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Standardized precipitation index based dry and wet conditions over a dryland 
ecosystem of northwestern India 

1. Introduction 

Drought events and their related impacts on society and 
environment are expected to increase due to changing 
climate (Bates et al., 2008; Dai, 2011; Romm, 2011). Over 
the years, several drought indices such as Palmer 
Drought Severity Index (PDSI) (Palmer, 1965), Rainfall 
Anomaly Index (RAI) (Van Rooy, 1965), Surface Water 

Supply Index (SWSI) (Shafer & Dezman, 1982), Palfai 

Aridity Index (PAI) (Palfai, 1990), Standardized 

Precipitation Index (SPI) (Mckee et al., 1993), 
Vegetation Condition Index (VCI) (Kogan, 1995), 
Effective Drought Index (EDI) (Byun & Wilhite, 1999), 
Reconnaissance Drought Index (RDI) (Tsakiris et al., 

2007), Perpendicular Drought Index (PDI) (Ghulam 

et al., 2007), Standardized Runoff Index (SRI) (Shukla 

& Wood, 2008) and Standardized Precipitation 
Evaporation Index (SPEI) (Vicente-Serrano et al., 2010) 

have been developed and used by scientists for identiica 

tion and management of drought around the world. 

Mishra and Singh (2011) have comprehensively reviewed 
the merits and demerits of these indices under diverse 

conditions. Of the above indices, SPl suggested by Mckee 

et al. (1993) have distinct merits consisting of simplicity 

to calculate, broader applicability, tailored for multiple 

time scale, incorporates only rainfall as input data and 

least affected by geographical and topographical 
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Droughts are extreme meteorological and hydrological events having severe impacts on the 
natural environment and socioeconomic conditions of the affected region especially over 
a dryland ecosystem ike Rajasthan state in northwestern India. Therefore, in this paper an 
attempt has been made to investigate the dry and wet conditions over the state based on 
standardized precipitation index (SPI). For this study, diurnal rainfall data of 33 stations have 
been procured and used for the period 1961-2017. The analysis has been carried out at 
different time scales i.e. early, mid, late, whole rabi season and annually. To examine the trends 
in rainfall and SPl, Mann-Kendall test has been applied. Spatial plotting of rainfall and SPl has 
been done by means of inverse distance weighting interpolation technique. The analysis has 
shown an increasing trend in annual SPl over majority of stations (23 stations), with significant 
increasing trend at5 stations (significant at 95% confidence level). Seasonally, incremental 
drying conditions have been witnessed during mid- and late rabi seasons, which are opposite 
to early rabi season when about 70% of the stations have witnessed wetting conditions. Almost 
all the stations have evidenced severely dry years except Banswara, Barmer, Nagaur and Sirohi 
stations. Overall, the northwestern, southeastern and northeastern parts have suffered from 
high drought severity, whereas central regions have relatively low severity of droughts. Finally. 
the results of this study may be beneficial for decision makers in formulating water manage 
ment policies to mitigate the impact of dryness and wetness. 
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differences (Bazrafshan et al., 2014). Of late, SPI has 

been extensively used in estimation, monitoring, watch 
ing and forecasting of droughts universally (Spinoni 
et al., 2014) as well as in several realms namely, Africa 
(Dhurmea et al., 2019; Dutra et al., 2013), Europe (Barker 

et al., 201l6; Karabulut, 2015), North America (Ford & 
Labosier, 2014), South America (Seiler et al., 2002), West 

Asia (Awchi & Kalyana, 2017; Mossad & Alazba, 2018; 
Mustafa & Rahman, 2018; Zakhem & Kattaa, 2016) and 
South-East Asia (Bong & Richard, 2019; Du & Shi, 2013; 
Kundu et al., 2020; Rahman et al., 2018; Zin et al., 2013). 
Apart from this, SPI has been modelled using geostatis 

tical techniques to generate spatial maps (Bhuiyanet al., 
2006; Sharafati et al., 2020). 
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India has a history of droughts, facing 22 major 
droughts between 1871 and 2002. Likewise, about 16% 

of its total geographical area is drought prone, annually 

aflecting approximately 50 million people (Prabhakar & 
Shaw, 2008). Droughts are of nnajor concern in 
Rajasthan state of India because much of the state is 

highly drought prone experiencing drought very fre 
quently (Dutta et al., 2015). The state has witnessed 
recurring and prolonged droughts of about 3-4 years 
in a cycle of 5 years with water scarcity almost 

every year, resulting a disruption in the socio 

economic development. Pingale et al. (2014) have 
reported a significant increasing trend in temperature 
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Abstract 

Drought vulnerability is the extent to which an area is susceptible to damage as well 
as causing a threat to human society. Drought frequently occurs in the Indian state of 
Rajasthan, and so far, very little attention has been paid towards its vulnerability assess 
ment. Therefore, the present study focuses on a spatial multi-criteria integrated technique 
for an all-out drought vulnerability assessment and mapping consisting of geographic 
information systems (GIS) and analytic hierarchy process (AHP) techniques. The data have 
been acquired from various secondary sources pertaining to a total of 16 indicators under 
meteorological (rainfall, temperature and evapotranspiration), hydrological (hydrogeology, 
elevation, groundwater level, groundwater development and surface water bodies), agri 
cultural (available water holding capacity of soils, land use and slope) and socio-economic 
(density of population, female-to-male ratio, irrigated land, agriculture-dependent popula 
tion and deep tube wells) drought categories. Further, spatial layers for each category have 
been developed by various GIS operations followed by the calculation of weights for each 
drought category and type employing pair-wise comparison matrices by means of AHP 
criterion. Aflerwards, individual drought category and comprehensive drought vulnerabil 

ity maps have been prepared by employing the weighted overlay technique. The generated 
maps have effectively displayed the areal spreads and levels of drouht vulnerability with 
respect to normal, mild, moderate. severe and extreme category of droughts. The findings 
from this study have demonstrated a proncness of severe to extreme drought vulnerability 
in 25% area of the state. Distinctively, the eastern, western, central and small pockets of 
south-western parts of the state have witnessed severe to extreme drought vulnerability. 
while the remaining areas have demonstrated normal to moderate drought vulnerability. 
The results of the overall drought vulnerability have been validated by employing normal 
ized difference vegetation index and past occurrence of drought disasters, which revealed 
an accuracy of 81%. The obtained results prove the effectiveness of geointormatics and 
AHP techniques in comprehensive drought vulnerability assessment and mapping. Finally. 
the findings of the present study may be easily applied for designing suitable drought miti 
gation strategies of the vulnerable areas. 
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This study analyzes the spatiotemporal variation of lightning flashes and lightning strike deaths 
from 2001 to 2020 among all 30 districts of Odisha State, India. Lightning flash data for the study 

area were acquired from Lightning Imaging Sensor (LIS) installed aboard the Tropical Rainfall 
Measuring Mission (TRMM) for the 2001-2014 period and from International Space Sta tion for 

the 2017-2020 period. Deaths by lightning lashes were acquired from the annual report of 

natural calamities for the 2001-2020 period from the Revenue and Disaster Management 

Department, Government of Odisha. In this study, the spatial pattern of lightning flashes based on 

LIS data and resultant deaths were assessed using spatiotemporal statistical analysis, including the 

interpolation method and Sen's slope estimator. The geospatial heat maps of lightning strikes and 

deaths highlight the spatiotemporal heterogeneity of lightning strikes and induced deaths in 

Odisha State. Furthermore, statistical analyses demonstrate an apparent increase in lightning 

strikes in the state as a whole, with particular attention to the Mayurbhanj. Sundargarh, and 

Keonjhar districts, which had the highest incidence of lightning. Odisha State was hit by more 

than 10,000 lightning strikes every year between 2000 and 2020, excluding 2001, 2017, and 

2018. The results show a moderate correlation (R = 0.61) between ligh tning strikes and lightning 

deaths in Odisha State during the analyzed period, which further needs to be investigated with 

respect to the seasonality of lightning, the locational vulnerability, and temporal risk. 
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Abstract 

1 Introduction 

In this study, an attempt has been made to cxamine the recent rainfall variability by means of daily rainfall data of 33 well 
spread stations over dryland ecosystem of Rajasthan in north western India during 1961-2017. For trend analysis, Mann 
Kendall, Sen's slope estimator, and simple lincar regression test have becn used (at 95% confidence level). The results have 
shown a high interannual variability in rainfall occurrence varying from 277 mm (in year 2002) to 839 mm (in year 1975) 
with mean of 583 mm over this dryland ecosystem. Most of the rainfall deficit years have occurred with EI-Nino years. The 
mean annual rainfall has shown a marginal non-significant upward trend over the ecosystem. The station-wise mean annual 
rainfall has revealed a significant rising trend over Barmer, Churu, Ganganagar, Jaisalmer, and Pratapgarh stations. Interest 
ingly. 3-year running average has shown a cyclic pattern of rainfall over dryland ecosystem under the changing climatic condi 
(ions. The spatial patern has exhibited that the mean annual rainfall decreases from east and south east (more than 850 mm) 
lo west and north west (less than 400 mm), which is mainly associated with the presence of Aravalli Mountains spreading 
north cast to south west in central Rajasthan. Remarkably, majority of stations positioned in western parts of dryland cco 
system have shown incrcasing rainfall trends, whereas some stations located in ecastern parts have recorded a non-significant 
dcclining trend. The magnitude of signiticant rising trend has varicd from 5.34 nm/year (Pratapgarh station) to 2.17 mm/ 
year (Jaisalmcr station). Also, the frequency of heavy rainfall events has shown a positive trend with significant increasing 
trends over Bharatpur. Jaisalmer. and Pratapgarh stations, whereas Bundi station has shown significant decreasing trend. 

