynthetica. 2017;55(4):611-622.

Nazar R, Umar S, Khan NA,et al. Exogenous salicylic acid improves
photosynthesis and growth through increase in ascorbate-glutathione
metabolism and S assimilation in mustard under salt stress. Plant Signal

Behav. 2015;10(3):¢1003751.

Nazar R, Igbal N, Syeed S, et al. Salicylic acid alleviates decreases in
photosynthesis under salt stress by enhancing nitrogen and sulfur
assimilation and antioxidant metabolism differentially in two mungbean

cultivars. J Plant Physiol. 2011;168(8):807-815.

Noriega G, Caggiano E, Lecube ML, et al. The role of salicylic acid in
the prevention of oxidative stress elicited by cadmium in soybean plants.

Biometals. 2012;25(6):1155-1165.

Palma F, LopezzGomez M, Tejera NA, et al. Salicylic acid improves the
salinity tolerance of Medicago sativa in symbiosis with Sinorhizobium
meliloti by preventing nitrogen fixation inhibition. Plant Science.

2013;208(2):75-82.

Pan DY, Fu X, Zhang XW,et al. Hydrogen sulfide is required for salicylic
acid-induced chilling tolerance of cucumber seedlings. Protoplasma.
2020;257(6):1543-1557.

Pokotylo 1, Kravets V, Ruelland E,et al. Salicylic acid binding proteins
(SABPs): The hidden forefront of salicylic acid signalling. Int ] Mol Sci.
2019;20(18):4377.

Pourghasemian N, Moradi R, Naghizadeh M,et al. Mitigating drought
stress in sesame by foliar application of salicylic acid, beeswax waste and
licorice extract. Agric Water Manag. 2020;231(21):105997.

Rajeshwari V, Bhuvaneshwari V. Salicylic acid induced salt stress

tolerance in plants. Int ] Plant Biol. 2017;5(3):1067-1073.

Raskin I. Role of salicylic acid in plants. Annu Rev Plant Biol.
1992;43(1):439-463.

Shri Shivaji College of Arts, Commerce and SciencesédcolazRagecddef 279



7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

An update on role of salicylic acid (SA) in abiotic stress tolerance in crop plants: a review

Saheri F, Barzin G, Pishkar L,et al. Foliar spray of salicylic acid induces
physiological and biochemical changes in purslane (Portulaca oleracea 1.)

under drought stress. Biologia. 2020;75(12):2189-2200.

Saruhan N, Saglam A, Kadioglu A,et al. Salicylic acid pretreatment
induces drought tolerance and delays leaf rolling by inducing antioxidant
systems in maize genotypes. Acta Physiol Plant. 2012;34(1):97-106.

Shakirova FM, Sakhabutdinova AR, Bezrukova MV,et al. Changes in the
hormonal status of wheat seedlings induced by salicylic acid and salinity.

Plant science. 2003;164(3):317-322.

Shen C, Hu Y, Du Xet al. Salicylic acid induces physiological and
biochemical changes in Torreya grandis cv. Merrillii seedlings under

drought stress. Trees. 2014;28(4):961-970.

Shi Q, Zhu Z. Effects of exogenous salicylic acid on manganese toxicity,
element contents and antioxidative system in cucumber. Environ Exp

Bot. 2008;63(13):317-326.
Shi GR, Cai QS, Liu QQ, et al. Salicylic acid-mediated alleviation of

cadmium toxicity in hemp plants in relation to cadmium uptake,

photosynthesis, and antioxidant enzymes. Acta Physiol Plant.
2009;31(5):969-971.
Siboza XI, Bertling I, Odindo AO,et al. Salicylic acid and methyl

jasmonate improve chilling tolerance in cold-stored lemon fruit (Citrus

limon). ] Plant Physiol. 2014;171(18):1722-17231.

Singh B, Usha K. Salicylic acid induced physiological and biochemical
changes in wheat seedlings under water stress. Plant Growth
Regul.2003;39(2):137-141.

Sohag AA, Tahjib-UL-Arif M, Brestic M,et al. Exogenous salicylic acid
and hydrogen peroxide attenuate drought stress in rice. Plant Soil

Environ. 2020;66(1):7-13.

Szepesi A. Role of salicylic acid pre-treatment on the acclimation of tomato
plants to salt-and osmotic stress. Acta Biol Szeged. 2005;49(12):123-125.

Tufail A, Arfan M, Gurmani AR, et al. Salicylic acid induced salinity
tolerance in maize (Zea mays). Pak ] Bot. 2013;45(1):75-82.

Wang C, Zhang S, Wang D, et al. Salicylic acid involved in the regulation
of nutrient elements uptake and oxidative stress in Vallisneria natans.

Chemosphere. 2011;84(1):136-142.

Wang L], Fan L, Loescher W,et al. Salicylic acid alleviates decreases in
photosynthesis under heat stress and accelerates recovery in grapevine
leaves. BMC plant biology. 2010;10(1):1.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Wang W, Vinocur B, Altman A,et al. Plant responses to drought,
salinity and extreme temperatures: towards genetic engineering for stress

tolerance. Planta. 2003;218(1):1-4.

Wani W, Masoodi KZ, Zaid A,et al. Engineering plants for heavy metal
stress tolerance. Rend Lincei Sci Fis Nat. 2018;29(3):709-723.

Yadav T, Kumar A, Yadav RK, et al. Salicylic acid and thiourea mitigate
the salinity and drought stress on physiological traits governing yield in
pearl millet-wheat. Saudi J Biol Sci.2020;27(8):2010-2017.

Yildirim E, Turan M, Guvenc let al. Effect of foliar salicylic acid

applications on growth, chlorophyll, and mineral content of cucumber
grown under salt stress. ] Plant Nutr. 2008;31(3):593-612.

Ying Y, Yue Y, Huang X, et al. Salicylic acid induces physiological and
biochemical changes in three Red bayberry (Myric rubra) genotypes
under water stress. Plant Growth Regul. 2013;71(2):181-189.

Yuan S, Lin HH. Role of salicylic acid in abiotic stress tolerance. Z

Naturforsch C J Biosci.2008; 63(6): 313-320.

Zafar Z, Rasheed F, Atif RM,et al. Foliar Application of Salicylic Acid
Improves Water Stress Tolerance in Conocarpus erectus L. and Populus
deltoides L. Saplings: Evidence from Morphological, Physiological, and
Biochemical Changes. Plants. 2021;10(6):1242.

Zaid A, Ahmad B, Jaleel H, et al. A critical review on iron toxicity
and tolerance in plants: Role of exogenous Phytoprotectants. Plant

Micronutrients. 2020:34(4):83-99.

Zaid A, Mohammad F, Fariduddin Q,et al. Plant growth regulators
improve growth, photosynthesis, mineral nutrient and antioxidant
system under cadmium stress in menthol mint (Mentha arvensis L.).

Physiol Mol Biol Plants.2020;26(1):25-39.

Zaid A, Mohammad F, Wani SH, et al. Salicylic acid enhances nickel
stress tolerance by up-regulating antioxidant defense and glyoxalase
systems in mustard plants. Ecotoxicol Environ Saf. 2019;180(6):575-587.

Zengin F. Exogenous treatment with salicylic acid alleviating
copper toxicity in bean seedlings. Proc Natl Acad Sci India Sect B Biol
Sci.2014;84(3):749-755.

101.Zhang Y, Xu S, Yang S, et al. Salicylic acid alleviates cadmium-induced

inhibition of growth and photosynthesis through upregulating
antioxidant defense system in two melon cultivars (Cucumis melo L.).

Protoplasma. 2015;252(3):911-924.

aceiR ShriNg hivajiscoltege of Arts, Commerce and Science, Akola. Page 16 of 279



Res. on Crops 22 (1) : 178-182 (2021)
With one figure
Printed in India

Correlating medicarpin content of chickpea cultivars as a key

defense compound against Fusarium wilt

DOI:10.31830/2348-7542.2021.054

S. B. CHAVAN AND D. K. KOCHE*

Department of Botany
Shri Shivgji College of Arts, Commerce and Science
Akola-444003, Maharashtra, India
*(e-mail : dipakkoche43@gmail.com)

(Received : February 04, 2021 /Accepted : March 16, 2021)

ABSTRACT

Fusarium wilt is one of the most important diseases on chickpea crop grown in
Indian subcontinent, leading huge damage in crop productivity. A study was conducted
during 2016 to 2019 at the field of Shri Shivaji College of Arts, Commerce and Science,
Akola, Maharashtra, India to investigate the wilt resistance and role of phytoalexin
medicarpin as a defense compound in the different cultivars of chickpea. Four Chickpea
cultivars (Digvijay, Vijay, Jaki and JG-62) were analyzed in vivo and in vitro for natural
and induced level of antimicrobial compound i.e., phytoalexin medicarpin in their leaves
to confirm their resistance status against fusarium wilt. It was observed that, medicarpin
content in leaves of naturally grown chickpea cultivars increases gradually from 10™ day
after germination. However, the initial content and rate of increase differ in all four
cultivars. In leaves of cultivar Digvijay and Vijay it was found to increase till fruiting
stage and maturity with disease incidence of 7 and 12%, respectively. In cultivars Jaki
and JG-62, it starts declining from flowering onwards with disease incidence of 34 and
38% respectively. The in vitro studies showed that, the medicarpin content in cotyledons
and seedlings elicited with fusarium cell wall elicitor (FCWE) was highest on fourth day
of elicitation but the content was significantly lesser in Jaki and JG-62 as compare to
Digvijay and Vijay. This indicates that, medicarpin is an essential compound in chickpea
which play vital role in defending fusarium wilt either solely or in synergistic action with
other defense related compounds.

Key words : Chickpea, Fusarium, medicarpin, resistance, wilt
INTRODUCTION Phytoalexins are restricted to
compounds produced from remote precursors,
The low molecular weight  through de novo synthesis of enzymes. This

antimicrobial compounds that accumulate in  peculiarity makes deciphering their

plants as a result of infection or stress are
known as phytoalexins. The rapidity of their
accumulation is associated with resistance in
plants to disease caused by pathogen (Anil et
al.,, 2014). These are inducible secondary
metabolites possessing antimicrobial activity
toward phytopathogens (Douglas, 2017). The
phytoalexins either solely or in combination
with other defense compounds could decide
resistance of cultivars against specific
pathogen or stress. Medicarpin is an
isoflavonoid compound, reported for the first
time by Barz and Welle (1992) in Chickpea
upon infection with Ascochyta rebiei. Similar
reports were made by several other workers
in different plant species (Franzener et al.,
2018; Butt et al., 2020).
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biosynthesis and regulation mechanisms very
complex (Jeandet et al, 2013). Some studies
have attempted to determine the actual
concentration and the nature of phytoalexins
directly in plant tissues in response to invading
microorganisms using spectroscopic methods
(Becker et al., 2014; Marti et al., 2014; Valeriy
etal.,2019). But it observed difficult to analyze
the events occurring under natural conditions
between the plant and the pathogen. Singh and
Chandrawat (2017) reviewed the role of
phytoalexins in plant disease resistance in
general. Pedras and Abdoli (2017) had given
detail account of phytoalexins in family
Cruciferae along with their role in pathogen
defense. Some other important works
accounted in this regard includes that of
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Rashid and Chung (2017) and Zehra et al
(2017).

Being an important source of plant
protein, chickpea is grown globally as a major
pulse crop (Azizi et al., 2017; Dhivya and
Singaravel, 2018). However, biotic distracters
like fungal pathogens cause huge damage to
chickpea productivity. Wilt disease caused by
Fusarium oxysporium is one of the most
damaging pathogens and estimated to cause
up to 100% yield loss (Jendoubi et al, 2017).
Therefore, it is important to know the
biochemistry of induction of defense related
compounds in this crop plant that results into
disease resistance. Therefore, present attempt
was made to assess the resistance and to
correlate the medicarpin content of four
chickpea cultivars with their resistance
against fusarium wilt caused by Fusarium
oxysporium.

MATERIALS AND METHODS

The present investigation was carried
out during 2016 to 2019 wherein germplasm
of four cultivars were procured from Pulse
Research Center, Dr. Panjabrao Deshmukh
Krishi Vidyapith, Akola and Mahatma Phule
Krishi Vidyapith, Rahuri, Maharashtra. Actual
field experiments were carried out at the field
of Shri Shivaji College of Arts, Commerce and
Science, Akola, Maharashtra (20.7205° N,
77.2922° E). The experimental field soil was
medium black type and climate was dry and
typical subtropical type.

Seeds of all these cultivars were sown
in the field for multiplication and the status of
disease resistance was assessed under field
conditions by analyzing different defense
related compounds and medicarpin was one of
them. Severity of symptoms on individual
plants were rated on a scale from 01-09 rating
scale (Igbal et al.,, 2005); where 1=highly
resistant (0- 10% plants wilted), 3=resistant
(11-20% plants mortality), S=moderately
resistance (21-30% mortality), 7=susceptible
(31-50% mortality) and 9= highly susceptible
(more than 50% mortality).

The accumulation of phytoalexin
medicarpin, in response to natural infection
by Fusarium oxysporium, was analyzed by high
performance liquid chromatography (HPLC)
following the method adopted by Edward and
Strange (1991). It was also analyzed in
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cotyledons and seedlings elicited with Fusarium
cell wall elicitor (FCWE), prepared as per
Chavan et al., (2010). One gram of sample was
extracted with 5 mL of 80 % methanol. The
methanol extract was reduced to 1/4% of initial
volume, under vacuum and extracted (3x) with
ethyl acetate. The pooled ethyl acetate extract
was reduced to dryness and contents were
dissolved in one-ml acetonitrile. The 20 mL
acetonitrile extract was injected for
quantitative analysis. The samples were
chromatographed on Shimadzu HPLC system
with ODS C , (Spherosphere) column (4 x 250
size) maintained at 35°C temperature. The
flow rate of mobile phase (50 % aqueous
acetonitrile) was 1.5mL/minute. Medicarpin
was detected at 290 nm using a PDA detector
with retention time of 23 minutes. The
retention time was determined by co-
chromatography of standard obtained from
Sigma.

RESULTS AND DISCUSSION

The field experiment reveals that
chickpea cultivar Digvijay showed only 7%
disease incidence. The disease incidence
percentage of cultivar Vijay and Jaki was found
to be 12 and 34%, respectively and, the cultivar
JG-62 was with 38% disease incidence (Table
1). Thus, in growing field experiments Digvijay
and Vijay appeared highly resistant and
resistant to wilt, respectively while Jaki and
JG-62 were susceptible as per disease
incidence scale.

Table 1. Disease incidence and disease severity of
Fusarium wilt 40 days after germination in
four naturally grown chickpea cultivars

Cultivars Progeny size  Disease Disease
(No. of plants) incidence incidence
(%) rating
(1- 9 scale)
Digvijay 480 07 1 (Highly Resistant)
Vijay 460 12 3 (Resistant)
Jaki 430 34 7 (Susceptible)
JG-62 468 38 7 (Susceptible)

The HPLC analysis of chickpea
cultivars showed specific trend in the
accumulation of phytoalexin. Phytoalexin
medicarpin in leaves of naturally grown
chickpea cultivar was analyzed periodically.
The time course analysis showed that, the
content of medicarpin in leaves increases from
10" day after germination upto 60 day and then
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start to decline. The highest accumulation of
medicarpin is showed by the cultivar Digvijay
after 60 days of germination (81.5 mg/g fresh
leaf tissue) followed by in cultivar Vijay and
Jaki. The least content was observed in JG-
62 where the peak accumulation was 22.9 mg/
g fresh leaf tissue after 40 days of germination.
Further, it could be stated that the peak
content of phytoalexin medicarpin of Jaki and
JG-62 was achieved nearly 40 days ie., 20 days
before that of Digvigajy and Vijay. However, the
content is very less and also not persisted
steadily towards the maturity in Jaki and JG-
62 (Fig. 1).

Time course of Phytoalexin content in the leaves in naturally
grown Chickpea cultivars
100

80
60

40
20 1 _=L7

0

tissue weight)

Phytoalexin content (ug/g fresh

10 20 40 60 80

Days after germination

==#=Digvijay =lll=Vijay Jaki ===]G-62

Fig. 1. Phytoalexin medicarpin content (ug/g fresh
tissue weight) in naturally grown chickpea
cultivars (values are mean of triplicate
analysis).

It was noted that induction of
medicarpin in cotyledons was more expressive
than in seedlings. In cultivar Digvijay FCWE
induced about 7 folds more medicarpin in
cotyledons as compare to control, while this
induction in seedling was found to be about 3
folds (Table 2). From these results it could be
interpreted that cultivars Digvijay and Vijay
showing resistant interaction due to strong
inbuilt biochemical defense mechanism
against fusarium wilt while Jaki and JG-62
are probably lacking it and showed
susceptibility to fusarium wilt.

These observations indicate that
resistance status of chickpea cultivars can be
correlated with the rapid accumulation of
phytoalexin medicarpin. Our field results
(Table 1) on percentage of Fusarium wilt
incidence also support this analysis.

Phytoalexins are the diverse group of
phytochemicals synthesized by plants in
response to different adverse stimuli (Dixon
and Paiva, 1995; Mazid etal, 2011; Lev-Yadam,
2016; Yaguchi et al,, 2017). Phytoalexins are
reportedly synthesized by plants as secondary
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Table 2. Peak medicarpin content (ug/g fresh leaf tissue)
on 4t day after elicitation with FCWE in
cotyledons and seedling tissues

Cultivars Medicarpin content

(ug/g fresh leaf tissue) + SD

Control In Cotyledons In Seedlings
Digvijay 10.5 £ 0.22 75.6 * 0.18 35.6 £ 1.05
Vijay 8.7 + 0.15 72.8 £ 0.25 52.9 =+ 0.86
Jaki 8.4+ 021 27.8* 0.66 26.5 = 0.59
JG-62 8.4+ 025 19.5 % 0.35 16.5 = 0.83

metabolites in a wide range of plant families
in response to natural or induced biotic stress
(Ahuja et al., 2012; Lev-Yadam, 2016;
Shirakawa and Hara-Nishimura, 2018; Jessica
et al.,, 2020) and this group largely acts as
antimicrobial compounds. Medicarpin is an
isoflavonoid phytoalexin synthesized by most
legume plants. In present study, we have
analyzed the medicarpin content in naturally
grown four cultivars of chickpea and also in
cotyledons and seedlings elicited with FCWE.
The results showed that the content of
medicarpin is directly related to the resistant
status of the respective cultivars. Some other
reports especially of Kale and Choudhary (2001)
who extensively studied the Arachis -
Cercospora interaction and showed the positive
relation between increasing level of
medicarpin and resistance in groundnut
(Arachis hypogaea L.). In Columbian beans
study of accumulation of several phytoalexins
and its correlation with crops resistance
against Colletotrichum lindmuthianum was
reported earlier (Duranga et al., 2002). Similar
kind of positive correlation in phytoalexin
accumulation and higher activity of PR
proteins was observed in mungbean cultivars
(Badere et al, 2007). Singh and Chandrawat
(2017) had summarized the different
phytochemical groups of phytoalexins found in
seventeen plant families with their impact on
plant resistance against pathogens or any
stress conditions. Most of the workers reported
that there is positive correlation between level
of phytoalexin and disease resistance status
of the plant.

Different phytoalexins either singly or
in combination with other defense compounds
was reported to have role in basal defense of
different crop plants (Li et al., 2015; Arruda et
al, 2016; Deice et al,, 2019). In several crop
plants the phytoalexin content was reported to
boost the resistant status of respect plant
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species. Similar results were reported by Tian
etal. (2016), Christensen etal. (2018) and Reim
et al (2020) in Cotton, Maize and Malus species,
respectively. The results of present study are
in accordance with above discussed earlier
studies.

CONCLUSION

The present study includes in vitro
analysis of medicarpin content in the
cotyledons and seedlings of four chickpea
cultivars and, also in the leaves of their field
grown plants. When this was compared with
field data of fusarium wilt incidence on
naturally grown chickpea cultivars revealed
positive correlation. It showed more and rapid
accumulation of medicarpin in cotyledons,
seedlings and leaves of cultivars Digvijay and
Vijay directly relates their resistance to wilt
(lesser disease incidence). The phytoalexin
content in Jaki and JG-62 was less and these
cultivars showed comparatively more disease
incidence, hence could be regarded as
susceptible. However, it is unclear that,
whether phytoalexin medicarpin alone or in
combination with other defense related
compounds confers resistance to these
cultivars. But its rapid accumulation upon
elicitation indicates a vital role of phytoalexin
medicarpin in assigning resistance to
chickpea cultivars.
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Abstract

Dioscorea bulbifera is a wild twiner from family Dioscoreaceae with edible areal tubers. The forest dwellers and tribals were
found to use these tubers as food during food crises, especially in Asian and African countries. Present study is an attempt to
analyze nutritional profile (the physic-chemical, proximate content, amino acid profile, mineral and vitamin content) and
phytochemicals in the edible areal tubers of D. bulbifera collected from three different forest areas of Maharashtra (India). It
was found that, the tubers contains significant amount of proximate content, minerals and vitamins with good amino acid
profile, but also noted to have some anti-nutrient factors like phytic acid. Hence, it is suggested that aerial tubers of this plant
could be effectively use as supplementary food material during food scarcity.

Keywords: amino acids, Dioscorea bulbifera, minerals, proximate content, vitamins

Introduction

Dioscorea bulbifera is a wild edible tuber plant species from
family Dioscoreaceae (Yam family). The genus Dioscorea
comprises over 600 species worldwide (Amanze et al.,
2011) Mand reported as native of South Africa. The areal as
well as underground tubers of most of the species were
found to be utilized by the local and tribal communities
across the world as a source of food especially in food
crises. Out of these, 10 species of Dioscorea were
reportedly cultivated, mostly in African countries like
Nigeria and Ghana (Obidiegwu, et al., 2020) 31,

About 26 species of Dioscorea were reported from Indian
subcontinent (Kumar et al., 2012) 271, Major Dioscorea
species includes D. alata, D. belophylla, D. bulbifera, D.
esculenta, D. hispida, D. pentaphylla, D. wallichi and D.
spinosa. Off these, D. bulbifera is the most common species
in Central India including Maharashtra.

The tubers of D. bulbifera were used by different tribal
communities for intestinal colic problem, relieving
dysmenorrhoea, reducing acidity, against rheumatoid
arthritis, to relieve intense inflammation, in spasmodic
asthma, for menopausal problems, for labor pain and the
prevention of early miscarriage and to check diarrhea
(Nayak et al., 2004; Bhogaonkar and Kadam, 2006; Mehta
and Bhatt, 2007: Kamble et al., 2010; Jadhav et al., 2011
and Datta, 2015) [3% 5 29,21, 18,101 ' Apart from this the most
important is nearly all local and tribal communities use the
areal tubers as source of nutrition, especially in food crises
and as nutritional aid to regular diet. These tubers are also
found in the local India markets for sale during early
summer season.

The present study is focused on nutritional profiling of D.
bulbifera aerial tubers collected from three different forest
ranges from Maharashtra India. It include physic-chemical,
proximate analysis, mineral and vitamin analysis and
phytochemical study to identify major medicinally
important as well as anti-nutrient factors present in the
tubers of D. bulbifera.
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Material and Methods

Collection of tubers and Preparation of samples

The tubers of Dioscorea bulbifera were collected from three
different forests zones of Maharashtra, India i.e. Katepurna
Wildlife Sanctuary, District Akola (Sample- A), Nagzira
Wildlife Sanctuary, District Gondia (Sample- B) and
Tadoba Wildlife Sanctuary, District Chandrapur (Sample-
C) during February 2017. The plants were identified using
flora of Marathwada (Naik, 1998) [% and flora of
Maharashtra (Singh and Karthikeyan, 2000) 4. Medium
sized tubers were selected for experimentation. About 15
tubers were collected from each selected forest range for
study. Each tuber is washed thoroughly, cleaned, peeled and
cut into thin slices. These slices were oven dried (at 60°C
for 48 Hrs) and packed into airtight polybags until use.
Before analysis, the dried slices were ground into fine
powder, that was sieved through mesh of 200 ['m and dried
further at 100°C until achieve constant weight.

Physic-chemical and Proximate analysis

The moisture content of tuber and ash value were
determined using standard protocols (AOAC, 1990) El. For
crude protein content, the samples were digested using
Kjeldahl and nitrogen content was detected by the method
of Devani (1989) [ and then the crude protein was
calculated by multiplying the nitrogen content by
conversion factor 6.25. The carbohydrate content was
determined by anthrone method (Sadasivam and Manikam,
2005) 37, Other proximate contents were determined by
using protocols and guidelines of AOAC (1990) [,

Amino acid profiling

The extraction of the samples to analyze amino acid content
was done as per AOAC (2010) 2. 5g sample was taken in
250 mL flask and defatted by extracting the fat content of
the sample with 30 mL of petroleum ether. The sample was
hydrolyzed, evaporated and then loaded into biochemical
amino acid analyzer (Sykam S430).
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Minerals and Vitamin analysis

The mineral analysis of the powdered tuber samples was
done using Atomic absorption spectroscopy. For mineral
analysis, the method of Karpiuk et al., (2016) P2 was
followed. The standards stock solutions of each metal
element (1000mg/L) were used to prepare the requisite
concentrations of dilutions using nitric acid solution (1%
v/v). All the standards and reagents required (AR grade)
were procured from Sigma- Aldrich and ultrapure deionized
water for preparing solutions. The instrument (Perkin Elmer
AAnalyst 8000 model) with deuterium corrector was sued
for mineral analysis. The operating parameters were as per
the recommendations of manufacturer. For the analysis of
Vitamin A, and Vitamin E was done by method of Kirk and
Sawyar (1998) 1 and other vitamins in powdered samples
were analyzed as per modified method of Koche (2011) 24,

Phytochemical analysis

The quantitative phytochemical analysis of powder of D.
bulbifera tubers was done using the method of Ezeonu and
Ejikeme (2016) ', For the present study alkaloids, phenolic
compounds, tannins, saponins and phytic acid was
quantified.

Result and Discussion

Food and nutritional security is one the major challenges of
this era. To meet the demand of food for all, we have to
identify some alternative sources of food and nutrition or at
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least some supplements. The present study is an attempt to
present a wild tuber plant Dioscorea bulbifera as an
alternative source of food or supplementary food.

Physic-chemical and Proximate content

Moisture content of tubers in the form of water content in
fresh material was found in the range of 57.25 + 0.32 to
62.25 = 0.21 % with highest content in sample-C. The ash
value of analyzed samples were found in the range of 1.65 +
0.01 to 1.85 = 0.11 % and highest ash value was noted for
the sample-A. The crude protein content was highest in
sample- A (12.68 + 0.03 g/100 g DM) and lowest in sample-
C (10.08 £ 0.01 g/100 g DM). The carbohydrate content was
found highest in sample- B (78.20 + 0.02 g/100g DM) and
least in sample- C (72.50 = 0.05 g/100g DM). Crude fiber
content in three samples was in the range of 1.95 + 0.11 to
2.25 £ 0.03 g/100g DM and crude fat content was noted in
the range of 0.65 = 0.02 to 0.78 + 0.05 g/100g DM. The
Soluble sugar was noted highest in the sample — A and least
in the sample-C. The energy calculated per 100 g dry matter
was highest in the sample-B (382 + 0.20 Kcal/100 g DM)
followed by in sample- A and sample- C respectively (table-
1). The difference in proximate content of three samples of
tubers might be due to bioavailability, physical properties of
soil, soil pH and soil composition (Jung, 2008 and Soetan et
al., 2010) [2%-41, Our results are in analogy with the report of
Zelalem and Shisho (2019) ©71,

Table 1: Comparative Proximate composition of Dioscorea bulbifera areal tuber samples collected from different forests of MS India

Composition Content

Sample- A Sample- B Sample- C
Water content (% fresh wt.) 57.25+0.32 60.55 + 0.25 62.25 +£0.21
Ash values (%) 1.85+£0.11 1.65+0.01 1.72 £0.03
Crude Protein (g/100g DM) 12.68 + 0.03 11.28 +0.03 10.08 +0.01
Carbohydrate (g/100g DM) 73.50 £ 0.05 78.20 £0.02 72.50 £ 0.05
Crude fiber (g/100g DM) 2.25+0.03 1.95+0.11 2.10 £0.02
Fats (g/100g DM) 0.78 £ 0.05 0.65 £ 0.02 0.68 +0.02
Soluble sugars (g/100g DM) 0.25 +0.02 0.22 £0.02 0.20 £ 0.00
Energy (Kcal/ 100 g DM) 375+0.80 382 +£0.20 377+0.85

Values are means + SE of replicates (n = 3)

Amino acid analysis

Total eleven amino acids were analyzed and quantified. The
analyzed amino acids include alanine, aspartic acid,
Cysteine, glycine, glutamic acid, isoleucine, leucine,
methionine, phenylalanine, proline and tryptophan.
Amongst all the analyzed amino acids, all three samples
showed highest amount of leucine (5.77 + 0.03 to 5.97 +
0.28 mg/g DM) followed by glutamic acid (5.66 + 0.11 to
5.86 + 0.15 mg/g DM) and aspartic acid (5.20+ 0.15 to 5.30
+ 0.33 mg/g DM) respectively. The amino acid which
showed the least amount amongst all analyzed amino acids
was cysteine (0.60 + 0.10 to 0.65 £+ 0.11mg/ g DM). Table-2
showed the amount of different amino acids analyzed in
tuber powder of D. bulbifera. It was found that all three
samples analyzed showed insignificant difference in the
level of amino acids. Doss et al., (2019) P! have studied
amino acid in nine Dioscorea species including D. bulbifera
and suggested that the tubers are good source of amino
acids. Thus our results are in line to demonstrate that the
tubers are with significant level of amino acids and could be
utilize as their natural source as supplementary diet.
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Table 2: Comparative Amino acid composition of Dioscorea
bulbifera areal tuber samples collected from different forests of
MS India

Content

Sample- A| Sample- B | Sample- C
3.22+0.33/3.02+0.12|3.15 £ 0.03
5.25+ 0.45 |5.30 + 0.33| 5.20+ 0.15
Cysteine (mg/g DM) 0.65+0.11|0.60 +£0.10{0.60 + 0.15
Glycine (mg/g DM) 3.15+0.25(3.12 +0.02|3.18 + 0.22
Glutamic acid (mg/g DM) |5.86 +0.15(5.85+0.11|5.66 + 0.11
Isoleucine (mg/g DM)  [2.26 +£0.18|2.22 +0.10|2.20 £ 0.10
Leucine (mg/g DM) 5.97 +0.28|5.90 £ 0.18 |5.77 £ 0.03

Amino acid

Alanine (mg/g DM)
Aspartic acid (mg/g DM)

Methionine (mg/g DM) |0.85 0.11 | 1.15 + 0.09 | 0.80 + 0.11

Phenylalanine (mg/g DM) |3.95 +0.25[3.92 + 0.22]3.85 + 0.05

Proline (mg/g DM) 258 +£0.29(2.51+0.11|2.45 +£0.09

Tryptophan (mg/g DM) |0.78 £0.11|0.75+0.01|0.79 + 0.03

Values are means + SE of replicates (n = 3)

Mineral content

Eight mineral elements (Ca, Cu, Fe, K, Mg, Mn, Na and Zn)
were analyzed for their availability in tubers of D. bulbifera.
In three analyzed samples, Calcium (Ca) was recorded in
the range of 72.10 to 78.60 ng/100g with highest in sample
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A. Copper (Cu) content of the analyzed samples was found
in the range of 11.33 to 12.59 nug/100g DM with highest in
sample-B. Iron (Fe) content of the three samples of tubers of
D. bulbifera was noted in the range of 13.12 to 13.25
ug/100g DM. There is not much difference in the level of
Iron in analyzed samples (table-3). Potassium (K) content
was found in the rage of 33.12 to 33.42 ng/100g DM in
three analyzed tuber samples of D. bulbifera, with highest in
sample-A. The magnesium (Mg) content of the three
samples of D. bulbifera was noted in the range of 21.12 to
22.48 ng/100g DM and Manganese (Mn) content in the dry
mater of tuber was noted in the range of 0.60 to 0.69
1ug/100g DM. In the analyzed samples Sodium (Na) content
was found to be in the range of 43.25 and 44.12 ng/100g
DM and The zinc (Zn) content of the tubers of D. bulbifera
was noted in the range of 2.21 to 2.84 pg/100g DM.
Calcium is necessary for the blood coagulation and bone
health and also to regulate acidity (Garcia-Chuit and Boella,
1993 and Jacques et al., 2016) % 1°1. Several reports
indicated that copper is necessary for boosting immunity,
host defense, as iron career and in brain development (Uauy
et al., 1998; Olivares et al., 2000 and Seal et al., 2020) “1,
Further, the iron content play vital role in improving general
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health and oxygen carrying capacity of RBCs, further its
proper intake is essential to women during pregnancy
(Kordas and Stoolzfus, 2004 and Saikia et al., 2013).
Similarly, Potash is one of the important elements related to
heart activities and also regulation of the blood pressure and
body water content (Jacques et al., 2016 and Seal et al.,
2020) [ 401 Magnesium is essential for synthesis of
proteins and nucleic acids and also for proper vascular
functioning. It is also a co-factor for over 350 enzyme
catalyzed metabolic cellular reactions. Further, Sodium is
important for Na/ K and promote health at risk for chronic
diseases (Jacques et al., 2016) ! and Zinc in one of the
most essential mineral boosting the general health, improve
cellular immunity and growth (Seal et al., 2020) 9, The
mineral content in three different tuber samples of D.
bulbifera is presented in table-3. The values represent the
mean of triplicate analysis. Jacques et al., (2016) [
reported higher level of Ca, Cu, Fe, Mg and Zn in the tubers
of D. bulbilis from African forest. Similar report was
presented by Mansfria et al., (2019) 2 on mineral analysis
of D. hispida. Our study results are in analogy of these
reports indicating that the aerial tubers of D. bulbifera
contain significant amount of major mineral elements.

Table 3: Comparative Mineral composition of Dioscorea bulbifera areal tuber samples collected from different forests of MS India

Content (ug /100g DM)

Content (ug/100g DM)

Mineral Sample- A Sample- B Sample- C Mineral Sample- A Sample- B Sample- C
Ca 78.60 +0.05 75.00 +0.00 72.10 £0.01 Mg 22.48+ 0.05 22.28+ 0.05 21.12+0.03
Cu 11.38 £ 0.03 12.59 + 0.03 11.33 +0.01 Mn 0.69+ 0.03 0.60+ 0.03 0.65+ 0.01
Fe 13.25+0.05 13.12+0.02 13.18 +0.02 Na 43.25 £ 0.05 4412 £0.11 43.40 £ 0.03
K 33.42+0.09 31.12+ 0.05 31.18+ 0.05 Zn 2.85+0.15 2.54+0.09 2.21+0.05

Values are means + SE of replicates (n = 3)

Vitamin content

The details of vitamin content of three samples to powdered
tubers of D. bulbifera are presented in table-4. The results
indicate that all three samples have highest amount of
vitamin C as compare to other vitamins and least content of
thiamin. Moreover, it showed that the tuber contain
significant amount of vitamin A, vitamin C, vitamin E,
niacin, riboflavin and thiamin. The high content of vitamin

C indicates that the tuber might have high antioxidant
potential and could help in higher absorption of Iron (Roger,
1999). The plants with significant amount of vitamin C
could be used to decrease atherosclerosis and few types of
cancers (Rekha et al., 2012). Availability all tested vitamins
in the tubers indicates its usefulness as supplementary food.
The plants with natural vitamins availability could be used
in dietary system (Seal et al., 2020) [0,

Table 4: Comparative Vitamin composition of Dioscorea bulbifera areal tuber samples collected from different forests of MS India

Vitamin Content
Sample- A Sample- B Sample- C
Vitamin A (mg/g DM) 0.35+0.01 041+0.11 0.38 £0.03
Vitamin C (mg/g DM) 1.25+ 0.05 1.28+ 0.03 1.28 +0.05
Vitamin E (mg/g DM) 0.42+0.11 0.41+0.11 0.38 +0.15
Niacin (mg/g DM) 0.15 £ 0.00 0.17+£0.01 0.17+£0.01
Riboflavin (mg/g DM) 0.06 +0.01 0.06 +0.01 0.05+0.01
Thiamin (mg/g DM) 0.04 +0.00 0.03+0.01 0.04 +0.02

Values are means + SE of replicates (n = 3)

Phytochemical analysis

The major phytochemicals analyzed for the present study
includes alkaloids, phenolics, flavonoids, phytic acid,
saponins and tannin. The analyzed phytochemicals in D.
bulbifera tuber is presented in table-5. It showed no
significant difference in the amount of phytochemicals in all
three samples. All samples showed highest amount of
saponins followed by tannins, phytic acid, phenolics,
flavonoids and alkaloids respectively. The availability of
significant amount of phenolics and flavonoids at one side
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play role in plant defense and also can contribute as nutrient.
However, the amount of phytic acid is cause of concern as
its higher level reduces the availability of proteins and
minerals at consumer end. Subhas et al., (2012) 8 reported
the phytochemical analysis of D. bulbifera tubers and earlier
Santhakumar (2008) 2l and Shajila et al., (2011) [ and
Ifeanacho et al., (2017) 161 reported the nutritional and toxic
properties of Dioscorea species. Our report is analogous
with these reports. However, the tubers has potential to be
used as supplementary food item.
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Table 5: Comparative Phytochemical analysis of Dioscorea bulbifera areal tuber samples collected from different forests of MS India

Phytochemical Content

Sample- A Sample- B Sample- C

Alkaloids (mg/100g DM) 0.75 +0.03 0.78 £ 0.10 0.72+0.02

Flavonoids (mg/100g DM) 1.62+0.11 1.58 +0.01 1.61+0.15

Phenolics (mg/100g DM) 1.85 +0.05 1.81+0.03 1.80 + 0.05

Phytic acid (mg/100g DM) 1.78 £0.15 1.75+£0.05 1.73+£0.03

Saponins (mg/100g DM) 3.52 £0.15 3.45 £ 0.05 3.50 £0.15

Tannins (mg/100g DM) 2.25+ 0.05 2.28 +0.02 2.27+0.03

Values are means + SE of replicates (n = 3)
10. Dutta B. Food and medicinal values of certain species

Conclusion

The results indicate that the areal tuber of D. bulbifera has
significant proximate content with good amino acid profile,
significant amount of minerals and vitamins and also have
richness in phytoconstituents. However, the calculated
proximate, mineral and vitamin content is comparatively
less as per Dietary Reference Index (DRI). Further, it also
possesses some antinutruents like phytic acid which reduces
the availability of proteins and minerals at consumer level.
Therefore, it is stated that this tuber should not be used as
main diet solely; however, could be effectively use as
supplementary food item at least during the time of food
scarcity.
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Abstract

Anisochilus carnosus (L. f.) Wall is one of the wild and aromatic
lamiaceae members with significant medicinal potential. It is being used
by Bhilla and Paliyar tribals from Maharashtra and Tamil Nadu states as
indigenous traditional medicine. Present work is focused on the physico-
chemical and fluorescent analysis of powdered drug material of the leaves
of the plant and its phytochemical analysis. The study showed that the
plantis rich in phytoconstituents like alkaloids, phenolics, flavonoids,
terpenes and steroids. Further, HPLC analysis reveals the availability of
caffeic acid, luteolin -7 glucoside, nepetin-7 glucoside, homoplantagenin,
luteolin and ursolic acid with the highest content of homoplantagenin
(4.20pg/g dry drug sample) followed by nepetin-7 glucoside (3.80 ug/g
dry drug sample). The plant sample has rich diversity of
phytoconstituents. The identified phytoconstituents are correlated with
bioactivities of the plant to validate traditional medicinal claims of the
plant.

Natural products and plant derived
herbal remedies are getting increased attention

The medicinal plants play vital role in routine
healthcare, holistic growth, health and well

since last two decades. Throughout the human
history, many infectious diseases have been
treated with herbal medicines. A number of
scientific investigations have highlighted the
importance and the contribution of several
thousand medicinal plants. The wealth of
Indian medicinal plants is well documented
with their active principles and properties®%.

beings, especially in rural areas of India®.

The use of all botanicals is well rooted
in medical practice. Since ancient times, herbal
healers collected information about herbs and
developed well-defined pharmacopoeias to
treat a variety of diseases and disorders. More
than a quarter of all drugs used today contain
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active ingredients derived from plants or plant
products?e.

It’s estimated that nearly 80 percent
of the world’s population use herbs as reliable
solution for their primary health care. All over
the world several botanicals are sold as dietary
supplements because of their high efficacy and
safety. It indicates that medicinal plants play a
vital role for the development of new drugs®.
Medicinal plants play a central role not only
as traditional medicines but also as trade
commodities, meeting the demand of distant
markets. India has a very small share (less
than 2%) in medicinal plants trade commodities
of global market®®. To compete with the
growing market, there is urgency to expeditiously
utilize and scientifically validate more medicinally
useful plants. Keeping this view, present study
was focused on physico-chemical, fluorescent
and phytochemical analysis of Anisochilus
carnosus a wild member of family lamiaceae.

Anisochilus carnosus is an annual,
erect herb of mint family- lamiaceae,
commonly called as Kapuri (in Marathi),
Karpoorada gidda (in Kannada) and Karpurvali
(in Telgu), a common inhabitant of higher
altitudes'®*2. Usually, the plant appears as a
beautiful herb with height ranging from 0.3 to
0.6m. It was so far reported from Karnataka,
Maharashtra, Rajasthan and Tamil Nadu as
traditional medicine by tribal communities of
respective states for different ailments®. The
whole plant is used as diaphoretic, stimulant and
expectorant; it was also use to cure liver
disorders, cough, cold and skin diseases>?%4148,
Leaves are used for cough, dropsy, indigestion
and sores in the leg fingers®1344,

Collection of plant, identification and
powder preparation :

The plant material of Anisochilus
carnosus (L. f.) Wall was collected form the
Chikhaldara forest ranges of Amravati
Division, Maharashtra State (India). After
collection, the plant was identified taxonomically
(fig. 1) using flora of Marathwada® and flora
of Maharashtra state**. A voucher specimen
(No. D- 1058) was submitted to Department
of Botany, Shri Shivaji College of Arts,
Commerce and Science, Akola (MS). The
collected plant material was then shade dried
for about 10 days and powdered using mortar
and pestle. The fine powder was kept in air
tight polythene bags until use.
Physico-chemical, fluorescent and
preliminary phytochemistry :

The physico-chemical and fluorescence
analysis was done as per standard methods*21°%7,
To analyze preliminary phytochemistry,
standard protocols were followed!*1"2"*° The
powdered material was extracted in distilled
water (AQ), methanol (ME) and Chloroform
(ChE) and qualitative tests were done to check
the presence of alkaloids, phenolics, flavonoids,
terpenes, tannins, saponins, glycosides, volatile
oils, carbohydrates, proteins and amino acids.

Crude quantification of the major
phytochemicals :

Only alkaloids, Phenolics, Tannins and
flavonoids compounds were quantified in
powdered material of A. carnosus. The
methods applied for the same are discussed
below-
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Alkaloids : Powdered sample (5 ml)
was mixed in 200 ml of 10% CH3;COOH in
C,HsOH (ethanol) the flask was covered and
mixed well and allowed to stand for 4 hrs.
Then filtered the mix and the filtrate is heated
in a water bath until reaches % of the original
value. To this, concentrated NH,OH was
added till the complete precipitation and the
precipitate was collected and washed with
dilute NH4OH. Then the solution was filtered
and the residue was weighed as crude alkaloid
content!t,

Phenolics: The total phenolics in the
extract were determined using modified Folin-
ciocalteu method?. To each sample solution
(1.0 ml) and standard (Gallic acid) was added
5 ml of Folin-ciocalteu and 4 ml sodium
carbonate (7 % w/v). The mixture were
shaken and allowed to stand for 30 min in the
dark at room temperature; after which
absorbance was measured at 765 nm using a
spectrophotometer. The amount of total
phenolics was expressed as Gallic acid equivalent
(GAE) in milligram per gram dry plant extract
using the expression; C = ¢ x (V/m); (where
C= Total phenolics content of plant extract in
mg/g GAE, c= concentration of Gallic acid
established from calibration curve mg/g, V=
volume of the extract (ml) and m= weight of
pure plant extract (g).

Tannins: Take 0.5 gm sample in 50
ml of distilled water; stir the solution for 1 hr.
filter the mixture and take 5 ml of filtered
sample in test-tube. To thisadd 2 ml of 0.1 M
FeCl;in 0.1 M HCl and 0.008 M K,;Fe(CN)6
.3H,0. Take the absorbance at 395nm
wavelength and record changes within 10
minutest.

Flavonoids : Take 10 gm of powdered
sample and repeatedly extract it with 100 ml
of 80% aqueous Methanol. Filter the solution
and filter is then transferred into a water bath
for evaporation into dryness. The residue is
weighed as flavonoid content’.

Spectral and Chromatographic analysis :

For the spectrophotometric analysis of
Anisochilus carnosus leaf powder, eleven
different standards were selected. These
were- Caffeic acid, Rosmarinic acid, Luteolin,
Luteolin-7- glycoside, Nepetin, Nepatine-7
glycoside, Homoplantagenin, Hispidulin,
Salvigenin, Ursolic acid and Carnosic acid.
These standards were procured from Sigma
—Aldrich India Itd. The UV-spectra of each
of these standards were recorded along with
their retention time.

Chromatographic analysis was
performed on Shimadzu make high performance
liquid chromatography system, equipped with
a diode array detector working in the range of
190-400 nm, a quaternary solvent delivery
system, a column temperature controller and
an autosampler. Analysis was carried out at
30°C ona C18 column (250mmx4.6mm, 5 um).
A linear gradient elution of eluents A (0.5%,
vlvaqueous glacial acetic acid) and B (methanol)
was used for the separation. The elution
programme was optimized and conducted as
follows: a linear gradient of 38—-42% B with
the range of 0.0-14.0 min, a linear gradient of
42-45% B with the range of 14.0-17.0 min, a
linear gradient of 45— 48% B with the range
0f 17.0-17.1 min, a linear gradient of 48-50%
B with the range of 17.1-32.0 min and a linear
gradient of 50-85% B with the range of 32.0—
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45.0 min. This was followed by a 10min
equilibration period prior to the injection of each
sample.

All the samples were milled into
powder and oven-dried at 50°C until constant
weight was reached. 1.0 g powder of each
dried sample was extracted with 20 ml 70%
(v/v) aqueous methanol in an ultrasonic bath
for 2 h and then cooled at room temperature.
The extract was filtered through glass wool
for sample, cleaned up and diluted to 25 ml
with 70% methanol. The sample solution was
filtered through a 0.45um membrane filter prior
to HPLC analysis and the injection volume
was 5ul %%,

Physico-chemical and Fluorescent analysis:

The physico-chemical study of
Anisochilus carnosus was done, the results
are presented in the table-1. The Moisture
content of the plant recorded as 16.20%. The
extractive values of the water, alcohol and
chloroform extracts were 6.8% (fairly green),
8.5% (yellowish green) and 4.1% (grayish
green) respectively. The ash values calculated
as total ash (8.4%), acid insoluble ash (4.2%)
and water soluble ash (6.5%).

The reaction of powdered drug with
the routine laboratory chemicals was also
analyzed. The results of reactions of different
laboratory chemicals are presented in the table
2. This is one of the unique criteria to identify
adulteration in the Anisochilus drug powder
available in the market.

The original leaf powder color of the
plant as such was pale yellow. When treated

with iodine the color changes to light green.
The treatment of 5% ferric chloride gives
yellow color. With 1N NaOH, the powder color
changes to green while with acetic acid it gives
light brown color. With strong acids, the color
becomes green. The powder extract with liquid
ammonia and lead acetate gives brown and
cream color respectively (table-2). However,
when the same treated samples were visualized
under UV-light, it appeared to have different
colours. This could be used as standard marker
to analyze market available powdered drug
materials.

Preliminary Phytochemical Analysis :

For the qualitative phytochemical
analysis, three different solvents (aqueous,
methanolic and chloroform) were used for
extract preparation. These extracts were analyzed
for the presence of 10 different parameters
according to the methods described elsewhere.
Of all the extracts, methanolic extracts showed
presence of all tested phytocompounds except
alkaloids. The water extracts showed presence
of phenolics, tannins, flavonoids, saponins,
proteins and amino acids whereas the
chloroform extract showed positive tests of
alkaloids, phenolics and terpenes (table-3).

Crude quantification of major phytochemicals
of Anisochilus carnosus :

The crude content of major
phytochemical compounds in Anisochilus
carnosus was determined using different
methods!’?’. The quantitative analysis of
alkaloids, Phenolics, tannins and flavonoids was
done. The content of alkaloids was found
0.85+0.31 pg/g of dry sample, that of phenolics
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1.47+ 0.11 pg/g of dry sample, tannins 0.11+
0.10 pg/g of dry sample and flavonoids 1.20+
0.81 pg/g of dry sample. The extract showed
presence of highest amount of phenolics and
lowest amount of tannins (Table-4 and Fig. 2).

HPLC analysis of Methanolic extract of A.
carnosus :

Spectrophotometric and chromatographic
analysis of A. carnosus leaf powder extract
was done. For the analysis aqueous methanolic
extracts were prepared and the data was
compared with the reference standards.
Eleven reference standards were used for the
analysis which was chosen on the basis of
previous work done on different species of
lamiaceae members. For spectrophotometric
analysis in current study, eleven standard
compounds were selected as reference
standards (table-5).

The preparation of standard references
and their UV and HPLC analysis method was
described in the previous chapter. The retention
time of these standards for HPLC analysis is
given in the table 5. The content of each
phytoconstituent in the sample of A. carnosus
leaf powder drug is presented in the table-6.
For the analysis of the phytoconstituents
present in the experimental sample the author
had used the similarity index, of retention time
and absorption (A-max). The content of the
sample is presented in p g/g of sample.

Total nine prominent peaks were
observed in HPLC chromatogram of A.
carnosus methanol leaf extract (fig. 3). Out
of nine peaks, peak number 5 and 8 were
remained unidentified. The other peaks
showed presence of caffeic acid, luteolin-7-

glucoside, nepetin-7 glucoside, homoplantagenin,
luteolin and ursolic acid. The peaks with
respective peak numbers, retention time and
content of compounds on the basis of peak
area are presented in the table -6. The highest
content was noted that of homoplantagenin
(4.20ng/g dry drug sample) followed by
nepetin-7 glucoside (3.80 pg/g dry drug
sample).

Simple plant extracts or decoctions
are probably the crude forms of plant drugs of
earlier generation®?*4, In the beginning of the
21° century, several workers have estimated
that plant materials are present in nearly 50 %
of western medicines®**. The primary
benefits of using plant derived medicines are
that they are relatively safer than synthetic
alternatives, offering profound therapeutic
benefits and more affordable treatment®*4.
The present work is focused on the physico-
chemical, fluorescent and phytochemical
analysis of a lamiaceae member Anisochilus
carnosus to correlate its phytoconstituents with
medicinal potential.

Moisture content, extractive values
and ash values are significant in determining
the purity and authenticity of the crude material
and decide its applicability as drug material™>*L,
These physico-chemical values for A. carnosus
indicate suitability of this plant as drug source.
Further, the interaction of leaf powder with
different lab chemicals visualized under normal
sunlight and under UV- light could act as
baseline marker to authenticate the powder
available in the market and its purity®’.
Certainly, the powder with adulterants will not
match physico-chemical and fluorescent
properties presented in this study.
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Fig. 1: Habit of Anisochilus carnosus (L.f.) Wall.
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Fig. 3: HPLC Chromatogram of Anisochilus carnosus powder extract.
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Table-1. Physico-chemical characterization of Anisochilus carnosus
Moisture Extractive In % Ash value In %
content values
16.20% Water 6.8% (Fairly Green) Total ash 9.7%

Alcohol 8.5%('Yellowish green) | Acid insoluble ash 4.2%
Chloroform 4.1%(Gray) Water soluble ash 6.5%

Table-2. Effects of various chemicals on powder drug of A. carnosus and

fluorescence analysis

Sr. | Colour test Visual observations
No. Under normal Sunlight Under UV light
1 Powder As Original Pale yellow Yellow green
2 Powder + lodine Light green Green
3 Powder + 5% Ferric Chloride Yellow Pale yellow
4 Powder + 1 N NaOH Green Dark green
5 Powder + Acetic acid Light brown Green
6 Powder + 50% H,SO, Green Dark green
7 Powder + 50% Conc. HCI Green Dark green
8 Powder + Liquid Ammonia. Brown Light brown
9 Powder + NaOH + Lead acetate Creamy Brown
Table-3. Preliminary phytochemical analysis of various extracts of A. carnosus
leaf powder (n=3)
Parameters tested Anisochilus extracts
AQE ME ChE
Alkaloids — - +
Phenolics + + +
Tannins + + -
Flavonoids + + -
Saponins + + -
Glycosides - + -
Terpenes - + +
Proteins and amino acids + + -
Carbohydrates - + -
\latile oil - + -

Note: AQE = Aqueous extract, ME = Methanol extract and ChE= Chloroform extract
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Table-4. Quantitative phytochmical analysis (crude content in pg/g of dry sample) (n=3)
Sr. No. Phytochemicals crude content in pg/g of dry sample
1 Alkaloids 0.85+0.31
2 Phenolics 1.47+0.11
3 Tannins 0.11+0.10
4 Flavonoids 1.20+0.81
Table-5. Spectral and HPLC analysis of standards used during experimentation
Sr. Standard used Retention time Peak wavelength
No. RT (min) (u-max) nm
1 Caffeic acid 5.18 217,239,328
2 Rosmarinic acid 5.57 328
3 Luteolin -7 glycoside 12 269, 340
4 Nepetin-7 glycoside 135 239, 322
5 Homoplantagenin 175 276, 332
6 Luteolin 27.4 258, 346
7 Nepetin 28.30 270
8 Salvigenin 34.6 277,358
9 Hispidulin 375 274
10 Carnosic acid 37.7 282,363
n Ursolic acid 41.9 257

Table-6. HPLC analysis of methanolic extract of Anisochilus carnosus

Sr. No. Compounds identified in sample Retention time | Content (ug/g dry
RT (min) wt. of sample)
1 Caffeic acid 5.18 0.65
2 Unidentified 7.60 0.22
3 Luteolin -7 glucoside 12 1.20
4 Nepetin-7 glucoside 135 3.80
5 Unidentified 15.62 ND
6 Homoplantagenin 175 4.20
7 Luteolin 274 0.20
8 Unidentified 36.6 ND
9 Ursolic acid 41.9 1.25
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The preliminary phytochemistry showed that
the plant is rich is phytoconstituents like
alkaloids, phenolics, flavonoids, tannins,
terpenes, saponin, steroids and glycosides.
These secondary metabolites as per their
availability in the plant, gives diverse medicinal
properties to that plant. Due to its phyto-
chemical richness, the plant is being used to
treat cough, cold, liver disorder, skin diseases
and certain gastric problems by different tribal
communities across India®®13204144,

In the present study, authors quantified
the alkaloids, phenolics, flavonoids and tannins
(table 4 and fig.2). further, the HPLC analysis
of methanol leaf extract of A. carnosus showed
presence of caffeic acid, luteolin -7 glucoside,
nepetin-7 glucoside, homoplantagenin, luteolin
and ursolic acid with the highest content of
homoplantagenin (4.20ug/g dry drug sample)
followed by nepetin-7 glucoside (3.80 mg/g dry
drug sample) (table-6 and fig. 4). Earlier few
workers have reported identification and
isolation of bioactive compounds from this
plant 124, Availability of these phytochemicals
in the powdered drug material is rightly
correlated with the medicinal potential. The
level of phenolics and flavonoids in the plant
extract is directly correlated with the antioxidant
and anticancer potential of the plant?26:3338,

Cytotoxicity of ethanolic extract of A.
carnosus was opined to have potential
anticancer activity due to availability of luteolin®
and the anticancer activity of ethanolic leaf
extract of A. carnosus might be due to presence
of phytosterols, terpenes and flavonoids?®.
Ethanolic extract of leaves of this plant was
reportedly have hepatoprotective and antioxidant

potential®® and that alcoholic extract of A.
carnosus showed antimicrobial activity against
human pathogen Helicobacter pylori and other
bacterial strains®“. In 2020, this plant was
reported to have significant antimicrobial
activity and proposed this plant as a novel
candidate with therapeutic potential against
multi-drug resistant Staphylococcus aureus?.
However, still there are some compounds
identified in the methanol extract of A.
carnosus like caffeic acid, nepetin-7- glucoside,
luteolin-7- glucoside, ursolic acid which are not
explored for their medicinal values. These
compounds have been reported from other
plants of this family having antiviral®, anti-
inflammatory® properties and could be use to
reduced apoptosis and cure cardiovascular
disorders®. Thus, A. cornosus appears to
have rich chemical diversity which is
responsible for its varied medicinal properties.

