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Soil and Water Conservation and management are prerequisite for sustainable
agriculture. It is important to conserve and properly manage the natural resources
and improve economic viability of farming to meet food and livelihood security. Proper
management of land, water, biodiversity and climate resources is the need of the
hour. There is a strong need to increase agricultural production towards achieving
the goals of livelihood security on sustainable basis as well as reduce the productivity
gap between marginal and favoured areas. A strong infrastructure has to be built
which can deliver optimally under climate variability and change. Soil and Water
Conservation and Irrigation are important aspects of land use and rural development
in these regions. Participation of the stakeholders at various levels is absolutely
necessary. Proper management of soil, water, animal, plant and human resources is
essential to aim for rural development, mitigating climate change effect, enhancing
farmers’ income and achieving the future targets on sustainable basis.

The 4™ International Conference of SCSI jointly organized by WASWAC, ISCO
and SCSI on “Soil and Water Resources Management for Climate Smart Agriculture,
Global Food and Livelihood Security” during November 5-9, 2019, hosted by the Soil
Conservation Society of India, New Delhi and co-sponsored by the Indian Council of
Agricultural Research (ICAR), DST-SERB, NABARD, ICSSR, NBA, NRAA, CSIR
and ISRO and supported by IUSS and ESSC. This book includes the Abstracts of the
papers contributed by experienced professionals, researchers and academicians from
different countries and are categorized into the broad themes of the conference. The
editors are grateful to Prof. Li Rui, Prof. Samir A El-Swaify, Prof. Miodrag Zlatic and
members of the technical committee of the conference for their efforts, support and
cooperation.

This abstract book will prove to be an important knowledge bank and tool in the
hands of policy makers, students, researchers, scientists and field level workers for
better management options for management of the natural resources to attain
sustainable farming vis-a-vis mitigating climate change effect.

Suraj Bhan and Sanjay Arora
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Preliminary Progress on Global Soil Erosion Assessment

Rui Li", Baoyuan Liu"? Qinke Yang?, Shaoshan An’, Juying Jiao’,
Minghang Guo!, Chunmei Wang?, Guowei Pang?, Lei Wang?, Hongming
Zhang', Panagos, Panos® and Borrelli, Pasquale®

! State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Institute of Soil and Water
Conservation, CASIMWR, NWAFU, Yangling, Shaanxi Province, China
2 State Key Laboratory of Earth Surface Processes and Resource Ecology, Faculty of Geographical Science,
Beijing Normal University, Beijing 100875, China
3 Shaanxi Key Laboratory of Earth Surface System and Environmental Carrying Capacity, College of Urban
and Environmental Sciences, Northwest University, Xi'an 710127, China
* College of Information Engineering, NWAFU, Yangling, Shaanxi Province, China
° European Commission, Joint Research Centre, E.Fermi 2749,1T-21027 Ispra, Italy
¢ Environmental Geosciences, University of Basel, Basel CH-4056, Switzerland

Currently many scientists and agencies are working to perform global soil erosion
assessments at various scales. Here we would like to introduce the preliminary progress of the
Project (Global Soil Erosion Assessment) implemented by a joint group of scientists from China
and Europe. In the past 2 years the project was mainly concentrated on the driving factors of
global soil erosion. We selected the newest available datasets and suitable methods to calculate
and extract the soil erosion factors. In order to get better data of soil conservation practices and
more realistic soil erosion assessment, the sampling survey based on high resolution Remote
Sensing images and field checking was conducted. Integrated the data (natural factors and
practices of soil conservation), water erosion rate is calculated at each sampling unit based on
the Chinese Soil Loss Equation (CSLE). This method has been tested in the Pan Third Pole area
and the results are satisfying suitable for erosion assessment at regional scale.

Key words: Global soil erosion assessment, Erosion factors, sampling survey, high resolution,
water erosion
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Strategies, Lessons and Experiences on the Sustainable
Soil Management

Miodrag D. Zlatic

Immediate Past President of the World Association for Soil and Water Conservation; Belgrade University,
Faculty of Forestry, Department for Ecological Engineering in Soil and Water Resources Protection,
Kneza Viseslava 1, 11030 Belgrade, Serbia

Land degradation is the global problem from the beginning of mankind. The loss and
degradation of land resources need to be seen in the context of policy, socio-economic conditions
and the environment. The impact on agriculture, forestry and food production, as well as on the
ecological and protective functions of natural and managed ecosystems is universally recognised.
To meet these challenges, new and innovative approaches are required. This includes close
cooperation with governments, civil society and international and national organisations to ensure
a broadly acceptable and efficient implementation, as well as the necessary additional financial,
institutional and human resource support. Sustainable management of land resources implies
the application of participation methods, including the world methods such as: The Ecosystem
Approach, CBNRM (Community Based Natural Resources Management), WOCAT (World
Overview of Conservation Approaches and Technologies), DPSIR Approach. In this respect paper
takes into account description some of the mentioned methods with some examples and lessons
learned.

Key words: Land degradation, ecological functions, sustainable management
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Management of Soil Resources for Sustained Production

Jagdish Prasad
Formerly ICAR-NBSS & LUP, Amravati Road, Nagpur- 440033, Maharashtra, India

Soil, water and bioclimates, an integral part of land, greatly influence the productivity of
plants and animals. Moreover, suitable agro-interventions have their own impact on production
of targeted farming system. Although India has successfully achieved self-sufficiency in food
production and came out from the clutch of ship-to-mouth situation owing to coordinated efforts
of breeder, fertilizers industries and planner (bringing large area under irrigation). Later on, it is
realized that gain in production could not sustain owing to various factors including non-judicious
use of resources, weather observation (climate change) and economic consideration by
stakeholders. Now, India has nearly 120.72 million degraded lands due to climate and
anthropogenically induced degradation and thus, productivity and nutritional security are at
crossroad.

Sustainable production deals both short and long term goal for providing the needs of today
and tomorrow. It combines the economic consideration and ecological restoration. These issues
can be addressed by scientifically managed soil heath. We have wisdom, ways and means in
terms of doable technologies but it needs proper coordination and awareness at every level.

Key words: Bioclimate, degraded lands, climate, doable technologies

]



Abstracts : International Conference on Soil and Water Resource Management for
Climate Smart Agriculture, Global Food and Livelihood Security

November 5-9, 2019 | New Delhi, India

Soil Conservation Measures in Hot Arid Region of India to
Control Wind Erosion

Priyabrata Santra

ICAR-Central Arid Zone Research Institute, Jodhpur, Rajasthan, India
Email: priyabrata.santra@icar.gov.in

Wind erosion is a major land degradation process in the arid and semi-arid regions of the
world. It affects about 41% land area in the world and about 13.5 per cent in India. Removal of
soil particles by wind is very active in the Indian Thar Desert and poses severe multifaceted
problems. Loss of nutrient-rich particles from agricultural fields, suspension of fine particles in
air, and deposition of eroded soil particles on railway tracks, roads, and irrigation canals etc are
major wind erosion related problems in the region. During severe dust storm events, the
suspended particles may get transported by air over hundreds of kilometers and form a blanket
of dust haze over the Indo-Gangetic plains and surrounding area. Prevailing weather and terrain
conditions of this desert are also very conducive to wind erosion. Among climatic factors, wind
speed plays a vital role and if it exceeds the threshold of 5 m s at 0.3 m height from ground
surface it initiates wind erosion. Among terrain properties, soil aggregate distribution, surface
roughness, soil moisture and vegetation cover are important factors influencing wind erosion.
Minute soil particles (<60 mm) blown by wind are one of the major causes of particle air pollution
and causes serious health hazard to people and animals dwelling in the desert region, especially
to children, sensitive persons and old animals. Combating wind erosion in the vast desert requires
prioritization of regions according to the severity of problem. In this context the measurement of
wind erosion in different land use sites of the desert is essential for the validation of process-
based wind erosion model and its application in the mapping of wind erosion prone regions.
Eroded soil particles initially carried out by wind are deposited at distant places thus affecting
the source area by depleting its soil fertility and creating environmental hazards in deposited
areas. Sometimes, the deposition of nutrient enriched eroded soil particles in places away from
the source region increased the fertility. Computed soil loss from field measurements revealed
annual soil loss rate of 12.2 tha™! in under moderate category of wind erosion whereas it was as
high as 83.3 t ha! under very severe category. However, under slight category of wind erosion,
annual soil loss rate has been observed as 1.3 t ha™. There are main five factors affecting the wind
erosion process, which are climatic factor, soil erodibility factor, roughness factor, field length
factor and vegetative factor. Considering these causative factors different control measures have
been formulated, which mainly aim either to decrease the erosive energy of wind or to decrease
the erodibility of soil by altering the surface soil characteristics or surface cover or roughness.
Among different control measures, well-anchored surface vegetative cover is the most applicable
method to control wind erosion, which may be achieved through maintaining permanent grass
cover in rangelands. Tree shelterbelt is also a suitable option to control wind erosion in those
places of desert where water resource is available for its initial establishment.

Key words: Dust storm, wind erosion, shelter belt, vegetative cover
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Gully Development and Erosion Environment Evaluation
in a Small Watershed Located in the Transitional Area
from Plateau to Plain in Northern China

Pengfei DU, Jingjing XU and Wenlong SONG

China Institute of Water Resources and Hydropower Research, China
*Corresponding author email id: dupf@mail.bnu.edu.cn

As part of the ecotone between agriculture and animal husbandry, the transitional area from
plateau to plain in northern China is a fragile zone of ecological environment, as erosion caused
by water and wind are both serious. After two decades treatment, the wind erosion has been
controlled effectively. However, the water erosion is still non negligible, which could be reflected
by the rapid development of gullies. To provide reference for present erosion situation and for
future treatment, remote sensing images from satellite, orthoimage from unmanned aerial vehicle,
and on-site survey and measurement have been all introduced to make clear the development of
an active gully in a small watershed. The current distribution of the main gully and its branches
were obtained, the related parameters including length, width, depth, density of gullies were
measured, the relationship between gullies density and slope gradient/length were analyzed,
the speed of expansion of the main gully was calculated, and the main influence factors to
accelerate the gully’s development were summarized. This study provided substantial
contribution on water induced severe erosion in a traditional area experiencing serious wind
erosion. This work was supported by the National Key Research and Development Program
[grant number 2016 YFC0500802].

Key words: Gully development, Transitional area from plateau to plain, Orthoimage, Water
erosion
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Corrosion Mechanical Properties of Topsoil in 4 Different
Vegetation Communities

GE Rile?, HAO Xuting*, SU Rina and HUANG Jing

College of Desert Control Science and Engineering,
Inner Mongolia Agricultural University, hohhot 010019, China

In this paper, the surface soil (0-5cm) of four different vegetation communities in the poplar
and caragana mixed forest, pure forest of poplar, evergreen coniferous forest and pure forest of
caragana were studied, and the effects of soil moisture content on their mechanical properties
were analyzed. The results showed that within the range of the tested surface soil moisture
content from 2.5% to 12.5%, four different vegetation types and bare ground showed an increasing
trend of shear strength and cohesive force of the surface soil with the increase of soil moisture
content, indicating that the increase of soil moisture content in a certain range played an active
role in improving soil surface erosion resistance. The values of shear strength and cohesive force
of the four types of vegetation communities were significantly greater than the values of bare
land, which indicated that the forest and grass measures of soil and water conservation promoted
the improvement of surface soil structure, thus improving the anti-erosion ability of the surface
soil. In the range of water content between 2.5% and 12.5%, there is no obvious change rule with
the increase of water content. The shear strength and cohesive strength of the topsoil under the
mixture forest of lime + poplar were the greatest. On the other hand, it also shows the advantages
of creating mixed forests in the forest and grass measures of soil and water conservation.

Key words: Topsoil, Shear strength, Cohesion, Internal friction angle, Soil moisture
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Preliminary Study on Soil and Water Loss and its
Control Measures in Tibet

Shi Zhe, REN Fei-peng and SUN Bao-yang

Yangtze River Scientific Research Institute, Changjiang Water Resources Commission, China

Tibet is located in the Qinghai-Tibet Plateau and the third pole of the earth. Its ecological
environment is fragile and soil erosion is serious. The types of soil erosion involved include
freeze-thaw erosion, hydraulic erosion, wind erosion, gravity erosion and man-made erosion.
According to the survey data, the scope of soil erosion accounts for more than 30.0% of the total
land area in the region. Affected by global warming and human activities, grassland degradation,
land desertification, soil erosion and frequent natural disasters directly affect regional socio-
economic and livelihood improvement. Based on a large number of field surveys, remote sensing
and a series of studies, the present situation of soil erosion in Tibet was evaluated, and the main
influencing factors of regional soil erosion and the influence of soil erosion on land resources
were analyzed. This paper puts forward a new model of soil erosion prevention and control,
which takes ecological environment protection as the core, River Basin comprehensive planning
as the means, comprehensive ecological restoration and environmental control projects in zoning,
natural restoration of forest, shrub and grass, and supervision of soil and water conservation as
the main technical means.

Key words: Global warming, ecological restoration, river basin, soil erosion
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Study on the Change of Soil Erosion and its Influencing
Mechanism in the Loess Plateau of the Middle Reaches of
the Yellow River in Different Periods since the Middle
of the 20th Century

Li Min* and Zhang Li

Upper and Middle Yellow River Bureau, YRCC, Xi’an 710021, China
*Corresponding author email id: limin173@sina.com

The annual sediment transport in the Yellow River is the expression carrier for soil erosion
on the Loess Plateau, with an average of 1.6 billion t/year in the natural state. As of 2015, the
comprehensive management measures for soil and water conservation in the middle reaches of
the Yellow River reached 260,000 km?, and the degree of governance exceeded 62%. The annual
sediment transport volume of the Yellow River has not exceeded 500 million t/year in more than
ten years, and the minimum year is less than 100 million t/year. The statistical analysis of the
sediment transport volume of the Yellow River in 1954-2015 was conducted in three periods.
The results show that: Before the 1960s, the effect of soil and water conservation on the sediment
transport of the Yellow River was not obvious; during the period from 1967 to 1987, the effect of
soil and water conservation on reducing the amount of sediment transported in the Yellow River
was significant; From 1988 to 2015, only a factor of “water and soil conservation degree” can
“interpret” the change of the annual sediment transport volume of the Yellow River by nearly
80%; When the degree of soil and water conservation is more than 55%, the annual sediment
transport calculated by the regression model is less than 200 million t/year; In recent years, the
amount of sediment reduction by the soil and water conservation to the Yellow River has exceeded
1 billion t/year; with a confidence of 80%, the annual sediment load of the Yellow River is less
than 500 million t/year.

Key words: Yellow river, Loess plateau, Annual sediment transport, Soil and water conservation,
Sand reduction
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Soil Erosion and Sedimentation Research in
Selected Countries

Liu, Xiaoying'¥, Ding, Xinhui',Yu, Qiyang? and Chen Jianlong!'
!China Institute of Water Resources and Hydropower Research, IRTCES,
20 Chegongzhuang Road West, Beijing 100048, China
?Research Centre of Water Resources Research, MWR, Beijing, China
*Corresponding author email id: liuxy@iwhr.com

Since the end of the Second World War, approximately 12 million ha of the world’s agricultural
land have been eroded, 10.5% of fertile land has been destroyed, and 35% of the Earth has been
affected by desertification. These problems are the result of serious soil erosion, land degradation,
reduced soil fertility, environmental degradation, and sedimentation of rivers. The erosion and
sedimentation problems have affected industrial and agricultural water conservation, and
development. To deal with the challenges of soil erosion and sedimentation, the strong support
of science and technology is needed. New technologies are emerging constantly in this field
owing to the advancement and development of new theories in the field of soil erosion and
sedimentation science. In order to obtain a better understanding of the state of soil erosion and
sedimentation research at the global scale, special research of scientific and technologies on soil
erosion were conducted in this paper. 13 countries were chosen, namely China, Egypt, India,
Iran, the Democratic People’s Republic of Korea, Nepal, Russia, France, Germany, Japan, the
Republic of Korea, the United Kingdom, and for a comprehensive evaluation and systematic
analysis of the latest research progress on soil erosion and sedimentation. This research has
done the following research subjects: Cutting-edge research on soil erosion and sedimentation
in representative developing and developed countries; Evaluation of soil erosion and
sedimentation research in different countries; Comprehensive analysis of soil erosion and
sedimentation in typical countries. The research indicated that the world’s countries face different
types of soil erosion and sedimentation, and the severity of the hazards and the amount differ
greatly. Overall, water erosion is more severe in India, China, Iran, Nepal, Russia, and the USA.
Wind erosion is more serious in Egypt, Iran, China, and the USA, while countries such as the
United Kingdom, Germany, France, Japan, and the Republic of Korea have relatively light soil
erosion. The countries with more serious sedimentation problems include China, Nepal, Iran,
India, Russia, Egypt, and the USA. Countries with less severe sedimentation issues are the United
Kingdom, France, Germany, Japan, and the Republic of Korea. The selected typical developed
countries have completed controlling their major rivers and currently have a strong emphasis on
ecology, landscape, beautifying the river, and protecting the small rivers and streams. The selected
typical developing countries are still in the stage of river development and management and
have started to attach importance to the protection of the river’s ecology. Countries such as the
USA, Russia, France, Germany, and the United Kingdom have an in-depth basic research system,
and China and India have more research results in applied research.

Key words: Soil erosion, Sedimentation, Statistical research, Selected countries
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Causes Analysis and Control Technologies of Soil and Water
Loss of Economic Forestland in Northern Earth-rock
Mountainous Areas, China

Xinhui Ding"? Xiaoying Liu"*, Guangquan Liu"?, Duihu
Ning"?, Yongsheng Xie®, Xiaodong Hao* and Wei Zhou*

IState Key Laboratory of Simulation and Regulation of Water Cycles in River Basin, China Institute of
Water Resources and Hydropower Research, No.20 Chegongzhuang West Road, 100048, Beijing, China
International Research and Training Centre on Erosion and Sedimentation, No.20 Chegongzhuang
West Road, 100048, Beijing, China
3Institute of Soil and Water Conservation, Chinese Academy of Sciences, Ministry of Water Resources,
Yangling 712100, Shaanxi, China
*Institute of Soil and Water Conservation of Chengde city,No.77 Wulie Road, 067000,
Chengde, Hebei, China
*Corresponding author email id: waswacsecretariat@126.com

Soil erosion under the chestnut forests of Yanshan mountains is characterized by strong
concealment and serious erosion. In October 9-20, 2016, we adopted field survey method to
investigate in detail contiguous chestnut forests in Changfu village, Hebei province, China. The
factors that affect soil erosion under chestnut forests were analyzed. Disorderly reclamation in
large and cultivation on steep slope are primary causes of soil erosion, while chestnut trees grow
on the outer edge of a level ditch and chestnut leaves gather little raindrops into larges were
main reasons for gully erosion and splash erosion on a slope. At the same time, the reasons that
soil and water conservation measures are lag behind and disrepair are: (1) chestnut forest
managers are decreasing and aging; (2) tools that used for repair level ditch are backward. The
existing measures of soil and water conservation include wood brace, level ditch, moss-covered,
grass-covered, agro-forest intercropped. We suggested that grass-covered and agro-forest
intercropped are the promising direction of production and management for chinese chestnut
forest. Finally, suggestions for control soil erosion under chestnut forests are given from watershed
and slope scales respectively, hoping to arouse enough attention of researchers and policymakers
and give this problem timely study.

Key words: Chestnut forest, Disorderly reclamation, Steep slope planting, Soil erosion under
chestnut forests, Control measures
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Preparation of Erosion Susceptibility Map of Dhaman Khadi
Sub-Watershed in Eastern Gujarat

A.P. Lakkad™, K.N. Sondarva' and P.K. Shrivastava?

College of Agricultural Engineering and Technology, NAU, Dediapada, Gujarat, India
?College of Forestry, ACHF, NAU, Navsari, Gujarat, India
*Corresponding author email id: larunp@nau.in

Soil degradation is a strong driver of climate change through its current and anticipated
effects on land use and management. Among the major causes of soil degradation in India,
water erosion is considered to be the most severe one which covers almost 68.39% of the affected
area resulting into the annual soil loss of about 5.3 billion tons through erosion (Maji et al., 2010).
An attempt has been made to model land degradation in term of water erosion of selected Dhaman
Khadi sub-watershed (7710.64 ha.) in Eastern Gujarat, India through Revised Universal Soil
Loss Equation using ArcGIS interface. The average erosivity of 30 years (1986-2015) annual rainfall
using standard formula was estimated to be 480.63 MJ mm ha™ hr! per year. The erodibility
factor K was computed as 0.236 and 0.177 mt.hr MJ! mm per unit R respectively for clay loam
and clay soils using modified formula. 20 m Digital Elevation Model was prepared from Toposheet
No. F43N10 by using “Topo to Raster” interpolation method. The slope length factor L was derived
from DEM using Unit Stream Power Erosion and Deposition (USPED) Model. The raster layers
of slope steepness factor for slope having < 9% and 29% was prepared separately to form final
slope steepness factor map. Cover management factor map was derived based on cropping pattern
for the various land cover categories of the study area. The standard conservation practice factor
values for cross-sloped agricultural lands were assigned to the at-tribute table of the intersected
map of LU/LC and slope maps to prepare the P factor map. Average gross soil erosion was
minimum for evergreen forest while maximum for wasteland without scrub. Highest area covered
by agri-cultural land (i.e. 41.54) of Dhaman Khadi sub-watershed having 33.28 tons/ha/yr gross
soil erosion needs immedi-ate treatment to prevent land degradation. Soil loss tolerance limit of
study area was used to derive erosion susceptibility map in order to identify the priority of
conservation programs. As all the factors of RUSLE was estimated precisely at sub-watershed
level, the study could help for rapid and reliable planning of watershed development pro-grams
in combination with the use of RS and GIS technology.