Rainfall and temperature are vital climatic parameters, 
which have been frequently used to identily the allerations 
in global climatic conditions (Mayowa et al. 2015; Sa'adi 
ct al. 2019). Global occan's and land surlace lemperature 
Lrend has revealed a warming of 0.85 °C (ranging between 
0.65 andL.06 °C) during I880-2012 (IPCC 2014). This rise 
in the surface temperature could result in changing rainfall 
patterns globally (Wang ct al. 2016). For instance, Trenberth 
et al. (2007) have observed a rising trend in rainfall over 

Asia, Australia, northern Europe, North and South Amer 
ica, whereas decreasing trend over the Mediterrancan area, 
southern Asia, Sahel, western and southern Africa. Like 

wise. Longobardi and Villani (2010) and Alava-Ortiz et al. 
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(201|) have shown a decreasing trend in average annual 
precipitation over Mediterranean basin and nearby regions. 
More recently, Adler et al. (2017) have not detected any sig 
nilicant trend in the global mean precipitation; however. a 
rising trend over tropical oceans and a declining trend over 
certain mid-latitudes areas has been detected. Nicholson 

et al. (2018) and Caloiero et al. (2018) have detected a sig 
nificant downward trend in annual rainfall over West Africa, 
North Africa, and ecastern Mediterrancan. Besides, several 

other attempts have been made to examine the possible intlu 
ences of changing climate on spatial and temporal rainfall 
trends (Loo et al. 2015; Mayowa et al. 2015; Xiao et al. 
2016; Hu et al. 2017; Sein et al. 2018; Biasutti 2019; Haag 

et al. 2019: Sa'adi et al. 2019; Gebrechorkos et al. 2019). 

Chalr 

Additionally. it has been well-recognized that the warm 
ing environment has enhanced the intensity of extreme 
precipitation more rapidly than mean precipitation (Kharin 
ct al. 2013; Boucher et al. 2013; Berg et al. 2013:; Fischer 
and Knutti 2016; Myhre et al. 2019). Hartmann et al. (2013) 

have observed that the occurrence of extreme precipita 
tion events has increased over larger land arcas than it has 
decreascd in the second half of twentieth century. Therefore, 
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Introduction 

This paper examines various features of energy and groundwater irigation nexus in a highly irrigated ecosystem of north 
western India. The study is based both on primary and secondary sources of data. Electric tube-wells account for about 72 
percent of the total tube-wells population and consume about 40 percent of the total electricity consumption. Power subsi 
dies account approximately 46 percent of the total subsidies disbursed which stimulate the groundwater development. The 
area irrigated by means of tube-wells has enlarged from 22 to 58 percent. Rice and sugarcane crops are the key consumers 
of energy both in terms of average energy consumption as well as per hectare of cultivated land. The average use factor of 
ube-wells is about 7.5 times high during kharif than in rabi season. Farmers have yielded high economic productivity under 
all crops with the exception of rice than other states such as Uttar Pradesh, Bihar and Gujarat. 

Of late, groundwater irrigation has prospered as a key 

resource for assured supply of water to farmers. Its smooth 

ness and flexibility in relation to other sources of irrigation 

has resulted in an increasing groundwater withdrawal (Srini 
vasan and Kulkarni 2014). About 75 percent of rural popu 
lation and more than 50 percent of the total population in 

India, directly or indirectly depend on groundwater lor their 
livelihoods (Sharma et al. 2004). Groundwater irrigation 
infrastructure contributes over 10 percent of India's gross 
domestic product and 60 percent of irrigation requirements 
(Shah 2007: Scott and Sharma 2009). It accounts for about 
70-80 percent of the farm value output, which is 1.2-3.0 
times higher than those of canal irrigation (Dhawan 1995; 
Sharma et al. 2004). Surprisingly, only 58 percent of the 
identified groundwater resources have been developed till 
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now, reflecting much scope for their development in India 
(Shankar et al. 201| ). Groundwater development is modest 
in eastern region (less than 50 percent), whereas its devel 
opment is more than 150 percent in the major food grains 

producing states of Punjab. Haryana and Uttar Pradesh. 
Currently. 972 out of 6881 blocks (groundwater observa 
tion units) in India are overexploited (CGWB 2017). In the 
north western states, which have been an epicenter of the 
Green Revolution like Haryana and Punjab, groundwater 
use exceeds natural recharge 49 percent and 35 percent, 
respectively (CGWB 2017). In the state of Haryana, Singh 
and Kasana (2017) have used the data of 893 monitoring 
wells and observed a decreasing trend in groundwater level 
with decline of about 32 cm annuum'. India's groundwa 

ter consumption dramatically increased from 50 in 1970 to 
250 km' in 2010 (Shah 2014). Of 250 km', more than 90 
percent is used for irrigation alone. Overall, the groundwater 

irrigated area increased from 12 million ha to 40 million 
ha in between 1970 and 2010 (MoSPI 2015). Due to the 
rapid growth in groundwater irrigated arca, there has been a 

sharp growth in the electricity use in the agriculture scctor, 
especially since the 1980s. The abstraction of groundwa 
ter for irrigation is closely coupled with access to subsi 
dized or free electricity in the country (Rajan and Ghosh 
2019; Sarkar 2020). Supply of free electricity has led to the 
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Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.
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1999 60
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Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.755
Cites / Doc. (4 years) 2000 0.947
Cites / Doc. (4 years) 2001 0.880
Cites / Doc. (4 years) 2002 1.079
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Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is defined as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.
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% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
1999 18.33
2000 20 37

Citable documents  Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 1999 105
Uncited documents 2000 98
Uncited documents 2001 84
Uncited documents 2002 76
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Recent Rainfall Variability Over Rajasthan, India
Divya Saini, Pankaj Bhardwaj, Omvir Singh

2021/12

Theortical and Applied Climatology

Springer

In this study, an attempt has been made to examine the recent rainfall variability by
means of daily rainfall data of 33 well-spread stations over dryland ecosystem of
Rajasthan in north western India during 1961–2017. For trend analysis, Mann–Kendall,
Sen’s slope estimator, and simple linear regression test have been used (at 95%
confidence level). The results have shown a high interannual variability in rainfall
occurrence varying from 277 mm (in year 2002) to 839 mm (in year 1975) with mean of
583 mm over this dryland ecosystem. Most of the rainfall deficit years have occurred with
El-Nino years. The mean annual rainfall has shown a marginal non-significant upward
trend over the ecosystem. The station-wise mean annual rainfall has revealed a
significant rising trend over Barmer, Churu, Ganganagar, Jaisalmer, and Pratapgarh
stations. Interestingly, 3-year running average has shown a cyclic pattern of …
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Geoinformatics and analytic hierarchy process based
drought vulnerability assessment over a dryland
ecosystem of north‑western India

Divya Saini, Omvir Singh, Tejpal Sharma, Pankaj Bhardwaj

2022/6

Natural Hazards

Springer

Drought vulnerability is the extent to which an area is susceptible to damage as well as
causing a threat to human society. Drought frequently occurs in the Indian state of
Rajasthan, and so far, very little attention has been paid towards its vulnerability
assessment. Therefore, the present study focuses on a spatial multi-criteria integrated
technique for an all-out drought vulnerability assessment and mapping consisting of
geographic information systems (GIS) and analytic hierarchy process (AHP) techniques.
The data have been acquired from various secondary sources pertaining to a total of 16
indicators under meteorological (rainfall, temperature and evapotranspiration),
hydrological (hydrogeology, elevation, groundwater level, groundwater development and
surface water bodies), agricultural (available water holding capacity of soils, land use
and slope) and socio-economic (density of population, female-to-male …
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Mapping main risk areas of lightning fatalities between 2000 and 2020 over
Odisha state (India): A diagnostic approach to reduce lightning fatalities using
statistical and …

Manoranjan Mishra, Tamoghna Acharyya, Celso Augusto Guimarães Santos, Richarde
Marques Da Silva, Pritam Chand, Debdeep Bhattacharyya, Sanjay Srivastava, Omvir
Singh

2022/9/1

International Journal of Disaster Risk Reduction

79

103145

Elsevier

This study analyzes the spatiotemporal variation of lightning flashes and lightning strike
deaths from 2001 to 2020 among all 30 districts of Odisha State, India. Lightning flash
data for the study area were acquired from Lightning Imaging Sensor (LIS) installed
aboard the Tropical Rainfall Measuring Mission (TRMM) for the 2001–2014 period and
from International Space Station for the 2017–2020 period. Deaths by lightning flashes
were acquired from the annual report of natural calamities for the 2001–2020 period from
the Revenue and Disaster Management Department, Government of Odisha. In this
study, the spatial pattern of lightning flashes based on LIS data and resultant deaths
were assessed using spatiotemporal statistical analysis, including the interpolation
method and Sen's slope estimator. The geospatial heat maps of lightning strikes and
deaths highlight the spatiotemporal heterogeneity of lightning …
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To,             Ref:       4/4/23-SM/KUK-034 

 

          4th April-2023 

Dr. SP  Kaushik   

Head of the Department, Geography, 

Kurukshetra University, Kurukshetra, Haryana 

 

 
Respected Sir, 
 

SUB: Proposal for conducting Workshop/seminar on Modern mapping trends and technology for 

Geographers. 

 
Greetings from NIGMT Foundation!!! 

NETRA Institute of Geoinformatics Management and Technologies Foundation (NIGMT Foundation)  

 

 
 
Greetings from NETRA Institute of Geo-Informatics !!! 

 

 

Netra foundation is planning to conduct workshop/ Seminar  in your prestigious institution. We interact with 

students on Geo-Informatics Tools and Technology & how it can be helpful for their career prospects. 

Who can attend this seminar:  This seminar/workshop is helpful for Geographers, Environmentalist, Disaster 

management and urban planners? 
Will cover topic during seminar: 

1.       Geoinformatics tools and technology 
2.       Modern mapping trends and their applications 
3.       Case studies of Govt. policies 
4.       Career prospects for Students 
5.       Training and Placements 

 

We NETRA Institute of Geo-Informatics Management & Technologies Foundation, a team of professional 

having more than 15 years of rich industrial experience across the functions like GIS, Remote Sensing, Lidar 

Technology, Digital Photogrammetry, UAV/Drone Technologies, Management Solutions (HR, IT, Finance, 

Banking etc.). 

 

Netra Offers Live Projects Training & 100% Placements Assistance. 

