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Preface
Soil salinity in India was irst diagnosed and reported in 1855
from the village Munak near Karnal which led to sporadic eﬀorts
to solve the problem. However, systematic eﬀorts were initiated
only after the establishment of ICAR-Central Soil Salinity
Research Institute in 1969 with a mandate of initiating research
on salt aﬀected soils and poor quality water resources in the
country. The institute began its journey from a hired building
known as Jernailly Kothi near Karnal Bus Stand and with an
experimental farm of 82 ha area obtained from ICAR-NDRI on
Kachhwa Road across the Western Yamuna canal. The pH of land acquired was as high as 10.5
in the surface soil layer with accumulation of sodium carbonate and bicarbonate salts, thereby
making the entire area barren.
The era of research at CSSRI began with the development of Gypsum technology which
successfully helped in reclamation of vast tracts of alkali lands, thereby rendering them
suitable for crop cultivation. Gradually the institute expanded its eﬀorts on other dimensions
like development of sub-surface drainage technology, breeding of salt tolerant crop varieties,
land shaping techniques in coastal regions and rational use of poor quality waters for irrigating
crops. The institute is now celebrating its 50th year of establishment by way of organizing a series
of mega events including the Golden Jubilee International Salinity Conference during 7–9
February, 2019. Through consistent eﬀorts over last 50 years of its establishment, the institute
has been able to generate a number of technologies for reclamation of salt aﬀected soils and
management of poor quality waters for irrigation purposes.
The technological innovation began with the development of gypsum technology for
reclamation of alkali soils, the application of which enabled the country to reclaim about 2.07
m ha of alkali land, thereby contributing about 16 million tons of food grains to the national
food basket. The sub-surface drainage technology for reclamation of waterlogged saline soils
has also become very popular and its implementation through public-private partnership
mode in 11 aﬀected states has resulted in reclamation of around 70,000 ha of waterlogged
saline soil areas. The institute subsequently developed technological packages for
reclamation of salt aﬀected vertisols, coastal saline soils, and management of poor quality
waters. Agroforestry models, bio-drainage technology, microbial consortia products, land
modi ication technology and arti icial ground water recharge are also other promising
technologies developed by the institute which have been instrumental in making the salt
aﬀected soils suitable for normal crop production.
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All these achievements could be possible with the visionary leadership of founder Director Dr.
D.R. Bhumbla and his successors Dr. J.S.P. Yadav, Dr. I.P. Abrol, Dr. N.T. Singh, Dr. N.K. Tyagi, Dr.
G.B. Singh and Dr. D.K. Sharma. The dedicated and untiring eﬀorts of these leaders supported
by devoted team of scientists of the institute led to substantial gains in almost every eﬀorts
which were made to solve the problems of salinity. The platform of International Salinity
Conference will enable the institute to widen its visibility world over and to move further
towards making strides in salinity management. The blessings of high dignitaries from India
and abroad through their overt and covert participation will serve as a guiding force for this
mega event.
We are indebted to all the scientists and other staﬀ who made their valuable contribution for
the souvenir. Special appreciation goes to our sponsors who have contributed liberally for
organizing the conference. On behalf of the Indian Society of Soil Salinity and Water Quality
(ISSSWQ), I take this opportunity to thank the executive and the chairman and members of
various organizing committees who shared with me the responsibilities of organizing the
conference in a be itting manner. I hope that this conference would evolve suitable strategies
for salinity management and consequent expansion of reclaimed areas under salt aﬀected
soils for crop production in order to meet the challenges of food security in the new
millennium.
I wish the participants of GJISC 2019 a very happy stay and fruitful experience during the
conference.

Karnal: February, 2019

(P.C. Sharma)
President, ISSSWQ
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Govt. of India
Department of Agricultural Research & Education
and
Indian Council of
Agricultural Research,
Ministry of Agriculture & Farmers’ Welfare,
Krishi Bhavan, New Delhi

Message

Dr. Trilochan Mohapatra, Ph.D.
FNA, FNASc, FNAAS
SECRETARY & DIRECTOR GENERAL

I am happy to learn that ICAR- Central Soil Salinity Research Institute (CSSRI),
Karnal has reached its milestone through sustained eﬀorts for 50 years in the
service of farmers. ICAR-CSSRI is celebrating this occasion by organising an
International conference with the joint eﬀort of Indian Society of Soil Salinity
and Water quality (ISSSWQ), Karnal from 7-9 February 2019. The institute
rightly feels proud of its achievements during the last about ive decades of its
existence. It is happy to know that the scientists of this institute have won a
number of prestigious awards both nationally and internationally which
provide ample proof of their scienti ic contributions.
Large areas of salt aﬀected soils have been reclaimed by the eﬀorts of ICARCSSRI by using techniques developed by the multi-disciplinary teams of the
institute. A considerable portion of total food grain production is contributed
from such reclaimed lands. ICAR- CSSRI also developed techniques for the safe
use of poor quality waters for its optimum use for the production of safe food,
fodder and aquaculture.
I take this opportunity to congratulate the scientists and other staﬀ of the
institute for their excellent work in the improvement of salt aﬀected soils and
poor quality waters and wish them all the successful in the organisation of the
conference.

Date the 1st February, 2019
New Delhi
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M.S. Swaminathan
Research Foundation

Message
I am happy that on the occasion of the golden jubilee of CSSRI, the institute will
be organising an international conference on resilient agriculture in saline
environment under changing climate. This is a timely conference since climate
change has become a reality. The monsoon and the market are the two major
determinants of farmers’ wellbeing. I hope the conference will provide the
pathway for the future, where agriculture not only helps to improve food and
nutrition security, but also the livelihood security of over 60% of our population.
More food, more jobs and more income per hectare should be the goals of a
climate resilient agriculture.

M S Swaminathan
Founder Chairman
M.S. Swaminathan Research Foundation
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Japan International
Research Center for
Agricultural Sciences

Message
It is a great pleasure to know that the ICAR-Central Soil Salinity Research
Institute (CSSRI) and the Indian Society of Soil Salinity and Water Quality
(ISSSWQ), Karnal are jointly organising the International Salinity Conference on
the occasion of Golden Jubilee of ICAR-CSSRI from 7-9 February 2019.
The theme of this conference, “Resilient Agriculture in Saline Environments
under Changing Climate: Challenges & Opportunities,” is extremely relevant in
the present scenario. To pace with the changing climate and to achieve
maximum productivity in saline areas, ICAR-CSSRI is doing remarkably great
work. The technologies developed by ICAR-CSSRI are clean and green and
therefore, contributed not only to the nation’s food security but also to livelihood
and environment security.
ICAR-CSSRI appeared on the national agricultural research scene almost at the
same with the onset of green revolution and contributed immensely to make it
greener. The dedicated eﬀorts led to the development of grass that grew earlier.
It will be a great chance for participants of this conference to get acquainted with
the current problems of salt-aﬀected lands and poor-quality waters, and their
solutions. I wish the participating delegates and organisers a grand success.

Masa Iwanaga
President
Japan International Research Center
for Agricultural Sciences
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AFRICAN–ASIAN
RURAL DEVELOPMENT
ORGANISATION

Message
It is my pleasure to congratulate the ICAR-Central Soil Salinity Research Institute
(CSSRI), Karnal on the occasion of its Golden Jubilee and its laudable initiative to
organize the International Salinity Conference from 7-9 February 2019. Since its
establishment in 1969, the Institute has been in the forefront to develop
technologies for the reclamation and management of salt aﬀected lands and
judicious use of poor quality water. It is estimated that 6.73 million hectares of
land in India is salt aﬀected. ICAR-CSSRI has developed technologies for its
reclamation. It has also developed promising salt tolerant varieties of rice,
wheat, mustard and chickpea. This institute has earned well deserved
reputation at national and international levels by its research achievements and
academic excellence.
Considering the expertise and experience of the Institute in soil and water
conservation and realizing the need in AARDO member countries for
simultaneously upgrading human capital and emphasizing on appropriate
technologies to improve food systems and promote sustainable agricultural and
rural development, since 2010, a high level training programme on “Use of Poor
Quality Waters in Agriculture” is being organized at this centre of excellenceICAR-Central Soil Salinity Research Institute (CSSRI), Karnal, under the
additional technical contribution provided by the esteemed Ministry of Rural
Development, Government of India to AARDO. So far, seven cohorts with total of
sixty (62) senior of icers/experts from AARDO member countries have been
facilitated in exposure and transfer of relevant agricultural practices and
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technologies. All these training programmes are highly relevant, enriching,
useful and eﬀective for the participants and their respective countries.
Indeed it is highly appreciated that ICAR-Central Soil Salinity Research Institute
(CSSRI) is bringing out a souvenir magazine to commemorate this golden jubilee
international conference. Under various themes of the conference special
emphasis has been given to the food security in changing climate. This is indeed
the need of the day.The conference will be a professional platform not only for
networking amongst high level dignitaries, leading experts, scientists, and
resource persons, but to share their rich experiences and brainstorming
together with all participants on scienti ic and technological solutions to achieve
sustainable agriculture & rural development.
I express my sincere gratitude to Dr. P.C. Sharma, Director of the Institute and his
able team, for making excellent arrangements for successfully organizing this
international conference and bringing out this important publication.
I wish all the delegates a fruitful deliberations and a rewarding experience.

(ENG. WASSFI HASSAN EL SREIHIN)
Secretary General, AARDO
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Geo-Informatics in Mapping and Monitoring Large Scale
Sodic Land Reclamation Programme in Uttar Pradesh
A.N. Singh1*, M.S.Yadav2 and Dharmesh Verma3
1

Global Institute of Land, Water and Environment Management, Lucknow, India
2
Remote Sensing Applications Centre, Uttar Pradesh, Lucknow, India
3
UPL Ltd., New Delhi
*Email: ansingh2007@gmail.com

ABSTRACT
Salinity/sodicity-aﬀected lands occur extensively in the Indo-Gangetic Plains (IGP) and cover 2.35 M
ha out of a total 6.73 M ha in India. Sodic land reclamation program has been taken up in the four states
of IGP- Punjab, Haryana, Uttar Pradesh, and Bihar. In the Uttar Pradesh state, which has the largest
sodic land area, about 0.40 M ha area has been reclaimed under the Uttar Pradesh Sodic Land
Reclamation Project (UPSLRP) by the U. P. Bhumi Sudhar Nigam (UPBSN). The project, supported
through a World Bank loan, was carried out during 1993-2018 in three phases. An important aspect of
the project has been the extensive use of geo-informatics in project planning, implementation, and
monitoring which included initially the use of aerial photographs and subsequently the multi-date,
multi-sensor, multi-spectral data from Landsat and IRS satellites.A multi-stage remote sensing
approach was adopted to cater to the requirement of reclamation programme. While the large
reclamation sites in diﬀerent districts were selected based on the Landsat TM derived map, the ield
plots for reclamation were selected based on 1:15,000 scale aerial photographs in the irst phase, IRS
LISS III (23 m) and high-resolution Pan (6 m) merged data in the second phase, and IRS LISS-IV data
(multi-spectral, 6m) in the third phase.
Post-reclamation land use change was monitored after a period of ive years, using high resolution IRS
data. The land use change monitoring at ield plot level showed that between 73 to 91% severely sodic
barren plots had converted to rice- wheat cropping, indicating that reclamation had a signi icant
positive impact on increasing cropping intensity and long-term sustainability. Sustainability of
reclamation eﬀorts assessed using satellite data showed reversion of sodicity in some high water table
areas. Mid-project course correction by excluding such areas from reclamation programme led to a
substantial saving in the project cost. Extensive use has been made of geographical information
system (GIS) in environmental impact studiesinvolving pre- and post- monsoon levels and quality of
ground and surface water as well as in soil quality and loral and faunal biodiversity. These studies
showed positive improvement in soil quality and biodiversity, whereas no adverse impact was found
on the quality of ground and surface water.
Key Words: Sodic lands, Reclamation, Remote Sensing, GIS, Ground water
Introduction
The saline and alkali lands, locally called asusar, rehor kalar, have been known to occur in India from
time immemorial, more prominently in the Indus and Gangetic plains in the north (Agarwal et al.,
1982). During the British period, large patches of salt-aﬀected lands have been reported from the
United Provinces of Agra and Oudh by Mr. Sleeman and from Kapurthala in Punjab by Dr. Jameson
around 1850 (Jameson, 1852 and Moreland,1901). An account of indigenous method of reclamation of
usar practiced by the farmers of Oudh in that period has also been provided by Mr. Sleeman which
Souvenir
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involved looding for two to three seasons by making embankments and then ploughing, manuring and
irrigating ields to raise crops. All but the very worst usar could thus give tolerable crops. The farmers
also had the knowledge that the soil is liable to become usar if neglected or left fallow for a few years.
This shows that the reclamation of salt-aﬀected lands was practiced in the United Province much
before any scienti ic research had been conducted on the subject (Singh, 1998).During the early
twentieth century, scienti ic experiments on reclamation of alkali (sodic) lands using gypsum were
conducted in the United Provinces (Leather, 1906), Punjab (Barnes and Ali, 1917), Sind (Henderson,
1914) and other parts of the country. However, the use of gypsum to replace exchangeable sodium of
the soil with calcium started only when the phenomenon of cation exchange came to be understood by
researchers and experiments were conducted by Singh and Nijhawan (1932) and Puri (1934) in
Punjab. During the post-independence period, eﬀorts were increased towards the development of
suitable techniques to ameliorate large areas aﬀected by sodicity and salinity in the country through
research schemes sponsored by the Indian Council of Agricultural Research.
The establishment of Central Soil Salinity Research Institute (CSSRI) at Karnal in 1969 gave further
impetus to the development of reclamation technology suited to diﬀerent regions and reclamation
eﬀorts at a large scale. Based on the technology developed by CSSRI, sodic (alkali) land reclamation
programmes were taken up by the governments of Punjab, Haryana, Uttar Pradesh and Bihar in the IGP
on a large scale.
Geo-informatics in mapping and monitoring sodic lands in India
The use of aerial remote sensing as a mapping tool for salt-aﬀected lands in India began at the Indian
Photo-interpretation Institute (now IIRS), Dehradun in the 1960s. Karale et al. (1970) usedaerial
photo for mapping of sodic lands of a part of Meerut district in Uttar Pradesh. Panchromatic aerial
photographs on 1:25,000 scale have been used for mapping salt-aﬀected soils in Sangrur district of
Punjab (Sehgal et al., 1973). With the advent of satellite remote sensing, Landsat-1 MSS data became
available, and was used in the delineation of sodic soils in a part of Punjab and Haryana by NRSA
(1976). The subsequent follow-ons of Landsat satellites by the USA and the launch of Indian Remote
Sensing Satellite (IRS-1A) in 1988leading to the availability of higher resolution data at more frequent
interval increased the useof satellite images for mapping these soils and eﬀorts from diﬀerent parts of
the country were reported (Manchanda, 1984; Rao et al., 1991; Sharma and Bhargava, 1993; Singh and
Dwivedi, 1989). National Remote Sensing Agency, Hyderabad, in collaboration with National Bureau of
Soil Survey and Land Use Planning, Nagpur, All India Soil & Land Use Survey, New Delhi, other Central
organisations and State Remote Sensing Centres prepared a salt-aﬀected soil map of India on
1:250,000 scale using Landsat TM and IRS images (Venkataratnam, 1998). This map provided for the
irst time a reliable data base on the spatial extent of sodic and saline soils in the country. The map
showed the salt-aﬀected soil area in India to be 6.727 m ha (Saxena et al., 2011), of which sodic soil
covers 3.770 m ha and saline soil 2.957 m ha. These small-scale maps, though useful for regional level
planning, are not directly utilizable in the execution of a reclamation program, which requires more
detailed information. However, the use of large scale aerial photographs, and later high-resolution
satellite images for mapping sodic lands and as a routine input in planning and execution of
reclamation program was initiated in Uttar Pradesh under the Uttar Pradesh Sodic Land Reclamation
Project (UPSLRP). Satellite remote sensing, due to its capability of providing images of the same area at
frequent intervals, has also been used as a monitoring tool (Singh 1994, Rao et al.1996, Verma and
Singh 1999).This paper describes the use of geo-information technology (remote sensing,
geographical information system, GPS) in identifying and mapping sodic lands for reclamation,
Souvenir
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preparing site implementation plan, and concurrent and post-reclamation monitoring of soil quality,
ground water level and quality, land use change, and sustainability of the project.
3. Mapping sodic lands for the execution of large reclamation program- UPSLRP example
Realising the importance of systematic reclamation of sodic lands through sound land and water
management planning in Uttar Pradesh, where increasing population pressure is resulting in
shrinking natural resources base and deteriorating environment, Govt. of Uttar Pradesh, with the
World Bank assistance, initiated U.P. Sodic land Reclamation project (UPSLRP). The pilot phase of the
project, operated during 1993-2001, was seen as a part of long-term program to improve agricultural
productivity in areas with high concentrations of salt-aﬀected lands and deteriorating environmental
conditions. The project was to build on past successful reclamation eﬀorts in the country and establish
models which in the future could be replicated on a much larger scale emphasizing participatory
management. The project was designed to allow lexibility to introduce changes based on
implementation experience and increasing farmer participation (The World Bank, 1993). The project
components included (i) Land reclamation through provision of eﬀective drainage network; on-farm
development; application of chemical amendments; irrigation development; and support for the
establishment of food and tree crops on privately owned land, and forest tree species on community
land; (ii) Institutional Development comprising strengthening of (a) U.P. Bhumi Sudhar Nigam
Table 1. Sodic land reclamation carried out by U.P. Bhumi Sudhar Nigam in UPSLRP
Project phase Period
UPSLRP I

1993-2001

Area Reclaimed Districts involved
Cost
(ha)
(Rs. Crores)
10 (Aligarh, Allahabad, Etah, 313.7
68,800
Etawah, Fatehpur, Mainpuri,
Pratapgrah, Raebareli,
Sultanpur, Hardoi )

UPSLRP II

1999-2007

189,714

1 8 ( A l i g a r h , A l l a h a b a d , 1469.4
Azamgarh, Auraiya,
Bulandshahar, Etah, Etawah,
Fatehpur, Hardoi, Hathras,
Jaunpur, Kanpur Nagar, Kanpur
Dehat, Mainpuri, Pratapgrah,
Raebareli, Sultanpur, Unnao)

UPSLRP III

2009-2018

142,000

3 2 ( A l i g a r h , A l l a h a b a d , 1100.0
A m b e d k a r n a g a r, A m e t h i ,
Azamgrah, Auraiya, Barabanki,
Bulandsahar, Etah, Etawah,
Fa i z a b a d , Fa rru k h a b a d ,
Fatehpur, Firozabad, Ghazipur,
Hardoi, Jaunpur, Kannauj,
Kanpur Nagar, Kanpur Dehat,
Kasganj, Kaushambi, Lucknow,
Mainpuri, Pratapgarh,
Raebareli, SantRavidas Nagar,
S h a h j e h a n p u r, S i t a p u r,
Sultanpur, Unnao, Varanasi)
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(UPBSN), the main implementing agency; (b) the Remote Sensing Applications Centre (RSAC-UP)
responsible for site identi ication and selection in the planning process and for monitoring and
reclamation induced evaluation of changes in soil and ground water environments; and (c)
participating NGOs through training to assist bene iciary participation; (iii)Technology Dissemination
consisting of demonstrations of reclamation models for the production of crops, fruit trees and
forestry species on sodic lands and extension support; and (iv) Adaptive research to improve existing
reclamation technology, diversi ication of cropping systems, and development of methods for
preventing further expansion of sodicity, and studies to improve the ef iciency of drainage system and
shallow tube wells.
The pilot phase of the project developed a successful model for sodic land reclamation with strong
bene iciary participation in marginal and small farmer dominated areas, which could be applied on
much wider scale. Second phase of the project, UPSLRP-II, was hence approved and implemented
during 1999-2007 to take up reclamation in17 districts of the state. Third phase of the project
(UPSLRP-III) was taken up during 2009-2018 to cover reclamation in 32 districts. During the three
phases of the project, reclamation has been carried out in about 400,000 ha area (Table 1) in 32
districts of the state (Fig. 1).
Information requirement for execution of reclamation project
For the execution of sodic land reclamation work, the following land and soil characteristics are
required:
i.