Key words: ArcGIS interface, Erosion susceptibility map, Sub-watershed

=]



Abstracts : International Conference on Soil and Water Resource Management for
Climate Smart Agriculture, Global Food and Livelihood Security

November 5-9, 2019 | New Delhi, India

Improved Interrill Erosion Prediction by Considering
the Impact of the Near-surface Hydraulic Gradient

Chenfeng Wang, Bin Wang*, Yunqi Wang, Yujie Wang
and Wenlong Zhang

Jinyun Forest Ecosystem Research Station, School of Soil and Water Conservation,
Beijing Forestry University, Beijing 100083, PR China
*Corresponding author email id: wangbin1836@bjfu.edu.cn

The mechanism of the interrill erosion process is still unclear under complex conditions.
Spatio-temporal variations of the near-surface hydraulic gradient are a common occurrence;
however, few attempts have been made to characterize the near-surface hydraulic gradient for
erosion prediction. Therefore, the objective of this study is to determine the influence of exogenic
erosional forces (rainfall, overland flow, and seepage) on interrill erosion processes by considering
the impact of the near-surface hydraulic gradient. Five near-surface hydraulic gradients (70% of
field capacity, field capacity, saturated, artesian seepage at 20 cm and 40 cm of the hydrostatic
pressure head) were applied in clay loam soil at two representative slope gradients of 8.75% and
17.63% under three rainfall intensities of 30, 60, and 90 mm h'. The results showed that the near-
surface hydraulic gradient was the dominant factor in the interrill erosion process in addition to
rainfall intensity (I), runoff (Q), and slope gradient (S). There was a significant improvement in
the prediction accuracy of the interrill erosion rate when the factor of near-surface hydraulic
gradient was introduced into the interrill erosion prediction equation based on the Water Erosion
Prediction Project (WEPP) concept (R?>=0.92, Nash-Sutcliffe simulation efficiency (NSE)=0.92).
The R? and NSE values were 22.36% to 210.00% higher than those of existing empirical equations
(main parameters: I, [&S, 1&Q, [&S&Q). The correlation matrix results indicated that the flow
velocity was a key hydraulic parameter for predicting the interrill erosion rate. The interrill
erosion rate was predicted well by a simple power function of the flow velocity (R?=0.88,
NSE=0.88), although this relationship lacks clear physical meaning. We also found that the interrill
erosion rate increased as a power function with the runoff depth, rainfall intensity, hydrostatic
pressure head and slope gradient (R?>=0.88, NSE=0.88). Considering the integrated effect of the
exogenic erosional dynamics on the interrill erosion, a power function that included the physical
description of the hydrodynamic parameters, rainfall intensity and hydrostatic pressure head
was used to predict the interrill erosion rate (R2>0.85, NSE>0.86). The results of this research
provide new insights into developing process-based and mechanistic models for interrill erosion
processes.

Key words: Near-surface hydraulic gradient, Interrill erosion, Model, Hydraulic parameters,
Hydrodynamic parameters
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Effect of Gypsum, Crop Residue Mulch and Manure on
Resource Conservation and Soybean Productivity
in Table Land of Chambal Ravines

I. Rashmi, Shakir Ali, B.L. Mina, Kuldeep Kumar,
Ashok Kumar and R.K. Singh

ICAR-Indian Institute of Soil and Water Conservation, Research Centre, Kota, Rajasthan, India

Table lands are agricultural productive lands adjoining ravine belts and one such typical
example is found near Chambal ravines of south eastern Rajasthan. Field experiment was
conducted with various combinations of amendments like farm yard manure, crop residue mulch,
gypsum and recommended dose of fertilizers laid out in random block design was carried out in
table lands of IISWC, Research farm, Kota. Various combinations of treatments were Control
(without fertilizers and amendments); Recommended Dose of Fertilizer (RDF) for soybean; RDF
+ FYM; RDF + Mulches; RDF + Gypsum; RDF+ Gypsum + FYM; RDF+ Gypsum + Mulches; RDF
+Gypsum + Mulches + FYM. Results showed that application of amendments like gypsum along
with crop residue reduced soil loss and runoff in all treatments. Gypsum application significantly
reduced (20%) soil loss and runoff in all the treated plots thereby increasing water infiltration.
Compared to FYM, addition of crop residues as mulch to the tune of 3t/ha was more effective in
decreasing runoff and soil loss under soybean. Highest nutrient and soil loss was recorded in
control plots without any amendments. Among the various nutrients, potassium loss was higher
compared to nitrogen and phosphorus. Significant increase in soybean yield was observed where
gypsum, crop residue mulch and FYM were applied. Combination of amendments like gypsum,
crop residue mulch and FYM improved soil moisture content by 10 percent over control plots
Application of amendments improved soil carbon, nutrient status and soil properties thereby
enhancing crop productivity.

Key words: Farm yard manure, crop residue mulch, gypsum, soybean yield, soil carbon
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Study of Soil and Water Conservation Measures in
Chilkadabetta-1 Microwatershed in Chamarajanagar
District in Karnataka, India

Rajendra Hegde', M.B. Mahendra kumar'*, K.V. Niranjana’,
G. Bardhan', G.M. Arpitha’, S.P. Chaitra’, T.N. Somashekar!
and S.K. Singh?

'ICAR- National Bureau of Soil Survey and Land Use Planning, Regional Centre Hebbal,
Bengaluru-560024, Karnataka, India
National Bureau of Soil Survey and Land Use Planning, Amravati Road, Nagpur-440033, Maharashtra, India
*Corresponding author email id: soil.mahendra@gmail.com

The land resource inventory of Chilkadabetta-1 microwatershed was conducted using village
cadastral maps and IRS satellite imagery on 1:7920 scale. The false colour composites of IRS
imagery were interpreted for physiography and the physiographic delineations were used as
base for mapping soils. The soils were studied in several transects and a soil map was prepared
with phases of soil series as mapping units. The present study covers an area of 476 ha in
Chilkadabetta-1 microwatershed in Chamarajanagar district, Karnataka. The climate is semiarid
and categorized as drought-prone with an average annual rainfall of 734 mm. Ten soil series
were identified in the microwatershed and mapped into 28 mapping units. The soils are shallow
to moderately shallow (61%) in depth, loamy texture (52%), very gravelly (52%), low to very low
(73%) in available water capacity and very gently to strongly slopping lands. The soil erosion
from each management unit was estimated and a soil erosion map prepared. An area of about
169 ha (35%) is found under moderate erosion and 70 ha (15%) is severe erosion. Current land
use map was prepared using both satellite imagery and field mapping. From the master soil
map, several interpretative maps like soil depth, soil texture, soil gravelliness, soil slope, drainage
characteristics and available water capacity were generated using GIS. These interpretative maps
were used for preparing soil conservation and drainage line treatment plans. The conservation
practices recommended are trench cum bunding in 74% area and terracing in 20% area across
the slope. The drainage line treatments recommended are dugout ponds, diversion drains across
the slope, nala bunds/percolation tank, drop spillway, brushwood check dam, loose boulder
check dam and vegetative measures such as grasses (Cynodon dactylon, Digitaria, Dicanthium etc),
trees (Neem, Pongamia, Bage, Ficus, Honne, Teak, Muthuga, Jamun, Tare, Custard apple etc)
and shrubs (Ipomea cornea, Vitex nigundo, Agave, Bamboo etc). These conservation measures reduce
the peak rate and volume of runoff, erosion, improve the moisture regimes in and around gullied
areas and help to store water for supplemental irrigation and also help to build shallow water
table through increased ground water recharge and environmental management.

Key words: Soil and water conservation, Land resource inventory, Soil erosion, Drainage line
treatment
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Effect of Straw Incorporation into Cultivated layer of
Farmland on Surface Runoff Process under Heavy
Rainfall Events

Jiahui Yang!, Huaqing Liu' and Tingwu Lei'***
College of Water Conservancy and Civil Engineering, Shandong Agricultural University, Tni’an,
Shandong, 271018, PR China
2College of Water Resources and Civil Engineering, China Agricultural University, Beijing, 100083, PR China
3State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water
Conservation, Chinese Academy of Science and Ministry of Water Resources, Yangling, Shaanxi Province,
712100, PR China
*Corresponding author email id: 17863802700@163.com

Returning crop straw to the field can increase soil fertility and reduce air pollution caused
by straw burning. Under heavy rainfall conditions, wheat straw incorporation can influence soil
infiltration and surface runoff. This study uses laboratory experiments to examine the effects of
mixing wheat straws, produced by combine during harvest, with soil materials on rainfall runoff
process of cultivated loess slope. The experiments involved three rainfall intensities (80, 120, 160
mm/h), three slope gradients (10, 15, 20 °) and four straw application rates (0, 2, 4, 8 t/ha), with
three replications. The total rainfall was 100 mm per event. The runoff rate process was recorded
by sampling the runoff volumes during a given period of time of 20 s, at a time interval of 3 min.
The experimental data show that with the increase of straw rate, the runoff time was prolonged
by 31%, 75% and 102%, the cumulative runoff decreased by 0.79%, 8.49% and 13.61%, compared
with that of the control group (0 t/ha straw incorporation). With the increase of rainfall intensity
and slope gradient, the runoff time became shorter and the surface runoff rate increased. At the
slope gradient of 10°, the cumulative runoff under 160 mm/h rainfall increased by 52.69%
compared to that under 80 mm/h rainfall. Under the slope gradient of 20°, the cumulative runoff
under 160 mm/h rainfall increased by 23.46% compared to that under 80 mm/h rainfall. In
conclusion, the return of wheat straw to the field can delay the rainfall runoff time and reduce
surface runoff to significantly increase soil water storage. Returning straw to the field is of great
significance for increasing rainwater utilization and controlling soil erosion. This study can
provide basic data for soil and water conservation research.

Key words: Cultivated loess slope, Straw incorporation, Flow time, Runoff, Rainfall simulation
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Assessment of Runoff and Soil Loss under
Different Grassland System in Sloping Land

Jitendra Kumar®, R.P. Yadav, Shyam Nath, V.S. Meena,
J.K. Bisht and A. Pattanayak

ICAR-Vivekanandra Parvatiya Krishi Anusandhan Sansthan, Almora,Uttarakhand, India
*Corresponding author email id: Jitendra. Kumar3@icar.gov.in

Soil erosion due to water is the major factor responsible for degradation of land resources
and is a serious threat to cater to global population growth with increased and sustainable
agricultural production. An experiment was conducted to evaluate the effect of five different
grass planting systems namely Kudzu vine, Bajranapier, Hybrid napier, Love grass and Lemon
grass on runoff and soil loss compared with control treatment at experimental site. The
relationship among precipitation, vegetation and erosion are important factors for determining
soil loss and runoff management under different grassland systems. The field experiment of
runoff plot in sloping land was divided into six sub-plots of 10 m x 10 m. The runoff and soil loss
got significantly reduced under the different grass systems as compared with control treatment.
The effective rainfall (runoff) and soil loss with annual rainfall of 1000 mm and land slope of
43% under different grassland plantation systems were 55-66% and 15-26 t/ha/yr, respectively.
Among the different grass systems, love grass and hybrid napier were found to be most effective
in controlling runoff and soil loss. The average runoff generated through the love grass and
hybrid napier was only 57.29% and 55.78% and the soil loss measured was 14.85 and 16.12 t/ha/
yr, respectively. The biomass yield of different grassland systems were 47, 52, 58, 75 and 50 t/ha
for Kudzu vine, Bajranapier, Hybrid napier, Love grass and Lemon grass, respectively. Among
the different grass systems, love grass was found to be most effective in controlling runoff, soil
loss and for highest biomass production. The result showed that the different grassland systems
effectively regulate runoff and sediment compared to fallow land conditions.

Key words: Soil loss, Runoff, Grassland, Biomass
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Effect of Plant Root and Shoot Charateristics on Runoff
and Sediment Yield under Simulated Rainfall Conditions

Sushma Tamta* and Akhilesh Kumar

Department of Soil and Water Conservation Engineering, G.B. Pant University
of Agriculture and Technology, Pantnagar, Uttarakhand, India
*Corresponding author email id: sushmatamta91@gmail.com

Soil and water are two important natural resources and the basic needs for agricultural
production. So soil and water should be given first priority from the conservation point of view
and appropriate methods should be used to ensure their sustainability and future availability.
Soin this aspect, an attempt is to be done to reduce soil and water losses. Vegetation plays a vital
role to conserve soil and water. In this study, the laboratory experiments were performed to
evaluate the effect of plant roots and shoots characteristics on runoff and sediment outflow
under concentrated flow and rainfall simulated conditions. Two treatments are to be used (i)
Bare plat and (ii) Napier grass. Napier grass was planted in the flume, which is to be put under
different rainfall intensity and land slope. Before each experiment shoot part was clipped off at
the soil surface and observed the effects of roots and shoots characteristics on runoff and sediment
outflow at different stages under different hydrologic and land slope conditions. The results
highlighted that the as increase in root density and shoot density runoff and sediment outflow is
to be reduced.

Key words: Napier grass, rainfall intensity, hydrologic and land slope conditions, runoff, sediment
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New Assessment of Erosive Soil Losses on Arable
Land of the European Russia

K.A. Maltsev* and O.P. Yermolaev

Kazan Federal University, Institute of Ecology and Environment,
Department of Landscape Ecology, Kremlevskayast, 18, 420000, Kazan, Russia
*Corresponding author email id: mlcvkirill@mail.ru

An assessment of erosion losses of arable soils was carried out using a calculation method
using geo-information technologies on a scale of 1: 500,000 for the first time, for the territory of
the European Russia. The total area of plowed land, where erosion calculations were made, was
650,000 km?. The calculations were carried out for the conditions of bare arable lands and taking
into account the soil-protective coefficients of agricultural crops. The mathematical modeling
was used for assess of soil erosion. This model was methodically developed in the research
laboratory of soil erosion and channel processes at Moscow State University, which is based on
USLE model and model of State Hydrological Institute of Russian Federation.

Anew values of soil erosion losses for the period 1965-2015 were obtained, presented on the
thematic map of 1: 500000 scale, during of the research. Erosional soil losses on average for the
European Russia are 11 t/ ha per year under conditions of bare arable land and 3.3 t / ha per year,
taking into account the soil-protective coefficients of agricultural crops. The rate of soil erosion
in the arable land of the European Russia is decreasing in the direction from the taiga-forest to
the steppe landscape zone. The strip of the maximum erosion of the soils of the west-east sub-
latitudinal strike, confined to the subzone of mixed and deciduous forests with a very high
tillage, is clearly distinguishedon the map. Also, intensive soil loss is observed in the foothills of
the North Caucasus and in the west of the territory under study. The data obtained were verified
using a similar technique, but using data of a 1: 50,000 scale on test sites. The performed test
suggests that the values of the arable soil loss were obtained for the entire territory of the European
Russia on a scale of 1: 500,000 are on average quite comparable with the results of calculations in
key areas provided with more detailed data for the calculations of erosion. The map of soil
erosion losses for the study territory was also compared with a similar map of soil erosion
compiled by the same calculation method for the territory of Western Europe. The magnitude of
erosion losses for Western Europe varies on average from 2.46 to 2.76 t / ha per year. These
values are very close to our results (3.3 t / ha per year). The average annual soil loss calculated by
the staff of the research laboratory of soil erosion and channel processes at Moscow State
University in 1980 for the territory of European Russia is on average 4.7 t / ha per year. Therefore,
it can be argued about a significant reduction in soil losses on the European territory of Russia
over the past decades.

Key words: European territory of Russia, Soil water erosion, Modeling, Mapping of soil erosion
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Rainfall Erosion of Partially-Thawed Slope of Organic
Soil of Qinghai-Tibet Plateau

Gao Xiaofeng!, Shi Xiaonan?, Lei Tingwu'*, Liu Huaqing®
and Yang Jiahui*

College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, People’s
Republic of China
?Key Laboratory of Tibetan Environment Changes and Land Surface Processes, Institute of Tibetan Plateau
Research, Chinese Academy of Sciences, Beijing 100101, China

3State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water

Conservation, Chinese Academy of Science and Ministry of Water Resources, Yangling, Shanxi Province
712100, People’s Republic of China
*College of Water Resources and Civil Engineering, Shandong Agricultural University, Taian, Shandong
Province 271000, People’s Republic of China

Serious soil erosion caused by snowmelt and rainfall on partially thawed soil slope in high
altitude cold region threatens the ecological environment.This study simulated the impervious
permafrost under the thawed surface layer at the early thawing stage of frozen soil in the cold
region, with saturated surface soil to resultin severe soil erosion under rainfall impacts. Laboratory
experiments were made under the combination of four slope gradients (5°, 10°, 15°, 20°), three
rainfall intensities (30, 60, 90 L/min), and three thawed depths (1, 2, 10 cm) to quantify the rainfall
erosion relationship on partial thawed soil slope. Simulations were done on a flume of 8 m long.
The functional relationship between sediment concentration and slope length, under impacts of
rainfall intensity and thawed soil depth, was quantified by using experimental data. The results
show that when thawed soil depth is 1 cm and the slope gradient is greater than 10°, the sediment
concentration in runoff water flow decreases with the increase of rainfall intensity for the reason
that the shallow thawed depth limits sediment supply. In the case of low rainfall intensity (30
mm/h), the soil infiltration increased with the thawed soil depth to lead to decrease of surface
runoff. The sediment concentration decreased with the lower surface runoff, that is, the sediment
concentration decreased with the increase of thawed depth. Heavy rainfall intensity (60, 90 L/
min) produced higher erosion energy, but the shallow thawed depth restrictedthe rill development
to result in limited sediment yield. The deeper thawed depth reduced the influence of limited
sediment supply caused by the frozen soil layer, to produce more erosion and higher sediment
concentration in runoff water. This study helps better understanding of rainfall erosion mechanism
of thawed soil slope on Qinghai-Tibet plateau.

Key words: Rainfall, Rill, Thawed depth, Runoff sediment concentration
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Long Term Impact of Soil and Water Conservation Measures on
Physical, Chemical and Biological Properties of Laterite Soils of
West Coast of India

Sujeet Desai'*, Gopal Ramdas Mahajan'and S. Manivannan®
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2ICAR-IISWC RC, Udhagamandalam -643004, Tamil Nadu, India
*Corresponding author email id: desai408@gmail.com

A study was carried out to investigate the long term (16 years) impact of soil and water
conservation measures on soil physical, chemical and biological properties under mango
cultivation in laterite soil on 19% sloping land. The experiment was conducted in the research
farm of ICAR-CCARI, Goa. The experiment consisted of four treatments namely continuous
contour trench + Vetiveria zizanoides (CCT+VB), staggered contour trench + vetiveria zizanoides
(SCT+VB), vetiveria zizanoides (VB) and control treatment. Soil samples from three depths viz. 0-
30 cm, 30-60 cm and 60-90 cm were collected from different treatments for analysis. Lower bulk
density (1.10 Mg m®) and higher available soil water (12.19%) and hydraulic conductivity (8.43
cm/h) were found under CCT+VB treatment as compared to control at 0-30 cm depth. Similarly,
at 30-60 cm depth lower bulk density (1.09 Mg m) and higher hydraulic conductivity (9.73 cm/
h) were found under CCT+VB, whereas higher available soil water (12.35%) was under VB
treatment. Highest available nitrogen, available potassium and organic carbon of 104.4 mg kg™,
83.74 mg kg! and 2.02%, respectively were found under CCT+VB treatmentat 0-30 cm depth. At
30-60 cm depth highest available nitrogen of 72.72 mg kg was found under VB treatment as
compared to the initial values of 36.12 mg kg™, whereas highest potassium and organic carbon
of 67.08 mg kg and 1.39%, respectively were under CCT+VB treatment. The dehydrogenase
activity under CCT+VB and SCT+VB were 26.71 and 48.19 ug TPF g! soil day'as compared to
12.01 ug TPF g soil day™ under control treatment. Phosphatase activity of 615.23 and 494.21 ug
p-PNP g soil day™! was found under CCT+VB and SCT+VB, respectively and it was 482.07 ug p-
PNP g! soil day! under control treatment at 0-30 cm depth. Similarly, at 30-60 cm depth
dehydrogenase activity in CCT+VB and SCT+VB were 12.57 and 21.93 ug TPF g soil day!
respectively as compared to control (8.40 pug TPF g soil day™!). Phosphatase activity in CCT+VB
was 466.87 ug p-PNP g soil day! and 418.87 ug p-PNP g soil day! under control treatment.
The analysis of soil samples of 60-90 cm depth revealed no significant effect on soil properties.
The overall analysis revealed that the physical, chemical and biological properties of the soils
improved at 0-30 cm and 30-60 cm depths under the long term influence of soil and water
conservation measures. The order of soil and water conservation measures in improving the soil
properties was CCT+VB > SCT+VB > VB > Control. The most effective treatment was CCT+VB,
which is a suitable soil and water conservation measure in laterite soils on sloping lands ranging
from 11-25% for improving the soil properties.

