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Abstract: In stream sand mining disturbs dynamic equilibrium of aquatic ecological factors which have repercussive effects on
physicochemical parameters and on phytoplankton. Water samples collected on the basis of mining load at three key points, no mining
sites, mining sites and down of mining sites in pre monsoon, monsoon and post monsoon. Selected physicochemical parameters were
analyzed following standard protocols of APHA and phytoplankton by Sedgwick Rafter counting cell and identified with the help of
Bellinger and Sigee. In the river water, measured mean value of cations TZ *52.96 mg/L) predominate over anions TZ-(29.35 mg/L).
Hike in mean value of silica particles (33.94 mg/L) and turbidity (31.96 mg/L) also noted at sand mining sites, which attenuate
transmission of sun rays in to water by reflecting most of the incident rays when it strikes on nano particles dispersed in turbid water.
Phytoplankton also depleted with heaps of sand taken out from river bed. All these reduce primary productivity of the aquatic
ecosystem. Bacillariophyceae identified as dominant group due to abundance of silica particles and alkaline nature of Sone water.
Other genera of Chlorophyceae, Cyanophyceae and few species of Chrysophyceae were also identified.

Keywords: Anthropogenic activities, in stream mining, phytoplankton, primary productivity, turbidity

parameters and phytoplankton composition of Sone River in
Koelwar area near Bihta, Bihar, India.

1. Introduction

River Sone is one of the tributaries of the Ganges. It
originates in Amarkantak in Madhya Pradesh and runs about
784 km to arrive in Bihar. Sone water carries silica particles
with its flow due to silicate weathering (Sarin et. al, 1989) * 1)
and deposit in the catchment area. Indiscriminate scooping
of sand and silica particles from river bed cause ecological 2)
effects (Sheeba 1999) 2. In stream sand mining is rampant in
the study area due to high demand of construction grade
sand and this activity has also caused changes in physico-

Aims and objectives of this study

To evaluate the effects of in stream sand mining on
physico-chemical parameters of river water

To determine density & diversity of phytoplankton at
reference sites, sand mining sites & downstream of sand
mining site.

chemical parameters of sone water to some extent which
adversely affected the phytoplankton communities. Minor
changes in physico-chemical parameters can influence
primary productivity in river ecosystem (Sharma et. al
2007).3

A number of studies have been conducted in relation with
physico-chemical parameters and phytoplankton
communities in India. Chandrabhaga River (Sharma et. al,
2007) *, Yamuna River (Chopra et. al, 2012) *, Jhelam River
(Hafiz 2014) °. But no study has been conducted on in
stream sand mining in relation with physico-chemical

2. Material and Methods

(a) Study Area: Koelwar area near Bihta was selected in
this study. It is situated at the junction of Bhojpur and Patna
District connected with Rail Road Over Bridge called Abdul
Bari Bridge. Across the River Sone, NH (National Highway)
30 passing through the Bridge. The coordinate of study area
is 2535°N, 84048°E/25°58°N, 84°80°E, 5.5 km away from
Bihta and 29.8 km from Patna. It is an area of hectic in
stream sand mining activities known for fine grade sand.
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Figure 1: Sampling sites

(b) Sample Collection: The water samples were collected in
three different seasons, Pre: monsoon (March-June),
Monsoon (July-October) and Post Monsoon (November-
January), in 1 liter sampling bottles. Sampling was done in
the morning between 9 AM to 11 AM, just below the water
surface to avoid surface contamination. Three sampling sites
[Figure 1] were selected in the marked coordinate area based
on mining load. Site S;: reference site where no mining
occurred, Site S,: in stream mining site and Site Sj:
downstream of mining site.

(c) Experimental: Parameters analyzed were Temperature
(Tem), Hydrogen ion concentration (pH), Turbidity (TRB),
Biological Oxygen Demand (BOD), Dissolved Oxygen
(DO), Calcium (Ca), Magnesium (Mg), Phosphate (PO,),
Nitrate, (NOs) and Silica (Si). Water temperature, turbidity
and pH were measured in-situ using the centigrade (0-110
°C) thermometer, Metzer Digital Turbidity Meter (Model-
5D1M) and Toshcon Multiparameter Analyzer, respectively.
Other physicochemical parameters were analyzed by
standard methods outlined in (Trivedy and Goel, 1984;
Wetzel and Likens, 1991; APHA, 2005) ® " % The
quantitative and qualitative analysis of phytoplankton were
made on the annual mean basis under a microscope in
Sedgwick Rafter Counting Cell and calculated according to
Welch (1952) by applying formula, n = a (1000) C a/l.
Where, n = number of phytoplankton per liter of original
water (units I-I), a = average number of phytoplankton in
counting units of 1cu. mm capacity, C = volume of original
concentration in c. c. (counting cell), | = volume of original
water expressed in liter. Phytoplankton were identified with
the help of Sarode and Kamat (1990) °, Bellinger and Sigee
(2010) *°.