The location of sodic lands in terms of plot numbers on a village map (cadaster), available on
1:3,960 scale. The plot numbers on this map, locally called khasra are linked to ownership of the
farmer.

Categorization of sodic lands: Some sodic lands are barren, lying as waste, while others grow poor
crops. These need to be categorized according to their reclamation requirements. Since a large number
of villages are to be mapped, a rapid method of categorization based on the soil re lectance on the

Fig.1. Districts Taken up for Reclamation in Three Phases in Uttar Pradesh
Souvenir
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image and land use was evolved (Singh and Mathur, 2004). Sodic lands of the reclamation area were
classi ied into three categories: Class B+ (double cropped area with irrigation facilities but
productivity level below normal due to the presence of salts, soil pH generally ranging from 8.5 to 9.0),
Class B (single cropped area with low productivity due to the presence of salts, soil pH ranging from 9.0
to 9.5) and Class C (barren land with inferred soil pH more than 9.5). This categorization is being
followed in Uttar Pradesh after discussions with the Department of Agriculture and Uttar Pradesh
Bhumi Sudhar Nigam (UPBSN), the reclamation agency.
i.

The area of sodic lands under each class.

ii.

The soil characteristics of each class in terms of pH, EC and GR values. Since the soil
characteristics of sodic lands can vary within short distances, these have to be determined from
a number of samples within a particular reclamation area.

iii.

The ownership of each plot.

Multi-stage remote sensing approach for selection of sites in the district and village level
mapping
A multi-stage approach was followed, which involved the use of 1:50,000 scale Landsat TM data based
available wasteland map( this map shows sodic barren lands as one of the classes) for the selection of
districts and reclamation sites within the district, and large scale aerial photographs for mapping of
each village taken up for reclamation. The reclamation sites within a district were selected based on
the following criteria: (a) the sites should have a high density of sodic land, preferably more than 30%.
(b) a main drain should be present nearby so that ield and link drains could be connected to it , and (c)
quality of ground water in the sites should be acceptable for irrigation purposes. Based on this
criterion, two or more sites in each district were selected. Fig. 2 shows a map of one of reclamation site
selected in Mainpuri district in Phase II of the project. Villages within the reclamation site were then
selected for reclamation in a phased manner.

Fig.2. Reclamation Site taken up in Mainpuri district during Phase-II
Souvenir
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Fig.3. Khasra map of village Sudhwa superimposed on LISS_IV image along with Sodic land classes

The wasteland maps were prepared using 30-m resolution data with a minimum mapping unit of 6.25
ha, whereas the village maps are available on 1:3,960 scale and depict all ields (plots) as small as 0.25
ha where reclamation is to be taken up. The plot level details could not be obtained from TM data and
hence large scale (1:15,000) aerial photographs have been used for village level mapping in Phase I.
The interpretation of aerial photographs and preparation of map is time consuming and costly;
therefore, aerial photographs of only villages selected within the reclamation area were mapped. With
the availability of IRS LISS III and high-resolution Pan (6 m) data, these were used for village level
mapping in Phase II. Merging of Pan data provided additional information on land features like ield
bunds, small drains etc. and also increased mapping accuracy. During Phase III, IRS LISS-IV (6m,
multispectral) data have been used in preparation of village maps. A sample village map of Sudhwa in
Fatehpur district, showing diﬀerent sodic land classes along with the khasra (plot) numbers
superimposed on it, is presented in Fig. 3.
Ratio of diﬀerent sodic land classes in Uttar Pradesh
During the three project phases, more than 6.23 lac ha sodic lands have been mapped in 7100 villages
of 32 districts of the state where a substantial extent of sodic lands exist (Table 2). The ratio of diﬀerent
sodic classes shows that C (barren sodic) forms 72 to 79% of the total sodic area, indicating that
reclamation has been taken up largely in barren, uncultivated patches.

Table 2. Area and percent of diﬀerent sodic classes mapped in UPSLRP
UPSLRP phase
Phase I
Phase II
Phase III
Souvenir

No. of
villages
785
3369
2993

Area mapped
(ha)
69,030
338,428
216,077

% sodic B+

% sodic B

% sodic C

9.4
8.5
8.7

18.2
18.8
12.2

72.4
72.7
79.1
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Preparation of site implementation plan by UPBSN
The project activity by UPBSN, the main executing agency for reclamation involves the design and
construction of drainage network ( ield and link drains), provision of shallow tube wells for irrigation
with pump sets for every 4 ha area to leach salts and support crop growth, on-farm development
(leveling, bunding and construction of ield drains and irrigation channels), provision of Gypsum as
chemical amendment to reduce soil alkalinity, and bringing the land under paddy-wheat rotation with
green manure additionally in the second year of cropping. The sodic land map prepared by Remote
Sensing Applications Centre, Uttar Pradesh, forms the base on which the bene iciary farmers are
identi ied and contacted for participation in the project, ield and link drains are planned, gypsum
requirement of each plot determined in the laboratory and gypsum supplied to farmers for leaching.
Geo-informatics in concurrent and post-reclamation monitoring in UPSLRP
Remote sensing and GIS have been used in concurrent and post-reclamation monitoring. Sodic land
reclamation of an area not only changes the land use but also changes the soil properties which creates
favourable environment for plant growth. However, addition of large quantity of chemical
amendments (gypsum in this case) also carries a potential for negative environmental impacts mainly
due to the fate of salts leaching out of the soils and into ground and surface water system (Singh et al
2004). Keeping the above in view, an environmental monitoring programme was prepared,
comprising of monitoring of soil quality after reclamation from ixed plots, ground water levels in preand post-monsoon period, surface water quality in monsoon period (leaching period), biodiversity
and land use in post-reclamation period. Remote sensing data has been used to monitor postreclamation land use changes at plot, village, and regional level after ive years of reclamation. GIS has
been extensively used in ground and surface water monitoring.
Post-reclamation monitoring of land use change at village and plot level
Post-reclamation change in land use has been assessed in diﬀerent phases of the project at the end of
ive years to monitor the sustainability of reclamation. Satellite image collected during pre-project
period has been compared with the image of the same month collected after ive years of reclamation.

Fig.4. Post Reclamation Monitoring in Hursaina village of Aligarh District
Souvenir
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Fig.5. Post Reclamation Monitoring in an area of Pratapgarh District

IRS Liss III and Pan merged data has been used in Phases I and II, while Liss IV data has been used in
Phase III of the project. Monitoring has been carried out in more than 200 sample villages in the project
districts. Satellite image of the village is irst registered with cadastral map by locating common
ground control points. After a fairly good registration is achieved, the individual plots in a village are
identi ied. The post-reclamation status of these plots were noted by comparing with the plan map
showing the reclamation plots and bene iciary list provided by UPBSN. Pre- and post-reclamation
images of one of the villages taken up for this study, Hursainain Aligarh district, have been shown in
Fig. 4. The village was taken up for reclamation in 2010-11. Post-reclamation image analysis showed
about 97% of C and 100% of B and B+ sodic plots were under rabi crop, indicating a sustainable
reclamation in this village. Overall analysis of all sample villages has shown an average of about 90%
plots under crop in the rabi season after ive years.
Regional level post-reclamation land use change monitoring
While village level post-reclamation monitoring shows the performance of reclamation in ield
plots, regional level monitoring shows the overall performance, sustainability and large-scale
impact of the project. Post-reclamation land use change monitoring has been carried out by taking
up entire reclamation area in a district, comprising a group of several villages. One of the area taken
up for post-reclamation monitoring in Pratapgarh district is shown in Fig.5
The Landsat TM image from pre-project period (February 1986) and IRS LISS-IV post-reclamation
images of February 2012 and 2016 show a considerable reduction in barren sodic land area from
2561 ha in 1986 to 293 and 220 ha in 2012 and 2016, respectively. Such studies have been carried
out in several districts at diﬀerent time periods.
GIS in concurrent monitoring of ground and surface water
Ground water monitoring program consisted of monitoring water levels, depth, and groundwater
quality. An in- depth monitoring program designed to understand the movement of salts through the
soil pro ile and into the groundwater system was also carried out using AWLRs in selected districts,
Souvenir
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Fig. 6. Ground Water Level Monitoring in reclamation site of Aligarh District

which provided continuous data on groundwater levels to calculate groundwater gradients, recharge
rates, and groundwater low directions. The plan involved measurement of water level from
established open wells, peizometers and collection of water samples twice in a year i.e. pre- monsoon
(May-June) and post monsoon (October-November). All the samples collected during pre- monsoon
and post- monsoon were analyzed for cations, anions and trace elements. pH and EC were measured in
the ield. Water level monitoring wells data were entered in GIS as point layer with unique well
numbers. Spatial variations in ground water levels were computed through grid interpolation for preand post-monsoon seasons for diﬀerent years. The luctuation in water levels were calculated and
luctuation grid is computed in GIS. Four groups of water levels were made, <2, 2-3, 3-5 and >5 m bgl. In
general, the area under shallow ground water (<2 mbgl) and potentially waterlogged (2-3 mbgl) in
post-monsoon season has shown declining trend, which is helpful in sustainability of reclamation. The
declining trend is due to utilization of more ground water for sodic land reclamation purpose and
subsequent irrigation practices. This is a positive eﬀect of sodic land reclamation process. Fig. 6 shows
a sample ground water table variation map of one of the reclamation sites in Aligarh district.
The quality of groundwater in the reclamation districts is also widely variable from site to site
depending on the hydro-geological conditions of the area, reclamation activities, irrigation system and
rainfall received during the year. However, ground water quality data from diﬀerent years show that
pH and EC values are decreasing temporally. SAR and RSC, important parameters of irrigation water
quality are also within the permissible limit in all reclamation sites. These observations support to
positive impact of reclamation on ground water quality. Surface water samples from major drains in
project area were also found to be within permissible limits (RSAC-UP, 2007).
Soil quality monitoring
The objective of soil quality monitoring in a sodic land reclamation program is to understand the rate
at which improvements in soil conditions are being achieved, and to trace the movement of salts and
develop better understanding of the dynamics of salt movement during reclamation. An appropriate
statistical design has been used in UPSLRP to select the representative sites for soil sampling. Available
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data on land use classes, water table depths, location and presence of surface drains, and agro-climatic
zones have been used in site selection. Soil monitoring plots were selected such that they are truly
representatives of the district and are in the middle of 10 to 40 ha of contiguous reclamation area in the
village. Soil sampling was done annually during the rabi season from surface to a depth of 160 cm and
analyzed for diﬀerent parameters of sodicity. However, the use of geo-informatics in this study has
been limited.
Drainage improvement
Provision of eﬀective drainage is an important component of sodic land reclamation programme.
Reliance in the project has been on the improvement of surface drains in the reclamation sites, which
include ield, link and main drains. Field and link drains are constructed as a part of on-farm
development (OFD) activities in each village by UPBSN and farmers' support. Extensive
rehabilitation/ remodelling of main and trunk drains, totalling about 10,680 km was undertaken in
the irst two phases of UPSLRP. The work of rehabilitation/ remodelling of main drains has been
assigned to Irrigation Department of Uttar Pradesh. In phase III, rehabilitation of 2700 km of main
drains has been carried out. A GIS database of these drains has been created to facilitate planning and
maintenance. As the maintenance of these rehabilitated drains is crucial to ensure sustainability of
reclamation, post-project maintenance of main drains is also being done by the Government of U.P.
Reversion of sodicity after reclamation
An advantage of satellite image-based monitoring is that it helps in not only measuring the success of
reclamation, but also locating areas where it has failed or not given the desired results. In some areas of
Phase I where reclamation had been taken up by farmers, reversion of sodicity was reported. A study
was conducted in Etawah reclamation site II, where out of the site area covering 3,905 ha. in 57
villages, about 27 per cent of reclaimed lands were reverted to sodicity. Combining multi-temporal
satellite image with ancillary data on nearness to canal, post-monsoon water table depth and its
seasonal luctuation, and ield survey data in a GIS environment helped in assessing causatives of
reversion (Yadav et al., 2010). The study showed the high-water table condition (<2m bgl during postmonsoon) was the most important cause for reversion of sodicity, followed by poor drainage
conditions due to either non-existence of drains or choking of existing drains, nearness to main canal
(within 500 m) and presence of hard pan in sub-soil, in that order. Poor crop and water management by
farmers was found to further aggravate the situation. The post-monsoon water table depth map of the
site during 1995-2000 showed a large area of the site under critical water table depth (<2m bgl).This
study led to mid-course correction in the reclamation methodology and subsequently high water table
areas (post-monsoon <2m bgl) and near the canal (at 500 m distance) were excluded from
reclamation, saving a signi icant project cost.
Conclusion
The use of geo-informatics (remote sensing, GIS, GPS) in the Uttar Pradesh Sodic Land Reclamation
Project has shown its utility at diﬀerent stages of project implementation, including mapping of sodic
lands, preparation of site implementation plan by the implementing agency, concurrent and postreclamation monitoring of ground water level and quality, soil quality, land use change, success and
failures of implementation and sustainability/ durability of the project. Periodic monitoring using
remote sensing images showed reversion of sodicity in high water table areas (ground water level <
2m b.g.l.) near the main canals. The mid-way correction carried out in the project methodology by
excluding such areas led to a large saving in the project costs. The extensive use of GIS by UPBSN, the
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main project implementing agency, also shows its utility as a decision-making tool in the reclamation
programme.
References
Agarwal RR, Yadav JSP and Gupta RN (1982) Saline and Alkali Soils of India. Indian Council of
Agricultural Research, New Delhi, India, pp. 286.
Barnes JH and Ali B (1917) Alkali soils: some bio-chemical factors in their reclamation. Agriculture
Journal of India. 12: 368-389.
Dwivedi RS, Ramana KV, Thammappa SS and Singh AN (2001) The utility of IRS 1C LISS-III and PAN
merged data for mapping salt-aﬀected soils. Phot. Engg. & Remote Sensing. 67(10):1167-1175.
Henderson, GS (1914) Alkali or kalar experiments and completion report of the Daulatpur reclamation
station, Sind. Bulletin No. 64. Dept. Agric. Bombay. Govt. Central Press, Bombay.
Jameson, Dr. (1852) On the physical aspect of Punjab: its agriculture and botany. Journal of Agriculture
Horticulture Society, India. 8:132-138.
Leather JW (1906) Annual Report. Imperial Dept. of Agriculture 1904-05. Government Central Press,
Calcutta.
Manchanda, M.L. (1984). Use of remote sensing techniques in the study of distribution of salt-aﬀected
soils in north-west India. J. Ind. Soc. Soil Sci., 32: 701-706.
Mathur, Arvind, R Singh, NK Verma, N Hasan, A Mishra, A Mathur and AN Singh (2004). Temporal
variation in water quality of wetlands in Etawah and Mainpuri districts, U. P. Extended
Summaries- Int. Conference on Sustainable Management of Sodiclands. U. P. Council of
Agricultural Research, Lucknow. India, pp. 305-308.
Moreland, WH (1901) Reh. Agriculture Ledger. 1901 No. 13: 416-463.
NRSA (1976) Satellite Remote Sensing Survey of Natural Resources in parts of Punjab. Summary
Report. National Remote Sensing Agency, Secunderabad, India, pp.36.
Ramana, KV, RS Dwivedi, D Verma and AN Singh (2004). The eﬀect of spatial and radiometric
resolution on the mapping of salt-aﬀected soils-Extended Summaries- Int. Conference on
Sustainable Management of Sodiclands. U. P. Council of Agricultural Research, Lucknow. pp.
22-25.
RSAC-UP (2007) Implementation Completion Report- UPSLRP II. Remote Sensing Applications Centre,
Uttar Pradesh, Lucknow, India. 98p.
Saxena, RK, L Venkataratnam, AN Singh and KS Verma (2004).Use of remote sensing techniques in
sodicland reclamation. Extended Summaries- Int. Conference on Sustainable Management of
Sodiclands. U. P. Council of Agricultural Research, Lucknow. pp. 22-25.
Sehgal JL, Sharma PK, Randhawa NS and Singh G (1973) Salt-aﬀected soils of the Sangrur district and
their management. Research Bulletin. Punjab Agricultural University, Ludhiana, pp. 102.
Singh, AN, A Mathur and HM Behl (2004). Environmental monitoring and impact assessment in U P
Sodicland Reclamation Project. Extended Summaries- Int. Conference on Sustainable
Management of Sodiclands. U. P. Council of Agricultural Research, Lucknow. pp. 115-118.
Souvenir