Above mentioned programs will be mostly helpful for following domain students: 

1.Research  Scholars 

2.M.A. Geography 

 

 
 
  
 
 
 
 
 
 
 Netra Institute of Geoinformatics management & Technologies Foundation, New Delhi, INDIA 

 
 

 

 

 

 

11B, Above SBI Bank, Near Metro Station  Dwarka Mor, New Delhi - 110059 

Mobile: 7703828535 : www.nigmt.org   |   info@nigmt.org 

http://www.nigmt.org/
mailto:info@nigmt.org
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SCOPE

Applied Water Science is an open access journal that explores water scarcity solutions from a holistic system oriented
viewpoint. It focuses on the sustainable management of natural water resources to the development of the technologies and
infrastructure for the production of clean fresh water from natural and waste water. It accepts innovative and sound theoretical
research on different water issues, exploring potential alternative water sources via recycling and reuse of wastewater with a
focus on arid and semiarid environments and the following topics; water desalination, drinking water treatment, wastewater
treatment, water resources planning, investigation and management.
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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scientific influence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2011 16
2012 33
2013 62
2014 12

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2011 0.000
Cites / Doc. (4 years) 2012 0.250
Cites / Doc. (4 years) 2013 1.000
Cites / Doc. (4 years) 2014 1.351
Cites / Doc. (4 years) 2015 1.837
Cites / Doc. (4 years) 2016 2.201
Cites / Doc. (4 years) 2017 3.308
Cites / Doc. (4 years) 2018 2.425
Cites / Doc. (4 years) 2019 3.060
Cites / Doc. (4 years) 2020 4.711

Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is defined as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2011 37.50
2012 21 21

Citable documents  Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.
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SCOPE

Geology, Ecology and Landscapes is a peer-reviewed open access journal publishing research on geology and related ecological chang
forming within the tropical regions. Geology, Ecology and Landscapes is the official journal of International Water, Air and Soil Conserva
Society (INWASCON). The journal aims to share high-quality research that maps, tracks, and assesses the different drivers of ecosyste
conservation to speed up the dissemination of research work and promote discussion between global researchers and practitioners.
Geology, Ecology, and Landscapes accepts research articles, review articles, editorial papers and short communications. The Journal
operates a double-blind peer review policy. All articles will be made freely and permanently available online through gold open access
publication.
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The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scientific influence of the average article
i j l i h l h l b l

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2017 17
2018 15
2019 21

Citations per document

This indicator counts the number of citations received by

documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of

times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2017 0.000
Cites / Doc. (4 years) 2018 5.118
Cites / Doc. (4 years) 2019 2.938
Cites / Doc. (4 years) 2020 2.962
Cites / Doc. (4 years) 2021 4.086
Cites / Doc. (4 years) 2022 5.694
Cites / Doc. (3 years) 2017 0.000
Cites / Doc. (3 years) 2018 5.118
Cites / Doc. (3 years) 2019 2.938
Cites / Doc. (3 years) 2020 2.962

Total Cites  Self-Cites

Evolution of the total number of citations and journal's

self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is defined as the number of citation

from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document

and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External

citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that

have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one

country; that is including more than one country address.

Year International Collaboration
2017 23.53
2018 13 33

Citable documents  Non-citable documents

Not every article in a journal is considered primary

research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in

three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years

windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2017 0
Uncited documents 2018 3
Uncited documents 2019 1
Uncited documents 2020 12
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SCOPE

The International Journal of Disaster Risk Reduction (IJDRR) is the journal for researchers, policymakers and practitioners
across diverse disciplines: earth sciences and their implications; environmental sciences; engineering; urban studies; geography;
and the social sciences. IJDRR publishes fundamental and applied research, critical reviews, policy papers and case studies with
a particular focus on multi-disciplinary research that aims to reduce the impact of natural, technological, social and intentional
disasters. IJDRR stimulates exchange of ideas and knowledge transfer on disaster research, mitigation, adaptation, prevention
and risk reduction at all geographical scales: local, national and international. Key topics:- -multifaceted disaster and cascading
disasters -the development of disaster risk reduction strategies and techniques -discussion and development of effective
warning and educational systems for risk management at all levels -disasters associated with climate change -vulnerability
analysis and vulnerability trends -emerging risks -resilience against disasters. The journal particularly encourages papers that
approach risk from a multi-disciplinary perspective.
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measures the scientific influence of the average article Year Documents

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2012 0.000
Cites / Doc. (4 years) 2013 1.167
Cites / Doc. (4 years) 2014 2.103
Cites / Doc. (4 years) 2015 2.399
Cites / Doc. (4 years) 2016 2.827
Cites / Doc. (4 years) 2017 2.805
Cites / Doc. (4 years) 2018 3.577
Cites / Doc. (4 years) 2019 4.019
Cites / Doc. (4 years) 2020 5.139
Cites / Doc. (4 years) 2021 5.472

Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is defined as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2012 38.89
2013 37 50

Citable documents  Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 2012 0
Uncited documents 2013 7
Uncited documents 2014 14
Uncited documents 2015 42
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SCOPE

Natural Hazards is devoted to original research work on all aspects of natural hazards, the forecasting of catastrophic events, their risk
management, and the nature of precursors of natural and/or technological hazards. Although the origin of hazards can be different sou
and systems (atmospheric, hydrologic, oceanographic, volcanologic, seismic, neotectonic), the environmental impacts are equally
catastrophic. This circumstance warrants a tight interaction between the different scientific and operational disciplines, which should
enhance the mitigation of hazards. Hazards of interest to the journal are included in the following sections: general, atmospheric,
climatological, oceanographic, storm surges, tsunamis, floods, snow, avalanches, landslides, erosion, earthquakes, volcanoes, man-ma
technological, and risk assessment. The interactions between these hazards and society are also addressed in the journal and include 
governance, disaster response and preventive actions such as spatial planning and remedial measures.
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Chapter 5
Soil Carbon Pools Under Different 
Farming Practices

Hement Kumar, Pooja Arora, Ganpat Louhar, Vipin Kumar, 
and Smita Chaudhry

Abstract  Soil organic carbon (SOC) stocks constitute a major portion of the global 
C stocks in tropical regions. It is an important component to contribute towards soil 
structure, soil fertility, crop productivity, and soil sustainability. A field experiment 
was conducted in 2016–17 to study the effect of different farming systems on vari-
ous organic carbon pools in the soil. Surface (0–15 cm) and subsurface (15–30 cm) 
soil samples were taken from organic (OF) as well as conventional fields (CF) of 
wheat, sugarcane, mustard, and barseem from two districts of Haryana state. Results 
revealed that organic fields had higher very labile carbon pool, active pool, and 
microbial biomass carbon as compared to conventional fields. Surface soils were 
observed to be repositories of higher organic carbon pools as compared to subsur-
face soils in all fields. The organic fields of mustard showed the highest very labile 
SOC pool and microbial biomass carbon. Sugarcane was observed to have the high-
est active carbon pool as compared to other crop fields. Soil microbial biomass 
carbon increased from traditional to organic farming, which explains the high 
microbial activity of the soil in organic farming practices.
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1  �Introduction

The global concentrations of atmospheric CO2 have passed 410 ppm and will con-
tinue to rise (NASA 2020). This increase in atmospheric concentrations of green-
house gas (GHG) is a clear indication of anthropogenic impact on the climate (IPCC 
2014). Agriculturally induced methane and nitrous oxide contribute toward climate 
change, but soil carbon sequestration is a crucial step in agriculture to reduce these 
emissions (UNFCCC 2008). Soil carbon sequestration can be described as the pro-
cess of storing carbon dioxide (CO2) from the atmosphere into the soil. It is achieved 
through the addition of residues of various crops and various organic solids in the 
soil. The sequestration occurs in a form which is not instantly and easily re-emitted 
back to the atmosphere. This storage or “sequestration” of carbon helps in off-
setting emissions which accrue from combustion of fossil fuels and other such 
activities which are responsible for carbon emissions. This process simultaneously 
enhances soil quality and long-term productivity. Soil carbon sequestration can be 
efficiently accomplished and improved by applying management systems that 
incorporate high levels of biomass to soil, create minimal soil disturbance, preserve 
soil and water, strengthen soil structure, and promote soil microbial activity 
(Syswerda et al. 2011). Soil organic carbon (SOC) is an important measurable com-
ponent of soil organic matter (SOM). It contributes significantly to soil structure, 
soil fertility, crop production, and soil sustainability (Gelaw et al. 2014). Different 
studies have reported varied amounts of organic carbon stocks in the soils of India 
(Table 5.1). These stocks constitute about 3% of the global C stocks of the tropical 
regions (Velayutham et al. 2000). A small increase in soil organic carbon in large 
areas under agricultural and pastoral can significantly reduce atmospheric carbon 
dioxide. For this reduction to be more efficient and long-lasting, soil organic matter 
has to be more stable or resistant to degradation.

Most of soil organic matter and hence the amount of SOC are found near the soil 
surface. Storage of organic carbon content in the topsoil is determined by the inter-
actions among topography, climate, soil type, and other aspects of crop manage-
ment which further includes crop rotation, fertilization, tillage (Peigne et al. 2007), 
irrigation, mulching, and manuring. Also, sustainability of agricultural production 
systems depends on soil quality which gets affected by the characteristics and 

Table 5.1  Estimated Organic carbon stocks in soils of World and India

Depth SOC density/stock/pool (Pg) Region References

0–30 cm 684–724 World Batjes (1996)
0–150 cm 2376–2456 World Batjes (1996)
44–186 cm 24.3 India Gupta and Rao (1994)
0–30 cm 9.55 India Bhattacharyya et al. (2000)
0–150 cm 29.92 India Bhattacharyya et al. (2000)
0–30 cm 21 India Velayutham et al. (2000)
0–150 cm 63 India Velayutham et al. (2000)
1 m to 1 km 6.8 India

H. Kumar et al.
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features of the farming system encompassing strategies such as cultivation with a 
single crop for a prolonged period, tillage, and removal of the crop residues. These 
factors are also responsible to accelerate the rate of decomposition of SOM which 
accounts for 20–67% of soil C loss (Yang et al. 2019). It further leads to soil degra-
dation such as diminished or degraded physicochemical and biological properties of 
the soil (Lal 2014).

Change in land use pattern has also been reported as one of the major causes of 
soil degradation and loss of soil organic carbon as carbon dioxide. Guo and Gifford 
(2002) have reported 42% of SOC loss due to change from forest land to crop and 
59% loss of SOC due to changes from pasture to crop land through meta-analysis of 
data on stocks of soil carbon and land use land cover changes. Therefore, it is neces-
sary to increase the storage of soil carbon either by enhancing the carbon pools or 
by reducing the emissions through the decomposition of organic matter to achieve 
the goals of sustainable agricultural production and better management of the 
environment.