3. Results & Discussion

(A) Physico-Chemical Parameters

Assessment of the impact of in stream sand mining on
physico-chemical parameters and on the distribution of
phytoplankton is essential for ascertaining the status of
aquatic ecosystem. In stream sand mining, cause changes in
variables of physico-chemical parameters which have

marked effects on primary producers in the aquatic
ecosystem. It also affects distribution of phytoplankton
community (Sharma et. al, 2007) *. Sone water quality is
controlled by silicate weathering, alkalinity of water which
causes release of silica particles (Krauskopf K B., 1959) ™,
anthropogenic activity like sand mining is the apparent
cause of temporal changes in physico-chemical parameters
and on phytoplankton diversity.

Temperature: Optimum temperature is essential factor
which controls metabolic activities in living system. Their
lower mean values recorded 15°C during winter period and
higher mean value 36.5 °C noted during summer season.
More over water temperatures is related with season,
geographic location, diurnal rotation of earth and sampling
time

pH: pH is quantitative measure of the acidity or basicity of
aqueous medium. It influences biological and chemical
process in aqueous medium (Ahmed et. al; 2011) *?, changes
in pH also influence the process of buffering of the system
in the medium (Deepshikha; 2008) *3. Maximum pH + 8 was
recorded during post monsoon and lowest pH 7.43 during
monsoon. It indicates that Sone water is alkaline. Alkaline
water promotes growth in primary producers (Kumar and
Prabhahar 2012) **. The same findings were also worked out
by (Ishaq & Khan 2013) *°.

Turbidity: Turbidity is an expression of amount of light
scattered by material particles present in water whether in
dissolved or suspended form. The higher the intensity of
scattered light more the turbidity of the medium. Turbidity
of the Sone water becomes higher during monsoon season
>28.98 NTU at mining sites, much higher than the
prescribed limit (5 NTU WHO) and low <10.63 NTU at
reference sites in pre monsoon. Similar result was also found
by some other workers, (Sharma et. al, 2009) *°, (Jindal et.
al, 2011) ™. Rise in turbidity during monsoon season is due
to shaking of sediments by sand mining process and the
flooding spate of water. (Pankaj Kumar 2015) *®. Other
causes of variations were suspension of fine particles which
increase turbidity significantly. Hike in turbidity adversely
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effects primary productivity due to decrease in the

photosynthetic activities.

Biological Oxygen Demand: Biological Oxygen Demand
remains below prescribed limit (6.0 mg/L WHO) at all the
sampling stations in three seasons. Its mean value during

premonsoon > 1.54 mg/L, monsoon <1.03 mg/L, in
monsoon >1.72 mg/L to 1.35 mg/L and in postmonson
>1.61 mg/L to 21.12 mg/L remains respectively. Lower
BOD value indicates less organic material to be degraded.