13

Golden Jubilee International Salinity Conference-2019

Singh, AN and Mathur A (2004) Sodicity problem, site identi ication and mapping. In Rural
Development through Sodic Land reclamation- UPSLRP experience. Int. Conference on
Sustainable Management of Sodiclands. U. P. Council of Agricultural Research, Lucknow, India.
pp. 1-24.
Singh, AK, B Lal, MS Yadav, A Mathur and AN Singh (2004). Long-term soil quality monitoring of barren
sodic ields after reclamation in alluvial plains of eastern Uttar Pradesh. Extended SummariesInt. Conference on Sustainable Management of Sodiclands. U. P. Council of Agricultural
Research, Lucknow. pp. 115-118.
Singh NT (1998) Historical Perspective. In: Tyagi NK and Minhas, PS (eds.) Agricultural Salinity
management in India. Central Soil Salinity Research Institute, Karnal, India, pp. 9-19.
Rao, BRM, Dwivedi,RS,Venkataratnam,L and Singh, AN (1996). Monitoring salt-aﬀected soils using
remote sensing data. Geocarto International. 11(4):41-46.
Singh, AN (1994). Monitoring change in the extent of salt-aﬀected soils in Northern India.
International J. Remote Sensing. 15(16): 3173-82.
Rao, BRM, Dwivedi,RS, Venkataratnam,L,Ravishankar,R., Thamappa,SS, Bhargava,GP and Singh, AN
(1991). Mapping the magnitude of sodicity in parts of the Indo-Gangetic plains of U. P.,
northern India, using Landsat TM data. Intenational J. Remote Sensing. 12:419-25.
Singh, AN and Dwivedi, RS (1989). Delineation of salt-aﬀected soils through digital analysis of Landsat
data. International J. Remote Sensing. 10(1):83-92.
Sharma, R.C. and Mondal, A. K. (2006). Mapping of soil salinity and sodicity using digital image analysis
and GIS in irrigated lands of Indo-Gangetic Plain. Agropedology. 16, 71-76.
Sharma, R.C. and Bhargava, GP (1993). Remote sensing for assessing the distribution and
characterization of saline and alkali soils of Haryana. Agropedology 3, 95-104.
Venkataratnam, L. 1998. Problem and prospects of remote sensing in quick diagnostic survey. In
Gupta, S. K., Sharma, S.K.,Tyagi, N.K.(eds) Salinity Management in Agriculture. Proc. Nat. Conf.
on Salinity management in Agriculture. Central Soil Salinity Research Institute, Karnal, India.
pp. 77-86.
Verma, D and AN Singh (1999). Monitoring change in the status of sodic lands in a part of Uttar Pradesh
consequent upon reclamation- a GIS based approach. Proc. National Symposium on Remote
Sensing Applications for natural resources: Retrospective and prospective, Bangalore. Indian
Society of Remote Sensing, Dehradun. pp. 125-132.
Verma, D, AN Singh, K Sreenivas, RS Dwivedi and A Mathur (2004). Evaluation of image fusion
techniques on IRS multi-sensor data for delineation of sodic lands. Extended Summaries- Int.
Conference on Sustainable Management of Sodic lands. U.P. Council of Agricultural Research,
Lucknow. pp. 153-155.
The World Bank (1993) Staﬀ Appraisal Report- Uttar PradshSodic Land Reclamation Project, India.
Report No.11717-IN. Agriculture Operations Division, South Asia Region. The World Bank,
New Delhi. pp. 159.
Yadav MS, Yadav PPS, Yaduvanshi D, Verma D and Singh AN (2010). Sustainability assessment of sodic
land reclamation using remote sensing and GIS. J. Indian Soc. Remote Sensing. 38: 269-278.
Souvenir

14

Golden Jubilee International Salinity Conference-2019

Photosynthetic Ef iciency Enhancement under
Abiotic Stress Condition
Renu Munjal and Pooja
Department of of Botany & Plant Physiology, CCS HAU, Hisar, India
*Email: munjalrenu66@gmail.com

Introduction
Abiotic stress is an integral part of “climate change,” and a complex phenomenon with a wide range of
unpredictable impacts on the environment. Abiotic stress is already a major limiting factor in plant
growth and will soon become even more severe in future also unabated increases in the world
population the future potential yield of commercial crops is under serious threat (Kiran et al., 2014). As
the annual gains in yield achieved within wheat (< 1% per annum) and rice breeding programs become
further diminished, the need to break through these yield ceilings has engendered the development of
transformational approaches. One such approach is manipulation photosynthesis process through
altering the properties of CO2 ixation by Rubisco to increase synthesis of carbohydrates required for
plant growth and yield. They may also include improving other aspects of photosynthesis such as light
capture, CO2 diﬀusion into the chloroplast and lux through the Calvin cycle. Improvement in the
catalytic properties of Rubisco has been suggested as one of the most energetically eﬀective
approaches for improving photosynthesis. Thus improvement in photosynthesis process can increase
photosynthetic ef iciency and more crop production under stress environment.
Photosynthesis under Stress Condition
High and Low temperature stress
Under high temperature stress (i) optimal temperature, (ii) respiration rates and (iii) membranebound electron transport processes are major factors which are associated with the decline in
photosynthesis. Out of these factors optimal temperature is considered as the primary reason for the
sharp decrease in net photosynthesis at high temperatures (Taiz and Zeiger, 2002). High temperatures
alters the excitation energy distribution by changing the structure of thylakoids (Weis and Berry 1988)
and also by changing the activity of the Calvin cycle, photorespiration and product synthesis ultimately
leading to decreased photosynthesis.
Low temperature primary reduce photosynthesis by inactivation of Calvin cycle enzymes through
oxidation in the stroma, delay in circadian rhythm, sucrose phosphate synthase activity in the cytosol
and oxidative damage to PS I and PS II reaction centers. Photosynthesis is strongly reduced below 18°C
(Ramalho et al., 2003) while temperatures around 4 °C dramatically depress photosynthetic
performance and yield (Silva et al., 2004).
Water Stress
Water stress is one of the most limiting environmental factors to plant productivity worldwide.
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Water logging
Stomatal conductance is considered as the major factor that aﬀects photosynthesis under water
logging conditions in plants (Striker et al. 2005). In addition to its other factors that regulate
photosynthesis in plants grown in waterlogged soil may be reduced CO2 transfer conductance from
substomatal cavities to the site of carboxylation, or activity of photosynthetic enzymes at the
carboxylation point.
Water de icient condition
Photosynthesis is in C3 plants are negatively aﬀected by water stress. Limited plant growth imposed by
low water availability is mainly due to reductions in plant carbon balance, which is dependent on the
balance between photosynthesis and respiration. Under non stress condition carbon assimilated in
photosynthesis, usually more than half is lost in respiratory processes necessary for growth and
maintenance, but this balance may change under water stress. For example photosynthesis may
decrease up to 100 % becoming totally impaired under severe water shortage, the respiration rate may
either increase or decrease under stress, but never become totally impaired (Flexas et al. 2005). Water
stress also hinders leaf internal transport of CO2, enzyme activity and hence photosynthetic capacity.
These so-called metabolic and diﬀusive limitations.
Saline Conditions
Salinity may have many direct and indirect eﬀects on the process of photosynthesis. Photosynthetic
rates are usually lower in plants exposed to salinity and especially to sodium chloride. Salinity eﬀects
on photosynthetic processes fall into two categories (i) Stomatal closure (ii) Eﬀects on the capacity for
CO2 ixation apart from the altered diﬀusion limitations. Reduction in the photosynthetic rate under
salinity usually depends on two aspects of salinization which are the total concentration of salts
(osmotic eﬀect) and ionic composition (speci ic ion eﬀect). Salinity causes chloroplasts to aggregate
and leads to ultra structural changes of the assimilating organs (Glagoleva et al., 1992). These include
dilatation of thylakoid membranes, almost no sign of grana, and enlarged mesophyll cells (Mitsuya et
al., 2000) ultimately decreasing photosynthesis.
Elevated CO2 and O3
CO2 and O3 are two most abundant greenhouse gases in the atmosphere, and the concentrations of
those gases are increasing with time. There is short-term stimulation of photosynthesis to elevated CO2
(Drake et al.1997). There are two diﬀerent reasons for short-term increases in photosynthesis due to
elevated CO2. It will have eﬀects on Rubisco activity and thus photosynthesis: Rubisco activity is
increases as CO2 is the limiting factor for rubisco activity and the net CO2 uptake ef iciency will increase
as a result of inhibition of the oxygenation reaction. The CO2 lost in photorespiration will decrease, and
a larger part of the energy achieved from the light reactions will be used for assimilation instead of
photorespiration (Long et al., 2004). O3 cause signi icant damage to photosynthesis because of its
strong oxidizing nature (Reich 1987) and decreases in photosynthesis as a consequence of loss of
Rubisco activity (Farage et al., 1991). Ozone of today, approximately 40 ppb, suppresses net
photosynthesis by on average 11 % compared with preindustrial O3 levels (10 ppb) whereas stomatal
conductance suppresses by on average 13% compared to preindustrial O3 levels (Wittig et al., 2007).
As the annual gains in yield achieved within wheat (< 1% per annum) and rice breeding programs
become further diminished, the need to break through these yield ceilings has engendered the
development of transformational approaches. Next generation solutions for yield improvements
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include increasing the ef iciency of photosynthesis. Photosynthetic ef iciency of plants can be
improved by
•

Improving Rubisco kinetic properties

•

Introduction of the C4 pathway into C3 crops

•

Reduced photorespiration

•

Relaxation from photoprotection

•

Increase activity of sedoheptulose bisphosphatase

•

Improve canopy architecture

•

Transcription Factors involved in photosynthesis

Improving Rubisco kinetic properties
Rubisco is the most abundant protein on earth and it accounts for about 90% of the degraded proteins
(Miller and Huﬀaker 1985). The most abundant protein, Rubisco, catalyzes the assimilation of CO2 by
carboxylation of ribulose-1, 5-bisphosphate in photosynthetic carbon assimilation (Ellis 1979). As
compared to other enzymes of the Calvin cycle, Rubisco has a low turnover number, meaning that a
relatively large amount of carbon dioxide is needed to sustain suf icient rates of photosynthesis. This is
called as catalytic limitations of Rubisco which compromise the ef iciency of photosynthesis (Parry et
al. 2007) also Rubisco catalyzes a competing and wasteful reaction with oxygen, initiating the process
of photorespiration, which leads to a loss of ixed carbon and consumes energy. In stress condition
increase in the reactive oxygen species in the chloroplast is likely to cause increased oxidative damage
to thylakoid-bound and stromal proteins. Stress-induced oxidative environment lead to modi ications
of speci ic residues on Rubisco and mark the enzyme for degradation (Moreno et al. 2008). Due to
cataltytic limitation, process of photorespiration and rubisco degradation photosynthetic ef iciency is
hindered. Improvement in the catalytic properties of Rubisco has been suggested as one of the most
energetically eﬀective approaches for improving photosynthesis ef iciency. Diﬀerent forms of Rubisco
exist that possess varying catalytic qualities and there are suf icient scopes in nature to ind better
Rubiscos that would be better suited to future climates. Strategies to improve CO2 ixation to remedy
the catalytic inef iciencies of Rubisco, either through direct enzyme engineering or raising CO2 within
the chloroplast. The catalytic properties of Rubisco from diverse sources vary considerably, suggesting
that changes in turnover rate, af inity, or speci icity for CO2 can be introduced to improve Rubisco
performance in speci ic crops and environments. Attempts to manipulate plant Rubisco by nuclear
transformation had limited success whereas modifying its catalysis by targeted changes to its catalytic
large subunit via chloroplast transformation has been much more successful. However, this technique
is still in need of development for most major food crops including maize, wheat, and rice. Other
bioengineering approaches for improving Rubisco performance include improving the activity of its
ancillary protein, Rubisco activase, in addition to modulating the synthesis and degradation of
Rubisco's inhibitory sugar phosphate ligands (Parry et al., 2012).
Introduction of the C4 pathway into C3 crops
C4 photosynthesis is one of three type of biochemical mechanism adopted by plants to ix carbon
dioxide other then C3 and CAM pathway. C4 photosynthesis is evolved in more than 66 times
independently at least in 19 families and it entails alteration in cellular structure and biochemistry.
This highly specialized form of photosynthesis has developed carbon concentration mechanism
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around rubisco thus eliminating photorespiration. Other bene it associated with C4 plants is higher
water use ef iciency because of steeper concentration gradient for CO2 diﬀusion can maintained
through partly closed stomata, higher radiation use ef iciency as it does not get saturated at high light
intensity and higher nitrogen use ef iciency because it will require less rubisco and hence less nitrogen.
Plants having C4 photosynthesis are more productive at high temperature.
To take all these advantages there are eﬀorts toward inserting C4 mechanism from C4 plants like maize
to C3 plant like wheat or rice. C4 genes such as CA, PEPC, NADP-ME, and NADP-MDH are cloned from
maize and transformed to rice. Also transporters like 2- oxoglutarate/malate transporter,
dicarboxylate transporter1 and 2, mesophyll envelope protein and triose phosphate translocater
which are over expressed in C4 plants are also expressed in C3 plants like rice. Promising genes which
control Kranz anatomy will also be introduced in rice that has been engineered with C4 biochemical
pathway genes.
Reduction in photorespiration
During carbon ixation in C3 plants ribulose 1,5 bisphosphate RuBP catalyses by rubisco react with
carbon dioxide to form phosphoglycerate but rubisco also have af inity with oxygen grater then carbon
dioxide so it catalyses a reaction between RuBP and oxygen when concentration of carbon dioxide is
less resulting in formation of 2 phosphoglycolate and phosphoglycerate. The 2 phoshoglycolate
converted back to phosphoglycerate by process called as photorespiration which previously ixed
carbon dioxide and extra energy is used thus it is a wasteful process limiting the photosynthetic
ef iciency.
Scientists are attempting to reduce this wasteful process to increase photosynthetic ef iciency. One
way to reduce photorespiration is to reduce glycine decarboxylase protein in mesophyll cell and
restrict its accumulation in bundle sheath cell so that decarboxlation of glycine occur in bundle sheath
only and thus generating high carbon dioxide concentration in bundle sheath cell. Another approach
that was successful to capture the CO2 released by photorespiration to the site of photosynthesis is by
transfer of E. coli glycolate catabolic pathway to chloroplast of arbidiposis in which glycolate in
chloroplast is directely converted to glycerate it reduced photorespiration and enhanced
photosynthesis.
Photoprotection
Photoprotection is a broad term that can be used to cover mechanisms that prevent light energy from
inducing damage via the generation of high levels of reactive oxygen species (ROS) which they can have
deleterious eﬀects on photosynthesis and other leaf processes that ultimately will reduce growth and
plant itness. An exciting possibility is that manipulating photoprotective pathways is a means to
enhance both stress resistance and photosynthetic productivity of crop plants. However, there may be
a balance between the need for photoprotection to limit damage on the one hand and enhancing
productivity on the other. Relaxation from photoprotection can be achieved by avoidance of excess
light absorption by altering the position their leaves to optimize light absorption; reducing the
amount of light absorbed and reducing leaf temperature for example upright cereal leaves
theoretically give a higher rate of canopy photosynthesis. Chloroplasts in low light typically position
themselves where they can maximize light interception, toward the periclinal walls perpendicular to
the incident light. In high light, they move toward the anticlinal walls where absorption is reduced to
decrease the amount of excess excitation energy and presumably to minimize the saturation of
photosynthesis. Recent progress has been made in identifying the genes that confer movement away
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and toward light sources. Photoacclimation involves changes in amounts of soluble enzymes of
photosynthesis, electron transport components, and pigment-protein complexes and has a number of
eﬀects, one of which is to match the amount of available light with the plant'capacity to absorb it and
use it for carbohydrate synthesis. Non photochemical quenching involve conversion of highly
reactive oxygen species like singlet oxygen produced due to excessive absorption of light. Higher plants
have molecules like xanthophylls and carotenoids which can convert these ROS into less reactive
species and the process is called as non photochemical quenching. Repair of PSII D1 protein, which is
part of the D1/D2 heterodimer within the reaction center of PSII, is readily inactivated by light
(Gururani et al. 2015). This inactivation of PSII is thought to be caused by unavoidable photooxidation
and is followed by a repair cycle thus more rapid and ef icient repair system can lead to enhanced
photosynthetic ef iciency.
Improve canopy architecture
Manipulating photosynthesis at the chloroplast or leaf level will only be bene icial if it confers an
improvement at the level of the plant canopy. Cultivars with more erect leaves, especially at the top of
the canopy, has led to improved light environments inside a canopy and hence, improved canopy
photosynthetic CO2 uptake rate (Long et al. 2006). The challenge is to identify the ideal canopy
architectural and leaf metabolic features to breed or engineer for increased canopy photosynthesis for
current, and more importantly, for future conditions. This is a challenge, partially due to the lack of
ef icient methods to measure canopy photosynthesis although many eﬀorts have been devoted to
developing canopy photosynthesis chambers (Steduto et al. 2002) also many canopy photosynthesis
models with diﬀerent levels of details have been developed to date. Depending on the level of
complexity, these models can be roughly divided into three categories: (i) the big-leaf model (Lloyd et
al. 1995); (ii) the sunlit–shaded model (Dai et al. 2004); (iii) and the multi-layer model (Norman
1979).
Transcription factors involved in photosynthesis
Role of a family of transcription factors and their regulons in maintaining high photosynthetic
performance across a range of challenging environments with a focus on extreme temperatures and
water availability is important. Speci ically, these transcription factors include CBFs (C-repeat binding
factors) and DREBs (dehydration-responsive element-binding), with CBF/DREB1 primarily
orchestrating cold adaptation and other DREBs serving in heat, drought, and salinity adaptation
(Adams et al.2018). The central role of these modulators in plant performance under challenging
environments is based on (i) interweaving of these regulators with other key signaling networks (plant
hormones and redox signals) as well as (ii) their function in integrating responses across the whole
plant, from light-harvesting and sugar-production in the leaf to foliar sugar export and water import
and on to the plant's sugar-consuming sinks (Barbara et al. 2018).
Conclusion and Future Prospective
Abiotic stresses are the prime reason of crop production losses all over world, reducing average yields
for most of the major crop plants by more than 50 %. Plants as sessile organisms are persistently
exposed to diﬀerent environment stresses like such as high and low temperatures, water logging and
de icits, salinity, and carbon dioxide (CO2) and ozone (O3) concentrations. These stresses adversely
aﬀect on physiological mechanisms associated with plant responses, adaptation, and tolerance to
stresses in terms of photosynthetic mechanisms, such as CO2 diﬀusion through stomatal control,
photosystem II repair, ribulose bisphosphate carboxylase/oxygenase (Rubisco) activity, and
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generation of reactive oxygen species (ROS), are susceptible to damage that causes great diminution in
photosynthetic ef iciency thus photosynthesis is considered as most important physiological process
which need to be targeted for improving crop yield losses under stress condition. High photosynthetic
ef iciency be achieved by improving rubisco kinetic properties, introduction of the C4 pathway into C3
crops, reduced photorespiration, relaxation from photoprotection , increased activity of
sedoheptulose bisphosphatase and improved canopy architecture. In future the reduction of the
Rubisco oxygenase reaction will be a target for future improvement of photosynthesis. As
improvement
of the C3 cycle is not just about increasing CO2 ixation but should also aim to increase both nitrogen use
ef iciency and water use ef iciency while maintaining high productivity therefore manipulation of the
C3 cycle to improve these parameters is also an important goal in future also discovery of genes related
to Kranz anatomy can boost research in area of photosynthesis. Modifying LHC(Light harvesting
complex) and PSII components, have also been suggested as an alternative approach to improve crops.
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Introduction
Soil is a inite, non elastic and non renewable natural resource. The per capita availability of land in
India decreased from 0.48 ha in 1951 to 0.15 ha in 2000 and is likely to reduce further to 0.08 ha in
2020 AD because of demographic pressure. Besides reduction in land area, there is decline in land
quality, what we call land degradation, either quantitatively/qualitatively or both as a result of
processes such as soil erosion by water and wind, salinization, sodi ication, water logging, depletion of
plant nutrients, depletion of soil structure, deserti ication and pollution. Nearly 120 M ha area is under
degraded soils in India (Maji et al., 2010).Soil degradation resulting from salinity, sodicity or a
combination of both, is a major impediment to optimal utilization of land resources.
Soil degradation is antonymous of soil quality. It is causing a great threat to the sustainability of
agricultural crop production. The input use ef iciency is declining on such problem soils. It is therefore
very necessary to restore these soils and arrest their further degradation. Numbers of technologies
have been generated for reclamation and management of these soils. However, there are some
constraints in their large scale adoption by the farmers either because they lack simplicity or the
scarcity of materials like amendments etc. The reclamation of these soils must also be necessarily cost
eﬀective and durable. The present paper emphasizes particularly on the resource characterization of
such degraded black swell shrink soils due to salinity/sodicity in Purna valley basin in Vidarbha region
of Maharashtra and strategies for their reclamation and management.