The potential of C sequestration in cropland is reported to be about twice than 
that in managed pastureland; however, the global surface area under cropland is less 
than half. Gazdar (2020) reported that 0.4%improvement in soil organic carbon 
could sequester ≈1 gigatonne (GT) carbon per year over a period of the next three 
decades, which is equivalent to 10% of global anthropogenic emissions. Several 
management practices have been suggested to enhance SOC contents in agricultural 
lands which include organic amendments, manures, cover crops, crop rotations in 
diversified form, application of biochar and biofertilizers, reduced use of chemical 
pesticides and insecticides, no tillage, crop residue management, integrated pest and 
nutrient management, agroforestry, organic farming, and conservation agriculture. 
Conservation agriculture is in practice in about 180 mha (million hectares) all over 
the world (Kassam et al. 2017) of which Indian contribution accounts for 1.5 mha 
(Jat et al. 2012). Conservation agriculture is a farming system which emphasizes 
minimum soil disturbance through no-till farming, maintaining permanent soil 
cover in the fields by adding crop residues or retaining live mulch intact and diver-
sifying the plant species through crop rotation or intercropping. The benefits of 
conservation agriculture include enhanced biodiversity, efficient above- and below-
ground biological processes, gradual increase in SOM, increased water retention, 
infiltration and use efficiency, appropriate soil moisture conditions, better nutrient 
management and their utilization by soil biota, suppression of weed species, and 
prevention of erosion of topsoil. It also reduces the cost factor associated with the 
use of mechanical instruments, fuel, labor, and time required to till the fields. Hence, 
conservation agriculture ultimately leads to sustainable crop production system or 
sustainable intensification.

SOC content has been reported to persist in organic farming systems under diver-
sified crop rotations, intercropping, and organic fertilizers’ application. However, it 
decreases under systems of conventional farming (CF) with the application of inor-
ganic or chemical fertilizers. Under organic farming systems, the basic concept is 
rotation of components in the field, which are built on three main key elements: (1) 
the avoidance of synthetic fertilizers and pesticides; (2) the use of farmyard manure 

5  Soil Carbon Pools Under Different Farming Practices
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to attain high soil fertility; and (3) the reduction of high-energy-consuming feed-
stuffs (Fließbach et al. 2007). Agricultural practices in organic farming (OF) systems 
are said to benefit various components of agroecosystems such as soil, surface and 
groundwater, biodiversity, and air (FAO 2003). Crop productivity in OF is dependent 
on soil nutrient transformation mechanisms. Thus, soil quality is a crucial issue in 
OF, and SOC is a key component of this system.

SOC was shown to be stable in an OF system that included ley-based crop rota-
tions and organic fertilizer application, whereas it declined in CF with mineral fer-
tilization (Gadermaier et al. 2011). Fließbach et al. (2007) and Munro et al. (2002) 
also observed organically managed top soils to have a higher percent amount of 
organic matter as compared to conventional management. The reason may be the 
addition of higher quantity of organic matter in OF. It further leads to an additional 
accumulation of SOC (Drinkwater et al. 1998).

Based on the length of residence, soil organic carbon can be classified into five 
pools: less labile, labile, highly labile, active pool, and passive pool (Parton and 
Rasmussen 1994). Under soil organic pools, the active pools include labile elements 
that provide available meal for microorganisms and are altered by fresh residue 
inputs, making them an ideal indication of soil quality (Joshi et al. 2017). The SOC 
fraction with the fastest turnover rates is the labile C pool. Despite the fact that this 
pool of SOC is critical for crop productivity, its oxidation quickly adds CO2 to the 
atmosphere, contributing to the process of global warming (Majumder et al. 2008). 
The very recalcitrant or passive pool is transformed quite slow by microbes and thus 
cannot be regarded a good indication of soil quality and production (Weiler and 
Naef 2003; Sherrod et al. 2005; Majumder et al. 2008).

Soil microorganisms play a significant role in regulating soil organic matter trends 
and nutrient availability (Six et al. 2006). Microbial biomass in soil and their interac-
tions are indeed the markers of biological soil fertility, which OF greatly improves 
(Fließbach et al. 2007). Excessive use of chemicals such as herbicides and pesticides in 
CF practices can severely alter the structure and function of microbial communities 
residing in soil, modify the terrestrial ecosystems along with substantial changes in soil 
quality and fertility (Pampulha and Oliveira 2006). Moreover, some organic additions 
have the potential to boost soil microbial activity and improve biodiversity (García-
Orenes et al. 2010). This research was designed to compare various soil carbon pools 
under conventional and organic farming systems in various crops.

2  �Materials and Methods

2.1  �Study Sites and Farming Practices

Four different farmer’s fields, in villages Matak Majri, Nanhera, and Pathera in 
Karnal and village Mehra in Kurukshetra districts of Haryana, India were selected 
for this study. Out of four farmers, three farmers have been practising organic 
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farming for the last 3 years, while for the fourth farmer, this span was 8 years 
(Table 5.2). Along with organic farming, all the farmers were also practicing con-
ventional farming on the remaining field. Soils of the fields were alluvial with clay 
loam texture. Wheat, berseem, mustard, and sugarcane were grown by farmers hail-
ing from the villages of Matak Majri, Nanhera, Pathera, and Mehra, respectively, 
under both organic and conventional systems.

All four organic and conventional fields were tilled as per the recommended 
package practice every year before cropping. In all organic fields, 12 t ha−1 dried 
cow manure was applied prior to seeding Kharif season crops, while prescribed 
fertilizer doses were applied in conventional fields. All the fields were irrigated with 
ground water. The crops were grown using organic agricultural practices, with no 
herbicides used. Mechanical weeding was done three times during the stages of 
emergence and leaf development. Inorganic fertilizers and insecticides are used in 
conventional systems.

2.2  �Soil Sampling and Analyses

Soil samples were taken in bulk in March 2017, after 6 months of farmyard manure 
application. These samples were collected from all the eight fields. Samples were 
taken from two different depths 0–15 cm and 15–30 cm. They were then air-dried at 
a constant room temperature (25°C). After drying, the samples were then sieved (2 
mm) to eliminate coarser soil particles. In order to limit experimental error, four 
replicates for every sample were analyzed in the laboratory. Soil bulk density was 
determined with the core cylinder method (Blake and Hartge 1986). In a soil sus-
pension with deionized water (1:2.5, w/v), the pH (Guitián and Carballas 1976) and 
1:1 suspension in water EC (Smith and Doran 1996) of dried samples at 60°C for 24 
h was determined. The modified Walkley–Black method reported by Chan et  al. 
(2001) was used to separate total SOC into various C pools 6.0, 9.0, and 12.0 M 
H2SO4 (Ghosh et al. 2010). It entailed varying the quantities of 1/6 M dichromate 
solution and H2SO4. The soil was kept at room temperature for 1/2 h to react with 
the dichromate-acid mixture. Total SOC was thus allowed to divide into four pools 

Table 5.2  Farming systems under study

S. no. Farming system No. of years Crop

1 Organic (OF1) 3 Wheat
2 Organic (OF2) 3 Berseem
3 Organic (OF3) 3 Mustard
4 Organic (OF4) 8 Sugarcane
5 Conventional (CF1) – Wheat
6 Conventional (CF2) – Berseem
7 Conventional (CF3) – Mustard
8 Conventional (CF4) – Sugarcane

5  Soil Carbon Pools Under Different Farming Practices



64

based on their stability Chan et al. (2001). SOC fraction oxidized by 6.0 M H2SO4 
is considered as very labile pool, the difference between SOC fraction which is 
oxidizable by 9.0 M H2SO4 and that by 6.0 M H2SO4 estimates the labile pool, and 
the difference between SOC fraction which is oxidized by 12.0 M H2SO4 and that 
oxidized by 9.0  M H2SO4 estimates the less labile pool (Chan et  al. 2001). The 
active pool was generated from the highly labile and labile pools. Estimation of soil 
microbial biomass C was done with fresh moist soil samples by chloroform-
fumigation-extraction according to Vance et al. (1987). Stocks of organic carbon 
(Mg ha–1) in each extracted SOM fraction of each sampling layer (0–15 cm and 
15–30 cm depth) were calculated using the below equation (Wang and Dalal 2006):

	
Carbon stock

SOC BD mm
=

× × × −( )d 1 2

10

%

	

where:

SOC: content of soil organic carbon (gkg−1),
d: thickness (cm) of the soil layer
2 mm: fractional percentage (%) of soil mineral particles >2 mm in size,
BD: soil bulk density (Mgm−3).

Statistical analyses were done using Microsoft excel.

3  �Results and Discussion

3.1  �EC, pH, and Bulk Density

Soil sample analysis for physicochemical properties was done for all the soil 
samples. In all the agro-system, EC significantly decreased with increasing 
depth (Table 5.3). The same trend was recorded by Ozlu and Kumar (2018). All 
the conventional farming systems recorded higher EC than OF. Among the 
organic fields, the highest EC was recorded under wheat field (194 μS). Higher 
EC values in CF are most likely connected with high salt deposition from inor-
ganic fertilizer use (Velmourougane 2016). Inorganic fertilizers contain a higher 
concentration of accessible nutrients. These nutrients get dissolved into various 
types of ions in the soil, resulting in a higher electrical conductivity (Sihi et al. 
2017). Under different agro-system, pH significantly increased with increase in 
soil depth. pH was less under OF fields as compared with CF of the same systems 
except for berseem fields with the lowest pH (7.3). Reeves and Liebig (2016) 
also observed the increase in the pH as depth increases because acidification is 
most pronounced near the soil surface. Bulk density of the soil gets affected by 
field management practices and integration of green manure. However, no varia-
tion in bulk density under varying soil depths was found in all the farming 
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systems. In all of the conventional fields, bulk density was reported to be higher 
than that in organic fields. According to a number of studies (Khaleel et  al. 
1981; Pagliai 1988; Novara et al. 2019), it has been suggested that organic mat-
ter is responsible to decrease the bulk density due to a drop in denser mineral 
component, as well as an increase in aggregation and soil pores. Hence, it is the 
improvement and enhancement in soil structure by appropriate organic manures 
addition which is responsible for decreasing bulk density in the organic fields. 
Sheeba and Kumarswamy (2001) also observed a similar trend of decreasing 
bulk density with the increasing addition of organic matter. On the other hand, 
the reason for increment in bulk density under fields of conventional farming 
can be attributed to soil structure deterioration with the application of chemical 
or synthetic fertilizers. The deterioration of soil structure may also be due to the 
less retention of crop residues into the soil. The trend of increasing bulk density 
with the application of inorganic fertilizers has also been reported by Tadesse 
et al. (2013).