Key words: Soil and water conservation, Soil properties, Laterite soil, Soil biological activity,
Available soil water
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Agriculture Resource Inventory a subset of Natural
Resource Inventory

Mukul Singla, Sanyogita Andreas, Chirag Parikh, Nikhil Toshniwal, Sudhir
Silwal, Gaurav Singh, Abhinav Prakash, Ankit Gupta, Arnav Puri and Vijai
Kurian Mathew

Farm Guide, Gurgaon, Haryana, India

This paper discusses the process of creating India focussed Agriculture Resource Inventory
(ARI) by Lennon Agri-tech Pvt. Ltd (FarmGuide) which is a subset of natural resources inventory.
This is an attempt to create a database contributing to empirical decision making system in the
country, reflecting the realities of each farm on the geo-referenced format, suitable to the diverse
geographical character of India. ARI combines the human and natural aspect of agriculture, sum
up of farming pattern and land management systems based on farm field-specific information.
The paper explains the challenges faced in the process and the approach adopted to overcome
the same. Each farm has been given separate identity through Image Processing and all relevant
factors for agriculture sustainability are attached with individual farm using deep learning and
cloud-computing. The approach focuses on farm-level ecosystem for inventory development
which amongst other primary variables may include farm size and distribution, sowing and
harvesting window, the soil texture and composition, seeds and fertilizer distribution network,
rain-fed and dry land areas, bank and warehouse connectivity, road-railway network and
availability, mandi profiles and prices, and weather for the area. It also includes the attempt to
deduce farm rating, land classification, crop-detection and remote sensing based cropping
frequency from the primary set. Satellite images are being used as the base for the agriculture
resource inventory, being stitched and cut into square tiles which will have annotated data about
the location (latitude, longitude) and date. Tile Service serves the images based on location and
date ranges and Administrative Location Service maps the various administrative units (such as
villages, districts, etc.) to location. At FarmGuide, agricultural farms spread on the area of 21
Lakh square Kms is identified and segmented. Various technical breakthroughs in this exercise
will be discussed in paper. Ganganagar district was the base district to test the accuracy of the
Machine Learning (ML) tools, 95% accuracy was achieved in regions around Ganganagar
however, it is between 70-80% for the rest of the country. Convolutional Neural Network (CNN)
based ML tools are sufficient for farm segmentation and identification, also instead of a generic
model, a regional model is a better choice for a diverse country like India. Connectivity matrix is
used for crop identification through which the similarity in cropping pattern near rural areas
and very random patterns near the urban area, is observed. It recognizes our crop identification
technical capabilities and also, recognizes the orientation of people around urban areas to grow
horticulture/perishable crops. ARI will help policymakers to access the real-time data contributing
to the decision making process based on the realities of each individual farms thus helping them
to differentiate between two farms wherever required.

Key words: Agriculture Resource Inventory, Image Processing, Crop Detection
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Research on the Source of Sediment Using **’Cs Tracing
Method —A case study for the YANGOU Watershed,
Jiangxi, China

Xiang ZOU
Changjiang River Scientific Research Institute, China

As an artificial radionuclide, 1¥Cs were a by-product of atmospheric thermal nuclear testing
in the 1950s and 1970s, with a half-life of 30.17 years. ¥’Cs tracer method used to study soil
erosion is the only one that has only emerged in recent decades, which has a bit of time-saving,
labor-saving, reliable and efficient, and has been greatly popularized in soil erosion research.

The source of sediment has always been an important part of soil erosion research. To clarify
the source of sediment will help to carry out targeted soil erosion control later in life.

Based on the contrast analysis of the upper soil sample in different location of slope land,
forest and grassland, reservoir sedimentation in YANGOU Basin. The source of sediment was
analyzed by using hybrid model. The results showed : The sediment in the watershed came
from the sloping cropland mainly, about 61.73% of the total amount sediment in the watershed.

Key words: Radionuclide, thermal nuclear testing, sediment, soil erosion
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Land Use Classification of Micro Watersheds near Dediapada
in Narmada District using Remote Sensing and GIS

M.H. Fadadu’, D.K. Dwivedi? and P.K. Shrivastava?

College of Agricultural Engineering and Technology, Navsari Agricultural University, Dediapada,
Narmada, Gujarat, India
?College of Forestry, ACHF, Navsari Agricultural University, Navsari, Gujarat, India

Land use classification is essential for evaluating the hydrological response of the watershed.
The assessment of the changes in the land use pattern in the last decade is essential for watershed
planners and hydrologists. The land use changes are useful for water resource planning and
management which in turn helps environmental conservation, economic development and
livelihoods. In this study all the micro watersheds in the 5D1A6 watershed of Narmada district
were classified based on land use and land cover. The ground truth data was carefully obtained
and it was used in conjunction with the “Remap” software to obtain the land use classification.
Landsat satellite imageries (TM) were acquired from United States Geological Survey (USGS)
for the study. The land use system was divided into five classes namely agriculture, forest, barren
land, built up and water body. The present study exhibited the land use/ land cover changes
from 2011 to 2018 of all the micro watersheds in the 5D1A6 watershed of Narmada district in
Gujarat. The changes in the land use were suitably recorded using remote sensing, GIS and
ground truth data.

Key words: GIS, Land use classification, Remap software, Remote sensing
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The Influence of Meteorological Conditions in Winter
Period on the Soil Erodibility and Wind
Erosion Vulnerability

Jana Podhrazska, Josef Kucera, Petr Karasek, Jana Konecna
and Hana Stredova

Research Institute for Soil and Water Conservation, Department of Land Use Planning,
Lidicka 25/27, 602 00 Brno, Czech Republic

A factor contributing to wind erosion on heavy soils is the course of meteorological conditions.
In the winter period have effect mainly soil moisture, freezing and thawing of soil surface and in
spring perioddry soil surface and intense air flow. An impact of these events can cause erosion
episodes even on fine textured heavy soils (clay, loam).

During winter, water and frost are subject to aggregation and disaggregation with a positive
influence on the soil structure. In some cases, the course of weather in winter can contribute to
the breakdown of aggregates and the formation of the structure prone to erosion. Due to the
pressure of freezing of the soil water and subsequent spillage, the soil aggregates are broken
down into erodible fractions that can cause an erosion event evoked by the effect of wind flow.
For the analysis of the erodibility of heavy soils due to meteorological conditions in the winter
period, the soil types of Fluvisols and Phaeosols were selected in the localities of South Moravia
(Czech Rep.), vulnerable to wind erosion. Soil samples were withdrawn from the soil surface, on
fields with or without vegetation (winter wheat), in five autumn / spring seasons. The air-dried
soil samples were subjected to aggregate analysis. To determine the non-erodible fraction, a
sieve with a mesh size of 2 mm was used. Climate data on soil surface temperature and soil
moisture status were obtained from the closest hydrometeorological station. From these data,
the number and duration of freeze (-2 ° C) / thaw (+ 0 ° C) periods were also determined, as well
as information on the number of soil conditions promoting soil aggregate destruction (soil surface
wet or covered with melting snow). The results show significant influence of the vegetation
cover (lower increase of soil erodibility). The higher the number of freeze-thaw (F / T) periods,
the higher the amount of the erodible fraction; the effects increase with higher number of soil
conditions with a wet surface.

Key words: Wind erosion, Aggregate stability, Freezing and thawing, Soil erodibility
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Estimation of Runoff using Rational Method from the
Characterized Micro-watersheds in the Navsari
Agricultural University Campus

Nilam Surve and PK. Shrivastava

Department of Natural Resource Management, College of Forestry, ACHF,
Navsari Agricultural University, Navsari-396450, Gujarat, India

The estimation of runoff is important for the hydrologists as well as watershed planners for
management of water resources. The conservation structures to be adopted are decided mainly
on the basis of the amount of runoff to be handled which is an integral part of the hydrologic
design of a structure. Therefore, in this study, an attempt was made to assess the amount of
runoff generated in the micro watersheds in the campus. The runoff from all the four micro
watersheds of the campus was determined using rational formula. As the runoff coefficient
depends on the land use cover, the changes in the land use pattern were identified and runoff
was estimated accordingly. The weighted runoff coefficient was determined taking into
consideration the land use patterns. Five classes were included in land use cover namely built
up area, water body, vegetation, crop field and open field. The intensity of rainfall was obtained
from the intensity duration frequency equation developed for this region whereas the time of
concentration was determined using Kirpich’s formula. The data of land use, area and other
dimensions were obtained by remote sensing as well by ground truthing. The runoff from the
micro-watersheds in the campus was obtained based on rainfall of 10-year recurrence interval.

Key words: Rational method, Runoff, Time of concentration, Watershed
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Transport of Matters Evoked with Erosion in a Small
Agricultural Catchment

Jana Konecna, Petr Karasek, Josef Kucera and Jana Podhrazska

Research Institute for Soil and Water conservation, Department of Land Use Planning,
Lidicka 25/27, 602 00 Brno, Czech Republic

Harmful impacts of water erosion processes belong among the serious widespread problems
of current environment conservation and maintaining of sustainable development of human
population. Disturbance of soil surface, loss of soil particles and nutrients evokes reduction of
soil fertility but, on the other side (among others), it negatively influences siltation of water
bodies and surface water quality. Erosion events have been studied in a small agricultural
catchment Npumeicky stream in the Czech Republic since 2005. The experimental catchment (3
km?) is situated in a hilly area north from Brno. There runs continual gauging of outflows and
precipitations in the profile with a Thomson's weir. Samples of surface water are taken with an
automatic sampler during extreme rainfall-runoff events. Concentrations of insoluble matters,
phosphorus and nitrogen are analysed in them. Erosion symptoms on the arable land (ridges,
accumulation) are also studied and state of land use and vegetation cover are registered. Content
of the nutrients (mentioned above) is monitored in soils and sediments in stream and on the
bottom of reservoir closing the experimental catchment. The results enable to evaluate siltation
velocity in the reservoir and to investigate nutrients transport in the catchment. From the year of
the reservoir construction (2012), the bottom sediment has risen of 0.6 mm/year on the average.
Total nitrogen and likewise phosphorus concentration in the bottom sediment appears to be
nearly twice higher than in soils. The study is supported by the Ministry of Agriculture CR, in
the frame of research projects RO0219 and QK1910282.

Key words: Erosion, Arable land, Water quality, Sediment, Phosphorus, Nitrogen, Reservoir
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Soil Erosion Estimation using Universal Soil Loss Equation
and Geographic Information Systems of Yarehalli
Micro-watershed in Channagiri Taluk Davanagere

District, Karnataka

K.T. Aruna*, K.S. Rajashekarappa, T. Chikkaramappa,
H.G. Ashok and G.G. Kadalli

Department of Soil Science and Agricultural Chemistry,
University of Agricultural Sciences, GKVK, Bangalore-560065, Karnataka, India
*Corresponding author email id: arunakt1992@gmail.com

Understanding the relationship between land attributes and soil erosion processes is very
important as the resource conservation and developmental programmes are being taken up
increasingly on watershed basis. Soil erosion is a serious problem arising from agricultural
intensification, land degradation and other anthropogenic activities. To have any development
activity especially for soil and water conservation measures, watershed management plays a
vital role in conserving natural resources. Soil loss is a very serious problem which effects
environment as it threatens agriculture and also surroundings. This research integrates the USLE
within a Geographic Information System (GIS) environment to investigate the spatial distribution
of annual soil loss potential in the watershed. The five major input parameters used in the study
are rainfall erosivity factor (R), Length slope factor (LS), soil erodability factor (K), vegetation
cover factor (C) and erosion control factor (P). The rainfall erosivity factor has been determined
from annual rainfall data of the study area. The soil survey data was used to develop the soil
erodability factor and DEM of study area was used to generate topographic factor (LS). The
value of cover management factor and support practice factor were obtained from land use land
cover map. After generation of input parameters, analysis was performed for estimation of soil
erosion using USLE equation. The quantitative soil loss (t/ha/year) ranges were estimated and
classified the watershed into different levels of soil erosion severity and also soil erosion index
map was developed. The watershed is classified according to National Bureau of Soil Survey
and Land Use Planning (NBSS&LUP) into different erosion classes such as nil (e0), slight (el),
moderate (e2), sever (e3) and very sever (e4).

Key words: Soil erosion, Soil erodability, Geographical information system, Topographic factor

2]



Abstracts : International Conference on Soil and Water Resource Management for
Climate Smart Agriculture, Global Food and Livelihood Security

November 5-9, 2019 | New Delhi, India

Conservation Practices for Checking Soil Erosion and
Improving Crop Productivity under Jhum Cultivation in
North Eastern Hill Region of India

Narang Ampi* and Sanjay-Swami

School of Natural Resource Management, College of Post Graduate Studies in Agricultural Sciences
(Central Agricultural University-Imphal), Umiam (Barapani) - 793 103, Meghalaya, India
*Corresponding author email id: ampinarang@gmail.com

Soil health/fertility is the most crucial factor in deciding the agricultural productivity. Majority
of the fields in the North Eastern Hill Region (NEHR) of India are situated across the hilly slopes.
Nearly 0.88 m ha area in NEHR is under Jhum cultivation. Soil erosion is the most serious problem
on hills due to steep slopes. Soil loss from cultivated slopes is quite high, particularly during
first two to three years of cultivation. Keeping this in view, the present investigation was carried
out with several conservation practices in jhum fields to address the soil erosion problems and
improving crop productivity. Recharge pits were dug and filled with stone rubbles and charcoal
to retain rain water for checking soil erosion and increasing groundwater recharge so that winter
vegetables can be produced during lean period from jhum fields. Conservation measure like
wood logs, bunding across the slopes, and strip cropping practices were also included in this
investigation. The unburnt wood logs and bamboo were placed across the slope at alternate
interval with a distance of 1-2 m in between each wood long and bamboo. Leguminous crops
like soyabean and groundnut were grown as strip crops. A normal jhum field without any
conservation measures was treated as control plot. The investigation revealed that with the
adoption of these conservation practices, soil erosion can be checked effectively, and soil moisture
along with soil organic carbon content can also be increased significantly as compared to control
jhum plot. Further, the productivity of different crops during kharif season can also be increased
in comparison to the farmers practice reflected by control jhum plot.

Key words: Juhm cultivation, Soil erosion, Crop productivity, Conservation practices, NEH Region
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Determination of Soil Erodibility Index for Ri-Bhoi
District of Meghalaya

Manish Olaniya*, PK. Bora and Sanjay-Swami
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Sciences, Central Agricultural University, Umiam (Barapani) - 793 103, Meghalaya, India
*Corresponding author email id: olaniyam@gmail.com

In the Revised Universal Soil Loss Equation (RUSLE), erodibility accounts for the influence
of soil properties on soil loss during storm events in upland areas, which are represented by the
soil erodibility factor (K). K-factor values were best obtained from long-term direct measurements
on natural runoff plots; however, in the absence of field tests, these values can be estimated
using relationships based on physico-chemical soil properties. Soil erosion by water is a major
concern in Meghalaya, and the application of models such as Universal Soil Loss Equation (USLE)
or RUSLE is limited due to the lack of information about erodibility factors. The K factors once
determined are generally given in nomograph or map form so that the values can be picked up
easily for estimating soil erosion. The present study was therefore planned to determine the
erodibility factor of Ri-bhoi district of Meghalaya based on soil’s physico-chemical properties
and to prepare the erodibility map on GIS platform. The objectives of the study were to determine
the soil erodibility index for Ri-Bhoi district of Meghalaya and to prepare the erodibility Index
map for estimation of soil erosion.

Ri-bhoi district has primarily four dominant land uses viz. agriculture, jhum, forestry and
wasteland apart from the built-up areas. Hundred sampling points were taken according to the
land uses, taking 25 sampling points for each land use, and the exact locations of the sampling
points were recorded with GPS. The sampling points were than plotted on the map of Ri-bhoi in
the GIS. The K factor for each of the sampling points have been determined and recorded. In
agriculture land use system (LUS) K factor values were observed in the range of 0.08 - 0.41 with
an average of 0.24, jhum LUS 0.08 - 0.42 with an average of 0.19, forest LUS 0.09 - 0.40 with an
average of 0.22, in waste land 0.10 - 0.34 with an average value of 0.22 and final map of soil
erodibility was generated using Geographical Information System (GIS) tools for the spatial
representation of the soil erodibility in the study area. Arc-GIS was used to interpolate the data.

Keywords: K factor, RUSLE, GIS, soil erodibility index map, Ri-Bhoi district, Meghalaya
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Influence of Lime on Soil Physico-Chemical Properties in
Acid Soils of Upper Brahmaputra Valley Zone of Assam

Lekhika Borgohain* and Danish Tamuly

Department of Soil Science, Assam Agricultural University, Jorhat-13, Assam, India
*Corresponding author email id: lekhikaborgohain123@gmail.com

Liming is one of the most important and feasible management practices used to ameliorate
soil acidity. Further, nitrification process although restricted in acid soils can be improved by
liming. A study was carried out to investigate the “Influence of lime on soil physico-chemical
properties in acid soils of upper Brahmaputra valley zone of Assam”. The soils varied widely in
texture (sandy loam to Silty clay loam), clay content (19.98-34.73%), pH (H,O) (4.47-5.22), pH
(KCl) (3.99-4.68), OC (0.58-1.06%), CEC (6.07-9.17 meq.100g™!) exhibiting strongly acidic to
moderately acidic nature. The effect of CaCOj; on soil physico-chemical properties showed a
significant variation with lime dose. Soil pH, EC, CEC, exchangeable basic cations, base saturation
and available phosphorus of four soils increased with increasing doses of applied lime. But
gradual increase in the availability of nutrient content with the increase of lime dose upto a
certain dose and remains same or decreases the availability. The application of increasing doses
of lime increased the OC till 1.2 gm CaCO; per100gm soil and thereafter decreased gradually.
While, soil available nitrogen content increased with increasing dose of lime till 1.35 gm CaCOj,
per 100gm and thereafter decreased gradually with increased doses of lime.

Key words: Lime, dose, nutrients, physico-chemical properties
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Extent, Causes and Restoration of Land Degradation

S. Firdous', T. Parthasarathi’, V. Meenakshi’and B.K. Agarwal®

'VIT School of Agricultural Innovations and Advanced Learning (VAIAL),
Vellore Institute of Technology, Vellore, India
*Department of Agriculture, School of Agriculture and Biosciences, Karunya Institute of Technology and
Sciences, Coimbatore, Tamil Nadu, India
3Birsa Agricultural University, Ranchi, Jharkhand, India
*Corresponding author email id: Saiyyeda.firdous@uit.ac.in

In the recent past years, Land degradation exists as a major environmental problem due to
unrelenting human pressure and incompatible land utilization in India as well as around the
world.It emerged as a serious threat affectingmore than 1.5 billion people over the world as a
result 12 million hectares of landdegrading every year. The extent of land degradation in arable
and non - arable land is around 120.7 Mha i.e. 36.7% in India. Such lands are being degraded by
natural and anthropogenic activities. The main causes of land degradation are erosion,
salinization, acidification, overgrazing, climate change, pollution, deforestation as well as
increased humanpopulation. Degraded land alters the physical, chemical and biological properties
of soil which affects ecological balance and productivity of the land, mainly agriculture.
Reforestation is one of the key steps for the restoration of degraded land. Therefore, during
reforestation, biotic and abiotic stress tolerant species; survival of morphological traits during
unfavourable conditions; soil type and its moisture retention ability etc., should always be
focussed. The degraded top soil layers are very necessary to restore to meet the food demands,
reducing soil and water pollution, minimizing intensive cultivation, balancing ecosystem,
increasing agricultural and economic growth of the nation.

Key words: Land degradation, Restoration, Causes, Deforestation
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GIS Aided Identification of Arsenic Vulnerable Zones for
Possible Mitigation using Biochar in Rice Ecosystem of
Central Brahmaputra Valley Zone of Assam, India

Prarthana Priyom Hazarika'*, I.H. Thakuria®and B.K. Medhi?

"Department of Soil Science, Assam Agricultural University, Jorhat, Assam, India
2Agricultural Development Officer, Assam, India
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*Corresponding author email id: prarthana96780@gmail.com

Arsenic laden ground water is a newly emerging concern in Assam, showing its value above
the permissible level. The average contribution to total arsenic intake from drinking water is
found to be 13%, whereas from cooked rice it is 56%, thus making it clear that rice contributed
most to the daily arsenic intake. Plentiful quantity of arsenic laden underground water is being
used to irrigate summer paddy during dry spell. Long term use of such water may further
aggravate this problem through high arsenic uptake in rice grain and enter into the food chain
from cooked rice. Recent reports revealed that rice grains contain arsenic upto 2 mg kg grain
which is considered to be above the desirable limit (1.0 mg kg! grain) Therefore, technologically
acceptable and economically viable management options to reduce arsenic loading in rice is the
major challenge. Using Geographic Information System (GIS) in identifying arsenic vulnerable
risk zones and finding the possible technology to reduce its translocation from arsenic laden
irrigation water to paddy soil and to rice plant with its distribution in roots, straw and more
particularly in rice grain can be considered as an important aspect in this regard. In the present
study, ground water Arsenic status of Nagaon district of Assam, which is situated in the Central
Brahmaputra Valley Zone, was evaluated to find out the Arsenic vulnerable zones using GIS. A
field experiment was laid-out at Sologuri village in Nagaon district based on the high arsenic
level in groundwater as depicted from GIS-aided arsenic map taking three summer rice varieties
viz. Naveen, Abhishek and Sahbhagi to develop alow cost less arsenic loading technology. Biochar
made up of two different sources of locally available bio-wastes viz. rice straw and toria stover
under slow pyrolysis were used as strong adsorbent and applijed in 3 graded doses in specified
irrigation channel to reduce root, straw and grain arsenic content in rice plant. The roots of the
rice plants, irrespective of sources and levels of application of biochar, accumulated the highest
amount of Arsenic followed by straw and rice (unhusked) grains. Thus the present observation
obviously indicated an accumulation of As in the rice grain that would enter into the food chain.
Application of biochars at 1 to 2 percent levels (weight by weight), irrespective of sources, reduced
the root, straw and grain arsenic content. The significant reduction in the bioavailability of Arsenic
suggests that biochar application may have potential for remediating contaminated soils and
thus can be an excellent adsorbent for the removal of aqueous Arsenic.