Fig. 7. Location of Purna Valley Tract
Souvenir

22

Golden Jubilee International Salinity Conference-2019

Geographical setting of Purna basin
The Purna valley of Vidarbha region is an east-west elongated basin with slight convexity to the south.
It covers parts of Amaravati (1738 sq km), Akola (1939 sq km.) and Buldana (1015 sq km.) districts
which extends from 200 451 to 210 151 N latitude and 750 151 to 770 451 E longitude. This tract spreads on
both sides of Purna river, aﬀecting about 892 villages, covering an area about 4692 sq. km. Purna river
initiates from southern slopes of Govilgarh hills of Satpuda range which is the principal drain joining to
Tapi river.
The major tributaries are Pedhi, Sarapi, Shahanur, Katepurna, Uma, Morna, Man, Mas, Nirguna,
Nalganga and Dnyanganga. Locally it is said that there are about 360 tributaries joining Purna river.
Geology
The valley is a part of Payanghat plains bounded on the north by the scarp of Melghat and on the south
by the scarp of Ajanta and is essentially a faulted valley of the late Cretaceous to early Eocene age with a
basement of Deccan trap, illed with material comprising of boulders, pebbles, gravels, sand and clay
derived entirely from basalt, surrounding the Valley. Three geomorphic zones have been identi ied as i)
Zone of high land relief, deep dissection and short inter luves, ii) Zone of alluvial plain and iii) Zone of
moderate relief and gentle slope on the basis of land form, nature of drainage, slope characters and
sediment generation and deposition.
Characterization of Soils
The soils are formed from basaltic alluvium and are characterized by high clay content (50-70%),
alkaline in reaction, calcareous with slow permeability. These soils pose soil degradation problems of
salinity and sodicity on surface irrigation with well water. Salinity of ground water is historical
phenomenon in Purna alluvial tract. The soils are characterized by salinity and sodicity, however, the
presence of salt ef lorescence on surface is hardly seen. Shrinking and swelling of soil is predominantly
observed. The soils have low hydraulic conductivity and thus become susceptible for poor drainage.
The soils in Purna valley being high in clay content inherently pose the problems of salinity/sodicity
due to inadequate leaching of salts owing to their very slow permeability under the prevailing climate
characterized by high potential evapotranspiration coupled with less and erratic rainfall. The probable
cause of ground water salinity holds the view that the Purna valley in the past was a part of Arabian sea

Fig. 8. Map showing Purna Valley Tract
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connected through Tapi valley. During the course of time, silting process in Tapi basin which serves its
connection with Arabian sea and Purna basin which serve its connection with its post fault and post
volcanic basement in Eocene series, had come to stay in the form of salt water lake which later on illed
with thick basaltic layer (Adyalkar, 1963). The studies on ground water quality of soils of Purna valley
+
++
++
reveals that the presence of dominant cations Na , Ca , Mg in ground water and they range from 22.30
to 61.24, 2 to 8.10 and 1.80 to 9.20 me L-1 respectively, indicating dominance of sodium over Ca, and Mg
and it may be one of the geological causes for development of native sodicity in Purna valley soils. The
22dominant anions present are CO3 , HCO3 , SO4 and Cl and respective values ranged from 0.3 to 8.9, 3.8
to 14.38, 0.42 to 9.8 and 1.20 to 32.14 me L-1 (Babhulkar et al., 2009).
The saturated hydraulic conductivity of these soils varied between 0.95 to 3.71 mm hr-1 and it is
comparatively higher in surface horizon and gradually decreases with the depth of soils re lecting poor
internal drainage. The soils thus pose mainly the problems of poor drainage and subsoil sodicity
aggravated by very high clay content of smectitic nature. The physical properties of these soils are
deteriorated even at ESP of 5 (Balpande et al., 1996). This renders the soil devoid of subsoil moisture
due to lack of water transmission owing to very low hydraulic conductivity. The air water relationship
therefore is greatly hampered in these soils. The soils become very hard on drying during summer and
swell in rainy days exhibiting considerably high swell-shrink activity. This is mainly due to the
predominant smectitic mineralogy of the soils. The coef icient of linear extensibility (COLE) of these
soilsis 0.09 to 0.24 cm cm-1 with Volumetric Shrinkage Potential (VSP) of 33 per cent in surface and
100% in the lower horizons of pedons. On the basis of categorization of COLE value, all the soils under
the study fall into very high shrink swell soils. The mean weight diameter varied from 0.42 to 0.98 mm
in diﬀerent horizons of the soil pro ile and it was decreased with soil depth. The downward decrease in
mean weight diameter can be attributed to subsoil sodicity. The water dispersible clay (WDC) is an
important parameter in relation to structural degradation and sealing of non-capillary pore spaces
during high intensity rains. The general increase of both COLE and WDC and the decrease of HC with
depth suggest that the swelling of smectite, together with dispersion of the clay, have adversely
aﬀected the hydraulic properties of the soils. The correlation between WDC and EMP (exchangeable
magnesium percentage) indicates the saturation of these soils not only with Na+ ions but also with
++
Mg ions leading to greater dispersion of the clays.
The semi-quantitative estimates of clay minerals of the coarse clay fraction indicated that the smectite
was the dominant clay mineral (33 to 58%). The content of vermiculite was 2 to 14 per cent. The mica
content was 7 to 19 per cent. The content of kaolin was 1 to 11 per cent and that of chlorite was 4 to 23
per cent. Little amount of quartz and feldspars were also present (Pal et al., 2001).
The soils in Purna valley are strongly alkaline having pH varied from 7.7 to 8.8. The electrical
conductivity of saturation paste extract of soils (ECe) ranges from 1.72 to 4.48 dSm-1. The organic
carbon content in the soils is low (0.20 to 0.63 %). The ESP varies from 3.97 to15.35 which increases in
-1
the subsoil horizons. The cation exchange capacity of these soils varied from 45.8 to 66.2 cmol (p+) kg .
Maximum CEC is noticed in surface layer and it decreases gradually with the depth of soil. The
exchangeable Ca2+ content ranged from 12.8 to 40.8 cmol (p+) kg-1. On the contrary exchangeable Mg2+
-1
-1
varied from 12.8 to 32.0 cmol (p+) kg . Exchangeable Na+ varied from 0.4 to 11.6 cmol (p+) kg
whereas exchangeable K+ content ranged from 0.7 to 1.4 cmol (p+) kg-1. The exchangeable Ca2+ : Mg2+
ratio varies from 0.5 to 2.9 and it decreases with depth in all the soils. The Ca/Mg ratio of less than one
2+
2+
indicates the dominance of Mg over Ca . The opposite depth function of exchangeable magnesium
resulted in the reduction in Ca2+/Mg2+ ratio in the sub soils and leads to impairment of hydraulic
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conductivity. The pH of saturated paste (PHs) varied from 7.5 to 8.3.The sodium adsorption ratio (SAR)
ranged from 3.06 to 13.19 and increased with the depth of soils. The saturation paste extract analysis of
soils reveals that calcium is dominant cation followed by magnesium and sodium. Most of the
biological parameters have been seriously aﬀected due to very high pH owing to chemical degradation.
The higher oxidation of organic carbon is the major cause of degrardation of biological properties in
Purna valley.
The precipitation of calcium in the form of calcium carbonate immobilizes calcium and magnesium in
the Valley soils and dominance of sodium aﬀects physical and chemical properties of soil adversely.
Under such situation, it may enhance clay dispersion, destabilization of soil structure and breaking of
soil capillary network which ultimately aﬀect water transmission characteristics of soils.
ESP Criteria for sodic black soils:
There is necessity of lowering the ESP limit in black swell-shrink soils for categorizing them as sodic
mainly because the sodi ication problem in these soils is further aggravated by the high clay content
causing the soils to be inherently slow in permeability. The threshold value of 15 ESP for a soil to be
termed sodic is not sacrosanct and soil physical properties could deteriorate at values lower than this
(Swarup 2004). An ESP limit of 5 has been suggested by Balpande et al. (1996) for alkali subgroup of
Vertisols in central India that have high smectite content. Sharma et al. (1997) reported that an ESP of 5
and 6 in Vertisols could cause considerable deterioration in soil physical properties. However, further
investigations on the extent of dispersion due to diﬀerent degrees of sodium and its eﬀect on soil
quality in relation to crop yield reduction particularly in Vertisols are necessary.
Constraints for crop production:
These soils do not qualify to be termed as the salt-aﬀected soils as per the United States Salinity
Laboratory criteria; however, the saturated hydraulic conductivity of subsoils of Vertisol is adversely
aﬀected by clay dispersion caused by exchangeable sodium/magnesium. Despite low ESP, these have
severe drainage problems. In the context of deterioration of soil physical condition and its harmful
eﬀect on plant growth, ESP 15 is considered too high to diﬀerentiate sodic soils from non-sodic soils in
-1
case of swell shrink heavy clay soils. A value of sHC less than 10 mm hr instead of ESP or SAR has been
advocated as a diagnostic criteria for the sodic Vertisols of central peninsular India. As regards their
management therefore, improving drainage porosity is most crucial. Sodic swell-shrink soils exhibit
unique structural problems due to physical processes like slaking, crusting and hard setting. These

Fig. 10. Sodic swell- shrink soils showing wide cracks
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problems can aﬀect water and air movement, plant available water holding capacity, root penetration,
seedling emergence, runoﬀ and erosion as well as tillage and sowing operations. The smectitic clay in
combination with high exchangeable sodium in these soils results in high degree of shrink-swell
potential which causes problems of internal drainage, thereby adversely aﬀecting crop production.
The soils exhibit deep wide cracks during summers. The sowing time is most crucial in these soils due
to narrow range of workable soil moisture. The soils need more draft power and hence are dif icult for
tillage. The bulk density of soils increases due to compaction caused due to swelling in the subsoil.
The problem is further aggravated due to sodium and clay causing dispersion resulting into
impairment in physical properties of soils like bulk density, hydraulic conductivity, porosity and
in iltration rate. The farmers in the valley are therefore compelled to grow crops exclusively on rain
water. The farmers of the valley face various problems like water stagnation in rainy season, yield
reduction due to use of well water for irrigation, deterioration of soil structure, poor drainage,
moisture stress and severe soil & water erosion. The farmers of the valley face problems like water
stagnation in rainy season, poor drainage, deterioration of soil structure, moisture stress and soil erosion.
The major problems of these soils are native salinity/sodicity, poor hydraulic conductivity, high degree of
swell shrink potential, compact and dense subsoil and incomplete leaching of salts from soil due to severe
drainage impairment. Salinity is widely reported in this tract but the presence of salt ef lorescence on
surface is hardly seen. Oozing of sodium chloride from dry bank of khar nala in summer is an indicator of
existence of trapped salts. Thus, the salinity/sodicity problems are mainly associated with deeper layers
and eroded phases near nala and rivers. Ground water salinity observed in the valley is a historical
phenomenon, as the highly saline ground water was being used for manufacturing common salt in the
past. Safe and potable water is not available for drinking. Adverse eﬀect of well and ground water is
observed on crop yield and physical and chemical characteristics of soils.
Poor drainage, moisture stress, development of wide and deep cracks is major limiting factors for
healthy plant growth. The sparse vegetation, highly dispersible clay and severe compaction of soils
encouraging water erosion especially during high intensity rain storms is usual in rainy season. Wide
cracks developed in summer create limitations in uniform moisture distribution in soil. Suboptimal
use of organic inputs is inviting multi-nutrient de iciencies. The declining organic carbon and high
content of carbonates of calcium and magnesium create problems in uptake of nutrients by crops. Due
to non-availability of soil amendments, the farmers are deviating from its use. In-situ land treatments
like bunding, terracing etc. are not eﬀective due to high clay content and its dispersion.
Cropping Pattern
Considering the soil and rainfall characteristics, most of the farmers are following conventional cropping
systems. Dominantly, cotton, sorghum, soybean, pigeonpea, greengram, blackgram and cowpea are
categorized under the major crops in kharif season, whereas chickpea, wheat and saf lower are grown in
rabi season. Cultivation of the rabi crops on residual moisture is common in the area.
Management of Soils
For management of problematic soils in this valley several integrated reclamation and cultivation
technologies are recommended.
1. Broadcasting of gypsum in powder form @ 2.5 t ha-1 (50% GR ) + 5 t FYM before sowing of crop is
recommended for increasing the productivity of cotton, sorghum and green gram as well as
improving the physico-chemical characteristics of sodic soils of Purna valley (1995-96).
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Fig. 11. Protective Irrigation to Cotton crop through farm pond

2. Broadcasting of gypsum in powder form @2.5 t ha-1 (50 % GR) + FYM @ 5 t ha-1 or press mud cake @
-1
2.5 t ha before sowing of crops is recommended for increasing the productivity of cotton,
sorghum and greengram as well as improving the physical and chemical properties of sodic soils of
Purna valley (1998-99).
3. Application of 2.5 t gypsum ha-1 before sowing and deep furrows made after two rows of crop
should be opened 30 days after sowing reduced the salinity and sodicity of soils (2000-01).
-1

4. Application of 2.5 t gypsum ha once in two years is recommended for improving the physicochemical characteristics of Purna valley soils (1998-99).
5. The gypsum bed technique in which the alkaline ground water is passed through tank illed with
gypsum is also helpful in decreasing the alkalinity of irrigation water.
6. Farm pond in a micro watershed is useful to collect the surface run oﬀ and shall be recycled for life
saving irrigation.
1. Use of FYM, compost, green manures, crop residues are recommended to reclaim the soils.
-1