3.2  �Different SOC Pools

In all farming systems, different pools of SOC were observed to be decreasing 
significantly with depth increment (Table 5.4). Santos et al. (2012) also observed 
higher soil organic carbon at 0–15 cm soil depth than 15–30 cm under organic 
farming. The same trend was also recorded by Jacinthe et al. (2011). These find-
ings contradicted previous studies (Leifeld and Fuhrer 2010; Marriott and Wander 

Table 5.3  Depth-wise changes in different soil properties under different farming systems

Crop Farming system Depth (cm) EC (μS) pH BD (gm cm−3)

Wheat Organic 0–15 188.2 ± 5.74 7.6 ± 0.40 1.22 ± 0.01
15–30 169.3 ± 3.95 7.64 ± 0.11 1.2 ± 0.004

Conventional 0–15 194.0±4.21 7.9±0.15 1.24±0.02
15–30 183.8±4.50 7.92±0.17 1.23±0.02

Barseem Organic 0–15 162.8±7.81 8.2±0.17 1.2±0.02
15–30 153.8±3.78 8.3±0.26 1.21±0.01

Conventional 0–15 163.7 ± 23.2 7.3 ± 0.26 1.23 ± 0.01
15–30 152.0 ± 16.3 7.9 ± 081 1.23 ± 0.01

Mustard Organic 0–15 187.5 ± 1.73 8.1 ± 0.55 1.19 ± 0.009
15–30 169.6 ± 11.6 8.3 ± 0.40 1.21 ± 0.008

Conventional 0–15 190.1 ± 12.0 8.4 ± 0.23 1.28 ± 0.02
15–30 185.2 ± 3.95 8.4 ± 0.35 1.26 ± 0.02

Sugarcane Organic 0–15 132.9 ± 26.6 8.4 ± 0.1 1.21 ± 0.02
15–30 109.8 ± 9.46 8.7 ± 0.1 1.23 ± 0.028

Conventional 0–15 153.5 ± 11.3 8.5 ± 0.1 1.22 ± 0.01
15–30 138.1 ± 15.0 8.7 ± 0.1 1.22 ± 0.02
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2006) that found significant increase in organic carbon content of the soil with 
organic farming. However, in study sites with equivalent crop rotation, Leifeld 
and Fuhrer (2010) discovered that there is no consistent difference in soil organic 
carbon between different farming systems and cautioned against drawing hasty 
conclusions about the effects of organic farming on SOC stock restoration. 
Variations in research time and soil depth tested could potentially contribute to 
these contradictory findings. Organic fields of different farming systems recorded 
low less labile carbon rather than CF fields of the same systems. The highest 
labile carbon was recorded under conventional mustard from 0 to 15 cm depth 
(11.6 mg kg−1) which is 241% higher than OF system of that crop. Organic fields 
of wheat and sugarcane didn’t show significant change in labile carbon content 
compared to conventional of the same. According to Herencia et al. (2008), plots 
adopting organic treatments had a numerical improvement in SOC at the conclu-
sion of the conversion phase; however, it is only after four to five crop cycles that 
the SOC rise became significant. All OF fields of different farming systems 
recorded higher very labile carbon rather than CF fields of the same systems 
except berseem which is 370% lower than the organic field of that system because 
higher biomass increases higher microbial activity which further helps in increase 
in higher labile organic carbon (Xavier et al. 2006). The difference in less labile 
carbon was significant between organic and conventional farming systems 
(p < 0.05).

Table 5.4  Depth-wise distribution of different pools of SOC (mg kg−1) under different 
farming systems

Crop
Farming 
system CLL CL CVL

0–15 cm 15–30 cm 0–15 cm 15–
30 cm

0–15 cm 15–30 cm

Wheat Organic 3.3 ± 0.1 0.7  
± 0.02

4.0 ± 
0.22

3.3 ± 
0.13

6.6 ± 
0.45

6.3 ± 0.56

Conventional 9.2 ± 
0.89

8.4 ± 0.77 4.0 ± 
0.31

3.4 ± 
0.26

3.5 ± 
0.29

2.3 ± 0.33

Barseem Organic 6.1 ± 
0.35

2.3 ± 0.17 6.6 ± 
0.23

6.5 ± 
0.29

2.7 ± 
0.12

1.5 ± 
0.089

Conventional 5.3 ± 
0.68

5.2 ± 0.87 11.5 ± 
1.2

9.4 ± 1.5 12.7 ± 
2.3

2.9 ± 0.98

Mustard Organic 3.0 ± 
0.97

0.9 ± 0.06 3.4 ± 
0.75

2.6 ± 
0.83

12.3 ± 
3.2

6.9 ± 1.1

Conventional 18.9 ± 
3.5

18 ± 2.6 11.6 ± 
1.8

10.9 ± 
1.5

3.5 ± 
0.91

2.8 ± 0.81

Sugarcane Organic 15.9 ± 
3.5

10.5 ± 1.5 3.9 ± 
0.99

1.9 ± 
0.84

13.4 ± 
2.5

10.0 ± 1.9

Conventional 16.5 ± 
4.6

13.4 ± 2.6 4.0 ± 1.7 1.4 ± 
0.87

1.1 ± 
0.09

0.8 ± 0.1

SOC soil organic carbon, CLL less labile carbon, CL labile carbon, CVL very labile carbon

H. Kumar et al.



67

3.3  �Microbial Biomass Carbon (MBC)

In all fields, microbial biomass carbon significantly decreased with increasing soil 
depth (Table 5.5). Jacinthe et al. (2011) also reported the trend of decrease in MBC 
as increase in depth. These investigations (Castellazzi et al. 2004; Potthoff et al. 
2006; Babujia et  al. 2010) show a decrease in soil microbial biomass as depth 
increases. Under sugarcane and mustard organic fields, from 0 to 15  cm depth, 
higher MBC was recorded than their conventional counterpart. The differences in 
microbial biomass carbon were however not significant between organic and con-
ventional farming systems (p>0.05) of barseem and wheat. In wheat, higher MBC 
was recorded in the conventional field than that of organic (0.24  μgC gm−1). 
Considerable changes in soil microbial markers can be observed in 2–3 years of 
organic farming (Jacinthe et al. 2011). OF of mustard had the highest MBC, i.e., 
55% more than sugarcane and 53% more than wheat as well as berseem. For OF, the 
persistent input of organic residues may favor the increase of the soil microbial 
biomass (Xavier et  al. 2006). Organic fertilizer treatment significantly enhanced 
soil microbial biomass C on sampling day. Despite the fact that similar amounts of 
organic C were provided, this rise was much higher in the manure treatments than 
in the compost treatments in the majority of cases (Jannoura et al. 2014).

Table 5.5  Depth-wise changes in MBC (μgC gm−1), C stock (Mg ha−1) and active carbon pool 
under different farming systems

Crop
Farming 
system MBC (μg C gm−1) C stock (Mg ha−1)

Active pool (mg 
kg−1)

0–15 cm 15–
30 cm

0–15 cm 15–
30 cm

0–15 cm 15–
30 cm

Wheat Organic 0.21 ± 
0.07

0.16 ± 
0.03

6.0 ± 0.99 1.3 ± 
0.05

10.6 ± 
1.1

10.6 ± 
1.2

Conventional 0.24 ± 
0.08

0.18 ± 
0.02

17.1 ± 
0.13

15.5 ± 
1.1

7.5 ± 
0.98

5.7 ± 
0.55

Barseem Organic 0.21 ± 
0.02

0.13 ± 
0.09

11.0 ± 
0.52

4.2 ± 
0.21

9.3 ± 
0.99

8.2 ± 
0.56

Conventional 0.21 ± 
0.05

015 ± 
0.05

9.8 ± 0.54 9.6 ± 
0.39

24.2 ± 
2.1

12.3 ± 
1.5

Mustard Organic 0.45 ± 
0.10

0.10 ± 
0.04

5.4 ± 0.24 1.6 ± 
0.15

15.7 ± 
1.9

9.5 ± 
0.89

Conventional 0.26 ± 
0.04

0.23 ± 
0.08

36.3 ± 1.4 34.0 ± 
1.1

15.1 ± 
1.1

4.8 ± 
0.56

Sugarcane Organic 0.20 ± 
0.04

0.11 ± 
0.08

29.3 ± 1.2 19.1 ± 
1.69

15.3 ± 
1.4

13.9 ± 
1.56

Conventional 0.10 ± 
0.05

0.02 ± 
0.01

30.2 ± 1.2 24.5 ± 
1.9

5.1 ± 
0.69

2.2 ± 
0.87

MBC microbial biomass
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3.4  �Carbon Stock

C stock significantly following the patterns of labile carbon pools decreased 
with depth increment (Table 5.5). SOC is regulated by soil depth in addition to 
treatments (Joshi et al. 2017), and decreased SOC with increasing soil depth has 
been found by numerous researchers (Venkatesh et al. 2013; Yang et al. 2014). 
Bhattacharyya et  al. (2011) revealed that fertilization impacted SOC up to a 
depth of 30 cm, but had no effect in the 30–45 cm soil layer. It could be associ-
ated with lesser rhizobium activities, lower rhizode position, and less biomass 
return to subsurface layers. Under OF at 0–15 cm soil depth sugarcane recorded 
the highest C stock (29.3 mg ha−1) followed by berseem (11.0 mg ha−1), (wheat 
6.0 mg ha−1), and mustard (5.4 mg ha−1). The reduced C stock in lower layers is 
due to low downward movement of crop residue and compacted soil layers 
(Liangang et  al. 2020). Litter, crop residues, organic or green manures, and 
spontaneous vegetation over the soil surface provided additional C to the first 
layer, resulting in a significant rise in SOC content. During the first 5 years after 
converting to organic farming, the rate of rise in SOC was slower. This indicates 
that pruning crop residues and other organic inputs in the form of weed biomass 
that were not absorbed into the soil will take around 5 years to become part of 
the soil. The SOC exhibited a logarithmic growth in the surface soil layer after 
the first 5 years, but not in the deeper layer (Novara et al. 2019). Under OF sys-
tems lower C stock was recorded than CF practices. This may be attributed to the 
lesser duration of OF being in practice, tillage practices, higher microbial activ-
ity with input of organic fertilizer, and other climatic conditions (Hábová et al. 
2019). Also, the difference in carbon stocks of soil in OF and CF systems was 
observed to be significant (p < 0.05).