From the above discussion it is clear
that, A. carnosus is an aromatic plant with
tremendous medicinal potential. The physico-
chemical and fluorescent analysis of crude
drug material of the plant could be the standard
to check the adulteration in market available
drug powder. It has diverse range of
phytoconstitues and therefore responsible to
cure diverse ailments starting with cough cold
to cancer. However, still there are few
compounds isolated from this plant which
should be properly evaluated for their
bioactivities and drug candidacy which might
help further to develop new drug molecules.
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ABSTRACT

Several 3-aryl-4-S-benzyl-6-phenylimino-2-hepta-0-acetyl-3-D-maltosyli-
mino- 2,3-dihydro-1,3,5-thiadiazines (hydrochloride) were synthesized by
the interaction of N-hepta-O-acetyl-3-D-maltosyl isocyanodichloride with
1-aryl-5-phenyl-2-S-benzyl-2,4-isodithiobiurets. N-hepta-0-acetyl-3-D-
maltosyl isocyanodichloride was prepared for the first time by the excess
chlorination of hepta-0-acetyl-f-D-maltosyl isothiocyanate. The identities
of these newly synthesized N-maltosides have been established on the
basis of usual chemical transformations and IR, 1H NMR and Mass spectral
studies. The title compounds have been assayed for their antimicrobial
activity against gram-positive microorganisms as well as gram-negative
microorganisms.

Keywords: N-maltosides, Thiadiazines, Antibacterial, Antifungal

INTRODUCTION

The chemistry of heterocyclic compounds continues to be an explore field
in the carbohydrate chemistry. One of the most common and popular
methods for preparing heterocyclic compounds is the cyclization of
suitable compounds. Thiadiazines and their derivatives act as
antifibrinolytic (Ozcelik et al, 2007), antimicrobial (Chande et al, 1988)
cardiotonic (Ravens et al, 1997), anesthetic, cardiovascular and
hypometabolic agents (Chupakhin et al, 1997). Also it may be used in
agriculture as insecticides (Coburn et al, 1982) and fungicides (Vicentini et
al, 2002). Literature survey also revealed that the heterocyclic derivatives
of sugar possess antimicrobial (Bhagat and Deshmukh, 2005, Mahalle et al,
2008, Agrawal and Deshmukh, 2010) and antitumor activity (Shusheng et
al, 2008). In view of the applications of N-maltosides in medicinal

license, visit http://creativecommons.org/
licenses/by/4.0/ chemistry and many other ways, it appeared interesting to synthesize some
N-maltosylated thiadiazines (hydrochloride).
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The antimicrobial activities of all the target compounds
against Escherichia coli, Proteus vulgaris, Pseudomonas
aeruginosa, Bacillus subtilis, Klebsiella pneumoniae,
Staphylococcus aureus, Salmonella typhimurium,
Aspergillus niger and Candida albicans were evaluated.
The antimicrobial bioassays indicated that some title
compounds exhibited noteworthy antimicrobial effects
against the above strains.

MATERIAL AND METHODS

The media was prepared by dissolving weighed ingredie-
nts and was sterilized at 121°C and 15 lbs/inch? pressure
for 15 min. After sterilization it was cooled down at about
50° C and poured into sterile Petri plates and allowed to
solidify. The plates were seeded with 24 hrs. Old active
nutrient broth culture of the test organism in order to
obtain lawn culture. A stainless-steel cork borer of 5 mm
diameter was used to bore in the agar palates.

The compounds were taken at a concentration of 1mg/ml
using dimethyl sulphoxide (DMSO) as a solvent. The drug
solution was allowed to diffuse for about an hour into the
medium. The plates were incubated at 37°C for 24 hr. for
antibacterial activity and at 30°C for 48 hr for antifungal
activity. The zone of inhibition observed around the wells

after respective incubation was measured and interpreted
by using antibiotic zone reader. The results were cited in
Table 1.

RESULTS & DISCUSSION

Co-trimazine (100 pg/ml) was used as a standard for
antibacterial activity and Fluconazole (100 pg/ml) was
used as a standard for antifungal activity. The compounds
3-phenyl-4-S-benzyl-6-phenylimino-2-hepta-0-acetyl-§-D-
maltosylimino-2,3-dihydro-1,3,5-thiadiazine (hydrochlori-
des) (4a) and 3-p-tolyl-4-S-benzyl-6-phenylimino-2-
hepta-0-acetyl--D-maltosylimino-2,3-dihydro-1,3,5-
thiadiazine (hydrochlorides) (4d) against B. subtilis and
the compound 3-m-tolyl-4-S-benzyl-6-phenylimino-2-
hepta-0-acetyl-3-D-maltosylimino-2,3-dihydro-1,3,5-
thiadiazine (hydrochlorides) (4c) against C. albicans
exhibit promising activity. The compounds 3-o-tolyl-4-S-
benzyl-6-phenylimino-2-hepta-0-acetyl-3-D-maltosyli-
mino-2,3-dihydro-1,3,5-thiadiazine (hydrochlorides) (4b)
and 3-m-chloro-phenyl-4-S-benzyl-6-phenylimino-2-hepta
-0-acetyl-B-D-maltosylimino-2,3-dihydro-1,3,5-
thiadiazine (hydrochlorides) (4f) showed moderate to
weak activity against fungi and no activity against all
bacteria.

Table 1: Antimicrobial activities of some newly synthesized 3-aryl-4-S-benzyl-6-phenylimino-2-hepta-0-acetyl-f- D-
maltosylimino-2,3-dihydro-1,3,5-thiadiazines (hydrochloride) (4a-g) (given in mm)

Compounds E. P. Ps. B. K S. S. A. niger C
coli vulgaris aeruginosa subtilis pneumoniae aureus typhi albicans

4a +++  ++ -- ++++ +++ -- -- +++ +++
4b -- -- -- -- -- -- -- ++ +++
4c -- - -- - -- -- - -- ++++
4d ++ -- -- ++++ -- -- -- ++ +++
4e -- ++ -- -- -- -- -- ++ ++
4f -- -- -- -- -- -- -- +++ ++
4g ++ -- ++ +++ -- -- -- +++ +++

e+t Strong activity (above 18 mm)

+++ Moderate activity (above 14 to 18 mm)

++ Weak activity (above 8 - 14 mm)

-- Inactive (below 8 mm)

Bore size = 5 mm
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3-aryl-4-S-benzyl-6-phenylimino-2-hepta-O-acetyl-p-D-maltosylimino-2,3-dihydro-
1,3,5-thiadiazines (hydrochloride) (4a-g)

Where, R = a) phenyl, b) o-tolyl, c) m-tolyl, d) p-tolyl, e) 0-Cl-phenyl, f) m-Cl-phenyl, g) p-Cl-phenyl
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CONCLUSION

From the results, it can be concluded that some of N-
maltosylated  thiadiazines  (hydrochlorides)
synthesized and evaluated as antibacterial and antifungal
agents. Almost many of them displayed strong to
moderate activity against the tested strains of bacteria and
fungi. Synthesized compounds were found to be sensitive
towards B. subtilis and C. albicans.
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ABSTRACT A series of new 2’-(substituted) benzylidene hydrazino-5-hepta-O-acetyl-B-D-lactosylamino-
1,3,4-thiadiazoles (5a-e) has been synthesized by the condensation of 1-hepta-O-acetyl-f-D-lactosyl
thioamido thiocarbohydrazide (3) with different aromatic aldehydes in benzene, followed by intramolecular
cyclization of compounds (4a-e) in refluxing ethanol. The identities of the synthesized compounds were
established by spectral analysis. The compounds were assayed for their antimicrobial activity against Gram-
positive and Gram-negative microorganisms-bacteria and fungi.
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INTRODUCTION

1,3,4-Thiadiazoles belong to the class of nitrogen—sulfur-
containing heterocycles with the extensive application as
structural units of biologically active molecules and as
useful intermediates in medicinal chemistry. During the past
years, substituted 1,3,4-thiadiazole derivatives have received
significant attention and have been increasingly investigated
due to their broad spectrum of pharmacological properties.
They are used as dyes, lubricant additives, vulcanization,
accelerators, and a large number of these have been
reported as fungicides, antimicrobial,? anticonvulsant,®
antitubercular, and anti-inflammatory agents. It is supposed
that 1,3,4-thiadiazole derivatives exhibit various biological
activities due to the presence of =N-C—S— moiety.l’
There is also an assumption that the biological activities of
1,3,4-thiadiazole derivatives are due to the strong aromaticity
of the ring, which also provides great in vivo stability to
this five-membered ring system and low toxicity for higher
vertebrates, including human beings.”? As we know, amino
sugars are chemical compounds that have a sugar backbone,
in which one of the hydroxyl groups is replaced by an amine
group. Likewise, derivatives of amine-containing sugars are
also considered as amine sugars and can be incorporated
into protein-linked sugar chains, amino sugars regulate

protein function and, combined with other compounds, form
antibiotics. Hence, an attempt to prepare active compounds of
the thiadiazole derivatives combining the lactosyl moiety has
been made. Literature survey also revealed that sugar with
a heterocyclic nucleus is known to have pharmacological
properties®? and many of them function as therapeutic
agents.[' By keeping these aspects in view and in continuation
of our research on heterocyclic sugar chemistry.-141 the
present study focuses on the synthesis and antimicrobial study
of 2’-(substituted) benzylidene hydrazino-5-hepta-O-acetyl-
[-D-lactosylamino-1,3,4-thiadiazoles.

RESULTS AND DISCUSSION

The reaction sequence leading to the formation of the
desired heterocyclic compounds is outlined in Scheme 1.
The synthesis of 2’-(substituted) benzylidene hydrazino-
5-hepta-O-acetyl-p-D-lactosylamino-1,3,4-thiadiazoles
(5a-e) was achieved by reacting 1-hepta-O-acetyl-
[B-D-lactosyl thioamido thiocarbohydrazide (3) with
different aromatic aldehydes in benzene and subsequent
intramolecular cyclization of resulting derivatives 4a-e
in ethanol. The required 1-hepta-O-acetyl-p-D-lactosyl
thioamido thiocarbohydrazide (3) was prepared by the
interaction of 1-hepta-O-acetyl-f-D-lactosyl isothiocyanate
(2) with thiocarbohydrazide (1).
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The products were found non-desulphurisable when
boiled with alkaline plumbite solution. On boiling with conc.
sulfuric acid it charred, indicating the presence of lactosyl
group. The products were found to be optically active. The
chemical structures of the title compounds were deduced by
IR, *H NMR, mass spectral analysis, and elemental analysis.
The characterization and elemental analytical data are
summarized in Table 1.

ANTIMICROBIALACTIVITY

The title compounds (5a-e) were screened for both
antibacterial and antifungal activities using the cup-plate
agar diffusion method™>' by measuring the inhibition
zone in mm. Amikacin (100 ug/ml) was used as a
standard drug for antibacterial activity and fluconazole
(100 ug/ml) as a standard drug for antifungal activity.
The compounds were screened for antibacterial activity

against Escherichia coli, Staphylococcus aureus, Proteus
vulgaris, and Pseudomonas aeruginosa in nutrient agar
medium and for antifungal activity against Aspergillus
niger and Candida albicans in potato dextrose agar
medium. These sterilized agar media were poured into
Petri-dishes and allowed to solidify. On the surface of the
media, microbial suspensions were spread with the help
of a sterilized triangular loop. A stainless-steel cylinder of
8 mm diameter (pre-sterilized) was used to bore cavities.
All the synthesized compounds (100 ug/ml) were placed
serially in the cavities with the help of a micropipette
and allowed to diffuse for 1.0 h. DMSO was used as a
solvent for all the compounds and as a control. These
plates were incubated at 37°C for 24 h and 28°C for 48
h for antibacterial and antifungal activities, respectively.
The zone of inhibition observed around the cups after the
respective incubation was measured.

The results are presented in Table 2.
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Scheme 1: Synthesis of 2’-(substituted) benzylidenehydrazino-5-hepta-O-acetyl-B-D-lactosylamino-1,3,4-thiadiazoles (5a-€)

Table 1: 2’-(Substituted) benzylidenehydrazino-5-hepta-O-acetyl-g-D-lactosylamino-1,3,4-thiadiazoles (5a-e)

Product m.p. (°C) Yield (%) R, Reactiontime [a]*,(c,in CHCL) Elemental analysis (%) Found (Required)
N S

5a 97 93 0.70 4h ~124.30° 8.33 (8.36) 3.99 (3.82)

5b 148 89 0.71 4h -119.31° 7.60 (7.66) 3.59 (3.50)

5¢ 138 85 0.74 4h ~156.36° 7.89 (7.92) 3.66 (3.62)

5d 123 81 0.76 4h -112.30° 8.01 (8.07) 3.72 (3.69)

5e 143 84 0.72 4h -118.12° 8.00 (8.03) 3.69 (3.67)

Table 2: Antimicrobial activity of novel 2’-(substituted) benzylidene hydrazino-5-hepta-O-acetyl-g-D-lactosylamino-
1,3,4-thiadiazoles (5a-€)

Compounds Antibacterial** Antifungal**
Escherichia Staphylococcus Proteus Pseudomonas Candida Aspergillus
coli aureus vulgaris aeruginosa albicans niger

5a 11 19 19 20 21 20
5b 15 16 17 17 20 22
5¢c 14 15 19 19 20 19
5d 13 17 20 20 19 20
5e 11 17 14 15 15 16
Amikacin 24 23 25 25 - -
Fluconazole -- -- - - 25 25

** Zone of inhibition in mm (12 mm or less) resistance, (13-15 mm) weak, (16-18 mm) moderate, and (more than 19 mm) sensitive
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ANTIBACTERIALACTIVITY

Compounds 5a and 5d exhibited significant activity
against S. aureus, P. vulgaris, and P. aeruginosa. Compound
5b showed moderate activity, whereas compound 3e
exhibited low activity toward the microorganisms. All the
compounds showed weak activity toward E. coli.

ANTIFUNGALACTIVITY

All the compounds 5a, 5b, 5¢, and 5d showed significant
activity toward C. albicans and A. niger. Compound 5e
showed moderate activity toward C. albicans and A. niger.

EXPERIMENTAL

Melting points were taken in open capillary tubes on
Mac digital melting point apparatus and are uncorrected.
IR spectra were recorded on a PerkinElmer Spectrum
RXI FTIR spectrometer 4000-450 cm™. The 'H NMR
spectra were recorded in CDCI, at 300 MHz on a Bruker
DRX300 NMR Spectrometer. The FAB mass spectra were
recorded on a Jeol SX-102/Da-600 mass spectrometer/data
system using argon/xenon (6 KV, 10 mA) as the FAB gas.
The accelerating voltage was 10 KV and the spectra were
recorded at room temperature. Optical rotations [od] * were
measured on Equiptronics EQ-800 Digital polarimeter at 31°
in chloroform. Thin-layer chromatography was performed
on E Merck pre-coated silica gel plates.

The chemical structures of the title compounds were
deduced by IR, *H NMR, mass spectral analysis,*"*1 and
elemental analysis, the results of which are given herein.

Synthesis of 2’-(substituted) benzylidene hydrazino-
5-hepta-O-acetyl-B-D-lactosylamino-1,3,4-
thiadiazoles (5a-€)

A mixture of thiocarbohydrazide (1) (0.01 M) and 1-hepta-
O-acetyl-B-D-lactosyl isothiocyanate (2) (0.01 M) was
refluxed in benzene (15ml) to give 1-(N-hepta-O-acetyl-f3-D-
lactosyl) thiocarbohyrazide (3) m.pt. 130°C yield 95.6%.

The reaction mixture was refluxed for 3 hrs. After
heating, the solvent was distilled off and the sticky mass
obtained as residue was triturated with petroleum ether
(60-80°C), a white product separated out. It was crystallized
from ethanol.

4a: IR (KBr) cm™: v 3352 (N-H), 3040.5 (Ar. C-H),
2849.27 (ali. C-H), 1740.33 (C=0), 1570 (C=N), 1316
(C-N), 1215 (N-N), 1210.18 (C-O), 1039.38 and 934.44
(characteristic of lactose) ,755 (C=S). *H NMR (8 in ppm,
CDCI3): 8 9.97 (s, 2H, 2N-H), 8 9.30 (s, 2H, 2N-H), 7.29 (s,
5H, Ar-H), 5.16 -3.834 (m, 14H, lactose unit), 2.52 -1.11 (m,
22H, 7COCH3) Anal. Calcd for C;H,;0.,NS,, Requires:
C, 48.22; H, 5.16; N, 8.03; S, 7.34; Found: C, 48.88; H,
5.12; N, 7.99; S, 7.69 %. Similarly compounds (4b-e ) were
prepared in the same manner and physical characterization
results are as follows 4b: m.pt. 133°C, yield 81.30%, 4c:
m.pt. 160°C, yield 85.11%, 4d: m.pt. 155°C, yield 91.09 %,
4e: m.pt. 170°C, yield 89.40%.

Compound (3) (0.01 M) was refluxed with benzaldehyde
(0.01M) in benzene (15ml) for 3 hrs. On completion of
reaction and distilling of solvent, a white solid powder of
1-hepta-O-acetyl-B-D-lactosylthioamido-5-benzylidene
thiocarbohydrazide (4a) was isolated. It was crystallized
from acetone. m.pt. 145°C, yield 88.45%.

Refluxing alone (4a-€) in ethanol afforded cyclized
products 5a-e with evolution of H,S gas (tested with lead
acetate paper). The reactions were completed within 4 h.
On pouring the reaction mixture in H,0, 2'-(substituted)
benzylidenehydrazino-5-hepta-O-acetyl-B-D-lactosylamino-
1,3,4-thiadiazoles (5a-e) were isolated as white crystalline
solids. The products were crystallized from aqueous ethanol
(70%). These were found non-desulphurizable with hot
alkaline plumbite solution indicating the absence of >C=S
group. The physical characterization results are presented in
Table 1 and spectral characterization results are summarized.

5a: 2’-(benzaldehyde) benzylidenehydrazino-5-
hepta-O-acetyl-B-D-lactosylamino-1,3,4-thiadiazole

IR (KBr) cm™: v 3341.58 (N-H), 3022.2 (Ar. C-H),
2953.92 (Ali. C-H), 1749.33 (C=0), 1555 (C=N), 1218.38
(C-0), 1041.35 and 930.42 (characteristic of lactose), 755
(C-S).

'H NMR (8 in ppm, CDCL,): 8 7.262 (s, 5H, Ar-H), 6.25
(s, 1H, N-H), 5.36 -3.844 (m, 14H, lactose unit), 5.10-4.97
(d, 1H, N-H), 2.62-1.258 (m, 22H, 7COCH,).

Mass (m/z): M* 837, 619, 560.

5b: 2’-(4-hydroxy-3,5-dimethoxy) benzylidene
hydrazino-5-hepta-O-acetyl-B-D-lactosylamino-1,3,4-
thiadiazole

IR (KBr) cm™': v 3400 (N-H), 3050 (Ar. C-H), 2954.95
(Ali. C-H), 1745.58 (C=0), 1577.17 (C=N), 1371.39 (C-N),
1236.37 (C-0O), 1053.13 and 908.47 (characteristic of
lactose), 754 (C-S).

'H NMR (3 in ppm, CDCL,): 8 7.283 (s, 2H, Ar-H), 6.28
(s, 1H, N-H proton), 5.38-3.80 (m, 14H, -lactose unit), 5.31
(s, 1H, OH proton), 5.12-4.99 (d, 1H, N-H proton), 3.89 (s,
6H, 2-OCH,), 2.39 -1.27 (m, 22H, 7COCH,).

Mass (m/z): M* 913, 619, 560.

5¢: 2’-(4-hydroxy-3-methoxy) benzylidene
hydrazino-5-hepta-O-acetyl-f-D-lactosylamino-1,3,4-
thiadiazole

IR (KBr) cm™: v 3350.35 (N-H), 3153.61 (Ar C-H),
2918.30 (C-H), 1743.65 (C=0), 1555.70 (C=N), 1369.46
(C-N), 1236.37 (C-0), 755 (C-S),1055.06 and 902.69
(characteristic of lactose), 755 (C-S).

'H NMR (8 in ppm, CDCL,): 5 7.285 (s, 3H, Ar-H), 6.27
(s, 1H, N-H proton), 5.48-3.80 (m, 14H, lactose unit), 5.31
(d, 1H, O-H proton), 5.13-4.11 (d, 1H, N-H proton), 3.89 (s,
3H, -OCH,), 2.18 - 1.27 (m, 22H, 7COCH,).

Mass (m/z): M* 883, 719, 619, 560.
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5d: 2’-(4-methoxy) benzylidene hydrazino-5-hepta-
O-acetyl-p-D-lactosylamino-1,3,4-thiadiazole

IR (KBr) cm™: v 3401.18 (N-H), 3011.8 (Ar. C-H),
2933.71 (ali. C-H), 1743.48 (C=0), 1561 (C=N), 1209.18
(C-0), 1055.31 and 931.48 (characteristic of lactose) ,755
(C-S).

'H NMR (3 in ppm, CDCL,): & 7.262 (s, 4H, Ar-H), 6.25
(s, 1H, N-H), 5.36 -3.844 (m, 14H, lactose unit), 5.10 — 4.97
(d, 1H, N-H), 3.33 (s, 3H, -OCH,),2.62 -1.258 (m, 22H,
7COCH,)

Mass (m/z) : M* 867, 619, 560
Anal. Calcd for C, H,,O,N.S, Requires : C, 49.82; H,

36" 45718

5.19; N, 8.07; S, 3.69; Found : C, 49.78; H, 5.17; N, 8.01;
S, 3.72 %.

5e: 2’-( 4-chloro) benzylidene hydrazino-5-hepta-O-
acetyl-p-D-lactosylamino-1,3,4-thiadiazole

IR (KBr) cm®: v 3348.68 (N-H), 3050.3 (Ar. C-H),
2949.77 (ali. C-H), 1748.43 (C=0), 1566 (C=N), 1216.16
(C-0), 1040.35 and 934.44 (characteristic of lactose) ,755
(C-S).

'H NMR (8 in ppm, CDCL,): 5 7.288 (s, 4H, Ar-H), 6.28
(s, 1H, N-H), 5.16 -3.834 (m, 14H, lactose unit), 5.09 — 3.97
(d, 1H, N-H), 2.58 -1.243 (m, 22H, 7COCH,)

Mass (m/z) : M* 871, 619, 560
Anal. Calcd for C,H,,0,,N.SCI, Requires : C, 48.22; H,

35 42717

4.82: N, 8.03; S, 3.67; Found : C, 49.78; H, 5.17; N, 8.00;
S, 3.69 %.

CONCLUSION

The present study reports the synthesis of new
2’-(substituted) benzylidene hydrazino-5-hepta-O-acetyl-
[-D-lactosylamino-1,3,4-thiadiazoles (5a-e) from the
precursors lactosyl thioamido thiocarbohydrazide and
various aromatic aldehydes. The newly synthesized
compounds exhibited antibacterial and antifungal activities
against the organisms tested.
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1.0 Introduction

Plants are the sources of a variety of classes of organic compounds such as terpenoids,
alkaloids, saponins, and fats and oils etc. Most of these contents have certain applications and
notable amongst them is the medicinal properties exhibited by these plants. It has been reported that
the crude extracts of some plants have shown remarkable physiological effects on biological systems
which is a function of some chemical constituents that are present in plants. These constituents are
often considered as the active principles for various reactions. Amongst the various parts of the
plants, the seeds occupy an important place as they are the energy stores and are agents for
propagation in wild as well as cultured conditions. Seeds also find a lot of uses in various industrial
and agricultural set ups. There is variety of types of seeds and their occurrence depends upon the
particular type of seed under consideration; for example, oilseeds are among the important cash
crops of India and offer a means to generate good revenue.

Although knowledge related to the regularly cultivated seeds in terms of its chemical
composition and uses, same is not true with the less utilized oil seeds, which are generally found in
the wild. Information on the seeds of under studied plant species is also important as it holds
information that can have huge potential in, which can be widely used. Although the search for new
sources as industrial raw materials is gradually providing more and more information about seeds of
wild plants, the knowledge pertaining to their potential use as a medicinal plant or plant derived
substance for that matter is still scanty. Hence, seed chemistry appears to be an interesting subject
that has good prospects for offering new avenues to the scientific community. In the backdrop of
above information, this study was performed to unearth the physicochemical and medicinal
properties of oil seeds of certain wild plants obtained from the forest area of Gadchiroli District of
Maharashtra.

2.0  Materials and Method
2.1  Selection of Plants and Collection of Seeds — Study Area Gadchiroli

The plants situated in the wild were selected from the forest areas of Gadchiroli District of
Maharashtra. Majority of geographical portion of Gadchiroli District is covered with dense forest.
The climatic conditions are extreme with temperature reaching 47.3°C in Summer & 9.4°C in winter.
Based on the reconnaissance survey of the study area and interaction with subject experts of
Gadchiroli District; two wild plants such as Alangium salviifolium (L.f.) Wangerin and
Trichosanthes bracteolata were selected for the study.

e Alangium salviifolium (L.f.) Wangerin seeds: Alangium salviifolium (L.f.) Wangerin

collected from the Gadchiroli District in the month of March 2018.

e Trichosanthes bracteolata seeds: Trichosanthes bracteolata seeds collected from Gadchiroli

District, in the month of August 2018.

Dried fruits collected in the polythene bags and brought to the laboratory. Seeds separated
from the fruit pod and stored in airtight glass bottles and kept in a refrigerator prior to analysis. The
seeds were cleaned and washed with running water and dried in air. Powder of these seeds was made
by grinding. This powder was stored under -20° C refrigerator. Oil of this powdered sample was
extracted by using various solvents methods. Physiochemical and medicinal values of this extract oil
was estimated by various techniques.
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2.2 Proximate analysis of seeds

Proximate constituents of the seeds of Alangium salviifolium (L.f.) Wangerin and
Trichosanthes bracteolata were evaluated as described by the Association of Official Analytical
Chemist (AOAC, 1990). These components were studied as they determine the properties of the oil
and vary from source to source and widely with plant variety and growing conditions.

2.3 Physico-chemical properties of seed oil

Empty weight of cleaned and dried pycnometer taken (W), then filled with water stoppered,
wiped and again weighed (w1), the same procedure repeated with sample and weight taken (w2)
again. The specific gravity was calculated as per following equation.

Specific gravity gm/ml = w2-W /w1-W
Acid value (mg KOH/gm)

Acid value is the number of mg of potassium hydroxide required to neutralize free acids in 1
gm of the oil sample. The acid value was determined by titration method.
Unsaponifiable and Saponifiable matter

Unsaponifiable matter indicates impurities percentage in oil, which are not saponified by
alkali and extracted by organic solvent. Total Solution extracted three times with 100 ml of ether.

Unsaponifiable matter% w/w = 100 x W1 /W
W1-residue in gm, W-sample weight (gm)

Saponification value gives the number of mg of potassium hydroxide required to neutralize
free fatty acids, obtained from the hydrolysis of 1gm of oil or fat sample. Saponification value of the
oil is calculated as under mentioned formula.

Saponification value = (S-B) x M x 56.1/sample weight (g)

S= Sample titre value, B = Blank titre value, M = Molarity of HCI,

Molecular weight of KOH =56.1
2.4  Determination of antibacterial and antifungal activity

The agar-well diffusion assay as described by Vollekova et al. (2001) was used to determine
the growth inhibition of bacteria by the seed oil. The tests were carried out by using a stock
concentration of 100 mg mL™ prepared by dissolving 1 g of the ethanol extract into 10 mL of
distilled water. Nutrient agar was prepared and 25 mL each was poured into sterile petri dish and a
lawn culture of test organisms was prepared on it. Using a sterile cock-borer of 4 mm diameter three
equidistant holes per plate were made in the set agar. Thereafter, the wells (holes) were filled with
0.2 mL of the extract solution. The plates were incubated at 37°C for 24 h. The resultant zone of
inhibition (3 replicates) of the different plant extracts were observed and measured using a
transparent meter rule. The test organisms were as follows
Gram-negative bacteria

e Escherichia coli, Salmonella typhi, Pseudomonas aeruginosa
Gram — positive bacteria

e Staphylococcus aureus and Bacillus subtilis
Fungal strains

e Candida tropicalis and Candida albicans

3.0  Results and Discussion

3.1 Proximate analysis of seeds

Table 1: Proximate analysis of seeds of various plants
Alangium salviifolium (L.f.)

Content (%) W . Trichosanthes bracteolata
angerin

Moisture 551 6.51

Ash content 5.14 2.31

Carbohydrate 45.15 14.30

Protein 18.56 25.10

Oil Yield 16.35 40.20
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| Crude Fibre | 7.30 | 2.36 |

Above table 1 shows the proximate analysis of seeds of various plants (Alangium salviifolium
(L.f.) Wangerin and Trichosanthes bracteolate).

e Moisture content: The study results obtained shows that moisture content in Trichosanthes
bracteolate was 6.51%. In addition to this Alangium salviofolium (L.f.) Wangerin have 5.51%
moisture content

e Ash content: The study results shows that ash content of Alangium Salvifolium (L.f.) Wangerin
seeds was 5.14% while ash content occurred in the seeds of Trichosanthes bracteolata was
2.31%.

e Carbohydrate: The study results shows that content of carbohydrate among Alangium
Salvifolium (L.f.) Wangerin was 45.15% while carbohydrate content in Trichosanthes
bracteolata seeds was 14.3%. From the study results it is evident that Alangium Salvifolium
(L.f.) Wangerin seeds have highest carbohydrate content.

e Protein: The study results shows that content of protein among Trichosanthes bracteolata
seeds was 25.10% while Alangium Salvifolium (L.f.) Wangerin seeds have 18.56% protein
content.

e Crude Fibre: The study results show that Alangium Salvifolium (L.f.) Wangerin seeds have
7.30% while Trichosanthes bracteolata seeds have 2.36% crude fibre content.

e Oil Yield: The study results shows that Trichosanthes bracteolata seeds had highest content of
oil i.e 40.20% followed by Alangium Salvifolium (L.f.) Wangerin seeds have 16.35%. From the
study results it is evident that Trichosanthes bracteolata seeds have highest oil content.

3.2  Physico-chemical properties of seed oil
Table 2: Physico-chemical properties of seed oil
Chemical properties Alangium salviifolium Trichosanthes
(L.f.) Wangerin bracteolata
State at room temperature liquid liquid
Colour Yellow Pale yellow
Odour Odourless Odourless
Refractive index (at 40°C) 1.4509 1.4632
Specific gravity (at 25°C) 0.8905 0.9167
Acid value (mg KOH/gm) 4.14 4.01
lodine Value 108.0 97.0
Unsaponifiable matter% w/w 0.43 0.67
Saponification  Value (mg
KOH/gm) 214.1 187

Above Table 2 shows the physico-chemical properties of the seeds oil of various plants
(Alangium salviifolium (L.f.) Wangerin and Trichosanthes bracteolate). The study results obtained
shows that:

o Refractive Index: The refractive index of Alangium salviifolium (L.f.) Wangerin and
Trichosanthes bracteolata was 1.4509 and 1.4632 respectively.

e Specific gravity: The specific gravity of Alangium salviifolium (L.f.) Wangerin and
Trichosanthes bracteolata was 0.8905 and 0.9167 respectively. It has been reported that the
specific gravity (density) of plant based oils is usually about 0.920 at 25°C (Elert, 2001).
Moreover, there are 22 common edible oils, whose specific gravity lies in the range of 0.88 to
0.94 (Tool Box, 2005). For example, Biswas (2001) determined specific gravity of 0.921 in
sesame oil, 0.924-0.926 in sunflower oil, 0.915-0.919 in olive oil, 0.921-0.945 in cotton seed
oil and 0.922-0.928 for specific gravity in soybean oil. Thus, our results are similar to those
reported for other edible oils vis-a-vis specific gravity of oils.

e Acid value: The acid value of Alangium salviifolium (L.f.) Wangerin and Trichosanthes
bracteolata was 4.14 and 4.01 respectively.
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e Often, the purity of vegetable oil indicated by acidity of oil (Perez-Camino, 2000). Acid value
of oils are an important criteria for edibility of oil and should lie in the range of 4.05 to 6.59
(Dawodu, 2009).

e lodine value: The iodine value of Alangium salviifolium (L.f.) Wangerin and Trichosanthes
bracteolata was 108.0 and 97.0 respectively. From the study results it is evident that lodine
value of oils is related with unsaturation of carbon chain fatty acids. lodine value of Alangium
salviifolium (L.f.) Wangerin and Trichosanthes bracteolata (ranged between 102.0 and 115.8)
lies in the non drying category and comparable to other seed oils like cotton seed (108),
mustard (108) mentioned in Nutritive value of Indian food.

e Unsaponifiable matter: The unsaponifiable matter value of Alangium salviifolium (L.f.)
Wangerin and Trichosanthes bracteolate 0.43% and 0.67% respectively. The Unsaponifiable
matter of oil contains minor compounds comprising sterols and fat-soluble vitamins and our
results show that it (unsaponifiable matter) lies in the range of edible oils.

e Saponification Value: The saponification value of seed oil ranged from 172-286.1 mg
KOH/gm. Saponification value of Alangium salviifolium (L.f.) Wangerin and Trichosanthes
bracteolata was 214.1 mg KOH/gm and 187 mg KOH/gm respectively. Thus, on the basis of
results, it is clear that the seed oils of plant species studied lie in the range of edible oils, means
these oils can be utilized for edible, but refining must necessary before use.

3.3  Antimicrobial activity of seed oils
The antibacterial and fungal strains used for testing the antimicrobial activity are as follows
Table 3: Inhibition zones (mm) of Alangium salviifolium (L.f.) Wangerin seed oil

Name of | Inhibition zone (mm) Concentration + control
Microorganisms of sample (mg/ml) (mg/ml)
Ciprofloxacin
Gram -ve bacteria 4.0 2.0 1.0 0.01
Escherichia coli. 9.98+0.14 | 17.5+0.11 * 17.5+0.11
Salmonella typhi * * * 16.81 + 0.08
Pseudomonas 16.2620.09 | 16.58+0.12 * 16.58 + 0.12
aeruginosa
Gram +ve bacteria
S. aureus 14.12008 | 1216:0.11 | T2 | 14984011
Bacillus subtilis * * * 15.88 + 0.09
Fungal strains Fluconazole
Candida tropicalis 11.58+0.08 | 9.72 £ 0.08 * 13.65+0.14
Candida albicans * * * 14.23+0.11

* No zone of inhibition observed

Above Table 3 shows the results of antimicrobial activity of oil obtained from Alangium
salviifolium (L.f.) Wangerin seeds. It is evident from the results that S. aureus are susceptible to
this oil while, E coli, S. typhi, P. aeruginosa, B. subtilis, C tropicalis and C. albicans are
resistant to the oil (as there was no inhibition zone).
Table 4: Inhibition zones (mm) of Trichosanthes bracteolata seed oil

Name of | Inhibition zone (mm) Concentration + control
Microorganisms of sample (mg/ml) (mg/ml)
Ciprofloxacin

Gram -ve bacteria 4.0 2.0 1.0 0.01
Escherichia coli. 12.86+0.08 | 10.08+0.08 * 17.5+0.11
Salmonella typhi 14.31+0.08 | 13.630.08 102625 16.81+0.08
Pseud_omonas - - - 16.58+0.12
aeruginosa
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Gram +ve bacteria
S. aureus 10.12+0.08 | 9.16 + 0.08 86106; 14.98+0.11
Bacillus subtilis * * * 15.88+0.09
Fungal strains Fluconazole
Candida tropicalis * * * 13.65+0.14
Candida albicans * * * 14.23+0.11

* No zone of inhibition observed

Above Table 4 shows the results of antimicrobial activity of oil obtained from
Trichosanthes bracteolata seeds. It is evident from the results that S. typhi and S. aureus are
susceptible to this oil while, E coli, P. aeruginosa, B. subtilis, C tropicalis and C. albicans are
resistant to the oil (as there was no inhibition zone).

40  Conclusion

The study results showed that the basic components of the oils obtained from the seeds of
Alangium salviifolium (L.f.) Wangerin and Trichosanthes bracteolate showed that the
pharmacognostic properties (of seeds), related to moisture, ash, fat, protein, carbohydrate are more
or less similar to the presently used edible oils. In addition to this the data shows that these seeds
obtained from the wild varieties of Alangium salviifolium (L.f.) Wangerin and Trichosanthes
bracteolata contain noticeable quantity of nutrients. The proximate analysis results shows that these
oil seeds are quite similar to other oil seeds that are widely used on commercial basis thereby
indicating a potential for use of these oil seeds. In addition to above, the seed oils obtained from
Alangium salviifolium (L.f.) Wangerin and Trichosanthes bracteolata showed specific antibacterial
and antifungal activity, which shows promising potential of these seed oils as antimicrobial agents,
which can be used in gels and lotions.
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ABSTRACT

2-amino- 4H-chromenes represent an important class of compounds being
the main component of many naturally occurring products. The basic
structural frameworks of chromene for example is a common feature of
many tannins and polyphenols found in tea, fruits vegetables and red wine.
Derivatives of chromene are an important group of compounds found in
plants including fruit and vegetables. chromene are biologically active with
wide range of activities such as antimicrobial, mutagenicity, antiviral,
antiproliferative and central nervous system activities. In this research work
substituted 2-amino 4H-chromenes were synthesized by one pot synthesis
method by interaction with substituted benzaldehyde, B-naphthol, and
malononitrile by using sodium bicarbonate as catalyst. The yield of product
is found to be very good. The synthesized compounds were recognized by IR,
NMR and mass spectroscopic technique.

Keywords :2-amino 4H-chromene, benzaldehyde, B-naphthaol,
malononitrile, NazCO3

INTRODUCTION

Multicomponent reactions are of increasing importance in organic and
medicinal chemistry. In times where a premium is put on speed , diversity
and efficiency in the drugs discovery process MCRs strategies offer significant
advantage over conventional linear type synthesis. In such reactions three or
more reactant comes together in a single reaction vessel to form new product
that contain portion of all the components. MCRs providing product with the
diversity needed for the discovery of new lead compound. Over The last
decade industrial and academic researchers have made such powerful MCR
strategies into one of the most efficient and co-effective tools for
combinatorial and parallel synthesis (Weber, 2002, Jankun et al.,, 1997).

licenses/by/4.0/ Multi-component reactions (MCRs) are one step reaction that combines two
or more reagents to form an end product (Mirjalili et al., 2012).
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Since an MCR forms product in one step it generates
considerably less waste than a multistep synthesis. Multi-
component reactions (MCRs) important for the
achievement of high level of brevity and diversity. They
allow more than two simple and flexible building blocks to
be combine in practical, time saving one pot operation,
giving rise to complex structure by simultaneous
formation of two or more bond, according to domino
principle (Zhu and Bienayme, 2005). Consequently, from
the point of green chemistry, MCRs constitute a very
useful class of tools for the synthesis of new chemicals.
MCRs contribute to the requirements of an environmental
friendly process by reducing the number of synthetic
steps energy consumption and waste production.
Researcher have transformed this poewrfull technology
into one of the most efficient and economic tools for
combinatorial and parallel synthesis (Zhu and Bienayme,
2005, Beck, et al, 2000). Due to their inherent simple
experimental procedure and their one pot character, they
are perfectly suited for Automated synthesis. thus MCRs
attracted considerable interwst owing to their exceptional
synthetic efficiency (Nishiyama et al, 2004, Bienayme,
Hulme et al., 2000).

Several protocols have been reported for the synthesis of
2-amino-4H-chromenes and their using
malononitrile, resorcinol and aldehyde. Various catalysts
such as piperidine,9 triethyl amine,10 aqueous K2C03,11
cetyltrimethylammonium bromide (CTABr),12 1,8-
diazabicyclo [5.4.0] undec-7-ene (DBU),13 Ca(OH)2,14
HT/MW 15 and basic ionic liquids16 have been used for
these reactions. In current work mild reaction condition
(Ethanol and water) and sodium bicarbonate is used as
catalyst as it is easily available

derivatives

MATERIALS AND METHOD

All melting points were taken in open capillaries and are
uncorrected Infrared (IR) spectra were recorded with a
Shimadzu 8400s FT-IR spectrometer using potassium
bromide pellets. 500MHz 1HNMR spectra were recorded
on a DRX-500 Avance Bruker spectrometer. The chemical
shifts are reported in ppm (8-scale) relative to internal
TMS Reagents are obtained from commercial resource.
Commercially available regents were used without further
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purification. Products are all known compounds and were
identified by comparing of their physical and spectra data
with those reported in the literature.

General procedure for 2-Amino-4H-Chromenes

A mixture of resorcinol (5mmol), malononitrile (5mmol),
and aromatic aldehyde (5mmol) was taken round bottom
flask containing 5 mL of water and 5 ml ethanol. (10wt%)
catalyst Na2COs with respect to resorcinol was then added
to the reaction flask and the contents were stirred. The
reaction mixture was refluxed. The progress of the
reaction was monitored by thin layer chromatography
(ethyl acetate/pet ether: 30%). After reaction was
completed, the reaction mixture was allowed to cool at
room temperature. The crude product was extracted with
ethyl acetate. The organic layer was washed with water
(25 mL), dried with anhydrous Na2S04, the solvent
evaporated under vacuum and the crude product
recrystallized from ethanol. Characterization data for
selected compounds are provided below:

Selected characterization data

4a: 1R (KBr), v (cm): 3400, 3316 ,2180,1645,1590; 'H
NMR (DMSO-ds 500 MHz), 6 (ppm): 5.34 (s, 1H, CH), 7.12
(s, 2H, NH2)7.12-7.22 (d, 2H, J=8.2, ArH), 7.30-7.37 (m, 3H,
ArH), 7.40-7. 47 (m, 2H, ArH), 7.81-7.82 (d, 1H, ]=8.02,
ArH),7.91-7.96 (m, 2H, ArH).

RESULTS & DISCUSSION
Initially, multicomponent reaction of benzaldehyde,
resorcinol and malononitrile were chosen as the model
reaction. Effects of various reaction parameters such as
the effect of the
concentration and the effect of temperature were studied

solvents, the effect of catalyst

to optimize the reaction conditions

It was observed that sodium bicarbonate (Na2C03) with 10
mol% found to be more influencing catalyst in the
synthesis of 2-amino4-H chromene by three component
reaction of benzaldehyde, resorcinol and malononitrile
resulting into a very good yield of the desired products.

It is reported that in the absence of catalyst no formation
of product was observed even in same reaction condition
(Table 1, entry 1).
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Table 1: Optimization of reaction conditions @

Entry Reaction condition Catalyst (mol%) b Time (min) Yield (%)¢
1 H20, 70°C No catalyst 24 h 0
2 EtOH, 70 °C NazCO0s3 (5) 5h 80
3 MeCN 7 0 °C, NazCO0s3 (5) 5h 35
4 DMF 70 °C, Na2CO0s (5) 5h 55
5 Toluene 70 °C, Na2C0s (5) 5h 0
6 EtOH,: H20(1:1), 70 °C Na2CO0s (5) 5h 85
7 Solvent free ,70 °C Na2C0s (5) 5h 0
8 EtOH, 70 °C, NazCO0s (10) 5h 81
9 MeCN 70 °C, NazCO0s (10) 5h 44
10 DMF 70°C NazCO0s (10) 5h 46
11 Toluene 70 °C NazCO0s (10) 5h 0
12 EtOH,: H20(1:1), 70°C NazCO0s (10) 5h 94

aReaction condition: benzaldehyde (5 mmol), resorcinol (5 mmol), malononitrile (5 mmol). "Weight percentage of
the catalyst with respect to resorcinol. < Isolated yield

CHO Ar
OH CN
o Na2CO3
—>
CN Ethanol, 70
HO O NH,
cl
1 2 3
Table 2 : 2-Amino-4H-chromene synthesis in Ethanol: Aqueous (1:2) medium
Entry  Aldehyde Product Code Time Yield M.P. (1C)
R Structure Found Reported
1
-H
CN
| 4a 5h 85 233-236 234-23617
HO o] NH2
2 Br
-Br
4b 6h 84 224-226 225-22718
N
|
HO 0~ SNH2
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Table 2 : Continued...

Entry Aldehyde Product Code Time Yield M. P. (1C)
R Structure Found Reported
3 OMe
-oMe J: 4c 7h 80 112-114 112-11418
N
|
HO @] NH2
4 : NO;
-NO2 /@\)ICN 4d 5.5h 89 187-189 188-190
HO o) NH2
Use of catalyst in different mole percent found to be more REFERENCES

effective. With 5 mol% (entry 2-7, table 1) yield of desir
product was found to be less but with increase in loading

of catalyst upto 10 mol% yield goes on increasing (entry
7-11, Table 1)

CONCLUSION

In conclusion, the MCR methodology was used to prepare
2-amino-4H-chromenes. The procedure is very simple,
efficient and environmentally friendly as it does not use
any auxiliary and reasonable catalyst.
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Herein, an efficient and economic access has been revealed for the synthesis of isoquinolines via C-H bond
activation strategy by using comparatively inexpensive and versatile cobalt catalyst. A hardly investigated
directing group, N-tosylhydrazone has been effectively applied as an internal oxidant for an annulation reaction
with internal alkynes via C-H/N-N bond functionalization. This catalytic protocol works for the extensive variety
of substrates in moderate to excellent yields under external oxidant-free conditions. Additionally, the proposed

protocol has advantages such as broad substrate coverage with significant product yields, readily synthesized
substrates as well as scalability up to the gram quantity which further improves the competency of the

methodology.

1. Introduction

Isoquinoline and its derivatives represents the important class of
organic molecules which possess different biological activities such as
anti-tumour, anti-malarial, cardiovascular, anti-inflammatory, anti-HIV,
etc. [1] They are also utilized for the development of numerous in-
hibitors, alkaloids chiral ligands and organic light-emitting diodes [2].
Thus, this moiety has achieved a great deal of attention in the field of
medicinal and pharmaceutical chemistry (see Schemes 1 and 2).

Straight C-H bond activation has appeared to be an influential tactic
in synthetic chemistry by creating new opportunities in the retro-
synthetic strategies as well as enhancing the entire capability of the
anticipated conversions [3]. Being atom economic, transition-metal
assisted coupling transformations by direct C-H bond activation would
streamline the synthetic processes and reduce the formation of unwanted
by products. Various prior approaches on C-H bond activations are
mainly centered around complexes of transition-metals such as Pd, Rh, Ir
and Ru for the efficient synthesis of important organic scaffolds [4]. Due
to the shortcomings of cost efficiency, sustainability, plenitude and
poisonous nature, the second-row transition-metals possess limitations
for the wide application in drug discovery as well as large-scale
manufacturing of active pharmaceutical ingredients (API) and natural
products which would be the final aim of synthetic chemistry research.

* Corresponding author.

Therefore, taking into consideration the economic practicability of
organic synthesis, there is a growing interest in developing catalysts in
accordance with the economical first-row transition metals for C-H bond
functionalization which represents an attractive alternative [5]. Among
them, cobalt is having an extensive application of functionalizing the
inactive C-H bonds [6]. Being fairly reactive, low-cost, abundant and
comparatively less harmful by character in contrast to noble metals, it has
turn into the centre of interest in the area of C-H activations. The initial
Cp*Co(IIl)-catalyzed C-H activation reaction was reported by Matsu-
naga, Kanai, and co-workers in 2013 [7]. These Cp*Co(III) catalysts were
proved to be suitable replacements to Cp*Rh(III) catalysts for C-H acti-
vations. A prevailing catalytic system utilizing Cp*Co(CO)I2 [8] for C-2
selective C- H amidation of indoles with sulfonyl azides was testified by
the same group [9]. Recently, new class of Cp*Co(IlI)-pNHC templates
was utilized in catalytic annulation of azoles with internal alkynes [10].

Earlier, almost transition-metal-catalyzed C-H activation strategies
required stoichiometric or super-stoichiometric amount of oxidizing
agent in order to maintain the catalytic cycle. These are mostly toxic
metal salts, which certainly gives rise to reduced atom-economy by
generating off-cycle lateral transformations and unwanted waste. The
constraint of the necessity of an oxidizing agent has been resolved by
fixing a multifunctional group in substrate which plays the role of
directing group and oxidizing agent both [11]. In this strategy, the
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Scheme 1. Demonstrative biologically active and other vital molecules con-
taining isoquinoline skeleton.
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Scheme 2. N-Tosylhydrazone directed redox-neutral synthesis of isoquinolines
via Cp*Co(III)-catalyzed C-H activation.

cleavage of N-N, N-O or O-O bonds for the redox-neutral methods were
employed as an essential tool. The technique has potential for the
enhanced reactivity as well as has obvious merits of selectivity, better

Table 1
Optimization of reaction parameters.”.
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yields and substrate coverage.

Due to the wealth of isoquinoline skeletons, many synthetic routes
have been given for their synthesis that are established by Pomeranz—
Fritsch, Pictet-Spengler, and Bischler-Napieralski reactions [12]. How-
ever, such approaches are suffered by some drawbacks like poor yield,
low regioselectivity, limited substrate scope, longer reaction duration
and tedious as well as harsh reaction conditions in some cases. To
overcome these shortcomings, potent alternate routes were given by
cyclization kind of transformations with alkynes through C-H bond
activation [13]. Further, the ‘external-oxidant-free’ ideal strategy which
is modest, secured, and ecologically benign also contributed in the
rationalized access of isoquinolines via transition-metal-catalyzed C-H
bond activations. Transition metals such as Pd [14], Ru [15] and Rh [13c,
16] were employed significantly for the streamlined synthesis of iso-
quinolines using ‘“external-oxidant-free” approach. These catalysts
showed effective catalytic activity, a wide substrate scope, and high
functional group compatibility. However, comparatively low cost and
abundant cobalt catalyst attracted scientists to give alternate inexpensive
and efficient external oxidant free methodologies for the synthesis of
isoquinolines. In these strategies, the N-O and N-N bonds have been
employed as a significant handle for both C-N cyclization and catalyst
turnover. Considering the N-O bond as an internal oxidant, in 2015,
Ackermann [17], Sundararaju [18] and Matsunaga [19] groups, inde-
pendently reported cobalt-catalyzed C-H/N-O activations for the syn-
thesis of isoquinolines using different oxidizing directing groups.
Subsequently, in 2016, Cheng [20] and Jeganmohan [21] research
groups reported Co catalyzed annulation reactions for the access of iso-
quinolines using similar strategy. Recently, in 2019, Song and co-workers
mentioned Cp*-free cobalt-catalyzed C-H activation using N,O-bidentate
directing group in order to synthesize isoquinolines [22]. On the other
hand, N-N bond was also recruited as an internal oxidant for the
redox-neutral synthesis of isoquinolines. Zhu group [23] and Lade group
[24], in 2016, reported C-H/N-N functionalization reactions for the
synthesis of isoquinolines under external oxidant free conditions.

Our research group has also paid substantial attention for various
protocols in order to access isoquinolines using different directing groups
and transition-metals as catalysts [25]. In 2019, N-Cbz hydrazone was
utilized as a directing group for the synthesis of isoquinolines using
Cp*Co(lII)-catalyst through C-H and N-N bond functionalization [25e].

Fh Co Catalyst Sn
H Additive 1, Additive 2
NN + _ Addi - P
N" S Solvent, Temp., Time Ph
oo Ph
Ph
1a 2a 3aa

Entry Co Catalyst Additive 1 Additive 2 Solvent Temp (°C) Time (h) Yield® (%)
1 Co(OAC),.4H,0 AgSbFe NaOAc TFE 110°C 24 -

2 [Cp*Col>]» AgSbFg NaOAc TFE 110°C 24 18

3 [Cp*Co(CO)I,] AgSbFg NaOAc TFE 110°C 24 34

4¢ [Cp*Co(CO)I,] AgSbFg NaOAc TFE 110°C 24 35

5¢ [Cp*Co(CO)I,] AgSbFg NaOAc TFE 110°C 24 21

6 [Cp*Co(CO)I,] AgSbFg NaOAc 1,2-DCE 110°C 24 Trace
7 [Cp*Co(CO)I,] AgSbFg NaOAc MeOH 110°C 24 -

8 [Cp*Co(CO)I,] AgSbFe NaOAc TAA 110°C 24 -

9 [Cp*Co(CO)I,] AgSbFg NaOAc HFIP 110°C 24 54
10 [Cp*Co(CO)I,] AgSbFg KOAc HFIP 110°C 24 59

11 [Cp*Co(CO)I,] AgSbFg CsOAc HFIP 110°C 24 66

12 [Cp*Co(CO)I,] AgSbFg AcOH HFIP 110°C 24 84
13 [Cp*Co(CO)I,] KPFg AcOH HFIP 110°C 24 49

14 [Cp*Co(CO)I,] AgSbFg AcOH HFIP 100°C 24 83

15 [Cp*Co(CO)I,] AgSbFe AcOH HFIP 90°C 24 63

16 [Cp*Co(CO)I,] AgSbFg AcOH HFIP 100°C 12 81
17 [Cp*Co(CO)I,] AgSbFg AcOH HFIP 100°C 10 69

@ reaction conditions: ketazine 1a (0.2 mmol), diphenylacetylene 2a (0.4 mmol), Co catalyst 10 mol%, Additive 1 (20 mol %), Additive 2 (20 mol%), Solvent 2 mL.

b GC yield.
¢ 15mol% Co catalyst was used.

4 5mol% Co catalyst was used. TFE: 2,2,2-Trifluoroethanol; 1,2-DCE: 1,2-Dichloroethane; MeOH: Methanol; TAA: tert-Amyl alcohol; HFIP: Hexafluoro-2-propanol.
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In 2018, we reported N-tosylhydrazone directing group in order to
generate isoquinoline derivatives utilizing ruthenium as a catalyst [25a].
Although, the protocol is highly efficient, it required external oxidant and
comparatively expensive ruthenium catalyst. On the other hand, to the
best of our knowledge, a directing group, N-tosylhydrazone was not re-
ported for C-H functionalization reactions under external oxidant free
conditions and using comparatively economic first row transition-metal
catalyst. In this context, it is highly desired to develop a protocol for
the activation of C-H/N-N bonds of N-tosylhydrazones which fulfils
these shortcomings. With the concern for the effective synthesis of het-
erocyclic moieties, here, we provide a potential method for the access of
isoquinoline derivatives by C-H/N-N bond activation policy employing
N-tosylhydrazone directing group and [Cp*Co(CO)I;] as a catalyst using
external oxidant free circumstances.