2. It is recommended to incorporate gypsum @ 25% GR (1.25 t ha ) and irrigation with alkali water
after passing through gypsum bed (30 cm thickness) for getting higher yield of irrigated cotton and
B:C ratio with improvement in the soil characteristics of Sodic Vertisol of Purna valley (2001-02).
3. For improving the characteristics of Sodic Vertisols of Purna valley and for obtaining the maximum
-1
yield of green gram- saf lower and B:C ratio, it is recommended that crop stubbles 2 t ha + 10 kg
PSB ha-1 with 50 % RDF should be applied and pass the alkali water through 30 cm thick gypsum
bed (2004-05).
4. Deep furrows after two or three rows of crops should be opened after 30 days after a month of
sowing to enhance ef iciency of amendments and fertilizers applied and to decrease the erosion
due to water.
5. In salt aﬀected soils of Purna valley in Vidarbha region, growing of dhaincha as a green manuring
crop between two rows of cotton (1:1) and in situ burring after 40 DAS is recommended as an
alternative to gypsum for improving soil health, soil carbon stock, higher productivity and
monetary returns of cotton rotated with greengram-chickpea (2016-17).
6. The integrated application of 2.5 tones Farm Yard Manure + 1.25 tones gypsum per hectare in Tied
Broad Bed Furrow (BBF) after 15-20 days of sowing is recommended for improvement in soil
properties, yield and monetary returns of soybean in deep black sodic soils of Purna valley of
Vidrabha (2017-18).
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Fig. 12. Cultivation of soybean on BBF

Amelioration of sodic soils through the provision of a readily available source of calcium (Ca2+) to
+
+
replace excess Na on the cation exchange complex; the displaced Na subject to leaching from the root
zone through the water is an age old practice. Many sodic soils do contain inherent or precipitated
source of Ca2+, that is calcite (CaCO3), at varying depth within soil pro ile. Dissolution of calcite by
2+
natural means does not provide suf icient quantities of Ca , due to its negligible solubility (Quadir et
al., 2007). Consequently, amelioration of these soils has been predominantly achieved through the
application of chemical amendments. However, costs of amendment have increased prohibitively over
a past two decades due to competing demands and limited sources of availability. The high cost on the
transport of these amendments gives attentions as farmers are not in position to pay high cost for these
inputs. However, application of organic amendments in the form of green manures and crop residues
reduces pH and ESP of the alkali soils due to production of organic acids and increase in availability of
Ca2+ that exchange with Na+ of clay complex leading to creation of favorable environment for microbial
activity which re lects in improvement of microbial activity.
The soils in Purna valley being very high in clay content with inherent low hydraulic conductivity pose
the problems of poor drainage aggravated further by the chemical degradation caused due to
sodiumization of clay under prevailing conditions of semi arid climate and basin topography. The on
farm available resources like crop residues and green manures including mulching can be the potential
alternatives for improvement in soil properties.
The amendments which are easily available could probably be the most eﬀective option for improving
soil health, maintaining soil productivity and sustaining crop yields in salt-aﬀected areas. A holistic
approach should be to consider for the cost and availability of the inputs. The potential of crop residues
and green manuring in soil reclamation needs to be emphasized and the farmers should be motivated
towards adoption of these practices. Application of green manure enhances the reclamation action of
organic manures by improving physical and chemical properties of soil and by markedly decreasing soil
pH. Plant litter incorporation improves aggregation and lead to better aeration and water relationship.
Application of straw mulch had been found to curtail the evaporation from soil surface resulting in
reduced salt concentration in the root zone pro ile that may help in arresting sub soil sodicity.
The plant roots of green manures increase the dissolution rate of calcite, by increasing levels of CO2 and
+
H proton in the rhizosphere region of plant roots. Subsequent incorporation of green manures
decomposes rapidly which contains calcium and acid juice which enhances solubility of native calcium
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Fig. 13. Sunhemp in situ green manuring in between two rows of cotton
2+

+

carbonate and subsequent release of Ca , which displaces Na in soil exchange complex and displaced
+
Na subject to leaching. The application of organic amendments could be bene icial in several aspects ;
reduction in soil pH, ESP, bulk density and improvement in exchangeable Ca and Mg, CEC, available
nutrients, promotion of soil aggregate stability and creation of soil macro pores that improve soil
hydraulic properties and root proliferation and environmental considerations in terms of soil carbon
sequestration.
Field experiments conducted during 2011-12 and 2012-13 to study the eﬀect of various organic
amendments in comparison with gypsum on carbon dynamics and nutrient availability in calcareous
sodic Vertisols of Purna valley in Vidarbha region of Maharashtra revealed that application of gypsum
showed the signi icant reduction in pH followed by dhaincha in situ green manuring. The application of
organic amendments signi icantly enhanced the organic carbon, permanganate oxidizable carbon, soil
microbial biomass carbon and SOC stock over the application of gypsum and control. The application of
dhaincha and sunhemp in situ green manuring showed highest potential to sequester carbon in soils.
The application of organic amendments showed slight reduction in calcium carbonate content of the
soils. The availability of major and secondary nutrients were highest under the organic amendments as
compared to gypsum and control. The potential of diﬀerent organic amendments in alleviating the
carbon and nutrient stress in sodic Vertisols under high pH and ESP stress situation besides
reclamation has been documented (Shirale, 2014).
Carbon Sequestration in salt aﬀected soils:
Incorporation of organic amendments into subsoil raises the possibility of storing carbon in the deeper
soil layer. Clay soils due to presence of high proportion of small pores, have potential for sequestering
carbon. Soil organic matter is the single soil property which in luences the soil fertility, soil formation,
pro ile development, soil structure, soil physical, organo-chemical and biotic characteristics in
addition to serving as a source of food and energy for microorganisms. The complexity and content of
soil organic matter depend upon the nature of organic material incorporated in soil, diﬀerent cropping
sequences and crop combinations, which decides the quantum of production of humic substance
showing favourable eﬀect on improving physical, chemical and biological characteristics of soil.
Shirale et al. (2018) in their study conducted to ameliorate sodic black calcareous soils by using
−1
diﬀerent crop residues (composted cotton stalk and biomulch 5 t ha ) and green manures (in-situ
Crotalaria juncea, Sesbania aculeata, Vigna unguiculata,Vigna radiata, and ex-situ Leucaena
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leucocephala loppings 5 t ha−1) andgypsum 2.5 t ha−1 showed that the organic amendments
outperformed with respect to improvement in soil microbial biomass carbon and dehydrogenase
activity, not gypsum. The application of dhaincha signi icantly improved the mean weight diameter by
14% over control. The application of gypsum and dhaincha recorded a signi icant drop in pHs (0.1 and
0.07 units) and exchangeable sodium percentage (26.7% and 20.6%) over control. After two years of
experiments, dhaincha (14.8%) and sunhemp (15.5%) also showed the commensurable potential of
improving yields of chickpea as compared to gypsum (14.8%) over control. Hence, they advocated that
dhaincha and sunhemp can be a better alternative choiceto gypsum in sodic soils.
The degree of the potential of diﬀerent crop residues and green manures to lower pH and ESP followed
the sequence as dhaincha> sunhemp> cowpea> Leucaena loppings> green gram> composted cotton
stalk> biomulch (Shirale et al., 2017). With the addition of organic material, microbial respiration is
increased and decreases the pH irst by organic acid production during the decomposition of organic
material and second as a result of increased pCO2 (Chorom and Rengasamy 1997; Nelson and Oades
1998). This leads to an increase in the availability of Ca2+ and neutralizing HCO3- and CO3- that otherwise
2+
tie up some of Ca to form lime precipitates (Choudhary et al., 2011). Organic amendments lead to
elevated pCO2 and production of organic acids that help in dissolving native CaCO3 (Mubarak and
Nortcliﬀ 2010; Qadir et al., 2007), resulting in the faster removal of exchangeable sodium and
acceleration of the reclamation of calcareous sodic soil. Although the magnitude of reduction in soil pH
and ESP under organic amendments was subtle, but with the continuous use, it may reduce further by
continuous use in these kinds of soils. The major bene its in use of organic amendments over gypsum
occur with the major improvement in biological properties, which is generally hampered in sodic soils.
The application of gypsum recorded signi icant drop in pH and exchangeable sodium percentage (ESP)
as compared to organic amendments. But later has outperformed with respect to biological activities
viz., dehydrogenase activity and microbial respiration and carbon sequestration by enhancing soil
organic carbon, soil organic carbon stock, soil microbial biomass carbon and labile carbon pool. The
results of study showed green manuring in sodic black soil found to be alternative choice to gypsum,
which besides gradual reclamation also enhance biological properties and carbon sequestration.
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ABSTRACT
Salinization is a major environmental crisis impacting agriculture and crop productivity over the
world. Estimating salinity is complex due to extreme variability in space and time necessitating the
application and use of smart modern tools and techniques for providing information on extent and
spatial distribution of salt-aﬀected land and waters. The past decade has seen numerous remote
sensing applications for soil salinity diagnosis and mapping of moderate to heavy salt encrustation on
bare soils and directly or indirectly through crop/vegetation growth patterns. Currently attempts are
increasingly focused on resolving the problems of identifying light surface salt encrustation with crop
cover and root-zone salinity as well as deeper groundwater salinization using airborne remote sensing
and proximal sensing based geophysical tools. More recently data from aerial photographs, UAVs,
airborne electromagnetic survey, satellite based multispectral, hyperspectral, and microwave data,
ground penetrating radar, electromagnetic induction and geo-electrical resistivity devices along with
improved data processing techniques in GIS have enhanced the capability for accurate identi ication
and diagnosis of salty land and water. The integrated methodology of combining proximal ground
sensors and remote sensing data has provided the best solution for diagnosing various levels of
salinization of land and water. New and improved satellite /sensors with superior and higher
spatial/spectral resolution along with shorter revisit intervals oﬀers greater forthcoming tools for
digital mapping of soil salinity type. Nevertheless, the knowledge of classical mapping is not replaced
by the new digital technologies including remote sensing (RS) and proximal sensors(PS) which mostly
provide the auxiliary information for DM currently. Despite recent advances, development of robust
methods for estimating soil properties using RS/PS is still fraught with uncertainty. Ground truth and
laboratory analysis remain essentially and integrally important to achieve accuracy in providing a
prognosis for management for sustainability of agricultural land and groundwater. Greater eﬀort in the
future must concentrate on re ining and calibrating RS/PS and ground surveys to remove inaccuracies
and bring forward a combined standard for salinity mapping.
Keywords: Remote sensing, Proximal Techniques, salt aﬀected soils, poor quality waters, estimating
salinity, diagnosis, prognosis.
Introduction
In arid and semi-arid climates excessive accumulation of sodium or neutral salts in the root-zone of
crops, deeper subsoil and in groundwater leads to the formation of salt-aﬀected soils (SAS) and poorquality waters (PQW). The combined impact is severe on agricultural crops that in turn results in lower
productivity. An estimate of the global distribution of saline and sodic soils indicates that 351.5 mha
are saline, 581.0 are sodic and together they are present over 932.2 mha across the globe (Szabolcs,
1989). More recent estimates indicate the presence of nearly 1.0 billion hectares, which represent
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about 7% of the earth's continental extent (Ghassemi et al., 1995). In India there are an estimated 7
million ha of salty lands. These salty soils are either naturally occurring, mostly geogenic in nature and
have formed due to natural weathering of salt bearing soil minerals. The occurrence of salt-aﬀected
soils and poor quality water may also be in luenced by topography, geology, soil texture, drainage, and
hydrology. They may alternatively have been human induced by an irrigation source, irrigation
management practices, changing groundwater depth and aquifer quality. The overwhelming
variability of salinity/alkalinity levels in the ield and an absence of well accepted standardized criteria
that de ine identi ication and inventory criteria have complicated the management of salt-aﬀected
lands and poor quality waters.
Diagnosing and prognosing takes on importance where crop sustainability aﬀects food production and
thereby livelihood concerns of nations. Applying remote sensing and contemporary technologies
becomes vital. Conventional methods of soil and water sampling and laboratory analysis are the most
accurate for salinity assessment and mapping, but these are expensive, time consuming and labour
intensive when applied to large area mapping (Singh, 2005). Mapping and monitoring of soil salinity
using remotely sensed imagery is a requisite for establishing its areal extent and also to keep track of
changes in salinity in order to formulate appropriate and timely reclamation and rehabilitation
approaches. Remote and proximal sensing based modern tools and techniques including spatial
salinity modelling are becoming increasingly important for rapid spatial diagnosis and prognosis of
soil and water salinization.
A variety of remote and proximal sensing sensors (satellite multispectral, hyperspectral and
microwave, aerial photographs, airborne geophysics, electromagnetic induction meters GPR etc.) and
combined approaches of data transformation, data fusion and data integration for improved feature
recognition and mapping has been used for diagnosing and monitoring salt-aﬀected areas and
salinized groundwater. Therefore, an integrated methodology combining proximal and remote sensing
based geophysical tools with spatial modeling of temporal and spatial changes of salinity can be
applied to diagnose and prognose the salinization of soil and water. The comparison of diﬀerent smart
modern tools for diagnosis and monitoring of root zone and deeper salinity and groundwater quality in
terms of depth of resolution, application and scale are presented in Table 2.
Remote sensing techniques
A variety of remote-sensing data have been used for identifying, mapping and monitoring salt-aﬀected
areas, including aerial photographs, video images, and infrared thermography, visible, infrared
multispectral and microwave images (Metternicht and Zinck, 2003).
Aerial photography/UAV's and more..
Salt crusts on the surface can easily be detected directly or indirectly through plant/crop growth
pattern on aerial photographs and satellite images. Aerial photography is the earliest method of
remote sensing and even in today's age of satellites and electronic scanners it remains the most widely
used remote sensing method. Widely used in agriculture applications, aerial photographs enable more
precise interventions and techniques in agriculture and provide detailed information about saltaﬀected soils. On a small scale such as earth monitoring, aerial photos are used to complement satellite
images in order to con irm data interpretation. (Haseena et al., 2013). The earliest systematic mapping
of land degradation that included SAS in India was performed by visual interpretation of aerial
photographs in the late 1950s. In the 1960s and early 1970s, the mapping and monitoring of SAS for
categorization were performed at the local and regional scales for assessment of extent and spatial
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distribution (Hilwig and Karale, 1973 and Iyer et al. 1975). Visual interpretation techniques developed
using aerial photography were extended to satellite multispectral data for delineating and mapping of
SAS at the regional and national scales (Hilwig 1980, Karale et al., 1983, Manchanda and Iyer 1983,
Singh 1994). The appearance of SAS with salt encrustation at the surface is generally smoother than
normal soil surfaces and has higher re lectance in the visible and near-infrared bands (Singh and Sirohi
1994, Rao et al., 1995).
Currently, precision agriculture - a farming management concept based on observing and responding
to intra- ield variations, considers the application of UAV (Unmanned Aerial Vehicle) along with GPS
(Global Positioning System) increasingly important to the process of monitoring salt-aﬀected lands
and waterlogged lands. Compared to satellite-based remote sensing applications, UAV-based
applications have a much better resolution (from a few meters to several centimeters) and greater
lexibility in selecting suitable payloads and appropriate time and/or space resolutions. From the
user's perspective, UAV can be lown at lower altitudes, which can be considered safe for -remotely
piloted aircraft and with lower cost. The lower altitudes permit higher resolutions of the sensor
information, and the lower cost permits a higher frequency of lights and improved temporal
resolutions. Mapping consists of showing the observed spatial data on top of a map. However, the use of
these systems appears to be most useful only in conjunction with other ground and airborne-based
geophysical techniques.
Airborne Electromagnetic Mapping
Airborne Electromagnetic (AEM) systems have evolved into highly accurate, quantitative mapping
geophysical devices that have gained importance in recent years and provide data for identifying
the salinized zone at deeper depth not evident at or near surface and dif icult to detect using any
other geophysical methods (Paine et al., 2009, Paine and Collins 2010). The AEM has been an
eﬀective tool for diagnosing and mapping inland salinization and sea water intrusion studies and for
managing salinization at large scale in diﬀerent geographical settings for more than a decade (Deus
and Elbracht, 2014).
The AEM has been widely used for salinization of subsoil and groundwater in inland areas in
Australia and Botswana (Cresswell et al., 2004 and Viezzoli et al., 2012) and for sea water intrusion
mapping in Denmark, Germany, United States, Canada, and Italy (Viezzoli et al., 2012, Mullen et al.,
2007). Over the last 20 years in Australia alone, particularly Murray-Darling Basin. The applicability of
airborne electromagnetics to explore groundwater potential and salinity has also been tested in a
preliminary study in Odisha state (CGWB 2014, CGG, 2010). Currently, the AEM is being used in
national aquifer mapping for exploring groundwater quantity and quality in India (CGWB 2014). The
most important systems include the time domain QUESTEM, SALTMAP and TEMPEST systems, and
frequency domain DIGHEM and DIGHEM RESOLVE systems (Lane, R., 2003). Other new time domain
helicopter systems such as SKYTEM and HOISTEM (Green, 2002) may be of interest for future land
management applications. The TEMPEST system was designed to produce better information for land
management applications than QUESTEM or SALTMAP (Lane et al., 2001). The choice of airborne
electromagnetic system is critically dependent upon the nature of the terrain (operational issues limit
ixed wing aircraft versus helicopter options), and the depth and extent of the target lithology or salt
store (Munday et al., 2003 a,b).
Satellite remote sensing
Salinity is variable over space and time and is in luenced by the spectral, spatial and temporal
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behaviour of surface salt features (Metternich and Zink 2008). There is variability at the surface as well
as within the soil pro ile that makes de ining salinity levels and mapping criteria dif icult. Notably
remotely sensed satellite data and GIS in conjunction with ground sensors are becoming increasingly
important for rapid and spatial diagnosis and prognosis of soil and water salinization out performing
the traditional method for assessing soil salinity, oﬀering more informative and professional rapid
assessment techniques for monitoring and mapping soil salinity (Dehni, 2013). Remote sensing
employs passive or active sensors and is broadly classi ied as multispectral, hyperspectral and
microwave. Their integration for diagnosis and prognosis of salt-aﬀected soils and waters have de ined
the extraordinary ability to monitor and map salt aﬀected soils.
Multispectral sensors
Extensive research for mapping and monitoring soil salinity has been conducted over the last four
decades, mostly with multispectral sensors. Douaoui et al. (2006) Farifteh et al. (2006), and Eldeiry
and Garcia (2008) agreed that an integrated approach using remote sensing techniques in addition to
ancillary data such as ield data, topography and spatial models, geophysical surveys can improve the
development of high quality soil salinity maps using sensors. These sensors include Landsat
Multispectral Scanner System (MSS), Landsat Thematic Mapper (TM), Landsat Enhanced Thematic
Mapper Plus (ETM+), SPOT-XS, MODIS, Advanced Spaceborne Thermal Emission and Re lection
Radiometer (Terra-ASTER), IRS Linear imaging self-scanning sensors (LISS-I, II and III) and IKONOS
(Dwivedi 2008, 2001; Verma et al., 1994). Satellite remote sensing employs passive or active sensors
and is broadly classi ied as optical, multispectral, hyperspectral and microwave. With current
advancements in multispectral sensors and image processing technologies with improved spatial
resolution of about 1 m, it has now become possible to generate and update information of moderate
and severe salinity at farm scale in a cost eﬀective manner. High resolution satellite remote sensing
integrated with GIS has successfully been utilized in diagnosing, mapping and monitoring the surface
and near surface soil salinity and waterlogging all over India after the aerial photograph revolution.
LANDSAT, IRS, SPOT and more recently Quick Bird, Hyperion and World Vision satellite images are
being deployed for mapping salt-aﬀected and waterlogged lands. It cannot be denied that medium or
low spatial resolution of the satellite images can limit the mapping and detection of saline regions,
particularly when the aﬀected areas are smaller than the pixel size. Thus, high resolution multispectral
sensors with pixel size of less than 5 m are becoming an essential for soil salinity studies.
A World Bank funded project on Prognosis of salt- aﬀected soils using IRS imageries and image models
for Punjab revealed that within a period of ive years, there was a 40% increase in areas of high water
tables and subsequently, the land would come under salinization (Sethi et al., 2006). GIS was used for
integrating spatial and non-spatial data derived from proximal and remote sensing, conventional survey
and secondary sources, for creating spatio-temporal databases for prognosis and modelling of soil and
water salinization (Singh et al., 2010; Sethi et al., 2014). Accuracy of SAS mapping on satellite FCC imagery
has been enhanced by the adoption of on-screen visual interpretation. This is most extensively used in
national and state soil survey organizations. Subsequently, digital image processing is being applied in
India for local and regional with increased availability of image processing and GIS hardware and
software in national and state remote sensing application centres. In digital image processing, statistical
pattern recognition techniques based on inherent spectral re lectance properties have aided in the
diﬀerentiation of SAS classes. Standard per pixel classi iers (e.g., as maximum likelihood) and advanced
algorithms (e.g. fuzzy logic, decision trees, and arti icial neural networks) have been used for
inventorying and monitoring (Lilles et al., 2003, Metternicht and Zinck, 2003, Dwivedi et al., 2008).
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There is a major problem in applying remote sensing to hydrogeological (groundwater potential and
quality) studies since only inferences can be made. Paterson and Bosschart (1987) indicated that only
changes can be detected at the ground surface or a shallow layer. Despite current limitations, remote
sensing technology oﬀers the greatest promise. Currently, remote sensing with its advantages of
spatial, spectral and temporal availability of data covering large and inaccessible areas within short
time has become a very handy tool in exploring, evaluating, and managing vital groundwater resources
(Chowdhury et al., 2003). The use of satellite data for groundwater studies proved to be a valuable
survey tool in areas of the world where little geologic and cartographic information exists or is not
accurate (Engman and Gurney 1991). Srivastava (2002) found a good correlation when remote
sensing data was integrated with hydrologic data in order to investigate subsurface details, aquifer
geometry and groundwater quality in Uttar Pradesh, India. A groundwater pollution potential (GWPP)
system by a factor analytical model (FAM) has been used by Dubey and Sharma (2002) to develop a
decision support system for evaluating the GWPP system of an area using remote sensing, ancillary
data and GIS. A GIS-based predictive groundwater model using satellite imagery and ancillary data for
the Murray Valley Irrigation Region of New South Wales, Australia was developed by Lamble and
Fraser (2002). The developed model enabled the prediction of salinization risks due to rising
groundwater levels.
Table 2. Comparison of modern tools for diagnosis and monitoring of soil salinity and water
quality
Sl. Tool/method/data
No.
1. Aerial photography
2. Multispectral
3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.