Table 1: Mean value of physico-chemical variables

Seasons Sampling sites [Tem| pH | TRB |BOD|DO | Ca | Mg [PO,| NO3 | Si

S1 27 |7.61|10.63|1.03 |6.65| 68.9 |26.88|2.22|20.71|30.21

Pre monsoon S2 36 |7.89(20.92|1.54 |5.61| 62.2 |20.17|3.26|27.32|33.22

S3 35 |7.79(14.31| 1.06 |6.12|66.61|25.61|3.05|21.75|33.54

S1 32 |7.43|15.54|1.35 |6.45| 65.9 |24.13|3.87|25.25|32.88

Monsoon S2 36 |7.96|28.98|1.72 |5.85| 58.6 |20.444.74|30.52|37.19

S3 35 |7.72|28.22| 1.51 |5.86| 65.5 |24.26 |4.18|26.12|34.76

S1 17 |7.59]11.94]11.12 |6.25]| 69.2 |18.25|2.97|22.83 |28.52

Post monsoon S2 15 |8.06| 28.9 | 1.61 |5.45| 59.2 [18.68 |3.25|22.44 (32,51

S3 15 |7.84]26.38] 1.52 |5.85| 65.9 |20.43|3.51[20.95|31.85
Abbreviation:  Tem-Temperature, pH-Hydrogen ion  Calcium: Calcium concentration remains below the
concentration, TRB-Turbidity, BOD-Biological Oxygen  permissible limit (75 mg/L BIS) at all the sampling sites. It
Demand, DO-Dissolved Oxygen, Ca-Calcium, Mg- varies between +68.9 mg/L to +62.2 mg/L during pre
Magnesium, PO, Phosphate, ~ NOs-Nitrate, ~ Si-Silica,  monsoon, +65.9 mg /L to £58.6 mg /L. during monsoon and

(Measurement scale, Tem in °C, TRB in NTU, all other
parameters in mg/L)

Dissolve Oxygen: During the study period DO remains
above the prescribed limit (5 mg/L WHO) at all the
sampling stations in pre monsoon, monsoon and in post
monsoon. Higher DO value indicates less organic matter to
be degraded by biological activities and more photosynthetic
activities in aquatic environment. It was >6.65 mg/ L during
pre-monsoon and >5.85 mg/L at during monsoon. Higher
DO during pre-monsoon was due to high photosynthetic
activity (Ravindra et. al, 2003) *°. High DO value was also
recorded during pre-monsoon by other workers (Pejman et,
al, 2009) %. Variations in the amount of DO is also related
\2/\1/ith seasonal variations in temperature, (Singh et. al.1999)

+69.2mg / L (Sy) to £59.2 mg/ L (S,) during post monsoon.
This variation in calcium concentration was due to change in
water dilution and variation in temperature.

Magnesium: Variation in magnesium concentration was
also noted but it remains below standard limit (30 mg/L
BIS). During premonsoon it was +26.88 mg/L (S;) to £20.17
mg/L (S,), during monsoon +24.26 mg/L (S3) and +20.44
mg /L (S;) and in post monsoon +20.43 mg/L (S3) to £18.25
mg/L (Sy respectively. The variation was related with
precipitation and evaporation effects (Kumar and Singh
2018) *2. Magnesium is component of chlorophyll and
limiting factor of photosynthesis.
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Graph 1: Concentration of physicochemical variables during premonsoon, monsoon and postmonson at reference sites,
miming sites and downstream of mining sites.

Phosphate: Mean concentrations of phosphate remains
below permissible limit (5 mg/L), in all the three seasons.
During premonsoon +3.26 mg/L to £2.22 mg/L, monsoon
+4.74 mg/L to +3.87 mg/L and post monsoon +3.51 mg/L to
+2.97 mg/L respectively. Concentration difference were due
precipitation during rainy season, reduction in water content

during summer due to evaporation and as superfluous water
recedes after rainy season.

Nitrate: Nitrate concentration was below the permissible
limit (45 mg/L, BIS). It varies between >27.32 mg/L to
<20.71 mg/L to <27.32 mg/L during pre monsoon, in
monsoon >30.52 mg /L to <25.25 mg /L and in post
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monsoon it ranges between >22.83 mg /L (S;) and
<20.95mg/L (Ss). Higher concentration of Nitrate during
monsoon was due to runoff water from nearby agricultural
field. (Kannel et. al.2007) %,

Silica: Concentration of silica in the Sone River water is
higher than the Indian standard (25 mg/L) due to hectic sand
mining activities. Alkaline nature of river water also
enhances the solubility of silicates and favors release of
silica in water (Kraus Kopf 1959) 2. In pre-monsoon it was
higher >33.54 mg/L at (S3) and lower <30.21 mg/L at (Sy).
In monsoon season its concentration varies between >37.19
mg /L at (S,) to <32.88 mg/L at (S;) and in posts monsoon it
was recorded > 3251 mg/L (S,) to <28.52 mg/L (S,).
Concentration of silica becomes higher, due to up heaving of
bed material in the mining process and flux of water in the
catchment area. Turbidity is also increased in the process up
to (35NTU) in comparison to permissible limit (5 NTU
WHO) % due to dispersion of fine silica particles in the
medium.