2. Results and discussion

Our initial study was performed with the annulation reaction of N-
tosylhydrazone 1a (0.2 mmol) with diphenylacetylene 2a (0.4 mmol) in
presence of Co catalyst and AgSbFg & NaOAc as additives in order to
generate isoquinolines 3aa as model reaction (Table 1). The introduction
of AgSbFg and acetate source was determined by previous studies which
are required for the generation of active cationic Cp*Co(III) species in
order to complete the desired transformation [17,19,23]. To examine the
catalytic efficiency, three cobalt catalysts i.e. Co(OAc)y-4H0,
[Cp*Colz], and [Cp*Co(CO)I;] were screened for a standard trans-
formation at 110 °C for 24 h in 2,2,2-trifluoroethanol as solvent (Table 1,
entries 1-3). Out of these catalysts, [Cp*Co(CO)I;] exhibited the highest
catalytic activity with 34% yield (Table 1, entry 3), whereas
Co(OAc)2-4H,0 was inefficient for the proposed transformation (Table 1,
entry 1). Further, optimization studies to determine the exact require-
ment of amount of catalyst were performed. With 15 mol% [Cp*Co(CO)
I], no significant impact on the yield of product was detected, whereas
on lowering the catalyst concentration to 5 mol%, the yield of the desired
product was decreased to 21%. (Table 1, entries 4 and 5). Screening
various solvents for the proposed methodology, trace amount of iso-
quinoline 3aa was obtained when 1,2-dichloroethane was used (Table 1,
entry 6). While, two other solvents such as methanol and tert-amyl
alcohol were non-efficient for the suggested transformation (Table 1,
entry 7 and 8). On the other hand, attempting the reaction in HFIP, we
found that the reaction worked efficiently to produce 54% product yield
(Table 1, entry 9). This indicates that HFIP found to be the most suitable
among various solvents for the stated methodology. Next, different ad-
ditives like KOAc, CsOAc and HOAc were also screened for the given
reaction. Out of those, HOAc proved to be superior in order to produce
the anticipated product with 84% yield (Table 1, entries 10-12).
Consequently, an attempt was made to replace AgSbFg with KPFg as an
additive, however, unfortunately, the reaction efficiency deteriorated
giving product 3aa with 49% yield (Table 1, entry 13). Next, to visualize
the effect of temperature on the reaction efficiency, the reactions were
attempted at different temperatures. Performing the reaction at 100 °C,
no considerable consequence on the yield of product 3aa was detected,
although further decrease in temperature results in lowering of the
product yield (Table 1, entries 14 and 15). At the end, optimum time
study was performed. By reducing the reaction time to 12 h, the reaction
worked with similar efficiency, while further decrease in time to 10 h
lowered the product yield (Table 1, entries 16 and 17). So, the optimum
reaction parameters are N-tosylhydrazone 1a (0.2 mmol), diphenylace-
tylene 2a (0.4 mmol), [Cp*Co(CO)I,] (10 mol%), AgSbFg (20 mol %),
AcOH (20 mol%), HFIP (2 mL), 100°C, 12h.

With the optimum reaction parameters, the extent of the annulation
reaction of substituted N-tosylhydrazones (1a-p) with diphenylacetylene
(2a) was analysed. A wide range of N-tosylhydrazones (1a-p) bearing
various electron withdrawing and donating groups (e.g. Me, OMe, Ph, F,
Cl, Br, I) were employed for annulation reaction with diphenylacetylene
(2a) which could lead to successful formation of anticipated products. N-
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Table 2
Co(Ill) catalyzed annulation of N-tosylhydrazones for the synthesis of
isoquinolines..

[CP*Co(CO)l] (10 mmol%)
AgSbFg (20 mol%),

Rz
AN ST i AcOH (20 mol%)
LTSImO,
Ry~
1 P> Rs HFIP, 100 °C, 12h

TSN

o
-|
\
@ 2\ 2
2

Entry Azine (1) Alkyne (2) Product (3) Yield” (%)
1 Ph—=—Ph 81
X, NHTs
[ j/ N 2a SN
7 >ph
la Ph
3aa
2 /@)\ 2a 76
S NHTs
N SN
cl cl 7 >pn
1b Ph
3ba
3 2a 73
Sy NHTS Sy
I3 F 7 pn
1c Ph
3ca
4 /@)\ 2a 78
X, -NHTs
N SN
Br Br 7 pn
1d Ph
3da
5 2a 83
Sy NHTs Sy
7 ph
le Ph
3ea
6 /@)\ 2a 87
X, _NHTs
N SN
~o o Z > ph
1f Ph
3fa
7 \©)\ 2a 80
X, -NHTs N
N N
7 >ph
1g Ph
3ga
8 2a 49
_0 Sy NHTS _0 SN 33
7 ph
1h Ph
3ha
SN
7 Ph
_O0 Ph
3ha’
9 \©)\ 2a 71
cl S NHTs cl N
N N
Z>ph
1i Ph
3ia
10 :@)\ 2a 74
S, NHTs N
N N
cl cl 7 >ph
1j Ph
3ja
11 2a 78
@X\N/NHTS SN
7 ph
1k Ph
3ka
12 Ph 2a Ph 89
©)\\ _NHTs
N SN
7 ph
11 Ph
3la
13 Et 2a Et 84
X, NHTs
N SN
=

-
3
o
B

(continued on next page)

Shri Shivaji College of Arts, Commerce and Science, Akola. Page 60 of 279



D.S. Deshmukh et al.

Table 2 (continued)

R, [CP"CO(CO)] (10 mmol%) Re
Ry N AgSbF (20 mol%), A
Q/\\N,NHTS ol ACOH (20 mol%) Ry N
i —_—— NS
R Rs HFIP, 100 °C, 12h Ry

1 2

Entry Azine (1) Yield” (%)

14 O 2a O 76
A
1n

Alkyne (2) Product (3)

P/

3na
15 2a nd
@)\\N,NHTS ‘ NS
N_ NP pn
1o Ph
3oa
16 2a 73
<SJ)\\N,NHTS s ‘ SN
N N A
1p Ph
3pa
17 la Et—=——Et 71
2b SN
7 Et
Et
3ab
18 la = Ph 74
2c SN
7 ph
3ac
19 la tol—=—tol 83
2d SN
7 tol
tol
3ad
20 la =Ph nd
7 ph

w
o
o

a

reaction conditions: azine 1 (0.2 mmol), alkyne 2 (0.4 mmol), [Cp*Co(CO)I,]
catalyst (10 mol%), AgSbFg (20 mol %), HOAc (20 mol%), HFIP (2 mL), 100 °C,
12h.

b jsolated yields.

tosylhydrazone with no substitution on the phenyl ring could generate
corresponding product 3aa with 81% yield (Table 2, entry 1). Electron-
withdrawing substituents like Cl, F and Br at para-position of the aro-
matic ring of hydrazones afforded the respective target molecules 3ba,
3ca and 3da in 76%, 73% and 78% yields respectively (Table 2, entries
2-4). The presence of electron-donating substituents such as -Me and
—OMe at the para position of the benzene ring of the N-tosylhydrazone
improved the yields of respective target moieties to 83% and 87%
respectively (Table 2, entries 5 and 6). Substituents such as -Me and —Cl
at the meta position of the benzene of N-tosylhydrazone provided
anticipated moieties 3ga and 3ia solely with 80% and 71% yields
correspondingly, whereas, -OMe at the meta position of the hydrazone
produced moieties 3ha and 3ha’ with 49% and 33% yields corre-
spondingly (Table 2, entries 7-9). Furthermore, the proposed method-
ology is appropriate for various disubstituted N-tosylhydrazones also and
the desired product 3ja was detected in good yields and particular
regioselectivity (Table 2, entry 10). Consequently, cyclopropyl phenyl
ketone, benzophenone and propiophenone was also utilized as substrates
for N-tosylhydrazones preparation which could generate the desired
substituted isoquinolines 3ka, 3la and 3ma with 78%, 89% and 84%
product yields correspondingly (Table 2, entries 11-13). Satisfyingly,
even hydrazone derived from 1-acetylnaphthalene functioned for the
projected transformation, generating anticipated molecule 3na with 76%
yield (Table 2, entry 14). In addition, the ability of N-tosylhydrazone
prepared from heterocyclic ketones (e.g. 4-acetylpyridine and 2-acetylth-
iophene) was also evaluated for the proposed protocol. Out of those,
hydrazones derived from 4-acetylpyridine couldn't produce an
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anticipated product, while, hydrazone from 2-acetylthiophene gave
desired isoquinoline product 3pa with 73% yield (Table 2, entries
15-16).

Finally, we briefly investigated the scope of the symmetrical, un-
symmetrical as well as substituted internal alkynes for the proposed
transformation. To the gratification, 3-hexyne and 1-phenyl-1-propyne
worked effectively for the annulation with hydrazone 1la to generate
corresponding isoquinolines 3ab and 3ac with 71% and 74% yields
respectively (Table 2, entries 17-18). Also, diphenylacetylene with
methyl substituents at para position provided desired product 3ad with
83% yield (Table 2, entry 19). However, terminal alkyne was ineffective
under a projected methodology (Table 2, entry 20).

3. Conclusion

In summary, Cp*Co(IIl) catalyzed annulation reaction of N-tosylhy-
drazones with alkynes has been established via C-H/N-N bond activation
in order to synthesize isoquinoline derivatives. In the proposed protocol,
N-tosylhydrazone played a dual role, i.e. directing group as well as in-
ternal oxidant efficiently. This protocol is applicable to an extensive se-
ries of N-tosylhydrazones possessing electron withdrawing and donating
groups without using any external oxidizing agent. The developed
methodology proved to be efficient as an air stable catalytic system
Cp*Co(III) worked effectively for this transformation and the reported
methodology could also work for the gram level synthesis with slight
reduction in the yield of product. Furthermore, a wide range of iso-
quinoline derivatives could be fruitfully obtained with moderate to
excellent yields under a proposed protocol.
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CaCl, has been found to be an efficient and cost effective catalyst for the rapid synthesis of acetamides in high yields.
The use of stoichiometric quantities of acetic anhydride under solvent free conditions without any additional
chromatographic purifications makes this protocol a safe alternative to the existing methods.

Keywords: Acetamide, acylation, acetylation, amine, CaCl,

Protection and deprotection techniques are the
frequently encountered exercise for the synthesis of
complex organic materials. Hence, the protection of
various functional groups via environmentally benign
procedures is highly desirable. Amine functionality is
one of the most important functional group present in
plethora of biologically relevant molecules. Many
protective groups are available for the protection of
amine functionality. Out of these acetyl group is the
most common, as it is stable in acidic conditions and
can be removed easily under alkaline conditions'.
Different reagents used for the acetyl protection of
amines are acetic anhydride®, acetyl chloride’, acetyl
acetone®, acetic acid®, zinc acetate® and thioacid’.
Among these, acetic anhydride is the most commonly
used reagent as it is cheap, easy to handle and readily
available. Besides their use as a protecting group,
acetamides are present in various important natural
products and pharmaceuticals such as paracetamol,
zonisamide, lacosamide, efc. that are required in bulk
quantities. Various methods are available for the
acetamide synthesis under basic as well as acidic
conditions using acetic anhydride®.

However, most of the methods suffer from one or
more drawbacks such as harsh conditions, expensive
reagents and catalysts, elevated temperatures, long
reaction times and high toxicity. Very recently, Kim
etal’ reported the synthesis of acetamides using
sulfated choline ionic liquid as a catalyst using
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efficient in terms of yield and reaction times, however
the catalyst is not commercially available, and require
preparation. To overcome these drawbacks still there
is an avenue to develop a new catalyst system that can
minimize these limitations. Therefore, efficient
catalysts that are environmentally friendly, more
economical and use stoichiometric amount of reagent
in absence of volatile organic solvents (VOSs) are
desirable. Calcium chloride (CaCl,) is a readily
available, inexpensive reagent used for dehydration
and recently gaining momentum as a green catalyst in
various organic transformations. To exemplity, CaCl,
has been used in Mannich reaction'®, Kabachnik-
Fields three component reaction'' Biginelli and aldol
transformations'*"?. Recently, it has been utilized as
an efficient Lewis acid catalyst for the synthesis of
9-aryl-1,8-dioxooctahydroxanthene'*.

Results and Discussion

These findings motivated us to extend the utility of
CaCl, in facile organic transformations, herein we
report for the first time an efficient, environmentally
benign, low cost and clean protocol for acetamide
synthesis using CaCl,. Initially, we carried out
the reaction with equimolar quantities of aniline
and acetic anhydride in presence of 10 mol% CaCl,
using acetonitrile as a solvent and to our delight,
the reaction was completed in 20 min with 94%
yield (SchemeI). Next, we evaluated different
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Scheme I — CaCl, catalyzed synthesis of acetamides

also produced excellent results in short reaction
time (Table I).

Polar solvents (Table I, entry 3,5) shows slight
decrease in yields as compared to other less polar
solvents. But the best results were obtained when the
reaction was carried out in solvent free conditions, the
desired product was obtained in 97% yield in 10 min.
Comparison of our result with few of the reported
procedures is presented in Table II which clearly
indicates the efficiency of CaCl, in the synthesis
of acetamides.

With the optimized reaction conditions in hand, we
evaluated the scope of the reaction with various
aromatic, heteroaromatic and aliphatic amines. Several
amines were treated with 1 eq. of freshly distilled acetic
anhydride in presence of 10 mol% of CaCl, under
solvent free conditions to obtain pure products without
any column purification (Table III). Anilines possessing
electron withdrawing groups on the phenyl ring (such as
chloro or nitro group) shows decrease in product yields
with slight longer reaction time. In contrast, aniline
having electron donating groups on the phenyl ring
(methyl or methoxy) results in higher yields with rapid
product formation. Position of substituents on aniline
does not affect much on the yields of the product but, the
effect can be seen on the reaction time. For example,
substituent on ortho position of aniline requires more
time for the completion of reaction as compared to meta
and para positions due to the ortho effect. Sterically
hindered amine (entry 19, 20, 21) was conveniently
transformed into its corresponding product with
moderate to good yield. Excellent chemoselectivity was
observed in case of amino alcohols (entry 23-26) and
phenylene diamine (entry 9) to provide the required
product without formation of any side products.
Heterocyclic (entry 15-17) and aliphatic amines (entry
27-30) also worked well using this protocol in high
yields and shorter reaction times. Moreover, chiral
amine (entry 31) was easily converted to the desired
product without any detriment decrease in optical purity.

Experimental Section
All commercially available reagents were used
without

Table I — Effect of various solvents on the yield of the
model reaction®

Entry Solvent Time Yield (%)
1 Acetone 15 min 95
2 Acetonitrile 20 min 94
3 CHCl, 20 min 90
4 Ethanol 25 min 90
5 Ethyl acetate 25 min 92
6 Methanol 30 min 88
7 THF 15 min 92
8 Solvent free 10 min 97

 Aniline (1mmol), (Ac),O (1 mmol), CaCl, (0.1mmol), Solvent
(1mL), RT.

ted.
hri Shivaji College of Arts, Comm

anhydride was distilled prior to use. 'H and
BC NMR spectra were recorded on a Bruker AC-
200 NMR spectrometer. Spectra were obtained in
CDCl;. Chemical shifts are reported in 6 (ppm) and
coupling constants are reported in Hertz (Hz).
Monitoring of reactions was carried out using TLC
plates (Merck Silica Gel 60 F254) and visualization
with UV light (254 and 365 nm), [, and
anisaldehyde in ethanol as development reagents.
Mass spectra were recorded on LC-MS. Optical
rotations were measured with a JASCO P 1020
digital polarimeter.

General procedure for the synthesis of
acetamides

To a mixture of amine (0.1 mol) and acetic
anhydride (0.1 mol) was added CaCl, (0.01 mol) and
stirred at room temperature for appropriate time as
shown in Table III. The progress of reaction was
monitored by TLC. After completion, the reaction
mixture was washed with saturated aq. NaHCO;
solution (15 mL) and extracted with ethyl acetate (3 x
15 mL). The combined organic layer was dried over
anhydrous sodium sulfate and concentrated in vacuo
to afford pure product.

Spectral characterization of the compounds
N-(4-Phenylazo-phenyl)-acetamide (Entry 8,
Table II): '"HNMR (200 MHz, CDCLy): &y 1.78 (s,

2.22 7. 7.
rce éh%g|%9n7c6eo, (Rk%?a? 2G6

age 6% of 279
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Table Il — Comparision of various catalysts employed for the synthesis of phenylacetamide”

Entry  Catalyst Solvent Time (min) Yield (%) Ref.

1 Ag(OTY) (1 mol%) Neat, 80°C 3 99 8b

2 Nano-CdO (10 wt%) Neat (MW, 80°C) 5 98 8c

3 Sodium dodecyl sulfate (SDS) H,O 5-10 83 8e

4 LiCl (5 mol%) Neat 120 95 8i

5 SCIL (3.5 mol%) Neat 10 98 9

6 CaCl, (10 mol%) Neat 10 97 This work

#Reaction conditions: Aniline: (Ac),0 (1:1), RT. MW-microwave
Table III — Synthesis of various acetamides catalyzed by CaCl,

Entry Amine Time Product Yield (%) m.p. (°C)
1 NH»> 10 min NHAc 97 113-14
2 NH, 30 min NHAc 92 109-10

X X
3 NH, 20 min NHAc 95 65
4 NH> 20 min NHAc 92 152-54
5 NH, 25 min NHAc 92 86
OMe OMe
6 ; NH, 15 min ; _NHACc 94 77-80
OMe OMe
7 NH, 15 min NHAc 95 128-29
oy oy
MeO MeO
g* NH, 45 min NHAc 82 138-40
W JO oy
o™ o
9 ©:NH2 25 min ©iNHAc 72 oil
NH, NH,
10* NH, 30 min NHAc 84 185-187
X X
NH NHAC
(contd.)
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Entry
11

12

13

14

15

16

17

19*

20"

21

22

23

Table 111 — Synthesis of various acetamides catalyzed by CaCl, (contd.)

Amine
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Time

30 min

30 min

30 min

45 min

20 min

30 min

30 min

25 min

120 min

150 min

60 min

15 min

30 min
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159-60
(158-60)°

179-81
(181-83)°

213-14
(211-12Y

101-03
(100-02)°
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207-09
(207-09)°

(contd.)
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Table III — Synthesis of various acetamides catalyzed by CaCl, (contd.)
Entry Amine Time Product Yield (%) m.p. (°C)
24 NH, 30 min NHAc 74 144-46
©/ ©/ (146-48)°
OH OH
25 NH, 30 min NHAc 72 168
oy oy
HO HO
26" NH, 40 min NHAc 85 oil
©)\/OH ©)\/OH
27 NH, 10 min NHAG 94 58-609
(60-62)
28 )( 30 min k 72 oil
NH, NHAc
29 \/\/NHZ 20 min \/\/NHAC 68 110-129
(111-13)
30 NH, 25 min NHAc 90 oil
"0
31 5 min NHAc 98 151-52

#2 equivalent of (Ac),O was used
#1 mL ethyl acetate was added for 1 mmol.

3H), 7.78-8.05 (m, 4H); C NMR (50 MHz, CDCl,):
3¢ 168.6, 152.6, 149.0, 140.5, 130.7, 129.0, 123.9,
122.7, 1222, 120.0, 119.8, 24.7; MS: m/z 240
[M+H]".

N-Benzothiazol-2-yl-acetamide (Entry 17, Table III ):
'"HNMR (200 MHz, CDCl3): 8y 2.22 (s, 3H), 7.07-
7.52 (m, 2H), 7.55-7.98 (m, 2H); *C NMR (50 MHz,
CDCl,): 8¢ 169.0, 160.1, 147.5, 131.7, 126.4, 124.0,
121.7, 120.2, 23.5; MS: m/z 193 [M+H]".

N,N-Dibenzyl-acetamide (Entry 22, Table III):
"H NMR (200 MHz, CDCl;): 8y 2.25 (s, 3H), 4.47 (s,
2H), 4.64 (s, 2H), 7.07-7.65 (m, 11H); *C NMR (50
MHz, CDCly): 8¢ 171.1, 137.2, 136.3, 128.9, 128.5,
128.2, 127.6, 127.3, 126.3, 50.7, 47.9, 21.6; MS: m/z
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N-(2-Hydroxy-1-phenyl-ethyl)-acetamide (Entry 26,
Table I1I): '"H NMR (200 MHz, CDCl;): 8 2.02-2.08
(m, 3H), 3.88 (d, J = 4.9 Hz, 2H), 5.07 (dt,
J =7.1, 5.0 Hz, 1H), 6.28 (brs, 1H), 7.30-7.39 (m,
6H); C NMR (50 MHz, CDCL): ¢ 170.8, 138.9,
128.9, 127.9, 126.7, 66.5, 56.0, 23.3; MS: m/z 180
[M+H]*.

N-Benzyl-acetamide (Entry 27, Table III): 'H NMR
(200 MHz, CDCl3): 6y 1.97 (s, 3H), 4.38 (d, J = 5.7
Hz, 2H), 6.14 (brs, 1H), 7.08-7.46 (m, 5H); °C NMR
(50 MHz, CDCIl;): 6¢c 170.0, 138.2, 128.6, 127.7,
127.4,43.6, 23.1; MS: m/z 150 [M+H]".

N-(3-Benzyloxy-1-methyl-propyl)-acetamide
(Entry 30, Table III): '"HNMR (200 MHz, CDCl5):
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(s, 3H), 2.02 (brs, 1H), 3.41-3.64 (m, 3H), 3.93-4.15
(m, 1H), 4.36-4.45 (m, 2H), 6.01 (brs, 1H), 7.21-7.29
(m, 5H); *C NMR (50 MHz, CDCl5): 8-169.3, 138.1,
132.1, 131.9, 128.6, 128.4, 127.7, 127.6, 73.2, 67.6,
43.9, 35.5, 23.4, 20.2; MS: m/z 222 [M+H]".

(S)-N-(1-Naphthalen-1-yl-ethyl)-acetamide (Entry
31, Table Ill): [o]*'p = —126.5° (¢ 1.0, CHCly);
'HNMR (200 MHz, CDCly): &y 1.56-1.72 (m, 3H),
1.94 (s, 3H), 5.74-6.06 (m, 2H), 7.39-7.61 (m, 4H),
7.70-7.95 (m, 2H), 7.98-8.19 (m, 1H); “C NMR
(50 MHz, CDCly): & 168.9, 138.2, 133.8, 131.0,
128.7, 128.3, 126.5, 125.8, 125.1, 123.4, 122.5, 44.5,
23.2, 20.6; MS: m/z 214 [M+H]*.

Conclusion

In conclusion, we described here a simple,
convenient and environment-friendly protocol for the
acetamide synthesis using CaCl, as a mild and cheap
catalyst under solvent free conditions. The present
protocol shows several advantages such as high
yields, shorter reaction times in minutes, safe
handling, clean reactions, excellent selectivity and
low cost. We envisage that this new method would be
used as an alternative to other existing methods for
the acetamide synthesis.

Supplementary Information
Supplementary information is available in the
website http://nopr.niscair.res.in/handle/123456789/60.
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Abstract: Wireless sensor network is emerging field because of its wide applications. It is a wireless
network which subsist a group of small sensor nodes which communicate through radio interface. The
four basic elements of these sensor nodes are sensing, computation, communication, and control. With
the notion that there will be cases for energy awareness, many routing, power management, and data
dissemination protocols have been explicitly developed for wireless sensor networks. However, the
key resource constraints are limited energy, communication capability, storage, and bandwidth. The
flexibility, fault tolerance, high sensing fidelity, low cost, and rapid deployment characteristics of
sensor networks create many new and exciting application areas for remote sensing. Our survey is
based on various aspects of routing protocols in wireless sensor networks.

Keywords: WSN, Sensor nodes, Routing, Ad hoc networks

I INTRODUCTION OF WSN

Wireless Sensor Networks (WSNs) have begun to draw the attention of researchers with the fast
technical advancement of wireless technologies and embedded electronics. A standard WSN consists
of small devices that are known as nodes. New technologies and standards are used for wireless sensor
networks. They include lightweight, energy-efficient machines, co-design of hardware/software, and
support for networking. Wireless sensor networks are now an integral part of everyday, technological
and military systems of everyday life. As new technologies are evolving and new applications are
being created, this is a fast-growing field. These nodes have a built-in CPU, some intelligent sensors
and minimal processing power. Nodes are used with these sensors to track environmental conditions
such as heat, humidity, vibration and noise surrounding them. In every WSN, a node usually includes
a transceiver unit, a sensor controller, a computer unit, and a control unit. By having nodes capable
of communicating with each other to relay data collected by their sensors, these units perform critical
tasks. To have a centralised structure, coordination between the nodes is essential. The need for this
device contributes to the growth of the notion of the internet of things (IoT).
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Figure 1: Architecture of WSN.
A WSN may usually be described as a network of nodes that act in a cohesive way to sense and regulate
the world around them. Through wireless networks, these nodes are linked. This relation is used by
nodes to communicate with each other. There are 3 elements in the structure of a standard WSN such
as sensor nodes, internet and user nodes. The sensor area constitutes sensor nodes and gateways.
Gateways and observers are linked by special networks or, most often, through the internet
II. COMPONENTS OF WSN

A WSN consists of multiple sensor numbers and a gateway to offer an Internet connection. The
components of WSNs are sketched in figure 9.

Power and power management unit

Micro Transceiver

Sensor unit .
controller unit

Figure 2: Components of WSN

Sensor Unit

A sensor node is a compact computer with a low power supply. While it has small energy capacity, it
has a simultaneous processing role and has a low price as well. Individual units of a sensor node
accomplish data collection and data transfer steps. The power source is located at the base of the sensor
node. It provides power for different sensor node devices, such as sensor units, radio and CPU.
Microcontroller

Usually, a microprocessor and a flash memory are made of the CPU of a sensor. It provides connectors
for most sensor nodes that can easily add external processing units and sensors to the main device. For
the critical functions of the CPU, decision-making and coping with collected data can be identified as
examples.
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Transceiver
It's responsible for a sensor node's wireless communications. The transceiver primarily has four
working conditions such as receive, transmit, idle and sleep. Radio Frequency (RF) and Infrared Laser
can be selected as wireless networks in the transceiver. For WSNs, RF is commonly favoured among
these wireless communication technologies. The standard RF range of operation is 10s of indoor
meters and 100s of outdoor meters.

II1. ROUTING PROTOCOLS IN WSNS
Depending on the network layout, routing in WSNs can in general be divided into flat-based routing,
hierarchical-based routing, and location-based routing. All nodes are usually allocated equivalent roles
or features in flat-based routing. Nonetheless, in hierarchical-based routing, nodes can perform various
network functions. In location-based routing, the locations of the sensor nodes are exploited to route
network data. In order to adjust to current network conditions and available energy levels, a routing
protocol is called adaptive if certain device parameters can be managed. In fact, these protocols can,
depending on the protocol operation, be divided into query-based, negotiation-based, multipath-based,
QoS-based, or coherent-based routing techniques. In addition to above, based on how well the source
flows a path to the destination, routing protocols can be divided into three sets, namely proactive,
reactive, and hybrid protocols. In proactive protocols, all routes are calculated before they can be really
required, whereas routes are computed on demand in reactive protocols. A mixture of these two
thoughts is used by hybrid protocols. If sensor nodes are fixed, instead of using reactive protocols, it
is preferable to have table guided routing protocols. In the route discovery and configuration of reactive
protocols, a significant amount of energy is used. Cooperative routing protocols are called another
class of routing protocols. Nodes send data to a central node in cooperative routing, whereby data
could be aggregated and further processed, thus reducing path costs in terms of energy usage. Many
other protocols are based on timing and information.

Routing protocols in WSNs

l l l l

w e SR e
wacwr W

|
Figure 3: Routing protocols in WSNs
(i) Network Structure Based Routing Protocols

| |
| |
b R
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In the application of the routing protocol within WSNs, the underlying network structure may play a
significant role. In this chapter, we discuss most of the protocols that come under this category in
detail.

A. FLAT NETWORK ROUTING

Multi-hop flat routing protocols are the first type of routing protocols. Each node usually plays the
same function in flat networks and sensor nodes cooperate to conduct the sensing task collectively.
This is not feasible to allocate each node a global identifier due to the large number of such nodes. .
Such factor has resulted in data centred routing, where the BS sends queries to some regions and waits
for sensor data located in the regions selected.

Sensor Protocols for Information via Negotiation (SPIN):

About Heinzelman et.al. A family of adaptive protocols called Sensor Protocols for Information
through Negotiation (SPIN) was proposed to disseminate all the information at each node in a network,
suggesting that all nodes in the network are possible access points. This allows any node to be queried
by a user and get the necessary details instantly [45]. Such protocols make the use of premise that
identical data is available to nodes in close proximity, so it is only necessary to transmit the information
which other networks do not have.

Directed Diffusion:

Directed diffusion is a common data aggregation model for WSNs that has been proposed. Directed
diffusion is a data-centric (DC) and application-aware paradigm in the sense that all data provided by
sensor nodes is called by attribute-value pairs. The key concept behind the DC model is to integrate
data from different sources en route by removing redundancy and reducing the number of
transmissions, saving network resources and extending its lifespan. Unlike conventional end-to-end
routing, DC routing searches for routes from different sources to a single destination, enabling
redundant data to be consolidated within the network. In Directed diffusion, sensors quantify events
and establish information gradients in their immediate surroundings.

Rumour Routing:

Rumour routing is a form of guided diffusion that is used in situations where geographic routing is not
possible. When there is no regional requirement to diffuse activities, guided diffusion uses flooding to
inject the query through the entire network. However, in some situations, the amount of data required
from the nodes is insignificant, and flooding is therefore unnecessary. If the number of events is small
but the number of queries is high, flooding the events is an alternative.

Minimum Cost Forwarding Algorithm (MCFA):

The MCFA algorithm takes advantage of the fact that the routing path, that is, towards the fixed
external base-station, is always known. As a result, a sensor node does not need a unique ID or the
maintenance of a routing table. Instead, each node keeps track of the cheapest route from itself to the
base station. Each message that the sensor node needs to forward is broadcast to its neighbours.
Gradient-Based Routing:

Gradient-Based Routing is a variant of guided diffusion suggested by Schurgers (GBR). When the
interest is dispersed throughout the entire network, the main concept in GBR is to memorise the
number of hops. As a result, each node can measure a parameter known as the node's height, which is
the minimum number of hops required to reach the BS. The gradient on a connection is defined as the
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difference in height between a node and its neighbour. The highest gradient connection is used to
forward a packet.

Information-driven sensor querying (IDSQ) and Constrained anisotropic diffusion routing
(CADR):

Information-driven sensor querying (IDSQ) and constrained anisotropic diffusion routing (CADR) are
two routing techniques proposed in. CADR aspires to be a broad definition of guided diffusion. The
main concept is to query sensors and route data through the network in such a way that information
gain is maximised while latency and bandwidth are reduced. CADR diffuses queries by selecting
which sensors should receive data based on a set of information parameters. This is accomplished by
only triggering sensors that are in close proximity to a specific event and dynamically changing data
routes.

COUGAR:

COUGAR, a data-centric protocol, sees the network as a massive distributed database system. The
main concept is to use declarative queries to separate query processing from network layer functions
such as sensor selection and so on. To save even more resources, COUGAR uses in-network data
aggregation. An additional query layer sits between the network and application layers to facilitate the
abstraction. COUGAR includes a sensor database system architecture in which sensor nodes choose a
leader node to conduct data aggregation and transmission to the BS.

ACQUIRE:

Sadagopan proposed the Active Query Forwarding In Sensor Networks (ACQUIRE) technique for
querying sensor networks. ACQUIRE, like COUGAR, sees the network as a distributed database
where complex queries can be broken down into several sub questions. The following is a summary
of how ACQUIRE works. The BS node sends out a query, which is forwarded to each node that
receives it. During this time, each sensor node tries to partially respond to the query by using pre-
cached information before passing it on to another sensor node. If the pre-cached information is out of
date, the nodes look up information from their neighbours within d hops. Once the question has been
fully resolved, it is sent back to the BS via the reverse or shortest direction.

Energy Aware Routing:

The aim of the energy-aware routing protocol, which is a destination initiated reactive protocol, is to
extend the lifetime of the network. While similar to guided diffusion, this protocol differs in that it
maintains a number of paths rather than maintaining or implementing one optimal path at higher rates.
These paths are held and chosen based on a collection of probabilities. The value of this probability is
determined by how low each path's energy consumption can be reduced. The energy of any single path
would not deplete quickly because the paths were chosen at different times. As energy is dissipated
more evenly over all nodes, this can result in a longer network lifetime. The protocol's key metric is
network survivability.

Routing Protocols with Random Walks:

The aim of the random walks-based routing technique is to achieve load balancing in WSNs using
multi-path routing in a statistical sense. Only large-scale networks with very restricted mobility are
included in this technique. Sensor nodes are assumed to be switched on and off at random times in this
protocol. Furthermore, each node has its own unique identifier, but no information about its location
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is needed. The topology may be irregular, but nodes were arranged so that each node falls exactly on
one crossing point of a normal grid on a plane.

B. HIERARCHICAL ROUTING

Hierarchical or cluster-based routing, originally proposed in wire line networks, are well-known
techniques with special advantages related to scalability and efficient communication. As such, the
concept of hierarchical routing is also utilized to perform energy efficient routing in WSNs. In a
hierarchical architecture, higher energy nodes can be used to process and send the information while
low energy nodes can be used to perform the sensing in the proximity of the target.

LEACH protocol

Low Energy Adaptive Clustering Hierarchy was introduced by Heinzelman as a hierarchical clustering
algorithm for sensor networks (LEACH). LEACH is a cluster-based protocol that involves the creation
of distributed clusters. LEACH selects a few sensor nodes at random as cluster heads (CHs) and rotates
them to spread the energy load equally across the network's sensors. To minimise the amount of data
that must be transmitted to the base station, the cluster head (CH) nodes compress data arriving from
nodes belonging to the respective cluster and send an aggregated packet to the base station. To
minimise inter-cluster and intra-cluster collisions, LEACH employs a TDMA/CDMA MAC.

Power Efficient Gathering in Sensor Information Systems (PEGASIS):

It was suggested that the LEACH protocol be improved. PEGASIS (Power Efficient Gathering in
Sensor Information Systems) is a chain-based protocol that is near optimal. The protocol's basic
concept is that nodes only need to connect with their nearest neighbours in order to expand network
lifetime, and they take turns communicating with the base station. A new round will begin when the
round with all nodes interacting with the base-station ends, and so on. Since the power draining is
distributed evenly over all nodes, the power needed to transfer data per round is reduced. As a result,
PEGASIS has two primary goals. To begin, use collective techniques to extend the lifetime of each
node, resulting in a longer network lifetime. Second, only allow local collaboration between nodes
that are close together to minimise communication bandwidth use. Unlike LEACH, PEGASIS does
not form clusters and instead sends data to the BS through a single node in a chain rather than multiple
nodes.

Threshold-sensitive Energy Efficient Protocols (TEEN and APTEEN):

TEEN (Threshold-sensitive Energy E—cient sensor Network protocol) and APTEEN (Adaptive
Periodic Threshold-sensitive Energy E—cient sensor Network protocol) are two hierarchical routing
protocols proposed for time-critical applications [51]. Sensor nodes continuously sense the medium in
TEEN, but data transmission is done less frequently. A cluster head sensor gives its members a hard
threshold, which is the sensed attribute's threshold value, and a soft threshold, which is a minor shift
in the sensed attribute's value that causes the node to turn on its transmitter and transmit. As a result,
the hard threshold attempts to minimise transmissions by allowing nodes to transmit only when the
sensed attribute is within the range of interest. If there is little to no shift in the sensed attribute, the
soft threshold decreases the number of transmissions that would otherwise occur.

Small Minimum Energy Communication Network (MECN):
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By using low power GPS, a protocol is proposed that computes an energy efficient sub network,
namely the minimum energy communication network (MECN), for a specific sensor network. Every
node in MECN is assigned to a relay area. The relay region is made up of nodes in the immediate
vicinity where transmitting through those nodes saves energy over direct transmission. The union of
all relay regions that node I can access is then used to establish the enclosure of node i. MECN's main
goal is to find a sub-network with a smaller number of nodes and lower power requirements for
transmission between any two nodes.

Self-Organizing Protocol (SOP):

Subramanian et al. define a self-organizing protocol and an application taxonomy that were used to
create heterogeneous sensor architecture. These sensors may also be mobile or stationary. Some
sensors collect data from the atmosphere and send it to a group of nodes that serve as routers. The
backbone of communication is formed by router nodes, which are stationary. The collected data is
forwarded to the more powerful BS nodes via routers.

Sensor Aggregates Routing:

The authors proposed a series of algorithms for constructing and preserving sensor aggregates. The
aim is to control target behaviour in a specific setting as a group (target tracking applications). A sensor
aggregate is made up of nodes in a network that meet a predicate for grouping in a collaborative
processing activity. The predicate's parameters are determined by the mission and its resource
requirements. In terms of allocating resources to sensing and communication tasks, the creation of
suitable sensor aggregates was addressed. Sensors in a sensor area are grouped into clusters based on
the frequency of their sensed signal, with only one peak per cluster.

Virtual Grid Architecture routing (VGA):

An energy efficient routing paradigm is proposed that utilizes data aggregation and in-network
processing to maximize the network lifetime. Due to the node stationarity and extremely low mobility
in many applications in WSNs. A GPS-free approach is used to build clusters that are fixed, equal,
adjacent, and non-overlapping with symmetric shapes. Square clusters were used to obtain a fixed
rectilinear virtual topology. Inside each zone, a node is optimally selected to act as cluster head. Data
aggregation is performed at two levels: local and then global.

Hierarchical Power-aware Routing (HPAR):

A power-aware hierarchical routing was suggested. The protocol divides the sensor network into
classes. Each zone is made up of a group of sensors in close proximity, and each zone is regarded as a
separate entity. To perform routing, each zone is given the freedom to choose how a message will be
routed hierarchically through the other zones, maximising the battery life of the system's nodes. The
max-min course, which has the maximum over all the minimum of the remaining capacity, is used to
route messages. The reason for this is that using nodes with high residual power can be more costly
than taking the path with the least amount of power consumption. The max-min zPmin algorithm is an
approximation algorithm.

C. LOCATION BASED ROUTING PROTOCOLS

Sensor nodes are addressed by their positions in this form of routing. On the basis of incoming signal
strengths, the distance between neighbouring nodes can be calculated. By sharing such information
between neighbours, relative coordinates of neighbouring nodes can be obtained. If nodes are fitted
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with a small low-power GPS receiver, the location of nodes can also be obtained directly by
communicating with a satellite via GPS (Global Positioning System).
Geographic Adaptive Fidelity (GAF):
GAF is an energy-aware location-based routing algorithm designed primarily for mobile ad hoc
networks, but may be applicable to sensor networks as well. The network area is flrst divided into
fixed zones and form a virtual grid. Inside each zone, nodes collaborate with each other to play
different roles.
MFR, DIR, and GEDIR:
Simple distance, development, and direction-based approaches are covered in these protocols. The
most important topics are forward and backward movement. Any intermediate node or source node
will choose one of its neighbours based on a set of criteria. MFR (Most Forward inside Radius),
GEDIR (The Geographic Distance Routing), a variation of greedy algorithms, 2-hop greedy method,
alternative greedy method, and DIR are all routing methods that fall into this group (compass routing
method).
IV. CONCLUSION
One of the newest areas of study is wireless sensor networks. Sensor networks' versatility, fault
tolerance, high sensing fidelity, low cost, and fast deployment characteristics open up a slew of new
and exciting remote sensing applications. Sensor networks will become an important part of our lives
in the future as a result of this broad variety of application areas. The ability to track environmental
and physical conditions is a unique advantage of wireless sensor networks. We addressed different
types of routing protocols for wireless sensor networks in this paper. Sensor networks will become an
integral part of our lives in the future due to their wide range of applications. One of the most promising
areas for future research is the energy efficiency of wireless sensor networks. Due to the limited energy
resources of sensors, one of the main challenges in designing routing protocols for WSNs is energy
efficiency. The ultimate goal of the routing protocol is to keep the sensors running for as long as
possible, extending the network's lifespan. Data transmission and reception account for the majority
of the sensors' energy consumption. As a result, WSN routing protocols should be as energy efficient
as possible in order to extend the lifetime of individual sensors, and thus the network's lifetime. We
surveyed a sample of routing protocols in this paper, taking into account a variety of classification
criteria such as location information, network layering and in-network processing, data centricity, path
redundancy, network dynamics, QoS requirements, and network heterogeneity.
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I INTRODUCTION OF CRYPTOGRAPHY
Cryptography is the study of writing in secret code and is an ancient craft; the first documented use of
cryptography in making dates back to about 1900 B.C., when an Egyptian recorder drew with non-standard
pictographs. Cryptography came out of nowhere at some stage or another in the wake of making, with applications
ranging from assuaging notes to war-time battle designs, according to many experts. It's not surprising that new
types of cryptography appeared not long after the improvement in PC communications, regardless of how you

look at it. Cryptography is fundamental in data and telecommunications when dealing with any untrusted medium,
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which melds for all intents and purposes any structure, especially the Internet. There are some explicit security

basics within the context of any application-to-application communication, including: Authentication: The path
toward displaying one's character. (The fundamental sorts of host-to-have approval on the Internet today are

name-based or address-based, the two of which are comprehensively slight.)

» Privacy/insurance: Ensuring that nobody can look at the message adjacent to the orchestrated gatherer.
» Integrity: Assuring the expert that the got message has not been changed at all from the first.

» Non-revocation: A section to demonstrate that the sender incredibly sent this message.

At that time, cryptography had been developed to protect data from theft or alteration, as well as to be used for
customer verification. When in doubt, three types of cryptographic plans are consistently used to achieve these
objectives: confuse key (or symmetric) cryptography, open key (or hilter kilter) cryptography, and hash works,

all of which are depicted below. The simple decoded information is indicated as plaintext in all cases.

It is mixed into figure material, which will be decoded into accessible plaintext in this manner (for the most part).
Two passing on gatherings would be proposed as Alice and Bob in a vital heap of the depictions beneath; this is
the usual wording in the crypto sector and writing to make it less perplexing to see the passing on gatherings.
They would be referred to as Carol and Dave if there is a third or fourth gathering to the correspondence. Eve is
an eavesdropper, and Trent is a confided in outcast. Mallory is a pernicious get-together, Eve is an eavesdropper,

and Trent is a confided in outcast.

II. STUDY OF CRYPTOGRAPHY

2.1 Types of Cryptography Algorithms

There are a few distinct procedures for dealing with cryptographic checks. For inspirations driving this paper,
they will be coordinated reliant on the proportion of keys that are used for encryption and unscrambling, what's

more portrayed by their application and use. The three sorts of estimations that will be analyzed are:

» Public Key Cryptography (PKC): Uses one key for encryption and another for unscrambling
» Secret Key Cryptography (SKC): Uses a solitary key for both encryption and unscrambling

[222]
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» Hash Functions: Uses a numerical change to irreversibly "encode" data

2.2.1 Public Key Cryptography (PKC):

Public key cryptography has been same to be the foremost basic new overhaul in cryptography within the last
300-400 years. Gift day PKC was Ist sketched out freely by Stanford University teacher Martin Hellman and
graduate understudy Whitfield Diffie in 1976. Their paper delineate a 2-enter crypto framework during which
two get-togethers might worth a protected correspondence over a non-secure interchanges channel while not

sharing an issue key.

» PKC depends upon the closeness of expected unidirectional works, or numerical limits that area unit verifiably
not laborious to laptop whereas their opposite limit is often laborious to method. Empower Pine Tree State to

allow each of you organize points of view:

» While the points of read higher than area unit insignificant, {they do|they area unit doing} address 2 of the
practical sets that are used with PKC; to be express, the straightforwardness of duplication and operation
versus the final weight of computation and enrolling logarithms, severally. the real "trap" in PKC is to seek
out a gizmo passage in quite so much with the target that the contrary estimation lands up being basic given
learning of one thing of knowledge. One key's accustomed inscribe the plaintext and also the different key's
accustomed unravel the figure content. The essential purpose here is that it does not have any reasonably
impact that key's connected 1st, at any rate that each keys area unit needed for the framework to figure. Since

match of key's needed, this method is aside from referred to as uneven cryptography.

2.2.2 Secret Key Cryptography:

With Secret key cryptography, a singular key's used for each secret writing and unscrambling. As showed up in
Figure 1A, the sender uses the key (or some course of action of checks) to inscribe the plaintext and sends the
figure substance to the beneficiary. The recipient applies a comparable key (or run set) to disentangle the message
and recover the plaintext. Since a selected key's used on the far side what several would take into account doable,

mystery key cryptography is additionally referred to as even secret writing.
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With this type of cryptography, clearly the key should be proverbial to each the sender and also the recipient; that,

no 2 ways in which regarding it, is that the mystery. the most effective issue with this approach, obviously, is that

the division of the key.

Secret key cryptography structures area unit usually requested as being either stream figures or sq. figures. Stream
figures wear out one piece (byte or laptop word) like a shot and see a sort of investigation structure with the target
that the key's faithfully demonstrating modification. A sq. figure is expressed in lightweight of the approach
during which that the arrangement encodes one sq. of information at some irregular minute employing a
comparable key on every sq.. With everything thought-about, the proportionate plaintext sq. can perpetually
scramble to a comparative figure content whereas employing a shut key in a very sq. figure whereas the identical

plaintext can inscribe to totally different figure message in a very stream figure.

Stream figures arrive in a very few flavors regardless 2 realism creating relevancy here. Self-synchronizing stream
figures figure every bit within the key stream as a small amount of the past n bits within the key stream. it's named
"self-synchronizing" in lightweight of the approach that the unscrambling procedure will keep synchronal with

the secret writing framework primarily by knowing however so much into the n-bit key stream it's.

Electronic Codebook (ECB) mode is that the base difficult , most clear application: the mystery key's accustomed
scramble the plaintext sq. to plot a figure content sq.. 2 not well characterised plaintext obstructs, by then, can
perpetually create a for all intents and functions indistinguishable figure content sq..despite the approach during
which this can be the foremost wide ascertained framework for sq. figures, it's helpless against a game-plan of

brute power ambushes.

Cipher Block Chaining (CBC) mode adds AN investigation instrument to the secret writing plot. In CBC, the
plaintext is simply O Red (X O Red) with the past figure content sq. before secret writing. during this mode, 2

dim squares of plaintext ne'er inscribe to a relative figure content.

Cipher Feedback (CFB) mode may be a sq. figure use as a self-synchronizing stream figure. CFB mode connects
with information to be mixed in units a lot of minor than the unit of measurement, which could be prodigious in
a very few uses, for example, secret writing savvy terminal information. If we have a tendency to were

victimisation 1-byte CFB mode, as an example, every progressing toward character is about into a move choose
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unclear size from the sq., encoded, and also the sq. transmitted. At the continued facet, the figure content is

decoded and also the further bits within the sq. (i.e., everything right past the one byte) area unit discarded.

Output Feedback (OFB) mode may be a sq. figure use sanely sort of a synchronous stream figure. OFB keeps the
relative plaintext keep from creating a comparable figure content sq. by victimisation AN inward examination

half that's freed from each the plaintext and figure content piece streams.
Secret key cryptography figuring’s that area unit being employed nowadays include:
Data Encryption commonplace (DES):

The most loosely ascertained SKC conspire used nowadays, DES was planned by IBM amid the Nineteen
Seventies and understood by the National Bureau of Standards (NBS) [now the National Institute for Standards
and Technology (NIST)] in 1977 for business and unclassified government applications. DES may be a sq. figure
employing a 56-bit key that deals with 64-bit squares.

DES incorporates a gorgeous approach of models and changes that were pictured particularly to yield snappy
equipment executions and moderate programming use, paying very little relevance however this last purpose is
ending up less basic nowadays since the speed of laptop processors may be a few posing for of degree speedier

nowadays than twenty years sooner.

IBM besides planned a 112-piece key for DES, that was rejected at the time by the affiliation; the utilization of
112-piece keys was thought-about amid the Nineteen Nineties, in any case, modification was ne'er really thought-

about.
Hash Functions:

A hash function is any limit that may be used to stipulate of zealous size to data of a settled size. The attributes
came back by a hash work area unit known as hash respects, hash codes, digests, or simply hashes. Hash limits
area unit in several cases used in an exceedingly combine with a hash table, a standard data structure used in

laptop programming for good data request. Hash limits invigorate table or information question by perceiving
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reproduced records in an exceedingly general report. One such application is finding equivalent stretches in

deoxyribonucleic acid game-plans.
2.2.3 Symmetric Key Cryptography

Symmetric-key cryptography implies encoding methods within which each the sender and beneficiary provide a
comparative key (or, less normally, within which their keys area unit exceptional, however connected in an
exceedingly viably measurable way). This was the elemental quite encoding in public well-known till Gregorian

calendar month 1976.

Fig 1.1Symmetric Key Cryptography

Symmetric-key cryptography construes encoding systems within which each the sender and master provide a
comparable key (or, less for the foremost half, within which their keys area unit uncommon, at any rate-related
in an exceedingly tastily quantitative manner). This was the focal quite encoding in public well-known till

Gregorian calendar month 1976.

» One spherical (out of eight.5) of the secured plan cipher, used in an exceedingly few types of PGP for snappy
encoding of, for instance, email.

» The contemporary examination of symmetric-key ciphers relates by and enormous to the examination of sq.
ciphers and stream ciphers and to their applications. A sq. cipher is, therefore to talk, a up-to-date embodiment
of Alberti's polyalphabetic cipher: sq. ciphers take as data a sq. of plaintext and a key and yield a sq. of cipher
substance of an identical size. Since messages area unit systematically longer than a solitary sq., some

framework for weaving along distinctive squares is needed. a handful has been created, some with favored
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security in some purpose of read over others. they're the system for activities and have to be compelled to be

purposefully determined as whereas utilizing a sq. cipher in an exceedingly cryptosystem.

» The encryption normal (DES) and also the Advanced encoding normal (AES) area unit sq. cipher plans that
are parceled out cryptography norms by the United States government (in any case DES's assignment was at
long last force back when the AES was gotten). Despite its swing down as a politician normal, DES
(particularly its still-guaranteed associate degreed generously progressively secure triple-DES assortment)
remains to a good degree observable; it's used over an expansive arrangement of employment, from ATM
encoding to email protection and secures remote access. completely different alternative sq. ciphers are
formed and discharged, with associate degree expansive sort of quality. several are utterly broken. See
Category: Block Ciphers.

» Stream ciphers, rather than the 'square’ kind, build a dynamically long stream of key material, or, toward the
day's finish the plaintext a touch at some random minute or character-by-character, to some extent just like
the one-time cushion. in an exceedingly stream cipher, the yield stream is formed smitten by an indoor state
that changes because the cipher works. That physical change is controlled by the key, and, in some stream
ciphers, by the plaintext stream moreover. RC4 could be a case of a noted and totally used stream cipher; see
Category: Stream Ciphers.

» Cryptographic hash capacities (much of the time known as message method capacities) do not for the foremost
half use keys, however area unit a connected and elementary category of science tallies. They take input data
(reliably an entire message), and yield a brief, settled length hash, and do everything thought of as a unbroken
limit. permanently ones, impacts (two plaintexts that die a close to hash) area unit to associate degree

uncommon degree laborious to find.

» Message confirmation codes (MACs) area unit abundant kind of like science hash capacities, with the
exception of that a secret secret is used to endorse the hash a assistance on receipt. These sq. a entice against

plain hash capacities.
IV. CONCLUSION

The cryptographic world is evolving in ways it has never seen before. Newer and more modern approaches are
becoming more popular. We have attempted to address Cryptography in all of its facets in this article. We've

addressed elements of both traditional and modern cryptographic methods in this study of reverie. In this field,

[227]

Shri Shivaji College of Arts, Commerce and Science, Akola. Page 84 of 279



Wesleyan Journal of Research, Vol.14 No.12 (April 2021)

the possibilities are limitless. In today's world, where information is force, security and privacy are not taken for

granted. Cryptography and cryptanalysis are extremely useful tools that can make a big difference, but they should

be used with extreme caution.
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Abstract:

Percentage oxygen saturation in blood, Heart rate and the Body temperature are the prominent parameters to be
known by the medical Technicians and Doctors for knowing the patient’s health condition in general and in the situations
like Covid-19 in particular, since the Doctor gets less than three minutes to survive the patient when the percentage oxygen
level in blood starts going below the critical value of 89% followed by lowering of the heart rate. Here the designing of
microcontroller based pulse oximeter is proposed in order to have direct [Non invasive] measurement of % oxygen
saturation in the blood and the heart rate by even a non medical person. Microcontroller, a dedicated processor is
universally employed in almost all the electronic gadgets, devices and machines which are popularly identified as
embedded systems and have applicability in almost every field inclusive of biomedical electronics for the accurate, fast and
even online readings. Also the designing of such pulse oximeter will be cost effective and hence can be used at small

hospitals and even at small places

Index Terms - Percentage oxygen saturation in blood, Heart Rate, Covid-19, Non invasive, Dedicated

Processor, Gadgets, Embedded Systems

1. Introduction

Entire circuit on a single chip is a concept of

embedded system and it came into existence with the
development of microcontrollers. Almost all the
systems built around microcontrollers today follows
the basic steps like sensing, processing and
displaying or outputting the result as per the
requirement. Since it’s a dedicated system or a
processor with limited amount of RAM, ROM, timer
and counters; they are identified as a SYSTEM ON
CHIP. The systems built around the microcontrollers
are having an added advantage of portability. Here in
this paper, the microcontroller is proposed to be used
with the associated circuitry for the measurement of
all the three prominent parameters namely
Percentage oxygen saturation in blood, Heart rate
and the Body temperature, which are considered as
the most important parameters in a situation like
COVID-19.Though the microcontroller 8051 is
shown in the block diagram; since the parameters to
be measured needs utmost accuracy being health
related, hence one has to move to the higher versions
of the microcontroller accordingly.[1]

2. Proposed Block Diagram
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3. Various blocks in a Block Diagram
3.1 Red and IR LED & Photodiode:

Generally, two common methods are used in
pulse oximetry namely; the Reflectance and the
transmittance method. Of which the transmittance
method is used here. Light from the Red LED (660
nm wavelength) and IR (Infrared) LED (940nm
wavelength) is passed through the tissues of the
finger and detected at the other end by the photo
detector. Oxygenated hemoglobin absorbs more
infrared light and allows more red light to pass
through whereas Deoxygenated hemoglobin absorbs
more red light and allows more infrared light to pass
through. The change is detected by the photo
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detector and the equivalent electrical signal (voltage)
is obtain at its output. [2]
3.2 1C LM35:

Is a 3 terminal temperature sensor IC
measuring the temperature in °C in the range of -55
°C to 150 °C with accuracy of +0.5%. Universally
the body temperature is measured in °C and hence
the 1IC LM35 is chosen.

3.3 Instrumentation Amplifier:

Receives both the above measurand.
Basically a Differential amplifier equipped with
input buffer amplifiers (To eliminate the need for
input impedance matching). Hence useful in
measurement and test equipment from heavy duty
industrial automation to precision medical devices.
When light from LEDs passes through tissues the
interference of unwanted light signals (noise) takes
place and the signal received by the photodiode may
be with noise. The Instrumentation Amplifier has an
advantage to measure small signal in noisy
environment and hence are used for great accuracy

where the noiseless data will only be outputted by
the instrumentation amplifier as it being the quality
of an instrumentation amplifier and will be
forwarded to the microcontroller through the open
loop comparator (where these parameters will be
compared with the standard or reference values for
the further processing; for which the microcontroller
needs to be programmed. On manipulating these
parameters with the help of microcontroller the result
will be displayed at LCD output. After taking the
readings from the display to reset the system the
reset circuitry is used, this will allow taking the
readings for the next. [4]

5. Conclusion:

Ultimate intention behind the designing of
pulse oximeter is to have quality and in time health
assistance and is a great concern and the basic need
in the medical field. Though, today’s Multispecialty
and Superspeciality hospitals are equipped with the
high-tech facilities, they are complex and quite

and stability. expensive. Under such circumstances the proposed
3.4 Open loop Comparator: design could have been proved to be much effective.
Compares, One Analogue signal with The design as above using Red LED, IR LED, photo

another or a reference voltage and outputs a binary
signal based on the comparison. The comparator is
basically an analogue-to-digital converter.

3.5 Microcontroller:

Needs to be programmed for the inputs
received from the open loop comparator and sending
the result i.e. Pulse Rate, Percentage Oxygen
saturation in the blood and the body temperature in
°F to LCD display. All computation part is done
inside the controller.

3.6 LCD Display:

Is a 16x4 LCD Display used for displaying
the actual Pulse rate, Percentage Oxygen saturation
in the blood and the body temperature.