Hyperspectral
Radar
Shallow
Electromagnetic Tools

Bore hole logging
device
Time domain
re lectometry tool
Ground penetrating
radar
Deeper
electromagnetic tools
Airborne
electromagnetic
survey
Geoelectrical
resistivity survey
Deeper time domain
electromagnetic tool
Field drilling
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Sensors/device/data

Depth (m)

Application

Scale

Colour and Colour Infra-red
LISS-3 and 4, Landsat OLI
& TIRS, ETM+
IMS-1 HysI EO-1 Hyperion
RISAT-1, Sentinel-1, RadarSat-2,
EM 38,

<0.10
<0.10

Surface salinity
Surface salinity

Farm/ regional
Field to farm to regional

<0.10
< 0.10
0.75, 1.5

Surface salinity
Surface salinity
Root zone salinity

Farm to regional
Farm/ regional
Field/Farm

Dual EM-2
Dual EM-4

1, 3
2, 6

Field/Farm
Field/Farm

EM 31

3, 6

EM39

20

Campbell TDR100

<0.3

Below root-zone
Root-zone
and deeper salinity
Root-zone
and deeper salinity
Deeper and
GW salinity
Root-zone salinity

MALÅ GroundExplorer

< 30

EM34-3

3, 60

SALTMAP, TEMPEST,
GEOTEM, DIGHEM

<120

DC Terrameter SAS 4000

300

PROTEM 47/57/67

150, 300,
1000
< 100

Rig/bore machine

Regolith and
GW salinity
Regolith and
GW salinity
Regolith and
Groundwater
salinity
GW prospects
& salinity
Regolith and
GW salinity
Below root-zone
and GW salinity

Field/Farm
Field to farm
Field
Field
Field to farm
Farm to regional

Field to farm
Field to farm
Field to farm
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Hyperspectral sensors
Hyperspectral remote sensing produces the spectra of all pixels in the scene at narrow spectral bands
over a contiguous spectral range. Hyperspectral sensors have over 100 spectral bands for much
greater ability to diﬀerentiate vegetation and crops, and slightly and moderately saline and sodic areas.
Hence, hyperspectral data have been used to detect the subtle changes in soil and water salinity, crops,
and vegetation. Instead, multispectral data tend to rely on direct or surrogate indicators of soil salinity
such as mapping of consistently poor growth areas. The new Indian satellite with hyperspectral
payload, IMS-1,launched in April 2008 has a Hyperspectral Imager (HySI) which has 64 contiguous
channels in the spectral region between 400 nm and 950 nm bandwidth with a spectral separation of 8
nm and spatial resolution of 506 m. Since it was a demo hyperspectral sensor, its data was also studied
for salinity discrimination at soil surface less than 10 cm depth (Table 2).
Hyperspectral sensors have a greater ability to identify various types of vegetation and SAS between
450-2500nm and hence, will provide an accurate and ef icient method for mapping SAS.
Multivariate analysis of high resolution re lectance spectra now oﬀer greater potential for
discriminating between soil salinity development and the state of soil degradation within speci ic
environmental conditions (Leone and Sommer, 2000).The spectral similarity between SAS and sandy
soils and salt-aﬀected Vertisols can be dealt with by using multi-temporal images, ield data, and terrain
information in combination during diﬀerent cropping periods using GIS (Farifteh et al., 2007). Most
studies have emphasized that soil spectral signatures need to be derived from the representative
mixture of soil-vegetation signals because vegetation cover in SAS in luences the overall spectral
response of SAS, particularly in the green and red spectral bands (Rao et al., 1995, Metternicht and
Zinck, 2003, Farifteh et al., 2006, 2008), leading to errors in classi ication. Farifteh et al. (2008) found
that salinized soils have distinctive spectral features in the VNIR parts of the spectrum, related to water
in hydrated evaporite minerals. They showed absorption features at 505 nm, 920 nm, 1415 nm, 1915
nm and 2205 nm. Laboratory spectral analyses revealed that salt-aﬀected soil samples did not exhibit
all of the diagnostic absorption features that were found in the spectra of the pure salt minerals.
The ability to identify salty lands reduces considerably in the absence of crusts and the mixing with
other soil constituents. The problem gets exacerbated in the presence of soil moisture and the surface
encrustation is not visible. Spectral re lectance is in luenced by these factors and becomes unreliable.
Indirect mapping using vegetation as an indicator considerably enhances the chances of accurately
identifying salty lands. A potentially usable characteristic for salinity is the overall decrease in slope of
the re lection curve between 800 and 1300 nm as samples become more saline (Taylor and Dehaan,
2000). Weng et al., (2008) were able to discriminate ive classes of saline soils with Hyperion data for
2
2
an area of about 1200 km . Using RS on a local scale (<104 km ), broad salinity classes can be mapped
with ASTER (Melendez-Pastor et al., 2010), HyMAP (Dehaan and Taylor, 2003), Landsat TM and ALI
imagery - the latter two using the Salinity Index and the Normalized Salinity Index (NSI) (Bannari et al.,
2008, Jabbar and Chen 2008, Odeh and Onus 2008). It is, however, important for a higher spectral
resolution to study diﬀerent vegetation types (Dehaan and Taylor, 2001). Normally, unhealthy
vegetation has a lower photosynthetic activity, causing increased visible re lectance and the reduced
near-infrared re lectance (NIR) from vegetation (Weiss et al., 2001). This pattern has been found in
various plants subjected to salinity stress (Tilley et al., 2007). Based on this inding, several vegetation
indices (VIs) such as Normalized Diﬀerence Vegetation Index (NDVI) and Soil Adjusted Vegetation
Index (SAVI) have been used as indirect indicators assess and map soil salinity. Similarly, a number of
researchers have developed diﬀerent salinity indices to detect and map soil salinity such as
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Normalized Diﬀerence Salinity Index (NDSI) and Salinity Index (SI) (Huete 1998, Huete et al., 2003).
Hyperspectral techniques to diﬀerentiate saline and alkali soils and similarly between sandy soils and
SAS, normal soils and salt-aﬀected vertisols have been established (Lu et al., 2005). Spectral indices
from EO-1 Hyperion data established the relationship between spectral indices and soil ECe, SAR and
ESP and categorized the salt-aﬀected soils into slight, moderate and highly saline/sodic classes with
2
their spatial distribution. Spectral indices showed the highest correlation coef icient (R ) with soil ECe
(0.78), SAR (0.80) and ESP (0.81) (Kumar et al., 2015). In India, a few studies on the spectral behaviour
of SAS have been reported in the literature (Rao et al., 1995). Subsequently, a national soil spectral
library of 128 surface soils, including SAS classes in digital and analog forms, has been developed; this
can be used to derive the salient information on soil spectra of SAS and other soils (NBSSLUP, 2006) for
further use in digital image classi ication for accurate discrimination.
Radar and microwave sensors
Microwave remote sensing is highly useful as it provides observation of the earth's surface, regardless
of day/night and inclement weather conditions. Space-borne synthetic aperture radar (SAR) data from
the other countries (i.e., ERS-1 and 2, JERS-1) and Radarsat and ENVISAT have been exploited in
preliminary studies in India because these data oﬀer advantages in the identi ication of SAS and
waterlogged areas (Metternicht 1998, Metternicht and Zinck, 2003).
Radar data have been used for the study of mapping soil salinity using biophysical parameters for
monitoring and mapping of environmental change as well. They are known to be sensitive to natural
surface parameters such as vegetation, surface roughness (Evans et al. 1992) and dielectric
constant(e) (Engman, 1991). Bell et al. (2001) used airborne polarimetric SAR radar data for mapping
soil salinity. The three dielectric retrieval algorithms- the SPM (Small Perturbation Model), PO
(Physical Optics) & DM (Dubois Model) were implemented and the results of these were combined to
retrieve an improved estimate of the magnitude of the imaginary part of the complex dielectric
constant for soil salinity discrimination. DongryeolRyu (2003) established that low-frequency
active/passive microwave are best suited to map salinity in the top soil surface. The imaginary part of
wet-soil dielectric constant is sensitive to the soil salinity and the sensitivity increases with soil
moisture. However, it was indicated that better solutions need to be sought to invert soil moisture and
salinity simultaneously and to directly derive the standard measure of soil salinity in L-Band. Jain
(2011) studied the complex dielectric constant determined by inversion of the co-polarized returns of
radar images and found that it clearly delineates the electrical conductivity and soil salinity in soils of
the Unnao district of Uttar Pradesh, India. He indicated that there is a moderate agreement between
the areas delineated as having anomalous dielectric constants by the radar backscatter inversion
techniques which are de ined by varying electrical conductivity.
Del Valle et al. (2009) evaluated the usefulness of radar derived parameters for detecting and mapping
salt-aﬀected soils under irrigation in Chubut, Argentina. Soil salinity classes have been successfully
2
derived on a local scale (<500 km ) with the C, P, and L-bands of airborne and space borne radar
systems; best results were obtained using L-band data because long wavelengths penetrate soil and
vegetation to a greater extent than higher frequencies (Bell et al., 2001, Lasne et al., 2008 and Taylor,
1996).
Ground based microwave radiometers have been used for detection and studying of SAS (Singh and
Srivastav 2002, Sreenivas et al., 1995).The radar backscattering coef icient models use the real part of
the dielectric constant, based on the eﬀect of moisture on the real part only and the eﬀect of salt mainly
Souvenir