(B) Botanical Parameter

Phytoplankton are vital biological component from which
the energy is transferred to higher trophic level through food
chain. The environmental health of an aquatic ecosystem
depends upon spatial temporal distribution, species
composition, relative abundance and biomass of
phytoplankton  composition  (Khattak et, al.2005).
Bacillariophyceae were identified major groups of
phytoplankton (55%) followed by Chlorophyceae (25%),
Cyanophyceae (15%) and Chrysophyceae (05%). The
density and distribution of phytoplankton in aquatic
ecosystem controlled by Physico-chemical parameters (Negi
et. al.2012) *. Higher density of phytop. lankton was
recorded during winter 224/L at reference site where no
mining take place and lower density 55/L at mining site
during monsoon. Over all phytoplankton density shows
similar trend in indifferent sampling sites but phytoplankton
richness was different at different sampling stations. This
may be due to variations in physico-chemical parameters of
river water.

Bacillariophyceae

Highest richness of Bacillariophyceae was recorded in River
Sone. The water stream is rich in silica particles and alkaline
in nature which favors growth of Bacillariophytes. Eight
species identified during study period Fragilaria capucina,
Cymbella furgidula, Cymbella fumida, Gomphonema
parvulum, Gomphonema gracilis, Navicula gracilis,
Nitzschia palea and Melosira granulate. Maximum density
of Bcillariophyceaewas during winter at reference site,
205/L (S1z) and minimum 51/L during monsoon at sand
mining site (S,) calculated on annual mean basis, (Fig: 1).
Similar findings were also reported in River Ganga and its
tributaries in the Garhwal Himalayas (Negi et. al.2012) %,

Chlorophyceae

Four species of Chlorohyceae were identified in River Sone.
These are Microspora aquabilis, Closterium acerosum,
Spirogyra and Pediastrum duplex. Its higher density (110/L)
was recorded during winter season at undisturbed reference
site (Sla) and lower density (22/L) during summer and

monsoon at instream mining site (S2b), calculated on annual
mean basis, (Fig:-1&2). Low density during summer
attributed to intense sand mining, high temperature, low
nutrient availability and lower DO. Higher density during
winter may be due to higher DO, low temperature naturl
environment and efficient utilization of nutrients by
Phytoplankton (Sharma R C, 2016) .
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Graph 2: Diversity of phytoplankton at (1) Reference sites,
(2) Sandmining sites and (3) Downstream of mining sites.
Calculated on annual mean basis. (Cells/L)
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Graph 3: Fig.6. Density of phytoplankton in three different
seasons (1) Winter, (2) Summer and (3) Monsoon,
calculated on annual mean basis, (Cells/L).

Cyanophyceae

Two dominant species of Cyanophyceae,
Microcystisaeruginosa  and  Ocillatorialimosa  were
identified. Its density was highest at reference site 15/L (Sj.)
and lowest 08/L at mining site (S,,) calculated at annual
mean basis, (Fig:-1). They are major components of primary
producer in River Ecosystems. Cyanophyceae are very
common and important member of algal communities and
major functional components in several river systems
throughout the world (Khattak, et al 2005) .

Chrysophyceae

Low density of Chrysophyceae was identified among the
phytoplankton community in Sone water. A mixophyte
Dynobryon sertularia was identified. D sertularia was also
reported major chrysophytes in aquatic ecosystem by Sushil
S. Dixit et al. in the study of Ontario lakes (Canadian
Journal of Fisheries and Aquatic Science 1998). Its highest
density was 08/L, at pH 8 and lowest 05/L at pH 6. D
ggzrtularia grow well at higher pH. (Behan Tas et. al, 2010)
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(4)

(7)

4. Conclusion

The present study summaries the changes in physico-
chemical parameters of Sone water due to in stream sand
mining at Koelwar and their impact on phytoplankton
community. Sone water is alkaline; cations predominate
over anions with higher concentration of silica particles.
Higher richness of Bacillariophyceae was found in presence
of alkaline pH. Reference sites were undisturbed areas
marked with higher phytoplankton density. Minimum
density of phytoplankton was recorded at in stream mining
sites; it may be due to rise in turbidity, higher concentration
of silica particles, hike in suspended load, low transmittance
of solar radiation and low photosynthetic activities due to in
stream sand mining. Phytoplankton also depleted in the
course of extraction of sand from water. Considerable
recovery in water quality and phytoplankton density noted in
downstream of sand mining sites. Overall the study provides
an assessment of in stream sand mining in the aquatic
environment of River Sone water, at Koelwar, Bihar, India.