3.7 Reset Circuitry:

Resets the microcontroller, clearing the

display so as to take the next measurement. [3]

4. Data processing:

Here the data for three major parameters
namely percentage oxygen saturation in blood and
heart rate from the photo detector’s output and the
body temperature from the IC LM35 will be received
by the instrumentation amplifier at the first stage

detector and  IC LMS35 for measuring the body
temperature in degree Celsius. The components,
design & technology used makes the system cost
effective.
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Utilization of Green Electricity for Operation of Miniature Electronic Circuits
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ABSTRACT

On small scale basis, green electricity generation from trees or plants is possible. Almost all kind of the leaf
contains trillions of plant cells. Throughout the process of photosynthesis, each cell of the leaf emits plenty of
electrons. By the movement of these electrons, one can produce electricity called green electricity. In our
day-to-day life, electric energy is playing a major and indispensable role for human being. Most all the fields
are encompassed with electricity and related appliances. Also, there are number of ways by which electricity
is being generated. To prevail the demand of electrical energy is ever growing problem and is creating several
threats to the environment. To deal with the situation, various types of non-conventional and renewable
energy sources are being invented and developed all over the world.

In this research paper, an influence is given to utilize the generated DC voltage from living plants like
xerophytes and mesophytes. This kind of energy source is non-conventional as well as renewable energy
source and is very useful. It is eco-friendly technique of low voltage generation and its utilization. The
undertook research work describes the design aspect of low voltage energy source wherein various plants are

used as natural electrolytes along with various electrodes and cells to operate miniature electronic circuits.
Keywords: Miniature circuit, Green electricity, eco-friendly, renewable source, electrodes and cells
I. INTRODUCTION

Now a day there are number of ways by which electricity is being generated. The conventional as well as non-
conventional methods are being research and developed used by different agencies, boards and institutes.
Everywhere scientific teams are contributing their shares in the field of electricity generation. The researcher
is trying to introduce nonconventional method of generation of electricity by using living plants like
xerophytes and mesophytes. After successful generation, it may be utilized as a new kind of power source for
small electronic circuits, devices & gadgets. This may treat as one of the renewable emerging source of energy.
Such type of low voltage can be generated without polluting any environmental parameters.

In the presented research work, a small amount of voltage was generated and utilized for actual working of few
miniature electronic circuits and gadgets. By using the electrode pairs or cells in series combinations, the net
output voltage was increased whereas by using parallel combinations, the net output current was increased.

Thus, various miniature electronic circuits and gadgets can be operated by the virtue of this generated output

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the @
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited
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voltage. These circuits include Digital watch, LED circuit, 12 and % digit Calculator, Musical sound circuit,
Quartz wall clock, Timer IC 555 circuit, Tiny DC motor, Small toy, Remotes of CD player, Tiny torch and Joule
Thief circuit. Most of these miniature electronic circuits require 1.5 to 4.5V DC voltage with few milliamperes
(mA) of current. Also, the simultaneous operation of few of above mentioned circuits were tested using such
type of generated voltage from living plants. Few photographs and video clips of actual operation of the above
miniature electronic circuits and gadgets are recorded locally and stored in the research laboratory as well as

college center.
II. UTILIZATION OF GENERATED VOLTAGE FOR WORKING OF DIGITAL WATCH

Digital wrist watch (Model: Mint Silicone Strap -105 DDK) with liquid crystal display (LCD) requires the
typical operating voltage of 1.5 volts and current of approximately 2.5 mA. Such the low values of the voltage
and currents were produced by using series combination of the Ag-Zn or Cu-Zn or any suitable type of
electrodes or cells. Following figure (1) shows the actual working of a digital wrist watch using such type of
generated voltage from the living plants. The digital watch and other circuit components were assembled on a
regular breadboard with the help of bus and terminal streams. The watch worked for next many days and
months using such kind of generated voltage. Time setting, day-date settings and all other available functions

worked in the proper manner.

Figure (1) : Actual working of Digital Watch

III. UTILIZATION OF GENERATED VOLTAGE FOR WORKING OF LIGHT EMITTING DIODE

As per the requirement, various types of Light Emitting Diodes (LEDs) are available in the electronic market.
The main types of LED are miniature, high power devices and custom designs such as alphanumeric or multi
color device. A regular low current LED of 5mm size requires the typical operating voltage of 2 volts and
current of 2.5 mA (approximately 5 mW consumption). Such values of the voltage and currents were produced
by using series and parallel combination of the Ag-Zn or Cu-Zn or any suitable type of the electrodes or cells.

Following figure (2) shows the actual working of such a regular low current Light Emitting Diode (LED) using
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generated voltage from the living plants. In the given figure, LED circuit is arranged on a regular breadboard,

along with few other components. In order to focus on the emitted light from the LED, the photograph was

intentionally snapped in darkness.

Figure (2) : Actual working of LED Circuit
IV. UTILIZATION OF GENERATED VOLTAGE FOR WORKING OF 12 AND %2 DIGIT CALCULATOR

A digital calculator with 12 and %2 digits (Model: CITIZEN — CT 512, Large Display) requires the typical
operating voltage of 1.5 volts and current of 25 mA. By removing internal battery of the calculator, such values
of the voltage and currents were produced by using series combination of the Ag-Zn, Au-Zn and Cu-Zn or any
other suitable type of the electrodes and cells. Following figure (3) shows the actual working of such a
calculator, using the generated voltage from living plants. All kind of available functions in the calculator like
Auto checking, memory settings, auto power off and all other mathematical functions of the calculator worked
in proper manner. A digital multimeter in the photograph of this figure shows the generated full load voltage of

2.10V’, which is somewhat more than the actual voltage required for the working of calculator.

N— o = .
Figure (3): Actual working of 12 and %2 Digit Calculator
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V. UTILIZATION OF GENERATED VOLTAGE FOR WORKING OF MUSICAL SOUND CIRCUIT

A miniature musical sound circuit or musical greeting card circuit with build in COB (Chip On Board) and
buzzer as sound output was connected as the output load. Such a circuit works on 1.5V voltage and 25mA
current ratings (approximately 50 mW power consumption). The required values of voltage and currents were
generated by using series and parallel combinations of the Ag-Zn, Au-Zn and Cu-Zn or any other suitable type
of the electrode pairs and cells. The musical sound circuit worked properly with suitable sound output.

Following figure (4) shows the actual working of such a circuit with the help of voltage generated from living

plants.

Figure (4) : Actual working of Musical sound circuit with buzzer as output load

VI. UTILIZATION OF GENERATED VOLTAGE FOR SIMULTANEOUS WORKING OF DIGITAL WATCH,
LED CIRCUIT, CALCULATOR AND MUSICAL SOUND CIRCUIT

A digital watch, a LED circuit, a digital calculator and a miniature musical sound circuit were simultaneously
connected as a parallel load at the output. The simultaneous working of all these four circuits were observed
and studied carefully. All the circuits worked properly as long as they were connected to the living plant setup
using suitable number of electrodes and cells. Following figure (5) shows an actual photograph of simultaneous
working of all these circuits, using the voltage generated from living plants. LCD display of digital watch and
calculator are showing particular values of time and calculations of that instant. The voltage requirement for

such a simultaneous working was up to 4.5 volts, which was developed properly.

Figure (5): Simultaneous working of Digital watch, LED circuit, Musical circuit & Calculator
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VIL.CONCLUSION

It was observed that such kind of source is non-conventional, renewable and eco-friendly technique of low
voltage generation and its small scale utilization. The undertook research work describes the design aspect of
low voltage energy source wherein various plants are used as natural electrolytes along with various electrodes
and cells to operate miniature electronic circuits which includes Digital watch, LED circuit, 12 and %2 digit
Calculator, Musical sound circuit, Quartz wall clock, Timer IC 555 circuit, Tiny DC motor, Small toy, Remotes
of CD and DVD players, Tiny torch and Joule Thief circuit. Such types of sources are of low cost, replenishable,
sustainable, pollution free and an emerging low power source of electricity.

The presented research work is in early stages, but further research may open novel ways of using such type of
green energy. Thus craving of human being on conventional resources may reduce on some extent. So let’s
expect that our imagination may cross boundaries and we might be plugging into the surrounding trees and

plants to charge our mobile phones and other gadgets using such type of green electricity.
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Abstract: The present study on Morphotectonics of the Tapti basin
using remote sensing (RS) data and Geographic Information
System (GIS) technique is an important input in deciphering the
association between drainage morphometry and tectonics of the
area. The basic structural elements like the established faults and
other linear features of the study area were identified on the digitally
processed remote sensing data and drainage pattern/morphometry
was derived from the available Shuttle Radar Topography Mission,
Digital Elevation Model (SRTM DEM) (90m) data. The various
morphometric characters of the Tapti river basin were studied in
detail. The drainage model of this area is a coarse sub-dendritic,
trellis, and rectangular. The results of the preliminary morphometric
analysis have been correlated with tectonic and seismotectonic
characters exhibited by the study area. Overall, the morphometric
and morphotectonic analysis revealed the area has periodically
experienced tectonic and low order seismic instances.

Index Terms: DEM, Drainage Morphometry, India,

Morphotectonics, Remote Sensing and GIS, Tapti River Basin.

I. INTRODUCTION

The study of short and long-term external evidence of
tectonic activities is considered as Morphotectonics (Singh and
Singh, 2011; Nongkynrih and Husain, 2011; Magesh et al. 2011;
Nagare, 2014). The morphotectonic analysis of a river basin
explains the geomorphological and hydrological processes
working on the basin scale. Climate, topography, and geology are
the major controlling parameters of drainage patterns (Thomas et
al. 2012). The surface features of the tectonic activities are
represented by relative movement such as uplifting, subsidence,
and translation of the crust (Strahler, 1957; 1964). The drainage
basin and its relationship with the structures are the most

* Corresponding Author

susceptible parameter which controls the river courses (Miller,
1953; Altaf et al. 2013). The formations of landforms are the
manifestation of the controls of tectonics which are lead by the
processes of weathering and erosion (Singh and Singh, 2011;
Thomas et al. 2012).

Remote Sensing technology is an important input in
deciphering the relationship between drainage morphometry and
tectonics of the area (Altaf et al. 2013). GIS techniques provide
an analytical tool for quantitative analysis in such studies (Cholke,
2018; Barman et al. 2020). The study of SRTM DEM of the area
demonstrates the presence of a large number of lineaments (some
are established faults) and fractures across which distinct
elevation changes are seen. The Morphotectonics features are
observed and mapped using advanced remote sensing and digital
image processing techniques (Nongkynrih, and Husain, 2011).
Basin elongation ratio (Re) and Asymmetric factor (AF) are
important parameters for morphotectonical investigation (Miller,
1953; Schumm, 1956; Rawat et al. 2011; Waikar, and Nilawar,
2014; Cholke, 2018; Barman et al. 2020). River Profile sections
are used to identify the evidence of active structures in the area
(Copley et al, 2014). In areas, where the rate of tectonics is low,
indication comes from the morphotectonic investigation, whereas
in the present, the rate of tectonics is substantial resulting in field
indications being directly observed.

The present work is done on the Tapti River (also known as
Tapi River) which is one of the major rivers of peninsular India
originating from Multai in the Betul district of Madhya Pradesh
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with a length of around 764.569 kilometers (Jain et al. 2007,
Copley et al. 2014).

Il. STUDY AREA

In the northern part of the Deccan plateau, over an area of
63725.02 sq. Km. Tapti river basin is extended (Raja et al. 2010;
Giri et al. 2020). The Tapti river basin (Fig.1) lies between
longitudes of 72° 38' to 78° 17' and latitudes of 20° 5' to 22° 3'
(Jain et al. 2007; Copley et al. 2014; Sharma et al. 2019). It is
enclosed by the hill ranges from three sides. Satpura range, in the
north, Mahadeo hills, in the east, the Ajanta range and the Satmala
hills, the on the south and the west by the Arabian Sea. Around
25% of the area of the Tapti river basin is covered by forest (Jain
et al. 2007; Raja et al. 2010; Copley et al. 2014; Giri et al. 2020).
The Tapti river basin typically is a basaltic landscape (Jain et al.
2007; Copley et al. 2014)

India

Tapi River Basin

Fig.1: Location map of the study area showing the Tapti/Tapi river
basin.

I1l. METHODOLOGY

This study is based on the quantitative investigation of
geomorphic indices using SRTM DEM (90M Resolution). The
periphery of the Tapti river Basin was delineated over the
topographical maps and mosaic were created of satellite images
and ArcGIS and Earth Resource Development Assessment
System (ERDAS) Imagine software was used for georeferencing
(Yadav et al. 2014). The rectification and resampling to a
Universal Transverse Mercator (UTM) projection having World
Geodetic System (WGS) 1984, Zone 43 North, as the datum was
also completed. Some pre-processing function techniques to
normalize the data were used to correct data error and noise. The
sinks were removed by filling SRTM DEM data from the dataset
(Giri et al. 2020).

Digital elevation model with 90m resolution was used for
making Hill shed map overlay by contour lines with 100m

Journal of Scientific Research, Volume 65, Issue 3, 2021

intervals, slope map, aspect map. The morphometric parameter is
used for landscape shape which accessing the tectonics of the
area. Morphotectonic parameters such as basin elongation ratio
(Re), Asymmetric factor, and study of longitudinal river profile
section are useful for characterization of the topography and
landforms features (Nongkynrih, and Husain, 2011; Thomas et al.
2012). The results obtained could be verified with the actual
fieldwork carried out in the area.

IV. RESULT AND DISCUSSION
A. Hill Shed Map Overlay by Contour Lines

Hill shed map overlay by contour gives better comprehension
of the topography. It can greatly enhance the visualization of the
surface for analysis or geographical display, especially when
using layer transparency (Schumm and Hadley, 1961; Waikar,
and Nilawar, 2014). Most of the area exhibits elevation ranging
from 100 to 300 m (Fig. 2). The NNW fringe of the area and the
eastern and the northeastern part of the area exhibit comparatively
higher elevation ranging from 500 to 1000 m (Giri et al. 2020).
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Fig. 2: Hill shed map overlay by contour lines of the Tapti river basin.
B. Slope Map

A slope map is a helpful tool for the identification of
structural disturbances (Schumm and Hadley, 1961; Thomas et al.
2012; Waikar, and Nilawar, 2014). A slope map is constructed
with the help of a surface tool utilizing a spatial analyst tool,
highlighting the presence of fault scarps, tilting of strata, etc
(Schumm and Hadley, 1961; Singh et al. 2021).

According to this slope map, regionally area has a gentle slope
varying from 0° to 3°(Fig. 3). The north-northwestern fringe of
the study area and the eastern—northeastern part of the area reflects
170-259 to 250-59.800 variations which have probably experienced
tectonic disturbances. The scarp face of the Gavilgarh fault zone
and Tapi north fault zone is characterised by a 3°-5%slope (Giri et
al. 2020).
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Fig. 3: Slope map of Tapti river basin.
C. Aspect Map

Aspect is used for recognition of the steepest downslope
direction of each cell to its adjacent cell (Schumm and Hadley,
1961; Waikar, and Nilawar, 2014). The SRTM DEM has been
used for the generation of the “Aspect map” of the area (Fig. 4)
(Thomas et al. 2012; Giri et al. 2020).
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Fig. 4: Aspect map of Tapti river basin.

D. Geomorphological Map

Geomorphology is the systematic study of landforms
concerning the climatology, geological and structural aspect
(Schumm and Hadley, 1961). Landforms and drainage are the
prime parameters in deciphering the geomorphology of an area.
The geomorphological record best describes the landforms,
plains, and plateau (Schumm and Hadley, 1961; Thomas et al.
2012).

Broadly areas can be classified in a variety of plateaus and
plains (Fig. 5). Dissected, denudational plateaus and flood plains
are dominant in this area. Denudational plateaus are the exposure
of deeper rock structures by the erosion of the land surface, while
dissected plateaus are characterised by the cutting of ravines,
gullies, or valleys, especially by the stream (Schumm and Hadley,
1961; Thomas et al. 2012; Giri et al. 2020).
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Fig.5: Geomorphology map of Tapti river basin.

E. Lineament map

Lineament is a linear feature that is thought to reflect the crustal
structure, viz, Fault line, and straight stream courses. Lineament
Mapping is the prime step that directly provides information on
the tectonics of the area (Schumm and Hadley, 1961; Thomas et
al. 2012; Singh et al. 2021). A structural plot of the area reveals
the story of the tectonics of the area. There are several lineaments
with some major & minor faults. Lineaments are haphazardly
spread all over the Tapti river basin but when observed carefully
they represent a crisscross pattern. Mostly a horizontal, vertical,
NE-SW, and NW-SE were observed, often cross-cutting each
other. There are four major faults, the NE-SW trending Tapti river
fault, NE-SW trending Tapi north fault, E-W Gavilgarh fault, and
SE-NW trending Purna fault (Fig. 6). Some minor faults were also
observed having NE-SW and NW-SE trends (Nongkynrih, and
Husain, 2011; Giri et al. 2020).
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Fig.6: Structural map of Taptiriver basin.

V. MORPHOMETRIC ANALYSIS OF BASIN
A. Relief Aspects
1) Relief Ratio (Rh)
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The Rh value of the Tapti river basin is 0.002944, indicative
of moderate relief and moderate slope (Waikar, and Nilawar,
2014; Giri et al. 2020).

2) Basin Relief
The term Basin relief (R) was given by Melton, 1957 (Fig. 7).
Relief (R) (Table I) is 1558 m, indicative of moderate to a steep
slope with high run-off (Schumm, 1956; Schumm and Hadley,
1961; Waikar, and Nilawar, 2014; Giri et al. 2020).
Basin Relief (R) is expressed as: R=Hh, Where H = maximum
elevation (m), h = minimum elevation (m) (Giri et al, 2020)

Table I: Basin Relief (R)

Major Basin
Object Stream |Basin Areain| Maximum | Minimum A
Shape . . ) Relief
Id Length in Km? Elevation | Elevation
(Bh)
Km
13982 | Polygon | 761.775 | 63725.0264 1559 1 1558
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Fig.7: Digital Elevation Map (DEM) of the Tapti river basin.

B. Aerial Aspects

1) Drainage density (Dd)

Horton in 1945 introduced the term drainage density (Dd).
The Dd (Table I1) of the area is 0.439 km/km2 indicative
of Low drainage density, signifying high porous soil and moderate
vegetative cover (Giri et al. 2020).

Table 1I: Drainage density of all streams.

Full | Object| Basin area The total length of A_vg.
basin D (Km?) all stream drainage
order(Km) density

Polygon | 13982 | 63725.0264 |27967.844887667| 0.439

Journal of Scientific Research, Volume 65, Issue 3, 2021

2) Stream Frequency (Fs)
The Fs for the basin (Table. I11) is 0.0883 km2 (Schumm and
Hadley, 1961; Altaf et al. 2013; Waikar, and Nilawar, 2014; Giri
et al. 2020).

Table I1I: Stream frequency of the study area.

. Shape Area| No. of Stream
ObjectId | Shape in km2 stream | Frequency/km2
13982 | Polygon | 63725.0264| 5630 0.0883

3) Texture Ratio (T)
The Drainage texture ratio (T) of the area is 0.452 (Giri et al.
2020).

4) Form Factor (Rf)
The (Rf) of the area is 0.1098, indicative of an extended basin
with lower peak flows (Schumm and Hadley, 1961; Altaf et al.
2013; Waikar, and Nilawar, 2014; Giri et al. 2020).

5) Circulatory Ratio (Rc)

The Rc value of the area is 0.1862, indicative of moderate to
low relief (Waikar, and Nilawar, 2014; Giri etal. 2020). Thehigh
value of the circularity ratio signifies The late maturity stage of
topography.

6) Elongation Ratio (Re)

The elongation ratio (Re) in the area (Table IV) is 0.3740
indicative of moderate to a slightly steep ground slope, signifying
an elongated shape (Altaf et al. 2013; Giri et al. 2020).

Table IV: Form factor, circulatory ratio, elongation ratio of the basin

area.
Major |Object| Stream Form | Circulatory | Elongation
Stream | ID |Length(Km)| Factor| Ratio Ratio
Polyline| 238 761.775 [0.1098| 0.1862 0.3740

C. Drainage Asymmetry Factor (Af)

The drainage asymmetry factor (AF) is used to estimate the
extent of tectonic tilting at the scale of the drainage basin or
relatively large area (Schumm and Hadley, 1961; Alaei et al.
2017; Giri et al. 2020).

Drainage asymmetry is defined by Hare and Gardner, 1985;

AF = Ar /At*100

Where Ar = Area of the basin to the right side of the stream

At = Area of the drainage basin

The area of the left part of the basin is greater than that of the right
part, showing the effect of active tectonic or differential erosion
or tilt (Fig. 8). If the AF of both parts of the basin is equal, then
it indicates the presence of no or little tilting. An asymmetry factor
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(Table V) of 22.66 indicates that the river basin is undergoing a
probable active tilt in the northerly direction (Giri et al. 2020).

Table V: Drainage Asymmetry Factor of the Tapti River Basin.

Major .
Object Grid| Stream | Basin Area Afea of_the Drainage
Shape - Right Side |Asymmetry,
Id code| Length| in Km? S
- Basin in Km2|  Factor
in Km
13982| Polygon 6 |761.775|63725.0264 14441'398355 22.66
}11
LEFT PART
‘ . Legend
MAJOR STREAM ppag 49283.0280445
(KM2) 14441 9983558

Fig.8: Drainage asymmetric map of Tapti river basin
VI. STUDY OF PROFILE SECTION

In morphotectonic studies, the digital elevation model can
provide longitudinal as well as the cross profile of mountain
ranges and active faults (Fig. 9). The longitudinal profile may
display the youthfulness of the landform, highlighted by the
presence of v-shaped valleys (Schumm and Hadley, 1961; Giri et
al. 2020).

Also, such profile can be used to recognize structural features
like major & minor faults, lineaments, V-shaped valley, dissected
plateau, change in elevation along stream channel, evidence of
differential block movement, etc. (Fig. 10)

Legend
Faul
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Fig.9: Map showing river section along which digital profiling has been
done in the Tapti river basin.
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Fig. 10: Profile Graph of Tapti River section

Point I: Point | shows a sudden drop in elevation which co-
relates with straight stream course. This convergence of evidence
tallies with the previously established Tapti river fault.

Point 1I: In the central part of the Tapti drainage basin there is
a sudden change in the route of the river which is also related to
the drop in the elevation of about 20m. This location probably
marks the intersection of the well-established NE-SW trending
Tapi river fault & the nearly E to W Gavilgarh fault causing
sudden flexure in the overall drainage characteristics of the area.

This is further substantiated by the fact that from this location
toward the upstream side there is a drainage divide which has
bifurcated the basin into two distinct parts in the north-eastern and
eastern part of the basin. The originating eastern part of the main
river course is depicting a clear NE-SW trend, which nearly
follows the NE-SW trending of the Tapi river fault (Giri et al.
2020).

Point 111: In the downstream side of the basin, the stream
orientation is often controlled by a minor structural feature that
has been locally established as a fault. This is to further state that
the orientation of the major stream of the Tapi river basin is almost
parallel to the Tapi north fault, which might be indicative of the
presence of structural features in the southern part of the area
sympathetic to the Tapi north fault (Giri et al. 2020).

VII. SEISMOTECTONICS

Seismotectonics is defined as the study of the correlation of
individual fault of the area and the active tectonics present in the
area. It involves extensive analysis of regional tectonics, recently
recorded events using the latest instrumentation techniques,
geomorphological evidence, and history of earthquakes in the
area.
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Fig. 11: Seismotectonic map of Tapti River Basin

Seismic events of 3.9ml magnitude on 10 march 2003 with
epicenter south of Purna fault were recorded by GSI observatory
(Fig. 11). One more event of magnitude 2.9ml at shallow depth
was recorded with the epicenter near Dharni in Amravati district
of Maharashtra on 15t April 2005 which falls south of the Tapti
River fault. A seismic event with an epicenter north of Kharwadi
has been recorded which is in close vicinity to the Gavilgarh fault.
Few microearthquakes have also been recorded in the Pandhana
area in the MP, north of Gavilgarh and Tapti north fault during
1998-1999 (Ghatak et al. 2009). Three distinct events of
magnitude 2.3ml, 2ml, and 1.8ml have been recorded north of
Belkund Dhanain a linear fashion which may be indicative of the
existence of N-S structural entity in the eastern part of the basin
cross-cutting the Gavilgarh fault. Two events of magnitude 3.7ml
and 1.5ml have been notable near Betul which falls outside the
basin in the northeastern part of the area. Few low order seismic
events have been recorded near Daryapur, Wishroli, and Jambhal
talav area (Ghatak et al. 2007; 2009; Copley et al. 2014;).

After examining the relationship between lineaments and
seismic characteristics it can be interpreted, the area has
experienced tectonic activities in its recent geological past (Sajadi
et al. 2020). Careful observation shows that area is still
experiencing tectonic activities as the morphology of the
lineaments is changing and the area is continuing to experience
low-level seismic instances (Jain et al. 2007; Copley et al. 2014;
Giri et al. 2020). However, a thorough and detailed study on this
aspect is quite essential to ascertain the prevailing seismic activity
of the area and its relation to tectonics.

VIIl. CONCLUSION

The Morphotectonic study of the Tapti basin with the help of
RS and GIS technology established to be an important input in
deciphering the relationship between drainage morphometry and
tectonics of the area (Jain, 2007; Magesh et al. 2011; Altaf et al,
2013; Copley et al, 2014; Waikar, and Nilawar, 2014). The basic
structural elements like the established faults and other linear
feature of the study area were identified on the digitally processed
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remote sensing data and drainage pattern/morphometry as derived
from the available DEM data (Nongkynrih, and Husain, 2011;
Altaf et al. 2013; Waikar, and Nilawar, 2014). Since the present
study pertains to use the freely available digital data using
laboratory techniques, the results obtained need to be verified with
the actual fieldwork carried out in the area (Giri et al. 2020).

The various morphometric characters of the Tapti, basin were
studied in detail which suggested, that these basins, in general, are
asymmetric and exhibit a northerly tilt. Gavilgarh fault zone and
Tapti north fault zone are characterized by distinct scarp faces.
The greater dissection of geomorphic landforms probably
indicates the periodic structural disturbance the area has
undergone. In general, the area is characterized by two dominant
sets of lineaments viz. NW-SE and NE-SW. Also, a few NS and
some EW lineaments have been found to cross-cut the regional
trends. Based on the study of stream networks in the area, various
morphometric characters were derived for the study area (Jain et
al. 2007; Copley et al. 2014). The Relief ratio of the Tapti river
basin is 0.002944, indicating moderate relief and moderate slope.
The Basin relief is 1558 m which also indicates a moderate to
steep slope. The low drainage density indicates the basin has
highly permeable subsoil and moderate vegetative cover. The
form factor for the Tapti river area is 0.1098, indicating the basin
is elongated with lower peak flows of longer duration than the
average. The high value of the circularity ratio shows the late
maturity stage of topography. The elongation ratio of the study
area is 0.3740, which indicates moderate to the slightly steep
ground slope (Miller, 1953; Strahler, 1957; 1964; Schumm and
Hadley, 1961; Altaf et al. 2013; Waikar, and Nilawar, 2014; Giri
et al. 2020).

The Tapti basin exhibit high order of an asymmetric factor of
the order 34% indicating the distinct effect of tectonic activity
(Nongkynrih, and Husain, 2011; Giri et al. 2020). Study of various
profile section indicated the effect of tectonic forces over the
present-day geomorphic landforms in the form of a sudden drop
in elevation (rapids) along with the river profile, offset of stream
courses, sudden change in stream course orientation, change from
depositional to the erosional regime, etc. (Schumm and Hadley,
1961; Waikar, and Nilawar, 2014). The low-level tectonic activity
experienced by the area can be deciphered from the
seismotectonic signatures noted in the area (Magesh et al. 2011).
The area in general is characterized by few low-order seismic
events. The relationship between seismicity and structural linears
suggests that the area has experienced distinct tectonic activity in
the geological past and continues to experience the same as
indicated by the changes in the morphology of the lineaments in
the study area (Raja et al. 2010). However, a thorough and
detailed study is quite essential in the future to ascertain the
prevalent seismic activity of the area and its relation to regional
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tectonics (Strahler, 1957; 1964; Schumm and Hadley, 1961; Giri
et al. 2020).
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Abstract

Petrographic and mineralogical observations are corroborated with the hydrochemistry data to identify the exact lithological
source of fluoride contamination in the central part of India. Groundwater samples (n=57) representing both shallow and
deep aquifers and lithological formations ranging from Archean to Late Cretaceous from central part of India were studied,
where fluoride contamination in drinking water is causing a serious environmental health hazard. About 90% samples show
high fluoride content than the maximum permissible limit of 1.5 mg/L. Fluoride concentrations in different rock formations
such as granite gneisses, limestones, sandstones, and basalts were studied which shows maximum fluoride values of up to
4.9 mg/L. Several parameters (including Saturation Index and Gibbs’s plots) were evaluated to understand the factors which
controlled the groundwater quality in the area. All signifies water—rock interaction as a major factor influencing composi-
tion of groundwater in both the seasons as well as support geogenic enrichment of fluoride. Low-temperature hydrothermal
mineralization of fluorite in the limestone aquifers is responsible for the dissolution of fluorine in groundwaters with highest
concentration. Moderate concentrations of fluoride up to 2.7 mg/L are observed in the basement granite gneisses. Our min-
eralogical studies recognized abundant fluor-apatite in granite gneiss aquifers, with high F content ranging from 2.5 to 4.2
wt%, as a major contributor of fluoride in groundwaters. Rock-water interactions amplified in alkaline environments played
an important role in the dissolution of fluorine in both the aquifers. Identification of main geogenic source of fluoride will
be helpful for proper management of drinking water sources in the highly affected areas.

Keywords Groundwater fluoride contamination - Fluoride mineralogy - Central India - Fluor-apatite - Rock-water
interaction

Introduction

Groundwater is a major source for drinking water for more
than 50% population on global scale (Amiri et al. 2021a).
Groundwater chemistry and quality can be modified by
the natural sources as well as anthropogenic activities
(e.g., Gaikwad et al. 2020; Sohrabi et al. 2021). Various
aspects like topography, rainfall, climatic conditions, aquifer
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properties, and rock-water interactions are the natural factors
while large-scale extraction of groundwater for increasing
demands of population, industrialization, and urbanization
exerts pressure on groundwater resources. In addition, solid
waste dumping, use of agrochemicals, sewage, and indus-
trial effluents are also deteriorating the groundwater quality
globally (Karunanidhi et al. 2019). All major element con-
stituents of the groundwater are important for the human
health if they are in desirable limit; however, their concen-
trations in more than permissible limits can cause serious
health problems.

Groundwater contaminations occurring due to fluoride
(F), arsenic (As), and iron (Fe) concentrations are reported
from various parts of the world. The sources of fluoride
concentrations particularly in the groundwater aquifers are
reported to be of natural as well as anthropogenic in origin
(Ali et al. 2016; Sharma et al. 2016; Poonia et al. 2021).
Fluoride is a natural constituent of the Earth’s crust and
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mostly hydrothermal in origin. Fluorine ions are unstable
in chemical nature and can be easily replaced by other ions
at any temperatures (e.g., Wenzel and Blum 1992). Primary
and common contributing minerals are fluorite (CaF,), apa-
tite, topaz, and ferromagnesium silicate minerals (such as
amphiboles and biotites) where hydroxyl ions being replaced
by the F~ ions during alteration (e.g., Ramesham and Raja-
gopalan 1985; Totsche et al. 2000; Msonda et al. 2007; Jad-
hav et al. 2015; Keesari et al. 2021). Weathering and low-
temperature alteration of host rocks and their constituent
minerals plays an important role in chemical dissolution of
fluoride from F~ bearing minerals and subsequent enrich-
ment in the groundwaters (Singh et al. 2011).

Fluoride is an essential element in the formation of
bones and teeth enamels (Dissanayake 1991). Adequate
and/or desirable amount of fluoride in drinking water is
beneficial for the overall dental and bone health (e.g.,
Kadam et al. 2020; Amiri and Berndtsson 2020). Lower
intake of F~ (i.e., < 0.6 mg/L) will cause dental carries,
while long-term intake of high F~ (> 1.5 mg/L) contami-
nated groundwater results in dental and skeletal fluorosis
(Li et al. 2010; Wu et al. 2015; WHO 2017; Ageel et al.
2017; Keesari et al. 2021). Fluoride contamination in
groundwater is a significant environmental issue in India,
and it is estimated that nearly 62 million peoples are suf-
fering from different kinds of fluorosis (Pouwels and
Ahmed 2007; Ali et al. 2016). Several studies reported
the incidence of groundwater fluoride from many parts
of India; however, an attempt to identify its exact litho-
logical sources appears to be very limited (e.g., Jacks
et al. 2005; Naaz and Anshumali 2015; Adimalla and
Venkatayogi 2017).

Recent work by Xiao et al. (2021) have investigated
sources of fluoride in groundwater in the present alluvial
fan plain aquifers in China and found them to be geogenic.
Cation exchange is identified to be a main process affecting
the fluoride concentration of groundwater in China (Liu
etal. 2021; Su et al. 2021). Zango et al. (2021) reported the
source of fluoride in groundwater within the Vea catchment,
north-eastern Ghana, using hydro-geochemical and isotopic
studies and concluded that F~ enrichment in groundwater
is due to silicate weathering and ion exchange reactions.
High risk of diseases associated with excessive fluoride
intake is also observed in the Iran (Toolabi et al. 2021;
Ghanbarian et al. 2021). Recent studies from India reports
highly vulnerable parts of fluoride contamination in SW
of Rajasthan State (Keesari et al. 2021) and south India
(Sajilkumar, 2021). Sajilkumar (2021) performed a system-
atic human health risk assessment from south India and
observed that groundwater is undersaturated with fluoride,
and in Hazard Quotient (HQ) studies, the groundwater is
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posing noncarcinogenic threats to 62% of children and 34%
of female population.

Warora area of central India is endowed with varied lith-
ologies like granites, basalts, limestones, shales, sandstones,
and cherts. There are previous reports of high fluoride con-
centrations in the groundwater from this area but the litho-
logical based investigations to identify the contamination
sources are inadequate. So, in the present work, we are con-
tributing a mineralogical and lithological based study cor-
roborated with the detail groundwater chemistry to know
natural or anthropogenic cause of fluoride contamination,
and to detect the sources (mineral/rock) responsible for fluo-
ride enrichment in the groundwater aquifers of central India.
The outcomes of this study will further help to manage the
drinking water sources in the affected areas.

Materials and methods

Total fifty-seven (57) groundwater samples were collected
during pre-monsoon (month: May, after summer) and
post-monsoon (month: December, after rains) seasons, 28
samples from deeper aquifers (bore wells), and 32 samples
from shallower aquifers (dug wells). Groundwater sam-
ples were collected from both bore wells (tapping deeper
aquifers, > 60-m depth) and dug wells (tapping shallow
aquifers, < 15-m depth). Both the wells are being exten-
sively used for drinking and domestic purposes. One litre
(01 L) sample was collected in polyethylene bottles after
filtering through 0.45-pm Millipore filter paper. The sam-
pling bottles were soaked in 1:1 diluted HCI solution for
24 h., washed with distilled water, again cleaned prior to
each sampling with the filtrates of the sample. Bore well
water samples were collected after pumping the water
for 10 min. Water samples were collected 30 cm below
the water level from open wells. The standard procedures
recommended by the American Public Health Associa-
tion (APHA, 1995) were followed during the groundwater
sampling and analyses.

The electrical conductivity (EC) and pH of the water
samples were measured in the field using EC meter (Hanna
Instruments Model number-CD-98303) and portable eco
Tester pH1 respectively. Sodium (Na*) and potassium
(K™) were measured by flame photometer. The magnesium
(Mg?*), calcium (Ca”"), carbonate (CO;>7), bicarbonate
(HCO;"), chloride (CI"), TDS (total dissolved solids), and
TH (total hardness) were analysed by volumetric titra-
tion. The sulphate (SO42_), nitrate (NO;"), and phospho-
rus (PO, ) were analysed by spectrophotometric technique
using standard procedures. Fluoride (F ) content in ground-
water was estimated by SPADNS method (Dean 1990). The
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quantitative mineral chemical analyses were conducted on
a Cameca SX 100 electron probe micro-analyser (EPMA).
An acceleration voltage of 20 kV, a beam current of 20 nA,
and a beam diameter of 1 um were used. Counting times
varied from 12 to 40 s on the peaks, depending on the ele-
ment. The EPMA was calibrated using natural minerals and
synthetic pure oxides. Back scattered electron images were
also obtained. The analytical results are given in Tables 1,
2, and 3.

Geology of the area

Study area of Warora town and its adjoining parts
(72 km X 50 km) are situated on the western margin of
the Bastar craton of central India (Fig. 1) and expose
rocks covering Archean to Late Cretaceous successions.
The study area is characterized by the dendritic drainage
pattern (Fig. 2). The Archean basement rocks comprise
granite gneisses, fractured at places, and composed mainly
of quartz, amphiboles, and alkali feldspars (Fig. 3A).
These basement rocks are overlain by the Precambrian
metasediments (i.e., Vindhyan equivalents). The Vin-
dhyan Supergroup rocks are represented mostly by the
limestones, shales, and cherts in the study area. Fluorite
mineralization (CaF, fluorspar or fluorite) in the form of
cavity filling and disseminated veins occurs within lime-
stone and brecciated chert (Fig. 3B) at Dongargaon area.
Fluorite mineralization is formed from hydrothermal solu-
tions trapped by carbonate rocks (Randive et al. 2020).The
basement rocks are unconformably overlain by the sedi-
ments belonging to the Gondwana Supergroup comprising
mostly sandstones and shales (Fig. 3C). The northern part
of the study area is covered by the Late Cretaceous Dec-
can Trap basaltic lava flows (Fig. 3D). All the lava flows
are simple in nature and forms the basal flows of less than
10-m thickness overlying mostly Precambrian limestone
and shale. Groundwater in the Archaean granitic gneisses
and Vindhyan metasediments occurs under the water table
semi confined hydrogeological conditions in the weathered
and fractured zones.

Results and discussion
Petrography and mineralogy

Deccan Trap basalts show fine-grained texture and domi-
nantly composed of clinopyroxenes and plagioclase feld-
spars along with minor iron—titanium oxides (Fig. 4A).
All minerals are fresh and show no traces of alteration to
secondary minerals such as amphiboles. All pyroxenes
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are compositionally augites, and alkali pyroxenes are
not present. Limestones and brecciated cherts are highly
enriched with fluorite mineralization that occur in the form
of cavity filling and disseminated veins (Fig. 4B). Fluorite
shows violet, purple color, and massive, botryoidal form
(Fig. 4B).

Granite gneisses have well-exposed outcrops in
the study area and show distinct gneissose structure at
places. They are composed dominantly of quartz, alkali
feldspar, amphiboles, and apatites. Among these miner-
als, amphiboles and apatites may contain fluorine and
therefore studied in detail for their major element com-
positions. Amphiboles are abundant in the rock and show
distinct pleochroism (Fig. 4C). Its mineral composition
(determined using EPMA) show negligible amounts
of F~ (Table 3). Apatites are F -enriched fluor-apatite
(Fig. 4D), occurring as abundant, small accessory crystals
in the groundmass. F~ content in fluor-apatite ranges from
2.5 to 4.2 wt% (Table 3).

Spatio-temporal variation of ions in groundwater

Average cation concentrations in groundwater tailed
a declining order of Na® > Ca’* > Mg?** >K*
in pre-monsoon, while in post-monsoon, it is
Na® > Mg?* > Ca’* >K*. The dominant pat-
tern for anionic hydrochemistry was in the order
HCO;” >Cl~ >S0,> >NO;” >F >P0, for both
the season. In general, concentrations of cations and
anions in groundwater are controlled by lithological
weathering, dissolution of minerals, and base-exchange
processes (e.g., Nakhaei et al. 2016; Sohrabi et al. 2017;
Amiri et al. 2021b).

Total 57 groundwater samples represent varied litholo-
gies such as limestones (15), granite gneisses (06), sand-
stones (07), and basalts (29). The pH of groundwater in
post-monsoon is alkaline and ranges from 7.35 to 8.61,
while it is acidic to alkaline (ranges from 6.7 to 8.25)
during the pre-monsoon. The average electrical conduc-
tivity (EC) is 774.03 during the pre-monsoon season as
compared to 582 during post-monsoon season. Sodium
(Na) is dominant among cations and its ranges from 28
to 180 mg/L (Fig. 5). Highest Na is reported in BW-23
located in basalt during post-monsoon. In pre-monsoon
season, highest value is 145 mg/L reported in DW-53
located in granite gneiss aquifer. The dominance of Na
in groundwater is due to the rock weathering (Stumm and
Morgan 1996; Rao 2017). Average concentration of potas-
sium (K) in groundwater is 2.81 mg/L, and 3.93 mg/L is
studied during post- and pre-monsoon season respectively.
The main source of K* in groundwater is dissolution of

@ Springer
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potash feldspar (Keesari et al. 2021). The magnesium
. a (Mg) in groundwater varies from 11.17 to 128.27 mg/L
3 28 & 88§ in post-monsoon samples, while it ranges from 26.32 to
A (] [ S n O .
140.4 mg/L during pre-monsoon season. Natural factors
. a - < such as carbonate dissolution and silicate weathering
o) 21, o SEDSII usually control Mg concentration in groundwaters (Sajil
CE -l R Kumar and James, 2016; Sajilkumar 2021). Calcium (Ca)
- is second dominant cation with average values of 44.21
‘ éﬁ 2 8 xTh and 55.67 mg/L during post-monsoon and pre-monsoon
H=le — oY= season respectively. The Ca in groundwater is a function
= S of the solubility of CaCOj; along with silicates in rocks
Do = — N oS (Kadam et al. 2021). The bicarbonate (HCO;) is a major
CE|lZ & m=Q among the anions. It ranges from 82 to 616 mg/L in post-
R o < monsoon samples. In pre-monsoon samples, the range
e - SS9 of HCOj; is from 193 to 939 mg/L. The high HCOj; in
SE|le 2 883 groundwater generally occurs due to agricultural runoff
as well as sourced from basaltic host rocks (Locsey and
6“ gﬂ S SIS Cox 2003). High concentration of chloride in groundwater
£ E g E N § § (CD in both the seasons (i.e., 1053 mg/L and 1164 mg/L)
that is reported from the BW-39 (in basalt) may be due
9|l & 8832 to the hydrochemical evolution along with high-residence
= éﬁ = & 29 § time of groundwater (Jing et al. 2016; Amiri et al. 2021b).
High concentration of sulphate (SO,) (i.e., 525 mg/L
Sle o o2 - and 647 mg/L) in post-monsoon and pre-monsoon sea-
S gﬂ X 2 ooy sons respectively may indicate domestic sewage drain-
Y= - =y age to the bore well (Raja and Neelakantan 2021). The
— N NO; in groundwater is high during pre-monsoon (average
‘twgo w 2 XIS 41.85 mg/L) than post-monsoon (average 29.10 mg/L).
=Els & =¥ Probable sources are decomposing organic matter and fer-
= tilizers used in agriculture. The NO; concentration more
=) s S ~ than 10 mg/L signifies an anthropogenic pollution (Rao
YE|s o 32§ 2017). The average concentration of phosphate (PO,) is
0.52 mg/L and 1.10 mg/L. High PO, in groundwater is
. gﬂ . S § § mainly due to agricultural return flow from the irrigated
SE|lz g ¥ fields (Vetrimurugan et al. 2013).
23| 2 S35 , , :
feg|lg2 & F&f Geochemical behaviour of fluoride
2 _ S S & Higher values of fluoride above the maximum permissible
UTE 2 S S r% S limit (i.e.,> 1.5 mg/L; WHO 1984) are observed during
eIl I post-monsoon season in about 90% samples from the study
T Ot\l: i E g § area (Fig. 6). Fluoride content in post-monsoon season is
enriched and ranges from 1.2 to 4.9 mg/L as compared to the
3 pre-monsoon season (i.e., 0.2-4.1 mg/L). Shallow aquifers
é Sl = appear to have relatively higher concentrations of F~ as com-
I R pared to deeper aquifers from the same location (Fig. 6A, B).
S § 03 o3 Groundwater samples with higher pH (~7.5 and more) show
é ;o) é :é_) g g enriched contents of fluoride which is due to the leaching of
‘g & O @) F in more alkaline environments (e.g., Saxena and Ahmed
‘:’ o g § Y 2003; Raja and Neelakantan 2021).
2|5 :§ E S In both the seasons, groundwater samples show positive
cl3gleg 5 ==z correlation of Ca?* with F~ (Fig. 5). Higher concentrations
@ Springer
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of F~ in limestones and in basalts (overlying limestones) are
. a observed and correlated positively with Ca due to leaching of
§ %" "cj % E § E § § S more calcium from carbonates (Rao 2009). The Ca®>* shows
higher contents in limestones and basalts (pre-monsoon:
3 - 119 mg/L, post-monsoon: 126 mg/L) as compared to sand-
o Ple o = - w =we = stones and granite gneisses. Higher values of Ca’* accompa-
Sl L nied by elevated F~ contents have also been observed previ-
) ously in the groundwater from limestone aquifers from NE
é“ B _ - - _ - parts of India (e.g., Chakraborti, 2000). The Na* and HCO;
o ST OS OS o°fos T2 correlate negatively with F~ in both pre and post-monsoon
seasons which reflects less contribution from the host rocks
= < =2 (Fig. 5). However, higher concentrations of HCO;™ inde-
o %ﬂ £ E § 3 § § § § pendent of F are indicative of carbonate weathering (e.g.,
Avtar et al. 2013). K* commonly shows no correlation with
LA g increased F~ contents (Gaikwad et al. 2019).
N*éo ) < o [ — NN oS
FE[E 8§ & 2 8 =TSR
Mechanisms controlling groundwater chemistry
52 3 .
2l 28 8 2 2 3% In the Na vs. Cl cross plot (Fig. 7A), most of the samples are
Sl A fallowing the 1:1 line indicating Na may be released from
~le 0w 4 =& = m o« silicate weathering reactions (Meybeck 1987; Al-Dabbas
. é&) S S ¥ 2 % S § et al. 2018; Thapa et al. 2018). On the other hand, high
Rl O N Na/Cl ratio may reveal the anthropogenic contamination,
_ ° such as fertilizers and agricultural runoff (Jones et al. 1999;
;N Eﬁ E 5 i § § § ‘E E Amiri and Berndtsson 2020; Gaikwad et al. 2020). In these
OS]l ¥ @& & & &~mn high- F~ samples, the average (Ca+Mg) vs. (HCO;+SO,)
ratio is > 1.0 suggesting that these ions are associated with
&, % g € 8 3 8 NIS carbonate weathering rather than silicate minerals (Fig. 7B)
SEIS © 2 0¥ 5 s3I (Hounslow 1995; Thapa et al. 2018; Amiri and Berndtsson
2020). Fluoride-enriched groundwater samples located in
% - the carbonate weathering zone are dominant water type (i.e.,
YElw o © v @ X2 carbonate Ca-Mg-HCO;) in the study area. The scatter plot
[(Na+K)-Cl] vs. [(Ca+Mg)—(HCO;+SO,)] indicates a
) - role of dominant processes like ion exchange, reverse ion
+czvs iéf < ® @ T 5 X g § exchange, and silicate weathering for the modification of
the groundwater chemistry (Datta and Tyagi 1996; Fisher
3 - o and Mulican 1997; Pant et al. 2020) (Fig. 7C). In F vs.
A 2le 8 = ¥ @ 3§%¢%g F/C1 plot samples follow trend of geogenic enrichment
&= a RAREER AN of fluoride. However, samples also show low F/CI ratio
2 _ - which indicates role of other factors like evaporation also
S clg 5 g2 g g ° § § played an important role in the high F~ concentration of
H o) ® © =~ o = Mmoo~ groundwater (Dehbandi et al. 2018; Amiri and Berndtsson
= |8 2 % 8 ¥ 8% 2020) (Fig. 7D).
= * -5 5 m e The intensity of soluble minerals is expressed as
5 Saturation Index (SI). Thus, it is used to evaluate the degree
‘é% 2 2 2 oz =B of equilibrium between water and respective mineral (Li
: Ble A A m A et al. 2010; Rao 2017), which is calculated as
g 5 qé % é é % g % % % % SI= Kiap/Ksp
£18 |EOECEVEC EO o .
S where IAP is the ion activity product and SP is the solu-
M s Sy bility product.
3| £ £ 53
fldegl®d & 8 8 B S=Z%
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Table 3 Representative 1 5 3 4 1 5 3
chemical compositions of
constituent fluorine bearing Rock Basalt Granite Gneiss
minerals from basalt and Mineral Clinopyroxene Amphibole
granite gneiss determined using g0, 5045 50.01 50.66 49.15 44.93 46.16 45.02
electron probe micro analyser TiO, 118 0.84 075 0.60 1.15 0.77 1.14
(EPMA) in wt%
Al O, 1.75 1.18 0.92 0.60 8.43 7.34 8.25
FeO 15.66 19.64 20.73 28.08 17.17 18.43 17.27
MnO 0.34 0.49 0.48 0.65 n.a n.a n.a
MgO 13.71 12.89 12.95 10.07 11.38 10.28 11.36
CaO 16.33 13.75 13.27 9.90 11.17 11.53 11.18
K,0 n.a n.a n.a n.a 0.96 0.86 0.87
Na,O 0.28 0.20 0.19 0.15 1.27 0.98 1.29
F 0.00 0.00 0.00 0.00 0.04 0.08 0.12
Cl 0.01 0.01 0.01 0.02 0.19 0.21 0.19
Total 99.71 99.01 99.96 99.22 96.69 96.64 96.69
1 2 3 4 5 6 7
Rock Granite Gneiss
Mineral Fluor-apatite
Sio, 0.07 0.05 0.05 0.09 0.06 0.08 0.02
TiO, - 0.01 0.02 - - 0.01 0.01
ALO, - - - 0.01 - - -
FeO 0.02 0.07 0.12 0.08 0.04 0.06
CaO 53.63 53.79 53.30 53.47 53.60 53.02 53.31
K,0 0.02 - 0.03 - - 0.01 0.02
Na,O 0.02 - 0.02 0.02 0.02 0.01 0.01
P,04 40.54 40.82 40.48 39.72 40.05 39.36 39.02
F 4.27 4.00 4.27 3.55 3.75 2.67 2.54
Cl 0.40 0.29 0.38 0.52 0.47 0.41 0.38
Total 98.97 98.96 98.62 97.50 98.03 95.61 95.37
n.a. not analysed
Fig. 1 Geological map of the T78°55" '79°10”
study area of Warora in central (e
India
in
N
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g
India I Basalt (Deccan Trap)
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Fig.2 Map showing drainage pattern in the Warora area along with sample location and distribution of fluoride

SI values were determined through the PHREEQC inter-
active 2.15, for determining the status of mineral equilibrium
and feasibly controlling dissolved elements in the groundwa-
ter (Parkhurst and Appelo 1999). The details of SI are shown
in Fig. 8. If SI is zero, it indicates saturated state (equilib-
rium) with respect to the particular mineral. If SI is less
than zero, it shows under-saturated state (dissolution) with
respect to the concerned mineral. If SI is more than zero, it
suggests oversaturated state (precipitation) with respect to
that particular mineral (Li et al. 2010; Rao, 2017). Computed
saturation indices implied that all the samples are saturated
in terms of both CaF, with CaCO; and CaF, with dolomite.

Gibbs’s ratio is employed in this study to understand and
differentiate the influences of rock-water interaction, evapo-
ration, and precipitation on water chemistry (Gibbs 1970).
Rock-water interaction shows dominance over evaporation
and precipitation and therefore responsible for the release of
fluorine in groundwater in both the seasons, as well as pri-
marily controlling the major ion chemistry of groundwater
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of the study area. Samples plotted on modified Gibbs graph
(Fig. 9) are influenced by water—rock reactions.

All above studied parameters indicate that groundwater
chemistry and quality of the Warora area that are influenced
mainly by the rock-water interaction and lithology played
an important role in modifying its chemical composition
including enrichment of fluoride.

Lithological controls in groundwater fluoride
enrichment

Lithological variation in the study area appears to primar-
ily control the variation of fluoride in different aquifers.
Because of influence of rock-water interaction, post-mon-
soon samples show more enrichment of fluoride in ground-
water (Brindha et al. 2011). Fluoride shows following range
in post-monsoon samples in different rock formations/lith-
ologies (in mg/L): granite gneiss, 1.5 to 2.4; limestone, 1.3
to 4.1; Gondwana (sedimentary), 1.6 to 2.7; and basalts, 1.2

@ Springer



2173 Page120f 19

Arab J Geosci (2021) 14:2173

~ +  Sandsténe

B _-(Gé;_:dwén'a)

Silicified chert

>

ioaseli

Fig. 3 Field photographs showing A outcrops of granite gneiss, B silicified chert outcrops in the Dongargaon fluorite mine, C scattered outcrops
of sandstones belonging to Gondwana Supergroup, and D outcrops of Deccan basalts

to 4.9. Very high values of fluoride are observed in basaltic
rocks followed by the groundwater samples from limestone,
whereas Archean granite gneisses and Gondwana sediments
show comparatively lower values (Fig. 6).

Higher concentration of fluoride in limestones and cherts
is expected due to the occurrence of rich fluorite deposits
within these Precambrian rocks. However, groundwater sam-
ples from wells in basalts also show similar range of fluo-
ride enrichment values. Secondary amphiboles and altered
pyroxenes in basalts have been known to contribute fluo-
rine in groundwaters aquifers (e.g., Madhurne et al. 2007).
Our detail petrographic and mineralogical observations do
not show any fluorine containing mineral in basalts (e.g.,
secondary veins/ minerals). Deuteric alteration products of
pyroxenes (amphiboles and chlorite) may contain F~ due to
the replacement of OH . However, pyroxenes from basalts
in the area are fresh and contain CaO and MgO ranging
from 9.9 to 16 wt% and 10 to 13.7 wt% respectively. These
compositions are similar to the clinopyroxenes from Deccan
basalts (e.g., Dongre et al., 2018) with undetectable fluorine

@ Springer
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(Table 3); therefore, the observed enrichment in basalts is
intriguing. As mentioned above, study area is situated on the
eastern fringe of the Deccan Trap province and occupied by
the basal/ lower basaltic lava flows of simple type. Basaltic
flows in the study area show thickness of < 10 m and overlain
directly the Precambrian metasedimentary rocks (limestone
and chert). Therefore, the contribution of high fluoride in
basalt aquifers is inferred to be sourced from underlying
limestones and cherts having hydrothermal mineralization of
fluorite. Fluorite (CaF,) occurs as late-crystallizing and low-
temperature, hydrothermal mineral. Dissolution of fluorine
from such hydrothermal sources in the study area is, there-
fore, responsible for very high concentrations of fluoride in
meta-sedimentary aquifers. High fluoride values of up to
22 mg/L are also reported from the aquifers of north-east-
ern Tunisia due to leaching of F~ from the adjacent fluorite
deposits (Ameur et al. 2019).