38

Golden Jubilee International Salinity Conference-2019

appears as an imaginary part. The imaginary part increases with the increasing of salinity and soil
moisture content (Sreenivas et al., 1995) and can also be used for separating saline soil from the sodic
soil at L-band frequencies under moist soil conditions. The Indian radar satellite, RISAT-1 launched in
April 2012 carries a multimode C-band SAR with frequency (5.35 GHz) with capability of imaging in
HH, VV, HV and VH polarizations to ensure wide applicability in lood mapping, crop monitoring,
salinity monitoring, vegetation, forestry, soil moisture, geology, and sea ice and coastal applications
(Chakraborty et al., 2013).
Klemas and Pieterse (2015) indicated that conventional land-based techniques must be
complemented by using satellite and airborne remote sensors to survey large arid and semi-arid areas
for mapping and monitoring ground water resources. Satellite remote sensors and satellite
gravitational surveys can be used in combination with ancillary data analysis to infer groundwater
behaviour from surface expressions and to estimate groundwater aquifer storage. More research
needs to be done for detecting groundwater and the study of poor-quality groundwater remains a
researchable issue. To solve the problems of groundwater, RS, GPS and GIS are really mechanisms for
pioneering research on solving the problems of groundwater resources.
Machiwal et al. (2011) proposed a standard methodology to delineate groundwater potential zones
using integrated RS, GIS and multi-criteria decision making (MCDM) techniques for Udaipur district of
Rajasthan, India. Initially, ten thematic layers were considered. Finally, the selected thematic maps
were integrated by weighted linear combination method in a GIS environment to generate a
groundwater potential map. Even though remote sensing technology has great potential to
revolutionize groundwater monitoring and management in the future, the challenges in applying
remote sensing and GIS are big and daunting. However, improved sensors and increased abilities of
multi disciplinary scientists applying their knowledge and skills will improve the applicability in the
studies for groundwater quality.
Proximal Sensing
Modern technological developments have enabled the development of a novel and innovative
generation of tools and sensors that make use of advanced electronics, and information and
communication technology (ICT). Sensors and other proximal devices such as in-situ data loggers and
sensors attached to GPS devices have been used for collection of information on soil water and salinity
status. Proximal sensors usually ield-based tools are used for rapid data collection on soil and water
salinity or other soil properties from 2 m or less height above the soil surface for high resolution digital
soil salinity mapping and water quality monitoring. Contemporary geophysical based proximal
methods and tools provide detailed information about the state of the soil and water and with the help
of geo-models and a few actual bores to provide applicable solutions for data collection. Smart tools
include the EMI conductivity tools/ probes, ield digital salinity sensors, TDR (time domain
re lectometry) tool, resistivity survey tool, GPR (ground-penetrating radar) and borehole conductivity
meters. The data can be sent directly to a computer, mobile devices, tablet and the internet cloud. A
wide range of proximal/ground based geophysical tools such as electromagnetic induction (EMI), GPR
and resistivity surveys are used for measurement and mapping the root zone and deeper salinity, and
water quality. This involves the principles of electromagnetic, electrical, optical, radiometric, electro
chemical and others principles. Portable devices ranging from frequency and time domain EM
conductivity meters to electrode array DC-resistivity systems are used for measuring electrical
conductivity at depth greater than 1 m. However, better depth resolution is achieved by using DC
electrical techniques. Use of TDR (Time domain re lectometry) and GPR (Ground penetrating radar)
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devices have also been explored for measurement of soil moisture, soil salinity, and groundwater table
and salinity, respectively.
Field Salinity Sensors
Salinity sensors proved cost eﬀective, more practical, easily operational and a reliable tool for
monitoring in-situ soil salinity under saline irrigation for increasing agricultural production. During
the last two decades, many new techniques like Wenner Array (Rhoades and Ingvalson, 1971), the
insertion of Rhoades's electrical conductivity probe (Rhoades, 1976), Time Domain Re lectrometry
(TDR) and Electromagnetic Induction (Mc Neill 1980a and 1980b) have been developed to measure
the soil salinity in-situ. Digital ield salinity sensors are being increasingly used as they are easy to
install under in situ conditions manually and use electromagnetic waves to measure instant apparent
root zone soil salinity. A correlation equation between ECa and ECe for salinity probe has been
established in order to convert ECa into ECe for salinity studies in ield condition. The use of salinity
sensors is encouraged for speedy results of soil salinity over than conventional methods to improve
water use ef iciency and also to maximize the use of saline irrigation for increasing land productivity.
Time domain re lectometry (TDR) tool
The TDR is increasingly being used for measurement of volumetric soil water content, soil temperature
and bulk soil electrical conductivity. The electromagnetic wave is propagated in the transverse
electromagnetic mode in a TDR probe. The spatial and temporal variability of water and solute luxes in
the ield makes it dif icult to obtain a quantitative understanding of the dynamics of water and salt
regimes needed for any practical ield water and/or salinity problem (Dalton and Van Genuchten
1986). Hamed et al. (2003) indicated that the Sigma Probe (SP), which measures water content, gave
accurate readings for electrical conductivity of the soil solution and was only slightly dependent on
water content and soil type. The key to TDR success is its ability to accurately measure the permittivity
of a material and the fact that there is a good relationship between the permittivity of a material and its
water content (Robinson et al., 2003). A further advantage is the ability to estimate water content and
measure bulk soil EC simultaneously using TDR.
Castiglione et al. (2006) used coaxial multiplexers to monitor up to hundreds of TDR probes through
computer or data logger interface. They observed the diﬀerent probes connected to a common
multiplexer or multiplexer network interfere with one another and result in appreciable errors in
measured electrical conductivity. Recent studies have shown that TDR is a much easier and perhaps
more reliable technique for simultaneously measuring water content and soil salinity. Fellner-Feldegg
(1969) showed how TDR could be used to measure the dielectric constant of liquids in a coaxial wave
guide. Topp et al. (1980, 1985) showed the applicability of the method for measuring the volumetric
water content of unsaturated soils. Dalton et al. (1984) subsequently demonstrated how the TDR
method can be used to simultaneously measure water content and electrical conductivity on the same
undisturbed soil volume.
Resistivity survey tool
Due to rapid advances in geophysical investigations, the use of geo-electrical resistivity survey has
gained intensity for assessing the deeper aquifer potential and groundwater quality. In order to
develop and test a methodology for incorporating time-lapse electrical resistivity imaging (ERI) into
the monitoring of salt-aﬀected soil and groundwater, a multifaceted study including time-lapse
electrical resistivity imaging, push tool conductivity (PTC), and core analysis was conducted to
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monitor the movement of a saline contaminant plume over the span of 3 years (Hayley et al., 2009).
Variations in electrical conductivity (EC) have been used in the time-lapse electrical resistivity imaging
(ERI) studies to track tracer migration (Daily et al., 1992, Slater and Sandberg 2000, Kemna et al., 2002)
for monitoring in iltration and soil moisture changes in the soil pro ile ( Barker and Moore 1998, Binley
et al., 2002, French and Binley 2004, Jayawickreme et al., 2008).
Electomagnetic induction meters
The ability to diagnose and monitor ield scale salinity conditions has been considerably re ined and
improved through the use of electromagnetic induction survey instruments. Three types of portable
instruments have been developed for measuring the apparent soil electrical conductivity (ECa): (i)
four-electrode sensors, including surface array or insertion probes, (ii) remote electromagnetic (EM)
induction sensors, such as the Geonics EM-31, EM-34, or EM-38, and (iii) time domain re lectometric
sensors (Rhoades, 1992; Rhoades and Miyamoto, 1990; Mc Neil, 1980).
Electromagnetic based geophysical tools have become popular in quick diagnostic salinity surveys and
groundwater quality exploration for measuring and mapping the terrain conductivity, in-phase
response, and magnetic susceptibility of soils, bedrocks and aquifers. The EM-38 device is most widely
used world over for rapid quantitative assessment of farm soil salinity and precision farming.
Hendrickx (1992) conducted a study to characterize the variability and statistical distribution of EMI
measurements for salinity assessment on irrigated land. They found that the EM38was in good
agreement with the visual agronomic survey. The EM38 was superior because it had a better
resolution, was more sensitive to salinity changes with depth and spatially, and could be conducted
with or without a crop or at any stage of a crop. It was found that the EM 38 generates a primary
magnetic ield and creates eddy currents in the soil and these time-varying eddy currents induce their
own magnetic ield so that when the signal gets ampli ied it forms into an output voltage, which is
linearly related to ECa indicating salinity (McNeill 1990, Hendrickx and Kachanoski, 2002).
Electromagnetic induction instruments (GeonicsLtd EM-38 or equivalents), which measure apparent
soil electrical conductivity (ECa), have been widely used for assessment and spatial and temporal
distribution of soil salinity (Lesch et al., 1995, Corwin and Lesch 2005a &b, Rongiang et al., 2010). In
India, the use of EM-38 was introduced for farm scale quick assessment of soil salinity through the
UNDP project and Indo-Dutch Drainage Network Project at CSSRI and its network centres at Bapatla,
Kota and Gangawati (Sharma and Gupta 2001). The application of EM38 was not picked up in India as
expected because of its high cost, its limited application in mapping of sodic and saline-sodic soils and
general limitation of after sales service of the imported equipment (Vlotman, 2000). Currently, the use
of EM-38 device is being promoted for farm scale quick salinity diagnostic survey through CSSRI and
CGIAR funded international projects. The EM-38MK-2 (improved version of EM-38) device provides
simultaneous measurement of both conductivity and magnetic susceptibility at all times for better
salinity discrimination.
Ground penetrating radar
GPR (Ground penetrating radar) is a rapid geophysical tool and provides the highest resolution in
subsurface and deeper imaging for groundwater studies. The GPR uses a high-frequency range
between 20 MHz and 1 GHz for electromagnetic wave propagation and scattering to detect changes in
electrical properties (particularly dielectric constant with water content) in deeper ground conditions
<30 m (Table 4) (Ludwig et al., 2011). The GPR is highly sensitive to variations in water content and
salt chemistry. It has been widely used to map water tables and the corresponding soil and aquifer
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layers that control groundwater low including buried stream channels (Iivari et al., 1994, Doolittle et
al., 2006). The depth of investigation is normally limited to a few meters in saline soils, but can be much
higher depth in coarse textured soils (Maheswari et al., 2013, Trivedi et al., 2012). In soils with EC >4
dS/m and sodium adsorption ratio more than 13, the GPR technique is dif icult to apply due to high
attenuation of radar back scattering (Doolite and Collings, 1995). Moreover, the GPR could not
penetrate through saline layers present in arid and semi-arid regions. The ield applications of this
newly developing tool are being promoted however currently a considerable amount of research is
required for its eﬀective application
Borehole conductivity meter
Borehole conductivity meter is a proximal sensor that works on the same principle as ground based
conductivity meters. Borehole conductivity logging provides accurate data of identifying high
conductivity strata in deeper ground layers and can be used through borehole/piezometers. The EM39 is the most widely used for borehole logging for identifying speci ic salinized boundaries of
groundwater (McNeill 1986).The EM-39is also used to calibrate airborne and ground borne
electromagnetic data and resistivity survey depth data. These meters are being used by CGWB for
investigation of groundwater salinity under National Aquifer Mapping Programme. The EM-39 gives
information in a volume of about 1.5 m radially around the borehole and 0.2m vertically (Table 4) for
successive measurements (CGWB 2014).
Integrating Remote and Proximal Sensing Tools for Salty Lands and Waters
Since most satellite data can only sense the surface and microwave/ radars penetrate only a few
centimeters of the topsoil, laboratory methods are used to study the physico-chemical properties of
the soils and groundwater that require time and eﬀort. To achieve a swift in-situ assessment of soil
properties and texture remains dif icult despite decades of research and development in soil analytical
research. Remote sensing is ef icient and reliable and covers considerable expanse of the earth surface
and can be used for soil salinity mapping. The continuing availability of earth imagery both multitemporal and multispectral oﬀers unique opportunities to map hitherto dif icult to map salt-aﬀected
soils. Use of the hyperspectral approach combined with active remote sensing such as frequency
domain electromagnetic induction (FDEM) and ground penetrating radar (GPR) provided a three
dimensional map of soil salinity status in croplands (Goldshleger et al., 2010).
Developments in ground-based sensors provide new methods to rapidly map electrical conductivity,
soil moisture, soil organic matter, and other parameters. New proximal sensors such as Green seeker
and plant canopy analyzer provide additional plant parameter data that can be used to collate with
salinity status of soils under ield conditions. With the use of proximal sensors and the addition of
ground-based data, the ambiguity of salinity variability is removed. Ground-based electrical
conductivity information provides increased calibration data for input to remotely sensed data.
Several methods for regional assessment of soil salinity have been documented using advanced
information technologies such as GIS, ground-based soil conductivity data, remote sensing data, and
solute transport models. Most types of remotely sensed spectral observations still require site-speci ic
calibration using ground-sampling techniques. When remotely sensed data are used to infer soil
properties which are correlated with soil electrical conductivity data (such as salinity, texture, or water
holding capacity), accuracy of ground calibration data could be improved by using ground-based soil
electrical conductivity surveying techniques. Detailed ground based soil electrical conductivity
surveys (used in conjunction with appropriate soil calibration sampling designs) could be undertaken
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within selected sub-areas of a much larger remotely sensed survey region (Barnes, 2003). Remote
sensing integrated with modern tools of proximal sensing been found to be the way forward in the
study of lands and waters aﬀected by salinity. Aldabaa et al. (2015) in their studies found that proximal
and remotely sensed data can be ef iciently used together as a proxy for soil salinity assessment and
this could result in substantial cost savings relative to traditional laboratory salinity measurements.
Their study showed good potential as an impetus toward future VisNIR, PXRF and RS based soil
studies.
In order to integrate diﬀerent types of data, coming from both proximal and remote sensing, analysis
are necessary to delineate salt-aﬀected areas spatial analysis techniques are needed. Imaging
spectroscopy or hyperspectral remote sensing has the potential to provide site-speci ic information
about crop status due to its ine spectral and spatial resolution. Sethi et al. (2014) used a combination
of IRS satellite data and ground sensors to determine soil and plant properties for management of salty
soils in ields in villages of Haryana, India. They used sensors with GPS and krigging in GIS to de ine
salinity levels within ields.
Wiegand et al. (1996) used airborne digital videography and SPOT HRV imagery in conjunction with
soil and plant samples to quantify and map the variations in electrical conductivity of the root zone in a
salt-aﬀected sugarcane ield. They found that crop spectral response based on either videography or
SPOT data provided good estimates of soil salinity. Regression equations between the weighted
electrical conductivity and the spectral data were then used to generate a salinity map for the ield. Guo
Yan et al. (2013) successfully demonstrated the utility of applying the advantages of radar remote
sensing which can obtain data in a large area, and EM38 that can acquire ECa accurately and quickly to
study the spatial variability of soil moisture and salinity by geostatistical methods, which sheds some
new light on future direction for integrating ALOS (Advanced Land Observing Satellite) data, radar
remote sensing data and ECa for detecting soil moisture and salinity variability in coastal areas.
Satellite data have limitations and can only be used for inferring the state of groundwater resources
depending on surface manifestations. Remotely sensed data are most useful where they are combined
with numerical modeling. Jasmin and Mallikarjuna (2011) applied RS and GIS for exploration and
assessment of groundwater in consolidated and unconsolidated formations in semi-arid regions in
India. GIS provided an ef icient handling and management system for handling large and complex
databases for groundwater assessment studies. The remotely sensed data integrated with pertinent
hydrological, geological and geomorphological parameters, helped in the preparation of
corresponding thematic maps. By assigning appropriate weights and integration in a sophisticated GIS
environment, they were able to ensure and enhance the prediction accuracy of location of promising
zones and their groundwater potential. Kwarteng (2002) used aerial photographs, Landsat TM images
and Digital Elevation Models (DEM) for mapping paleo-drainage patterns, large depressions, playas
and catchments areas. The resulting information and data sets were used for estimating the
accumulation of large amounts of water during lash loods and recharging of freshwater lenses.
Conclusions
Cutting edge research in remote and proximal sensingis are now at the cusp of providing much better
resolution images. Improved multispectral and hyperspectral imagery and proximal sensors have
increased the human capability for studying soil salinity and poor quality waters to provide detailed
diagnosis and a future prognosis. The increased use of integrating GPS based proximal sensors with
remotely sensed images and the ability to subsequently provide thematic details on various spatial and
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temporal scales is further pushing research into evolving better and more ef icient proximal sensors.
The gaps in information of salty soils is diminishing considerably while groundwater research will
have to further investigate the possibility of eﬀectively exploiting the ability to study groundwater and
provide information on its quality. Future challenges for soil salinity and water quality are enormous
and daunting. With climate change scenarios predicting warmer temperatures, expansion of irrigated
area due to river inter linkages and sea water incursions, salinity is bound to become an even greater
contending factor. The ability to completely exploit the capability of technology available for diagnosis,
prognosis and management of salty soils and waters will depend on the widening usage and
acceptability of integrating and adopting remote sensing methods and proximal tools. Increased coordination between national satellite programmes and counterpart development programmes
including state remote sensing agencies will have to be put in place to provide assistance and training
for researchers and users. This will enable stronger links between ground observations and related
satellite observations by all organizations.
There needs to be a better understanding and increased assessment of user needs for earth
observation data for problem lands including salt-aﬀected soils and waters as also in the agricultural
and rural sectors. There is an increased requirement of improvement in product development,
validation, and continuity of data sources, in particular of high (5m) and medium (25 m) resolution
satellite systems such as IRS. Also the improved data archiving and access by users is a serious concern
as current prices of software and hardware are so high that often even if the data are available at
cheaper rate the digital analysis cannot be attempted. The price of proximal sensors and other
equipment is prohibitive and they remain elusive to researchers and users for application in farmers'
ields. Integration of data collection, management, and assimilation is necessary and integral to any
diagnostic procedure for land/water/soil studies. Satellite data is increasingly being provided free of
cost and strengthened links need to be put in place to assist validation of spatial extent of salty lands,
presence and quality of waters as well as land cover, land use, crop production, and cultivated area. It
is crucial that we overcome the impediment of broad band widths to iner and more calibrated spectral
ranges similar to those available in Hyperion data, and provide dedicated and calibrated data.
Alongside we need to re ine and hone the information with ground instruments as well as overcome
the gaps in diagnosing and prognosing soil salinity and overcome problems in assessment of providing
information on poor quality waters. Standard methods should be used with an obligatory statistical
analysis of monitoring data. Special attention should be paid to the synchronicity and comparability of
monitoring data and to the development of appropriate software (mathematical) and the technical
basis for monitoring. Research conducted within a framework of ecological monitoring should be
aimed at obtaining information needed for developing forecasts and recommendations regarding the
control of natural and human-induced processes. An appropriate team (often multi-disciplinary)
needs to be assembled with the appropriate range of skills to understand the salinity systems, and
deliver management options.
Satellite imagery must have high resolution so that data analysis can be calibrated with proximal
ground sensors. Resolution remains an issue for salinity detection. Increasing availability of drones for
monitoring provide accuracy but have only very small coverage and hence are not useful in regional
salinity mapping. Interpretive and mapping skills of scientists and technicians require constant honing
for salinity detection. The most eﬀective use of remote sensing would be to have a collection of sensors
measuring multiple aspects salinity and plant cover, but so far technology oﬀers solutions from
diﬀerent vendors that might not play well with sensors and data analytical solutions from other
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vendors resulting in unde ined data standards and limited interoperability. Data sharing becomes an
impossible task in the face of security concerns and patent laws.
What we need for the future the most keeping the current scenario is to encourage integrated
hardware and software solutions across remote sensing and proximal sensors. Unless they
complement each other and innovation and use will remain restricted and invalidated. We require
excited minds to innovate and implement the use of these techniques for salinity and crop
management
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ABSTRACT
Alfalfa has historically been classi ied as moderately sensitive to salinity with yield declines predicted
at >2 dS/m ECe (electrical conductivity of the saturated soil paste extract). However, greenhouse and
ield studies over the past 5 years have con irmed that alfalfa can be grown with limited negative eﬀects
at much greater salinity levels. A broad collection of alfalfa varieties have shown a range of resistance at
irrigation water salinities >5 dS/m ECw in greenhouse trials, with signi icant variation due to variety. A
three-year ield study on clay loam soil using irrigation water of 5-7 dS/m ECw indicated normal yields
and excellent stand survivability. A second ield study in the same soil type with irrigation water
salinities of 8-10 dS/m resulting in soil salinities of 10-16 dS/m ECe (0-3 ft. depth) had yield reductions
of only 9-13% when averaged across varieties, although three of the twenty-one varieties lost more
than 20% yield under these highly saline-sodic soil conditions. Soil boron concentrations under the
high saline (HS) irrigation reached 10 mg/kg total boron, suggesting a very high level of boron
tolerance in the varieties tested. Field evaluation of variety performance was subject to greater
variation due to secondary sodicity eﬀects (poor water in iltration and crusting) than to salinity, perse. Providing adequate irrigation water availability to the crop may be as important as salinity in
impacting yields under basin irrigation with saline-sodic water. Utilization of saline waters for alfalfa
irrigation will likely increase in many irrigated regions due to drought and water scarcity; however,
long term impacts on soil quality and the volume of water required for leaching should be taken into
consideration.
Keywords: Salt tolerance, saline irrigation, alfalfa, sodium, abiotic stress
Introduction
Along with reduced irrigation water supplies, soil salinity is a major problem confronting irrigated
agriculture in the western United States, particularly as we confront a warming climate. As water
supplies become scarcer, there is a greater need to utilize alternative waters for irrigation: these
include saline drainage or well waters, treated municipal ef luent and desalinated water. Based on
water quality standards published by Ayers and Westcot (1985) many of these waters were previously
considered unsuitable for irrigation; however, there are many examples of the successful use of these
waters for irrigation, in particular forage production (Suyama et al., 2007; Grattan et al., 2013). Over
the short term, utilization of saline waters increases our irrigation water supplies, but consideration
should also be given to long-term impacts on soil quality due to salt loading; or to the loss of soil
structure and hydrologic function should these alternative waters be enriched in sodium (saline-sodic
or sodic). For saline waters, leaching can reduce the build-up of salts in the root zone, but salts leached
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deeper in soil can negatively impact groundwater quality or surface water quality should drainage
lows enter nearby water bodies. Furthermore, the need for periodic leaching increases the water
requirement for successful crop production. Special attention should also be given to saline waters that
are enriched in boron, as leaching fractions for boron are much higher than those for salts.
Greenhouse Study (Established Plants, 7-Month Duration)
Nineteen alfalfa varieties, including new materials selected for salt tolerance, were grown in tall pots in
a greenhouse to determine the relative salt tolerance of established plants to saline irrigation (0.5, 5, 10
and 15 dS/m ECw). The cumulative relative yield (7 harvests) indicated that all varieties were fully
tolerant to saline irrigation at ECwof 5 dS/m, and diﬀerentiation of the varieties was apparent only at 10
and 15 dS/m.
The relative yield (RY) for shoots and for root+crown dry matter decreased signi icantly when the
ECwwas > 5 dS/m. Tolerant varieties had a RY for shoot dry matter of 48 to 58%, even at an irrigation
water salinity of 15 dS/m ECw; whereas for sensitive varieties, shoot RY was only 33% to 41% at 15
dS/m (Table 3).
On an absolute basis (cumulative yield for seven cuts), a consistent pattern was observed whereby the
varieties which yielded the highest under non-saline irrigation also yielded the highest at all levels of
saline irrigation; e.g. varieties CUF101, AZNDCST, AZGERMSALTII, FG96T707 and Hybriforce 800 were
Table 3. Relative shoot biomass (% of non-saline control†) of nineteen greenhouse-grown
alfalfa varieties irrigated with diﬀerent levels of salinity (0.5, 5, 10, 15 dS m-1ECw).
Tolerance levels (left column) is based primarily on yields at 10 dS m-1 ECw.
Tolerance