Key words: GIS, Arsenic, ground water
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Photocatalytic Activity of Methylene Blue Using Zinc
Nanoparticles Synthesized from Eucalyptus lanceolatus
Leaf Extract

Pooja Sharma and Madhulika Bhagat*

School of Biotechnology, University of Jammu, Jammu-180006, Jammu and Kashmir, India
*Corresponding author email id: madhulikasbt@gmail.com

In recent years, the contamination of surface and ground water has increased due to
population growth. The main sources of soil contaminations are organic dyes used in various
food, leather, textile and other industries. Green synthesis of Zinc oxide nanoparticles were
prepared using Eucalyptus lanceolatus leaf extract and zinc acetate dihydrate. It was utilized as a
photocatalyst for the degradation of Methylene blue. The catalyst was characterized by UV (UV-
visible spectrum), FI-IR, X-ray diffraction and scanning electron microscopy (SEM). Surface
plasmon resonance confirmed the formation of ZnONPs with a maximum absorbance (A,,,) of
400 nm. The zeta potential was found to be —15.41 mV. X-ray diffraction studies confirmed the
crystalline nature of the nanoparticles indicating particle size within the range provided by
scanning electron microscopy data. These nanoparticles were used for photocatalytic degradation
of methylene blue dye under solar light irradiation.The factors affecting the photocatalytic
degradation efficiency, including irradiation time, loading catalyst doses,initial concentration of
Methylene and pH variability were investigated. The results obtained showed that the
photocatalytic degradation efficiency was increased with both the decrease of the initial methylene
concentration and the increase of the catalyst doses. The maximum percent ofphotocatalytic
degradation was obtained at 5ppm of methylene blue dye concentration at pH 4, irradiation
time of 160 min and loading catalyst dose of 50mg L' Under these conditions, the photocatalytic
degradation percentage of methylene blue was more than 96%.

Key words: Eucalyptus lanceolatus, ZnONPs, Photocatalytic activity, Dye degradation, Sunlight
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S-oxidisers: An Alternative Approach for
Sodicity Reclamation
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*Corresponding author email id: AK.Rai@icar.gov.in; raiarvindkumar@gmail.com

Soil sodicity is an environmental stress adversely affect the plant growth and agricultural
production. Appropriate reclamation technology is advocated to reduce the harmful impact of
soil sodicity and alkalinity Sodicity is frequently managed by application of gypsum. However,
the current demand of these amendments in allied sectors has necessitated inventing the
potentiality of refinery byproduct elemental S-formulation to combat sodicity/and reducing pH.
Elemental S is insoluble in water and its oxidation is mediated by Thiobacillus thiooxidans, in
some ambient condition. Considering this in view, a total of 215 S oxidizers morphotypes were
isolated on thiosulfate medium from the soils with variable sodicity and high pH, S-rich dump
sites and water collectedfrom hot-water springs. Among them, 15 isolates were selected on the
basis of better pH reduction ability in S-broth containingbromocresol purple and agar medium
by changing the colour of the media from purple to colourless. The S-oxidising bacterial isolates
obtained from the soil of Mumbai coastal area reduced the pH up to 3.98-4.50 from the initial pH
(8.0) within 11 days of incubation. Additionally, a maximum amount of SO, of 58.7 ppm was
produced during the growth of S-oxidizer in elemental S-broth. Moreover, the selected cultures
were found compatible with each other. Therefore, an effective use of these isolates either
individually or as a consortia could be a boon for developing suitable reclamation technology to
combat sodicity in near future.

Key words: Sodicity, Elemental S-formulation, Thiosulfate medium, Hot-water spring, S-oxidizers
and consortia
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Ephemeral Gully Erosion a Serious Problem of Soil
Degradation in the Czech Republic

Miroslav Dumbrovsky* and Veronika Sobotkova
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Brno University of Technology, 602 00 Brno, Czech Republic
*Corresponding author email id: dumbrovsky.m@fce.vutbr.cz

Water erosion is a serious degradation process in Czech Republic, currently threatening
more than half of agricultural acreage. Surface runoff resulting in the formation of ephemeral
gullies (EGs) can contribute significantly to total soil loss in agricultural areas. Identification and
mapping of potential paths of concentrated surface runoff (PCR) from blocks of arable land
throughout the Czech Republic was carried out for the Ministry of Agriculture. The project was
based on modelling accumulation of flow from drainage areas contributing to potential PCR,
interpretation of terrain character, and visual interpretation of an orthophoto map, on the relevant
physical blocks of Land Parcel Identification System. The output includes a database of structured
items describing the location and character of individual identified and mapped PCR. More
than 33 000 PCR were identified, with a total length of nearly 12 000 km. The South Moravia
Region was selected as a case study area - mainly for its natural conditions and high risk of soil
degradation. A set of data, collected in a maize-growing area, especially on deep loess soils in
the South Moravia Region, was used to analyse the morphological characteristics of EGs. The
relationship was confirmed between ephemeral gully length and the size of its contributing
drainage area. It is also important that the closest relationship was confirmed between the length
of the gully and its calculated volume. Dependence was sought on the data of detailed measured
and evaluated EG. These results will become the basis for finding a predictive relationship and
quantification of EGs erosion. Locating EGs and predicting their length is crucial for estimating
sediment load and planning conservation strategiesincluding agroforestry conservation systems
for the soil protection and restoration of landscape functions.

Key words: Ephemeral gully, Soil degradation, Soil erosion, Concentrated surface runoff
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Evaluation of Buffer Lime Requirement Determination
Methods for Acid Soils of Jorhat District of Assam
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Liming is one of the most important and feasible management practices used to ameliorate
soil acidity. Generally lime requirement (LR) for acidic soils are determined by buffer pH method
because of their ease of implementation, simplicity and rapidity. The SMP buffer test is used to
determine lime requirement for Assam soils. Though this method is proven to work for Assam
soils, it uses p-nitrophenol, which is very hazardous substance. Now-a-days soil-testing
laboratories are under increasing pressure to reduce hazardous waste. So goal of this study was
to evaluate a buffer as alternatives to the SMP buffer in determining the LR for Jorhat soils. In
this study four composite soil samples from different soil series of Jorhat district having pH
range 4.4 to 5.2 were collected and incubated with different doses of CaCO; for a period of thirty
days to determine lime required (LR) to attain different target pHs (6.0, 6.4 and 6.8). These LR
were then regressed with the different buffer pH (BpH) of four buffer solutions [(1) Shoemaker,
McLean, and Pratt buffer (SMP), (2) Sikora-II buffer, (3) Mehlich buffer, and (4) Modified Mehlich
buffer] to obtain calibration equations. The LR value evaluated from Soil CaCO; moist incubation
(SCMI) method ranged from 1.69 - 5.55 tonnes CaCOj; ha™! for four soils. The vegetable growing
soil of Jorhat series (Ji,') and Mariani series (M,,,) exhibited highest and lowest LR values
respectively. The change of BpH was highest in Mariani series (M) and lowest in Jorhat
series(Jq.,') for all five buffers. The highest percent variation between soil BpH and original BpH
was observed for SMP buffer (25.10%) followed by Sikora-II (19.90%), Mehlich buffer (9.50%)
and Modified Mehlich buffer (8.40%). Among the different buffer lime requirement methods
tested, all the buffer methods of LR has shown higher buffer pH variability. But, almost similar
lime rate values with that of SCMI was found in four buffer methods except SMP buffer. Further,
Sikora-II based on the stated parameters may be considered as an alternative to present SMP
buffer lime requirement method. These findings may overcome the use of hazardous chemicals
used for recommending lime rate during Soil Health Card (SHC) preparation as mandated by
Govt. of India.

Key words: Buffer, pH, Lime, SCMI, Lime requirement, Acid soil
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Prediction of Runoff and Sediment Yield from
Watersheds of Chambal Basin, India
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Assessment and inventory on soil erosion and sedimentation is essential for formulation of
effective soil conservation plans of a watershed for sustainable development. Site specific
quantitative estimation of sediment yield is necessary for designing and implementing
appropriate soil and water conservation measures and also to mitigate the ill effects of
sedimentation. Water erosion and sedimentation processes are influenced by a multitude of
factors and occur at different intensities across the landscape which makes the monitoring and
assessment a complex and cumbersome task with considerable uncertainty. The study aims to
develop a simple method of sediment yield estimation from watershed using soil, land use and
topographical characteristics. The study area lies between longitudes 74°45’ to 75°50" E and
latitudes 23°30" to 25°10" N, over the states of Madhya Pradesh and Rajasthan. The data set have
been subjected to principal component analysis and multiple linear and non linear regression
analysis. The relative importance of factors to sediment yield (in 0-1 scale) followed the order
Rainfall (0.40) > catchment area (0.30) > slope (0.12) > silt percentage (0.11) > land use factor
(0.055) > bulk density (0.005) > clay (0.0042) > hydraulic conductivity (0.006) > sand percentage
(0.0097). Non-linear regression equations for runoff and sediment yield estimation are:

Runoff = 0. 0051 x A0800x P1231 x Ly x §19176 (N= 30, R?>= 0.66)
Sediment yield = 0.806 x107 x AN x P95 x Lu%602x S]%0%5 (N= 30, R?= 0.54)
where, A = Catchment area and P = Annual rainfall, Lu= land use factor, Sl= slope

This prediction of sediment yield will be helpful in order to adopt the suitable conservation
measures in the watershed area for minimising the sediment load in the reservoir and also to
increase the life of structures.

Key words: Sediment yield estimation, principal component analysis, multiple linear, non linear
regression, land use
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Productivity, Water use Efficiency, Splash Loss and
Economics of Sorghum (Sorghum bicolor L.) based
Intercropping System under Rainfed Condition
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The field experiment was conducted during Kharif season of 2016 at Soil Conservation and
Water Management Farm of C.S.Azad Univ. of Agril. & Tech., Kanpur. To adjudge suitable row
ratio of Sorghum + Green Gram, Sorghum + black gram, Sorghum + Soybean in sorghum based
intercropping system under rainfed condition. The treatment comprises 10 cropping systems, T,
(Sorghum sole), T, (Green gram sole), T; (Black gram sole), T, (Soybean sole), Ts (Sorghum +
Green gram, 2:1), T4 (Sorghum + Black gram, 2:1), T, (Sorghum + Soybean, 2:1), Tg (Sorghum +
Green gram, 3:1), Ty (Sorghum + Black gram, 3:1) and Ty, (Sorghum + Soybean, 3:1), with 3
replications in Randomized Block Design. Recommended dose of fertilizer was applied as per
row adjusted. The results revealed that among different cropping system, sorghum equivalent
yield of 30.09 g/ha, earned maximum net return Benefit: Cost ration i.e. Rs. 33,106.00 and 1:2:19
during the experimentation over other cropping systems under test.

Key words: Row ratio, soybean, green gram, sorghum, cropping system, B:C ratio
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Rapid Detailed Spatial Soil Erosion Mapping and Risk
Assessment in Shivalik Hills, Punjab

N.S. Gahlod, R.L. Meena, Sonam Binjola, S.D. Dhargawe, Ravi, Devinder
Kumar, Ravi Gautam, Ravindra Kulkarni and Rajni Taneja

Soil Survey Officer (HQ) Soil and Land Use Survey of India IARI Campus, Pusa, New Delhi-12

Assessment of soil erosion risk is important for evaluating the soil loss dynamics in area.
The present study was conducted in Geographic Information System (GIS) domain by using a
framework of Erosion Risk Weightage Index (ERWI) model developed by Soil and Land Use
Survey of India, Ministry of Agriculture and Farmers Welfare, Government of India.

This model comprises of the soil and land attributes acquired through rapid detailed soils
mapping as input and provide a rapid scientific, landscape-based framework for assessment of
erosion risks. The process involves development of image analysis map using IKONOS data
with Cartosat- Digital Elevation Map (DEM) downloaded from BHUVAN. The mapping of soil
and land parameters governing soil susceptibility to erosion was done using High Resolution
Satellite data at 1:5 K scale.

The model principally based on Runoff Potential Weightage values assigned on the basis of
relative assessed runoff generated from the area covered by landscape based unit. The Runoff
Potential Weightage as derived from set of soil, land and climate attributes used to spatially
prioritize the entire study area into five soil erosion risk categories. The particle inertia factor K
is taken as 0.50. This study confirms that out of total 225506 ha area, the area under very high
erosion risk and high erosion risk is about 43322 ha and 37440 ha, respectively. Detailed spatial
mapping thus prepared will be helpful in planning appropriate field level conservation measures
to prevent the soil erosion and further degradation of land.

Key words: Erosion risk, Weightage, Geographic Information System, Particle inertia
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Concept of Zero Ground Water Exploitation —
Potential and Challenges

R.C. Srivastava

Dr. Rajendra Prasad Central Agricultural University, Pusa, Samastipur, Bihar, India

Groundwater in India is a critical resource for most of the major user sectors namely industry,
agriculture and domestic. With the growth in pollution and industrialization, dependency on
ground water is increasing resulting in unsustainable levels of exploitation. If current trends
continue, in 20 years about 60 percent of India’s aquifers will be in a critical condition says a
World Bank report. This will have serious implications for the sustainability of agriculture, long-
term food security, livelihoods, and economic growth of the country. There is an urgent need to
change the status quo. More than 60% of irrigated agriculture and 85% of drinking water supplies
are dependent on groundwater. Urban residents increasingly rely on groundwater due to
unreliable and inadequate municipal water supplies.

The sub-surface reservoirs can store substantial quantity of water. The alluvial plains of
Bihar have potential aquifers with ample source of water for recharge, but are witnessing
accelerated groundwater draft over the last couple of decades. Despite being the land of rivers,
more than 80% of irrigation demand in Eastern India are met mainly by groundwater resources
due to easy availability and unreliable and insufficient surface water irrigation network. This
unsustainable use of groundwater becomes even more challenging due to (a) increasing demand
from a burgeoning population and industrialization which leads to a risk of insufficient supply,
and (b) poorly understood effects of climate driven changes in water cycle such as increase in
temperature and change in rainfall pattern that could affect the groundwater recharge rates.

The concept of zero ground water exploitation means a zone where ground water pumped
is replenished with natural and artificial recharge. This will involve estimation of ground water
pumped, domestic, industrial and agricultural use, estimation of natural recharge and therefore
deficit/over exploitation. Once this is known the deficit can be met by three pronged strategy:
improve the efficiency in each sector to reduce use, replace use of ground water by recycled
treated/ filtered waste water and artificial recharge. A preliminary study at RPCAU Campus,
Pusa has shown that total annual exploitation of ground water is 228 ha-m out of which about
100 ha-m is used for domestic and 128 ha-m for agricultural purposes. Natural recharge has
been estimated to be about 110 ha-m leaving a deficit of 118 ha-m for artificial recharge.

The ground water recharge cum drainage unit developed at RPCAU, Pusa is one of such
examples of artificial recharge method. This structure can very well be used for recharging
ground water through runoff water at a rate of about 6.5 liter per second with Solid Removal
Efficiency of about 81 percent. The annual ground water recharge potential of this structure
varies between 1.5 - 2.0 ha-m. Ground Water Recharge of the 2" aquifer is one of the viable
options and it can be successfully recharged. Further studies are underway for utilization of
waste water and reduction in water use by increasing efficiency.

Key words: Groundwater recharge, natural recharge, insufficient surface water irrigation network
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Recent Trends in Agricultural Water Management
for Climate Smart Agriculture

T.B.S. Rajput' and Neelam Patel?

"Adjunct Professor (Agril. Engineering), *Water Technology Centre,
Indian Agricultural Research Institute, New Delhi-110012, India

Of all the planet’s renewable resources, water has a unique place. It is essential for sustaining
all forms of life, food production, economic development, and for general well being. Under the
changing climate, water resources need to be preserved, optimally utilized and its quality
maintained within acceptable limits. Innovative technologies, including the improvements in
the indigenous technologies, are needed to fully utilize limited water resources and to safeguard
these resources against pollution.

The overall efficiency in most irrigation systems is low and in the range of 35 percent to 40
percent efficiency in surface water and 65-70 percent efficiency in ground water utilization. Being,
major consumer of water, even a marginal improvement in the efficiency of water use in irrigation
sector will result in saving of substantial quantity of water. It is essential to modernize the irrigation
system for optimal use of water resources by economizing water consumption per unit yield of
agricultural produce. This involves not merely improvement of engineering parameters e.g. lining
of canals / improvement of structures / providing additional field channels but also application
of a complex combination of field disciplines (agronomic / management / field measurement
and hydro-sociological aspects) to the irrigated agriculture sector. Different modern and
innovative approaches may be adopted in i) water conservation, ii) water harvesting and storage,
iii) land preparation, iv) water conveyance network, v) water application and vi) automation.

Indian Prime Minister’s dream of conveying irrigation water to each holding may be achieved
by laying elaborate network of water courses by employing system engineering models like
Minimum Spanning Tree Model. Since many farmers are averse to spare their land in water
courses, underground pipeline distribution system is preferred and should be encouraged. It
will also help in minimizing conveyance losses (approximately 20%), besides saving 5 to 7%
precious land, used for laying watercourses. Modern efficient water application methods like
surge irrigation for surface and drip and sprinkler under pressurized conditions need to be
employed on large scale. Automation and use of computer models may also help in ensuring
water security in changing climatic situations.

Another way through which we can improve freshwater availability is by recycle and reuse
of water. Use of water of lesser quality, such as reclaimed wastewater, for agriculture is an attractive
option. This will also help in conserving better quality waters for potable uses. Currently, recycling
of water is not practiced on a large scale in India and there is considerable scope and need to
incentivize the use of this alternative. This article presents different alternative technological
solutions proposed by different researchers in agricultural water management under changing
climatic conditions.

Key words: Water management, Climate change, Water productivity
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Integrated Irrigation Management for Higher Water
Productivity of Rice-Wheat System in Northwest India

S.S. Kukal
Punjab Agricultural University, Ludhiana, Punjab, India

The rice-wheat system, the mainstay of the region’s agriculture, has accounted for over 80
per cent of the gross cultivated area. Coupled with high productivity, the cropping system has
not only improved the economy of the farmers, but also contributed towards the central pool to
ensure the nation’s food security. But at the same time, this phenomenal growth over the years
has over-stressed the water resources, as reflected by the alarming fall in groundwater levels.
The average fall in the water table rose from 0.18 m year™ in 1982-87 to 0.74 m year in 2004-05 in
the state of Punjab. The enactment of the Preservation of Subsoil Water Acts in Punjab and Haryana
(that banned transplanting of rice before June 10) has arrested this depletion of groundwater
resources to some extent. As a consequence, the average decline in the water table during 2013-
18 was recorded to be 0.37 m year in the state. Strategies need to be developed to improve water
use efficiency in rice-wheat system through the use of novel irrigation technologies. The irrigation
management strategies need to be devised and tested to avoid deficits at critical plant growth
stage that will impact adversely on yield and impose deficits when they will reduce shoot growth
but not impact adversely on yield and may enhance harvest index and/or crop quality.

Crop scheduling to take advantage of periods with low evaporation demand (e.g. delayed
transplanting of rice) holds promise in real saving of irrigation water. Synchronizing water
application with crop demand so as to avoid over-irrigation. It can best be achieved by identifying
water-sensitive growth stages in relation to prevailing weather conditions. The use of tensiometers
for successful irrigation to rice in Punjab has ample scope to be studied for other crops. It has
dual benefit of considering soil type as well as climatic demand while indicating when to irrigate.
Deficit irrigation, which involves less water supplied to the crop than would be needed for
achieving maximum crop production, needs to be worked out for different wheat-based cropping
systems. Because of the usually curvilinear shape of the crop-water production function,
maximum crop water productivity would be achieved at a water supply that is lower than need
for maximum yield. Partial root zone drying irrigation (furrow irrigation) needs to be rescheduled
for various crops in the cropping system, based on applied water dynamics in different soils.

The development of irrigation schedules for crops grown with resource conservation
techniques (RCTs) is a pre-requisite for improving their water productivity. Growing crops with
RCTs alters the micro-climate of the field and hence the water balance. This requires re-working
the water balance components of different crops grown with RCTs. The use of isotope signals in
the soil-plant system to characterize depth and extent of water extraction by crops need to be
studied. In addition this technique can go a long way in delineating pathways of applied water
movement so as to manage it efficiently.

Key words: Groundwater, crop water productivity, water balance
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Reliability and Implementation of Automated
Wireless Sensor for Irrigation System

Neelam Patel*, Amrit Sharma and Chandni Pandey

Centre for Protected Cultivation Technology, Indian Agricultural Research Institute, New Delhi, India
*Corresponding author email id: toamritsharma@gmail.com

In an era of increasing population and decreasing rainfall, requirement for food security
and natural resource management has increased to an extend where old practices like agriculture
and irrigation are often drawn to question for innovation and modernization with development
in science and technology. The irrigation practices could be defined as a methodology for storing
and managing water resources for cultivating crops at right time with right amount of water. With
growth of humanity, this old practice has also transformed from an era bullocks to water pumps
and now further to complex automated system of sensors and actuators. Present, irrigation system
are driven through actuators like solenoid valves, water pumps and sensors like water flow
meter, ph meter, electrical conductivity meter etc for ensuring a higher water productivity and
minimal water wastage for a subjected field. These irrigation practices are often optimized through
scheduling, where soil stress for any field is reduced through scheduled delivery of water thus
giving ideal condition for plants to grow and absorb nutrients from soil, for instance in case of
corn crop, through a stage germination to initial stage moisture content of soil should be maintain
upto 50%, and in middle stage to final stage i.e flowering and fruiting stage of crop moisture
content of soil should be maintained at 75% for ensuring high yield and maximum fruiting.
Through above stated scenario,requirement of crop changes every time as per change climatic
conditions, temperature, stages etc and therefore there is a need continues attention for
maintaining highly productive, farmers are generally required to keep crop check through
revisiting field to get a real time status of crop. Thus an automated irrigation system is a
requirement of modern day farmer for monitoring and maintain an amicable condition in their
field through a cooperative use of modern day smart sensors and smart actuator. Presently, crop
conditions could be measured with parameters like electrical conductivity, pH, permittivity and
temperature etc. The soil moisture content could be measured through electrical conductivity
with a means of capacitive and resistive sensor and further a relation could be derived between
changing conductivity and water content of soil. This moisture based sensor could act as part of
remote sensing wireless system through which information could be use for real time analysis
and controlling actuators, therefore controlling irrigation. Such real time water requirement
analysis could further be used in estimating the annual water requirement of any field with
similar crops.