Other lithologies like granite gneisses and overlying
sedimentary successions also show higher and similar
values of fluoride concentrations. Granitic rocks are well
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Fig.4 A Photomicrograph of basalt showing fine-grained texture and
presence of clinopyroxenes, plagioclase feldspars, and Fe-Ti oxides,
in cross nicols; B field photograph showing occurrence of hydro-
thermal fluorite in Dongargaon fluorite mine; C photomicrograph of

known for the fluoride contributing minerals in groundwa-
ters (e.g., Ramamohana Rao et al. 1993; Apambire et al.
1997; Edmunds and Smedley 2005) such as amphiboles
and apatites. Dissolution of silicate minerals particularly
apatite, biotite, muscovite, and hornblende liberate fluo-
ride ions from the aquifer matrix (rocks) into groundwa-
ter (Karunanidhi et al 2019; Vithanage and Bhattacharya
2015). Our mineralogical studies identified abundant fluor-
apatite grains in the groundmass with F~ content ranging
from 2.5 to 4.2 wt%, whereas amphiboles show very neg-
ligible F~ content (< 0.12 wt%). Member of apatite group
[(Cas(PO,);(OH,F,Cl)] are common primary accessory
minerals in granites, and among them, fluor-apatite is the
most common. Fluorine, chlorine, and the hydroxyl ions
in the apatites mutually replace each other to form pure
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. mineralization %
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granite gneiss showing coarse-grained texture and presence of feld-
spar and abundant amphiboles; apatite crystal are also seen; D back
scattered electron image (BSE) showing anhedral grain of fluor-apa-
tite significantly rich in fluorine content

end-members. Alkaline environment favoured the dissolu-
tion of these volatile elements (dominantly F~) from fluor-
apatites causing important environmental health hazard in
the study area. It is found that weathering and alteration
of apatites and its batch dissolution can release >4 mg/L
fluoride concentrations in the waters (Chae et al. 2006). It
is mentioned in several studies that occurrence of minerals
like fluorite, apatite, topaz, villiamite, and ferromagnesium
silicates in weathered and fractured granitic rocks is respon-
sible for the enhancement of the concentration of fluoride in
groundwater of southern India (e.g., Ramesham and Raja-
gopalan 1985). However, based on our detail mineralogical
studies, the abundance of fluor-apatites in granitic aquifers
of the central and southern India appears to be a primary and
significant cause for fluoride enrichment.
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Fig.5 Bivariate plots of F~ versus Ca** (A), Na® (B), K (C), and HCO;™ (D) (in mg/L) in pre and post-monsoon seasons
Conclusions Na®™ >Ca®" >Mg?" >K* in pre-monsoon, while in post-

monsoon, it is Na* >Mg?™ > Ca?* >K*. The dominant

Average cation concentrations in groundwater from  pattern for anionic hydrochemistry was in the order of

Warora area of central India tailed a declining order of ~HCO;~ >CI” >S0,*” >NO;~ >F >P0,™ for both the
season. Groundwater shows high concentrations of fluoride
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up to 4.9 wt% in post-monsoon seasons. Around 90% of
groundwater samples collected during this study contain
fluoride concentrations above the maximum permissible
limit of 1.5 mg/L. Groundwater samples are dominantly
alkaline in nature and rock-water interaction in an alkaline
environment appears to have favoured the dissolution of
F~ in groundwaters. Several parameters (including Satura-
tion Index and Gibbs’s plots) evaluated to understand the
influencing factors of groundwater composition. All suggest
dominance of rock-water interaction and geogenic enrich-
ment of fluoride.
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Hydrothermal fluorite mineralization in Proterozoic meta-
sedimentary successions is a main source of fluoride con-
tamination in limestones and overlying basalts. Our detail
mineralogical studies and reported absence of fluoride
enrichment in basaltic aquifers of Deccan volcanic prov-
ince indicate insignificant contribution of basalts and their
constituent minerals in groundwater fluoride contamination.
Fluor-apatite with F~ content ranging from 2.5 to 4.2 wt% is
a primary source of fluoride in the groundwaters from gran-
ite gneiss aquifers. Fluor-apatite is also suggested as chief
contributor of fluoride in granitic aquifers of central and
southern India where groundwater fluoride contamination is
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more pronounced. An identification of the lithological influ-
ence on fluoride enrichment will help for the management of
drinking water sources in high fluoride areas.
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ABSTRACT

The europium doped yttrium vanadate (YVO4:Eu3+) doped phosphor have been synthesized by two different
techniques viz., solution combustion (CM) and solid-state diffusion (SSD) techniques. X-ray diffraction
patterns confirm the formation of a pure phase in the samples synthesized by both the methods; however, the
luminescence intensities of the samples are different under vacuum ultraviolet (VUV) excitation i.e., 147 and
172nm. The effect of synthetic technique is also seen on morphology of materials studied with the help of
scanning electron microscopy, which shows an agglomeration and increase in particle size with increasing
calcination temperature in case of SSD. The luminescent properties of the synthesized material have been
studied by using synchrotron radiation. The photoluminescence (PL) results clearly show the strongest red
emission peak at the wavelength around 618 nm. The highest luminescent intensity is obtained for the sample
prepared by the CM method compared to SSD method. It is also noted that wavelength of 172 nm is more
efficient than the 147 nm for excitation of YVO4:Eu3+.

Keywords: Yttrium Vanadate, Combustion Synthesis, Solid State Diffusion, VUV Luminescence
I. INTRODUCTION

A plasma display panel (PDP) has been regarded as a promising candidate for a display with a large area mainly
because its emissive features include a wide viewing angle and high brightness. PDP phosphors are expected to
meet the critical requirements to yield a high luminous efficiency on excitation with vacuum ultraviolet (VUV)
radiation of wavelengths 147 and 172 nm generated from a plasma of a mixture of He and Xe noble gases'.
Oxide phosphors with aluminate, silicate, vanadate, phosphate, and borate groups generally exhibit strong

absorption in the VUV spectral region??.
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The main weakness of red-emitting PDP phosphors currently used are the lack of colour purity, long decay
lifetime and colour degradation due to material instability. For these reasons, the optical and luminescence
properties such as luminous efficiency, purity of chromaticity and saturation, and decay lifetime of PDP
phosphors have been widely investigated>’. A search for red-emitting PDP phosphors with improved efficiency,
brightness, and colour saturation has become an important task for which research is being actively pursued.
Several synthesis routes have been described for the preparation of Eu3-doped YVOs such as co-precipitation,
hydrothermal, solid-state reaction, combustion method® 2. However, there is no report on the comparison of
structural and VUV properties of Eu3-doped YVOssample synthesized via combustion and solid-state reaction
routes. To develop satisfactory red-emitting PDP phosphor, we have thoroughly investigated the effect of
preparation method on photoluminescence (PL) properties YVO4:Eu3 phosphor under VUV excitation. Here,
we report the synthesis and VUV PL spectral investigations of red-emitting Y1-xVOa4: Eux phosphors in several
series and also the dependence of luminescence performance on method of synthesis. The YVOa:Eu3* phosphor
has been prepared by low temperature, low cost and less time-consuming solution combustion method and
high temperature conventional solid-state diffusion method. We have also studied the optimized composition
of the dopant to obtain red-emitting phosphor with great potential for PDP application.

Pure and Eu’-doped YVOs: phosphors were prepared following two techniques, namely the solution
combustion synthesis and high-temperature solid-state diffusion method. Analytical graded yttrium oxide
(Y203), europium oxide (Eu203), ammonium meta-vanadate (NH4VO3) and urea [CO (NH2)2] were taken as

starting materials.

II. METHODS AND MATERIAL

2.1. Solution Combustion Method:
In the first step for solution combustion synthesis method, 0.5 mol of Y203 and xEu:0s (x = 0.02, 0.04, 0.06,

0.08, 0.10) were dissolved in the concentrated HNOs (nitric acid) to form respective nitrates. Stoichiometric
amount of NH4VOs was dissolved in doubled distilled water and slowly added to the previously formed nitrates,
which resulted in a dark brown solution. In this solution, appropriate amount of urea was added as a fuel and
ammonium nitrate as a oxidizer was added. The required amount of fuel (urea) and oxidizer (ammonium
nitrate) was calculated by the ratio of oxidizing and reducing valencies''. Then, the mixture was stirred until
the clear solution is formed. The as-prepared solution of reaction mixture was placed in pre-heated muffle
furnace at 550 °C temperature for 5 min and such process resulted in a black powder. Finally, the black powder

was annealed at 800 C for 3 h resulting in the final product.

2.2. Solid State Diffusion Method:

Y1xEuxVOs (x = 0.02, 0.04, 0.06, 0.08, 0.10) phosphors were also prepared by conventional high-temperature
solid-state reaction method. All the reagents (Y203, NH4sVOs and Eu203) were taken in stoichiometric ratio and
mixed together in mortar—pestle for half an hour and heated at 700 °C for 6h. The last product was again
ground properly and maintained in a muffle furnace at 1200 °C for 3h. Finally, the sample was removed out
from the furnace and after normal cooling ground appropriately. The X-ray diffraction (XRD) pattern of the
sample was recorded on Rigaku miniflex X-ray diffractometer with a scan speed 2.000 deg/min and with Cu Ka
radiation. The morphology of the phosphor particles was studied by using Hitachi model S-4800 type-2 field-

emission scanning electron microscope (SEM) and elemental analysis by Bruker EDS. The VUV spectra were
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recorded at Department of Physics, S.G.B., Amravati University, Amravati, by using remote access mode of
Beamline 4B8 in Beijing synchrotron radiation facilities (BSRF)!® under dedicated synchrotron mode (2.5 GeV,
150 — 60 mA). The vacuum in the sample chamber was about 1x10° mbar. The effects of the experimental
setup response on the relative VUV excitation intensities of the samples were corrected by dividing the
measured excitation intensities of the samples with the excitation intensities of sodium salicylate measured
simultaneously in the same excitation conditions. The region of excitation spectra was from 100 to 300 nm and

the emission spectra recorded at 147 and 172 nm excitation.

III. RESULT AND DISCUSSION

3.1 X-ray Diffraction

The crystallinity and surface morphology have a great impact on optical behaviour such as photoluminescence
of the material'*. Fig.1 illustrate the XRD patterns of Eu3-doped YVOs prepared by combustion and solid-state
reaction route, respectively. The formation of the crystalline phase of as-prepared products of SSD and CM
method was confirmed by X-ray diffraction patterns of YVOs (as shown in Figure 1) to verify the phase purity
and crystal structure. The X-ray pattern of both method samples indicated a pure phase of the standard YVOs
and all the peaks are in good agreement with the (ICDD, 01-082-1968). There were no additional peaks found
as the concentration of Eu ion was increased to 10%. Thus, it seen that pure phase of YVOus could be achieved
using CM method at low temperature compared to solid state diffusion (SSD) synthesis, which require higher
temperature and time for synthesizing YVOu. This agreement indicates that the phosphor has been successfully
prepared by using the CM and SSD method. It is also noticed that the crystal diffraction intensity of YVOs
obtained by SSD is lower than that obtained from the CM method.
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Figure 1: XRD patterns for undoped and Eu3-doped YVO: phosphors prepared by combustion method.

Standard JCPDS pattern is also given for reference.

3.2 Scanning Electron Microscopy

The morphologies of YVO4:Eu® prepared by conventional CM technique and SSD route are shown in Fig. 2(a)
and (b), respectively. The YVOasEu?* particles prepared by conventional solid-state route have an irregular
shape, coarse surface, wide size distribution, and are highly aggregated, whereas the YVOu4Eu?" particles
prepared by CM technique have rod shape, smooth surface, narrow size distribution in lum range, and are
lowly aggregated. The morphology difference above mentioned should have originated from different

preparation conditions and post-treatment techniques. In conventional solid-state reaction route, a high-
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temperature calcination is required for obtaining the phosphor materials with high crystallinity, however,
high-temperature calcinations make the phosphor particles large and easily agglomerated, thus, milling and
grinding appear necessary to obtain suitable particle size for application, but these post-treatment techniques
significantly damage the surface quality of phosphor particles’®, as shown in Fig. 2(a). Compared with solid-
state reaction route, the CM route needs a lower calcination temperature for the host crystallization and no
milling and grinding processes. It is known that the morphology of phosphor particles plays an important role
in improving the performance of flat panel displays. The phosphor particles with smooth surfaces are able to
increase the screen brightness and improve the resolution!® because of lower scattering of evolved light and
higher packing densities than irregularly shaped particles obtained by conventional solid-state route.

5 R . = 5

Figure 2: SEM images of 0.8 % Eu?* doped YVOs prepared by: (a) CM and (b) SSD Method

Furthermore, recent studies revealed that the VUV energy is absorbed in a very thin layer at the surface of the
phosphor particles!”8, so the surface quality of phosphor particles seems to be very important for the
luminescent efficiency. Milling and grinding processes are introduced in the phosphor prepared by
conventional solid-state route, thus, the surface quality of phosphor is degraded, which is expected to influence

the absorption of VUV energy significantly.

3.3 VUV Luminescence Studies

Emission spectra for samples prepared by CM and SSD methods of Eu3-doped YVOs phosphor shown in Fig. 3
along with insets, reveal the characteristic Eu* emission lines!*!. All the samples have been excited by VUV
light of wavelength 147 and 172 nm, leading to an efficient energy transfer from the YVOs matrix to Eu®* ions
with subsequent f-f radiative relaxation (Do —7F)) transitions. All the emission spectra consist of the
characteristic lines from Do — 7Fy (J = 1, 2, 3 and 4) transitions of Eu3* ion at 596, 620, 653 and 702 nm,
respectively, as shown in Fig. 3 along with insets, respectively. In all emission results, red emission line at 619
nm, attributed to the electric dipole transition °Do — 7F2 of Eu? ions, is found to be intense. The excitation
spectra of 0.8 % Eu3-doped YVOs sample, prepared by two different methods, recorded at the emission
wavelength of 619 nm are shown in the insets of Fig.4. Fig.5 illustrates the plot of Eu* concentration versus the
emission intensity of the red line (at 619 nm) in the Y1xEuxVOs phosphors synthesized by two different
methods. The optimum Eu?* concentration of the samples, synthesized by SSD and CM technique, is observed
to be 8 %. As a case, the luminescent efficiency of the Eu3* under the excitation at wavelength 147 and 172 nm
depends strongly on the absorption efficiency of the host. As mentioned above, the phosphor powders obtained
from CM route have higher luminance than those obtained from SSD route, since they have higher absorption
efficiency of energy due to their excellent morphology. The emission spectrum of Eu3-doped YVOs prepared
by low temperature method CM method shows very similar characteristics with that from high temperature

SSD with difference in emission intensity.
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Figure 3: Photoluminescence emission spectra of YVOas:xEu3* prepared by: (a) CM and SSD method (Aex = 147

and 172 nm).

The intensity ratio of Do — 7F1 to Do — 7F2 bands varies with the changing of the preparation method at

different excitation. It is interesting to note that the emission intensity of Eu®-doped YVOs crystals prepared

by the CM method is about 2 times as much as that by the SSD method. The difference in the emission

intensity of Eu®- doped YVOs crystals prepared by different methods can be explained if we consider the

morphology of crystals and the phase formation during the processes.
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Figure 4: PL excitation spectra of the optimum Eu?-doped YVOs samples prepared by CM and SSD route (Aemi
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Figure 4: Plot of PL emission intensity as a function of Eu3 concentrations of Eu3-doped YVOus prepared by

combustion route and solid-state route (Aex = 172 nm)
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The particles of the YVOs prepared via the high temperature method were agglomerated (Fig.2b) and the
extent of crystallization of YVOus prepared from the high temperature process is lower than that obtained from
the low temperature CM method (Fig.2a). As mentioned earlier in the process of photoluminescence of Eu3'-
doped YVOus crystals, the energy is absorbed by the host lattice YVOs first and then it is transferred to the
activator Eu® ions then lead to the luminescence. The absorbed energy by the host lattice in the agglomerated
Eu3*-doped YVOs particles would be lower than that in the YVOs crystals with uniform shape. Furthermore,
there would be more defects in the crystals with lower crystallization obtained from the high temperature

system.

IV. CONCLUSION

Solid-state and solution combustion methods were used to synthesize the red-emitting phosphor for PDP
applications. By comparison, advantages of low temperature solution combustion method are summarized as
follows: lower calcinations temperature, excellent particle morphology, and higher compositional homogeneity.
YVOu4:Eu? phosphors have strong excitation bands in VUV range, indicating high VUV energy absorption. The
phosphors prepared by low temperature solution combustion method have superior luminescence, since they
have excellent particle morphology and high compositional homogeneity, compared with those prepared by

solid-state reaction route.
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ABSTRACT

A novel molten salt method used for the synthesis of Eu3*doped yttriumbased phosphor. It is well known that

Y20s:Eu® is highly efficient red phosphors used for Lamp phosphor. The Y203:Eu3* phosphor was synthesized

by reactions in molten salts method.The red emitting phosphor characterized through powder X-ray diffraction

(XRD), and PL spectra. A novel molten salt is one step methodand decrease calcining temperature.

Keywords : Y203:Eu3*,Molten salts method, PL spectra.

I. INTRODUCTION

The production of reliable and reproducible ceramic
materials for high technology applications require
strict control over their powder characteristics, which
includes chemical homogeneity, low impurity levels,
small particle size, narrow size distribution and
freedom from agglomeration. A variety of methods
e.g. sol-gel, chemical precipitation of precursors in
aqueous or organic solutions, thermal decomposition
of solutions by spraying technique, high alkaline and
hydrothermal precipitation have been proposed for
obtaining small, uniform un-agglomerated powders.
These methods so-called wet chemical method, have
been found to be successful for number of systems.
Also self-sustaining combustion synthesis is a simple,
inexpensive and quick way of synthesizing various
oxide materials in comparison to the wet chemical

techniques [1].

Compounds containing rare earths have long been
used as phosphors and laser materials because of their
f-f

transitions.In particular, Eu3* has five narrow emission

sharp, intensely luminescent electronic
bands corresponding to the SDo—7Fj transitions where,
j = 0,1,2,3,4. The strongest transition, >Do—"F2 occurs
at 613 nm, which

fluorescence of Eu3*. This transition has also been

is a characteristic of red
shown to exhibit laser emission under appropriate
conditions in Eu3 doped crystals [2, 3]. It is well
known that the Y203:Eu® is highly efficient red
phosphor and has its own importance in scintillation,
lamp and color TV picture tubes [4].

The preparation of these red emitting phosphors is
critical and requires special methods such as wet
chemical methods. Recently preparation of Eu3* doped
yttria was carried out by the alkoxide route and
combustion process [5, 6]. Though these processes are

efficient, requires expensive chemicals and special
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equipment. Here we report the preparation of Y20s:
Eu3t by the novel method of reactions in molten salts.
The term molten salt refersto the liquid state of
compound, which melts to give liquids displaying a
degree of ionic properties [7, 8]. Alkali metal nitrates
have relatively low melting points (Table:1) whereas
even lower melting points are obtained in their
eutectic mixtures. A molten salt can behave as a
solvent or as a reactant. Thus in a nitrate melt acid-
base reactions can occur according to the Lux -flood
formalism, whereby an acid is an oxide ion acceptor
and a base is an oxide ion donor; nitrate ions are bases
in this formalism [9]. Nitrite melts are more basic than
nitrate melts whereas addition of Lux-flood bases such
as Na202, Na2O and NaOH to a nitrate melt, which its
basicity.

The precursors are the inorganic compounds, in
particular sulphates and chlorides that are blended
with the alkali metal nitrates or nitrites as a powder
mixture before heating to the reaction temperature.
Table:1 shows the various eutectic mixtures and
corresponding melting points.

Table-1 Melting points for alkali metal nitrates and

eutectic mixtures.

Metal Nitrate Melting point (°C)
NaNOs 307
KNOs 334
50 mol% NaNOs3-50 mol%
220
KNOs
43 mol% LiNOs3- 57 mol% 132
KNOs3

II. METHODS AND MATERIAL

2.1 Synthesis of Y20s:Eu3+
The precursors used were Y203 (AR) and Eu20s (AR).

Both were mixed together in a china basin. A small

quantity of double distilled (DD) water was added and
paste was formed. Then HCl was added drop by drop
and mixture was heated slowly under observation at
50°C till the paste dissolved completely. The solution
was further heated till the excess of acid was boiled
off. Little quantity of double distilled (DD)water was
again added and slowly evaporated to dryness. The
resulting powder was YCls: Eu. The chemical reaction
is 0.97 Y203 + 0.03 Eu203 + HCl — 2 Yo097Cls : Euoos +

The eutectic mixture of nitrates LiNO3.3H20 (43 mole
%) and KNOs (57 mole %) were taken in a china basin
and mixture was dried at 50°C.The dry chloride
YCls:Eu was added to this mixture of dried nitrates
and thoroughly ground in a china basin. This mixture
was then heated in a resistive furnace first at 100°C for
1h and then with the gradual rise of temperature it
was further heated at 425°C for12 hours. The chemical
reaction is 2Yo0.97Cl3 :Euoos + 0.43 LiNOs.3H.0 + 0.57
KNOs— Y19403 : Euoos --------- (2)

The mixture was then cooled slowly. A semi convex
white solid was formed. With the help of sufficient
lukewarm DD water, the solid was transferred to a
glass beaker. Keeping the beaker in an oven at 60°C
for 10 minutes, the white solid was partly dissolved in
water and the fine particles of Y203:Eu started settling
down at the bottom. The precipitate was washed
repeatedly by DD water and then dried. The dried
precipitate was then calcinated at 800°C for 2h and
quenched suddenly at room temperature.The
calcinated and quenched powder was Y203:Eu®
phosphor.

2.2 Material characterization

The phase purities of Y203:Eu®* phosphor was studied
using Rigaku miniflex II X-ray Diffractometer with
scan speed of 2.000°/min and Cu Ko (A = 1.5406 A)
radiation in the range 10° to 90°. PL and PL excitation
(PLE) spectra were measured on (Hitachi F-7000)
fluorescence spectrophotometer at room temperature.
The parameters such as spectral resolution, width of

the monochromatic slits (1.0 nm), photomultiplier
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tube (PMT) detector voltage and scan speed were kept

constant throughout the analysis of samples
III. RESULTS AND DISCUSSION

3.1 Powder XRD pattern of Y203:Eu3*

The formation of the phase purity and crystal
structure of Y20ssynthesized by using molten salts at
800°C was confirmed by XRD pattern as shown in
Figure. 1. All the peaks in XRD pattern very well
agree with the standard data from ICDD file no. 01-
071-0049. Also the XRD
material was completely crystalline and was in single

shows that the formed

phase with cubic structure where a=b=c=10.5957 A.
The space group for Y203 is Ia-3 (206).The average
crystallite size of Y20s:Eu3*determined from XRD
pattern using Scherrer formula and it was found to be
965.52 nm [10]

g This Work
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Figure:2 XRD pattern of Y20s:Eu®.

Figure 2 shows PL spectra of Y20s3:Eu® phosphor. It
consists of a broadband excitation spectrum peaking at
246 nm, monitored at emission wavelength 613 nm.
The emission spectrum is sharp peaking at 613 nm at
excitation wavelength 254 nm, corresponding to the
transition SDo=>7F2 of Eu®. The intensity of emission is
found to be comparable and excitation, emission
wavelengths matches well with those of reported in
literature.

The rare earth compounds such as Y203:Eu3 mainly
belong to luminescent materials with individual
luminescent center. Luminescence of these materials

is due to the transition between 4f energy levels.

Because of spin-orbit interaction, the degenerate 4f
configuration is split into several energy levels such as
’Dj and 7Fj. The crystal field of host lattice affects the
electronic transitions in Eu® [11]. For Do term, j = 0,
so it cannot split (only one energy level). For the term
’F2, j = 2 and 2j.1=5, so it can split into five energy
levels (I'1, I'2,I'3, I's, I's). The strongest peak at 613 nm
in Y203:Eu? phosphor corresponds to the transition
SDo>7F2 of Eu?t. This method of reactions in molten
salts is a low temperature and single step synthesis.
This method is easy to synthesis and precursors used
are readily available. The sample synthesized is a
snow-white powder and particle size varies from sub-
micron to nano. Frequent washing and calcinations

enhances the PL intensity.
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Figure:1 Photoluminescence emission and excitation
Spectrum of Y203:Eu3*

This method of reactions in molten salts is a low
temperature and single step synthesis. This method is
easy to synthesis and precursors used are readily
available. The sample synthesized is a snow-white
powder and particle size varies from sub-micron to
nano. Frequent washing and calcinations enhances the

PL intensity.
IV. CONCLUSION

The excitation and emission wavelengths in PL
spectra of Y203Eu* synthesized by molten salts
method confirms the formation of desired phase and

crystal structure in the compounds. As phosphors
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with particles of required size and colour are needed
for their use in the display devices and other
applications. This method has new horizons in the

lighting industries.
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ABSTRACT

The Eu®* doped YVOs: phosphor synthesized via simple aldo-keto gel method by using Benzaldehyde and

Acetone which then compared with conventional solid state diffusion. Powder X-ray diffraction (XRD) and

field emission scanning electron microscopy (FE-SEM) studies indicate that the prepared samples were well

crystalline and free from organic impurities. However, the nature of as-prepared phosphor by using aldo-keto

gel method does not having any agglomeration. Further photoluminescence (PL), photoluminescence excitation

(PLE) spectra and decay curves were superior as compared to solid state diffusion method.

Keywords: Aldo-keto gel method; aldehydes and ketones; spherical particle, PL properties; CIE diagram.

I. INTRODUCTION

Yttrium based materials doped with europium (III)
have attracted more attentions among the many
researcher group because these are important
excellent commercial red-emitting phosphors used in
various applications such as color television, the
cathode ray tube and plasma display panel [1-3] due to
its high quantum efficiency, dip red color purity, and
high thermal stability [4]. Among all these yttrium
based phosphors, the Eu?* doped YVOes is still more
demanding in the field of luminescence for the
upcoming research because, its wide band gap. Also,
absorption spectrum of YVOs shows strong and broad
bands in the ultraviolet (UV) region [5].

The effect of synthesis method is important in the rare
earth doped host lattice because luminescence
efficiency is depending on nature of particles
(agglomerated or un-agglomerated) [6]. A lot of efforts
the enhancement in

have been focused on

luminescent properties of YVO4«Eu3 phosphor with
non agglomerated and narrow particle size. For the
synthesis of phosphors, a variety of conventional and
non conventional techniques have been adopted. The
conventional method such as solid-state reaction is
required lot of time with high temperature for
preparation of phosphor [7]. Therefore, there is need
to synthesis of such a phosphors at low temperature.
The particle size of material prepared by solid state
method is in the range of few micrometers and non
homogeneous nature of as-prepared phosphor particle
size.

All conventional and non conventional synthesis
approach is sophisticated synthesis techniques for
preparation of YVOu4Eu?, but suffers with drawback.
Because precursor require for synthesis is very costly
and other additive chemical required for these
methods are very expensive which leads to increase

cost of application devices. Therefore in progressive
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research we developed a novel synthesis technique for
preparation of phosphors.

Inspiring from the above discussions, the present
work planned to study the luminescent properties of
YVOu«Eu? phosphor synthesized by using aldo-keto
gel method and compared with very famous method is

known as solid state diffusion.

II. METHODS AND MATERIAL

2.1 Solid state diffusion

The phosphor YVOs: Eu? was synthesized by solid
state methods with Eu concentration 0.01 mole. The
precursor Y203(99.99%, AR), NH4sVOs (AR) and Eu203
(99.90%, AR) were mixed thoroughly in a mortar with
small amount of acetone. The resultant mixture was
transferred to an alumina crucible and oven dried at
50°C. The mixture was heated in a resistive furnace at
1100°C for 10h with intermittent grindings. The white
powder of YVO4Eu?* so obtained was used for
characterization.

2.2 Aldo-keto gel method

Aldo-keto gel method is wuses to synthesis of
YVOuEu? phosphor as per the previous work [8]. The
precursors used Y(NOs)3 (99.99%, AR) and Eu(NOs)3
(99.99%, AR) were mixed together in a china clay
basin. In basin VOSO4 (AR) were mixed with some
amount of water. On slowly heating to dryness,
precipitated changed its color to reddish black. The
acidic traces were removed by adding small quantity
of deionized water to precipitated and drying 2-3
times; it finally changes to red color.

The red dried compound was finally milled. The
benzaldehyde (1M) and acetone (1M) were added to
this compound after that NaOH added drop by drop
with increasing temperature.

On further slow heating, pyrolysis of foam was started
at 450°C and shining black foam was formed at 500°C,
which started burning from 700°C. After that one
time washing and drying is required for better

luminescence properties.

Issue 1 - Published: & February 10, 2021 - Page No : 480-483

2.3 Material characterization

The phase purities of YVO4:Eu3* samples were studied
using Rigaku miniflex II X-ray diffractometer with
scan speed of 2.000°/min and CuK« (A = 1.5406 A)
radiation in the range 10° to 90°. The PL and PLE
(Hitachi  F-7000)

fluorescence spectrophotometer at room temperature.

spectra were measured on
The parameters such as spectral resolution, width of
the monochromatic slits (1.0 nm), photomultiplier
tube (PMT) detector voltage and scan speed were kept

constant throughout the analysis of samples.
III. RESULTS AND DISCUSSION

3.1 XRD analysis

The formation of the crystalline phase of as-prepared
products of solid state diffusion and aldo-keto gel
method was confirmed by X-ray diffraction patterns
as shown in Fig.l, to verify the phase purity and
crystal structure. The X-ray pattern of both method
samples indicated a pure phase of the standard YVOs
and all the peaks are in good agreement with the
(ICDD, 01-082-1968). Also the XRD shows that the
formed material is completely crystalline and is in
single phase, where a = b = 7.11 and c = 6.28 A. The
space group for YVOs is a [41/amd(141).

3.2 Morphology of YVO4:Eu?* phosphors

FE-SEM analysis was done and resulting image
displayed in Fig. 2 (A and D). The representative
micrograph (A) for solid state diffusion and (D) for
aldo-keto gel method shows that synthesized sample
comprises regular shape with agglomerated and non
agglomeration particles. The YVO4Eu* phosphor
prepared by aldo-keto gel method gives the non
agglomerated and fine spherical particles. Also the
grain boundaries of as-prepared materials were fine
and well separated with no organic additives. On the
other hand, sample prepared by solid state diffusion
method reflects the agglomerated irregular nature of

particles.
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Fig. 1 XRD patterns of the YVO4Eu?* nanophosphor
synthesized through solid state diffusion and aldo-
keto gel method.
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Fig. 2 FE-SEM images of the YVOuo0Eu* phosphor
synthesized through solid state diffusion (A) and aldo-
keto gel method D).
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3.3 Photoluminescence properties
Fig. 3 demonstrates excitation and emission spectra of
YVOs4:Eu® phosphor synthesized by using solid state

aldo-keto method with same

method and
concentration of Eu3* ions (0.01 mole). The excitation
and emission spectrum reflects that the phosphor
prepared by aldo-keto gel method gives highest PL
emission intensity as compared to solid state diffusion.
The excitation attributed at 615 nm and emission
monitored at 621 nm wavelength. The excitation
spectrum shows similar nature except for a difference
in intensity. It consists of a broad band with high
intensity from 200 to 350 nm centered at 315 nm due
to a charge-transfer transition from the oxygen ligands
to the central vanadium atom inside the VO34 ion.
Also, several narrow bands with low intensity in the
range of 350-500 nm are due to the f-f transitions

within Eu3+ 4f6 electron configuration [9].
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Fig. 3 PL excitation and emission spectra of
YVOuo0:Eu? phosphor synthesized via solid state
diffusion (Black lines) and aldo-keto gel method (Red
lines) (Inset of emission at 618 nm and 621 nm.

The emission spectra of YVOas:Eu? is as shown in Fig.
3. It consist of number of emission peaks in the
ranging 550 to 710 nm corresponding to of Do —7F; (J
=1, 2, 3, 4) transitions of Eu® ions. The peak at 595
nm is corresponding to Do —7F:1 transition in the
orange region due to magnetic dipole interaction and
peaks at 618 and 621 nm are corresponding to °Do
—7F2 transition in the red region due to electric dipole

transition. The electric dipole transition is sensitive to
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chemical bonds in the vicinity of the Eu® ion. On the
other hand, the magnetic dipole transition is changes
with the crystal field strength around the Eu3* ion.
Therefore, the PL intensity ratio of Do— 7F2 (Red) to
SDo— 7F1 (Orange) transitions is depend on the Eu3*
ions local surrounding environment. Generally, Eu3*
ions occupies an inversion symmetry site in the host
matrix, then the orange emission (*Do— 7F1) could be
a dominant emission. Moreover, The peaks at 648 and
702 are corresponding to Do —7F3 and Do —7Fs
In YVO4Eu®* phosphor the

electric dipole transition (Do —7F1) shows superior PL

transition respectively.

intensity than magnetic dipole transition (Do —7F2).
The small peak at 539 nm is attributed to *Di1—7F2

transition. [10].

IV. CONCLUSION
The red
phosphor was first time successfully prepared by aldo-

inorganic intense emitting YVO4Eu®
keto gel method and compared with solid state
diffusion method. The experimental results indicate
that aldo-keto gel method requires low temperature
than that of solid state reaction and also reaction
complete in less time.

The aldo-keto gel method does not need expensive
equipment and result in good PL intensity. The aldo-
keto gel method is based on molecular synthesis of
particles so that agglomeration of phosphor particle
can be avoided.
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@S TRACT: In the survey we determined the quantity of Hb (8/dl). We divided the the subjects into different
groups, based on age and sex. We make a comparison about percentage of haemoglobin between the College
Students and between Boy's and Girl's. We divide the subjects into the age groups i.e. 20-24 (15 Subjects) in
Girls and 18-24 (15 Subjects) in Boy's. In girls between 18 and 24 vears of age the haemoglobin values
decreased slightly, reaching about 11.36 gm/100 ml. In bovs of corresponding ages there was an increase to
about 16.10 gm. The quantity of the haemoglobin is very important in the diagnosis of the anaemia. Anaemia is
a normal gquantity of Haemoglobin present in the blood. To compare the percentage of Hb, we take the mean Hb
(gm/dl) of male and females as well as of the four age groups. The mean Hb of the male was 12.83 gm/dl and
for the female it is 11.83 gm/dl and for the female it is 11.93 g/dl male subjects have more amount of HB
{12.83gm/dl) that the female subsets (11.93 gm/dl). By this we said that bared on the sex percentage of Hb varies,
the male subjects having more amount of Hb than the female subjects. /

%,

1. INTRODUCTION:

Haemoglobin is the most familiar, most efficient respiratory pigment. It is a crystallized, Conjugated protein
consisting of an iron — containing pigment and a simple protein, globin. It occurs in majority of vertebrate and
invertebrates. In invertebrates is found dissolved in plasma, whereas in vertebrate it is contained in the special cell called
red blood corpuscles. Each Haemoglobin molecule is made up of four heme groups. Surrounding a globin groups
forming tetrahedral structure,

Haemoglobin is involved in the transport of other gases it carries some of the body’s respiratory carbon dioxide
about 10 % of the total as carbanion haemoglobin in Which O2 is bound to the globin protein. The molecule also carrier
the important regulatory molecule nitric oxide bound to a globin protein thiol group releasing it at the same lime as
oxygen. Haemoglobin is also found outside red blood cells and their progenitor lines. Other cells that contain
haemoglobin include the A9 dopaminergic neurons in the substantiate nigra, macrophage and meningeal cells in the
kidney in these tissues haemoglobin has a non — oxygen Carrying function as an antioxidant and regulator of iron
metabolism.

2. MATERIALS AND METHODS:

Material Used in Estimation of haemoglobin percentage with the help of haemomelter are as follows

Haemometer ( Sahli’s Haemometer )
Decinormal (N/10y HCI (1.2 CC Of Conc. HCI Dissolved in 100 cc of distilled water), Distilled water, own
blood Sample, Pricking needle, spirit lamp, Cotton and beaker.
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Fig. No.1:- Haemometer

Apparatus: The Haemometer consists of two sealed lateral comparison tube containing a suspension of acid haematin.
This are held in a black frame against a white back round glasses Besides, a graduated test tube of the same diameter is
also provided which can fit in the haemometer in between the two side tubes for comparison. A micropipette of 20 ¢cm
is also provided thither things provided are a small glass rod, a small bottle to contain the decinormal acid solution,

Fig. No. 2 Apparatus

3. METHOD:

® The Graduated tube is first Clean with distilled water and then with methylated spirit or 90% alcohol.

e It is thoroughly dried up before being used.

e Now with the help of dropper. Then 10N HCI Solution is filled is graduated tube up to 2gms mark.

e Micropipette is now filled up by sucking fresh blood of the vertebrate under experimentation up to the mark of 20 cm.
e The small amount of blood adhering to outside of micropipette should be aspired off by sterilized cotton.

e The blood of micropipette is now added to n/10 HCI solution in the graduated tube.

e The Pipette should be introduced carefully into tube and its lower mouth should. Pass right up to the bottom into HCI
solution.

» When blood has been expelled pipette is rinse by distilled water,

» Every time the content of micropipette should be expelled into graduated tube.

e The acid haematin solution is now thoroughly, Stir with the help of glass rod and then allow to stand at least for 10
min.

e Afterwards the acid haematin solution is gradually diluted by adding distilled water in a drop wise manner with
addition of each drop of distilled water the solution should be stirred and it’s colour match with that standard sealed
tube.

e This should continue till the colour of acid haematin solution just feds away as compared to that of standard comparison
tube.

® The reading before the colour just fed’s taken as correct and final reading.
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4. OBSERVATIONS AND RESULTS:

In the survey we determined the quantity of Hb (8/dl). We divided the subjects into different groups, based on
age and sex. We make a comparison about percentage of haemoglobin between the College Students and between Boy's
and Girl’s. We divide the subjects into the age groups i.e. 20-24 (15 Subjects) in Girls and 18-24 ( 15 Subjects ) in
Boy’s.

Table No. 1 :- Mean Hb (g/dl) based on the age and sex.

Age groups (years) Sex Mean HB (g/dl)
18 -20 Boy 15.50
Girl 1021
21 -22 Boy 14.50
Girl 8.15
23-24 Boy 16.10
Girl 11.36

Normal Haemoglobin levels according to the world health Organization (WHO) is a healthy haemoglobin level
depends on maintaining good nutrition and regular physical exercise. Haemoglobin helps you stay active by transporting
oxygen through your blood stream around your body and by removing poisonous carbon dioxide. But in our survey of
the college students shows the boy’s Hb percentage. It is because of the reason of good nutrition, habits and regular diet.
Normal Hb levels depends on your sex, age and health status.

Table No. 2 :- Normal HB (g/dl) level given by WHO

Groups (vears)/Gender. Normal HB level (g/dl)
0.6-4 11 g/dl

5-12 11.5 g/dl

12-15 Equal or above 12 g/dl
Adult male 13.8 -17.2 g/dl

Adult Female 12.1 1s.1 g/dl

Pregnant women Equal or above 11 g/dl

5. DISCUSSION:

The guantity of the haemoglobin is very important in the diagnosis of the anaemia. Anaemia is a normal quantity
of Haemoglobin present in the blood. To compare the percentage of Hb, we take the mean Hb (g/dl) of male and females
as well as of the four age groups. The mean Hb of the male was 12.83 g/dl and for the female it is 11.83 g/dl and for the
female it is 11.93 g/dl. Male subjects have more amount of HB (12.83g/dl) That the female subsets (11.93 g/dl). By this
we said that bared on the sex percentage of Hb varies, the male subjects having more amount of Hb than the female
subjects.

The main reason for having less amount of Hb due to by taking important diet and some habits, like smoking.
Because iron is an important component of Haemoglobin, consuming iron-rich component foods, like fortified foods,
( these products include breakfast cereals, Pasta, bread, malted drinks and grits . The food and nutrition board
recommends 18 mg of iron for women and 8mg for men), animal sources (seafood, Poultry, eggs and beel), plant sources
( Red Kidney beans , lentils, Soybeans, black, beans, white beans and Cowpeas).

6. SUMMARY AND CONCLUSION:

HB is a very important metal -protein in the blood. By find out amount of hb present in the blood, we diagnosis
that whether the patient is suffering with anaemia or not by our survey we conclude that the maximum peoples are
having healthy amount of Hb (g/dl) the limits which is given by the who. Some of the people are having very less amount
of Hb they consider as a anaemia patients, there is a significant difference between the amount of Hb present in the male
and female subjects and the difference is age groups by this we said that the amount of Hb on the blood varies depends
on age and the sex.
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IMPACT OF SYNTHETIC PYRETHROID ON DNA,
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ABSTRACT:

In the present investigation an attempt was made to evaluate the impact of sub lethal
concentration of pyrethroid exposed to freshwater fish. The DNA, RNA and RNA/DNA ratio were
estimated in kidney and brain of freshwater fish Channa punctatus. The sub lethal concentration of
pyrethroid (0.00078 pl/lit) for 24, 48, 72 and 96 hours of different time intervals. The concentration
of pyrethroid showed reduced level of DNA content 0.22, 0.27, 0.23, 0.25 in control whereas (.25,
0.23, 0.22, 0.28 was observed in experimental. RNA content 0.001, 0.001, 0001, 0.002 in control and
0.0018, 0.0017, 0.0015, 0.0012 in experimental. While the DNA / RNA ratio significantly changed
0.0071, 0.0070, 0.0074, 0.0041 respectively at the different periods as compared with control of the
experimental in Channa punctatus.

KEY WORDS: Channa punctatus, Pyrethroid, DNA, Kidney, RNA
INTRODUCTION:

Environmental problem in the developing world is clearly linked to imbalanced ecosystem.
Environmental contamination by pesticides has been documented in both biotic and abiotic
components. Pollution is impairment of quality of some part of environment by addition of the
harmful impurities. There are many reasons for environmental pollution. The industrial waste
materials discharged in river water contains waste material, due to which water gets highly polluted
or contaminated. In industrial waste many harmful subjects are preset, which cannot destroy, means
some subjects are non-degredable and some reacts with water and forms poisonous substances which
results in pollution of water. The increased use of the insecticides in agriculture has contributed to
the improvement of agriculture production. However, many adverse effects have been recognized.
The mode of action of these compounds has been subjected to intensive study The pollution of
environment due to use of

pesticides have become an increasing problem over the last century with the development of
industry agriculture and increase in population. The random use of different pesticides often causes

lot of damage on non- target organism.
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Modern agricultural pesticides undoubtedly contributed to increase crop yield but also
produce widespread pollution of the natural environment with damage to inland fisheries (Johnson
1968). Environmental problem in the developing world is clearly linked to unbalanced ecosystem.
The random use of the different pesticides often caused lot of the damage on non-target organism,
Organophosphate pesticide constitutes a large proportion of total synthetic chemical employed for
the control of pests in the field of the agriculture, veterinary pesticides, and public health.

Pyrethroid insecticides shows their toxic effect by inhibiting impulse transmission Caside et
al; (1983) most studies carried out with pyrethroid deals with its acute toxicity rather than
biochemical effect (Reddy and Yellema 1991). In invertbrates and vertebrates, pyrethroid acts
mainly on the nervous system pyrethroid affected to both a stomach poison and contact insecticide
(Jin 1998).

The action is especially critical to fishes and aquatic insects where ATP are enzymes provides
the energy necessary to active transport and are very important at site of oxygen exchange. Synthetic
pyrethroids are extremely effective against insects but are relatively safe to mammals and birds. One
potential problem of pyrethroid is the extrem toxicity to aquatic organisms which will produce toxic
effects. Sieghfried also suggested that aquatic insects show higher susceptibility to the pyrethroid
than terrestrial insects because of lower level of expore to lipophilic compounds in the aquatic
environment which leads to lower potential to detoxify lipohilic xenobioties such as insecticides.

The synthetic pyrethorid a new class of agricultural insecticides has emerged as a
complement to organophasphate and other type of pesticides.

Therefore it was considered to analyse the effect of pyrethroid on DNA, RNA, RNA/ DNA
Ratio in muscles of a freshwater fish Channa punctatus.

Materials and Methods:

The experimental fish Channa punctatus were collected from Sonala Dam around Sonala
village and local market. The fishes were measuring 12-13 c¢m in length and about 13-25 gm in
weight. The fish were brought to the laboratory in polythene bags containing aerated water and
acclimatizing in glass aquaria in the laboratory conditions for about a week. During this period fish
were fed on commercially available food for experimental purpose the pesticide mixture was
prepared by dissolving enough pesticide in 100ml of water. A calculated quantity of stalk solution
was added to fresh water in the industrial aquarium.

Fishes were divided into two groups control and experimental. The fish were acclimatizing
for a week according to APHA (AWWA/WPCA, 1998) standard method. The tap water was used as

experimental medium for holding different test. The test fish was fed on food available in the market
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excess food and fecal matter were removed from the glass, aquaria ones in a day or thrice at least in
week the test fish was handled carefully so that the stress was minimum.

For toxicity evaluation synthetic pyrethroid was selected. These synthetic pyrethroid was
cypermethrin. The cypermethrin is alternative for oganophosphate and organachlorine. The
insecticide diluted in laboratory tap water.The LCsy of cypermethrin is 0.0007 ul/ltr for 96 hours was
determined to decide its sub lethal concentration for experimentation. Control and experimental
groups of fishes were scarified after 24 hr. of 96 hrs. The pesticides used in present works.Brain and
kidney were removes and washed in saline and deep frozen.A 10% homogenate was prepared in
buffered saline (0.15 mol/l Nacl and 0.15 mol/l sodium citrate, pH (7.0). Homogenate was
centrifuged at 8,000 rpm for 15 minute and resulting supernatant was taken for estimation of
macromolecular constituents. DNA and RNA were estimated by diphenylamine and orcinol method
respectively (Schneider, 1957). Absorbance was recorded at 595, 665 and 660 nm for DNA, RNA
respectively.

RESULT AND DISCUSSION:

In the present study observed that when the freshwater fish Channa punctatus exposed to sub
lethal concentration of cypermethrin showed a significant observation, of biochemical such as DNA,
RNA and RNA/DNA ratio.

Pyrethroid a, cypermethrin was treated with freshwater fish Channa punctuates for toxicity
evaluation the freshwater fish Channa punctatus exposed to sublethal concentration of cypermethrin
showed histological alternation in the DNA and RNA ratio.

Pyretheroids are not well known for their toxic action in animals therefore repeated
administrations of subtethal and lethal doses of cypermethrin were found to be induced behavior
tolerance in the aquatic animals.

Sublethal concentration of the cypermethrin increased the mucus secretion, fast movement
and it is believed that the behavioural changes are the most sensitive measure of the neurotoxicity,

The fish Channa punctatus exposed to the cypermethrin showed irregular and erratic
swimming, and slow movement of fishes. It is also losing their swimming balance and showed
irregular movements. The body colour of fishes gets whitish due to sublethal concentration of the
cypermethrin.

DNA :

In the present investigation the freshwater fish Channa punctatus exposed to sub lethal

concentration of cypermethrin observed in muscle that, the DNA content were (0.22, 0.27, 0.23,

0.25) in control whereas (0.25, 0.23, 0.22, 0.28) which are decreasing in order observed in
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experimental (Table -1). The result showed that all the values of DNA contain showed decreasing
tread.
RNA :

In the present investigation the fresh water fish Channa punctatus exposed to the sub lethal
concentration of cypermethrin and observed in muscle of fish 0.001, 0.001, 0001, 0.002 in control
and 0.0018, 0.0017.,0.0015, 0.0012 RNA contains of experimental values of the fish Channa
punctatus showed decreasing trend.

DNA / RNA Ratio :

While the DNA / RNA ratio significantly changed (0.0071, 0.0070, 0.0074, 0.0041)
respectively at the different periods as compared with control of the experimental in Channa
punctatus.

In this study it is observed that when freshwater fish Channa punctatus is exposed to sub
lethal concentration of the pyretheroids showed a significant decreased in level of DNA, RNA, while
DNA/RNA ratio significantly changed From the above result it is noticed the that effect of sub lethal
concentration affected the DNA, RNA and RNA/DNA ratio.

Hrs. Control DNA Control RNA RNA/DNA | RNA/DNA
(DNA) (Expt) (RNA) (Expt.) Contra (Expt.)
24 0.2278 0.2517 0.0012 0.0018 0.0052 0.0071
+0.0181 | +0.0065 | +0.0027 | +0.0308 | +0.0013 | +0.0014
48 0.2755 0.2398 0.0018 0.0017 0.0065 0.0070
+0.022 +0.0053 | +0.003 + 0.044 + 0.0015 +0.0012
712 0.2517 0.2878 0.0020 0.0012 0.0079 0.0041
+0.025 +0.0297 | +0.004 | +£+0.0019 | +0.0012 + 0.0018
96 0.2398 0.2278 0.0019 0.0015 0.0079 0.0065
+0.020 +0.0321 | +0.003 | +0.0046 | +0.0012 + 0.0016
CONCLUSION:

The purpose of present study was to investigation on different aspect of fish Channa
punctatus. The LC50 values of cypermethrin 0.0007 "/ at 24, 48, 72, hrs. were determined. The
DNA, RNA and DNA/RNA ratio from muscle of fish Channa punctatus was determined. The results
showed that effect of sublethal concentration affected the DNA, RNA and RNA/DNA ratio, so very
lower concentration may affect fishes. Therefore, prevention must be taken to save the aquatic
environment and health of fish from pesticides in toxification.
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Abstract

In India, Spiders from only 11 families are known till date and they are Araneidae Clerck, 1757; Deinopidae C. L. Koch, 1850;
Linyphiidae Blackwall, 1859; Mimetidae Simon, 1881; Mysmenidae Petrunkevitch, 1928; Nephilidae Simon, 1894; Pimoidae
Wunderlich, 1986; Tetragnathidae Menge, 1866; Theridiidae Sundevall, 1833; Theridiosomatidae Simon, 1881 and Uloboridae
Thorell, 1869. 7 Orb-web Builder families namely Araneidae, Deinopidae, Linyphiidae, Nephilidae, Tetragnathidae, Theridiidae and
Uloboridae out of the 11 orb-web builder during 2013-2015 from Satpuda Landscape were collected. Webs can be an identifying
character of a particular family and even the genera of a particular family can be identified by the web. Here, a brief Web comparison
of the collected genera from the Araneidae is done to have an idea about the web including parameters like Web Orientation &
Measurement/ Web Description/ Related Activities.

Keywords: Satpuda, Araneidae, Orb-Weavers, Ecology, Web.

Introduction

‘Orb-web’ is a peculiar web usually fulfilling almost all the requirements for which a web is being built i.e. prey capturing and
retaining it, quite strong with significant elasticity, resistant to moderate climatic tampering and so on. Family Araneidae is one of the
orb-web builder family currently having 177 genera and 3059 species (WSC, V-22.0). It was described by Clerck in 1757.Web pattern
of different genera which were collected during the field work were studied in details aspect for documentation purpose.

Materials and Methods

Spiders from the 7 families were observed day and night for their web pattern. Web images were taken by Sony Cyber- shot DSCH-
50. Web images with and without specimen wherever possible were taken and measurement of web segments were done with the help
of scale and vernier caliper.

Observations and Results
Satpuda Landscape was surveyed day and night for studying the web patterns of different genera from Family Araneidae Clerck,
1757. Here, a tabulated documentation of 7 genera with their respective webs is done.

== Anehor thegad

» Radius

> Capture spiral

—  Leatl Retecat

» Stabilimentum

> Primary frame

—=  Sccondary frame

Fig. 1: General parts of a web (Web of Cyclosa sp.)
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ARANEIDAE Clerck, 1757

Genera Web Orientation & Web Description Related Activities
Measurement
Araneus Vertical: Measurements of Web of Araneus sp., less
three webs of Araneus were pronounced at the upper
taken for comparision: web 1,2 | half. The upper half of the
& 3 respectively web is  comparatively

broader while lower half is

Total area of web (16cm/ 22 more in area and a bit

cm/24cm); narrowed as compared to
Height from ground (2 feet/ 1.5 | the upper half region of the
feet/ 2feet); web. Spider sitting at hub of

the web, which is at a
Dist. (above) From the hub distance from the spirals and
(9cm/13cm/9.5¢cm); also the spirals of the web

are spaced. Some of the

Dist. (below) From the hub spirals are discontinued and

(9cm/11cm/9cm); . -
a small missing block is

No. of radials (27/28/28); formed in the web, instead
] ] ) of the usual complete spiral

Dist. b/w adjacent radials near pattern of the orb-web.

centre (2mm/3mm/3mm);

Dist. b/w adjacent radials near

pheriphery (1.4cm/1.8cm/2cm);

No. of spirals (24/31/30);

Dist. b/w adjacent spirals

(5mm/6mm/6mm);

No. of attachment threads (8/7);

Dist. of retreat from web

(13cm/21cm/22cm)

Argiope Vertical: Measurements of two | Popularly known as
webs of Argiope were taken for | “signature  spider”.  This
comparision: web 1 & 2 spider shows unique
respectively decoration of

stabilimentum, which _ are

Total area of web (18cm/ 24 called as signature.

cm);
Argiope changes its

Height from ground (2 feet/ 1.5 stabilimentum shape from

feet); zig-zag to round shape. The

Dist. (above) From the hub species which was collected

(9cm/13cm); changes its stabilimentum
design after 2-3 days.

Dist. (below) From the hub )

(9cm/11cm):; The height of the web from
the ground is not much i.e. it

No. of radials (27/28); usually built its web near to

the ground, ranging app.
from 1 foot to 3.5 feet in
height.

Dist. b/w adjacent radials near
centre (2mm/3mm);

Dist. b/w adjacent radials near
pheriphery (1.4cm/1.8cm);

No. of spirals (24/31); Dist. b/w
adjacent spirals (5mm/6mm);

No. of attachment threads (8/7);

Area of stabilimentum
(1.5cm/2.5cm); Dist. Of retreat
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Vertical: 3 webs of Cyclosa This spider builds a web | Egg Sacs:
Cyclosa were measured; webl, 2 & 3 which allows it to a | Shape: round to oval
respectively: remarkable  degree  of | Size: 4-5mm
camouflage since its web is | Count: 1
Total area of web (12cm/ occupied by the leftovers of | Silk colour: golden yellow
17cm/14cm); the prey and other debris. | No. of eggs (total): app. 60
The stabilimentum is often | Sjte of egg sac laying: laid within the web along
Height from ground (5feet/ 3.5 occupied by these materials | with debris hanging with stabilimenta and also on
feet/1.8feet); only and the female deposits | under and upperside of leaf.
its egg sacs, which passes
Dist. (above) From the hub vertically from the hub. The | parental Care: Egg sac is guarded by the female
(6cm/9.5cm/7cm); spider usually sits in the | till hatching.
midst of these structures,
Dist. (below) From the hub fooling ~ their  predators.
(6cm/8.5cm/7cm); Cyclosa can be noticed
sitting in its web during the
No. of radials (34/46/43); whole day, but the web
usually found vacant in
Dist. b/w adjacent radials near night.  Cyclosa insulana
centre (Imm/1.5mm/1.5mm); builds ~ both linear  and
circular stabilimenta. The
Dist. b/w adjacent radials near shape, size and design of
pheriphery (6mm/7mm/7mm); | Stabilimenta varied
depending upon the website
No. of spirals (32/41/32): location and environmental
' conditions. For example, in
Dist. b/w adjacent spirals e_xposed or - quite windy
(1.5mm/L.8mm/1.5mm); sites, Cyclosa builds smaller
webs with greater number of
circular stabilimenta while
(N;f.s%f)?ttachment threads in normal conditions, it
' builds linear stabilimenta
- and also the web is large. |
érgi;'; fiagélr;nfggr%m have noticed 4 webs of
‘ ' i Cyclosa insulana which are
present in forests of Melghat
region at a bit of exposed
site, which shows the
presence of circular
stabilimenta ~ with  size
variations in the web.
Cyrtophora | Horizontal: Web of Cyrtophora | Commonly called as Tent- | Egg Sacs:
quite complex and therefore, the | web spiders. Cyrtophora | Shape: oval to elliptical
detailed measurements were not | shows a degree of high | Size: 4-5mm
able to be taken , only the technical ~ aspect  while | Count: 2-7

distinctly available

measurements were taken of the
2 webs of Cyrtophora: web 1 &

2 respectively

Total area of web (32cm/24cm);

Height from the ground
(3.6feet/1.8feet);

building a web, which is
quite complex and is rather
not a complete orb web
instead it is a horizontal web
forming a cone in the
middle, with many support
lines holding it. The web is
not sticky in nature, spirals
and radials are constructed
from the same silk. Unless
in orb webs, all cells in the
web are rectangular. Web
height 2 to 5 feet.

Silk colour: off white with greenish tinch.

No. of eggs (total): app. 150

Site of egg sac laying: laid at the center of the
web, hangs with silk.