3.5  �Active Pool of Carbon

In all the studied fields active pool significantly decreased with increasing depth 
following the patterns of very labile carbon pool (Table 5.5). The application of 
easily decomposable crop residues increased the active SOC pools in the topsoil 
(Parihar et  al. 2018). As effective root systems are mostly found in the plow 
layer (0–15 cm), and litter breakdown of residues and stubble material occurs in 
the topsoil, our findings imply that the 0–15 cm soil depths have higher SOC 
content than the 15–30  cm soil depths. Some researchers have found higher 
SOC levels in the top soil layer in agricultural land (Chivenge et al. 2007; Singh 
et al. 2015). All OF in different farming systems have high active pool value than 
the CF of same crop except berseem. Among OF systems active C pool was high-
est in mustard (15.7  mg kg−1) followed by sugarcane (13.9  mg kg−1), wheat 
(10.6  mg kg−1), and berseem (9.3  mg kg−1). Active pool contains the easily 
degradable organic carbon (labile, very labile), as transitional practices from CF 
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to OF clearly impact the size of the soil microbial biomass which leads to the 
higher active pool under OF (Santos et  al. 2012). However, the differences in 
active pools of carbon between OF and CF systems in the present study were not 
significant (p > 0.05).

4  �Conclusion

Current status and changes in soil properties and organic carbon pools as response 
to agronomic practices are extremely important today. The stocks of soil organic 
carbon along with agricultural practices, soil structure and texture, soil depth, 
organic and chemical fertilizers input, and climatic conditions determine the status 
of soil as a sink or source of carbon. The problems associated with conventional 
farming are attracting the concerns of farmers, researchers, and policymakers 
towards organic farming. SOC serves as a significant component for maintaining 
soil quality and productivity. The various strategies of conservational and organic 
farming such as conservation tillage, persistent cover crops, mulching, efficient 
nutrient cycling, composting, manuring, and sustainable soil and water manage-
ment practices can enhance soil quality and potentially increase soil carbon 
sequestration.

The present study also concluded that the very labile carbon pool was higher 
in OF soil as compared to CF soil because in organic farming the micro flora and 
fauna are not disturbed much, but in conventional farming, the microbial activ-
ity is altered. Higher the number of years of organic practice, higher will be the 
microbial activity which would further increase the sequestration of carbon in 
the soil. Also, organic manures and compost applications or the strategies of 
organic farming have reported to increase more of the SOC content as compared 
to the similar amount of inorganic or synthetic fertilizer applications (Chai et al. 
2015; Gregorich et al. 2001).

In the present scenario, where we are struggling with the problem of climate 
change and where agriculture is becoming a source rather than a sink of green-
house gases, we have to put more efforts in the agricultural sector. This sector 
can be a promising field as a mitigation strategy of climate change. Even 
organic farming can provide us with financial gains and prestigious status in 
agribusiness. It can offer many benefits such as sequestering more of soil car-
bon, mitigating climate change, enhancing soil quality and prolonged produc-
tivity, and improving the economic status of a country in global agribusiness. 
The percentage of SOC content has come down to 0.3–0.4% in India whereas 
it should be between 1 and 1.5% (Jaisankar 2014). The main reasons for the 
degradation can be attributed to ever-increasing atmospheric temperatures, soil 
degradation, and conventional farming practices such as extensive soil tillage, 
poor land and crop management, and inappropriate use of fertilizer. These fac-
tors also accelerate soil erosion and loss of soil fertility and productivity. There 
needs to be a massive reduction in dependency on chemical fertilizers and 
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pesticides and more use of biopesticides and organic fertilizers. Conservation 
agriculture over conventional agriculture should thus be implied to get these 
benefits at minimal costs. It should be part of any policy or development strat-
egy for its effective implementation.
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successfuly undergone training from 01.08.2022 to 15.09,2022 at Hitech Enviro Engineers & 

Consultants Pvt. Lid (D-147, Surajpur Industrial Area, Site 5. Kasna Greater Noida. L.P. 
201306) on Sewage Treatment Plant based on MBBR Technology. 

During the training period, she was punctual, hardworking and conduct was good. 
She bears a good moral character. 

I wish her all success in future. 

For Hitech Euvirà Engineers & Consultants Pvt. Ld. 
ons 

CIN No.:U29292DL2014PTC286 

Sr. Project Munager 

Date: - 27/09/2022 

ww heecpl com Corporate Office 
o@heecpl com Factory/ Work office: 

1546, 2nd Floor, old church road, Kashmii Gate, Delhi11 
D11/47, Surajpur Industrial Area Site 5 Kasna Greater Noic 



chancmay ah oo com 
T 0172- 2629984, 2920224 

0172- 2629984 

GOVERNMENT OF IMDIA 

INDIA ME TEORDL0GCAI DEPARTMENT 

fK 30 09 2022 

ofice ot the Direclor 

Meteorologpcai Centre 
AZ 39- f rg 160036 

Sector 39 -C, Chandigarh 160036 

TO WHOMSOEVER IT MAY CONCERN 

Ishher .ttl the best for hct tuturc cndeavor 

insitute of Iouronmenlal Mhtie, unkshett tnvert. haukreia 

t therdhgarh, Inlia Metcorokvrical Dkeptnent lunder Mus ath Senvc. (unernticl 

of damage dur to Thunderstorm & ligh Wind Sperd in Haruna, Punjab & handgrh 
der thc usdane ol Sh. Shis inder Sngh. SeentiuMeteorokogcal (entre (hundgurh 

lerpelormaieh D tern was '\ucllknl 

(HAHTK frg) Vanmcban ngh 

(rre fre) 
(MANMOHAN SNGH) 

Head/Director 

letoriogca Cantn Chendnd 



THE HISAR-JIND CO-OPFRATIVE MUK pRODUCERS UNION LID 

MILK PLANT, JIND Ret No. MUHJ/Admn/2022/ a63e 

TO WHOM IT MAY CONCERN 

Dated 

This is to certify that Ms. Annu, Roll no. 2021072001 a student 

Of M.sC. Environmental Scienco Erom Kurukshetra Universtyr 

Kurukshetra has undergone practical training 
w.e.f 4.08.2022 to 

17.09.20Z2 in Engineering Se,kios E:llL plant. ind. During t 

period her work and conduct has been found Satisfactory 

She has completed her training successfully. 

Chief Executive Officer 
Milk Union Hisar-Jind. 

(AN ISO 9001: 2015 & ISO 22000:2018 CERTIFIED UNIT) 
PHONE: 01681-225776, 225772, 9896476401 TELE-FAX = 226266 

E-mail: vitajind @ gmal com 



Phone: 0172-2619501 
Email: rdnwr-cgwb@nic.in 

To, 

File No.: CGWB/NWR/Chem Lab/sanctions/2022-23- 170 

Ms. Rupal 

W/o Sahil 

Government of India 

S IS to certify that Ms. Rupal wlo Sabil has participated in the Skill Development 

mative (Iraining Programme) of cGWB. NWR. Chandiagarh from 25.08.2022 to 02.09.2022 

e supervision of Mrs. Balinder P. Singh. Sc-D. She carried out analysis of groundwater 

aipies Tollowing standard operating nrocedures using conventional and modern instruments. 

ORIIS were developed in various hydrochemical aspects of groundwater, including data 

generation in compliance with validation protocols. 

Part-2, HUDA, Panipat-132 103 

TO WHOM IT MAY CONCERN 

H. No. 1197, Near Mittal Mega Mall, Sector-25 

Haryana 

Central Ground Water Board 

North Western Region 

Bhujal Bhawan, Plot No. 3B, 

Sector 27A, Madhya Marg 
Chandigarh-160019 
Dated: 02.09.2022 

(Balinder. P. Singh) 
&HOO 



Phone: 0172-2619501 

Email: rdnwr-cgwb@nic.in 

File No.: CGWB/NWR/Chem Lab/sanctions/2022-23- 71| 

To, 
Ms. Preeti 

D/o Minar Singh 

Government of India 

This is to certify that Ms. Preeti D/o Minar Singh has participated in the Skill 
Development Initiative (Training Programme) of CGWB, NWR, Chandiagarh from 25.08.2022 to 

02.09.2022 under the supervision of Mrs. Balinder P. Singh, Sc-D. She carried out analysis of 
groundwater samples following standard operating procedures using conventional and modern 
instruments. Skills were developed in various hydrochemical aspects of groundwater, including 

data generation in compliance with validation protocols. 

Kurukshetra-136118, 
Haryana 

TO WHOM IT MAY CONCERN 

Ward No. 27, Shanti Nagar, Gali no. 2 

Central Ground Water Board 

North Western Region 
Bhujal Bhawan, Plot No. 3B, 
Sector 27A, Madhya Marg 
Chandigarh-160019 
Dated: 02.09.2022 

baluden S 

(Balinder. P. Singh) 
Sc-D & HOO 



IS Infrasructure Consultants Pvt. Ltd. 
Regd, offce: Unít No. 602, Tower A, Unitech Business Zone, Nirvana Country. Golf Course Extension Road, Sector 50, Gurugram, Haryana-122001 Ph:0124-4067460 E-mail: /sicplindia@gmaíl.com. infoojsicpl.com Web: www.isicp).con. CIN: U930001IR2012PTC093760 

This is to certify that Ms. Sheetal Dhariwal, a student of Kurukshetra University, University 
Market Rd. Thanesar. Harvana, PIN-136119 bearing the registration no. 21-UD-430 has duly 
completed internship from 26h July 2022 to 8th Sep 2022 as a Intern in Environmental diviston 
at M/s JS Infrastructure Consultants Pyt Ltd. Sector-50. Gurgaon, Haryana, PIN-122001 under 

Vikas Kumar Yaday- Manager Project Management. 

We wish her all the best for the future endeavors. 

Warm regards 

During this period, we find Ms. Sheetal Dhariwal demonstrated good design skills with a selt 
motivated attitude to learn new things. Her performance exceeded the expectations and was 

able to complete the assigned tasks within time Frame. 

INTERNSHIP CERTIFICATE 

For M/s IS Infrastructure Consultants Pvt. Ltd. 

Kumari Shreva 

Manager-HR 

Date:- 15.09,2022 
K 

ISInfrastucture 
CONSULTANTS PVT. LID. 

CTURE CONSU 



Vita 
The Kurukshetra-Karnal Co-operative Milk Producers' Union Limited 
Ne. : MUK/AAn.f5R2K Datrd: 15enhe 

c-h her shccestle 

mdustial procedure Iron ti:tb org aht/aliet 

I htols 09 02 sleeestully During the tramg petd. e 

Chuet ExecutieOle! 
lhe Kurukshetra-kanalperalive 

MIk ProducerUnon ldkt h rett 

Vita Miltk Plant, G.T. Road, Near Sanwala, P.Box No. 41. Kuruksbetra-L3611 
h1744275544, Lmamalonkkr @Tabes.ceGSL4CATSTNS 



Regional Office 

Ref: 

M.P. IPollution (ontrol Board, Bhopal Iaa an latar. t.5, Arera (lon. Bhopal Iclephonc:- 0755-246o 192 
0.) ROMIP BBP 2022 

I mail:- romppcb bpla rediffmail.com 

shopal, Dated 

I.cller of Insitule ot Lormental Studic Kurukshetra 
University Kunukshetra No 1937 Daled 08 08 2022. 