Key words: Sensor, Actuator, Irrigation, Water productivity, Electrical conductivity
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Revival of Village Ponds in Bihar with Common Sense
based Scientific Interventions

Anshuman Kohli', Ved Prakash? Raj Kishore Kumar’,
B.K. Vimal® and Satish Kumar®

"Department of Soil Science and Agricultural Chemistry, *Department of Agricultural
Engineering, BAC, Sabour, Bihar, India
*Department of Agronomy, BHU, Varanasi, Uttar Pradesh, India

The village ponds in various parts of India in a state of disrepair and neglect were once a
lifeline of the rural hydrology, but with the advent of modern irrigation infrastructure and more
reliable and clean drinking water sources, they are being neglected. We conducted field surveys
and disscusion with local people of the villages to understand the water bodies, ponds and wells
that are still existing. There is a realisation that these boides are still being used for irrigation and
accumulation of water in ponds from different streams plays an important role. Several ponds
occur in the villages and they are fed by channels / ahars carrying water from the seasonal rivers
in the rainy season. Ahars make a network of village ponds and feed these ponds with water in
a series. The cultivated as well as built up area along with permanent fallows in these villages
serve as catchment for rainwater to accumulate in the ponds. A detailed study through exploratory
surveys, focused group discussions and scientific investigations was conducted in Kolakhurd
village of Bhagalpur. Several factors that may be held responsible for the decline of village ponds
were identified during the exploratory surveys and have been addressed through common sense
based scientific interventions. The profile characteristics of the selected ponds suggest that the
pond bottoms can be very safely dug out by another 5 ft or so without any danger of increasing
the seepage losses. The infiltration rate is likely to decrease further with pond deepening because
of the compact clay dominating the lower profile. The steady state infiltration rate of the pond
bottom was measured using double ring infiltrometer and was found to average 1.5 to 2.5 cm
dayl. Regular monitoring of the pond water quality (before drying) indicated that the water
quality was safe for use in agriculture and animal husbandry. Treatment of the catchment by
planting of perennial grasses in the inlet channel, closing of the multiple inlet channels and
directing the inflow through a single regulated inlet channel, installation of a sluice gate on the
targeted inlet to prevent backflow of water from the pond, installation of a piped outlet with ball
valve to regulate out-flow from the pond for irrigating the command area, deepening of the
pond for increasing the storage capacity, shaping of the pond embankment and planting of
perennial grasses and fruit trees for stabilization of the pond embankment have helped in making
the pond in a better shape. Further interventions such as initiation of a user group for better
utilization of pond water and upkeep of pond and keeping a track of the in season water
availability by monitoring of the rainfall and water level in the pond on a weekly basis have
strengthened the approach. Further educational and training activities with the user group and
other stakeholders of the adopted pond in the village are envisaged.

Key words: Rainwater harvesting, Water table, Groundwater recharge, Conjunctive use
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Baseline Studies and Irrigation Innovations for Higher Water
Productivity of Medium Irrigations Projects of Telangana Sate
of Southern India

B. Krishna Rao’, P. Shyam Sundar' and K.YellaReddy>

"Water and Land Management Training and Research Institute, Hyderabad, Telangana, India
Faculty of Engineering and Technology, Acharya NG Ranga Agricultural University,
Guntur, Andhra Pradesh, India

Water is one of the most important inputs for sustainable and profitable agriculture. The
prevailing water use efficiency of irrigation projects is in the range of 30 to 40% which could be
enhanced to about 60% through systemic improvement. There is immense scope for improving
irrigation efficiency & saving the huge volume of water for additional irrigation/other beneficial
use. Due emphasis is required to be laid on both efficiency in use of water through appropriate
demand side management and on the efficiency of created facilities for utilization of water.
Keeping these considerations in view, baseline studies for improving water use efficiency of 5
medium irrigation projects namely Sathnala, Vattivagu, Musi, Pedavagu and Taliperu of
Telangana State of Southern India was conducted during 2015-2019 under the externally funded
project from National Water Mission, Government of India. The main objective of the study is
assessing the water use efficiency of medium irrigation project and identification of measures
for improving the efficacy of created facilities. The overall water use efficiency of the medium
irrigation projects were worked out based on reservoir filling efficiency, conveyance efficiency,
on farm application efficiency, drainage efficiency, project water use efficiency, irrigation potential
created and utilized. These efficiencies were worked out based on the field experimentation and
the data collected from primary and secondary sources. The reservoir filling efficiency of the
projects varies from 85-100%. The conveyance efficiency of the canal networks varies from 60-
96%. The lining of canal networks and proper maintenance of canals has significantly increased
the conveyance efficiencies upto 96%. The water saving technologies such as alternate wetting
and drying, direct seeded rice cultivation, rotational supply of irrigation water and micro irrigation
techniques has significantly increased the on farm efficiency in these project commands. These
technologies need to be upscaled for increasing the water use efficiency, productivity and equity
in the canal command areas.

Key words: Medium irrigation projects, Water use efficiency, On-farm efficiency, Water saving
technologies
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The Hydrodynamic Mechanism of Rainfall Runoff
from Loess Slope Mixed with Straw

Huagqing Liu’, Jiahui Yang' and Tingwu Lei'**"
College of Water Conservancy and Civil Engineering,
Shandong Agricultural University, Tai’an 271018, PR China
?College of Water Resources and Civil Engineering, China Agricultural University,
Qinghua Donglu, Beijing, 100083, PR China
*State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau,
Institute of Soil and Water Conservation, Chinese Academy of Science and Ministry of Water Resources,
Yangling, Shaanxi Province 712100, PR China
*Corresponding author email id: chliuhq@163.com

The hydrodynamics of rainfall runoff are important factors that affect soil erosion and
migration and diffusion of chemical pollutants. As a soil amendment, straw incorporated into
the cultivated soil layer may affect rainfall and runoff on slopy farmland. Laboratory experiments
were conducted with four straw incorporation rates (0, 2, 4, and 8 t/ha), four rainfall intensities
(40, 80, 120, and 160 mm/h), three slope gradients (10, 15, and 20°) to study the hydrodynamic
dispersion coefficient, at three slope lengths (5, 6, and 7 m), by using the analytical solution of
electrolyte transport under pulse boundary condition. The results show that the hydrodynamic
dispersion coefficient is significantly reduced by the influence of straw incorporation. Under all
experimental conditions, the rainfall runoff was laminar flow. Re and Fr decreased with the
increase of incorporation rate. Compared with the control, straw incorporation caused more
tortuous runoff path, resulting in weakened runoff turbulence. The slope roughness increased
due to the increase of straw incorporation, causes increase in friction force, £, significantly as
compared with the control group. The increase of rainfall intensity and slope gradient increased
the driving force at slopy farmland. With or without straw incorporation, Re and Fr decreased
with rainfall intensity, slope gradients and slope length, and f increased with rainfall intensity,
slope gradients and slope length. However, the changes of Re, Fr and f with the above-mentioned
factors were larger than those of the control group and increased with the increase of straw
incorporation rate. Straw mixing into soil can significantly reduce the runoff force at slopy
farmland, resulting in reduced erosion. The implementation of straw incorporation into the field
is of great significance for the treatment of arable land degradation caused by soil erosion.

Key words: Straw mulch rate, Slope farmland, Rainfall intensity, Hydrodynamics, Hydrodynamic
dispersion coefficient
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Alternate Use of Freshwater at Early Growth Stage and Saline
Canal Water at Reproductive Stage Can Minimize the Yield Loss
of Maize under Coastal Saline Region of Bangladesh

Akbar Hossain'*, Khandakar Faisal Ibn Murad?
and Jagadish Timsina®

'Bangladesh Wheat and Maize Research Institute, Nashipur, Dinajpur-5200, Bangladesh
?Irrigation and Water Management Division, Bangladesh Agricultural Research Institute (BARI),
Gazipur-1701, Bangladesh
SFaculty of Veterinary and Agricultural Sciences, University of Melbourne, Victoria 3010, Australia
*Corresponding author email id: tanjimar2003@yahoo.com

Bangladesh is a small country, but with the world 8th largest populated country in the world.
The government of Bangladesh has already taken an initiative for crop intensification in the
southern coastal saline region by using the improved technology as well as management practices.
While, cropping intensification should not be done easily due to the scarcity of fresh irrigation
water and since canal water are naturally saline. An experiment was carried out in consecutive
two rabi seasons (2015-16 and 2016-17) in coastal region of Bangladesh to find outa suitable
irrigation scheduling for maize cultivation in saline coastal region of Bangladesh. Treatments
were six levels of irrigation such as:1. Two irrigation (T,): first at 45 days after sowing (DAS)
(vegetative stage) and second at tasseling stage(75 DAS) with fresh water; 2. Three irrigation
(T first at vegetative, second at tasseling and third at grain filling (105 DAS) stages with fresh
water; 3. Two Irrigation (T5): first at vegetative stage with fresh water and second at tasseling
stage with saline canal water; 4. Three irrigation (T,): first at vegetative stage with fresh water,
second at tasseling and third at grain filling stages with saline canal water; 5. Two irrigation (Ts):
first at vegetative and second at tasseling stages with saline canal water and 6. Three irrigation
(Te): first at vegetative, second at tasseling and third at grain filling stages with saline canal
water) were set. Two different sources of water were used for irrigation: (i) relatively fresh
groundwater (with salinity of 1.10-2.23 dS m™), (ii) moderately saline canal water (with salinity
of 4.18-9.74 dS m™). Irrigation water was applied to bring the soil moisture content on the root
zone to field capacity considering the effective root zone depth.Results showed application of
three irrigationwith fresh water (T,) resulted in the maximum grain yield of maize,while the
poorest was recorded withT; or Ts. Considering on the both years yield advantages, treatment
T, three irrigation: first at vegetative stage with fresh water + second at tasseling and third at
grain filling stages with saline canal water) produced the maximum yield, followed by T;, T3, T
and Ts. In case of water productivity, treatment T;found the best, followed by T, while Tewas
the lowest. It may be concluded that moderately saline canal water can be used for irrigating
maize under water scarce coastal regionof Bangladesh. However, conjunctive use of freshwater
at early sensitive stage combined with saline canal water at a later stage can minimize yield loss
of maize, instead of reducing the number of irrigation events.

Key words: Salinity management, Maize, Irrigation, Conjunctive use, Bangladesh
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Effects of Automatic Drip Irrigation on Yield and Water
Productivity in Banana

P. Panigrahi*, S. Raychaudhuri, A.K. Thakur, A.K. Nayak,
P. Sahu and S. K. Ambast

ICAR-Indian Institute of Water Management, Bhubaneswar-751023, Odisha, India
*Corresponding author email id: pravukalyan.panigrahi@gmail.com; pra73_nag@yahoo.co.in

Water scarcity is one of the major factors affecting the productivity of banana. Drip irrigation
(DI) has been found as a water saving technique in banana cultivation. Further, sensor-based
automated DI which has been considered as a smart and real time water application technique
might increase the water savings and enhance yield of banana. With this hypothesis, a field
experiment was conducted to study the performance of automated DI in banana (cv. Grand
Naine) at Bhubaneswar, Odisha during 2016-2017. Five automated DI schedules: (i) soil water
sensor based irrigation and timer based irrigation (ii) at 80% crop evapotranspiration (ET,) at 1
hr interval 3 times daily (iii) at 80% ET. at 2 hr interval 2 times daily (iv) at 60% crop ET. at 1 hr
interval 3 times daily (iv) at 60% crop ET, at 2 hr interval 2 times daily were compared with
manually operated DI in the crop. The highest vegetative growth of plants (plant height, canopy
diameter, stem girth) was observed with manually operated DI. However, sensor-based DI
produced 15% higher fruit yield with 20% water saving, resulting in 40% higher water productivity
(yield per unit quantity of water) compared with manually operated DI (water used, 820 mm;
yield, 60.5 t hal; water productivity, 6.2 kg m?) in the crop. The fruit qualities (total soluble
solids and acidity) of sensor-based irrigated plants were superior to manually irrigated plants.
The volumetric soil water content under manual DI was marginally higher (11-15%) than that
under sensor-based DI (21.2-24.8%). The soil available nutrients (N, P and K) and leaf nutrients
content of the plants followed the similar trend of soil water content under different treatments.
The yield forecasting based on leaf-N, leaf-K, leaf water content and radiation interception using
‘Principal component analysis’ performed well with reasonably accuracy (R?= 0.82). Overall,
these results reveal that soil water sensor-based automated DI is a productive and water saving
technique which may be adopted in banana cultivation in eastern India and anywhere else with
similar agro-climates of the study site.

Key words: Automatic drip irrigation, Water saving, Banana, Fruit yield, Fruit quality

2]



Abstracts : International Conference on Soil and Water Resource Management for
Climate Smart Agriculture, Global Food and Livelihood Security

November 5-9, 2019 | New Delhi, India

Enhancing Water Use Efficiency through Improved
Microbial Jute Retting Technique

B. Majumdar, S. Sarkar, A.R. Saha, S.P. Mazumdar,
R. Saha, S.K. Sarkar and S.K. Jha

Division of Crop Production, ICAR-Central Research Institute for Jute and Allied Fibres, Barrackpore,
Kolkata-700120, West Bengal, India

Conventional practice of jute retting requires a very high (1:20) ratio of jute plant: water for
proper retting. Retting is properly carried out in slow moving soft water which is not available
to more than 90% jute growers of India. In absence of that, farming community ret their harvest
in stagnant water utilizing rain or underground water following conventional practice of retting.
The resultant fibre from conventional retting is not of good quality and cannot be utilized for
high valued diversified uses; hence farmers get less value for their product. In the improved jute
retting method developed by ICAR-CRIJAF, a microbial formulation consisting of three very
efficient pectinolytic retting bacterial strains of Bacillus pumilus is used for proper retting of jute
in 1:5 ratio of jute: water. The retting duration is reduced by 6 to 7 days in improved method of
retting compared to conventional practice.It will help the farming community to utilize the same
retting water for 2 to 3 times in a retting season, which otherwise is not feasible in conventional
retting. The fibre recovery is also higher by 8 to 10% because of lesser duration and recovery of
full fibre compared to conventional retting. The fibre obtained from the improved method of
retting is of very good quality, which is increased by at least 2 grades from conventionally
produced jute fibre and can be utilized for diversified uses because of improvement in colour,
strength, lustre and reduction in root content in fibre. The net income of jute farmers was found
increased by more than Rs.10,000/ha following the improved method of microbial retting over
conventionalretting. This improved retting technology has been adopted by National Jute Board
under Ministry of Textiles, Govt. of India and used by more than 3 lakh jute and mesta farmers
of Assam, Bihar, Odisha, Meghalaya, West Bengal and Andhra Pradesh during last four years
(2015 to 2018) under Jute-ICARE (Jute- Improved cultivation and advanced retting exercise)
project.This potential technology can be used in larger scale to meet the demand of quality jute
fibre by jute industries and also to increase the net income of resource poor jute farmers with
very little initial input.

Key words: Jute retting, Water use efficiency, Microbial formulation, Fibre quality
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Soil Wetting Pattern and Water-Front Advance Study
under Subsurface Drip Irrigation in Vertisol

A. Gupta™and K.V.R. Rao”
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An experiment was undertaken to study the spatial and temporal soil moisture distribution
pattern and wetting front advance under subsurface drip irrigation (SDI) in vertisol for given
depth and spacing of lateral lineat the Precision Farming Development Centre (PFDC) of ICAR-
Central Institute of Agricultural Engineering, Bhopal in central India, during summer season of
2018.Non pressure-compensating emitters with a working interval ranging from 50 to 400 kPa
with 4L/h flow rate imbedded in laterals were placed at 15 cm depth from bed surface. Calculated
irrigation statistical uniformitywas high during both cases (0.93 at the beginning of the experiment
and 0.89 at the end).Vertical cuts were made in the soil both along and across the laterals for
visually observation of soil water front movement with time in vertical and horizontal direction
in completely dry soil and comparatively wet soil.Because black cotton soil offers substantial
resistance in the process of downward flow. For this reason, vertically downward diffusion was
relatively small, but compared to lateral movement vertical movement was fast and relatively
uniform.SURFER 10 windows software was used for developing moisture content lines.Thus,
the results of this study will be helpful for a better understanding of the geometry of wetting
zone i.e. depth and radius of wetting zone at different irrigation duration for crop selection,
system design, operation and management of system.

Key words: Subsurface drip irrigation, SURFER, Water front, Wetting pattern
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Integrated Rainwater Resource Management (iRaM) Model
for Coastal South Gujarat

P.K. Shrivastava, Dileswar Nayak, D.P. Patel, S.V. Viyol, H.S. Thakare
and D.K. Dwivedi

Department of Natural Resource Management, College of Forestry, ACHF, NAU, Navsari, Gujarat, India

South Gujarat region had ample water availability but water shortage is being experienced
during summer and water logging during monsoon. Also, due to large scale industrialization of
south Gujarat, problems of air and water pollution have arisen which have become more complex
because of over exploitation of natural resources ‘ground water’. In many areas, due to continuous
pumping of sweet water, sea water ingress has taken place and bores had become defunct as the
water quality deteriorated drastically, due to which many cultivable farm land became
uncultivable and are lying as waste land. The water quality had deteriorated to such an extent
that neither it could be used for drinking purposes nor for irrigation of crop. High intensity rains
occur during monsoon allowing very little opportunity time for the water to infiltrate into the
aquifers. All the rainwater during monsoon directly goes as runoff ultimately reaching the sea.
Also, where ponds exist, catchment areas are disappearing due to construction work and ponds
no longer receive rain water. So, an attempt was made to conserve the “rain water” natural
resource while evaluating the potential of raising fish in small pond through harvested rain
water. From the study, it was inferred that rain water harvesting in small or big ponds not only
replenished aquifers but also checked deteriorating water quality in addition to providing sweet
water fish harvest for economic gain. For coastal south Gujarat it was suggested that
approximately 10% area of the farm land may be allocated for a pond so as to store 2.5 m deep
water, to harvest rain water / excess canal water.

Key words: Rain water, Runoff, Fish, Rainwater, Water resource management, etc.
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Effect of Irrigation and Mulch Regime on Pigeonpea

M.A. Solanki', M.H. Fadadu?!, A.L. Chalodia? and P.V. Dabhi'

'Department of Soil and Water Conservation Engineering, College of Agricultural Engineering and
Technology, Navsari Agricultural University, Dediapada — 393040, Gujarat, India
2Soil and Water Management Unit, Navsari Agricultural University,
Navsari — 396450, Gujarat, India

The field experiment was conducted at college farm, College of Agricultural Engineering
and Technology, Navsari Agricultural University, Dediapada, during rabi season 2017-18. The
experiment was laid out in randomized block design with four replications, keeping five
treatments of T;- Drip irrigation with 0.6 PEF, T, - Drip irrigation with 0.6 PEF, Drip + Black
Plastic Mulch 50 p with (56% coverage), T; - Drip irrigation with 0.6 PEF, Drip + sugarcane trash
mulch @5 t/ha with (56% coverage), T, - surface irrigation IW/CPE: 1, 60 mm depth + sugarcane
trash mulch @ 5 t/ha (56% coverage) and Ts- surface irrigation IW/CPE: 1 (control) with 60 mm
depth. Significantly higher yield attribute and biological yield was observed in the treatment 0.6
PEF through drip irrigation with sugarcane trash mulch @ 5 t/ha. Among mulch treatments, 0.6
PEF through drip irrigation with sugarcane trash mulch @ 5 t/ha was found to be significantly
superior over other treatments with higher plant height at harvest (182.66 cm), leaf area index
(0.88), stem girth (16.46 mm), root length (40.05 cm) and spread (27.38 cm), number of pods per
plant (273.26), number of seed per plant (981.89), number of seed per pod (3.59), pod yield per
plant (147.71 g), grain yield per plant (100.63) and 100 seed weight (11.20 g). The grain yield
registered under treatment T; and T, were 80.66% and 50.87% which were higher than the grain
yield under surface (control).

Key words: Drip irrigation, Biometric parameter, Mulching, Pigeonpea, Sugarcane mulch
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Drainage Technologies for Enhancing Productivity of
Temporary Waterlogged Vertisols in Central India

Ramadhar Singh*, K.V. Ramana Rao and Satish Kumar Singh

ICAR-Central Institute of Agricultural Engineering, Nabi Bagh, Berasia Road,
Bhopal-462 038, Madhya Pradesh, India
*Corresponding author email id: rsingh067bpl@gmail.com

Vertisols (clay soils) occupy over 320 mha (2.5%) of the global land area and are characterized
by poor soil physical properties. In India, out of 6.74 mha salt affected lands, more than 1 mha
severely waterlogged saline soils fall under each coastal and black cotton heavy soil (Vertisols)
regions. Sub surface drainage (SSD), an effective technology practiced extensively for amelioration
of waterlogged irrigated lands. The Bhopal region receives 1070 mm average annual rainfall
with 48 rainy days. The soil of Bhopal region is classified as Vertisols having 51.0 - 54.7% clay
content. High intensity of rainfall during monsoon season combined with poor physical properties
of Vertisols lead to flooding, surface ponding and/or water logging, thus making them difficult
for crop cultivation during Kharif season. In order to restore these degraded lands drainage
becomes an essential measure.The paper presents the research findings of the conducted field
studies on surface drainage (surface trenching and broad bed & furrow (BBFs) and SSD systems
(pipe and mole drainage) for temporary water logged Vertisols of Madhya Pradesh.