Parental Care: Egg sac is guarded by the female
till hatching and also accessory tents are built
within the existing web, for accommodation of
the hatchlings.
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Neoscona Vertical: Neoscona,  which  are | Egg Sacs:
Total area of web (2.6feet/ commonly cited in the | Shape: round
1.8feet/1.4feet); webs, on shrubs, fences, | Size: 5-6mm
poles, fields etc. builds a | Count: 1
Height from ground (2feet/ nearly vertical web ranging | Silk colour: yellowish white
3feet/2.8feet); from 20- 70 cm in diameter. | No. of eggs (total): -
Hub of Neoscona sp. is not | Site of egg sac laying: -
Dist. (above) From the hub that prominent, showing few
(28cm/24cm/17cm); cross threads. The spider | parental Care: Egg sac guarded by the female.
usually remains in retreat,
Dist. (below) From the hub within a curled leaf or
(38cm/28cm/25¢cm); beneath tree trunks, during
the daytime. The height of
No. of radials (27/25/22); the web from the ground is
variable ranging from 2 feet
Dist. b/w adjacent radials near to 7 feet.
centre (7mm/6mm/6mm);
Dist. b/w adjacent radials near
pheriphery (5cm/3cm/3.5cm);
No. of spirals (32/34/28);
Dist. b/w adjacent spirals
(1.1cm/0.8cm/1cm);
No. of attachment threads
(7/416);
Area of stabilimentum (1feet
/3feet).
Poltys Vertical: These spiders are | Egg Sacs:
Total area of web nocturnally active, building | Shape: oval to elliptical
(20cm/2feet/1.2feet); finely meshed orb webs at | Size: 4.4-6mm
night and reingesting them | Silk colour: yellowish with some brown threads
Height from ground (2.2feet/ 3.6 | around dawn. Poltys builds | No. of eggs (total): app.40
feet/2.8feet); a very fine web, equally | Site of egg sac laying: laid adhered to any
spaced spirals and neatly | surface, especially twigs with the help of silk.
Dist. (above) From the hub radiating radial threads.
(10cm/30cm/18cm); Usually the centre of the | Parental Care: Poltys spider appears to show
Dist. (below) From the hub web i.e. the hub shows | least parental care, as it is not seen guarding its
(10cm/30cm/18cm); spaced cubical blocks of | egg sac.
thread; while these blocks
No. of radials (22/34/44); are absent in the webs of P.
. L. columnaris species. .
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centre (3mm/5mm/3mm);
Dist. b/w adjacent radials near
pheriphery
(1.5cm/2.6cm/1.6¢cm);

No. of spirals (60/190/140);

Dist. b/w adjacent spirals
(Imm/Imm/1mm);

No. of attachment threads

(8/6/10);
Avrea of stabilimentum
(1.2feet/3.6feet).

Zygiella Vertical: 2 webs were Zygiella, nocturnal in habit,
compared, web 1 & 2 hunts in the night and its
respectively; web  has a unique
Total area of web characteristic of having a
(1.2feet/1.4feet); missing sector in the
Height from ground (1.5feet/ 5 upperhalf of the web. The
feet); missing  sector  usually
Dist. (above) From the hub shows a signal thread which
(17cm/20cm); Dist. (below) connects the hub to the
From the hub (19cm/22cm); No. | retreat through this missing
of radials (18/22); Dist. b/w sector. The spider rests in its
adjacent radials near centre retreat during the daylight
(5mm/6mm); Dist. b/w adjacent | hours and is informed for
radials near pheriphery the presence of any prey
(3cm/3.4cm); through that signal thread,
No. of spirals (12/16); Dist. b/w | which is connected to the
adjacent spirals (5Smm/6mm); hub.

No. of attachment threads (5/9);
Avrea of stabilimentum
(2feet/1.5feet).

CONCLUSION

The orb-weavers include more or less 12,000 species and make up about 26% of spider diversity. Web constitute an essential part in
understanding the ecological as well as behavioural aspect of the spiders and by studying the detailed web characters; structures and
related activities, one can easily understand and can identify and characterise the spider by seeing the web.
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6&'11’&!0}‘: The paper deals with Species Richness and Distribution of Ostracoda of Sonala Dam, Sonala, Distt.
Washim (M.S.) India. Sonala dam is an earthen dam, constructed by irrigation department of Maharashtra Govt.
The dam is presently used for trrigation and drinking for regional rural areas. Ostracods are bivalved micro
crustaceans found almost in all types of water bodies and are one of the most diverse groups of living
crustaceans. The population density of ostracod of Sonala Dam, Sonala was monitored for one year, Samples
were collected using plankton net of bolting silk cloth No.25 (56 mesh size and analysed with standard keys.
Quantitative estimation was done by drop count method of Lackey. A t1otal of 4 species from the dam water were
identified. Results indicate that the population of Ostracoda was maximum during the summer season and
minimum during the winier season. Distribution of Ostracoda was influenced by environmental factors like
temperature, DO, salinity and sediment decomposition, Conservation of this water body is esseniial, as this
habitat may reveal interesting ostracod fauna present there, There is no report of study on the species richness
and distribution of ostracods in this reservoir and that is the reason the present study was planned.

Qey Waords: Sonala dam, Diversity, Ostracods, Zooplanktons /

L. INTRODUCTION:

Dams are the most important water resources. Unfortunately, large quantities of pollutants are accumulated in
the reservoir due to indiscriminate disposal of sewage and wastes from anthropogenic activities (Shinde et al., 2011).
Studies on freshwater bodies, natural or manmade have recently gained much importance, mainly because of their
multiple uses. Aquatic ecosystems are known to support work to range of organism. Ostracods are one of the most
diverse groups of living crustaceans. They are bivalved micro crustaceans found almost in all types of water bodies.
Although ostracods are abundant and widely distributed but they have received much less attention than Cladocera and
Copepoda (Pennak, 1978). They are a vital component of an ecosystem and form an essential link in the food chain and
energy (ransfer at secondary level in aquatic food web between autotrophs and heterotrophs (Dievanni et al, 2004),
Ostracods are extremely sensitive to environmental variations. Their abundance and species diversity can provide
important indication of environmental changes. The result will contribute to the understanding of the present status of
the ostracods fauna in Indian freshwater lakes. There is no report of study on the species richness and distribution of
ostracods in this reservoir and that is the reason the present study was planned.

2. MATERIALS AND METHODS:
2.1 STUDY AREA:

Sonala dam is an earthen dam constructed on River Adan, a wibutary of River Godavari. It lays between 77°,
12¢, 30" E Longitude and Latitude of 20° 19, 00” N in Sonala village of Washim district in Maharashtra (India).
Maximum height is 19.20 meter and 446.90 hectares of submergence with 132.50 square kilometre of catchment arca.
The reservoir is mainly used for drinking water supply to nearby villages and for irrigation. The selection of six sampling
station was made based on human and other domestic activities.

2.2 COLLECTION OF SAMPLES:
The acquisition of meaningful data demands correct sampling and preservation procedures. Water samples were

collected from six sampling stations every month in the forenoon (between 7:00 am to 9:00 am.) for one year. S0 litres
of water sample were filtered through standard plankton net of bolting silk cloth No.25 (56 mesh size). The sample was
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taken in 125 ml plastic bottle and 1abelled mentioning the time, date and place of sampling. The samples were preserved
by adding 2ml of 4% formalin. Quantitative analysis was done by Drop Count Method. Detailed taxenomic
identification was carried out with Pennak (1989), Koradkar (1992) and Dhanpati (2000).

3. OBSERVATION AND RESULTS:

In the present study, Ostracoda represented by 4 species in dam water namely Centro cypris, Cypris species,
Hetero cypris, Stenocypris malcomsonii. Scasonally, Ostracoda showed dominance in summer secason, showed
maximum 190 + 3.08 ind/l in summer season and minimum 45 + 4.5 ind/l in winter season. The yearly mean average
of Ostracoda during the study was 77.5 = 2.9 ind/L. In summer growth of algal blooms and macrophytes is high due to
anthropogenic activities and contamination of brick factories. Hence, the abundance of ostracods, especially those of
cosmopolitans, could be the indicator of pollution (Padmnabha, 2008; Sontakke et al, 2010). During the study period
Cypris species 33.5%2.0  ind/l showed dominance at all stations followed by Centro cypris 28.2+1.2 ind/l. Less
appearance was shown by Hetero cypris 17.8£1.5 ind/l and Stenocypris malcomsonii 17.9£1.8. Stationwise abundance
of Ostracoda was in the order.

Station S3- Station §; > Station 8¢ > Station S;> Station S > Station S

TABLE NO. 1. Station wise Average values of Ostracoda

Sr. No. Ostracoda Si S2 S3 54 S5 S6 Average

1 Centro eypris | 43.3+£2.9 | 19.241.6 | 45.042.1 | 158+1.9 | 20.8+1.6 | 25.0+1.3 | 28.2+1.2

2 Cypris species | 51.7+3.4 | 22.5+1.0 | 55.043.3 | 16.7+1.3 | 27.5¢1.7 | 27.5£1.0 | 33.58£2.0

3 Hetero cypris | 26.7+1.1 | 11.7£1.0 | 29.2+1.5 | 13.3+1.3 | 10.8+41.7 | 15.0+1.3 | 17.8+1.5
Stenocypris

4 malcomsonii 31.742.9 | 10.0£6.6 | 31.74#2.3 | 13.3%1.1 92+£5.5 11.721.2 | 17.9+1.8

4, DISCUSSION:

Data harvested during the study period, the population of Ostracoda was maximum during the summer season
and minimum the winter. Distribution of Ostracoda was influenced by environmental factors like temperature, DO,
salinity and sediment decomposition. There abundance is also dependent upon the availability of food as opined by
Swain (1995) and Clark (1977). Four different species of Ostracoda were identificd from this group. The population
abundance of Ostracoda was observed at all the sampling stations but found in lesser number at station S4. The Ostracoda
population was abundant and dominated at stations Sy, Ss, Ss. It forms a good [ood chain and hence more [ish catches
have been recorded al station Si. Seasonal wvariations in abundance of Ostracoda launa was in order
summer>winter>Monsoon. During the monsoon, Ostracoda population was found meagre at almost all stations excepl
stations Sy and Sz which indicated productive nature of waler,

5. CONCLUSION:

Sonala dam is nutrient rich and contain diversified Ostracoda fauna, They are bivalved micro crustaceans found
almost in all types of water bodies, which have often been used to indicate the tropic status of a water body. They are
a vital component of an ecosystem and form an essential link in the food chain and energy transfer at secondary level in
aquatic food web between autotrophs and heterotrophs. They were most abundant during summer season and showed
least abundance during winter season. They utilize the nutrients as well as phytoplankton more rapidly to build up their
population and due to their enormous reproductive potential: they play a significant role in aquatic ecosystem to maintain
the ccological balance.
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Blowflies (Diptera: Calliphoridae) are widely distributed in many parts of the world.
These flies have forensic importance, as they infest carrion soon after death; this helps
not only to estimate the post-mortem interval, but also other forensic interpretations.
However, the forensic value of most entomofauna found at crime scenes is dependent
on accurate species identification. Traditional identification of blowflies is based on
morphology, but this has limitations when it comes to identifying degraded or
damaged samples, or immature stages of the flies. To increase the accuracy of species
identification, DNA-based technologies have been applied. Molecular identification,
using the mitochondrial cytochrome C oxidase I gene coupled with its phylogenetic
analysis, has demonstrated the potential for rapid and accurate identification of
Calliphoridae species. The present study used this process of molecular identification
to identify blowflies collected from the Nagpur region (Maharashtra, India). Five flies
belonging to two species (Chrysoma megacephala and Chrysomya rufifacies) have
been identified by mitochondrial cytochrome C oxidase I gene sequences, and have
been added to GenBank [Accession nos: - (MT502110, MT502109 Chrysomya
megacephala) (MT502108, MT502111 — Chrysomya rufifacies) to aid researchers
in the correct identification of blowfly species for future research or forensic
applications.
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Introduction (Anderson 1999; Simon 2019), and others. They also provide

clues as to the time of death, child neglect and abuse, chemical

Within entomofauna, necrophagous insects such as blowflies
(Diptera: Calliphoridae) are attracted by decaying corpses,
and colonize a body immediately after death (Reed 1958).
Therefore, analyzing the infestation pattern of insects on a
corpse can facilitate criminal investigations related to
crimes such as homicide (Harvey et al. 2003), suicide
(Vasconcelos et al. 2017), sexual molestation, wildlife crimes
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intoxication (Byrd & Castner 2001), disfigurement of corpses,
the path followed by a culprit, and the location of death
(Anderson 2004; Byrd & Castner 2001; Catts & Goff 1992;
Singh et al. 1999). As, generally, forensic flies found at the
crime scenes have a similar appearance, the accurate
identification of fly species is crucial and should be more
precise. If a species determination is incorrect, the estimated


https://orcid.org/0000-0003-0943-0683
https://orcid.org/0000-0001-6448-708X
https://orcid.org/0000-0002-8190-7901
mailto:archanasap79@gmail.com
mailto:falmekhlafi@ksu.edu.sa

S. A. Mahesh etal.

post-mortem interval and other interpretations may be invalid
and inaccurate (Byrd & Castner 2001).

Traditional morphological study is the most common
method to identify adult insects, which includes various
species characteristics (identification marks) used for the
identification of Calliphoridae species. Unfortunately, in many
cases, the traditional morphological identification is very
difficult or impossible to perform (Prins 1982; Wallman &
Donnellan 2001) due to lack of expertise in entomological
studies, or to the high degree of morphological similarity
between species of the same genus, or even by loss of
morphological characteristics during collection, preservation,
and packaging of the entomological samples (Wallman &
Donnellan 2001). For this reason, the mt-DNA-based analysis
using the mitochondrial cytochrome oxidase I (COI) gene is
a powerful tool that can be used to resolve these issues,
even when no appropriate specimen for morphological
identification is obtained (Harvey et al. 2003; Sperling
et al. 1994; Wallman & Donnellan 2001).

Since  different  succession  patterns,  geographic
distributions, elevations, environmental temperature, and
humidity (Siddiki & Zambare 2017) can affect the
composition, development, and life cycle of insect fauna, the
knowledge of local entomofauna of necrophagous insects is
very important in order to introduce evidence into a forensic
investigation. Many studies of forensic entomology have
reported the entomofauna of India (Abd-Algalil &
Zambare 2017; Bharamal 2016; Bharti & Sing 2017; Jadav
& Sathe 2014; Sathe et al. 2013), but there is a paucity of data
on the entomofauna of central India (Nagpur). As the
temperature in Nagpur ranges from 48.6°C to 3.9°C, and has
an average rainfall of 1064.1 mm throughout the year (online
report, Government of India 2020), a survey of the
entomofauna of the Nagpur region has become a necessary
step for forensic entomological investigation in nearby
regions.

The objective of this study was to identify blowfly species
(Diptera: Calliphoridae) from the Nagpur region of
Mabharashtra, India. The COI gene of the mt-DNA sequence
was used as a based approach coupled with phylogenetic
analysis for the identification of two common blowfly species,
Chrysomya megacephala and Chrysomya rufifacies (Diptera:
Calliphoridae).

Material and Methods

Specimen collection

Adult flies were collected from various locations (Table 1) of
Nagpur city using the decayed meat of sheep for attecting
the flies as a trap. The adult flies were collected with the help
of'insect collecting nets, and were preserved in collecting vials
containing 70% ethanol. Prior to the addition of 70% ethanol
(Kanan & Tulung 2018), one to two legs of each fly were
removed and stored in separate vessels for the extraction of
DNA (Fig. 1).

DNA extraction

The mt-DNA from each fly was extracted by using the
Wizard® Genomic DNA Purification Kit (Promega, Madison,
WI, USA) following the manufacturer’s protocol. The fly
sample was ground into powder form and mixed with
700 pL of lysis buffer and 4 pL of RNAse in a 2-mL
microcentrifuge tube. After DNA extraction, DNA
concentration was measured using a Nanodrop ND 1000.

Polymerase chain reaction amplification and
purification

The sequence of COI gene was amplified via polymerase
chain reaction (PCR) using two universal primers (Abd-
Algalil & Zambare 2017) (Table 2). PCR reactions were
performed using a Kapa biosystems kit in 96-well plates.
The reaction master mix was prepared by adding 9.6 pL of
10% trehalose, 7.0 L. H,0, 2.5 uL of 10 x PCR buffer “B,”
0.8 uL MgCl,, 2.0 pL of 2.5 mM dNTP, 1.0 pL of 10 mM
forward and reverse primers each, and 0.1 puL of Taq
polymerase (5 units/uL) per reaction; 24 pL of the master
mix was then distributed into each PCR tube, to which 1 pL
of the DNA template (30—100 ng/uL) was added.
Polymerase Chain Reaction 35 cycles were performed with
an initial denaturation temperature of 95°C, to break DNA
down for single strands. Repeated amplification cycles
performed at 94°C for 30 s, 52°C for 40 s, and 72°C for
60 s, with a final extension at 72°C for 10 min. Following this
process, the amplified DNA fragments were harvested. The

Table 1 Species, collection data, and Genbank Accession numbers of blowfly specimens used in this study

Sr. no Species Label Collection locality Genbank Accession no.
1 Chrysomya megacephala NO2 Omkar Nagar, Nagpur MT502109

2 Chrysomya megacephala GO2 Godhani, Nagpur MT502110

3 Chrysomya rufifacies GO3 Godhani, Nagpur MT502108

a4 Chrysomya rufifacies DP5 Dharampeth, Nagpur MT502111
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Chrysomya rufifacies

Figure 1 The adult insect to Chrysomya megacephala and Chrysomya rufifacies.

Table 2 Primer sequences used to amplify the COI gene

Primer Name Target Marker

Sequence Details

HC02198_t1
LCO1490_t1

COl-6P
COl-6P

CAGGAAACAGCTATGACTAAACTTCAGGGTGACCAAAAAATCA
TGTAAAACGACGGCCAGTGGTCAACAAATCATAAAGATATTGG

unincorporated PCR primers and dNTPs were removed from
the PCR products using the Exo-SAP enzyme.

DNA sequencing

PCR amplicons were purified from the unincorporated
primers using the Exo-SAP enzyme. The samples were
resuspended in distilled water, subjected to electrophoresis,
and then cycle sequencing reactions of purified DNA were
carried out using the BigDye® Terminator v.3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA,
USA) with the LCO1490/HCO2198 primers. The PCR
amplification cycle sequencing conditions were as follows:
an initial step of 2 min at 96°C, then 35 cycles of 30 s at
96°C, 15 s at 55°C, and 4 min at 60°C. The cycle sequencing
was followed by ethanol precipitation, then the template was
dissolved in Hi-Di formamide. These samples were
bidirectionally sequenced using an ABI 3730 Genetic
analyzer.

Entomological Research 51 (2021) 315-320
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DNA sequence alignment and phylogenetic analysis

A BLAST search was performed using the NCBI blast
similarity search tool from the web (http://blast.ncbi.nlm.nih.
gov/) on sequences of blowflies. The multiple alignments of
sequences were carried out using the program MUSCLE
3.8.31. The resulting alignment curation was carried out using
the program Gblocks to eliminate divergent regions and
poorly aligned positions. Finally, the construction of a
phylogenetic tree was carried out using PhyML. The program
TreeDyn was used for tree rendering (Fig. 2). All of the above
operations were carried out using https://www.phylogeny.ft/.
The verified sequences were submitted to NCBI, and
GenBank accession numbers of the samples are reported
(Table 1).

Results

The aligned sequences of the COI gene of five Calliphoridae
specimens showed no insertions or deletions. Nucleotide

317
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100 = MTS02108.1_Cheysomya_rufifacies isoate GO3_cytochrome.¢_ovidase

02

composition frequency distribution within isolated specimens
was 30.6% adenine (A), 38.6% thymine (T), 15.3% cytosine
(C), and 15.5% guanine (Gdata not shown).

A phylogenetic tree constructed by multiple sequence
alignment shows the classification of the five collected
Calliphoridae specimens into two major clades. The separated
clades indicate the two congeneric species, i.e., Chrysomya
megacephala and Chrysomya rufifacies (Fig. 2). The
phylogenetic tree forms a single cluster with minor nucleotide
variations for all specimens belonging to the same species.
The strong bootstrap value indicates the importance of the
COI gene in providing a distinction between species.

The study compared the sequence of each of the collected
specimens to each other to calculate the genetic variations
interspecifically and intraspecifically. The pairwise divergence
between each isolated specimen was calculated and are
indicated as percentages in Table 3. The interspecies diversion
between Chrysomya megacephala and Chrysomya rufifacies
was found to be approximately 6.75% (minimum 6.54%,
maximum 7.01%), while the intraspecific diversion between
the sequences of the same species was found to be
approximately 2.21% (minimum 1.39%, maximum 2.77%)
for Chrysomya megacephala (DP4, GO2, and NO2) and
0.15% for Chrysomya rufifacies (GO3 and DP5).

Sequence comparisons of specimens belonging to the same
species showed the percentage of sequence similarity was
98% and 99.5% for Chrysomya megacephala and Chrysomya

NTSO111.1 Chrysomye,uffaces_solate DS cytochrome ¢ oxidse
MTS02110.1 Chrysomya_megacephala isolte GO2_ cviochrome ¢ oxidas
= MT502109.1 Chrvsomya_megacephala isolate NO2_ cytochrome ¢ ovidas

e MNO2633.1_ Chrysommya_megacephala cochrome ovidase subumit | CO

Figure 2 Phylogenetic tree showing
phylogenetic relationships of all specimens
with supporting bootstrap values.

rufifacies, respectively. The results indicate that there is a high
degree of similarity in partial COI gene sequences within the
same species isolated from different regions of Nagpur. On
the other hand, sequence comparisons among different
blowfly species showed that the percentage of sequence
similarity between Chrysomya megacephala and Chrysomya
rufifacies ranged from 93.7% to 94.6% (mean 94.26%). The
interspecies sequence comparison indicated that the partial
COI gene sequence was productive for differentiation between
these two blowfly species in Nagpur. The similarity matrix in
Table 4 showed the percentage of similarity in the COI gene
sequences among specimens.

Discussion

The used of mt-DNA- COI gene as a based analysis is a
powerful tool whereby specimens can be identified by
comparing the similarities between sequences of other
specimens (Abd-Algalil & Zambare 2017; Shinde et al. 2019).
The chosen COI sequence was specific enough to differentiate
between the collected blowfly specimens, despite its short
length (Harvey et al. 2003). This method can only be used,
however, if a reference sample of the same species is known
(Wells & Sperling 2001). If an accurate reference sample is
missing from the data set, a strong relationship may be found
with the most closely related species; therefore, there is a need

Table 3 Pairwise divergence matrix showing the percentage of sequence variation between each specimen

SR. SPECIES MT502110.1 Chrysomya MT502109.1 Chrysomya MT502108.1 Chrysomya
NO. megacephala (GO2) megacephala (NO2) rufifacies (GO3)
1 MT502110.1 Chrysomya - - -
megacephala (GO2)
2 MT502109.1 Chrysomya 2.47 - -
megacephala (NO2)
3 MT502108.1 Chrysomya 7.01 6.76 -
rufifacies (GO3)
4 MT502111.1 Chrysomya 6.70 6.54 0.15
rufifacies (DP5)
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Table 4 Identity matrix showing the percentage sequence similarity between each specimen
SR. SPECIES MT502110.1 Chrysomya MT502109.1 Chrysomya MT502108.1 Chrysomya
NO. megacephala (GO2) megacephala (NO2) rufifacies (GO3)
1 MT502110.1 Chrysomya - - -
megacephala (GO2)
2 MT502109.1 Chrysomya 97.6 - -
megacephala (NO2)
3 MT502108.1 Chrysomya 93.7 94.5 -
rufifacies (GO3)
a MT502111.1 Chrysomya 93.9 94.6 99.5
rufifacies (DP5)

for a database of all known species likely to belong to local
entomofauna for use in forensic investigations.

In India, Chrysomya megacephala and Chrysomya
rufifacies are common blowfly species associated with human
corpses (Abd-Algalil & Zambare 2017; Singh & Bharti 2000).
Therefore, species identification of these two blowflies can be
performed using partial COI gene sequencing. After
sequencing of the COI gene, the nucleotide composition
frequency distribution within Chrysomya species isolates can
be compared to previous studies. Abd-Algalil and
Zambare (2017) reported that the mean values of nucleotide
composition frequency were 30.6% A, 15.5% C, 38.3% T,
and 15.5% G, while Harvey et al. (2003) reported 40% A,
15% C, 30% T, and 15% G. The high frequencies of adenine
and thymine observed in the isolated sequences are often
characteristic of insect mt-DNA (Bernasconi et al. 2000;
Harvey et al. 2003).

The phylogenetic analyses in this study produced similar
results to previous studies (Harvey et al. 2003; Kavitha
et al. 2013; Tan et al. 2009; Wells & Sperling 2001),
supporting the single clustering of conspecific individuals
and separation between individuals of congeneric species.
The strong bootstrap value indicates the importance of the
COI gene region in providing a distinction between species.

This study showed interspecific sequence divergence of
6.75% between Chrysomya megacephala and Chrysomya
rufifacies, similar to previous studies that also found greater
than 3% divergence among Chrysomyinae flies (Abd-Algalil
& Zambare 2017; Harvey et al. 2003; Singh & Bharti 2000;
Wells & Sperling 2001). The intraspecific genetic distances
between the Chrysomya rufifacies specimens were found to
be 0.15%, which also supports the results of many studies
on Calliphoridae. The high degree of intraspecific variation
observed in Chrysomya megacephala specimens (2.21%)
was not expected, as previous studies have shown that
intraspecific divergence rarely exceeds 1% (Harvey et al. 2003,
Preativatanyou et al. 2010) or ranges from 0.14% to 1.59%
(Otranto et al. 2003). Thus, there is a need to study new
regions of DNA, like the cytochrome oxidase subunit II

Entomological Research 51 (2021) 315-320
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(COII) gene and tRNA-encoding genes (Sperling et al. 1994),
to map intraspecific variation.

In conclusion, the present study represents the first
attempt to report forensically relevant species in the Nagpur
region, and reveals that the mt-DNA-based analysis using
partial COI gene sequencing provides a strong foundation
to identify species irrespective of nature, sex, and number
of collected flies, which can be difficult to distinguish by
traditional morphological methods. This study may serve
as the basis of a database of sequences and methodologies
that are useful to forensic entomology as an investigative
tool in Nagpur (Maharashtra, India). Future studies will also
need be needed to consider other forensically important
species in the Nagpur region and bridge the gap of
morphological- and mt-DNA-based taxonomy to obtain
phylogenetic data.
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Abstract

While undertaking the study on di versity of spiders in different parts of Navsari Distriet (Gujaray),
a very rare species of Thomisidae family and genus Angaeus (Thorell, 1881) commonly known gs
Diamond- bellied Crab spider female specimen was collected Jfrom the surface of the under lying low
shrubs Discorea bulbifera (Yam family Discoreaceae) in one of the Sapota (Chiku plant) agro-systems in
early morning during monsoon season of the year 2016. Male spider was not found. Moreover, the
researchers have not come across any past records or evidences of finding this extremely rare spider in the
state of Gujarat (India) till date. Only one species of Angaeus pentagonaalis was so far reported by
Pocock, 1901 in India (Sebastian and Peter, 2012; Keswaniat. al. 2012).
Key words: Crab spider, agricultural ecosystem, diversity, sapota, taxonomy.
Introduction _

Arachnids inhabit the whole world and are believed to be the first land animals from the fossils
discovered so far. Small and insignificant looking camivorous spiders, members of Araneae order, class
Arachnida, are very important predators and prey to multitude of other animals. Thomisidae, the sixth
largest family, includes 7 subfamilies, 170 genera and 2154 species, of which 40 genera and 176 species
were recorded from India (WSC, MNBE, 2020 Ver. 21; ISC, 2012). The crab spider genus Angaeus
presently includes 10 species; 4. canalis, Tang and Li, 2010; A. christa Banjamin, 2013; A. comotulu
Simon, 1909; 4. lelniculosus Simon, 1903; 4. Liangweii Tang and Li, 2010; 4. pentagonalis Pocock, 1901;
A. pudicus Thoell, 188; A. rhombifer Thorell, 1890; A. rhombus Tang and Li, 2009; and A. zhengi Tang
and Li, 2009 (WSC, NMBE, 2020 Version 21). This type of species A. puducus is known from male; A.
comolutus from juvenile; the three species A. canalis, A.lelniculosus and A. pentagonalis from female and
the five remaining species are from both males and females. All species are restricted to tropical Asia,
majority are from China. Only one species 4. pentagonalisis reported from India, Andaman Islands and
Karnataka. Other than these, 4. zhengi is reported for first time as new species Paraborboropactus canalis
in Xishuangbanna, Yunnan, China, by Tang and Li, 2009. Benjamin S.P., 2013; Tang and Li, 2009, 2010
described morphological description, illustrations and photographs of the Angaeus species. It is important
to mention that this species is reported for the first time in India which-is illustrated in this paper. The
spiders work as guards and check the population of number of insects in various food chains and food
webs of different ecosystems. With this view, the present study was undertaken to und
and role spiders play, in an agricultural ecosystem, _ :
Materials and Methods

A female specimen were collected by hand picking from the surface of the under lying low shrubs
Discorea bulbifera (Yam family Discoreaceac) in Sappota (Chiku pl_ant) agro ecosystem in rainy season at
early morning during 20" August, 2016 from District Navsari, (Gu'jarat- .India). The male spider was not
found. The photographs of live specimen were taken with 16 megapixel Gionee S-plus mobile camera. The
material was preserved in 70% alcohol with all legs spread properly. T_hc detail examination were carried
out by an Olympus SZ 4E Binocular Stereomicroscope, attached v.fnh Cat Cam I-30 camera bcarin.g
measurement scale (to the nearest 0.01 mm). All measurements are in millimeter scale. The taxonomic
studies and identification of the specimen were done by using the, methods as suggested by different
scientists like B. Tikader,1980; Joseph K.H. Koh and Leong Tzi Ming, 2014; Suresh P. Benjamin, 2013;
Tang and Li, 2009, 2010. Under this taxonomical study the salient features of the spiders along with
ecological habitat and different morphological characters were recorded. . ;
Abbreviations used: AER = anterior eye row; PER = posterior eye row; AME = anterior median eyes;
ALE = anterior lateral eyes; PME = posterior median eyes; PLE = posterior lateral eyes; MOA = median
ocular area; AS = anterior spinnerets; PS = posterior spinnerets; MS = median spinnerets

Taxonomy
Family Thomisidae, Sundevall, 1833
Genus Angaeus Thorell, 1881

rstand the diversity
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oaeus Thorell, 1881: 346 . aal '
?’:icf;:)rboropacms Tang and Li, 2009 713, = Anggeus Thorell, 1881: 346 (Benjamin, 2013:720)

-49, 2010b: 44 :
fi{::ltgilologyt The generic name is a compound word with the prefix para and the generic name of
Borboropactus, referring 1o its similarity to the genus Borboropactus Simon, 1884.

Identifiacation: : : | F
Morphologically the genus Angaeus Thorell, 1881 related to the senior synonym of the
Paraborboropactus, and can be separated from other thomisids, except for Borboropoactus Simon, 1884
by the presence of epigynal teeth in females (Benjamin 2013: figs 2D, 5C). Separated from
Borboropoactus by the absence of a sensory patch on tarsi (Benjamin 2011: figs 24C-E), and by the
presence of an anterior epigynal cavity or hood (Benjamin 2013: figs 1C, 3D, 4B, 5C). A’Tgffcfus and
Borboropoactus possess chelicerae with teeth, femur swollen in the median and bear spurs, palp with a soft

tegular apophysis, epigynum with epigynal tecth, median epigynal septum and terminal epigynal fold
(Benjamin 2011, Tang and Li, 2009).

Description:

Angaeus zhengi Tang and Li, 2009 (Plates 1: a-d)

Paraborboropactus zhengi trasfered to Angaeus zhengi by Benjamin, 2013.
Type material: Isotype / Syntype of female Angaeus zhengi

Morphology:

Natural habitat: Body of spider appears rough and warty, blackish brown with whitish cream colored
pinchs under microscope. The body is actually covered with a densely packed setae or hairs of different
shapes (Plate -1a). In resting condition, legs I and II are always drawn toward cephalic region. When
disturbed, it moves like Crab, at that time first two legs lies nearer to each other in forward direction. When
collected it mimics the fruits of Discorea bulbifera (Yam family Discoreaceae) plant (Plate -1b).

Plate 1: a to d, Habitat: Angacus chengi: a- dorsal view, b- Mimics with fruits of Discorea bulbifera, c-
Lateral view, d- Ventral view '

Female: Total Body length: 6.57 mm: Prosoma flat, clung with dense short and clustered hairs, radish
brown in colour, slightly longer than wide (3.36 L/ 3.19 W), narrowing anteriorly, cephalic region
elevated, thoracic fovea distinct, thorax with dark chevron or stripe (Plate - 2a). Eyes area elevated, AER
slightly recurved, PER recurved, tubercle of ALE with clustered hairs. Eye measurements; AME 0.10;
ALE 0.22; PME C.18; PLE 0.23; AME-AME 0.33; AME-ALE 0.34; PME-PME 0.59; PME-PLE 0:55;
AME-PME 0.42; AME-ALE 076; ALE-ALE 1.15; ALE-PLE 0.57; AME-PLE 0.39; PLE-PLE 1.49; PLE-
ALE 0.57. MOA length 0.42mm with front width 0.33mm and back width 0.59mm (Plate - 2a). Sternum
blackish brown, heart shaped, distinctly bordered, wider than long (1.48L/1.5 1W); Labium blackish brown,
wider than long (0.55L/0.63), distally with bifurcate clustered hairs, triangular in outline (Plate - 2b);
Maxillae longer than wide (0.85/0.61), blackish brown with three promarginal and three retromarginal
teeth, the basal of the 2 large retromarginal teeth combined (Plate - 2c). Legs long, robust, dark brown
with white patches or spots, covered with hairs and clusters of hairs (nodes) with spines; Femora of a]| legs
ventrally creams white while I1I and TV only dorsally creams white, whereas femora Islightly swollen and
bears 8 thick spines with clusters of hairs, 'tibia and metatarsi of I and II with 4, 3 pairs of ventral spine

respectively (Plate - 2d & ¢). Formula of Leg is I, I, IV, III (Table -1). pines
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Plate - 2: a-f Angacus zhengi Female: a. Dorsal view b. Ventral view c. Chelicerae ventral view

d. Dorsal part of femur I & II e. Ventral part of Tibia and Metatarsus of I & II f. Epigynal ventral

view
Opisthosoma longer than wide (3.36 L/3.19 W), blackish brown, and diamond shaped or nearly pentagonal
with blunt posterior end; dorsally with 2 pairs of sagilla and a pair of longitudinal break lines antero-
dorsally and toward posterior side bearing 2 pairs of rows of clustered hairs, dorsolaterally (Plate 2a). The
Ventrum dark brown, with two pairs of yellowish white rows with spotted lines. Spinnerets surrounded
with yellowish border (Plate - 2b). Epigynum with an anterior cavity or hood and a pair of epigynal tecth
medially and pointed backwardly, copulatory duct invisible, Spermatheca convoluted, with longitudinal
epigynal ridge slender anteriorly and wide posteriorly (Plate - 2f).
Distribution: Yunnan (China) and now in Dist. Navsari (Gujarat, India). .
Remarks: So far crab spider Angaeus zhengi was not recorded anywhere in the world except China. Now
it was found in Navsari (Gujarat state —India) for the first time. So after confirming with the experts, it was
found that in India this spider Angaeus zhengi is a new record. But presently it’s difficult to state anything
about the history of crab spider Angaeus zhengi distribution in India. And it’s a matter of further research
about the biodiversity of this spider in India. Moreover, no details are available regarding the orcl_lards or
plants of China (Yunnan) where this spider normally mimics. Still we found only female specimen in
Navsari. So if male specimen of crab spider is found than it can unfold much important information.

Acknowledgment: My special thanks to Dr. G. G. Radadiya, Head and Professor of Ento'mology
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University, (Navsari) — Gujarat state, for providing me laboratory facilities. | am also thankful to Dr. Suresh

Shri Shivaji College of Arts, Commef€e and Science, Akola. Page 164 of 279




Journal of Research & Densg;{gpmen."fl E'lrﬁif!'fdisc.-'p.-*hrm—l\.- Internationai Lovel Ruferred and Peer Raviaed Jainnal
” ,fﬂp:jm{:r?;. 3?._26{.1. IS5N: 22309578 > Julv-2021. Volume-11. [ssue-24
Impact of Environm n Agricuiture, Health, 1¥gie, Resources. Social L ife & Industrial Development

Benjamin, Institute of Fundamental Studies (Kandy - srj Lanka) for helping me in identification of this

spider species.

References

. Josheps K. H. & Leong Tzi Ming 2014. Spiders of Borneo: With Special Reference to Brunei, p. [-353.

2. Keswaniat. al. 2012. Checklist of Spiders (Arachnida- Arancae) from India-2012. Ind. J.
Arachnology, 1(1)129

3. Platnick, N. I. and Baehr, B. (2016): The World Spider Catalog, version 17.5. American Museum of
Natural History. Online mhrrp.'//resem'ch.anmh.org/enlomo!ogy/.s‘pidcrs/camfog/inde,\‘.hrm!

4. Pocock R. I. 1900. Description of some new species of spiders from British India.J. Bombay nat. Hist.

Soc., 13: 478-498.

Sebastian P. A. & Peter K. V. 2012. Spiders of India. University presses (India) Pvt. Lit., 614pp.

6. Suresh P. Benjamin 2013.0n the crab spider genus Angaeus Thorell, 1881 and its junior synonym
Paraborboropactus Tang and Li, 2009 (Araneae: Thomisidae) Zootaxa 3635 (1): 071-080.

7. Tang Guod Li Shu Qiang 2009.Paraborboropactus gen. nov., with description of three new species of
crab spiders from Xishuangbanna, Yunnan, China (Arancae, Thomisidae). Acta zootaxonomica Sinica,
34, 712-721.

8. Tang Guod& Li Shu'Qiang 2010a. Crab spiders from Hainan Island, China (Araneae, Thomisidae).
Zootaxa, 2369, 1-68.

9. Tang Guo& Li Shu'Qiang 2010b. Crab spiders from Xishuangbanna, Yunnan Province, China
(Araneae, Thomisidae). Zootaxa, 2703, 1-105.

10. Tikader B. K. 1980. Fauna of India — Araneae Vol. I, Part-1 Thomisidae (Crab-Spiders). Rec. Zool.
Swrv. India, P. 1-247. . '

11. Wunderlich, J. 2004. The new spider (Araneae) family Borboropactidae from the tropics and fossil in
Baltic amber. Beitr’*gezurAraneologie, 3: 1 73721 746.

o

Shri Shivaji College of Arts, Commerce and Science, Akola. Page 165 of 279



.4|G|' 3:42 4G [[24 )

&  Ramteke 4of5 £ D

Current Updates In Life Sciences 502

({Fig ta): T.5. Testis of contml albing male wistar rat. Hematoxylin- cosin X 400, ST- Seminiferous whale. (Fig. 1by:
T.S. Tewtis of experimental rat showing , (HE) X 100 dilstion of seminiferons mbule (Dst), atrophy of westis (AL) various
degenerutive changes (d)
{Flg. 2ux T.5. Kidney of control albino ra (male), (HE) X 400, G- Glomerules, RT- Renal mbule. (Fig. 2bj: TS Kidaey of

expesimental rat (male), (HE) X 400, strophy of 2 gh dusig) and dege § rensl tubulesid) (Fig. 3a) 1 TS, Liver aof
gontrol Wistar albioo rat (male) shows reguler bepatic cosds, Hematonylin-eoin (HE)} X 400, HPV- Hepatic ponal veln, HC-
Hepatic cord. (Fig. Mok T.5. Liver of experimental i {male) showing lar degpe ion of hepatocyses (Vd), diffuse

necrosls (nec), degencration of hepatic poral vein (dbpy).
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level has been observed. However slight decrease in SGOT and SGPT level has been observed in
experimental rats. Elevated level of urea, creatinine and uric acid along with decrease in
potassium level may be as a result of destruction of kidney cells. Similar results were observed
by Bakke et al., (1972) Atrazine exposure result in a significant increase in serum creatinine in
male rats compared with control groups. Nephrotoxicity of Atrazine is a consequence of its
elimination through the kidneys which leads to a decrease in creatinine clearance and proteinuria.

The testis of Atrazine treated rats exhibited dilation of seminiferous tubules and atrophy
of testis and various degenerative changes. (Fig.1b). However, normal cellular architecture is
seen showing normal germinal epithelial cells primary and secondary spermocytes in control rats
J(Fig.1a) According to Kniewald (2000) Atrazine causes changes in sperm morphology and a
reduction in sperm motility.

T.S. of kidney of control rats revealed normal renal tubule and glomerulus (Fig. 2a).
Atrazine treated rats show atrophy of a glomerulus and degenerated renal tubules (Fig. 2b).
Toxicological Profile for Atrazine (2003) were observed sub-acute glomerulitis and degeneration
and desquamation of the proximal tubules in female pigs receiving 2 mg/kg/day atrazine in the
diet for 19 days.

Hepatocytes of control rats were polygonal in shape, mononucleate or binucleate.(Fig.
3a) Atrazine herbicide treated rats, shows vacuolar degeneration of hepatocytes, diffuse necrosis
and degeneration of hepatic portal vein. (Fig.3b) Toxicological Profile for Atrazine (2003)
reported Intermediate-duration exposure of pigs to 2 mg/keg/day resulted in a 35% increase in
serum y-glutamyltransferase activity and mild histopathological changes, including chronic
interstitial inflammation, lymphocyte and eosinophill infiltration, and narrowing and irregular

forms of bile canaliculi in liver,

Conclusion:

The result obtained in the present investigation reveal that the sub chronic dose of
Atrazine herbicide i.e., 25% of LD50 induced considerable alteration in biochemical parameters
and architecture of the liver, kidney & testis of rats. Therefore widespread use of this herbicide in

public place and agriculture field is to be prohibited or restricted.
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Discussion:
Male Wister rats were exposed to Atrazine by giving a dose 25% (124 mg/ kg/bw/day) of
LD50 (3090 mg/kg/bw) for 120 days and then animals were sacrificed for tissues and blood.

During the period of exposure of Atrazine rats were observed for their behavioral
changes. No Change in food intake and no significant change in weight were observed.
According to Cantemir (1997) many rat studies involving acute, intermediate or chronic
exposure to Atrazine in the diet or by gavage showed mild to severe weight loss. No mortality
was observed during exposure period. After giving the oral dose, rats showed symptoms of
lethargy, red nasal and ocular discharge, dehydration and pasty diarrhea. Hyperactivity was seen
just after the administration of dose for 5-10 minutes and rats became more aggressive. After
long term exposure (nearly after 90 days of exposure) hair fall has been observed. Williams
(1997) observed that Atrazine is a skin sensitizer and cyanazine which is toxic by the oral route.
Overexposure to triazine herbicides (atrazine, simazine, propazine) may induce fatigue,
dizziness, nausea, irritation of the skin, eyes and respiratory tract, allergic eczema or asthma.
Schlicher (1972) revealed that 40-year-old white male farmer developed blisters on his hands
and forearms one afterncon after having applied Atrazine to crops in the morning using a spray
ring and cleaning the plugged nozzles several times with his hands.

In case of Atrazine treated rats it has been also observed that excreta were semisolid with
pungent smell. Bakke (1972) investigated specific data on elimination and excretion of Atrazine
by any route was limited. However, the primary route of excretion appears to be in urine, as
indicated by the detection of urinary Atrazine and its metabolites in a number of species exposed
via oral and dermal routes. When rats were dissected it has been observed that the testis were
shrinked, (comparative reduction in weight), development of edema on kidney and liver,
stomach filled with fluid having pungent smell was observed in all most all experimental rats.
Wilhelms et al. (2005) findings indicate that the absorption of Atrazine in humans following oral
exposure was indicated in a single case report of a 38-year-old man who died of progressive
organ failure and shock 3 days after ingesting 500 mL of a weed killer that contained 100 g
Atrazine, 25 g of aminotriazole, 25 g of ethylene glycol, and 0.15 g of formaldehyde.

Biochemical analysis of control as well as Atrazine exposed rats was done to compare the

sub-chronic effects of Atrazine, Table L Significant increase in urea, creatinine and uric acid
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Table 1. Significant increase in urea, creatinine and uric acid level has been observed. However
slight decrease in SGOT and SGPT level has been observed in experimental rats.

Table- 1: Biochemical analysis results of control and Atrazine treated rat.

Parameters Control rats Atrazine treated rats
Urea 16.16+2.6394 44.5%%+9.7039
Creatinine 0.45+0.1870 0.92**1+0.1649
SGOT 139.33494.9245 67.5+13.126
SGPT 54.5+16.8967 48.83+8.8863
Uric acid 1.5+0.5477 9.05%*+2.1431

Values are given as mean of six separate animals + standards deviations. *p<0.05; **p<0.01
(Student’s 1-1).

Histological changes
Alteration in Testis architecture

T.S. of testis shows normal cellular architecture, with normal seminiferous tubules,
germinal epithelial cells, primary and secondary spermatocytes in control rats (Fig. 1a). T.S. of
testis of Atrazine treated rats exhibited atrophy of testis, dilation of seminiferous tubules
and various degenerative changes (Fig. 1b).
Alteration in kidney architecture:

Transverse section of kidney of control rats revealed normal renal wubule and glomerulus
(Fig. 2a). In Atrazine treated rats kidney shows atrophy of a glomerulus and degenerated renal
tubules. (Fig. 2b)
Alteration in Liver architecture:

Hepatocytes of liver in control rats were polygonal in shape, mononucleate or binucleate
(Fig.3a). In Atrazine herbicide treated rats liver shows vacuolar degeneration of hepatocytes,

diffuse necrosis and degeneration of hepatic portal vein. (Fig.3b).

Current Updates In Life Sciences 499

Shri Shivaji Colle:ge of Arts, Com@ce and Sciencé,:’\kola. Page 170 of 279



N 3:39 4 @25)

<  Ramteke aof5 < D

Material and Methods:

Healthy Wister rats (male) were acclimatized to laboratory condition. During
acclimatization rats were provided with food and water adlibitum. The animals were kept in
clean polypropylene cages (measuring 12"x10"x8") with chrome plates grills. The rats were
grouped in to two groups, six rats in each group; one group was kept as control whiles other as
experimental. Experimental rats were given the 25% (124 mg/kg/body weight) of LDS50 (3090
mg/kg/bw) dose of the Atrazine (dissolved in tap water) for 120 days. The control rats were
sacrificed on 120" day. Whereas experimental rats were sacrificed on 121* day after giving 120
days oral dose (according to rules of ethical committee registration no. is 1060/ac/07/CPCSEA).
The tissues like liver, testis & kidney of male rats were removed, fixed in Bouin's fixatuve for at
least 24 hrs, processed by paraffin wax impregnation method, cut using a rotary microtome at 5
pm thickness and stained with Hematoxylin and Eosin (H X E) for light microscopic

examination.

Statistical analysis:
In each assay, the experimental data represent the mean of six independent assay +
standards deviation. Mean were compared using the student t-test. Differences were considered

significant at the level p < 0.05 and very significant at the level p < 0.01.

Results:

Male Wister rats were exposed to Atrazine by giving a dose 25% (124 mg/ kg/bw/day) of
LD50 (3090 mg/kg/bw), for 120 days and then animals were sacrificed for tissue and blood.
‘When rats were dissected it has been observed that the testis were shrinked, (comparative
reduction in weight), development of edema on kidney and liver. stomach filled with fluid
having pungent smell was observed in all most all experimental rats. Biochemical analysis of

control as well as Atrazine exposed rats was done to compare the sub-chronic effects of Atrazine,
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et. al. 2003). This herbicide was first introduced in 1958, Its commercial name 1s *Atrax’ and in
Iran is marketed under the name of ‘Gesaprim”. This compound is a white crystalline solid with
the solubility of 33 ppm in water at 27°C. Its molecular weight is 215.68 gr/M; Atrazine does not
degrade significantly in ground water and in surface water. It has a half life of more than 200
days to 2 years (ATSDR 2003).

Atrazine is absorbed through roots and transmitted via apoplast: it is also absorbed
through leaves. This herbicide inhibits plant growth through interference with photosynthesis and
leaf death. Other effects on the leaves include membrane and chloroplast destruction. It 1s known
that all the plant organs are inhibited by Atrazine herbicides: in addition, it interferes with the
metabolism of phytohormons, prevents stomata opening in light and causes their closure in
normal temperature. The translocation of Atrazine from soil and water to plants and aquatic
animals, results in its eniry into food chain and bicaccumulation. Chronic exposure of this
herbicide leads to non-Hodgkin type lymphoma, multiple myeloma and sarcoma in agricultural
workers (Chiu et. al., 2004). Since Atrazine is now most commonly used in the world to control
weeds therefore the relative risk and benefits of this herbicide must be compared to the existing
herbicides. Studies show that Atrazine causes adverse effects on the liver, kidney and
cardiovascular system in animals exposed to it (Chan er al. 2006). However, the paterns of
accumulation of xenobiotics varies depending on the organism, characteristics of the chemical
compound, quantity of this substance present in the environment, and the balance between
assimilation and metabolic rates (Nwani er al., 2011).

The demand of herbicide is increasing day by day in India. Anything that is in excess
is always harmful, so with the herbicides tremendous and repeated use of herbicides now
adding one more head to environmental pollution. Accumulation / bicaccumulation of
herbicides may have toxic effects on animals, plants or human beings, those who directly or
indirectly get exposed 1o it. So considering the effect of herbicide, work was carried out to study
the effect of sub-chronic exposure of Atrazine on albino male Wistar rats with reference to

variation in histophysiology of liver, kidney and testis.
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ABSTRACT:

Atrazine is one of the most commonly used herbicides in the US and the world. More
than 76 million pounds are used on US fields every year, particularly in the Central Plains.
Because of its selective nature in India the use of Atrazine is tremendously increased, but
unawareness and accidents may results into toxic effects. Therefore an attempt was made to
study the sub chronic effect on histophysiology of some organs in male Wistar Albino rats
exposed to Atrazine. Experimental rats were given oral dose of 25% (124 mg/kg/body weight) of
LD50 (3090 mgkgbody weight) of the Atrazine dissolved in water for 120 days. The
histological study shows alterations in liver, kidney and testis of rats. Hepatic cells of liver show
vacuolar degeneration of hepatocyies diffuse necrosis and degeneration of hepatic portal vein.
Examination of kidney sections showed atrophy of a glomerulus and degenerated renal tubules.
The testis exhibited dilation of seminiferous tubules and atrophy of testis and wvarious
degenerative changes.

Keywords: Herbicides. Atrazine, Histology, liver, kidney, Testis.

Introduction:

Atrazine is an organophosphate herbicide which is extensively used against long and broad
leaf herbaceous plants in corn fields and gardens. This herbicide 1s most efficient against weeds
when applied prior to growth. In some areas. Atrazine is used for the selective control of weeds
in re-establishment of pine forest, cultivation of Chrnistmas trees, long leaf seed fields. In
addition, it is used in dry areas as a nonselective herbicide. Atrazine is a common name for 2-

chloro-4-(ethylamino)-4-(isopropylamino}-s-triazine. Its chemical formula is C8HI4CINS (Cai
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Abstract

Globalization has totally changed the design business and its methodology toward
supportability. Quick changing patterns are significantly centered on engineered colors and
textures. Also, these items have bombed fabricating the extension among maintainability
and climate well disposed plans. Hence there is a need to focus on the methodology toward
plan advancement and improvement of maintainable eco-accommodating methodology for
ecoprinting by utilizing colors from nature on textures like silk and cotton. The section
depends on feasible plan approach which gives a lot of arrangement for utilizing common
colors for regular change in style. The part additionally centers on shading speed properties
of the pre-owned colors. These outcomes were assessed via doing shading quickness tests
for light, wash and scouring. Plan strategy utilized in the investigation likewise has the
potential for ability improvement programs for business visionaries and furthermore adds to
country advancement programs by making maintainable development.

Key words: ecoprinting, colors, textures,

Introduction
Material imprinting in India has been polished over hundreds of years.

Long periods of human obliviousness has reduced our characteristic assets and matured our
planet. Presently, individuals are putting forth an attempt to change the manner in which
they are treating the planet. Being all the more earth cognizant about the effect materials
utilized for style have on our planet is single direction creators can lessen waste and help
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empower a superior world. By going eco-accommaodating can be less unsafe to our common
assets. Not all style is following this eco-accommodating pattern, yet more planners are
accepting the pattern toward eco-design than any time in recent memory. In the event that
the whole style industry became eco-accommodating, it would have a colossal effect for
people in the future on the grounds that the design business utilizes over a billion groups all
around the world. Eco-accommodating preparing is likewise called as eco-handling. Eco-
handling is an appropriate material preparing strategy that conveys eco-accommodating
completed items as well as doesn't hamper the encompassing climate and climate via
contaminating the air and water individually, because of emanation and profluent releases
from dirtying enterprises like material industry. Material enterprises utilize various
synthetics in various cycles like coloring, completing the process of scouring, fading,
relaxing, washing and so forth. The material synthetics and coloring Industry burn-through
enormous amounts of water and produce huge volumes of wastewater in various
interactions. Wastewater from material preparing and coloring containing buildups requires
proper treatment prior to being delivered into the climate.

M. M. Islam, K. Mahmud, O. Faruk, and M. S. Billah -(2011),in their paper- Textile
Dyeing Industries in Bangladesh for Sustainable Development, state that the textile dyeing
and washing industry plays an important role in the economical growth as well as the
environmental sectors of Bangladesh. The textile dyeing industries has been condemned as
being one of the world’s most offenders in terms of pollution. This study was aimed at the
dyeing industries to assess the present situation of environmental impacts arising from the
activities of dyeing industries in Bangladesh.

GeetaMahale, in her paper 'Ecoprinting of Cotton with Reactive Dyes ', opines- there have
been a number of options developed to overcome the polluted effluentproblem of dyeing
cotton fabric with reactive dyes. This paper reviews the options to improve

sustainability of the dyeing process through development of reactive dyes, modification of
dyeingmachinery and processes, chemical modification of cotton brief prior to dyeing, use
of

biodegradable organic compounds in dye bath formulation.

Most cotton fabrics are dyed with reactive dyes because they produce a full range of

bright fashion colours with a high degree of wash fastness. Application of these dyes,
however, causes high and undesirable levels of dissolved solids and oxygen demand in

the effluent. This is due to the use of considerable quantities of inorganic salt and alkali to
ensure efficient utilization and fixation of the reactive dyes. Dye that is unfixed on cotton
also contributes to effluent pollution. There are two approaches to deal with the effluent
problem:

Alternative dyeing techniques and technology;

Effluent treatment after dyeing. The effluent treatment requires additional capital
investment and high treatment and maintenance costs.
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This paper reviews the options to improve sustainability of the dyeing

process through development of reactive dyes, modification of dyeing machinery and
processes, chemical modification of cotton brief prior to dyeing, use of biodegradable
organic compounds in dye bath formulation.