At present sand mining has opened a new avenue of
extensive economic activities. It earns huge exchequer to
government in the form of royalty, generates employment to
manual workers, gain in transportation and necessitated in
infrastructure development. In such a condition it is
inevitable to be banned but necessitates rationalizing the in
stream sand mining practices scientifically in order to save
aquatic environment.

(2)
(5)

(8)
Photo: (1) Dinoflagellate with spine like extension of hypotheca. (2) Dinoflagillate with enlarged, flattened epitheca. (3)
Dinoflagillate with wing like extensions of hypotheca and epitheca. (4) Gelatinous colony of diatom. (5) Diatom with ciliate
extension. (6) Dinoflagellate with intercingular chamber. (7) Chain forming diatoms with long setae surrounding the cells. (8)

Colonial green algae. (9) Alveolate: Dinoflagellate

(9)

References

[1]

(2]

(3]

[4]

[5]

6]

Sarin M M, Krishnaswamy S, Dilli K, Somayajulu B
L K and Moore W S, (1989): Major ion chemistry of
the Ganga— Brahmaputra river system: Weathering
processes and fluxes to the Bay of Bengal; Geochim.
Cosmochim. Acta 53), 997-1009.

Sheeba. S. (1999): Certain aspects of Ecology of
Ithikkara River. PhD Thesis. Mahatma Gandhi
University of Kerala, Trivandrum.3 Sharma A,
Sharma R C. Anthwal. A (2007): Monitoring
phytoplankton  diversity in the hill stream
Chandrabhaga in Garhwal Himalayas; Life Sci. J
4.80-84.

Sharma, C., Jindal, R., Singh, U. B., Ahluwalia, A. S.,
Thakur, R. K., (2013): Population dynamics and
species diversity of plankton in relation to
hydrobiological characteristics of river Sutlej, Punjab
India. Ecol. Environ. Conserv.19, 717-724. [1]
Chopra. G., Bhatnagar. A., Malhotra P, (2012):
Limnochemical characteristics of river Yamuna in
Yamunanagar. Haryana, India. Int. J. Water Resour.
Environ. Eng 4.97-104.

Hafiz, B. Z., Pandit, A. K., Shah, J. A, 2014.
Phytoplankton community of river Jhelum in Kashmir
Himalaya. J. Environ. Sci. Technol.7, 326-336.
Health 6., 141 148.

Trivedi, R. K, Goel, P. K. (1984): ”Chemical and
Biological Methods for Water Pollution Studies”,
Environmental Publication Karad,), pp 1-22.

Paper ID: SR211004082749

Volume 10 Issue 10, October 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

DOI: 10.21275/SR211004082749

971



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2020): 7.803

[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Wetzel, R. G, G. E Likens, (1991): Limnological
analysis, Springer,

APHA.. (2005): American Public Health Association,
Standard Methods for the Examination of Water and
Wastewater.

Sarode, P. T., Kamat, N. D, (1984): Freshwater
Diatoms of Maharash-tra. Saikripa rakashan,
Aurangabad, India,), pp.1-338.

Bellinger, E. G., Sigee, D. C., (2010): Freshwater
Algae (ldentification and Use as Bioindicators).
Wiley— Blackwell, pp.1-243.

Krauskopf K B., (1959): The geochemistry of silica
in sedi-mentary environments; In: Silica in sediemnts
(ed.) Ire-land H A, Soc. Econ. Palaeontol. Mineral.
Spec. Publ.7 4-19.

Ahmad T, Khanna P, Chakrapani G J and
Balakrishnan S (1998): Geochemical characteristics of
water and sediment of the Indus river, Trans-
Himalaya, India: Constraints on weathering and
erosion; J. Asian Earth Sci.16 333-346.

Deepshikha G, Singh RV, Sathish KM; (2008):
Physico chemical analysis of ground water quality of
Bharatpur district during the pre-monsoon season.
Indian J. Environ and Ecoplan.15 (1-2): 141-146.
Kumar. M. P., Prabhahar. C., (2012):
Physicochemical parameters of river water a review.
Int. J. Pharm. Biol. Arch.3.1304: 1312.

Ishag, F., Khan, A., (2013): indicator for water quality
criteria of river Yamuna in Doon Valley, Uttarakhand,
India. World J. Fish Mar. Sci.5, 322-334.