TO WHOM IT MAY CONCERN 

This is to certily that Mr. Aninullab student of M.Sc. 
EnVironmental Studies) from Institute of Environmental Studies 

urukshetra University Kurukshetra for his summer internship 
studies and compiled The Environmental data available on weh portal 
of MPPCB and also visited Continues Ambient Air Quality 
Monitoring Station (CAAQMS), water & noise monitoring station of 
Bhopal cily. He has presented the data in report form and submitted 

in a systematic manner. We wish him good luck. 

Regional Officer 

A, P 

Ren o. Ctict 



HONDA 
Henda otorcycle and Sconter India Pt L id 

Date I6eptemher 022 

Ihis is to certily that Ms. Kavita Yadav has successfully ompleted her industrial trauun 

Irom 06 Aug 2022 to 16 Sep 2022. During her project training she has worked on the proet 

t "ZLD System (Zero Liquid Discharge)" & shared her nputs for the same with her profev t 

Guide 

To whomsoever it may Concern 

During her tenure we found Jier snete & committed toher project Ve wIsh her sll the best 

lor all her future endeavet 

For Honda Motorcycle & Scooters India Private Limited 

(Karandeép slagh) 

Chief Manager HR 



IPL Centre 
for Rural Outreach 

ICRO/6/ 2022/ 20220600 105 

CERTIFICATE OF COMPLETION 

This certificate is awarded to 

Ms. Shabnam 
Student of Kurukshetra University 

For completing the 

Ms. Kritika Shukla 

Deputy Director, 
National Productivity 
Council (Nodal officer) 

ICRO AMRIT INTERNSHIP PROGRAMME 

Sponsored by 

IPL Centre for Rural Outreach 

MATIONAL PROOuCTMTY COUNCH 

NPC Building, 3° Floor, Utpadakta Bhawan, 5-6 Institutional Area, 

Lodhi Road, New Delhi-110003 

in 

National Productivity Council, New Delhi 

From 27.07.2022 to 26.09.2022 

Dr. Rajeev Ranjan 
Director, 
IPL Centre for Rural 
Outreach 



Ref No 

NATIONAL INSTITUTE OF TECHNOLOGY 
KURUKSHETRA-136 119 (HARYANA) INDIA 

PBX No 01744-233100 233200 

Gram NITKU FAX 01744-238050 

TO WHOM IT MAY CONCERN 

This is to certits that Mr. Fazal Omar student of MSc. (Environmental Seicncey has 

sUCCesstully completed his 4S days Summer Internship-Research Program in the GIS lab of 

National Instilute ol' Technology Kurukshetra under my supervision. 

(Mahesh Pal) 

Ilis intenship activities encapsulated learning to work with AreGIS and QGIS software. 

During the entire period ofhis internslhip-research program, Mr. Fazal Omar had been exposed 

1 Work extensively on both GlS sofiwares, I found him lo have a consistent high standard 

of academie temperament. 

Iwish him all the best i his future endeavors. 

Dated Bol9)oi 

Professor. Departnent of Civil lngineernp 
Nationl Institute of lechnology Kuruk shetra 
Imail: Mahesh.palanitkkrac in 
Phone otlice) 01 744233356 



Ref No 

NATIONAL INSTITUTE OF TECHNOLOGY 
KURUKSHETRA-136 119 (HARYANA) INDIA 

(Mahesh Pab 

PBX No 01744-233100, 233200 
Gram NITKU FAX 01744-238050 

TO WHOM IT MAY CONCERN 

This Is lo certify that Mr Hewad a student of MSe (Fnvironmental Science) has successfully 

COmpleted his 45 davs Summer Internship-Rescarch Program in the GIS lab of National 

Institute of lechnology Kuruk shetra under ny supervision. 

TiS intermship activities encapsulated Iearning to work with AreGIS and QGIS Mollwure 

During the entire period of his internsbip-research progrm. Mr. Hew ad had been exposed to 

Work extensively on both GIS sofwares, I lound him to have a consistent hiyh stmdard 

of academic temperament 

I wish him all the hest in his future endeavors 

Dated 3hlL 

Professor, Departnent of Civillngmeerny 
National Institute ol lechnology Kunuks etr 

bmail Malhesh. pal enitkkr.ac in 
Phone (ofliee) 0| 744213S6 



Shoping the Future of Eiec ricity 

Ref. No. TAR/103/22020920 

CVS Power Project Private Lim 

-or CVS Power 

Sh. 9, 1 floor, Opp. Dalal Bhawan, Gohana Road, Rohtak - 124001 (Haryana) 

Office Contact: 9992098953 

Sigrlature 

Email: info@cVspowers.comn 

Ar. Chetan Bhardwaj 
Manager-Projects) 

TO WHOM IT MAY CONCERN 

This is to certify that Msc (Environmental sciences) student at IES Kurukshetra 

Jniversity, has completed summer internship at CVS POWER.She worked under the 

VMr. Chetan Bhardwaj from 2"d Aug 2022 to 15h Sep 2022. 

CIN: U40200HR2017PTC067878 

Miss Preeti, 

Date:19/09/2022 

Miss Preeti worked on' Solar Power Plant' as a part of the project, she understood the working ot 5old 

PV power simulation and designing. 

he is a self-motivated, hard worker that is always looking to learn new skills Miss Preeti has done more 

han his role's responsibilities. We wish her all the best in all her future endeavors. 

guidance of 



terShap  the Futiare of Electricty 

Ref. No.TARI103/22020919 

For CVS Power. 

C 

CVS Power Project Private Limited 
Sh. 9, 1 floor, Opp. Dalal Bhawan, Gohana Road, Rohtak -124001 (Haryana) 
Office Contact: 9992098953 
Email: info@CVspowers.Com 

S to certify that Mr. Arun Kumar, Msc (Environmental sciences) student at IES Kurukshetra 
versity, has completed summer internship at CVS POWER. He worked under the guidance of 

wr. Chetan Bhardwaj from 2nd Aug 2022 to 15h Sep 2022. 

SignaBure 

TO WHOM IT MAY CONCERN 

Mr. Arun worked on 'carbon credits and trading'. As a part of the project, he understood how the 
Carbon Trading & Credit System "works. Mr. Arun also covered Impact of carbon footprint of 

Worldwide Growth & Earth Temperature rise. 

Mr Chetan Bhardwaj 
(Manager Projects) 

CIN: U40200HR2017PTCO67878 

He is a self-motivated. hard worker that is always looking to learn new skils. Mr. Arun has done more 
than his role's responsibilities. We wish him all the best in all her future endeavors. 

Date:19/09/2022 

Web waw CVspOwers Com 



No. : 

Forest Department, Haryana 

O/0 : Deputy Conservator of Forests, Kaithal, Forest Division, 

Opp. Fire Brigade, Near Pehowa Chowk, Kaithal-136027, Phone 01746-228095 E-mail -dio.kl 

hry@nic.in 

Rity 

3804 

Kaithal 

Dated : 

TO,WHOM IT MAY CONCERN 

It is certified that Miss. Ritu D/o Sh. Jaipal student of M.Sc 

Environment Science Course at Institute of Environment Studies, Kurukshetra 

University has undergone the Training/Project Work in Environmental aspects 

and industrial procedures from this organization from 03/08/2022 to 03/10/2022 

successfully. During the training period, she shown a keen interest in 

learning. 

We wish her success in life. 

Deputy Consèyvator of Forests, 
Kaithal Fores Division, 
Kaithal. 



Certificate 
Dat 2002032 

To whom Soever it mnay concern 
ifi ta M oia t wdet a MS 

Studsurushetra iversity rk soatra 

ZN. (ENDEA) PT 

ONPARKCRIZING INGiA PVT LIO 



Perfaci, 
16 September, 2022 

This is to certify that Ms. Nancy Dutt, a student of Institute of Environmental Studies, Kurukshetra University, Kurukshetra: 

Msc- EVS, Roll Number 06, has successfully completed her 45-day mandatory internship with Perfact Group, Gurgaon office 

trom 1" August, 2022- 15 September, 2022. 

Her department of working was Emvironmental Impact Assessment (E.LA.) 

TO WHOMSOEVER IT MAY cONCERN 

The title of her project was "Post EC work-Creating a database of the ECs obtained in the last 3 years and 

performing meanirgful data analysis on the same." 

PERFACT GROUP 

During the entire period of her internship, we found her to be a focused, honest and a dedicated professional who handled the 

work assigned to her with zeal 

We wish her all the very best in all her future endeavors 

Regards 

y N Mat Seca 



CERTIFICATE 
This is to certify that the Project titled A Theoretical Study of Toxic Emissions Released 

Due to Military Activities" has been carried out by Sourabh Yadav, a student of M.Sc. 
supervision of Dr. Pritam Sangwan, Scientist - E, CFEES, DRDO. It is certified that the 

Environmental 
Science, Kurukshetra University, Kurukshetra, Haryana, under the 

report is authentic and genuine. They had been hard working and dedicated throughout their 

training. To the best of my knowledge this wok has not been submitted in part or full for any 

Degree or Diploma to this University or elsewhere. 

Dr. Pritanm Sangwan 

Scientist - & Joint Director 



Ref. No. 28 

HARYANA POWER GENERATION CORPORATION LMITED 
Rogd. O1fico-.C-7, Urja Bhawan, Scctor -6, Panchkula 

Corporate ldentty Numbet. U45207HR19975GCO3351z 
Websife www tpacl org in Emal trangcellplpSRIrnal cor 

IN PLANT TRAINING CERTIFICATE 

This is certified thaL Mr. VINEET KUMAR bearing 

Roll No. 2021072040 

ENVIRONMENT 

UNIVERSITY, 

vocational/industrial 

KURUKSHETRA 

student of 

STUDIES, 

Place:- PTPS, Panipat 

Division" at Panipat Thermal 

INSTITUTE OF 

Date: Septemnber 15, 2022 

KURUKSHETRA 

training 1n "Civil 

has undergone 

Maintenance 

from August 01, 2022 to September 15, 2022. During 

this pcriod his performancc is found good. 