House of Commons Environmental Audit Committee Fixing Fashion: Clothing
Consumption and Sustainability, Sixteenth Report of Session 2017-19 Report, together
with formal minutes relating to the report-

The fashion designer Phoebe English says that ‘fast fashion’ has made the sector a
‘monstrous disposable industry’: The overproduction of ‘fast’ fashion which will never be
purchased or used and the insane speed which the sector churns out new designs almost
every week means that the never-ending production of cheap fashion which is poorly made
and will last only a few weeks and then be thrown away, has made our sector a monstrous
disposable industry. The entire way the sector is structured so that the prospective sales
orders are put into production rather than only making the production which has been
actually ordered means that countless levels of wasted garments are produced.19

Enrico Fatarella, Daniele Spinelli, Rebecca Pogni, Riccardo , 'Environmental impact
assessment of an eco-efficient production for coloured textiles'-The textile and clothing
industry is one of the world most global industries and constitutes an important source of
income and employment for several EU countries. The textile manufacturing process is
characterized by high consumption of resources such as water, fuel and a variety of
chemicals in a long process sequence generating a significant load on the environment.
Therefore, in order to meet the consumer's demand of eco-friendly products, more
sustainable production processes are under investigation in order to reduce the
environmental burdens. The feasibility of these alternative solutions has been demonstrated
during the EU BISCOL project proposing a new dyeing process as a global alternative for
the conversion of raw materials into competitive eco-viable final products. This has been
achieved through the integration of enzymatic synthesis of dyes at semi-industrial scale,
textile pre-treatment based on plasma technology and synthesis of new auxiliaries at lower
environmental impact. A life cycle assessment has been performed to evaluate the
environmental impact associated with the development of new strategies for textile industry
in comparison to classical dyeing processes. Results based on primary data from the
consortium partners involved in the project show that relevant benefits are achievable with
an innovative protocol in terms of reducing energy, water and raw materials consumption.
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Practical handling of materials:

There is need for eco-accommodating wet handling that is maintainable and useful
techniques. Number of feasible practices has been carried out by different material
preparing ventures, for example, Eco-accommodating blanching; Peroxide fading; Eco-
accommodating coloring and Printing; Low effect colors; Natural colors; Azo Free colors;
Phthalates Free Printing. There is an assortment of materials considered "harmless to the
ecosystem™ for an assortment of reasons. Above all else, the inexhaustibility of the item.
Inexhaustible assets are things that can be recharged in a generally short measure of time.
The subsequent factor is the environmental impression of the asset - how much land
(typically estimated in sections of land) it takes to bring one of the people (plants or
creatures) to full development and backing it. The third interesting point in deciding the
eco-neighborliness of a specific item is the number of synthetic compounds it needs to

develop/measure it to prepare it for market.

What is Eco printing?
Eco-printing is a technique for packaging leaves and different plants in texture, and
steaming the bundle(s) to print their common shades onto the texture. The tools and
equipments needed are-

fabric for imprinting on (cotton fabric)

freshly gathered plants ,flowers

vinegar

old nails, or other corroded salvaged material

dowel bars, or straight-dish sticks, somewhat more limited than the measurement of
the pot you intend to steam them in

String and scissors
A container

A huge pot, and extra pots/basins
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Plastic wrap (discretionary)

The common procedure of eco printing is-

Stage 1: Making a vinegar solution

The cotton texture must be dealt with so it takes up the regular color. It will require about
seven days for the hand crafted form to sit and arrive at power, so the initial step has to be
done long time before any one wraps up of the real eco printing.

A small bunch of the nails is put into the container, filled with a proportion of 2 sections
water to 1 section vinegar. The container is sealed, and let to set for possibly more than
seven days. That is it for this progression.

In the event one the nails can be strained out of the subsequent alcohol so the fluid is

simpler to work with.
Stage 2: Gathering and Pre-dousing all materials

About a day prior to do the printing, the plants and flowers to print with are gathered. It's an
exceptionally trial cycle, and results will differ a ton. Whenever one has the texture and
collection of plants and flowers, everything is pre-drenched short-term (independently) to
prepare it for printing:

The plants are put in a tub of 2 sections water to 1 section vinegar, and let douse.

The cotton texture is put in a different pot (this can be a similar pot intended to use for the
steaming advance), and is covered with 2 sections water to 1 section iron acetic acid
derivation arrangement. This is carriedto stew for a thirty minutes, and eliminated from

heat. It is allowed to cool in the pot for the time being.

Stage 3: Assemblingthe Plants, flowers and Fabric for Printing
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The cotton texture is spotted on a level surface, and some additional iron arrangement isput
in an extra container. The leaves are taken from the tub where they've been drenching,

dunked into the iron arrangement, and are organized on the texture anyway one likes.

On the off chance that one puts some face up and others face down, they may give various
outcomes. One can likewise have a go at skirting the iron plunge; iron influences the shade
of common colors, making them 'more troubled' (that is, inclining toward greens and dim
purples instead of tones on the hotter finish of the range). So undipped leaves may give
various outcomes, however since the whole texture is treated with iron, an over the top

distinction will not be seen. This is a lot of an experimentation interaction.
Stage 4: Rolling and Bindingthe Prints

The following stage is to prepare the print for steaming. A dowel bar (or a straight stick,
which works comparably well) is taken and is spotted aside of the texture. The texture edge
is accumulated with the dowel pole, and moved up as firmly as possible. The leaves are
needed to be pressed against the texture, so the texture can take up however much of their
color as could reasonably be expected. For a tight move, a piece of string is attached to one
end, and the string is wound firmly around the pack, through and through. It is tied off. The
preparation of steaming is done.

Stage 5: Setting of Prints with Steam

The bundles are taken bundle(s) and organized in a pot to be steamed. An additional dowel
bar can be utilized to lift the texture packages out of the water. In the first place, the
additional dowel bar is propped askew against the side of the pot. At that point, it is crossed
down low in the pot like a't." Then, in the event if there are additional packs to steam, they
are propped in a triangle arrangement on top.

After the texture packs are organized in the pot, some water is poured in the lower part of

the pot and heated to the point of boiling. A top on top is spotted to keep in the steam, and
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kept for bubbling for an hour or two. Intermittent checking is done to ensure the water

doesn't bubble off totally; more water is added depending on the situation.
Stage 6: Revealing the Results and Finish

Following an hour or two, after allowing it to cool for a piece, the top is eliminated from the
steam pot. When everything is adequately cool to deal with, a texture pack is taken out and
the string is cut. The print is carried out on a perfect surface, the color materials are
eliminated and the completed print is uncovered.

A common eco-print is derived.

The printed texture is washed tenderly and draped to dry. The regular colors in general blur
moderately rapidly.The texture is kept out of direct daylight.

Conclusion

Eco-printing is a procedure where plants, leaves and blossoms leave their shapes, shading,
and stamps on texture. Plant material packaged within fabric is steamed or bubbled to
deliver the color discovered normally inside the plant, making a contact print looking like

the leaf or blossom utilized. These contact prints are alluded to as "eco-prints."

In the current universe of quick design, there is an expanded concern all around the world
toward the utilization of dangerous and cancer-causing manufactured colors like azo and
benzidine; these colors affect nature and humanity. The developing mindfulness about
supportability and climate well disposed colors has made a fundamental stage for youthful
scientists to restore and try different things with customary methodology of material
coloring and printing. Notwithstanding, the material colored from common colors needs
esteem expansion to arrive at the ideal market acknowledgment; printing various themes
utilizing normal colors can help beat the necessities of significant worth expansion for
materials.

In eco printing, dyeing and printing is done by using natural pigments present in flora.

These pigments appear in different colours depending on the season and time of the year.
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This process helps the natural pigments to leave incredible details of form and colours on
fabrics.

Ecoprinting, or botanical contact printing, is a contemporary adaptation of the ancient art of
dyeing cloth with plant based pigments. The naturally produced colours are soft
and harmonious, and the process is non polluting and respectful of the environment. The
smallest change in plant species, climatic conditions or water source can produce
marked variations in the prints, meaning every piece of cloth is unique.

An eco print can never be repeated, because every leaf on this planet is different, even

the two sides of that leaf are different.
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Literature is the reflection of life .It depicts ,the panoramic view of the
society. ,Moreover literature is the mirror through which we can
understand the values of life. So far as human being is concerned
relationships develops, where Gender differenciates man and woman.
Therefore in literature and social life Gender study is consider to study
from literary aspects.Mostly Gender study is being done from literary
devices like novels and dramas. When we think about Modern Litrature,.
Fiction is the tool through which we can study Gender related issues
and in what sense it differentiates from man and woman.

A "gender-equal society" is a "society
in which both men and women, as equal
members, have the opportunity to participate
in all kinds of social activities at will, equally
enjoy political, economical and cultural
benefits, and share responsibilities." In such a
society, the human rights of men and women
are equally respected. Women who desire an
active role in society may participate in
activities of their own choosing, while men
could enjoy a fulfilling home and community
life. A gender-equal society is a society built by
men and women as equal partners.

No doubt ,Gender roles play an
important role in society whether it is for good
or for bad. These roles have been placed in
society since the beginning of time. The term
gender is socially created and it therefore The
term gender can be defined as the
characteristics by which people determine if
their classification is to be male or female.
Gender role expectations are things that a
society deems normal and acceptable behavior,
attitudes, and desires for a person. The
question as to weather or not society influences
the gender of a person or if it is an innate..

In Modern Literature ,Gender is a
commonly discussed subject in society. Gender
role simply defined is a person's inner sense of
how a male or female should feel and behave.
Society and culture are also very important in
relation to this subject. This means different
societies and cultures may produce children
and later, grown men and women, who have

quite different views of a man or a woman's
place in the world around them, often
determined by their culture's gender
stereotypes.

But Traditionally, Society has
stamped an image into the minds of people of
how the role of each gender should be played
out. There are two recognized types of gender,
a man and a woman, however there are many
types of gender roles a man or a woman may
assume or be placed into by society. The ideas
of how one should act and behave are often
times ascribed by their gender by society, but
these ascribed statuses and roles are
sometimes un-welcomed, and people will
assume who they want to be as individuals by
going against the stereotypes set forth by
society..

Gender, like all social identities,
is social construction of male-female sexual
differences in society. Social constructionism is
one of the key theories sociologists use to put
gender into historical and cultural focus. Social
constructionism is a social theory about how
meaning is created through social interaction -
through the things we do and say with other
people. This theory shows that gender it is not
a fixed or innate fact, but instead it varies
across time and place.

In the twenty-first century the results
of this process are easily seen. As gender roles
as a whole are becoming more flexible, gender
roles in literature are also slowly coming out of

the box. This, however, does not mean that
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gender stereotypes are gone. They still exist in
literature, in movies and in the media.

Many feminists argue that early
upbringing can play a crucial role in imposing
assigned gender roles to both boys and girls.
From birth children are attacked by gender
rules and regulations. Literature, for one,
creates the image of the girl as a woman and of
the boy as a man, with different roles. The way
in which gender is portrayed in children's
books shapes the images that a child develops
about his or her own role in society. The
presence of gender bias in the content and
language of a huge number of children's books
has been proven more than once.

The way in which gender is represented in
children's books and in literature as a whole is
so important because most readers tend to
identify themselves with the characters in
books of their own sex. Literature's influence is
especially strong with children. They often use
the gender scripts and ideologies in children's
books when role playing and thus gradually
they form an impression of femaleness and
maleness.

As a result, gender stereotypes in literature
deprive boys and girls of the freedom the
express themselves the way they are. They are
forced to behave in the way the society
considers appropriate. Gender stereotypes
confine both sexes to traditional duties,
ambitions and responsibilities. Women English
Novelist including Kamals Das,Shashi
deshpande,Manju Kapur,Anita Desai and more
others bears testimony to the fact that a
woman has been moving towards a definite
feminist position, so that the Women’'s
experiences do not merely provide data but are
actually organized in such a way that they
become an exercise in raising consciousness
and critique of society with its unequal gender
roles and the power distribution involved in
them.

To start with, as Virginia Woolf was
to write later, “a woman must have money and
a room of her own if she is to write fiction”. A
comparison of the output of 18thand
19th century female novelists with those of
their male contemporaries suggests that many

women writers like Elizabeth Gaskell found it
difficult to reconcile the demands of serious
writing with their ‘normal’ household duties, to
the detriment of the former.

Considering the manifold limitations
that women writers and readers experienced, it
is little surprise to find that related themes
would have found their way into the writing of
and about women. Restriction did, in fact,
become one of the most enduring motifs of
English fiction dealing with women’s lives,
manifesting itself in various disguises as
the abduction and incarceration of women
characters by male ones in carriages, castles,
madhouses, brothels and seemingly
comfortable homes.

From R. K. Narayan to till date, Indian
English novelists have felt an upsurge of inner
clash between consciousnesses of tradition
with the modernity. Most of the female writers
in India who have advocated feminism in their
works, have physically presented the clash of
tradition and modernity with the support of
their characters. Under the aegis of feminism,
gender studies looks for ways through which
discrimination in the name of gender can be
highlighted, brought to the forefront and thus
exposed in the literary texts which however
seem to propagate it through stories of
glorifying masculinity against under-nourished
femininity. In this context, the famous African
proverb stands true that until the lion learns
how to write, every story will glorify the
hunter. Thus the first foundational achievement
of feminism world over is women’s
participation in creative writings. It is from her
pen that narrative about her are being
expressed through ecriture feminine - a phrase
coined by Helene Cixous. Following this call for
exclusive feminine writing, women around the
world reveal how they think about the nature
of world, masculinity and their own selves. The
echoes of this call do reach to women in India
and result in a large corpus of writings defining
existing life and ideas from their perspective.

What is remarkable about Indian
women writing in English is that they have
expressed themselves largely in poetry and
fiction. Drama has been a less explored
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territory for them. It seems they are more
comfortable in either meditating in poetry or
creating large spaces for themselves in fiction.
The fictional narratives based upon their
personal experiences as ‘female’ form the very
heart of Indian English women’s fiction. The
depth and element of truth they hold is a direct
outcome of their personal struggle to accept

themselves as creative writers. Many
contemporary Hence Gender study in Modern
literature has become important aspect in
modern literature.
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Abstract :

Tourism is currently an important industry that is growing. Its activities have been
expanded towards eco and rural tourism. This has created opportunities that make the novel
demands from tourists coincide with rural communities’ need for economic development. So this
study aims to determine the effects to regional economic development of tourism sector and
draw attention for raising awareness to tourism potential of Amravati District.

Keywords : tourism, sustainable development, regional development
Introduction :

Tourism is the temporary movement of people to the destinations externalto their normal
places of work and residence, the activities undertaken during their stay in those destinations,
and the facilities created to cater their needs. The study of tourism is the study of public away
from their usual habitat, of the establishments, which responds to the necessities of travelers, and
of the impact that they have on the economic, physical and social well-being of their hosts. It
includes the motivations and experiences of the tourists, the expectation of and adjustments
made by residents of reception areas, and the roles played by many agencies and institutions
which intercede between them.

Tourism is a major economic activity, a form of expenditure which enables as well as
absorbs on worldwide basis about 5% of the total consumer expenditure. In view of its
significant in our National Economy, surprisingly little attention has been paid on its
fundamental economic factors, which have controlled the past development of Tourism and
which may be expected to shape its future development.

Travel for pleasure has frolicsome connotation which seems to have made it unattractive
as a field for serious economic study. Another reason why moderately little attention has been
paid to the economic significance of tourism is somewhat the amorphous nature of this trade.
Fortunately this type of perception has changed in the past decade and tourism is definitely
identified as an important factor in countries balance of payments and as means of developing
regions or sites with little other economic potential. Apart from being huge revenue earner
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tourism is particularly important to a vast and varied country like India as it promotes social and
cultural ambience and plays a key role in socio-economic development.
Objectives :
1. To study the tourism potential in the Amravati District.
2. To access the impact of tourism on the regional development
Hypothesis :
Ho: There is no significance association between tourism development and regional

development of Amravati District.

H;: There is a significance association between tourism development and regional
development of Amravati District.
Tourism Development

The tourism as a contemporary activity has attracted the entire world. The development
of communication and transportation has made different places practically accessible to wider
segments of population around the world. It offers an opportunity to millions to enjoy the
prospect from moving one country to another in a matter of hours. Tourism as a socio-
economic phenomenon has become the world’s major and fastest growing industry in terms of
revenue and the number of people involved.

Generally people leave their homes to enjoy their holidays in distant places. People in the
developed countries of the world, the annual holiday tour are an accepted way of life. ‘Many
countries reorganizing the economic benefits that will acquire from tourism, have as a
result, established programmes promote international travel and have assisted in the better
physical provision of facilities for the accommodation of tourists. In over many countries
tourism has become one of the top export items in their national economy’ (Maneet
Kumar,1992). Tourism has become one of the fastest growing industry in the word. It has
become the main sector of the economy while in others it serves to provide major sources of
income for development purpose in some countries. In either case it is a major source of
earning foreign exchange. Tourism is also being regarded as a source of employment.
Besides, providing employment to a large number of people, tourism can be the instrument
of a regional policy aimed at achieving an equitable balance between major industrial area
and the rest of the country.

Almost every country in the world is now looking positively towards tourism
(Maneet Kumar, 1992). Tourism also makes contribution to the improvement of social and
political understanding. Travel between the countries fosters a better rapport between

populations.  Political  ideologies and  cultural — misconceptions are minimized.
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Communications are established in many instances to better political understanding.
Tourism is thus an important means of promoting cultural exchanges international co-
operations. So, it is very clear that tourism has its impact on national economy, social and
cultural life and an international understanding. Tourism is today becoming increasingly crucial
because of the growing size of the tourist market. Tourism today is the world’s largest and
fastest growing industry in terms of revenue and the number of people involved. many
countries in the world live by tourism.

Amravati District

Amravati District is situated in the northern part of Maharashtra. The district is situated
between 20°32' and 21°46' north latitudes and 76°37' and 78°27' east longitudes. The district
occupies an area of 12,235 km2. Melghat has potential for tourism. Melghat means 'meeting of
the ghats' which is just what the area is, a large tract of unending hills and ravines scarred by
jagged cliffs and steep climbs. At the northern extreme of the Amravati district of Maharashtra
on the border of Madhya Pradesh, lies the Melghat in the South-western Satpura mountain
ranges. Melghat area was declared a Tiger Reserve in 1974. Presently, the total area of the
Reserve is around 1677 sq. km. There are no villages in the core area. There are 61 villages in
the Reserve - 22 in the buffer zone and 39 in the Multiple Use Area. Human population in the
buffer zone and MUA is 11024 and 15642 respectively, as per 1994 census. It forms the major

part of Amaravati district of Maharashtra in India.

The region has three distinct seasons namely Monsoon, Rainy season and Winter season.
The considerable altitudinal variations in Amravati gives rise to smart variations in rainfall
which ranges from 1000 mm to 2050 mm. The rainfall is received in 50 to 60 rainy days during
July to September. Winter is cooled and summer is extremely hot. Temperature varies from 6

degrees Celsius to 43.6 degrees Celsius

Amravati district has many tourist destinations including pilgrimage, wild life tourism,

nature tourism, etc..

Role of Tourism in the Regional Development

Tourism is the emerging sector which has positive effects on regional development. It is
amost important development tool that provides economic, social and political development in
the region. Therefore, development in a region of tourism in rural or underdeveloped areas can
help eliminate economic imbalances.

The region's tourism potential accelerates the development of the region's multi-faceted.

With the tourism development of the tourism sector, are growing fast therefore, and the existing
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tourism potential should be considered very well. Thus, development in a region of tourism in

rural or underdeveloped areas can help eliminate economic imbalances. In this context, in order

to upsurge the contribution of tourism to the local economy, the demand and the attractiveness

for tourist attraction for the existing tourism values should be increased. If more tourists can be

involved to the region by using all the opportunities; employment, income and value-added are

increased and sustainable development can be performed. Tourism is considered by main

economic, social and environmental indicators and its basic problems and impacts are

strongminded by thinking of tourism as a crucial development tool in a region.

Tablel : Tourism development impacts on the regional development of Amravati
District
Total numbers of respondents :560
S't;ongly Agree Neutral Disagree St_rongly
gree Disagree
214 124 84 73 65
Graph 1: Tourism development impacts on the regional development of Amravati

District

E Strongly Agree B Agree HNeutral ®Disagree o Strongly Disagree

The above graph shows the impact of tourism on the regional development.

As per the above graph, it is found that out of 560respondents; 38% people are strongly

agree with the statement ‘Tourism development impacts on the regional development of

Amravati District’, while 22% respondent are agree with the statement, 15% are neutral

with the statement, 13% respondents are disagree with the statement and 12%

respondents are strongly disagree with the statement.

That means majority of respondents feel that tourism development impacts on the

regional development of Amravati District.

Shii Shi
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Hypothesis Testing
Ho: There is no significance association between tourism development and regional
development of Amravati District.

H;: There is a significance association between tourism development and regional
development of Amravati District.

This hypothesis regarding role of tourism development and regional development is

tested through the One Sample t-test using statistical software SPSS.

One-Sample Statistics
N Mean Std. Std. Error
Deviation Mean
560| 2.3768 1.39991 .05916
One-Sample Test
Test Value =5
t df Sig. (2- Mean 95% Confidence Interval of
tailed) Difference the Difference
Lower Upper
40.178 559 .000 2.37679 2.26.6 2.4930

To test this hypothesis; a Likert scale is used. Response of 560 respondents are recorded
and inputted in the SPSS software. The mean value generated is 2.3768 and Standard Deviation
is 0.000. The test value is set as 5 as Likert scale is two level scale to record the responses. From
the above One Sample t-test hypothesis is significant i.e. 0.000. So the NULL hypothesis is
rejected and the alternate hypothesis ‘There is a significance association between tourism
development and regional development of Amravati District’ is accepted.

Conclusion :

The tourism sector plays an important role on sustainable regional development. It rouses
infrastructure investment and its benefits spill over to other activities. However, when
implementing tourism projects, the full impact on such actions must be assessed in terms of
natural resource degradation and unstable seasonal employment. The tourism has a potential to
improve the sector and consequently to boost its sustainable development. Thus from the
analysis of data it is found that There is a significance association between tourism development

and regional development of Amravati District.
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Abstract :

As tourism-related activities have grown and changed, many different definitions and ways
of classifying the industry have emerged. Use of the term tourism has evolved as attempts
have been made to place a title on a difficult-to-define group of naturally related service

activities and participants.

Keywords : tourism, sustainable development, regional development

Introduction :

The tourism as a modern activity has attracted the entire world. The development of
communication and transportation has made different places practically accessible to wider
segments of population around the world. It provides an opportunity to millions to enjoy
the prospect from moving one country to another in a matter of hours. Tourism as a
socio-economic phenomenon has become the world’s largest and fastest growing industry
in terms of revenue and the number of people involved.

Generally people leave their homes to enjoy their vacations in distant places.
People in the developed countries of the world, the annual holiday tour are an accepted
way of life. ‘Many countries reorganizing the economic benefits that will acquire from
tourism, have as a result, established programmes promote international travel and
have assisted in the better physical provision of facilities for the accommodation of
tourists. In over many countries tourism has become one of the top export items in
their national economy’ (Maneet Kumar,1992)". Tourism has become one of the fastest
growing industry in the word. It has become the main sector of the economy while in

others it serves to provide major sources of income for development purpose in some

* Kumar Manet, Tourism today, an Indian perspective, foreword by K.C. Malhotra, 1992
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countries. In either case it is a major source of earning foreign exchange. Tourism
is also being regarded as a source of employment. Besides, providing employment to
a large number of people, tourism can be the instrument of a regional policy aimed
at achieving an equitable balance between major industrial area and the rest of the
country.

Practically every country in the world is now looking positively towards
tourism’. Tourism also makes contribution to the improvement of social and political
understanding. Travel between the countries fosters a better rapport between populations.
Political ideologies and cultural misconceptions are minimized. Communications are
established in many instances to better political understanding. Tourism is thus an
important means of promoting cultural exchanges international co-operations. So, it
is very clear that tourism has its impact on national economy, social and cultural life
and an international understanding. Tourism is today becoming increasingly crucial
because of the growing size of the tourist market. As stated earlier tourism today is the
world’s largest and fastest growing industry in terms of revenue and the number of
people involved. Many countries in the world live by tourism.

Tourism is an integral part of human life. It is a situation where person from one
country, or region to other region and country for a short run period, is included in the
concept of tourism. Now-a-days the tourism industry has a greater importance. India has a
great heritage of historical place like the Taj Mahal, Various Forts, Natural sites etc. Since
2000 tourism industry has been giving number of benefits to India. The number of foreign
tourist visited to India which has given foreign exchange earning to the Country. Here, we
have focused the growth and performance of the Indian tourism industry. We have also
analyzed the causal analysis of the Indian tourism industry for overall development of the
Indian economy. National tourism policy 2002 and its implications are important in this

context.

Objectives :
1. To study the tourism development in Amravati District.

2. To access the role of of tourism on socio-economic growth.

 Kumar Manet, Tourism today, an Indian perspective, foreword by K.C. Malhotra, 1992
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Hypothesis :
Ho: Tourism cannot be an engine of socio-economic growth in Amravati District and at
the same time open avenues of employment.

Hi:  Tourism can be an engine of socio-economic growth in Amravati District and at the
same time open avenues of employment.

Tourism Development

Tourism has developed into a truly worldwide activity that knows no political,
ideological, geographic, or cultural boundaries. For a long time, tourism was disparate and
fragmented, but as this industry has continued to grow and mature, a sense of professional
identity has emerged. It has formed lobbying groups such as the World Travel and Tourism
Council (WCTT), which includes executives of airlines, hotel chains, and travel agents
among its members and concentrates on making the case for tourism’s global importance
and economic value. The future prospects for tourism are brighter than ever as people
continue to travel for work or pleasure. “Given its historical performance as a luxury good
during expansions and a necessity during recessions, travel and tourism’s future economic
prospects look quite bright”.* As we will see later, the growth and popularity of tourism
activities have not been accidental. Growth projections indicate that tourism will support
almost 350 million jobs worldwide by 2025. This will be an increase of over 70 million
jobs when compared to 2015.
Tourism in Maharashtra has much potential. Tourism can become a powerful growth
engine for the Maharashtra economy only within efficient tourism infrastructure in place.
Tourism & Tourism Infrastructure coverage is vast and growing. It encompasses both soft
as well as physical infrastructure and contains a variety of facilities like medical &
wellness tourism; adventure tourism; leisure &recreational tourism, beach tourism,
Gandhian tourism, rural tourism, religious tourism, wine tourism and recently added mines
tourism. All these require soft infrastructure which includes mainly governance aspects
especially observance of just in time principle, least wastages, quality & suitable skills,

best management norms and experience of a healthy swatch life.

Y Wilkerson, C. (2003). Travel and tourism: An overlooked industry in the U.S. and Tenth District. Economic
Review, Third Quarter. Federal Reserve Bank of Kansas City. Available at: http://www.kc.frb.org
SEconomic Impact of Tourism (2015). World Travel and Tourism Council, 1-2.
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Amravati District

Amravati District is situated in the northern part of Maharashtra. The district is
situated between 20°32' and 21°46' north latitudes and 76°37' and 78°27"' east longitudes.
The district occupies an area of 12,235 km?. Melghat has potential for tourism. Melghat
means 'meeting of the ghats' which is just what the area is, a large tract of unending hills
and ravines scarred by jagged cliffs and steep climbs. At the northern extreme of the
Amravati district of Maharashtra on the border of Madhya Pradesh, lies the Melghat in the
South-western Satpura mountain ranges. Melghat area was declared a Tiger Reserve in
1974. Presently, the total area of the Reserve is around 1677 sg. km. There are no villages
in the core area. There are 61 villages in the Reserve - 22 in the buffer zone and 39 in the
Multiple Use Area. Human population in the buffer zone and MUA is 11024 and 15642
respectively, as per 1994 census. It forms the major part of Amaravati district of
Maharashtra in India.

The region has three distinct seasons namely Monsoon, Rainy season and Winter
season. The considerable altitudinal variations in Amravati gives rise to smart variations in
rainfall which ranges from 1000 mm to 2050 mm. The rainfall is received in 50 to 60 rainy
days during July to September. Winter is cooled and summer is extremely hot.

Temperature varies from 6 degrees Celsius to 43.6 degrees Celsius

Amravati district has many tourist destinations including pilgrimage, wild life

tourism, nature tourism, etc..

Role of Tourism in Employment Generation& Socio-Economic Development of the

region

Tourism plays a significant role in to the creation of the wide range of jobs and
economic development. The substantial profit from this industry attracts to the investor and
young generation to work in it. It is highly developed in all countries due to its economic
benefits. The domestic market aspects play a noteworthy role in to the employment
creation. Lot of peoples works with the tourist aspects and generates the income from it. It
becomes a major source of income. Some countries and cities fully involved into the

tourism and create lot of revenues. The tourism industry is one of the fastest growing
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industries in the world. In 2022 it may create 328 million jobs and supports approximate 10
percent work force in to the world. Important contributions to the country's economy are
created by creating new jobs through this field. The direct jobs include the tour guide, tour

planner, travel concealment, tour operators, hotels, resorts and restaurants.

The tourism and hospitality creates inter relevant jobs. The various other relevant
industries like event management, airlines, amusement park, cruise industry etc also
created lot of jobs. The agriculture, food production sector, retail industry etc also
indirectly involved in to the tourism. The service sector is growing due to the tourism in
various areas. The indirect sector also greatly contributed into the gross domestic product
of the country. The tourism sectors included the individual; business and government also
earn much. Besides this the income also generated through the use of services like hotels,
restaurants and various tourist attractions.Otherwise the medicines, cloths, entertainment,
food, transportations etc economic activities supports to the tourism. Thus the tourism
creates significant contributions in the economics of the various countries in the world at

various ways.

Tourism is now one of the world’s largest industries and one of its fastest growing
economic sectors. For many countries tourism is seen as a main instrument for regional
development, as it stimulates new economic activities. Tourism may have a positive
economic impact on the balance of payments, on employment, on gross income and
production, but it may also have negative effects, particularly on the environment.
Unplanned and uncontrolled tourism growth can result in such a deterioration of the
environment that tourist growth can be compromised. The environment, being the major
source of tourist product, should therefore be protected in order to have further growth of
tourism and economic development in the future. This is especially true with regard to
tourism based on the natural environment as well as on historical-cultural heritage.
Sustainable tourism has three interconnected aspects: environmental, socio-cultural, and
economic. Sustainability implies permanence, so sustainable tourism includes optimum use
of resources, including biological diversity; minimization of ecological, cultural and social
impacts; and maximization of benefits for conservation and local communities. It also
refers to the management structures that are needed to achieve this. The paper provides a

theoretical framework for sustainable tourism. It comprises two parts. The first part
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presents general views on tourism and sustainable economic development, and some

opinions on the relationship between tourism and the environment.

Table 1 : Role of Tourism on the socio-economic growth in Amravati
District and employmentgeneration.

Total numbers of respondents : 560

SO Agree Neutral Disagree St_rongly
Agree Disagree
178 145 102 71 64
Graph 1: Role of Tourism on the socio-economic growth in Amravati

District and employment generation.

B Strongly Agree B Agree ¥ Neutral “Disagree “ Strongly Disagree

The above graph shows the role of Tourism on the socio-economic growth in
Amravati District and employment.

As per the above graph, it is found that out of 560 respondents; 32% people are
strongly agree with the statement ‘Tourism plays important role in the socio-
economic growth in Amravati District and employment generation’, while 26%
respondent are agree with the statement, 18% are neutral with the statement, 13%
respondents are disagree with the statement and 11% respondents are strongly
disagree with the statement.

That means majority of respondents feel that Tourism plays important role in the

socio-economic growth in Amravati District and employment generation.
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Hypothesis Testing

Ho: Tourism cannot be an engine of socio-economic growth in Amravati District and at
the same time open avenues of employment.

Hi:  Tourism can be an engine of socio-economic growth in Amravati District and at the
same time open avenues of employment.

This hypothesis regarding role of tourism development and regional development

Is tested through the One Sample t-test using statistical software SPSS.

One-Sample Statistics
N Mean Std. Std. Error
Deviation Mean
560| 2.4607 1.35156 05711
One-Sample Test
Test Value =5
t df Sig. (2- Mean 95% Confidence Interval of
tailed) Difference the Difference
Lower Upper
-44.460 559 .000 -2.53929 -2.6515 -2.4271

To test this hypothesis; a Likert scale is used. Response of 560 respondents are
recorded and inputted in the SPSS software. The mean value generated is 2.4607 and
Standard Deviation is 0.000. The test value is set as 5 as Likert scale is two level scale to
record the responses. From the above One Sample t-test hypothesis is significant i.e.
0.000. So the NULL hypothesis is rejected and the alternate hypothesis ‘Tourism can be an
engine of socio-economic growth in Amravati District and at the same time open avenues

of employment’ is accepted.

Conclusion :

The Amravati District offers variety of sightseeing desirability. The tourism becomes is an
important sector for employment generation in region. The tourism sector plays an
important role in the socio-economic growth of the region; as people of the region get
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employment or they start their own startups. The tourism boost economy by increasing the
spendings in the region which leads to the socio-economic development of the region as
well as employment generation. The tourism has a potential to improve the sector and
consequently to boost its sustainable development. Thus from the analysis of data it is
found that Tourism can be an engine of socio-economic growth in Amravati District and at

the same time open avenues of employment.
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saints or fakirs who had contributed a lot inths
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pliedtomusic that is order than that. Some types
of folk music are also called world music,
Starting in the mid 20 th century a new
form of popular folk music evolved from tradi-
tional folk music. This process an period is called
the second folk revival and reached a zenith in
the 1960. This form of music sometime called
contemporary folk music or folk revival music
to distinguish it from earlier folk form smaller
similar revivals have occurred elsewhere in the
world at other times, but the term folk music
has typically not been applied to the new music
created during those revivals. This type of folk
music also includes fusions genres such as a
folk rock, folk metal, electric folk and others,
While contemporary folk music is a genre gen-
erally distinct from traditional folk music, in
English it shares the same name and, and it of-
ten shares the same performance and venues
and traditional folk music. Even individual songs
may be a blend of the two, there are many dif-
ferent contents include folk music as like
Bhawgeet,Bhangra and Giddha Bihugeet,
Lavani, Uttarkhandi music, Dandiya, Pandavani,
Bauls,Bhatiali, Garba, Dollu kunita, kolata/
Kolattam, Veergase,Naatupura Pattu etc.
Bhangra and Giddha: Bhangra is not a form of
dance oriented folk music of Punjab. The present
musical style is derived from nontraditional
musical accompaniment to the riffs of Punjab
called by the same name. The female dance of
Punjab region is known as Giddha.
Bihugeet: Bihugeet is a traditional folk music
of Assam performed through Bihu dance in the
festival of Bihu.The song has themes of romance,
love nature and incidents. The dance is cel-
ebrates in group by young girls and boys.
Dandiya: Dandiya is a dance oriented folk mu-
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nternational Journal

ted for pop music

April To June 2021

|ssue-38, Vol-04
Ik singing style ©
m ancient epic

musical narration of tales fro ket
Mahabharata with musical accompanime

the folk dance of Dandira called by the same-
Bauls: The Bauls of Bengal were an order of
musicians in 18 th,19 th and early 20 th century.
India who played a form of music using a
khamak,ektara and dotara The world baul comes
from Sanskrit meaning divinely inspired insan-
ity. They are a group of Hindu mystic minstrels.
They are through to have been influence breathy
by the Hindu tantric sect of the kartabhajas as
well as by Sufi sects.Bauls travel in search of
the internal ideal.

Bhatiali: This type of music was cultured mainly
by the oarsmen and fishermen of eartwhile Ben-
gal. There are many opinions regarding the ori-
gin of the term Bhatiyali.

Garba: Garba(song) is sung in honor of Hindu
goddesses god during Nawratri.-They are sung
in the honors of god Krishna, Hanuman ,Ram
etc.

Lavani: Lavani is a popular folk from of
Maharashtra.Traditionaly,the songs are sung by
female artists, male artists may occasionally
sing lavanis.The dance format associated with
Lavani is knows as Tamasha.This dance format
contains the dancer, the helping dancer
maavshi,The Drummer-Dholkiwala and the flute
Boy.
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THE SIGNIFICANCE OF MUSIC EDUCATION IN INDIA

Vishal V. Korde
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Abstract

This paper highlights the importance of music education to the Indian educational system. It identifies
the prospects, problems and proffered possible solwtions to them. In achieving its objectives, ihe study
uses ethnographic and qualitative methods with simple percentages for eliciting and collation of date.
The paper suggests that the society, the corricuhun planners. and the government have nuecl (o do so
aisic education is appreciated in India. It proposes as part of its recommendarions that ithe government
provide necessary facilities and personnel for music to thrive as a vocational subject: and that parents
and the larger society must become educated on the usefulness of music as a career subject worth
pursiing by pupils.

Keywords: Music Education
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Introduction: Music education is a field of study associated with teaching and learning music.

It touches on all learning domains, including the psychomotor domain, the cognitive domain
and in particular and significant ways, the affective domain including music appreciation and
sensitivity. Music training from preschool through post-secondary education is common in
most nations because involvement with music is considered a fundamental component of
human culture and behavior. Music, like language, is an accomplishment that distinguishes us
as humans.'"!

[n schools i European countries, children often leamn to play instruments such
as keyboards or recorders, sing in small choirs, and learn about the elements of music
and history of music. In countrics such as India, the harmonium is usced in schools, but
instruments like keyboards and violin are also common, Students are normally taught basics
of Indian Raga music. In primary and secondary schools, students may ofien have the
opportunity to perform in some type of musical ensemble, such as a choir, orchestra, or school
band: concert band, marching band, or jazz band. In some secondary schools, additional music
classes may also be available, In junior high school or its equivalent, music usually continues
to be a required part of the curriculum.'* At the university level, students in most arts and
humanities programs receive academic credit for music courses such as music history, typically

of Western art music, or music appreciation, which focuses on listening and learning about
Copyright @ 2021, Scholarly Research Journal for Interdisciplinary Studies
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different musical, Most universities also offer degree programs in music education, certif ying
students as primary and secondary music educators. Advanced degrees such as the M.A. or
the Ph.D can lead to university employiment. These degrees are awarded upon completion of
music theory, music history, technique classes, private instruction with a specific instrument,
ensemble participation, and in depth observations of experienced educators. Music education
departments in North Amecrican and European universities also support interdisciplinary
research n such areas as music psychologly, music education historiography, educational

ethnomusicology, socio-musicology. and philosophy of education.

Music Education in India:

Institutional Music education was started in colonial India by Rabindranath Tagore after he
founded the Visva-Bharati University. At present, most universities have a faculty of music
with some universities specially dedicated to fine arts such as Indira Kala Sangeet
University. Swathi Thirunal College of Music or Rabindra Bharati University. Indian
classical music is based on the gurushyshya-parampara system. The teacher known as Guru,
transmit the musical knowledge to the student, or shyshya. This is still the main system used
in India to transmit musical knowledge. Some schools and organizations promote integration
of arts classes, such ag music, with other subjects, such as math, science, or English. It is
thought that by integrating the different curricula will help each subject to build off of one
another, enhancing (he overall quality of education. Music education can play a vital role in the

development of the whole child and their scholastic journey.
Significance:

It has been argued that studying music enhances academic achievement.!*! The research was
brought to the atiention of mainstrcam America with the assertion that listening to Mozart
improved spatial reasoning skills."*l The human brain has been shown to be “hard-wired” for
music: there is a biological basis for music being an important part of human experience. Music
and the Arts surround daily life in our present day culture, Most present day artists, architects,
and musicians acquired their interests during public school Fine Arts classes... Education
without the Fine Ars is fundamentally impoverished and subsequently leads to an
impoverished society” William Earhart, former president of the Music Educators National
Conference, said that “Music enhances knowledge in the areas of mathematics, science,

geography. history. foreign language, physical education. and vocational training.” Music not
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only inspires creativity and performance, but academic performance over all is seriously
impacted. A research study produced by the Harris Poll has shown that 9 out of 10 individuals
with post graduate degrees participated in music education. The National Report of SAT test
takers study indicated students with music performance experience scored higher on the SAT:
57 points higher on verbal and 41 points higher on math. The Texas Commission on Drugs and
Alcohol Abuse Report noted that students who participated in band or orchestra reported the
lowest lifetime and current use of all substances including alcohol, tobacco, and illicit drugs.
Playing music increases overall brain activity, In experiments done at the University of
Wisconsin students with piano or keyboard experience performed 34% higher on tests that
measure spatial-temporal lobe activity, which is the part of the brain that is used when doing
mathematics, science, and engineering. Music aids in text recall. Wallace (1994) studied setting
text to a melody. The repetitive music produced the highest amount of text recall; therefore,
music serves as a mnemonic device. Smith (1985) studied background music with word lists. A
2011 study conducted by Kathleen M. Kerstetter for the Journal of Band Research found that
mereased non-musical graduation requirements, block scheduling, increased number of non-
traditional programs such as magnet schools, and the testing emphases created by the No Child
Left Behind Act are only some of the concems facing music educators. Both teachers and
students are under increased time restrictions™ Unfortunately, music in our schools are being
cut at a drastic rate duc to budget cuts being forced upon the schools. What some school boards

do not know is that cutting music might cause test scores to fall due to the positive effect on

everything from academics 1o citizenship and even personal hygiene.

Music makes students more successful in school. Skills learned through the discipline of
music, transfer o study skills, communication skills, and cognitive skills useful in every part
of the school curriculum. It also makes students become successful is participation in
ensembles. This helps students learn to work effectively in the school environment and cuts
down on resorting to violent or inappropriate behavior: Studies have found that some measure
of a child’s intelligence is indeed increased with music instruction. What is new however, is a
combination of tightly controlled bebavioral studies and groundbreaking neurological research
that show how music study can actively contribute to brain development. Researchers at the
University of Montreal used various brain imaging techniques to investigate brain activity

during musical tasks and found that sight-reading musical scores and playing music both
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activate regions in all four of the cortex’s lobes: and that parts of the cerebellum are also
activated during those tasks. Other studies show that music also helps with reasoning. Music

makes students better learners and better thinkers.

Contemporary Problems Facing Music Education in India:

We made an attempt to find out the major problems facing the study of music in Indian
secondary schools and tertiary institutions and the perceptions of the society about Music as
school courses. This study was conducted in Arts faculty of Shri. Shivaji Arts, Commerce and
Science College, Akola, Maharashtra, India which offers music as one of the career options.
Seven hundred had opted for Arts faculty of which 250 had chosen music as carcer option.
This consisted of 96 females and 154 males with ages ranging from 16-24 years. The
questionnaire consist of

Why they choose music as a career?

a
b, Whether they encountered any cbjections from their parents for choosing music?

o]

Did they choose music as the last resort after failure to make entry requirements for

other courses”

d. Whether they did music in their secondary schools;

€. What was their musical background. whether they sang in the church choir, came from
a family of musicians, participated in any form of communal musical activities. etc.

f.  What was their role model in music?

What the public perception of school music and music scholars is?

s

h. Whether the traditional stigma attached to music and music practitioners has reduced?
What they intend to achieve with their music education, {¢.g. to be a pop star? to
promote serious music?)

i.  Whether the training given to them in Indian institutions prepares them to compete and
fit properly into the saturated labor market: and also compete favorably with their peers
studying other disciplines and on the global stage? And

j. Students were asked to comment on the provision of facilities and  education
structures and availability of competent instructors. We distributed the questionnaire
to the respondents who were guided on how to properly answer them. After completion
and collation, the responses were analyzed and the frequencies were then used as

percentages,
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Findings:
The study group comprised of 250 candidates who enrolled for music. Of those 250 candida

61.6% (154) were males and 38.4% (96) were females.

Gender Distribution (%)

| Hmales females |

61.6
8.
o B '
| |
males females

Fig: I Gender Distribution of enrolled Students
As per the questionnaire reason for choosing music as a carcer were broadly categorized i1
following reasons:

Table no. I: Reasons for choosing Music

Percent

Reason for choosing Music n (%)
Passion for Music 42 16.8
More scoring subject 67 26.8
Low qualifying percentage

for music 83 332
Background in Music 38 152
Other 20 8

Total 250 100
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Reason for Choosing Music

Education
B Passion for Music

More scoring subject
o Low qualifying percentage for music
B Background in Music

Fig: 1I Reasons for choosing Music in enrolled student

a.  Students had problems convincing their parents about their choice ol music as a career.
69% of the population said their parents disliked music as a carcer for their wards. It
was particular visible in the responses of the female respondents whose parents felt it
1§ a profession for men not women, while others had problems drawing lines between
music as vocation and avocation,

b. The findings also indicated that most respondents choose musie out of frustration of not
making the required grades for their first choice courses and their atempt 1o get
admission to the university in any other available courses with a lower requirement.

¢. The age-long stigma attached to music is still quite prevalent in contemporary times, as
undergraduates still encountered derogatory remarks from the society on their choice
of music as a course and profession,

d. As a follow-up to the aforementioned, most of the respondents generally chose pop
icons, both local and international, as their role models and would rather chart and
pursue their career in popular music because of the immediate financial rewards rather
than a career in classical music.

e. Students showed total disappoint regarding the training, facilities, and instructors in
most Indian institutions. A total of 75% of the respondents were of the opinion that
facilities used for instruction were inadequate and obsolete; 39% opined that more

competent and well-trained instructors should be employed: and 40% expressed that
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the curriculum should be broadened to cater for and accommaodate different areas of
interest of students as some would like to specialize in areas, such as, studio
management, entreprencurial or music  business. music therapy, and other
specializations that were not currently offered in most Indian institutions.
Recommendations:
In this paper. we have looked at the problems confronting music education in India, We found
out about problems of supporting music education. Some ways these problems can be
adequatcly tackled are by the wipartite partics of parents-socicty-government. We
recommended that parents should be properly enlightened about the usefulness of music
education and should allow gified pupils to pursue a career in music. We also propose that the
mass media should do more to promote music education by offering programs that will show
the ideals of music education. Likewise. guidance counselors must double their efforts in giving
proper advice to pupils and parents on career choice and paths. The society should be educated
on the uselfulness of music education and its benefits to the society. Finally, government should
not neglect the arts and should do more to fund 1t for “art they say is hife.” The curriculum
planner should also look at the contents of music curriculum and include local content that
would make music education more relevant and meaningful to the society. we should respect
the contributors for the developments of music education in India.
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Performance of PMFBY Crop Insurance Scheme in India

S. M. Shegokar
Dept. of Commerce,
Shri Shivaji College of Arts, Commerce
& Science Akola, Dist. Akola

Dr. A. M. Raut
Dept. of Commerce,
Shri Shivaji College of Arts, Commerce
& Science Akola, Dist. Akola

Research Paper - Commerce ST

Introduction ;

Agriculture is livelihood for majority of the population and can never be
underestimated,but agriculture and perils both are synonymous in Indian context due to
many reasons such as increasing population, increasing number of marginal land ho Idings,
dependency on climatic situation for farming etc. Crop insurance is to use as risks
management policy in agriculture sector. Hence Indian governments introduce the various
agriculture insurances schemes in India from time to time. In 2016,
PradhanMantriFasalBimaYojana(PMFBY) introduced under government flagship.It avails
to offer financial support to farmers suffering crop loss or damage arising out of various
risks and to protects farmers from production risks. It took overNational Agricultural
Insurance Scheme (NAIS) and Modified National Agricultural Insurance Scheme
(MNAIS). To take technology assistance for implementing the scheme efficiently, National
Crop Insurance Portal (NCIP) developed. It provides cover to food cropsi.c., cereals,
millets and pulses, oilseeds, annual commercial and annual horticultural crops.It covers
prevented planting situations up-to post harvesting losses risks. From the implementation
of this scheme, it provided assurance to 1,49,87,948 average numbers of farmer’s
applications in kharif seasonsand 63,28,446 in rabi seasons as per agriculture insurance

company report. 2,93,24,109 total numbers of farmers benefitted against approved claims
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got from this scheme. The research study s to review and

crop insurance scheme in India.

Need of Study:
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analyse performance of PMFBY

Every agriculture insurance scheme is provided by the government for the
betterment of farming society of country by providing insurance cover to the various
farming risks. The PMFBY scheme also avails to aim at supporting sustainable production
inagriculture sector by protecting risks in this sector. Although scheme is efficient, review
of the scheme is needed for effectively implementation scheme which provides better

coverage ofarea, crops, farmers and risks. Hence there is need of study to review and
analyse the performance of PMFBY crop insurance scheme.
Review of Literature:

Rai, R.(2019) studied the PradhanMantriFasalBimaYojana (PMFBY). In his
study, he assessed the PMFBY on secondary data. The study highlighted that the rationale
of crop insurance with features of said scheme. It provided comparisons among NAIS,
MNAIS & PMFBY schemes. It analysed data related to insured farmers, claims paid,
gross premium area insured, and farmers benefited. The study expressed need that failure
of some fundamental issues must be discussed that mitigates risks in agriculture for farmers
and food security.

Singh., R. S. (2018) evaluated the PMFBY scheme in Uttar Pradesh. It was
found non loanee farmers were insured lower than loanee farmers, The coverage of area
insured in hectors was limited in rabi seasons than kharif seasons. The premium amount
per insured farmers was slightly higher in rabi 2017 as compared to kharif2016. It was
found that the amount paid of premiumalso higher than compensation amount paid to the
farmers.

Gulati, A.; Terway, P., Hussain, S. (2018) had studied key issues in Crop insurance
in India. The study is review of PMFBY scheme. It was found that the scheme has faced
several challenges during its first year of implementation which affect to extension of cut
off dates for registration resulting in high premium rates; delay in submission of yield data:
lack of trust in the quality of such data as they are not being video recorded and delay in
payment of premium subsidy by the state governments to the insurance companies, etc.
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The study suggested use ofhigh technologyand a portal with linking Core Banking Solution
(CBS).

Objectives of Study:

1. To review the PMFBY scheme of crop insurance.

2. To analyse the performance of PMFBY crop insurance scheme.
Data Collection& Analysis:

The Proposed study is based on secondary data related to PMFBY crop insurance
scheme. Secondary data are collected from web portal of Agriculture Insurance
Company.Tools and techniques used for study for the analysis of data are data descriptors,
percentage and various charts.

Descriptive Statistical Analysis of PMFBY Crop Insurance Scheme Data:
Table no. 1 Total Number of Applications for PMFBY Season Kharif and Rabi
from 2016-2020

Year | Total No. of Applications for | Total No. of Applications
PMFBY Season Kharif for PMFBY Season Rabbi

2016 1,74,40,964 79,71,001

2017 1,20,89,763 33,39,186

2018 65,92,830 35,25,736

2019 2,03,26,191 63,33,568

2020 1,84,89,990 1,04,72,738

The table no. 1showed thattotal number of applications for PMFBY season kharif
and rabi from 2016-2020. It showed gradual decline in total number of applications for
PMFBY in both seasons up to 2018. Then in 2019 has hike in 2019 but year 2020 has

showed decline in it.
Chart No. 1 Total Number of Applications for PMFBY Season Kharif and Rabi from

2016-2020
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Chart no. 1 pictured thatthattotal number ofapplications for PMFBY season kharifin
2016, 2019, 2020 had better growth of assured farmers. The total number of applications
for PMFBY season Rabi in 2017 was lowest. The total number of applications for PMFBY
season Rabi in every year was near about halves of kharif seasons.
Table no. 2 Total Number of Lonee farmers and Non-Loanee for PMFBY -

Seasons Kharif and Rabi from 2016-2020
Season | Year | Loanee Non Loanee
Kharif | 2016 1,27,11,506 | 47,29,458
2017 86,53,539 34,36,224
2018 | 45,19,827 20,73,003
2019 | 91,75,678 1,11,50,513
2020 1,28,59,414 | 5630576
Rabi 2016 67.88,201 11,82,800
2017 27,56,643 5,82,543
2018 | 28,08,858 7,16,878
2019 38,60,596 24,72,972
2020 64,74,1006 39,98,632

The above table showed thattotal number of lonee farmers and non-loanee for

pmfby scheme in seasons kharif and rabi from 2016-2020. In 2016 and 2020, loanee
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farmers crossed the one crore number in kharif seasons as wellasin2019 only this year
crossed the same by non-

loanee farmers.
Chart no. 2 Total Number of Lonee farmers and Non-Loanee for PMF BY -Seasons
Kharif and Rabj from 2016-2020
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"U’ shape curve in kharif seasons and platy “U’ shaped curve in rabi seasons. The non-

loanee farmer’s application showed the gradual negative slop till 2018 then has piked in

20191n kharif season but again showed decline in rabi seasons except 2019 and 2020.
Table No.3 Descriptive Statistics of Loanee and Non

-Loanee farmer’s
Applications
Nameof |Mean | Median | Maximum | Minimum .I Std. | Skewness | Kurtosis | Co-eflicient of |
Technique ' | Deviation Variation :
Loanee 7060837 | 6631154 | 12859414 | 2756643 | 3743888 | 0483238 [ 102117 | S3.05161241
Non-Loanee | 35973599 | 2954598 | 11150513 582543 315272419 i 16420147 | 33173249 | 87,63994358

| |

The above table no.3 shows the descriptive statistics of Loanee and Non-Loanee
farmer’s applications for PMFBY during 2016 to 2020. The mean value represents the
average of aggregate of the applications during the four years period. The co-efficient of
skewness is found low (0.483238) for loanee which imply that the applications for a
given period have very minimumvariation inthe applying for pmfby insurance as compared
to the non-loanee farmer’s applications. The value of The co-efficient of kurtosis
(3.3173249) higher than three indicate that distribution is leptokurtic for non-loanee farmers
as compared to the loanee farmer’s applications (-1.02117). The value of co-efficient of
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variations show that there is found more variation in the a
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pplying for pmiby scheme by

Table No. 4State wise Applications
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The above table no 4 showed that the Maharashtra has greatest percentage
(87.78%) of loanee as well as non-loanee farmer’s applications in number in Kharif
2019.Meghalaya is the lowest in percentage of application in number

Chart No.3 State wise Applications of Loanee and Non-Loanee Farmers in Kharif 2019
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The above table no. 3 depicted that the Maharashtra has greatest percentage
(87.78%) of loanee as well as non-loanee farmer’s applications in number in Kharif
2019. Chhattisgarh state has greatest loanee farmer’s applications among all states.
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The above table no. 5 showed that the Maharashtra has near about half of total
no. of number of non-loanee farmer’s applications in number in Kharif 2020. Meghalaya
is the lowest in percentage of application in number in 2020 also. It is also depicted that
the Maharashtra has greatest percentage (49.28%) of non-loanee farmer’s applications
in number in Kharif 2020 followed by Madhya Pradesh (11.39%), Odisha (11.16%)
and Assam (9.96%) states. While Madhya Pradesh (29.48%), Chhattisgarh (26.90%)
and Odisha (20.88%) had greatest share in total number of loanee farmer’s applications.
Chart No 4 State wise Applications of Loanee and Non-Loanee Farmers in Kharif 2020

Statewise Applications of Loanee and Non-Loanee farmers in Kharif 2020
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The above chart no.4 depicted that the Maharashtra shared near about half of in
non-loanee farmer’s applications while Madhya Pradesh, Chhattisgarh and Odisha shared
highest loanee farmer’s applications of total applications,

Table no.6Number of Farmers Benefitted against Approved Claims

Season | year No. of Farmers Total No. of Percentage of No. of Farmers
Benefitted against | Applications | Benefitted against Approved Claims
Approved Claims to number of Farmer's applications
Kharif 2016 3665672 17440964 21.02
2017 4769542 12089763 39.45
2018 2583834 6592830 39.19
2019 11179163 20326191 55.00
2020 2320602 18489990 12.55 I
Rabi 2016 1388482 7971001 17.42
2017 500779 3339186 15.00 £y
2018 1082860 3525736 30.71
2019 1833175 6333568 28.94 S
2020 NA 10472738 0.00

The above table no. 6 showed that in kharif season in every year farmers got
benefitted rather than rabiseasons. In 2019 kharif season,no. of farmers benefitted against
approved claims has highest in numbers where is 2017 rabi season has lowest in numbers

of benefitted farmers.
Chart No. No. 5 of farmers Benefitted against Approved Claims

No. of farmers Benelitted against Approved Claims
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The above chart no. 5 showed that farmers got benefitted above one crore in
2019’ kharif season having the highest in numbers and they got benefitted above twenty

lakhs having lowest in 2020’s kharif seasons among all seasons. It also presented that
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e . T— :
they 50? benefitted the highest in numbers in 2019’ rabi season and they got benefitted
lowest in numbers in 2017’s rabi season.