Sharma. A., Sharma. R. C., Anthwal. A. (2009):
Monitoring phytoplankton diversity in the hill stream
Chandrabhaga in Garhwal Himalyas. Life Sci. J 4).80:
84.

Jindal, R., Sharma, C., (2011): Studies on water
quality of Sutlej River around Ludhiana with
reference to physicochemical parameters. Environ.
Monit. Assess.174, 417-425.

Pankaj, Kumar Singh., A. N. Srivastava., R. Mohan.
D, (2015): Assessment of seasonal variation in water
quality dynamics in River Varuna A Major Tributary
of River Ganga. Int. J. Adv. Res 3 (3) 1176-1193.
Public Health ion, inc Associate.

Ravindra, K., Ameena, Meenakshi, Monika, Rani,
Kaushik, A., (2003): Seasonal variations in
physicochemical characteristics of river Yamuna in
Haryana and its ecological best designated use. J.
Environ. Monit.5, 419-426.

Pejman, A. H., Bidhendi, G. R. N., Karbassi, A. R.,
Mehrdadi, N., Esmaeili, M. B, (2009): Evaluation of
spatial and seasonal variations in surface water quality

using multivariate statistical techniques. Int. J.
Environ. Sci. Technol.6.467-476.
Singh A K and Hasnain S | (1999):

Environmetal geochemistry of Damodar river basin-
east cost of India Environ. Geol.37 124-136.

Kumar D., Singh S K, (2018): Assessment of Effect
of Sand Mining on Physico—Chemical Parameters of
Sone Water at Koelwar, Inda. Indian Journal of
Environmental Protection 38. (12), 1025.

Kannel, P. R., Lee, S., Lee, Y. S, Kanel, S. R,
Pelletier, G. J., (2007): Application of automated
QUAL2Kw for water quality modeling and

[24]

[25]

[26]

[27]

[28]

[29]

management in the Bagmati River, Nepal. Ecol.
Modell 202 503-517.

Krauskopf K B., 1959, The geochemistry of silica in
sedi-mentary environments; In: Silica in sediemnts
(ed.) Ire-land H A, Soc. Econ. Palaeontol. Mineral.
Spec. Publ.7 4-19

WHO (2008): Guidelines for drinking water quality.
World Health Organization. Geneva.

Negi, R. K., Joshi, P. C., Negi, T., (2012): Seasonal
variation and species compositio of phytoplankton in
Ganga River and its tributary at Garhwal region,
Uttarakhand, India. Int. J. Environ. Ecol. Family
Urban Stud.2.24-3

Sharma R C, (2016): Biodiversity of upper Ganges:
statatus, stress and management. In: Sinha; R K
Ahmaed. B. (Eds). River for Life-Proceeding of the
International Symposium on River Biodiversity:
Ganga: Brahmputra —Meghna River System.
Ecosystem for Life, A Bangladesh-India Initiative.
IUCH. International Union for Conservation of
Nature; pp 15-30.

Khattak, T. M., Bhatti, N., Murtaza, G., (2005):
Evaluation of algae from the effluent of Dandot
Cement Company, Dandot, Pakistan. J. Appl. Sci.
Environ. Manage.9, 147-149.

Beyhan Tas., Arif Gonulol., Erol Tas. (2010):
Seasonal Dynamics and Biomass of Mixotrophic
Flagellate  Dianobryon  sertularia  Ehrenberg
(Chrysophyceae) in Derbent Reservoir (Samsum,
Turkey). Turkish Journal of Fisheries and Aquatic
Science, 10.305: 313.

Author Profile

Dhirendra  Kumar, Research  Scholar &
Corresponding author A. N Collage, Patna, 800013.

Sushil Kr Singh, Associate Professor, Department of
Botany & Incharge, Biotechnology, A. N Collage,
Patna, 800013, Bihar, India. (Supervisor of the
Research Work)

Volume 10 Issue 10, October 2021

WWW.ijsr.net

Licensed Under Creative Commons Attribution CC BY

Paper ID: SR211004082749

DOI: 10.21275/SR211004082749

972


http://refhub.elsevier.com/S1687-4285(15)00082-5/h0040
http://refhub.elsevier.com/S1687-4285(15)00082-5/h0040
http://refhub.elsevier.com/S1687-4285(15)00082-5/h0040
http://refhub.elsevier.com/S1687-4285(15)00082-5/h0040