Surface and SSD systems were designed and their effectiveness was evaluated through field
studies for the crops sensitive to waterlogging (soybean, maize and pigeon pea). The surface
drainage system comprising V shaped trenches of 300 mm deep installed at 20 m drain spacing
resulted into 20.7 to 27.7% increase in the yields of pigeon pea, maize, soybean crops over the
control (land without drainage). The broad bed and furrow (BBF) system of 150 mm depth and
1.50 m spacing increased 32% soybean crop yield over the control. The designed SSD system
comprise corrugated perforated PVC pipe of 72/80mm diameter with geotextile filter laid at 20
m spacing and 1.0 m depth. The crop yield increased by 54%, 40% and 41% over the control for
soybean, maize and pigeon pea crops respectively under SSD system. The SSD effect on
subsequent chickpea & wheat crops revealed 11-14% increase in yield over control. Economic
analysis revealed that soybean, maize and pigeon pea crops with surface drainage, SSD and
control systems resulted in benefit-cost ratio of 1.35-1.77, 1.44 — 1.55 and 0.41-0.47 respectively
with payback period of 6-7 years. The performance of mole drains of 84 mm size formed at 4 m
drain spacing and at a depth of 600 mm with 60 m lateral length was evaluated for soybean crop.
Mole drainage system resulted in about 60% increase in soybean grain yield over the control.
The soybean grain yields increased by 70% under treatment comprising BBF coupled with mole
drainage over the control. Studies indicated that mole drainage is observed to be a cheaper and
viable alternate to costly pipe drainage system. The study revealed that both surface and SSD
systems are technically feasible and economically viable for effective drainage of Vertisols.

Key words: Subsurface drainage, Mole drainage, Vertisols, BBFs
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Study on Characteristics of Soil and Water Loss in
the Yangtze River Basin and Benefits of Comprehensive
Treatment

Zhao Jian', Qian Jianjun? and Yu Feng?
"Yangtze River Scientific Research Institute, Wuhan 430010, China

*Wuhan Lanrui Space Information Technology Co., LTD, Wuhan 430061, China
$Yangtze River Basin Soil and Water Conservation Monitoring Center, Wuhan 430010, China

On the basis of soil analysis and water loss actualities and basiccharacteristics of Yangtze
River basin, the author first discusses the small watershed as a unit of mountain, water, land,
forest, road of comprehensive control of soil and water conservation technique and method, and
then analyzes the effects of the comprehensive control of soil and water conservation in Yangtze
river basin. Accumulative total of soil and water loss in Yangtze river basin area has reached
390,000 square kilometers in nearly 30 years.Soil erosion area embarked on a historic
transformation by reversing the increase ofthe soil loss area decreased from 622,200 square
kilometers in the mid-80s to 530,700 square kilometers in 2013 (38.18%), The vegetationcoverage
rate was observed up to 42.5%. In soil conservation regions, the intensity of soil loss decreased
by 1-2 degrees.The livelihood condition of people engaged in agriculture in these regions haswith
adequate food and clothing for 20 millionpopulation.

Key words: The Yangtze river basin, Soil and water loss, Regulation, Effects
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Development and Evaluation of Solar Powered Micro Irrigation
using Floating Submersible Pumpset in On Farm Reservoirs for
Improving Water Productivity in Small Farm Holdings of
Rainfed Areas

K.S. Reddy*, V. Maruthi, P.K. Pankaj, A. Amarender Reddy,
T. Saikrishna and G.R. Chary

ICAR-Central Research Institute for Dryland Agriculture, Santhoshnagar,
Hyderabad-500059, Telangana, India
*Corresponding author email id: ks.reddy@icar.gov.in

GOl has implemented farm pond scheme on large scale in SAT regions through PMKSY to
achieve more crop per drop of water in both agriculture and horticulture sectors. Such schemes
can be successful with solar power integrated micro irrigation systems with respect to varying
farm holding size. Farm pond or on farm reservoirs (OFR) is an option for managing drought in
the rainfed areas during the long dry spells with the harvested surface runoff (SRO). SRO has
silt load along with the water and it settles within the OFR after 10 -15 days. This silt load makes
the MI systems use filtration equipment adding an extra expenditure to the small farmers.
Moreover, silt load will affect the performance of MI system. Hence, it is necessary to develop a
floating submersible pumpset for pumping water within the 1m depth from the water surface
through MI system. A 0.5 hp DC submersible pump set having discharge of 70 I/min and 27m
max head was installed in the OFR connected with micro irrigation system for irrigating 1 acre
plot for investigating the water productivity in small holdings. Two solar panels of 250 watts
each having dimension of 1.49 m? area were installed as power source to DC submersible pump
set which is floating in water. The floating device was designed based on the buoyancy principle
by inflating tube with 17kg/cm?. The above system was used to evaluate the water productivity
in horticulture crops like water melon, carrot, Tomato and Chillies during 2017-19. The crops
were sown on raised beds of size 14x1m with daily irrigation scheduling in both kharif and rabi.
Water melon was tried with treatments of plastic mulching and organic mulching (grass) at 5 t/
ha and beds with no mulching. The results indicated that there was maximum water productivity
of 5.6 kg/m? as compared to organic mulching (4.8 kg/m?®) and 2 kg/m?® in no mulching beds in
the water melon. The average water productivity with micro sprinklers was 3.11 kg/m? in carrot
as compared to furrow irrigated of 1.9 kg/m?. The water productivity of Tomato and Chillies
was observed to be 20.8 kg/m?3and 9.46 kg/m? respectively. The above system could be popularized
in integration with OFR based IFS models with horticulture crops on small areas as a viable
option in increasing productivity and profitability of small farmers in rainfed regions. The floating
device was developed with low cost of Rs.1000/- per unit and can be effectively used to reduce
silt load which increased efficiency and lifespan of the MI system.

Key words: Micro irrigation, solar power, OFR, Floating device, water productivity
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Development of Expert System for Agricultural
Water Management

Ashok K. Nayak*, Pramod K. Panda, Rajeeb K. Mohanty
and Sunil K. Ambast
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The crop water demand and appropriate time of irrigation is very crucial for proper growth,
yield and success of the crop. Lack of awareness about crop water demand and suitable water
management practices have resulted in crop failures. Improper agricultural water management
has resulted in poor coverage of irrigated agriculture and low cropping intensity. In such a
situation, expert decision guided agricultural water management decisions is the need of the
hour. Therefore, an expert system for agricultural water management was developed to facilitate
knowledge management on water management practices in agriculture, horticulture, aquaculture
and animal husbandry practices. Expert systems are special computer software applications
that work on the principle of if-then-else rules and facts.The information on various crops were
collected and compiled in development of the expert system for the end users. The web page
formats for various crops were developed in open access PHP language for better user friendliness
and hosted on WampServer platform. The end-user can select an option from the given list to
find out the detailed water management practices for the selected crop.

An android based mobile app of the expert system on agricultural water management was
also prepared to catalogue water management practices in various crops. The mobile app contains
mainly four modules such as i)Agriculture, ii)Horticulture, iii)Aquaculture and iv)Animal
husbandry. The user can search the water management practices on crop basis.In agriculture
module, options are created for cereals, pulses, oilseeds and commercial crops. In aquaculture
module, the program has been created for displaying suitable water management interventions
in different land type such as upland, medium land, low land and coastal. Based on the user
land type selection, the aquaculture interventions are further classified as coldwater aquaculture,
production of carp fry, production of carp fingerlings, grow out technology, catfish culture,
freshwater prawn culture, ornamental fish culture, freshwater pearl culture, integrated rice-fish
cultivation and shrimp culture.The benefit of an expert system is that it can offer better solution
than a traditional method by using the knowledge stored in the database. The expert system on
agricultural water management is expected to be useful for different stakeholders like farmers,
extensionpersonnel, NGO and other officials.

Key words: Expert system, Agricultural water management, Database system, Mobile application
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Application of CCME Water Quality Index for Assessment
of Groundwater Contamination in
Rural Environment of the Great Hungarian Plain

Tamas Mester'*, Daniel Balla® and Gyorgy Szabd!
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As a result of the establishment of sewage networks in the last decadesin Hungary,the
secondary public utility ratereduced to 14% by 2017.Investments have significant impactson the
rural environment, primarily on groundwater resources. This study is aimed to evaluate the
changes in hydrochemical properties of groundwater after construction of the sewage system in
an eastern Hungarian settlement.Water samples were collected from 40 groundwater wells in
the summer of 2013, 2017 and 2018. The groundwater quality was assessed by using the Canadian
Council of Ministers of the Environmental Water Quality Index (CCME WQI) method. Following
parameters were used for calculation: pH, EC, NH,", NO,, NO5, PO,*, CODand Na. Statistical
tests were performed using SPSS 12 software.

The results show strong groundwater contamination. According the CCME WQI in 2013,80%
of the water samples were classified as “marginal” or “poor” and only 20% as “fair”,”good” or
“excellent”.In 2017significant improvement in water quality can be observed. The percentage of
“marginal” or “poor” water samples decreased to 55%, the percentage of“fair”,”good” or
“excellent"water samples increased to 45%.Although in 2018 a slight decrease in water qualitywas
measured,the the degree of contamination was still lower compared to the baseline in 2013.
After construction of the sewage network, changes in the spatial distribution of pollution were
observed.While in 2013 the middle of the settlement was the most contaminated area, in the
years following the project significant positive changes were measured. In 2018 south-west and
south-eastern parts of the village showed the highest contamination.

Based on the results, it can be concluded that the purification process is still ongoing.
Groundwater purification is slowed down by the fact that there are still households that have
not joined the sewer network, and that point sources such as latrines and manure heaps can still
be found in several parts of the settlement. Further environmental measures are needed to
eliminate these sources of pollution.

Key words: Water quality, sewage network, Environmental Water Quality Index
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Single Auger Hole Method for Seepage Estimation
of Canal Under Waterlogged Conditions

Chhedi Lal Verma*, A.K. Singh, Sanjay Arora, S.K. Jha,
Y.P. Singh, T. Damodaran, V.K. Mishra and Rohit Ojha

ICAR Central Soil Salinity Research Institute Regional Research Station,
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*Corresponding author email id: lalc_verma@yahoo.com

Measurement of seepage from large canals by ponding is practically impossible due to
continuous running and large widths of canals. Inflow-outflow method is not suitable for seepage
measurement in short reaches of canals. Seepage meter technique may require large number of
measurement to arrive at an average representative value. Analytical solutions are over simplified
for estimation of canal seepage due to several assumptions which are rarely met in field.
Estimation of saturated hydraulic conductivity and selection of a representative value is tedious
task. It is difficult to incorporate large variations of saturated hydraulic conductivity within a
short reach of canal for seepage estimation. Tracer technique may result in erroneous seepage
value in the area where seepage is partially flowing to some drain. Empirical methods are specific
to a canal only. Available methods of canal seepage estimation are having limitations either for
its application in large canals or its use in designing subsurface drainage or bio-drainage belt for
combating waterlogging. A Single Auger Hole Method is proposed for estimation of seepage
from large canals under waterlogged situations. Canal seepage was estimated by calculating
subsurface flow and subsurface storage with time along the canal. A sufficiently long period of
canal closure was selected for measuring the canal seepage. Water table fluctuations in the
observation well located in the adjoining fields were recorded on daily basis. The water level
receded with time after canal closure and ranged 2.35-2.22 m below ground surface over a period
of six days. Similarly water level rise in observation well after canal resumed supply ranged
2.19-2.70 m below ground surface. The equations were developed to describe fall and rise in
water depth with time. Subsurface flow rates as a function of receding water table depths were
worked out. Similarly a relationship between subsurface storage and time was developed once
the canal supply was restored. For a rise in water table depth over a day the subsurface flow and
subsurface storage were calculated and summed to get the seepage rate. The estimated subsurface
flow rates ranged 1.422 to 211.355 m® /d and subsurface storage ranged 24.92 to 68.53 m® /d. The
estimated seepage rates ranged 69.952-236.275 m® /d from a grid of 100 m x 100 m. The canal
seepage was calculated to be 3622.21 m® /d per km of canal reach. Proposed method is simple
and suitable for small and large reaches of canals simply by putting a series of shallow open
observation wells. The method is suitable for the area where water table is shallow and shallow
observation wells can be installed easily.

Key words: Auger hole, Canal seepage, Waterlogging, Sodic soils and Canal lining
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Developing Relationship for Transforming Water Table Heights
of Horizontal Subsurface Drainage of Flat Land
to Sloping Conditions

Chhedi Lal Verma' and Gyan Singh?
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Reclamation and management of waterlogged lands with or without salt accumulation
attained due focus with time. Subsurface horizontal drainage is widely accepted engineering
measure to control water table and remove excessive salts from root zone. Most of the theories
describe water table fluctuation in response to constant recharge for flat lands. Drainage theories
for sloping aquifers need more attention at present. Boussinesq equation had been used for
developing analytical solutions for horizontal as well as sloping land. The present study was
conducted to understand the drainage pattern of sloping land using the drainage theory of
horizontal subsurface drainage. An experiment was conducted over a Hele-Shaw model of length
1.84 m and height 0.56 m for 0, 0.026, 0.052 and 0.078% bed slopes. The spacing between plates
was kept as 1.65 mm. Shell Tellus oil 72 was used as viscous fluid with density ranging from
475.000 to 2218.75 centipoise and corresponding bulk density range as 0.9480 to 0.9655 g cm™ for
a temperature range of 40 to 20°C. A linear relationship between water table reduction factor and
horizontal distance was observed. The variable error correction factor (8) of and fixed error
correction factor (A) as a function of bed slope (bs) was worked out to calculate total error
correction factor (L) for changing steady state water table heights between the horizontal and
sloping impervious barrier to the sloping conditions as below.

Comparisons between predicted water table heights using analytical solution of Sewa Ram
et al. (1987) and with proposed model were made with experimental heights. The proposed
model predicted closer values of water table heights with root mean square deviation (RMSD) of
0.161744, 0.181304 and 0.166229 while analytical model could predict water table heights with
RMSD of 0.824461, 1.039384 and 0.909310 against the slope of 0.078, 0.052 and 0.026%, respectively.
The proposed model is easy to understand the flow problem of horizontal subsurface drainage
in relation to the subsurface drainage of sloping lands.

Key words: Subsurface drainage, Sloping land, Hele-Shaw, Waterlogging, Salt accumulation
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Comparison of Water Removal by Biodrainage Belt and
Interceptor Drain
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Reclamation and management of waterlogged salt affected soils has become inevitable for
the country like India for sustained increase in agricultural productivity with shrinking natural
resources base for feeding the growing population. Irrigation is essential to sustain crop
productivity. Large scale irrigation projects result in waterlogging and salt buildup with time.
Major reasons for waterlogging in canal command are excessive seepage, over irrigation and
insufficient natural and manmade drainage provisions. Interceptor drains have been tried to
arrest the canal seepage for minimizing water logging and associated problem. Biodrainage is
advocated for averting waterlogging and salt accumulation in the root zone. In the present study
a comparison of interceptor drainage and biodrainage were done to see their efficacy. A eucalyptus
biodrainage belt was established along the canal having 400 m length and 30 m width. Lysimeters
were installed inside the biodrainage belt for measuring plant height and ET of eucalyptus. A
simple mathematical model was developed to predict daily ET of eucalyptus as function of
plant age using lysimetric data of ET and plant height. Water extraction by biodrainage belt was
estimated for a period of 10 years. Annual canal seepage in affected reach was estimated as
528842 m®. Seepage interceptions by interceptor drain were 28756.03, 30171.62 and 29289.66 m>
for first, second and third year, respectively giving an annual average seepage interception rate
of 29405 m?/year. Single lateral interceptor drain with limited installation depth is unable to
arrest canal seepage. Equivalent biodrainage lines for existing interceptor drain where calculated
as 79.52, 31.77, 12.10, 6.05, 3.94, 3.10, 2.76, 2.63, 2.59 and 2.58 for first to ten years respectively.
Interceptor drain can be replaced by three biodrainage lines at an age of six years of plantation.
Additional biodrainage lines required for intercepting un-intercepted canal seepage by interceptor
drain where calculated as 1351, 540, 206, 103, 67, 53, 47, 45, 44 and 43.7 from first year to tenth
year, respectively. Annual seepage interceptions by biodrainage belt were calculated as 8106.12,
17136.59, 48103.25, 95841.25, 147649.93, 187568.57, 210611.7, 220946.24, 224640.45 and 225710.59
m? for consecutive 10 years. Existing biodrainage over an area of 1.2 ha was also not able to
arrest the canal seepage even at the age of 10 years. Additional biodrainage lines required for
intercepting un-intercepted canal seepage by biodrainage are 1408, 553, 198, 89, 51, 36, 30, 28, 27
and 27 from first year to tenth year, respectively.

Key words: Biodrainage, Canal seepage, Evapotranspiration, Plant height, Interceptor drain,
Waterlogging
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Effects of Long-term Saline Water Irrigation on Soil
Water-stable Aggregates in Cotton Fields
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Saline water irrigation has been widely used for crop production in some areas where
agriculture is short of water. However, irrigation with saline water can have negative impacts on
the soil environment (e.g. increased salinity, reduced hydraulic conductivity) and these are well
documented for soils in arid and semi-arid regions. To understand the impact of saline irrigation
on soils in semi-humid region, a field study was conducted at North China Plain, where saline
water effluent was used for irrigation for 10 years. The study evaluated the effects of long-term
saline water irrigation with different salinity level on soil water-stable aggregates in cotton fields.
Six groups of irrigation salinity levels were set up: 1 g/L (CK), 2 g/L (T1), 4 g/L (T2), 6 g/L (T3), 8
g/L (T4), 10 g/L (T5). The salinity of 0-30 cm soil layer and the content of >0.25 mm water-stable
aggregates, mean weight diameter (MWD), geometric average diameter (GMD) and fractal
dimension (D) were analyzed. The results showed that soil salinity increased with the increase
of irrigation water salinity, and decreased with the increase of soil depth in the early growth
stage of cotton. By contrast, the soil salinity decreased in each soil layer, and showed a decreasing
trend with the increase of soil depth in the later growth stages. The content of >0.25 mm water-
stable aggregates, MWD and GMD decreased with the increase of irrigation water salinity, while
D increased with the increase of irrigation salinity. After the stabilization of growth period, the
soil water-stable aggregates in cotton field were restored, and the number of large aggregates,
MWD and GMD in the later growth period of cotton increased compared with the earlier growth
period, and D decreased, with the recovery effect of 10-20 cm soil layer being the most remarkable.
Comprehensive test results showed that saline water irrigation with <6 g/L made less salt
accumulation, and had less damage to soil water-stable aggregates in cotton field.

Key words: Saline water irrigation, Soil salt, Soil water-stable aggregates, Stability index
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Comparative Evaluation of Various Radiation and Mass-transfer
based Reference Evapotranspiration Models

Yadvendra Pal Singh* H.K. Mittal and Vikas Sharma

Department of Soil and Water Engineering, Collage of Technology,
Maharana Pratap Technical University, Udaipur, Rajasthan, India
*Corresponding author. E-mail: yadvendrapalsingh@gmail.com

The study found out the best alternative model for the estimation of evapotranspiration
(ETO0). Accurate estimation of actual reference evapotranspiration is a necessary step in water
resource management. Recently, the FAO-56 Penman-Monteith model has been established as a
standard for calculating reference evapotranspiration (ET0) which requires measurement of all
climatological parameters vs. maximum and minimum air temperature, maximum and minimum
relative humidity, solar radiation, and wind speed which may not be available in most of the
meteorological stations. Still there are some limited weather data based ETO models which
estimate ETO closely to Penman- Monteith (P-M) method for sub-tropic climatic condition. The
present study is based on analysis of long term of 7 years (2008 to 2014) climatic data to calculate
monthly reference evapotranspiration and compare the FAO-56 Penman monteith model with
different ETO models. Performance evaluation on the bases of different statistical Parameter based
for Gwalior district of Madhya Pradesh. Hargreaves method and Pan Evaporation (E-Pan) method
overestimated the values of ETO when compared with FAO-56 Penman-Monteith method. On
the basis of lowest value of RMSE, Jensen-Haise (J-H) method was found best alternative method
to FAO-56 Penman-Monteith method for better estimates ET, in the study area.

Key words: Various limited data based ETO models and Reference evapotranspiration, Statistical
analysis
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Development and Evaluation of Soil Moisture Sensor for
an Automated Drip Irrigation System: An Approach for
Water Smart Agriculture

Navneet Sharma’, Atul Kumar Singh? and V.M. Abdul Hakkim?

International Water Management Institute, New Delhi, India
’ICAR- Central Soil Salinity Research Institute, Lucknow, Uttar Pradesh, India
SKerala Agricultural University, Thrissur, Kerala, India

Resilient water management practices which aim at enhancing the efficiency and productivity
of water are critical climate smart interventions. Recent irrigation technologies used sophisticated
equipment to supply water to the root area of plants as per their needs. However, use of these
sophisticated methods is not possible for all farmers. Therefore, when developing an automatic
irrigation system, it needs to be designed so that it can be adapted by most farmers. Soil moisture
sensors for irrigation control have been commercialized by big industry. However, limited research
has been carried out to evaluate their precision in measuring the soil water content. This paper
describes the performance of sensor used for irrigation scheduling with laterite and sandy loam
soils. In the present study soil moisture sensor was evaluated, whichwas developed as low-cost
soil moisture sensor based on electrical conductivity. Developed sensor was simple, precise,
sensitive, light weight and cost effective. The data obtained from the calibration of sensor in
different soils can be used for irrigation scheduling by setting upper and lower limits for irrigation
control to increase the water use efficiency.