Power Station, Panipat 

Executvo Engineer 
Tralning Division 

P.T.P.S. H.P.G.C.L, Panipat 



Vüa 
Ihe kurukshetra-Karnal Co-operative Milk Producers' Union Limited 

No. : MUK/Admn.(2 2G821 

TO WHOM IT MAY CONCERN 

Dated : 1s(og|222 

I1 Is certified that Miss. Simran, student of M.Sc. Environment Science Course 

t Insutute of Environmental Studies. Kurukshetra University has undergone the 

Training in Environmental aspects and industrial procedures from this organization 

from 30.07.2022 tol5.09.2022 successfully. During the training period, she shown a 

keen interest in learning. 

We wish her success in life. 

Chief Executive Officer 
The Kurukshetra-Karnal Cooperative 

Milk Producers' Union Ld.Kurukshetra 

Vita Milk Plant, G.T. Road, Near Sanwala, P.Box No. 41, Kurukshetra-136118 
Fh. : 01744-275544. E-mail: milkunionkkrl@yahos,co. la GST : 6AACATAMWTNIZc 



Epeuls 

Place: Karnal 

Date : 05/08/2023 

ESPERTO FOODS PV LTD 

TO WHOM IT MAY CONCERN 

oO ceruty that Mr. Manoj Pawar slo Sh. Shyam Lal r/o VPO Bara Gaon, Karnal, 

nt O M.lech Energy and Environmental Management, Kurukshetra University has 

undergone dissertation work on Physicochemical analysis of effluent discharge Irom a 
food processing industry A case study" in M/s. Esperto Foods Pvt. Ltd., VPo Bara 

Gaon, Distt. Karnal from 22/01/2023 to 30/07/2023. 

GST No. :06AAGCE0937P1ZB 

For Esperto Foods Pvt. Ltd. 

(Plant Manager ) 

CIN: -U15400HR2020PTCO89405 

9896800008 VPO BARAGAON, GHEER ROAD NEAR BALAJI MANDR KARNAL HARYANA 
O info@espertofoods. com 



GCL/2023 

GOODRICH 
ADDING VALUE TO FO0D 

It is certified that Ms. Parneet Kaur. Student of M.Tech in Energy and 
Environmental Management Institute of Engineering and Technology 

(Kurukshetra University Kurukshetra) completed her Six months training of A 
Study on Performance of a Effluent Treatment Plant of Food Industry in 
Goodrich Carbohydrates Ltd. Village-Nagla, Meerut Road, Karnal -132001 

(Haryana) for the period of from 17.01.2023 to 16.07.2023. 

To Whom It May Concern 

During her training period it was noticed that her work and conduct was 

satisfactory. 
We wish her all success in her future endeavors. 

Authorized Signatory 

drich Carbohyd rates Ltd. 

For GoodrichH Carbohydrates Ltd. 

J15122DL2009PLC187264 

Date-26.09.2023 

ered Office: Unit No. 902, D-Mall, Plot No. A-1, Netaji Subhash Place, Pitampura Delhi -110034 INDIA 

Village Nagla, Meerut Road, Karnal -132001 (Harvana) INDIA| Tel. : 0184-2381257, 2381258 
Ofice : Opposite Hotel Deventure, Namastey Chowk, Karnal -132001 (Haryanä) INDIA | Tel. : 0184-4042954, 4004404 



EXIGO 

Reference: 08/2.3/N 

Head 

Parveen Kumar. PhD. 

his Is to certify that the work reported in the dissertation entitled. 
Determ ination of metal content in waste Li-ion battery by ICP-OES" Is an 

original picce of vwork. carried out by Ms. Sumit from January 17. 2023 to 
Julyl7, 2023 under guidance and superv ision of the Head (R&D) Dr. Parveen 
Rumar in partial fulfilment of the requirements for the degree of Master 
offechnology in Energy & Environmental Management, Kurukshetra 

University, Kuru kshetra. 

We Wish aii success in her career and professional achievement. 

Research and Devclopment 

CIN 0T 6H o 13PTCpAA168 An ISG e01, s4ne1 & 4n1 (OHSaMS) carted company 

Works 1 

CERIIEICATE 

Barsat-Panipat Road, Barsat, Karnal 
Haryana 132114 

Date: 9,08.2023 

Exigo Recycling Pvt. Ltd 
E-mall: parveenkurmarDexigorecycling. com! Ph: 9416371023 | W: www.exigorecycling.com 

Toll Free No: 1800 102 5018 
Works 2 

Unit 2- Opposte Kirpal Ashram 
Barsat R08d ginat Haryar 
132103 

Reg. Ottire 
F-36, 1 Floor, East of Kailash, 
lew Dalhi 110065 

Corporate OfRce 
B-19.1& 2n% Floor Sec-63 
Ncida-201 209 rDrades 



RYAN 
ACE 

iSAR 1980 

IN3 
HARYANA SPACE APPLICATIONS CENTRE (HARSACI 
(Citizen Resources Information Department, Haryana) 

HARSAC(hMbns / 

CCS HAU Campus, Hisar - 125004 
Phone: 01662 212612, 21104s, 231047, FAX: 225958 

Webite www.harsac orR, E mail Contact@harsac.or. 

CERTIFICATE 

This Is (o certify that Mr. Vijay Kumar, a student of Master of Technology in F nergy & 

tvironment Management. Institute of Environmental Studies. Kurukshetra University. 

07 09- 627 

irukshetra session (2021-2023) has satisfactorily completed his dissertation work of6 mnonths 

On the topic entitled "Development of a conceptual loT-enabled drinking water supply 

System in Gurugram (Haryana)" under the joint guidance and supervision of Dr. 

Dharmendra Singh (Senior Scientist). HARSAC (Haryana Space Application Centre ). Node. 

Gurugram. Dr. Priti Attri (Senior Scientific Assistant). HARSAC (Haryana space application 

Centre). 

Date: 7 -b9-00? 

The dissertation work being submitted fulfills the basic ordinance governing partial fultillment 

of requirements for the award of the degree of Master of Technology. 
During his tenure. we found hím active and competent in executing all assigned tasks were 

found to be satisfactory. 

We wish him great success in all of his future endeavors. 

Dr. Dharmendra Singh 
Senior Scientist HARSAC 

Dr. Priti Attri 
Sr.Scientilic Assistant 

1ARSAC 



PUBLIC HEALTH ENGINEERING DEPARTMENT, HARYANA 
UO THE SUB DIVISIONAL ENGINEER PUBLIC HEALTH ENGINEERING SUBDIVISION NO.3 

REWARI 
Garh Bolni Road. Near Nala Rewari 123401 

Ph. No.: 012 74-260635 E-mail : sdephesdno. 3rewari@gmail.com 

Sa 

SNE Tail rau No 1200 180 S679 

CERTIFICATE 

Ihis is to certified that Yash Gupta bearing Roll No: 
(2021073008) pursuing MTech. Energy and Environmental 
Management course from Institute of Environmental Studies, 
Kurukshetra University, Kurukshetra has undergone six months 
"Dissertation Thesis Work" dated from 06 February 2023 to 07 
August 2023 from Public Health Engineering Department, 
Rewari ( Haryana ). 

He was sincere, self-managed and bears good moral character 
during the work 

We wish a bright future for him. 

Place: REWARI (Haryana) 
Date of issuing: 21 August, 2023 



CHANDIGARH Chandigarh Pollution Control Committee 
Paryavaran Bhawan, Madhya Marg, Sector 19-B,Chandigarh-160019 

CPCCLab/21/Trng./2023/238 
TO WHOMSOEVER IT MAY CONCERN 

Dated: 21/0a)er3 

I1 is certified that Mr. Parveen Bura, student of M.Tech. (Energy and Environmnental 

Mnagement). Institute ol Environmental Studies, Kurukshetra Universily. Kurukshetra. 

TMary ana has successfully undergone the raining fron February 2023 to August 2023 at 

Chandigarh Pollution Control Commilce on the topic A Study on Pollutant Removal 

|iciency of Different Sewage Treatment Plants in Chandigarh City":. 

I wish him all success in the future. 

TDuring lhe raming period. he was punclual. hardworking and his conduct was good 

lle bears a good moral character. 

(Arulrajan P., IES) 
Member Secretary 

RX: 0172.2700311, E-mail : cpcc-chd@nic.in 



2 

ICAR-INDIAN INSTITUTE OF WHEAT & BARLEY RESEARCH 
The following applications were received by email for allotment as Co-major or Co-supervisor in the 
Advisory Committee of the PG Scholars enrolled at different R&D institutions 

S.No. 

email from Dr Surender S Yadav (surender.ento@gmail.com) dated 20 05 2021 seeking Dr Poonam Jasrot1a 
email from Dr Sandeep Gupta (drsandeep.qupta@kuk ac.in) dated 21 05 2021 seeking Dr Sudheer Kumar Accordingly, the following allotment as Co-major or C0-supervisor in the Advisory Cornmittee has been 

proposed by the Committee on Academic Trainings The suggested list is put forth for your kind perusal 
and approval 

Student Name and Degree Pursued 
Sunny Manju 
Admn No 2020A46M 

KARNAL - 132001 

MSc. (Entomology) 
Shant Kumar 

|PhD 

Aun upta 
Mempe) 

Dnesh Kuar 
(Menhe 

Institution 

CCSHAU Hisar 

Ali the guidelines laid out by ICAR on dissertationresearch has to be followed 

Ratan Iwa2?/o 
Chamhani 

Kurukshetra University Dr Sudheer Kumar(Co-supervisor) 

RS Onhókar 
(Member) 

May 22, 2021 

Name of the Allotted Scientist in the 
Advisory Committee 

Approved Not Approved 

Dr Poonam Jasrotia (Co-majon 

Rav1ndra Kuniar 
(Member 

(Director., ICAR-IWBR 

R Sendhl 

(Member Secretary) 







































 



3.7.1 Number of collaborative activities with other institutions/ research establishments/industry for  research 
and  academic development of faculty and students  per year  2022-23 
3.7.1.1: Total number of Collaborative activities with other institutions/ research establishment/industry for  
research and  academic development of faculty and students during the year 2022-23 

Sl. 
No
. 

Title of the 
collaborative 
activity 

Name of the 
collaborating 
agency with 
contact details 

Name of the 
participant  

Year of 
collaborati
on 

Dur
atio
n 

Nature of 
the activity 

  

  

Hkkjrh; i=dkfjrk 
,sfrgkfld ifjizs{; ,oe~ 
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