Table No. 7 State-wise No. of farmers Benefitted against Approved Claims in

| Kharif 2019
2 [ T
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Table No. 7 State-wise No. of farmers Benefitted against Approved Claims in
Kharif 20191n the above table Maharashtra showed the highest no. of farmers benefitted
against approved claims in kharif 2019 while Meghalaya showed the lowest no. of farmers
for same followed Assam and Telangana had no one. Benefitted farmers in seven states
i.e. Assam, Gujrat, Himachal Pradesh, Kerala, Meghalaya, Telangana and Uttarakhand
were having less than median numbers but in remaining seven states were having more
than median numbers while Tamil Nadu was having zero deviation from med ian.
Chart No. 6 State-wise No. of farmers Benefitted against Approved Claims in Kharif
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In the above tableno. 8 showed that Tamil Naduthe highest no. of farmers
benefitted against approved claims in rabi 2019 while Gujrat showed the lowest no. of
farmers for same followed Assam and Telangana had no one. Benefitted farmers in seven
states were having less than median numbers but in remaining seven states were having
more than median numbers.

Chart No. 7 State-wise No. of farmers Benefitted against Approved Claims in Rabi
2019

No. of farmers Benefitted against Approved Claims in Rabi 2019
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The. chart no. 7 showed that Chhattisgarh, Haryana, Rajasthan and Tamil Nadu were
having significant numbers of benefitted farmers specially Tamil Nadu in Rabi 2019.
Table No. 9 Year-wise Sum Insured, Gross Premium and Approved Claims

Year Season Name Sum.lnsurcd Gross Premium | Approved Claims
(Rs. in lakh) | (Rs. in lakh) (Rs. in lakh)

2016 Kharif 5095204.2 587706.59 325146.72

2017 Kharif 3622643.21 540402.38 677951.17

2018 Kharif 3036687.95 448138.12 365614.15

2019 Kharif 53795403 | 966144.13 1028674.66 |
| 2020 Kharif 5686170.64 085828.72 220781.01

Comparison with Increase (+) or | +89.61% +59.62% -32.10%

percentage 2016 decrease (-)

to 2020

The above table no. 9 showed thatYear-wise Sum Insured, Gross Premium and
Approved Claims in kharif seasons. Sum insured and gross premium were increased
89.61% and 59.62% respectively as compared with the 2016 data while approved

claims was not for same data.
Chart No.8 Year-wise Sum Insured, Gross Premium and Approved Claims

Year-wise Sum Insured, Gross Premium and Approved Claims
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The above chart : |

no. q S e . [, G o . 1 : . :
; 0. 8 showed thatyear-wise sum insured’s median is higher than gross
premium and approved claims in kharif seasons.

Table No. 10 Year-wise Sum Insured, Gross Premium and Approved Claims

| Yes B ; = - - e -

I! car Season Name | Sum Insured Gross Premium | Approved Claims

1 (Rs. in lokh) (Rs. in lakh) (Rs. in lakh)

Y _ 0 i

l 2016 Rabi 3215488.44 202725.04 221533.62 =l

l 2017 Rabi 185586228 | 147638.34 8812951

| 2018 Rabi 1944295.13 168568.88 173660.02

-

\ 2019 Rabi 2559347.22 276958.91 194913.96

l 2020 Rabi 4022938.62 5§55935.36 Awaited
Comparison with | Increase (+) | +79.93 +36.47 -12.02 o
percentage 2016 to | or decrease (-
2020 )

1

The above table no. 10 showed that Year-wise Sum Insured, Gross Premum
and Approved Claims in rabi seasons. Sum insured and gross premium were increased
79 93% and 36.47% respectively as compared with the 2016 data while approved
claims was not for same data.

Chart No. 9 Year-wise Sum Insured, Gross Premium and Approved Claims
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The above chart no. 9 showed thatyear-wise sum insured’s median is higher than gross

premium and approved claims in rabi seasons,
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Table No.11 Year-wise Area Insu red

Year | Season Name

2016 | KHARTE Area Insured (Ha.) | Year [ Season Nmm
14855991.96 2016 | RABI 1 9013693.02
2017 | KHARIF 10260850.07 2017 | RABI '4(,8103;;0.
2018 | KHARIF 7658062.51 2018 | RABI T 4872055.09
| 2019 [KHARIF | 19214705 2019 | RABI TS
| 2020 | KHARIF | 14321254.02 2020 | RABI 388553.92

In the above table no. 11 showed that area insured under pmfby scheme. Area

insured under pmfby was highest in 2016 then lowest in 2018 in kharif season while it
was highest in 2016 and lowest in 2017.

Chart No. 10 Year-wise Area Insured

Area Insured (Ha.)
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The above chart no. 10 showed that only in 2016, area insured is higher than
2017 to 2020 period in both seasons. It also depicted that area insured was more in
kharif seasons than rabi seasons.
Conclusion:

The study concludes that PMFBY scheme is providing cover to the farmer for
combating to the risks in agriculture sector. Performance of PMFBY was analysed in
study by the data of benefitted farmers, sum insured, area insured and approved claims.
The total number of applications increased in the 2016 to 2020 period that showed
insurance cover is also increased. Due to the PMFBY ’s compulsion for the loanee farmers,
there is found more variation in the applying for scheme by non-loanee farmer than the

loanee farmers. Percentage of number of farmers benefitted against approved claims to

number of farmer’s applications is not more than 50 percent in during period except
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2019 kharifse ' i
ason. While the performance of the scheme (farmers benefitted against

approved clalms]‘ in some states including Maharashtra, Rajasthan, Tamil Nadu, Madhya
Pradz?sh, ’C‘ hhattisgarh, Haryana is greater than the other states.Sum insured and gross
pre@n s comparison with percentages 0f 2016 to 2020 showed growth while approved
claims showed negative growth.Area insured in hectors declined during the 2016 to
2020. The above finding showed that some modifications are needed in pmfby scheme.
After making modifications, it will be proved great scheme for combating with the risks in
agriculture sector.
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Dr. Savita V. Nichit
Dept. of Commerce,
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ABSTRACT

In recent times following dynamic development of various forms of
e-business, dematerialized money has emerged however, in costantly changing
conditions it is very difficult to grap the essence of the called e-money or

crypto gerreney.From few year onwards cryptocurrencies grab a hot topic in

the financial world. cryptocurrency is a digital or internet or virtual currency
that uses cryptography for security.concept of cryptocurrency is alittlehrd to
accept, but itis easy to use it is considereddifficult because it is entirely different
from our conventional currencies that we people are using since 2008. This
paper investigate about cryptocurrency present legal as well as future
government moves impact on these currencies the paper also analysis
investment risks in both bitcoin and gold

Key Words : Cryptocurrency, opportunities, government future more on crypto
currency, RBI.

Introduction:

Digital currencies are capable of developing existing payment systems and financial
institutions, as they represent a new understanding of the form of money and the security
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oftransaction for example,

I'he united states has been
actions to introduce crypto curre

the it end 0£2019 the

actively conducting research and
neies into the internal payment system since 2019, At
)S congress passed a bill for consideration called the “C rypto -
Currency Act 0f2020”
It reviewed the procedure for the recognition, licensing and registration of digital
currencies as a form ofpayment and also established a list ofstate institutions responsible
for the regulation and control of the ne

W eurrency. The introduction of crypto currencies
has revolutionized the international p

ayment system ina scale that just few year a g0 were
unimaginable in1983, the American crypto graphic is a digital David chaum conceived an
anonymous eryptographic electronic money called e-cash. later in 1 995, he implemented
it through digi cash, an carly form of cryptopgraphic electronic payments which required
inorder to withdraw notes from a bank designate specific encrypted keys
before it can be sent to a recipient. This all

uses software

owed the digital currency to be untraceable by
the issuing bank the government, or any third party. A cryptocurrency is difficult to
counterfeit because of its security feature. A defining feature ofa crypto currency s that it
1s not issued by central authority. It is completely decentralized.

Now a days many countries in the world have following towards digital currency.
OBJECTIVE OF THE STUDY:

» To understand the concept of crypto currency it types &its working process.
b To Analysis legal status, and opportunities of Bitcoin in India.

¥ To compare investment Risk between Bitcon &Gold.

RESEARCH methodo logy:

The Secondary data necessary for completing the nvestigation will be collecting

from the published sources in the academic libraries, websites, books journals, magazines,
etc.

HYPOTHESIS:

Ho : - There is no difference in the volatility of values of gold’s and Bit coins in India.

H1 :- There is difference in the volatility of values of gold and bit coins in India.
Meaning of Crypto Currency:

Crypto currency is decentralized digital money based on blockchain techno logy.
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we may be familiar with the most popular versions, BitcoinEthereum, but there are more

than 5000 different crypto currencies in circulation. You can use crypto to buy regular
goods and services although many people invest in crypto currencies as they would in
other assets like stock or precious metals.

Types of crypto currencies:
Crypto currency is designed to work as a medium of exchange. The number of

crypto currencies available over the internet and also growing. A new currency can be

created at any time. By market capitalization, Bitcoin is the largest block chain network
Following are the 10 largest trading crypto currencies by market capitalization as

a tracked by coin market cap., a crypto currency data.

Global Table:

Name of crypto currency Market capitalization
Bit coin $ 1.2 trellion J
Ethereum § 485.2 billion |
Binance Coin $ 80 bull
Cardano $71.7 bill
Solana $64.2 bill :
XRP $51.8 bill I
Porkadot $45.1 bill i
USD Coin § 32.4 bill j
Doge Coin $ 32.1 bill |

Data current as 18 Oct. 2021
The Bitcoin has maximum dominance in the crypto currency market with around
45 % of market share& market capitalization. And other crypto currencies are also
available in market as namely Ripple (XRP) pioneers unicoin, zebpay, coinex, Bitcoin
India etc.

How does Bitcoinwork ?
Each Bitcoin is basically a computer like which is stored in a “digital wallet” app

 ShriShivei-ooH T ,
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on a smart phone or computer.

People can send Bit coins or a part of one to your digital wallet and you coin
send Bit coin to other people. Every single transaction is recorded in a public list called
the block chain. This make to it possible to trace the history of Bitcoins to stop people
from spending coins they do not own, making copies or undoing transactions.
Introduction of Bitcoin:

One of the most popular crypto currency wallet using is Bit Coin which was
invested by as unknown person or group of people using the name Satoshi Nakamoto in
2008. Bit coin is crypto currency a form of electronic cash. It is decentralized digital

currency that can be sent from used to user on the peer to peer Bit coin network without
the need for intermediaries, where transaction happen through public ledger called
blockchain, handling users data anonymously. Ten years since its introduction.

Bit coin is today the most widely used and accepted digital currency although.
Bit coin is commonly referred to as a crypto currency.Bit coin is a system for electronic
transactions without relying on trust. But other electronic payments required a trusted
intermediary, such as bank or electronic unit in order to verity a transaction. Instead of
relying on a single system relies upon a large number of computing miners to very
transaction. Bit coin regulate and generate units of currency using the rules of cryptography.

Bit coin are completely virtual coins designed to be self contained you their value. There

is no need you bank to move and store money. Bit coins are not physically present, so
that only balance are kept ona public wallet in the cloud.

All Bit coin transaction is verified by a massive amount of computer power. A
personal database that you can store on your computer drive, on your smart phone on
your table and personal wallet to another.

Features of Bit coin:

Features of Bit coin is as below.
Control against fraud :-

It provides users with top level of protection against most common frauds like
charge back or unwanted charges. Because the security of users can encrpt their wallet

and have complete control over their money. So their is no chance of any type of fraud.
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Transparency -

All Bitcoin transaction

are public and transparent to al]
stores all transaction details. were users can be

Globally accessible :-

users. The Block chain
any time very.

Bitcoin allows any b
payment anywere
acceptable,

Cast efficient :-

anks business or individual to securely send

and receive
at any time in few minutes, All types of payments

in the world are

With Bit coin transactions can be possible directly without any mid person.
Legal Status of cryptocurrency in India:

The legal status of Bitcoin and related crypto instrumentvaries substantially from.
Country to country and is still under defined or changing in many of them. Where as the
majority of countries do not make the usage of Bitcoinit self illegal. Its status as money
varies with differing regulatory implications. With the exponential development and

unprecedented advancements in the field to technology in India.especially with the

emergence of coivd-19, the fintech sector has been on a path of constant rise with the
gaining popularity and awareness amongst the people of India with respect to crypto
currency. In India apex financialauthority you example, The Reserve Bank of India, has
understood cryptocurrency asa for of digital/ virtual currency generated through Series
of computer codes, that rely on cryptography which is encryptionand is thus independent
ofany central issuing authority person.
Being an untapped, unregulated market with a capability of over a trillion dollars.
India also saw a massive surge of crypto currency exchanges. Witnessing the massive
popularity of the crypto market. Its usage within a year and potential revenue loss the
Government of India the regulators and authorities began to take notice and as a
consequence is 2013 the RBI issued a press release cautioning the public against dealing
in virtual currencies including ~ Bitcoin. In November 2017 the Government of India
constituted a high-level Inter - ministerial committee to report on various issues pertaining
to the use of virtual currency and subsequently in July 2019 this committee submitted its
report recommending a blanket ban on private crypto currencies in India.Despite the fact
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2018 the RBI issued a circular preventing

In2021 The Indian government is now considering the introduction ofa new bill
titled “Crypto currency and Regulation of official Digital currency Bill - 20217
(“New Bill”) Which is similar in spirit to its previous version how ever intends to ban
privatecryptocurrencies in Indian with certain exceptions to promote the underlying

technology and trading of creating an official digital currency which will be issued by the

RBI
The following table showing trends of Bit coin value in respect of Indian Rupes.
Gold Value
Gold value (10 grams) Bitcoin value
Date Price Change % Date Price Change %
Jan 2021 34.692 79 A.71% Janz1 26.37,105 24 64%
Dec 2020 35.914 04 6.41% Dec20 21,115,850 | 45 18%
Nov 2020 31.716.05 -6.63% | Nov-20 14,57.389 | 41 63%
Oct 2020 35,615 24 -0 81% Oct-20 10.28,993 | 2989%%
[Sep2020 |  36.19887 | -422% | Sep20 |  7.92.221 By L
Aug 2020 35,461 82 -0.46% Aug20 | 853531 0.62%
Jul 2020 39.824 19 9.20% Juk20 8.48.261 | 2287%
Jun 2020 ~ 33,397 68 3 23% Jun20 6.90.369 | -3 49%
May 2020 31,339.62 3.75% May-20 7.15,323 10 30%
“Apr 2020 2511480 674% | Apr-20 6.48,529 34 20%
Mar 2020 2555622 | 0% Mar-20 4.83,270 | -2191%
|Feb2020 | 2518569 | -168% |Feb20 | 618838 |  -753%
Jan 2020 ~26.053.19 3.79% Jan20 6,69.214 30.35%
Dec2019 | 24.18647 | 362% | Deci9 5,13,407 -5.16%
"Nov 2019 22,524 .01 -3.03% Nov-19 [ 541,312 -16 66%
Oct 2019 23,953.75 277% Oct19 [__6,49,510 10.86%
Sep 2019 ~ 22,680.36 -3.49% Sepi19 | 585865 -14 52%
Aug 2019 24,348 48 6 15% Aug-19 6.85,360 -1.32%
Jul 2018 21,609 00 1.36% Juk19 6.94 522 -6 68%
Jun 2019 2103370 | 7.14% [Juni® | 744275 | = 2536%
[May 2018 | 18.322.33 0.98% May-19 593,713 52.46%
| Apr 2018 1796672 | Apr-19 3.89 434 34 57%
Mar 2019 18,235 80 Mar-19 2,89.395 4.89%
Feb 2019 18,914 50 Feb19 275880 |  1061% |
Jan 2019 19,154 56 Jan19 2.49,431 -6.63%
Dec 2018 18,146.78 Dec 18 2.67,136 “519%
Nov 2018 16,710,723 ~ | Now-18 281748 |  -40.28%
[Oct 2018 | (Oct18 | 4,71,
[ Sep2018 | .Sepi8
“Aug 2018 16,325 17 Aug-18 4,97,
Jul 2018 = 17.165.76 Juk18 5,30,
Jun2018____ |  18,06530 Juni8 43
“May 2018 19,460 25 May-18 5,04,
Apr 2018 20.138.45 el | Apr-18 | 613004 | = 36.06% |
Mar2018 | 2033476 _ D.48% | Mar-18 4,50,580
Mean 2445761 694462 66
Std deviation|  73z1.636814 1 | _.3.5%9%2. 5
‘E;\?@rianc. e e _0 e ) SEBCER CTENIE i L,
CT;;;;I_EI_KOH 0.640122673
|coefficlent | = e e T e i
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- But as per two tailed test calculated “T” v
(1.55909) i s

. 2.0322) so null hypothesis has been accepted
there is no significant differe

that means nce between in changing in the value of gold &

Bitcoin.

Conclusion:

The dynamically growing interest in cryptocurrencies is due to many reasons
including transaction anonymity, crypto currency offers a new effective and attractive
model of payment methods that can boost companies and operators revenues.

Almost a clear picture of the size of crypto currency use has been drawn from
my analysis of the conducted study although the pilot study has been conducted with
relatively small sample but the result showed one a preliminary perception about the use,
the growth, the trust ofusing and future expectations ofcrypto currency.Crypto currency
is bring more positive changes to e-Business and ¢-payment sector, However crypto
currency doesnt get that much trust yet. many concerns, challenges and issues are existing
is many cryptocurrency platform.

Until crypto currency is being will regulated and controlled, users need to take
extra precautions of using such a virtualmoney.In 2021 Indian government is exploring
the creation of state backed digital currency issued by the RBI. While banning private
ones dike Bitcoin. Hence trading in cryptocurrency is dangerous.

Change in the value of gold was two in now 2020. It was 5.63 % and it was very
high month of July 2020. It was 9.20%.

Volatility of gold value from March 2018 to 2021 is very less (means changes in
value ofgold is consistent)

Volatility of Bitcoin value from March 2018 to 2021 is very high (means changes
in the value of Bit coin is inconsistent).
Is comparing to changes Bitcoin and gold here researcher found that there is

significant changes in their value.

Shri Shivaji College of Arts, Commerce and Science, Akola. Page 278 of 279
Scanned by CamScanner




@ Issue : XXI, Vol. V IMPACT FACTOR

ISSN 2250-169X
VISION RESEARCH REVIEW 6.20 June 2021 To Nov, 2021 u

Hence investing in gold is better than investing Bitcoin. The Cryptocurrency field

creates a lot of research opportunities and many studies need to be done in order to
provide scientific contents.
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Synthesis, Characterization and Hyperthermic Evaluation of
PEGylated Superparamagnetic MnFe,O, Ferrite
Nanoparticles for Cancer Therapeutics Applications

Prashant B. Kharat,* Sandeep B. Somvanshi,* Saurabh B. Somwanshi,

and Anuja M. Mopari

Poly(ethylene glycol) (PEG)-coated superparamagnetic MnFe,O,

ferrite nanoparticles are of great interest for application in magnetic fluid
hyperthermia (MFH) due to their heat generation capability in an external
alternating magnetic field, besides biocompatibility, and surface properties.
MFH has emerged as a promising therapeutic approach for cancer treatment
and is based on controlled heating tumor tissue through the accumulation

of MnFe, O, ferrite nanoparticles within cancer cells. In the present work,
MnFe, O, superparamagnetic ferrite nanoparticles via the chemical combus-
tion method are synthesized. The preparation of PEGylated MnFe,O, ferrite
nanoparticles, which involves the attachment of such molecules at the surface,
without the need for coupling agents or prior modification on the species
involved. The conjugation of folate onto MnFe,O, ferrite nanoparticles is con-
firmed by FTIR spectroscopy. The MnFe,O, ferrite nanoparticles are colloidal
stable. The obtained targeted PEGylated MnFe, O, ferrite nanoparticles show
superparamagnetic behavior with a saturation magnetization of 78.68 emu-g™'
at 300 K. Their specific absorption rate (SAR) ranged from 43.2t0 19.5W g~ in
an alternating magnetic field of 5—20 kA m~". The heat generated is sufficient
to raise the sample temperature to the therapeutic range used in MFH
establishing this system as promising candidates for use in MFH treatment.

1. Introduction

and treatment approaches. Among these
approaches, magnetic nanofluid hyperther-
mia (MNH) is promising, as it involves
non-destructive tools for the treatment of
malignant tumors.®] Primarily, nanoscale
magnetic particles (NMPs) are being used
in the MNH to produce the inductive heat
by the different kinds of hysteresis and
relaxations losses. In the last decades,
the spinel nano ferrites (SNFs) such as
MnFe,0,,[%1  ZnFe,0,,”8  MgFe,0,,"!
CoFe,0,,1% etc., have been widely studied
for the MNH applications. Among these
SNFs, the MnFe,0, are promising due to
their superior properties such as moderate
magnetization, easy preparation, chemical
stability, etc.[!') The surface modification
of the nanomaterials plays an important
role in their fruitful use in biomedical
applications. The solution combustion
method has been proven to be an efficient
route for the different kinds of nanoscale
materials.'213] Recently, various kinds of
surface coating agents such as oleic acid,
ethylene glycol, polyethylene glycol (PEG),
etc., were studied by the researchers.

The field of nanomedicine is improving vastly with the new ad-
vancements in the area of nanoscience and nanotechnologies.[*?]
The nanoscale materials are promising for various kinds of
bioapplications due to their smaller size, superior physicochem-
ical properties, improved performances, etc.>*! Recently, cancer
nanomedicine is advanced by the different kinds of diagnosis

The coating of PEG on the core of SNFs may provide enhanced
dipersion ability and biocompatibilty. Thus, the present work
aims at the preparation and surface modification of MnFe,O,
nanoferrite by combustion method. The structural, morpholog-
ical, infrared, magnetic, and inductive properties of the PE-
Gylated MnFe,O, nanoferrites were studied by the standard
techiques.
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Figure 1. XRD pattern of PEGylated MnFe,O,4 nano ferrites.

2. Result and Discussion

2.1. Structural Analysis

The singular-phase form and nano-crystalline nature of the PE-
Gylated MnFe,O, nano ferrites were studied by XRD analysis.
The XRD pattern of the prepared nano ferrites is displayed in
Figure 1.

It is observed from Figure 1 that, PEGylated MnFe,O, nano
ferrites possess Bragg planes equivalent to the FCC spinel
structure corresponding to the Fd — 3m(OW’) space-group. All
the observed planes are well agreed with that are reported in the
literature . The most concentrated peak (311) was utilized to de-
termine the crystallite size by using the Debye-Scherrer’s relation
(1415] and it was evaluated as 12 nm. The lattice parameter was de-
termined by interplanar spacing and (h k1) values and is found to
be 8.473 A. Some surroundings noises were recorded in Figure 1,
which is attributed to the PEG modification with amorphous
nature. It discloses that the surface modification does not affect
the pristine structure of MnFe,0, nano ferrites so the noise in
x-ray data can be seen from Figure 1, which reveals the exis-
tence of an amorphous layer of PEG over the MnFe,O, ferrites
nanoparticles.

2.2. Morphological Analysis

The morphology of the PEGylated MnFe,O, nano ferrites was
visualized through FE-SEM. Figure 2 shows the FE-SEM image
of the PEGylated MnFe,O, nano ferrites. The nano-shape spher-
ical grains with some aggregations are particularly observed
in Figure 2. The aggregations in the grain were noted due
to the magnetic exchanges among the Fe and Mn ions. The
presence of PEG over the core of MnFe,O, nano ferrites can be
visualized from the FE-SEM image. The average grain size was
determined from the FE-SEM image and is found to be around
15 nm.
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Figure 2. FE-SEM image of PEGylated MnFe, O, nano ferrites.
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Figure 3. FT-IR spectrum of PEGylated MnFe, O, nano ferrites.

2.3. Infrared Analysis

To confirm the functional group present over the surface of
MnFe, O, nano ferrites, FT-IR spectroscopy was utilized. Figure 3
depicts the FT-IR spectrum of the PEGylated MnFe, O, nano fer-
rites. The vibrating mode at ~2930, 1276, 1114, 862, 474, and
424 cm™! confirmed the pure phasic spinel formation and sur-
face modifications of MnFe, O, nano ferrites. The vibrating mode
at 2930 cm™! is analogous to the C-H bonding. The vibrating
mode at 1276 and 1114 cm™' is analogous to the stretchings of
C-H and C-O, respectively, and it affirmed the successful surface
modification over the core of MnFe,O, nano ferrites. The vibrat-
ing mode at 862 cm™' is analogous to the stretchings of C-H
bonds. The vibrating mode noted at 474 and 424 cm™! is anal-
ogous to the spinel structure of the ferrites. The FT-IR analysis
demonstrates the successful surface modifications of PEGylated
MnFe, O, nano ferrites.

© 2021 Wiley-VCH GmbH
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Figure 4. M-H hysteresis curve of PEGylated MnFe, O, nano ferrites.

2.4. Magnetic Analysis

The magnetic properties of the PEGylated MnFe, O, nano ferrites
were investigated by VSM. The M-H hysteresis curve of the PE-
Gylated MnFe, O, nano ferrites is depicted in Figure 4.

It is noted from Figure 4 that, PEGylated MnFe,O, nano fer-
rites possess superparamagnetic gestures. The saturation and re-
manence magnetization values are determined from Figure 4
and are found to be 56.74 and 0.0092emu g!, respectively.
Whereas, the coercivity value is almost negligible (~0 Oe). The
insignificant values of coercivity and remanence show the impor-
tance of PEGylated MnFe, O, nano ferrites in bio-applications, as
these superparamagnetic PEGylated MnFe,O, nano ferrites do
not conserve the magnetic performance before applying and af-
ter the elimination of the exterior magnetic field.

2.5. Hyperthermia Analysis

It is requisite that, the prepared nanoparticles should be capa-
ble to produce the hyperthermic heat of the order of 42°C —
45°C for its use in magnetic hyperthermia treatments for malig-
nant tumors. For this purpose, the magnetically inductive heat
technique is the significantly employed technique for the evalua-
tion of the hyperthermic ability of prepared nanoparticles which
should be dispersed in some suitable fluid like water. In the
present case, the different fields viz. 5, 10, and 20 kAm~! were
taken to estimate the hyperthermic capability of the PEGylated
MnFe,O, nano ferrites. In initial stage, the rapid temperature
rise is due to the Neel relaxations and Brownian relaxations as
eddy current losses are negligible for high resistivity ferrites.
The magnetic inductive heating performance of the PEGylated
MnFe, O, nano ferrites is displayed in Figure 5.

The magnetic inductive heating at 5 kA m™ field has been
increased slowly saturating at 39°C, which does not attain the
required hyperthermic temperature. Likewise, the inductive
heating at 10 kA m™ field produces hyperthermic heating satu-
rating at around 46°C. This field was found to be appropriate for
the magnetic fluid hyperthermia treatment of cancer, as it gener-
ates the hyperthermic temperature up to 46°C. Higher field, i.e.,
20 kA m™ may destroy the normal tissues close to the tumor,
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Figure 5. Hyperthermia curves of PEGylated MnFe, O, nano ferrites.
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Figure 6. SAR plot of PEGylated MnFe, O, nano ferrites.

so it is not appropriate for the MFH. In addition to the heating
analysis, the SAR analysis was performed for the PEGylated
MnFe,O, nano ferrites and the SAR plot is depicted in Figure 6.
It is observed from Figure 6 that, with an increase in the alter-
nating magnetic field, the SAR value gets increased. The SAR
values observed in the present case are high as compared to other
magnetic nanoparticles. The highest SAR value was obtained as
43 W g, which is in good agreement with that reported in the
literature. The material to be used for hyperthermia therapy is
superior when SAR value is high and high SAR value minimizes
the amount of magnetic material applied for hyperthermia.l®!

3. Conclusion

The PEGylated MnFe,O, nano ferrites were successfully pre-
pared via a combustion route. Single-phase cubic formation of
PEGylated MnFe,O, nano ferrites without any impurity peaks
was confirmed by XRD analysis. FT-IR spectrum exposed the
occurrence of vibrating modes analogous to the cubic-spinel
ferrite structure with a successful modification of PEGylated
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MnFe, O, nano ferrites. The magnetic hysteresis curve displayed
the superparamagnetic nature of the PEGylated MnFe,0, nano
ferrites. The magnetic inductive heating results demonstrate that
PEGylated MnFe,O, nano ferrites are capable to attain desired
hyperthermic temperature at the permissible field of 10 kA m™.
All the outcomes signify that the PEGylated MnFe,O, nano fer-
rites are desired candidate for MFH therapy of malignant tumors.

4. Experimental Section

Materials: The precursor materials for the relevant metal ion (Man-
ganese(ll) nitrate tetrahydrate (Mn(NO;),*4H,0) and Ferric nitrate non-
ahydrate (Fe(NO3);*9 H,0)) of AR grade (~99.8% purity) in the nitrates
form, glycine, polyethylene glycol, distilled water (H,0), and liquid ammo-
nia were used for the synthesis of PEGylated MnFe, O, nano ferrite. Chem-
icals were of analytical reagent (AR) grade and purchased from Merck Mil-
lipore.

Synthesis: The easy and cost-efficient combustion preparation route
was utilized for the preparation of PEGylated MnFe,O, nano ferrite. In
brief, the relevant metal ion (Mn and Fe) with proper stoichiometry was
dissolved in distilled water and stirred for 1 h. In the stirred solution,
the glycine and polyethylene glycol was added with metal nitrate: glycine:
polyethylene glycol ratio as 1: 4.4: 3. Further, the pH of the solution was
adjusted to ~7 by adding the ammonia solution. The pH changed solu-
tion was then rigorously stirred and heated at 85°C until it gets converted
to viscous gel. Further, the heat increment (~110°C) turns into the com-
bustion of viscous gel, and the products in the form of loosed powders
were acquired. The collected loose powder was then ground and sintered
at 550°C for 2 h and further used for characterizations.

Characterizations:  The structural analysis of the prepared sample was
studied by an X-ray Diffractometer (Model Miniflex, Rigaku International
Corporation, Japan) at Kavayitri Bahinabai Chaudhari North Maharashtra
University, Jalgaon. The morphology of the prepared sample was visual-
ized via FE-SEM (JEOL-JSM). The FT-IR spectrum was recorded in the
wavenumber range of 400 to 4000 cm~' by FTIR Spectrometer (Model
Nicolet 380). The M-H hysteresis plot was recorded through a vibrating
sample magnetometer (VSM) at TIFR, Mumbai. Hyperthermia analysis
was done by measuring the time-dependent heating curves through an
indigenous induction heating system.
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Investigation of Super-Capacitive Properties of
Nanocrystalline Copper-Zinc (Cu, sZn, ;Fe,O,) Ferrite

Nanoparticles

Prashant B. Kharat,* Sandeep B. Somvanshi,* Saurabh B. Somwanshi,

and Anuja M. Mopari

A comparative study is made between the structure and electrochemical
properties of Copper-Zinc (Cu, sZn, sFe,0,) ferrite nanoparticles prepared by
chemical co-precipitation. The obtained ferrites are characterized by FT-IR,
XRD, BET, and SEM techniques. The single-phase cubic formation of

Cu, sZn, sFe,0, nano ferrites without any impurity peaks is confirmed by
XRD analysis. FT-IR spectrum exposes the occurrence of vibrating modes
analogous to the cubic-spinel ferrite structure of Cu, sZn, ;Fe,O, nano
ferrites. The magnetic hysteresis curve displays the superparamagnetic nature

are being developed for energy storage, and
it is still advancing day by day.*?! Electro-
chemical devices such as supercapacitors
are one of the potential candidates which
gaining much attention from nanoscale
scientists and technologists.[*l Superca-
pacitors are appealing due to their energy
storage ability along with their superior
stability over many cycles. Recently, spinel
class magnetic ferrite materials have

of the Cuy sZn, Fe,O, nano ferrites. The electrochemical properties of
obtained ferrites are studied using cyclic voltammetry, charge-discharge, and
electrochemical impedance spectroscopy. The as-synthesized Cug sZn, ;Fe,O,
sample acts as an excellent electrode material in a supercapacitor with a high

specific capacitance energy density and a power density.

1. Introduction

Energy generation and storage devices are demanding in today’s
era and nanotechnology is moving towards capturing this field
with great potentiality.l'! The energy storage devices concerning
the generation are parallelly needed to fulfill the ever-growing de-
mand of the energy sector. Recently, various nanoscale devices
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been extensively applied in different ar-
eas such as magnetic hyperthermia,l>®!
drug delivery, catalysis, photocatalysis,
microwave absorption, nanofluids,®-!!l
biomedicine,'2]  bioseparation,’*)  and
supercapacitors.l'*1] The spinel ferrite is
promising over other magnetic materials
due to its versatile nature, chemical sta-
bility, easy preparation, cost-effectiveness,
etc.l'®] Among the spinel ferrite, copper and zinc have their
own merits in physicochemical and properties. The copper fer-
rite is inverse structured, whereas zinc spinel ferrite possesses
normal spinel behavior. The combination of these both normal
and spinel structured ferrites offers enhanced properties as com-
pared to their individual counterparts. Spinel ferrites have been
fabricated my various wet chemical routes, including chemi-
cal coprecipitation,!'”] hydrothermal,[*®! microemulsion,*! ther-
mal decomposition, 2%l sol-gel auto combustion, etc. The chem-
ical co-precipitation is a promising low-temperature synthesis
route for the preparation of stable and homogeneous spinel fer-
rite nanoparticles with a superior yield and cost-effective na-
ture. In the present work, we have opted for chemical copre-
cipitation synthesis of copper-zinc nano ferrite with composi-
tion as CugysZn,sFe,O,. The prepared Cu,sZn,;Fe,0, nano
ferrites were characterized by the standard tool to study the
structure, morphology, surface, magnetic, and supercapacitive
properties.

2. Result and Discussion

2.1. Structural Analysis

The single phasic formation and nanoscale behavior of the
Cu,sZn,sFe,0, nano ferrites was studied by XRD analysis. The
XRD pattern of the prepared Cu, ;Zn, ;Fe,O, nano ferrites is dis-
played in Figure 1.

© 2021 Wiley-VCH GmbH
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Figure 1. XRD pattern of Cug 5Zng sFe,O, nano ferrites.

S-4800 20.0kV

Figure 2. FE-SEM image of CugsZn, sFe,O4 nano ferrites.

It is observed from Figure 1 that, Cu,;Zn,Fe,O, nano fer-
rites possess Bragg planes equivalent to the spinel FCC structure
equivalent to the Fd — 3m(OMW) space grouping. The most intense
peak (311) was used to evaluate the crystallite size by using the
Debye-Scherrer’s relation(?!?2] and it was calculated as 19 nm.
The lattice constant was evaluated by interplanar spacing and (h
k1) value and is found to be 8.409 A.

2.2. Morphological Analysis

The morphology of the Cu,;Zn,Fe,O, nano ferrites was stud-
ied through SEM. Figure 2 displays the SEM image of the
Cu,sZn,sFe,0, nano ferrites. The nano-scaled spherical grains
with agglomerations to some extent were mainly visualized in
Figure 2. The agglomerations in the grains were observed due to
the magnetic superexchange among the ferric ions. The average
grain size of the Cu,sZn,;Fe,0, nano ferrites was determined
from the SEM image and it is found to be 23 nm.

2.3. Infrared Analysis

To confirm the spinel structure formation of Cu,sZn,;Fe,O,
nano ferrites, FT-IR spectroscopy opted.
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Figure 3. FT-IR spectrum of CugsZng sFe,O4 nano ferrites.
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Figure 4. N, adsorption-desorption curve of CugsZngsFe,O, nano fer-
rites.

Figure 3 depicts the FT-IR spectrum of the Cu,;Zn,;Fe,0,
nano ferrites. The vibrating mode noted at 526 and 408 cm™
is analogous to the spinel structure and corresponds to the
tetrahedral (A) and octahedral [B] interstitial stretchings of the
CugsZn,sFe,0, nano ferrites.!”)! The FT-IR analysis revealed
that the successful spinel phase formation of the Cu, ;Zn, ;Fe,0,
nano ferrites.

60

Cu, ¢Zn, ;Fe,O,

45 = Ms = 55.16 emu/g

30
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-45 o

L]
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Figure 5. M-H hysteresis curve of CugsZngsFe,O4 nano ferrites.
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Figure 6. Cyclic voltammetry plot (a) and Galvanostatic charge-discharge plot (b) of CugysZn, sFe,O4 nano ferrites.

2.4. Surface Area Analysis

The evaluation of specific surface area is a prerequisite in uti-
lizing the nano-scale platforms in super capacitive applications.
The surface area measurement was investigated by recording
the N, adsorption-desorption curve and BET analysis. Figure 4
depicts the N, adsorption-desorption curve of Cu,sZn,Fe,O,
nano ferrites. Figure 4 denotes the well-formed hysteresis curve
and matches well with that reported in the literature. The specific
surface area estimated from BET analysis was found to be 36.77
m? g and is superior to that reported in the literature for the
other nano ferrites.

2.5. Magnetic Analysis

The magnetic properties of the Cu,;Zn,Fe,O, nano ferrites
were investigated by VSM at room temperature.

The M-H hysteresis curve of the Cu,sZn,Fe,O, nano fer-
rites is displayed in Figure 5. It is noted from Figure 5 that,
CuysZn,Fe,0, nano ferrites possess superparamagnetic na-
ture. The saturation and remanence magnetization values are de-
termined from Figure 5 and are found to be 55.16 and 21.42 emu
g, respectively. Whereas, the coercivity value is almost zero.

2.6. Supercapacitive Analysis

The supercapacitive evaluation of the prepared Cu,sZn,;Fe,O,
nano ferrites was studied by measuring the specific capacitance
through the C—H instrument. The cyclic plot of Cu, sZn, ;Fe,O,
nano ferrites is shown in Figure 6a,b. It shows the well-developed
CV curve as desired for the supercapacitor applications.

The other plots such as the variation of capacitance with cur-
rent density and Nyquist of for the Cu, ;Zn, ;Fe,O, nano ferrites
were recorded and depicted in Figure 7a,b, respectively.
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Figure 7. Variation of capacitance with a current density (a) and Nyquist plot (b) of CugsZng sFe,O4 nano ferrites.
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All these plots show that Cu,, ;Zn,sFe,O, nano ferrites act as
excellent electrode material in supercapacitor with a high specific
capacitance of 162 F g1, an energy density of 21.2 Whkg™!, and a
power density of 480 Wkg~! at 1 Ag™!, and a good retention value
0f 91.25% after 500 cycles at 1 Ag™".

3. Conclusion

The nanocrystalline Cu, sZn, ;Fe,O, nano ferrites were success-
fully prepared via the coprecipitation route. Single-phase cubic
formation of Cu, sZn, ;Fe,O, nano ferrites without any impurity
peaks was confirmed by XRD analysis. FT-IR spectrum exposed
the occurrence of vibrating modes analogous to the cubic-spinel
ferrite structure of Cu,sZn,;Fe,0, nano ferrites. The magnetic
hysteresis curve displayed the superparamagnetic nature of the
CuysZn,sFe,0, nano ferrites. The Cu,;Zn,;Fe,0, nano fer-
rites act as excellent electrode material in supercapacitor with
a high specific capacitance of 162 F g~!, an energy density of
21.2 Wh kg™!, and a power density of 480 Wkg™' at1 Ag~! and a
good retention value of 91.25% after 500 cycles at 1 Ag™'.

4. Experimental Section

Materials:  Zinc nitrate hexahydrate (Zn(NO;),*6H,0), Copper(ll)
nitrate trihydrate (Cu(NO;),*3 H,0), Ferric nitrate nonahydrate
(Fe(NO3)3*9 H,0), Acetone (C3HgO), Distilled water (H,0), and
Ammonia (NH;) chemicals of AR grade (99% purity) were purchased
from Merck Millipore and used for the synthesis of Cug sZn, sFe,O4 nano
ferrites without any further purification.

Synthesis: The easy and economically cheaper coprecipitation route
was utilized for the preparation of Cug 5Zng s Fe,O4 nano ferrites. The de-
tailed synthesis procedure was reported in our previous articles.[?] In
brief, the corresponding metal ions (Cu, Zn, and Fe) with predefined stoi-
chiometry were dissolved in distilled water and continuously stirred for 1.5
h. Further, the precipitates were formed by the addition of the ammonium
hydroxide. The formed precipitates were then filtered and washed several
times by ethanol. The filtered precipitates in the powder form than dry in
the air atmosphere. The dried powder then sintered a 550 °C for 3 h to
attain superior crystalline nature and further used for characterizations.

Characterizations:  The structural analysis of the prepared sample was
studied by an X-ray Diffractometer (Model Miniflex, Rigaku International
Corporation, Japan) at Kavayitri Bahinabai Chaudhari North Maharashtra
University, Jalgaon. The morphology of the prepared sample was inves-
tigated via FE-SEM (Bruker). The FT-IR spectrum was recorded in the
wavenumber range of 400-4000 cm™' using FTIR Spectrometer (Model
Nicolet 380). The surface area was determined by BET analysis by BET
Surface Area Analyser (CAD Instruments, France). The super-capacitive
evaluation was done by the C—H instrument (CH Instruments; 660C,
1120) at Dr. Babasaheb Ambedkar Marathwada University, Aurangabad.

Acknowledgements

The author Dr. Prashant B. Kharat thankful to Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad, Kavayitri Bahinabai Chaudhari North
Maharashtra University, Jalgaon, and Tata Institute of Fundamental Re-
search, Mumbai for providing characterization facilities. Sandeep B. Som-
vanshi acknowledges the Department of Science and Technology (DST),
Govt. of India for the DST-INSPIRE Fellowship.

Conflict of Interest

The authors declare no conflict of interest.

Macromol. Symp. 2021, 400, 2100162

2100162 (4 of 4)

www.ms-journal.de

Data Availability Statement

The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Keywords

nanoparticles, morphology, FT-IR, X-ray

Received: April 15, 2021
Revised: June 27, 2021

[1] P. Narsimha, P. R. Kumar, K. R. R. Pandiyan, P. L. Suryawanshi, R.
Vooradi, K. A. Kishore, S. H. Sonawane, Synthesis of Nanomaterials for
Energy Generation and Storage Applications, Nanotechnology for Energy
and Environmental Engineering, Springer, 2020, pp. 215.

[2] Z.-S.Wu, G. Zhou, L.-C. Yin, W. Ren, F. Li, H.-M. Cheng, Nano Energy
2012, 1, 107.

[3] H.Wang, H. Dai, Chem. Soc. Rev. 2013, 42, 3088.

[4] P. Zhuang, Y. Sun, L. Li, M. O. L. Chee, P. Dong, L. Pei, H. Chu, Z.
Sun, J. Shen, M. Ye, Adv. Mater. 2020, 32, 1908072.

[5] S. B. Somvanshi, P. B. Kharat, M. V. Khedkar, K. Jadhav, Ceram. Int.
2020, 46, 7642.

[6] S. B. Somvanshi, S. R. Patade, D. D. Andhare, S. A. Jadhav, M. V.
Khedkar, P. B. Kharat, P. P. Khirade, K. Jadhav, J. Alloys Compd. 2020,
835, 155422.

[7] P. B. Kharat, S. B. Somvanshi, P. P. Khirade, K. Jadhav, ACS Omega

2020, 5, 23378.

S.R. Patade, D. D. Andhare, S. B. Somvanshi, P. B. Kharat, S. D. More,

K. M. Jadhav, Nanomater. Energy 2020, 9, 8.

[9] P.B.Kharat, S. More, S. B. Somvanshi, K. Jadhav, J. Mater. Sci.: Mater.

Electron. 2019, 30, 6564.

[10] P.B. Kharat, S. B. Somvanshi, . S. Kounsalye, S. S. Deshmukh, P. P.
Khirade, K. Jadhav, in AIP Conference Proceedings, AIP Publishing
LLC 2018, pp. 050044

[11] P.B. Kharat, S. B. Somvanshi, P. P. Khirade, K. Jadhav, J. Phys.: Conf.
Ser. 10P Publishing 2020, pp. 012028.

[12] P.B. Kharat, S. B. Somvanshi, K. Jadhav, J. Phys.: Conf. Ser. IOP Pub-
lishing 2020, pp. 012036.

[13] S.B.Somvanshi, P. B. Kharat, T. S. Saraf, S. B. Somwanshi, S. B. She-
jul, K. M. Jadhav, Mater. Res. Innovations 2020, 1.

[14] F. M. Ismail, M. Ramadan, A. M. Abdellah, I. Ismail, N. K. Allam, J.
Electroanal. Chem. 2018, 817, 111.

[15] K. Malaie, M. R. Ganjali, J. Energy Storage 2020, 102097.

[16] A.Wadatkar, P. B. Kharat, A. V. Ambhore, S. Onkar, J. Phys.: Conf. Ser.
IOP Publishing 2020, 012059.

[17] S.Rahman, K. Nadeem, M. Anis-ur-Rehman, M. Mumtaz, S. Naeem,
I. Letofsky-Papst, Ceram. Int. 2013, 39, 5235.
[18] ). Zhang, |. Shi, M. Gong, J. Solid State Chem. 2009, 182, 2135.
[19] D.S. Mathew, R.-S. Juang, Chem. Eng. J. 2007, 129, 51.
[20] C.-Y. Zhang, X.-Q. Shen, J.-X. Zhou, M.-X. Jing, K. Cao, J. Sol-Gel Sci.
Technol. 2007, 42, 95.

[21] S. B. Somvanshi, M. V. Khedkar, P. B. Kharat, K. Jadhav, Ceram. Int.
2020, 46, 8640.

[22] S. B. Somwanshi, S. B. Somvanshi, P. B. Kharat, J. Phys.: Conf. Ser.
IOP Publishing 2020, 012042.

[23] S. B. Somvanshi, S. A. Jadhav, M. V. Khedkar, P. B. Kharat, S. More,
K. Jadhav, Ceram. Int. 2020, 46, 13170.

[24] S. R. Patade, D. D. Andhare, S. B. Somvanshi, P. B. Kharat, K.
Jadhav, in AIP Conference Proceedings, AIP Publishing LLC 2020,
pp. 030557.

[8

© 2021 Wiley-VCH GmbH


http://www.advancedsciencenews.com
http://www.ms-journal.de

RESEARCH ARTICLE

I
\N_S; Macromolecular Symposia

www.ms-journal.de

Low-cost Fabrication of Zn-doped MnFe,O,
(Mny sZn, .Fe,0,) Film for H,S Gas Sensing Applications

Prashant B. Kharat,* Sandeep B. Somvanshi,* Saurabh B. Somwanshi,

and Anuja M. Mopari

Multicomponent spinel ferrites are essential to be used in high-performance
gas-sensing materials. In the present work, Mn, sZn, ;Fe,O, spinel ferrite thin
film is prepared via spray printing technique. The prepared film can be easily
retrieved and utilized for multiple cycles due to its magnetic properties. The
morphology, composition, and crystal structure of Mn, sZn, ;Fe,O, spinel
ferrite thin film are examined using scanning electron microscopy, infrared
spectroscopy, and X-ray diffraction. The produced films are in the range of
around 20 nm and manifest spinel cubic structure. The prepared film is tested
for its sensitivity to NO,, NH;, H, and H,S gases, and the Mn,, ;Zn, ;Fe,O,

magnetic materials (NMMs), nanoscale
spinel ferrites (NSFs) have been show-
ing great promise towards differ-
ent applications, including magnetic
hyperthermia,**!!l  photocatalytic ~ dye
degradation, nanocatalyst, and high-
frequency applications.[?l The NSFs have
been extensively explored in the nanopar-
ticle as well as thin-film form by many
researchers . The NSFs in the thin-film
form are much appealing in the area of

spinel ferrite thin film is found the most sensitive and selective to H,S gas.
The prepared Mn, sZn, ;Fe,O, spinel ferrite thin film shows enhanced
sensing performance functional at low temperatures, and consequently, they
need low operational power. They are also simple to fabricate at the

appropriate cost.

1. Introduction

Recently, the area of nanoscale technologies have been advanced
extensively in different areas such as electronics,!l catalysis,?]
photocatalysis,I*] gas sensing,[*] biomedicine,>¢] microwave in-
dustries, nanofluid,” etc. Among the class of nanoscale
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gas sensing due to their easy preparation,
superior chemical stability, better response,
and recovery time.¥] Among the NSF’s,
manganese ferrites (MNFs) are studied
broadly due to their extraordinary physic-
ochemical properties. The incorporation
of guest ions such as zinc in the matrix
of MNFs may offer synergistic properties
and may show improved properties for
gas sensing. In the past, NSF has been fabricated by various
methods in the thin film form.[**!>] Among these methods, the
spray printing method has some advantages like simple and
cost-effective experimental setup, uniform deposition, and bet-
ter homogeneity over the other deposition techniques . In the
present work, we report the simple and cheap fabrication of the
Mn, sZn, sFe,0, spinel ferrite thin film via spray printing tech-
nique. The structural, morphological, elemental, magnetic, etc.,
properties and gas sensing towards H, S was studied by standard
techniques.

2. Result and Discussion

2.1. Structural Analysis

The monophase formation and nanocrystalline nature of the
Mn,Zn,;Fe,0, thin film were verified by XRD analysis.
The XRD pattern of the prepared Mn,;Zn,;Fe,O, thin film
is displayed in Figure 1. It is observed from Figure 1 that,
Mn,Zn,sFe,0, thin-film possesses Bragg planes equivalent
to the cubic spinel structure. The most concentrated peak
was utilized to determine the crystallite size by using the
Debye-Scherrer’s relation!'®'7] and it was evaluated as 14.2
nm. The lattice parameter was determined by interplanar
spacing and (h k 1) values and is found to be 8.472 A. Some
background noises are recorded in Figure 1, which is attributed

© 2021 Wiley-VCH GmbH
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Figure 1. XRD pattern of Mng sZn, sFe, O, thin film.
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Figure 2. FE-SEM image of Mng 5Zn sFe,O, thin film.

to the amorphous nature of the glass substrate. It discloses the
successful preparation of Mn, ;Zn, ;Fe,O, thin film.

2.2. Morphological Analysis

The morphology of the Mn,;Zn, ;Fe,O, thin film was visual-
ized through FE-SEM. Figure 2 shows the FE-SEM image of
the Mn,sZn,;Fe,0, thin film. The sphere-type grains having
nano-shape with some agglomeration were broadly noted from
Figure 2. The agglomerations in the spherical grains appeared
due to the magnetic exchanging in between the Fe3* ions. The
denser morphology with some cracks can be observed from the
FE-SEM image of the Mn,;Zn,Fe,O, thin film. The average
grain size was determined from the FE-SEM image and is found
to be 17 nm.

Macromol. Symp. 2021, 400, 2100147

2100147 (2 of 4)

www.ms-journal.de

Mn 54.94 1.74 27.47
Zn 65.39 13.39 32.70
Fe 55.84 47.60 .69
0 16.00 21.28 64.00

. 235.86

T T T T T T T
P ¥ 2 3 & & B T B * W
ke
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Figure 4. M-H hysteresis curve of Mng sZn, s Fe, O, thin film.

2.3. Elemental Analysis

To confirm the pure phase formation and stoichiometric propor-
tions of the Mn,, sZn ;Fe,0, thin film, the EDAX spectrum was
recorded. Figure 3 shows the EDAX spectrum of the prepared
Mn,sZn,;Fe,0, thin film. It is observed from Figure 3 that,
the prepared Mn,sZn, sFe,0, thin film contains desired metal
ions viz. Mn, Zn, Fe, and O with proper composition. The ab-
sence of any other metal ions confirms the elemental purity of
the Mn, sZn, sFe, 0, thin film.

2.4. Magnetic Analysis

The magnetic properties of the Mn,;Zn ;Fe,O, thin film were
investigated by VSM at 300 K. The M-H hysteresis curve of the
Mn, sZn, ;Fe,0, thin film is shown in Figure 4. It is noted from
Figure 4 that, Mn, Zn, ;Fe,0, thin-film displays superparamag-
netic behavior. The saturation and remanence magnetization val-
ues were evaluated from Figure 4 and are found to be 63.11 and
26.44 emu g, respectively. Whereas, the coercivity value is al-
most insignificant (~0 Oe).
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Figure 5. Selectivity plot of Mng 5Zng sFe,O, thin film.

2.5. Gas Sensing Analysis

In addition to the response and recovery time, the selectivity
of the gas sensor is an important parameter for the application
in specific gas sensing. In the present study, the selectivity of
the prepared Mn,;Zn,sFe,O, thin film was determined by ex-
posing it to the different gases viz. H,S, NH;, SO,, NO,, and
Ethanol with 40 ppm concentration. The selectivity plot of the
Mn, sZn, ;Fe,0, thin film is shown in Figure 6. It is noted from
Figure 6 that, Mn, ;Zn, sFe, O, thin film shows a higher response
to the H,S gas as compared to the other gases. The response
to the other gases (NH;, SO,, NO,, and Ethanol) is very much
low as compared to the H,S, which shows that the prepared
Mn, sZn, ;Fe,O, thin film is more specific to the H,S gas sens-
ing.

To apply the prepared thin film in the area of the gas sensor,
it should show a higher response, low recovery time, and greater
cross selectivity. In the present study, the H,S gas sensing re-
sponse of Mn,, s Zn,, ;Fe,0, thin film was studied for different gas
concentrations viz. 0.5, 1.0, 2.5, 5.0, 7.5, and 10 ppm. The H,S
gas sensing curves of Mn,Zn,;Fe,0, thin film are shown in
Figure 5. It is observed from Figure 5 that, with an increase in
gas concentration, the Mn, sZn,;Fe,0, thin film shows a bet-
ter response. Response of the prepared thin films was increas-
ing linearly for increasing gas concentration.['®1?] The enhanced
response and recovery time of the Mn, ;Zn, ;Fe,0, thin film is
observed from Figure 5.

3. Conclusion

The Mn,;Zn,;Fe,0, thin film was successfully prepared via
the spray printing technique. Single-phase cubic formation of
Mn,sZn, sFe,0, thin film without any impurity peaks was con-
firmed by XRD analysis. The magnetic hysteresis curve dis-
played the superparamagnetic nature of the Mn,;Zn,Fe,O,
thin film. The enhanced response time and recovery time of
the Mn,;Zn, ;Fe,0, thin film were observed. The response to
the other gases (NH;, SO,, NO,, and Ethanol) is very much
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Figure 6. H,S gas sensing curves of Mng sZn sFe, O, thin film.

low as compared to the H,S, which shows that the prepared
Mn, sZn, sFe,0, thin film is more specific to the H,S gas sens-
ing. The prepared Mn sZn, s Fe,0, spinel ferrite thin film shows
enhanced sensing performance functional at low temperatures,
and consequently, they need low operational power. They are also
simple to fabricate at the appropriate cost.

4. Experimental Section

Materials: Manganese(ll) nitrate tetrahydrate (Mn(NO;),*4H,0),
Zinc nitrate hexahydrate (Zn(NO;),*6H,0), Ferric nitrate nonahydrate
(Fe(NO3)3*9 H,0), Acetone (C3H¢O), and Distilled water (H,0) chemi-
cals of AR grade (99% purity) were purchased from Merck Millipore and
glass substrates used for the synthesis of Mng sZn, sFe,Oy4 spinel ferrite
thin film without any further purification.

Synthesis:  The spray printing as a simple and cheap fabrication route
was employed for the preparation of Mng 5Zng sFe,O, spinel ferrite thin
film. In brief, the respective metal ions (Zn, Mn, and Fe) with proper sto-
ichiometric proportion were dissolved in distilled water and stirred for
1 h. The stirred solution was then filled in the vacuum cleaned spray noz-
zle. The glass substrates used for deposition were super cleaned by dis-
tilled water and ultrasonicator. The cleaned substrate was then kept under
the spray nozzle on the hot plate. The temperature of the hot plate was
kept as 300°C. Further, the precursor solution was sprayed onto the sub-
strates with optimized parameters as reported in our previous report. The
sprayed thin film was then cooled and annealed at 550°C for 4 h to get
better crystallite and used for further characterizations.

Characterizations: The structure of the prepared thin film sample was
studied by an X-ray Diffractometer (Bruker D8 Advance). The morphology
of the prepared sample was visualized via FE-SEM (JEOL-JSM). The FT-
IR spectrum was recorded in the wavenumber range of 400-4000 cm™!
by FTIR Spectrometer (Model Nicolet 380). The M-H hysteresis plot was
recorded through a vibrating sample magnetometer (VSM) at TIFR, Mum-
bai. The gas sensing properties were investigated through an indigenously
developed Gas sensing unit.
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