Laboratory test were conducted using circular containers (plastic pot) made up of
polyvinylchloride (PVC) which is an insulator having diameter 22 cm and height 20 cm. The
containers with drainage holes in the base were filled with soil. Soil moisture sensors were located
along the centreline of each container to minimize any interaction between the sensor or container
edge effects. Soil moisture sensor measures the conductivity between the electrodes, which is a
function of soil moisture content. In the case of sandy loam soil, electrical conductivity varied
from 9.0 to 5.8 mS/m at field capacity (17.64%) and varied between 6.2 to 4.9 mS/m at permanent
wilting point of (10.78%.). For laterite soil electrical conductivity varied between from 15.1 to
15.5 mS/m at field capacity (19.57%) and 4.6 to 2.4 mS/m at permanent wilting point
(7.46%).Overall data showed nearly constant trend in the relationship between the soil electrical
conductivity and soil moisture content in all the trials but the calibration of sensors showed
different soil conductivity value with respect to moisture content in different type’s soils.This
might be due to non-uniformity in soil texture and air gap between the soil and sensor.In some
soils, cracks were easily formed which were responsible for the air gap between the soil and the
sensor. So, it is important to calibrate the sensor in different types of major soils where soil
moisture sensors are to be used. Also, care should be taken while fixing the sensors in the soil for
measurement

Key words: Soil moisture sensor, irrigation automation and electrical conductivity
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Impact of Groundwater Recharge from Rain Water Harvesting
Structures in Hard Rock Areas of Odisha

Ranu Rani Sethi’, Madhumita Das!, B. Panda® and S.K. Ambast!
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’Ex PD (Watershed), Nayagarh, Govt of Odisha, India
*Corresponding author email id: ranurani@yahoo.com

Importance of Groundwater recharge has been the major focuses in entire world considering
the imbalance in groundwater withdrawal and water recharge to aquifer. Rain Water harvesting
structures has been the best option in many parts especially in hard rock areas which contributes
towards the groundwater recharge in an effective way. There is no generalized approach to
decide location and size of the water storage structures in terms of quantitative amount of
contribution towards groundwater recharge. Surface water bodies generally form localized
recharge zones from which recharge can be estimated using surface water data. In this paper
recharge from rain water harvesting structures were estimated through water balance approaches.
Water balance study was conducted in Rain Water Harvesting Structures (RWHS) in Srirampur
and Nachhipur villages under Bargharianala micro watershed, Daspalla block (Odisha). All
inflow/outflow components of water balance model for different sizes of RWHS during 2017
and 2018 were quantified. It was observed that inflow during the year 2018 was from 1307 mm
rainfall (2470.46m?, 2175.05 m® and 1045.72 m®respectively) in 3 structures. Nearly 1962.47 m3,
1227.90 m® and 474.41 m® of runoff was contributing to these structures, which accumulated
4432.93m3, 3402.95 m® and 1520.11 m3of storage water to the structures. This storage was
contributing towards evaporation (3396.33m?, 2990.21m?, 1437.60m>) and percolation/seepage
losses (1077.30 m3, 948.48 m?® and 456 m?). Outflow from these structures including pumped
water were estimated at 9409.23 m?, 6552.29 m?, 3245.60 m?® respectively. This showed that 4976.30
m? 3149.34 m?, 1725.49 m>of water was contributing towards subsurface or recharge including
storage in the structures. Subsurface flow of 0.63 m/month and recharge of 0.11m during monsoon
(July to November) was contributing towards inflow to the structure in 0.75 ha m capacity
structure. In case of 0.5 ha m capacity of structure, 0.47m/month as subsurface flow and 0.18 m
of recharge during monsoon months was adding to the structure. In Rain Water Harvesting
Structure with a recharge well, 0.38 m/month was contributing as subsurface flow and 0.153 m
of recharge during monsoon months were inflow to the structures, with 1.69m of pumping from
the structure. Hence recharge contribution from the structure was nearly 1.843m due to impact
of recharge well. The impact of these structures is extended upto 300m areal extents covering the
area of influence of 15 ha command area in hard rock areas of Odisha. Due to presence of the
recharge structures water table depth in dug wells raises upto 1m during pre monsoon season.

Key words: Rain water harvesting structures, Groundwater recharge, water balance
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Effect of Various Mulch Practices on Moisture Retention
and Fruit Plant Establishment in Bundelkhand Region

Rajeev Ranjan*, Monalisha Pramanik, Dinesh Kumar and R.S. Yadav

ICAR-Indian Institute of Soil and Water Conservation, Research Centre,
Datia-475661, Madhya Pradesh, India
*Corresponding author email id: rajeev4571@gmail.com

The Bundelkhand region with a geographical area of 7.07 M ha comprising six districts of
Madhya Pradesh (Chhatarpur, Damoh, Datia,Panna, Sagar and Tikamgarh) and seven districts
of Uttar Pradesh (Banda, Chitrakoot, Hamirpur, Jalaun, Jhansi, Lalitpur and Mahoba) in central
India is as one of the most deprived regions of the country. It is characterized with undulating
terrain, scarce vegetation cover, hostile climate, lack of irrigation facilities and unfavorable edaphic
conditions. The productivity of the soil in the region is low due to low water holding capacity,
low fertility and limiting soil depth. More than 75% of total annual rainfall occurs during monsoon
season (mid June to mid September) and remaining months face water scarce condition which
becomes more adversible even for plant survival in the month of summer when the maximum
temperature hover around 48°C. In such extreme type of climatic condition, application of various
mulches may quite be useful in establishing fruit plantation of the region. A study was started in
2015-16 with three fruit species viz. pomegranate, custard apple and lemon and four mulch
treatments viz. sunhemp mulch, stone mulch, plastic mulch and no mulch (control) in a
randomized block design with three replications to see the effect of mulch treatments on moisture
retention and fruit plant establishment. The plantation of fruit samplings was performed during
rainy season, 2015 at 5x5 m spacing in 50x50 cm? pit. Plant growth parameters i.e. survival percent,
plant height & collar diameter and periodic soil moisture were recorded. After three years of
plantation, the survival percent of pomegranate and lemon were almost 100% irrespective of
mulch treatments, whereas, that of custard apple plants was also as high as 90%. The data of
plant growth parameters revealed that the mean maximum plant height 113 cm, 190 cm and 202
cm were in custard apple, pomegranate and lemon under sunhemp treatment, respectively,
whereas the mean minimum plant height 81 ¢cm, 154 and 166 cm were in custard apple,
pomegranate and lemon, respectively under control. The soil moisture content was higher in the
sunhemp treatment plantation of pomegranate and lemon, whereas the soil moisture was lowest
in stone mulch treatment. The study showed that water availability to the plant was higher in
case of sunhemp mulch treatment for longer duration. The initial results suggested that different
mulch practice have favourably affected the plant growth and establishment in the region.

Key words: Bundelkhand region, Fruit plantation, Moisture content, Mulch, Plastic
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Effectiveness of Recharge Filter for Ground Water Recharge
Structure for Alluvial Plains of North Bihar

Ravish Chandra’, R.C. Srivastava, S.K. Jain, A.K. Singh
and Ram Suresh
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*Corresponding author email id: ravish.cae@gmail.com

The subsurface reservoirs are very attractive and technically feasible alternative for storing
surplus monsoon runoff. The sub-surface reservoirs can store substantial quantity of water.
Performance of a recharge filter designed at Dr. Rajendra Prasad Central Agricultural University,
Pusa, Samastipur was evaluated with different filter combinations. Performance of different
filter combinations having different filter length/thickness has been studied in terms of Filtration
Rate and Solid Removal Efficiency.

Altogether twenty one filter combinations were evaluated in lab and field condition. The
highest filtration rate was observed for filter combination-3 consisting of Colour gravel (15 cm),
Sand (15cm) and charcoal (15cm ) having total filter length of 45 cm. When the similar comparison
was made for 135 cm filter length the highest filtration rate was found for filter combination -3
(Colour Gravel (45cm) +Sand (45 cm) + Charcoal (45 cm)). The lowest filtration rate was observed
for filter combination- 5 (Colour Gravel (45¢cm) +Sand (45 cm)+ Saw Dust (45c¢m)) for total filter
thickness of 135 cm. The solid removal efficiency was found highest for filter combination -3
(Colour Gravel (45cm) + Sand (45 cm) + Charcoal (45 cm)). The higher retention capacity of saw
dust, rice husk and activated charcoal has led to lower filtration rate. It was also found that the
saw dust, rice husk and activated charcoal swelled after coming in contact of water and made
more compact medium than the charcoal and coconut fiber which led to lower infiltration rate.

Filter combination-3 consisting of Colour Gravel (45cm), Sand (45 cm) and Charcoal (45 cm)
and total filter length of 135cm was found most promising in terms of Filtration Rate and Solid
Removal Efficiency. The Filtration Rate and Solid Removal Efficiency for filter combination 3
consisting of Colour Gravel (45cm), Sand (45 cm) and Charcoal (45 cm) were recorded to be 9342
Iph and 77.5% respectively. Filter combination-4 (Colour Gravel + Sand + Rice Husk) and filter
combination -5 (Colour Gravel + Sand + Saw Dust) were also found promising in terms of solid
removal efficiency and lowering of turbidity level.

Key words: Filter, charcoal, colour gravel, saw dust, rice husk, sand
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Efficacy of Drip Irrigation on Summer Sesame Grown in
Narmada District of Gujarat

M.H. Fadadu'and P.K. Shrivastava?

'Department of Soil and Water Conservation Engineering, College of Agricultural Engineering and
Technology, Dediapada, Navsari Agricultural University, Gujarat, India
?Department of Natural Resource Management, College of Forestry, Navsari Agricultural University,
Navsari, Gujarat, India

The experiment was conducted to study the effect of different irrigation levels and different
dripper discharge rates on sesame crop and to study the effect of irrigation on growth and quality
parameters of sesame at the farm of College of Agricultural Engineering and Technology,
Dediapada; during summer seasons (Feb. - May) of the years 2018 and 2019. A factorial
randomized block design with four replications of the ten treatments consisting of drip irrigation
levels, dripper discharge rates and control was adopted for the experiment. The drip irrigation
levels selected in the experiment were 1) 0.5 PEF (Pan Evaporation Fraction), 2) 0.75 PEF and 3)
1.0 PEF and the dripper discharge levels selected in the study were 1) 2 LPH 2) 4 LPH and 3) 8
LPH. The irrigation level of 0.75 PEF and dripper discharge of 4 LPH recorded highest plant
growth and yield attributes. The pooled data indicated that the irrigation level of 0.75 PEF (I,)
recorded the highest plant height (101.1 cm), 1000 seeds weight (4.12 gm), oil content of seed
(40.11%), plant biomass (1985.72 kg/ha) and yield (1791 kg/ha). The pooled data indicated that
the dripper discharge of 4 LPH (D,) recorded the highest plant height (150.67 cm), oil content of
seed (39.81%), plant biomass (1825.93 kg/ha) and yield (1484.5 kg/ha). The highest water use
efficiency of 2.66 kg/ha mm was obtained in treatment I, D, followed by water use efficiency of
2.61 kg/ha mm was obtained in I,D, treatment. The treatment I,D, recorded highest net return of
Rs. 1,19,790 per ha and the treatment control recorded lowest net return Rs. 42,219 per ha.

Key words: Distribution uniformity, Drip irrigation system, Growth attributes, Irrigation
scheduling, Sesame, Uniformity coefficient, Water use efficiency, Yield attributes
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Status of Distance Learning Programmes in Water Sector
Offered by IGNOU

Mukesh Kumar and P. Vijayakumar
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Water plays a pivotal role in agriculture sector. The share of water for agriculture sector is
continuously deceasing due to higher demand for water in other sectors. The level of ground
water is depleting continuously in many parts of the country and there is an urgent need for
augmenting the groundwater resources through harvesting and recharging rainwater as well as
proper utilisation of available resources for sustainability of agriculture. In order to create
awareness and skillsamong the stakeholders, Indira Gandhi National Open University (IGNOU)
has developed and is offering two programmes in this area viz. Certificate in Water Harvesting
and Management (CWHM) and Diploma in Watershed Management (DWM). The CWHM
programme is aimed at sensitizing and educating learners on efficient utilization of water
resources; imparting knowledge, skills and expertise in various aspects of water harvesting
techniques; and enabling learners to act as trainers and organizers at household and community
levels for efficient water management in terms of its usage and for water conservation. The
objectives of DWM programme is to develop competent human resource in the field of Watershed
Management; impart basic knowledge and skills for water harvesting, conservation and
utilization, soil erosion and its management, integrated farming systems including crop
husbandry, animal husbandry, agro-forestry, fish farming, funding, monitoring, evaluation and
capacity building of watershed programmes besides extension and communication skills for
long term socio-economic development of the society.About 351 and 1272 leaners have enrolled
for the CWHM and DWM programmes respectively during the last five years (2012-2017).This
paper will throw light on the socio-economic profile and the success rate of the learners of the
CWHM and DWM programmes.

Key words: Water, Distance learning, IGNOU, CWHM, DWM
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Effect of In situ Rain Water Conservation Practices in Sorghum
[Sorghum bicolor (L.) Moench] under Rainfed Condition
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An experiment was conducted during kharif season of 2013 and 2014 with the objective to
find out the suitable mechanical and rain water conservation practice for higher productivity
and profitability. The soil of the experimental field was sandy loam, having pH 7.8, organic
carbon 0.30%, total nitrogen 0.03%, available phosphorus 16.00 kg ha™! and available potassium
197.00 kg ha'! initially before starting the experiment. Three treatments of mechanical practices
i.e,, shallow ploughing (SP), medium ploughing (MP) and deep ploughing (DP) and five rain
water conservation practices, i.e., flat bed sowing (FB), inter row water harvesting (IRWH), inter
paired row water harvesting (IPRWH), inter paired row water harvesting + organic residue mulch
@4 tha! IRWH+OM) and inter row micro Jalkund/scooping (IRMJ) were tested under split plot
design with three replications. The sorghum variety selected for the experiment was Bundela.
The maximum grain yield of sorghum was obtained 17.64 q ha! under deep ploughing and
19.19 q ha! under inter paired row water harvesting + organic residue mulch @ 4 t hal. In
economics of different treatments, the deep ploughing (Rs 9064 ha') and inter paired row water
harvesting + residue mulch @ 4 t ha'! (Rs 11390 ha™') gave high net return. Deep ploughing (1.35)
and inter paired row water harvesting + organic residue mulch @ 4 t ha also brought out the
maximum benefit:cost ratio (1.42). On the basis of experiment, the farmers may be advocated for
the adoption of deep ploughing and inter paired row water harvesting + organic residue mulch
@ 4 tha'! for good productivity & profitability and better moisture conservation in soil profile.

Key words: Inter paired row water harvesting, organic residue mulch, deep ploughing,
productivity, profitability
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Sensor Based Real Time Automatic Irrigation System
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Sensor based scheduling of irrigation reduces the loss of water and may apply the water as
per requirement of the crop, which improves the water use efficiency of the irrigation systems.
In this research, an Automatic Irrigation System (AIS) was developed to automate the micro
irrigation systems. It consisted of raspberry pi as a controller, soil moisture sensors, LCD display
and other accessories. The real time soil moisture content from the field was recorded by the
dual probe conductance based soil moisture sensors. It was calibrated and the non-linear
polynomial equation of degree 3 in terms of ‘x” and ‘y’ was developed and the other values of
corresponding moisture content were determined using interpolation. The python language was
used for programming the controller which was used to control the solenoid valve and the motor.
The field capacity and 50% depletion of available soil moisture content (AWC) were set as the
upper and lower limits of the soil moisture for switching the motor to “OFF or ‘ON’, respectively.
The developed system was tested on the cabbage crop. The crop yields and benefit-cost ratio for
cabbage was compared with manual sprinkler irrigation for cabbage. It was found that, the
moisture content under AIS was found varying in the range of 0-10% of soil moisture recorded
using the gravimetric soil moisture content indicating better accuracy of the AIS in sensing the
water content in the crop root zone. The total cost incurred for the design and development of
the system for 1 hectare area was found to be Rs 16058. The benefit-cost ratio was 2.16 for manual
irrigation, whereas for AIS it was 2.59. This indicates cost-effectiveness of the AIS.

Key words: Automatic Irrigation System, real time soil moisture content, crop yields, benefit-
cost ratio
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Predicting Soil Moisture under Indirect Subsurface
Drip Irrigation for Contrasting Soils

Mingtao Yu and Kefeng Zhang*
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*Corresponding author email id: kfzhang@nit.zju.edu.cn

Drip irrigation has been proven to be an efficient and important technique to save water
used in crop production. Indirect subsurface drip irrigation has an advantage of low running
cost, and thus is used widely in arid regions such as Xinjiang province in China. Amongst all
those controlling indirect subsurface drip irrigation, soil texture is one of the most important
factors required to be carefully considered. In this study, a numerical investigation into the effects
of various soils on soil moisture distribution during and after indirect subsurface drip irrigation
was carried out using HYDRUS-2D. Three types of soil (sandy loam, silty clay loam and clay
loam) with contrasting water holding capacity were selected for the study. The irrigation device
had a permeable cylinder with a diameter of 7.5 cm and a height of 10.0 cm. The initial soil water
potential before the irrigation was -100.0 m. The irrigation time was 3 h, and soil water content at
the permeable boundaries was assumed to be at saturation during irrigation. The time-dependent
wetting process in the soil domain in a 24 h period from the start of irrigation was simulated.

The simulated results showed that the influx flow rate was higher at the beginning of
irrigation, and the rate remained fairly constant at later stages. The irrigated amount after 1 h
irrigation for clay loam was 1175 cm?, and was 1.65 and 2.62 times higher in silty clay loam and
sandy loam, respectively. The corresponding values increased to 2375 cm?, 1.90 and 3.13 times
after 3 hirrigation. The wetting distance in both the vertical and radial directions increased more
rapidly in the early stages than the later stages during the irrigation. For sandy loam the wetting
distance in the vertical direction was 22.4 cm and 7.7 cm in the radial direction after 1 h irrigation,
compared with 32.2 cm and 13.2 cm at the end of irrigation. On contrast, the wetting distance in
both directions was only 16.0 cm and 4.1 cm after 1 hirrigation, and increased to 22.0 cm and 7.4
cm after 3 hirrigation for clay loam. It was also noted that the wetted soil volume was significantly
increased after the end of irrigation due to soil water redistribution. The simulated vertical wetting
distance was 37.8 cm, 28.8 cm and 24.6 cm for sandy loam, silty clay loam and clay loam 2 h after
the end of irrigation, while radial wetting distance was 15.4 cm, 11.4 cm and 8.9 cm, respectively.
Also, it was found that the expansion of soil wetting volume became greatly slower afterwards.
The results found in this study could be practically useful in designing indirect subsurface drip
irrigation for various soils in irrigated agriculture.

Key words: Agricultural water management, Indirect subsurface drip irrigation, HYDRUS-2D,
Soil water simulation, Smart irrigation
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Designing Rainwater Harvesting System for College and
Hostel Buildings at Pantnagar, Uttarakhand

Anil Kumar
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Technology, Pantnagar, Uttarakhand, India

Water, the most widely distributed substance on planet Earth, plays a vital role in sustaining
the environment and other living things on earth. Global freshwater consumption rose more
than twice the rate of population during the last decade. This indicates towards mismatch between
the demand and supply of water for human consumption in future, if corrective measures are
not taken up in time. According to UN estimates, if the present trend continues, two out of three
persons on earth will live in water-stressed condition. In India, this crisis is already visible,
contributing to enormous social, political and environmental costs that affect the economy and
quality of life. In northern part of India also, water scarcity is fast approaching. Use of pumped
underground water being used for household activities such as drinking, cooking, cleaning
utensils, bathing, washing, sanitation etc and irrigation has put more pressure on underground
water resource in the foothills of Uttarakhand Himalayas. Continued use of good quality tap
water (pumped groundwater) for gardening, floor cleaning and toilet-flushing in college and
hostel buildings will further worsen the situation. This situation calls for generation of alternative
water resources by way of rainwater harvesting. Though Tarai region in Uttarakhand state receives
good amount of rainfall, its temporal and spatial distribution and occasional dry spells during
monsoon season and rest of the year make water harvesting system a necessity and vital task.

Keeping the above points in view, a study on rainwater harvesting was conducted at the
college and hostel buildings of the College of Technology, G. B. Pant University of Agriculture
and Technology, Pantnagar, Uttarakhand, India. The objectives of the study were: (a) to assess
technical feasibility of rainwater harvesting through roof-top of buildings and surface runoff to
meet the demands for drinking water, cooking, cleaning utensils, bathing, washing, sanitation
and groundwater recharge; (b) to design rainwater harvesting system; and (c) cost estimation
and feasibility assessment. The rainfall data of 55 years were used to determine the required
storage. The optimum size of tank was decided on the basis of water budgeting of weekly rainfall
data during monsoon season (June to September). The study revealed that one surface tank of
81 m3 size for a hostel and four surface tank of 100 m?size for two college buildings would be
required. The recharge pit would be constructed from brickwork, filled with course sand, gravels
and boulders. The top of the pit would be covered with 15 mm crossed mild steel bars. The
recharge pit would add about 66,000 m? of water per year to the groundwater resource.

Key words: Roof-top runoff, Water storage tank, Tarai region, Groundwater recharge
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Prediction of Soil Water Content at Field Capacity using
Artificial Intelligence-Based Machine Learning Approaches

Priya Bhattacharya', P. Pramanik Maity'*, M. Ray? P. Krishnan’,
S. Das' and P. Aggarwal’

"ICAR- Indian Agricultural Research Institute, Pusa Campus, New Delhi-110012, India
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SWCkc is an important hydraulic property of soil required in modelling of water and solute
transport, biophysical model and for determining the suitable time and rate of irrigation water
to be applied. Direct laboratory measurements of SWCy are labor intensive, time taking and
expensive. In the present study, SWCpcwas predicted using Al (artificial intelligence) based
machine learning tools such as Artificial Neural Networks (ANN) and Support Vector Machines
(SVM).Total 120 data points were taken for the prediction of SWCyc. These 120 data of sand, silt,
clay,bulk density (BD) and organic carbon (OC) were divided into 4:1 ratio for training (calibration
of model) and testing data (validation of model). These data were then used for prediction of
SWCyc using ANN and SVM models. These models were then evaluated for their performance
using various parameters such as root mean square error (RMSE), mean absolute percent error
(MAPE), Correlation (CR), and mean absolute error (MAE). Soil SWCrc (output variable) was
predicted using ANN and sand, silt, clay, BD and OC as input variables. The optimal number of
hidden layers was selected using a trial-and-error process by changing the number of hidden
neurons from 1 to 10. Among all the hidden layers in ANN, ANN with 4 number of hidden
layers, were selected based on the RMSE, CR and MAPE values that were found to be 2.81,0.70
and 10.79, respectively, for training dataset and corresponding values for testing dataset were
4.55,0.47 and 19.84, respectively. To compare the performance of artificial neural network
approach, another Al based machine learning approach SVM, was used for predicting SWCpc
values using similar input parameters. Various kernels were used to evaluate the performance
of support vectors. Considering the least RMSE values and then the other criteria which showed
improvement, the radial basis kernel function was selected as the best in case of SVM. Performance
of ANN was better than SVM in prediction of SWCrc. ANN can capture non-linear functions
and performer better.

Key words: Artificial Neural Networks, soil hydraulic property, RMSE
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Crop Water Requirement for Wheat under Different
Conservation Practices in the Semi Arid Region of India
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There is an enormous pressure on water resources due to long spell of drought in most
parts. Estimation of optimum water requirement for crop is essential for proper irrigation
scheduling by providing the water that matches the crop evapotranspiration and water saving
in an arid region for improving water productivity of the crop. Conservation agriculture practice
is promoted for its natural resource saving practice and better use of scarce water resources.
Keeping these in mind experiments were conducted during Rabi 2014-15 and 2015-16 at research
farm of ICAR- Indian Agricultural research Institute, New Delhi to study crop water requirement
for wheat under different conservation practices along with conventional practice using single
crop coefficient, dual crop coefficient and water balance methods. The field experiment was
carried out with seven treatments i.e. conventional tillage (CT), permanent narrow-bed without
residue (PNB), permanent narrow-bed with residue (PNB+R), permanent broad-bed without
residue (PBB), permanent broad-bed with residue (PBB+R), zero tilled flat bed without residue
(ZT), zero tilled flat bed with residue (ZT+R) arranged in a randomized block design (RBD) with
three replications. Adjusted single and dual crop coefficient values for semi-arid climate of Delhi
were calculated with the help of FAO-56 method. The reference crop evapotranspiration ET,
was estimated using FAO Penman—Monteith equation.

Results showed that estimated reference evapotranspiration and pan evaporation had good
correlation at R? value of 0.89 for wheat crop. The adjusted value of single and basal crop coefficient
had initially lower value, increase during development phase reached maximum during mid
stage and then decline during late stage. Soil evaporation coefficient K, was low except during
irrigation and precipitation events. The value of crop evapotranspiration was found to be higher
during mid season stage with respect to different treatments. The crop evapotranspiration (ET.)
and actual evapotranspiration (ET,) were higher under CT, ZT and ZT+R treatments because
they had flood irrigation. PNB, PNB+R, PBB and PBB+R had less value due to furrow irrigation.
Water productivity had maximum values under PBB+R treatment and lowest value under
conventional treatment. PBB+R treatment had 23-27% higher in wheat as compared to
corresponding value in conventional treatment. Since dual crop coefficient method consider the
effect of soil evaporation and crop transpiration both therefore the value calculated by it are
more reliable as compared to single crop coefficient. Therefore dual crop coefficient method is
useful for determine water stress in crop, daily evapotranspiration losses, water need of crop
and for irrigation scheduling. Among all treatments, PBB+R showed better water productivity
than other treatments. Thus, PBB+R management practice could be adopted by farmers for
improving water productivity in semi-arid region of India.

Key words: Evapotranspiration, Crop coefficient, Wheat, FAO-Penman monteith equation
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Effect of Water Management on Soil Nutrient Status of
Nectarine (Prunus persica Batsch var. nucipersica)

Jagriti Thakur', Rana Vishal* and Mohit?

Department of Soil Science and Water Management, Dr Y S Parmar University of Horticulture and
Forestry, Nauni, Solan-173 230, Himachal Pradesh, India
*Corresponding author email id: jagritithakur08@gmail.com

The present investigation was carried out at the experimental farm of Department of Soil
Science & Water Management, YSPUHF, Nauni, Solan, Himachal Pradesh, during the years 2015
and 2016. Twelve treatment combinations comprising three types of mulches viz. unmulched
control (M,), grass mulch (G,,) and black plastic mulch (P,,,); two irrigation levels i.e. Ir, (Rainfed
control) and Ir; (4 cm irrigation at 40% available moisture depletion) and two nutrient levels i.e.
N; (100% of recommended dose of NPK) and N, (75% of recommended dose of NPK) were
replicated four times in a randomized block design (factorial). Mulches significantly increased
the OC contents over unmulched control and highest contents were recorded under Gm at 0-15
and 15-30 cm depths during 2015 (1.31 and 1.19%) and 2016 (1.70 and 1.43%). Among NPK
levels, significantly higher OC at these depths being 1.31 and 1.15% in 2015 and 1.61 and 1.36%
in 2016 were recorded in N at respective depths. Significant effect of irrigation was observed in
2016 and highest OC were recorded under Ir, i.e. 1.59 and 1.34% at respective depths. Interaction
between mulches and nutrient levels were significant and maximum OC (1.79%) was recorded
under T, (Grass mulch+4 cm irrigation at 40% available moisture depletion level+100% of
recommended dose of NPK) at 15-30 cm depth during 2016. Mulches, nutrient levels and their
interaction exhibited significant effect on available NPK during both the years of study, whereas,
irrigation exhibited significant results only during the second year of study. Among mulches,
Pm recorded highest contents of N (363.7 and 328.6 kg ha™'), P (45.3 and 36.7 kg haV and K (361.7
and 342.1 kg ha) at 0-15 and 15-30 cm depths, respectively followed by Gm and Mo during
2015. Similar trend was observed in 2016. Among NPK levels, N; recorded significantly higher
available N (340.2 and 313.7 kg ha!), P (42.0 and 33.3 kg ha!) and K (352.5 and 335.1 kg ha'!) at
0-15 and 15-30 cm depths, respectively, in 2015. In 2016, similar trend was observed. Among
irrigation levels, maximum available N (368.2 and 337.3 kg ha'), P (53.2 and 41.1 kg ha) and K
(362.7 and 343.8 kg ha!) contents were found under Ir; at 0-15 and 15-30 cm depths, respectively,
during 2016. Interaction between mulches, irrigation levels and nutrient levels were also significant
and maximum N (369.9 and 333.9 kg ha!) was found under Ty, whereas, maximum P (48.8 and
38.2 kg ha') and K (366.5 and 344.9 kg ha!) were found under Ty; at 0-15 and 15-30 cm depths,
respectively, during 2015. In 2016, highest N (398.2 and 372.4 kg ha'), P (66.0 and 53.0 kg ha™!)
and K (392.2 and 363.3 kg ha!) were found under T;. Black plastic mulch with irrigation at 40%
ASM and 100% of recommended dose of NPK recorded significantly higher contents of available
N, P & K. Grass mulch was superior and saved 41.9 and 26.8% of irrigation water over unmulched
control (M) and black plastic mulch (P,,), respectively.

Key words: Mulches, Irrigation, Nutrient status
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Water Saving Technologies for Irrigated Plains of Jammu

Vijay Bharti', A.K. Raina’, Abhijit Samanta' and Anuradha Saha*

"Water Management Research Centre, 2Division of Plant Breeding and Genetics
Sher-e-Kashmir University of Agricultural Sciences and Technology-Jammu,
Main Campus, Chatha, Jammu and Kashmir, India

Realizing the importance of irrigation, greater emphasis has been laid on its development
and large investments have been made since independence to develop irrigation facilities that
resulted in continuous increase in irrigated area from 22.6 mha in 1951 to current level. The use
efficiency of applied water through the major irrigation facilities developed is one-third. This
has shifted the focus of researchers to modify or evolve water saving practices which are based
on conservative and productivity approaches. Taking this into account, Water management
Research Centre of SKUAST-Jammu under AICRP (Irrigation Water Management) has developed
several water saving technologies in last five years i.e. 2013-2018 for irrigated plains of Jammu.
The technologies based on optimization of canal system, geospatial approach, field based
technologies like laser leveling, advanced technologies like sprinkler in potato and drip irrigation
in tomato, aerobic rice cultivation and multiple water use based on raised and sunken bed
technique have proved that water can be saved considerably and productivity of water and crop
can be enhanced.

Key words: Optimization, Laser leveling, aerobic rice and raised sunken bed
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Effect of Different Irrigation Methods and Schedules on
Water Productivity of Wheat

P. Suryavanshi'* and G.S. Buttar?
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Mohali, Punjab, India
’Department of Agronomy, Punjab Agricultural University, Ludhiana-141001, Punjab, India
*Corresponding author email id: priyankaagrios@gmail.com

The present study entitled “Effect of different irrigation methods and schedules on water
productivity of wheat” was carried out at Punjab Agricultural University, Ludhiana during rabi
seasons of 2013-14 and 2014-15. The experiment was carried out in randomized block design
with thirteen treatments to evaluate the effect of combinations of three irrigation methods (check
basin, drip and sprinkler irrigation) and four irrigation schedules (CPE:IW 0.6, 0.8, 1.0 and 1.2)
along with recommended surface irrigation (7.5 cm depth) as control on water productivity of
wheat cultivation. The results showed that maximum water productivity was recorded in drip
irrigation as compared to sprinkler and check basin methods during both the years. During
2013-14, water productivity of drip irrigated wheat (16.18 kg ha mm™) was significantly higher
than sprinkler irrigated wheat (14.59 kg ha' em™) and check basin method (15.35 kg ha mm).
During 2013-14, interaction effect for irrigation methods and schedules of irrigation was found
significant for both irrigation water productivity (IWP) and water productivity (WP). Check-
basin irrigation at 1.2 CPE:IW gave the highest WP (18.68 kg mm-'ha), closely followed by WP
obtained at drip irrigation at 0.6 (16.98 kg mm™ha™).

Key words: Wheat, Micro-irrigation, Check-basin irrigation, Irrigation schedules, Water
productivity
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Influence of Varied Wastewater-Groundwater Irrigation
Regimes on Nutrients and Heavy Metals Accumulation in
Spike and Bulb of Tuberose (Polianthes tuberosa L.)

D.S. Gurjar!, R. Kaur?, K.P. Singh?and R. Singh?

"Water Technology Centre, Division of Floriculture and Landscaping, *Division of Soil Science and
Agricultural Chemistry, ICAR-Indian Agricultural Research Institute, New Delhi-110 012, India

An experiment was conducted to assess the nutrients and heavy metals accumulation in
spike and bulb of tuberose (Polianthes tuberosa L. cv. Prajwal) under varied wastewater-
groundwater irrigations regimes at WTC farm of ICAR-Indian Agricultural Research Institute,
New Delhi during three consecutive seasons in the years 2013-16. The treatments comprised of
wastewater irrigation schedules (0.6, 0.8, 1.0, 1.2 and 1.4 ID: CPE), conjunctive use of groundwater
and municipal wastewater (at 1.0 ID: CPE) and only groundwater irrigations (at at 1.0 ID: CPE)
were laid-out in randomized block design with three replication. Major nutrients (N, P, and K),
micronutrients (Zn, Mn, Cu, Fe) and toxic heavy metals (Ni, Pb, Cd, Cr) concentration in spike
and bulb parts of tuberose were analysed as per standard methods. Results indicated that
significantly higher contents of macro nutrients (NPK), micronutrients (Zn, Mn, Cu, Fe) and
toxic heavy metals (Ni, Pb, Cd, Cr) in both spike and bulb parts of tuberose were recorded under
wastewater irrigations scheduled at 1.4 ID/CPE as compared to groundwater irrigation at 1.0 ID/
CPE. Hence, irrigation with wastewater may enhanced uptake of nutrients and toxic heavy metals
in tuberose due to their higher concentration in wastewater as compared to groundwater.

Key words: Heavy metals, ID/CPE, Irrigation, Nutrients, Tuberose, Wastewater

2]



Abstracts : International Conference on Soil and Water Resource Management for
Climate Smart Agriculture, Global Food and Livelihood Security

November 5-9, 2019 | New Delhi, India

Conservation of Water through Pressurized Irrigation System in
Rice-Wheat Cropping System: Scope and Limitations

Ranbir Singh, S.K. Chaudhari, D.K. Sharma, P. Dey,
A.K. Rai and Satyendra Kumar

ICAR-Central Soil Salinity Research Institute, Karnal-132001, Haryana, India

In fact both rice and wheat are the two most important cereal crops and staple food of
millions of Asian people. Rice —wheat in irrigated agro-ecosystem of Indo-Gangetic region of
India, which contributes about 32% to the national food basket. Over use of irrigation through
tube well must be avoided, because an acute shortage of water is presently faced by the country
peoples and has been visible everywhere in Indo-Gangetic plain (IGP) of India. In coming years
even drinking water availability will be problematic. Thus, the study was under taken with the
sole aim to know the workability of the system under different operating pressure of installed
sprinkler system in rice —-wheat cropping sequence. This production system is labour, water and
energy —intensive and is becoming less profitable as these resources are becoming increasingly
scare and costly. Keeping these views in aim a field experiment was conducted at ICAR-Central
Soil Salinity Research Institute, Karnal (Haryana)-132001 during 2011-2015 on strategies of
resource conservation and mini sprinkler irrigation on crop productivity under rice —wheat
cropping system in reclaimed alkali environment. Three adopted resource conservation vis-a-vis
conventional practices (Cv) were imposed viz.; direct seeded rice (DSR) with surface irrigation
followed by wheat sowing in zero tillage with rice residue mulch; DSR with mini sprinkler
irrigation system with wheat residue incorporation followed by zero tillage wheat with rice
residue mulch and DSR with mini sprinkler irrigation system followed by zero tillage wheat
with rice residue mulch. Zero tillage with 100% rice straw mulch produced highest wheat average
grain yield (5.45 t ha!) under surface irrigation method followed by 5.26 t ha in zero tillage
with 100% rice straw mulch under mini sprinkler irrigation method. Mini sprinkler irrigation
method in wheat saved irrigation water up to 34.61% more over surface irrigation method.
Irrigation through mini sprinkler irrigation method saved electricity up to 8.15% with saving of
22.9% energy in comparison to conventional wheat sowing method. Nitrogen use efficiency in
wheat crop under fertigation in mini sprinkler irrigation method was observed up to 72.3 Kg
grain Kg'! nitrogen, saved 50% nitrogen of recommended (150Kgha™) with 100% rice residue
mulch. Maximum rice biological yield produced 13.08 t ha'! in conventional transplanting rice
followed by mini sprinkler irrigation method in DSR with minimum tillage (12.45 t ha). Rice
under DSR technique saved 57.73% of irrigation water in mini sprinkler irrigation method with
water productivity 1.98kg m which was 2.14 times higher than conventional rice transplanting
(0.926 kg m) after 5 years of experiment. However, in DSR with minimum tillage under surface
irrigation method saved irrigation water up to 27.35% with water productivity of 1.24 kg m™.
Irrigation through mini sprinkler irrigation method in DSR saved electricity up to 32.49% in
comparison to conventional rice transplanting.

Key words: Rice, Wheat, Irrigation, Mulch, Nitrogen use efficiency, DSR, Zero tillage
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Studies on Effect of Drip Irrigation System on Growth
Parameters and Yield of Cluster Bean (Cyamopsis
tetragonoloba L.) Under Raichur Agro-Climatic Conditions

M. Veena'*, M. Nemichandrappa’, B. Maheshwarababu?,
G.V. Srinivasareddy’, D. Krishnamurthy? and Y. Pampanna?®

"Department of Soil and Water Engineering, College of Agricultural Engineering, University of
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*Department of Agronomy, ARS, Hagari-583111
SDepartment of Horticulture, MARS, Raichur-584104, University of Agricultural Sciences,
Raichur, Karnataka, India
*Corresponding author email id: veenam1056@gmail.com

The field experiment was carried out to study the effect of drip irrigation system on growth
parameters and yield of cluster bean under Raichur agro-climatic conditions. The experiment
was laid out randomized complete block design The different drip irrigation levels included T,
- 70 per cent ET, T, - 80 per cent ET, T;- 90 per cent ET, T, - 100 per cent ET and T; - furrow
irrigation (control). The objective was to study the yield response for different irrigation levels of
Cluster bean to compare the performance of growth parameters and yield of drip and furrow
irrigation (70, 80, 90 and 100 per cent ET). The data revealed that 100 per cent ET level with drip
irrigation produced superior values for plant height, number of branches per plant, leaf area
index and days taken for fifty per cent flowering, number of pods per plant, length of pods,
green pod yield per plant, green pod yield per plot, green pod yield per hectare. The highest
yield of cluster bean 24.84 t ha'! was obtained in 100 per cent ET level which was closely followed
by 90 per cent ET level (22.24 t ha!) as compared with furrow irrigation.

Key words: Cluster bean, Drip irrigation, Water requirement, water use efficiency, Leaf area index
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Selection of Water Harvesting Structures with Suitable
Sites in Yarehalli Micro-watershed of Davanagere
District Using GIS & RS Applications

S. Shivaraj*, K.S. Rajashekarappa, Rajesh Kumar, H.G. Ashoka,
T. Chikkaramappa and G.P. Nithin

Department of Soil Science and Agricultural Chemistry, University of Agricultural Sciences,
GKVK, Bangalore-560065, Karnataka, India
*Corresponding author email id: Shivarajs046@gmail.com

Integrated hydrology and land resource inventory will play an important role in suggesting
suitable soil and water conservation structures. The study was carried out in Yarehalli micro-
watershed, Channagiri Taluk of Davanagere district located at 13°59'6.67" to 14°0°50.4" North
latitudes and from 75°51'44.07" to 75°53'24.7" East longitudes, covering an area of 761.2 ha. Out
of total rainfall of 931.8 mm (2017), kharif rainfall accounted for 60.2%, Rabi rainfall 20.1% and
summer rainfall 19.6%. Water is the most precious resource on the earth which is essential for
the existence of life. Water Harvesting is the best technique that can be used effectively to trap
the unutilized surface runoff and thereby increase the groundwater recharge. Water harvesting
structures have to be located at places where runoff water is available in excess and conditions
are favourable for enhanced infiltration. The objective of this study is to identify suitable sites
for water harvesting structures as per the Integrated Mission for Sustainable Development (IMSD)
guidelines. ArcGISis used for the spatial analysis and the sites are located by overlaying thematic
maps of land use, soil, slope, runoff potential, soil permeability and stream order. Runoff
computation was made by Rainfall intensity-infiltration capacity method. The result shows that
the 38 percent of the total area is ideal for constructing farm pond, 22 percent for checkdam and
2 percent for percolation pond. Locations of water harvesting structures are suggested by
conducting meteorological and topographical analysis. However, for the practical implementation
of these structures, viability of other considerations such as economy, social implications, practical
feasibility etc. need to be considered.

Key words: Water harvesting structure, Runoff, Soil permeability, Stream order
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Instantaneous Measurement of Soil Moisture for
Scheduling Irrigation
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Irrigation scheduling determines the time and amount of water to apply. Irrigation events
can be scheduled based on i) soil moisture content in plant root zone, ii) the amount of water lost
by plant evapotranspiration (ET) and iii) plant response to water stress. Even though the basic
criteria for scheduling irrigation on different crops are well defined and understood by the
majority of farmers and irrigators, their field implementation, i.e., determining when to start
and stop irrigation and how much water to apply, often remain a challenge due to a number of
uncertainties related to crop, soil characteristics, climatic conditions and dynamics of water flow
through the soil and uptake by the crop. At farmers level the decisions of when and how much
toirrigate are based on their past experiences, or on physical assessment of soil and weather. To
measure soil water content, we have several direct and indirect methods in hand. Direct methods
involves physical collection of soil samples and oven drying to estimate soil water content in
terms of weight or volume basis. However, these methods are accurate but lacks in applicability
in timely scheduling of irrigation. Hence, these methods mainly used as reference. Indirect
methods involve installation of soil moisture based sensors in soil profile. These sensors can be
categorized as a). those measuring dielectric constant and b). measuring matric potential. The
indirect methods commonly employ electrical properties of the soil (dielectric constant, acoustic
impedance, capacitance, thermal conductivity and soil resistivity etc.), soil matric potential,
magnetic resonance of the water molecules, infrared rays, and radioactive techniques such as
neutron scattering, gamma attenuation and optical techniques to estimate the soil moisture status.
These methods use sensors of different kinds to sense the wetness of soil, hence they provide
opportunity for real time irrigation scheduling. Based on their measurement characteristics they
are broadly classified as (i) Volumetric techniques (ii) Tensiometric techniques. Volumetric
techniques estimates soil water content indirectly by measuring some variable in the soil profile
in which the soil water content is to be estimated. Because of this these techniques are considered
to be more useful for real time irrigation management decision. Various principles are used in
these techniques on the basis of which they are broadly classified as:(i). Dielectric method and
(if) Neutron moderation method. Tensiometric types measures the soil matric potential. The
commonly used are tensiometers, electric resistance sensors, thermal conductivity sensors and
psychrometers. The major limitation with sensing technology is that they require proper selection
and calibration as performance of soil moisture sensors is influenced by the change in soil types.

Key words: Scheduling of irrigation, soil moisture based sensors, dielectric, neutron, tensiometric
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Pyrolysed Biomass Reduces the Adverse Effects of Saline
Water Irrigation on Crop Yield and Soil Functions
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Persistent and continuous use of poor quality ground waters for irrigation by farmers in
arid and semi-arid regions results in build-up of salts, lowering crop yields. In addition, decrease
in biomass limits the carbon inputs into soil, thus reducing microbial activity and availability of
plant essential nutrients. Although, beneficial effects of application of pyrolysed biomass in non-
saline and non-sodic soils have been documented in many studies, information is still scarce on
the impact of pyrolysed biomass when applied to soils irrigated with saline water. A field
experiment was initiated at research farm, Punjab Agricultural University, Ludhiana, to study
the effect of application of pyrolysed rice-residue biomass (PRB) on crop yield, soil C sequestration,
availability of plant nutrients in soils irrigated with water of different levels of salinity [0 (SW,),
5 (SW5), 10 (SWyy), 15 (SWy5) dS m!] at four rates of PRB application [0 (PRBy), 2 (PRB,), 4 (PRB,)
and 8 (PRBg) t ha'] 