Var.#

Variety Name

T
T
T
T
T
T
MT
MT
MT
MT
MT
MS
MS
MS
MS
MS
MS
S
S
S

18
17
7
9
8
2
13
5
3
12
15
11
14
1
6
20
4
10
16
19

AZGERM SALT II
AZ90NDCST
HYBRIFORCE800
FG96T707
DS067092
SW821S
CW8028
WL656HQ
6906N
CW58S
SW9215
CW48S
DS077661
SW9720
AMERISTAND9019
CUF101(a)
CUF101(b)
CW9S
AZ88NDC
MESA SIRSA

5
98
98
95.5
97.9
95.6
97.6
95.8
97.5
97.2
96.2
96.9
96.2
97.2
96.2
97
94.7
94.6
97
96.1
98.3

Relative Yield (%)
ECw (dS m-1)
10
79.2
77.3
76.2
76.7
75.2
70.3
72.1
69.6
68.3
65.7
64.5
62.2
60.5
57.2
57.9
54.9
54.7
44.6
49.8
45.8

15
57
57.6
56.3
56.6
48
52.6
47.8
46.4
46.4
42.7
43.2
40.8
39.3
41.9
44.3
44.3
43.9
40.6
35.4
32.5

† calculated from cumulative biomass for seven cuts taken during the seven-month experiment.
††AZ = Arizona, FG= Forage Genetics, CW = CalWest (now Alforex), WL=W-L Alfalfa,
SW= S&W Seed.
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the top ive yielding regardless of salinity level (data not shown). Notable was the high biomass
production (absolute basis) of CUF101 under saline irrigation, a variety grown in the San Joaquin
Valley for many years that was not bred for salt tolerance per se. On a relative basis, CUF101 was
ranked as moderately sensitive (Table 1) with large yield reductions for the 10 and 15 dS/m ECw
treatments (as compared non-saline conditions); however, it still yielded higher than most other
varieties at these salinity levels. The other top-yielding varieties under saline irrigation were
materials that were selected for salt tolerance.
For most varieties, Na+ and Cl- concentrations in shoots (and roots + crowns) steadily increased (and K+
decreased) as the irrigation water salinity increased; e.g. shoot Na+ was 1.7 to 2.8 times greater than the
non-saline control at 10 dS/m ECw and 3.0 to 4.8 times greater at 15 dS/m ECw, with the more sensitive
varieties (based on shoot RY) having the greatest increases. Diﬀerences in sodium accumulation
amongst the varieties were greatest at the 7th (last cut) in which case, the most sensitive varieties
accumulated 2 to 3% sodium (= 870 – 1305 mmol/kg) in the shoot tissue at the highest salinity level.
The most tolerant varieties had smaller increases in Na+ and Cl- (and less reduction in K+) in shoot
tissue. Toxic ion exclusion and K+ discrimination (over Na+) may be important traits contributing to
salinity tolerance in these alfalfa varieties.
Field Trial 1 (2009–2012; Basin Irrigation, 5.5–6.5 dS/mECw)
This trial was conducted in a clay loam soil at the University of California Westside Research and
Extension Center (WSREC) in western Fresno County, California, testing the yield response of a broad
range of alfalfa varieties to irrigation waters of 5.5-6.5 dS/m ECwwhich resulted in soil salinities of ~9.0
dS/m ECe by the end of the trial. In this trial, yields were in the normal range for this site (e.g. 12.3
ton/acre average) over the 3 years of saline irrigation (see http://alfalfa.ucdavis.edu/ +producing/
variety/data/2012/09WSFS10-12.htm for data). In fact, in this trial, varieties gained in their yield
potential from year 1 to year 3, with yields increasing from 9.81 to 14.7t/acre, in spite of an increase in
salinity over the period of the trial. This trial was conducted only with saline water (no non-saline
controls) with 6 replications and the varieties were signi icantly diﬀerent over 3 years, ranging from an
average low of 11.1 to a high of 13.3 t/a.
Field Trial 2 (2015-2017; Basin Irrigation, 8-10 dS/mECw)
In this trial, the alfalfa was planted into pre-salinized, clay loam soil (~4 to 5dS/m ECe) and the 24
varieties were challenged with higher salinity water (8-10 dS/m ECw) which resulted in soil salinities
of 9.7 – 15.1 dS/m ECe (0-5 ft. depth) in the high salinity (HS) basin during the second and third year.
The low salinity (LS) basin received water averaging 1.24 dS/m and soil salinities were 3.8 – 4.4 dS/m
ECe (0-5 ft. depth) during this period. Only a 9-13% yield decline was observed over three years of HS
irrigation (Table 4), as compared to the 50-60 percent yield losses predicted by the Maas Hoﬀman yield
loss coef icients.
Trial 2 provided valuable information on the overall salt tolerance of alfalfa, but we were unable to rank
the varieties for salt tolerance due to the lack of uniform salinity (Fig. 14) and soil moisture withinthe
basins. In spite of the replicated plots (4) for each variety and the use of 1 m borders, a signi icant
border eﬀect was observed. Adjustments were made to improve the distribution uniformity of the
irrigation water and to increase the depth of water penetration, but care had to be taken to avoid waterlogging given alfalfa's sensitivity to poorly-aerated soils and irrigation had to cease 10 - 12 days before
harvesting. It was expected that the saline-sodic water used for irrigation in the HS basin would lead to
clay dispersion and reduced in iltration, but at times in iltration was slow in the LS basin as well, due to
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Table 4. Alfalfa variety performance in a three-year ield trial, Five Points, CA

the expanding clay loam soil that swells upon wetting. Small diﬀerences in elevation also created
spatial variability in water in iltration. A third ield trial at WSREC was established in spring 2017,
utilizing subsurface irrigation in combination with surface irrigation (sprinkler systems) to resolve
some of these uniformity problems.
Field Trial 3 (2017-2020; Subsurface Drip Irrigation, 8-10 dS/mECw)
A third variety trial at WSREC established in spring 2017 in non-salinized soil utilizes subsurface drip
irrigation (SDI) to apply the saline water (8-10 dS/mECw), along with occasional sprinkling for salt
leaching. The primary intent is to deliver water more frequently (daily) and directly to the root zone
and to avoid the wide variation in soil moisture that accompanies basin irrigation (soils excessively wet
and poor aeration post-irrigation followed by extensive drying prior to harvest). The drip lines were
buried 30 in. apart and approx. 12 in. deep in the clay loam soil. Thirty-four varieties, including AZ90NDC-ST and AZ-88NDC as salt tolerant and salt-sensitive controls, respectively, and CUF101 as the
public control were planted in 3 x 15 ft. plots replicated four times in a split plot design (Fig. 14). Low
saline control plots receive water of 1–1.5 dS/m ECw. Acid is injected into both the LS and HS irrigation
systems to keep the water pH below 7.0.
Cumulative hay yields (7 cuts) for the irst full year of saline irrigation (2018), averaged 9.60 ton/acre
across all varieties for the high salinity (HS) irrigated alfalfa as compared to 12.3 tons/acre under low
salinity (LS) irrigation. This represents a much higher yield loss (21.8%) as compared to the average
yield loss of 11% observed in Trial 2 over three years of basin irrigation at similar salinity levels. The
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Fig. 14. Plot map showing the four basins (yellow = HS, white = LS irrigation) for the Trial 3 using SDI.

delivery of saline water directly to the root zone of the alfalfa by the SDI could be an explanation, but
yield outcomes cannot be determined from one year of data. Soil salinity data for early in the irst full
growing season (May 2018) reveal that the salinity was highest in the top foot (8.87 dS/m ECe) and
decreased with depth.
Preliminary conclusions
Results from our two basin-irrigated variety trials indicate that alfalfa is much more salt tolerant than
previously thought, similar to the conclusions of Cornacchione and Suarez (2015). These results
suggest that irrigation waters of higher salinity (5 – 8 dS/m ECw) which result in soil salinities of 10
dS/m ECe or higher can be used for basin-irrigated alfalfa grown on deep fertile soils, with potential
yield losses ranging from negligible to 20% over three years, depending on the variety. In spite of
modest yield losses under saline conditions, these are still economically viable yield levels for alfalfa
grown under relatively high levels of salinity. Furthermore, the HS irrigation waters used in our study
averaged 7.0 ppm (mg/L) of boron. Most water quality standards (e.g. Ayers and Wescot, 1985)
consider irrigation waters with boron> 2.0 ppm (mg/L) to have a severe restriction and they should
only be used to irrigate boron tolerant crops. The high yields observed under our HS irrigation con irm
that alfalfa is quite boron tolerant, similar to the results of Maas and Grattan (1999). Furthermore, the
deep-rooted characteristics of alfalfa may enable utilization of deeper subsurface moisture, even at
moderate to high salinity levels.
Although most alfalfa is still surface-irrigated, subsurface drip-irrigation (SDI) is showing promising
results to irrigate alfalfa more quickly and uniformly and to avoid long periods of low soil moisture
when the ield is dried down for harvesting (Putnam et al., 2017). Based on the very limited results
from our SDI trial, we can say that the yield response under saline irrigation may be diﬀerent in this
system and thus we cannot extend our saline irrigation recommendations for basin-irrigated systems
to SDI, as of yet. Two more years of yield data from our SDI trial should allow us to draw some
preliminary conclusions. It will also be more challenging to maintain an SDI system when saline
waters are utilized due to the tendency for salts to clog the emitters.
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Considerations for the use of Saline Irrigation in Alfalfa Production
The long term impact of saline irrigation on soil quality should be considered, including the volume of
irrigation water required to return the soil salinity to levels suitable for most other crops– ideally
below 5.0 dS/m ECe. Therefore, less saline irrigation should be utilized when future rotations would
include more salt-sensitive crops. Soil texture and in iltration characteristics largely determine the
extent to which salts can be leached from saline-irrigated ields and some soils are not easily leached
due to their saline-sodic condition or subsurface impediments. Careful water management during
stand establishment, prevention of crusting, and agronomic practices to promote water in iltration
and prevent ponding will be particularly important to the successful production of alfalfa under salinesodic conditions. When waters are aﬀected by sodicity (high sodium with respect to calcium), the
tendency for sodium to disperse clay particles and break down the soil structure poses signi icant
challenges. Typically, soil amendments such as gypsum are needed to supply calcium and reduce
exchangeable sodium, or soil sulfur can be used to reduce soil pH and solubilize native calcium in the
soil. Use of these amendments is essential, but it also increases production costs. Likewise, when
saline waters are also high in boron, attention should be given to boron accumulation in the soil given
that boron is not easily leached from soil.
When irrigating with saline water, it is dif icult to estimate the resulting soil salinity. This will depend
on the volume and frequency of water application and the leaching fraction which is a function of the
in iltration characteristics of the soil as in luenced by soil texture, structure, EC/SAR ratio, pH and
other soil chemical properties (Suarez et al., 2006).Most yield loss thresholds are based on soil salinity,
thus it is desirable to estimate the resulting soil salinity. A factor of 1.5 is often used (ECe = ECw x 1.5),
but this is for low frequency irrigation and assumes a 15-20% leaching fraction applied at every
irrigation (maintenance leaching) which for the most part, is no longer feasible due to scarce irrigation
water supplies and concerns for leaching nitrate below the root zone. Occasional reclamation leaching
is a more likely scenario but it implies that the soil salinity will increase until it reaches an undesirable
level after which leaching will be employed. With high frequency irrigation such as SDI, however, the
soil salinity may not increase as much above the irrigation water salinity, except perhaps in the surface
layer. Less water may be required for leaching, but to eﬀectively leach salts in an SDI system, sprinklers
may be required. Thus, the irrigation system is key and the ability of the system to maintain adequate
and uniform soil moisture will determine the true outcome under saline as well as non-saline
conditions.
References
Ayers, R.S., Westcot, D.W. 1985.Water quality for agriculture.FAO. Irrigation and Drainage Paper 29 Rev.
1, Food and Agriculture Organization of the United Nations, Rome, Italy. Pp. 174.
Cornacchione, M. and Suarez, D.L. 2015.Emergence, Forage Production and Ion Relations of Alfalfa in
Response to Saline Waters. Crop Sci 55: 444-457
Grattan, S.R., Oster, J.D., S.R. Kaf ka. 2013. Chapter 10: Drainage Water Reuse: Concepts, Practices and
Potential Crops. In: A.C. Chang and D. Brawer Silva (eds.), Salinity and Drainage in San Joaquin
Valley, California: Science, Technology, and Policy, Global Issues in Water Policy 5, DOI
10.1007/978-94-007-6851-2_10, © Springer Science+Business Media Dordrecht 2013.
Maas, E.V., Grattan S.R. 1999. Crop yields as aﬀected by salinity. p. 55–108. In: R.W. Skaggs and J. van
Schilfgaarde (Eds.).Agricultural drainage. Agron. Monogr. 38. ASA, CSSA, and SSSA, Madison,
WI.
Souvenir

57

Golden Jubilee International Salinity Conference-2019

Putnam, D.H., Montazar, A., Zaccaria, D. Kisekka, I., Bali, K. 2017. Agronomic Practices for Subsurface
Drip Irrigation in Alfalfa. In:Proceedings, 2017 Western Alfalfa and Forage Symposium, Reno,
NV, Nov 28-30. UC Cooperative Extension (http://alfalfa.ucdavis.edu)
Suarez, D.L., Lesch, Wood, J.D., Lesch, S.R. 2006. Eﬀect of SAR on water in iltration under a sequential
rain–irrigation management system. Agric. Water Manage. 86: 150-164.
Suyama H., Benes S.E., Robinson P.H., Getachew G., Grattan S.R., Grieve C.M. 2007. Biomass yield and
nutritional quality of forage species under long-term irrigation with saline-sodic drainage
w a t e r : i e l d e v a l u a t i o n . A n i m . F e e d S c i . Te c h n o l . 1 3 5 : 3 2 9 - 3 4 5 .
http://www.sciencedirect.com/science

Souvenir

58

Golden Jubilee International Salinity Conference-2019

Managing Sodic Waters in Agricultural Soils of PunjabA Long-term Perspective
O.P. Choudhary and M.S. Mavi
Department of Soil Science, PAU, Ludhiana-141004, India

ABSTRACT
Sustainable management of the water resources is an international priority to meet the demands of
future population for food and iber. Increasing competition for water due to rapid urbanization and
industrialization is greatly aﬀecting the fresh water allocation for irrigated agriculture. Consequently,
the productivity of irrigated agriculture is low in many parts of the world because of the use of poor
quality of ground water such as sodic water high in carbonates and bicarbonates of sodium. It is
therefore imperative that irrigation development plans are carefully drawn and executed to sustain
crop production and to minimize sodi ication and deterioration of soil physical, chemical and
biological properties over the long-term. The contribution of Indian Punjab in Green Revolution, which
transformed the food security scenario of the country, is a well-known fact. However, this revolution
was accompanied by overexploitation of natural resources mainly soil and water. In Punjab, majority
(69%) of the 42% poor quality ground waters are sodic in nature posing serious threat to sustainable
crop production especially in the south-western region of the state. Since supply of good quality canal
water for irrigation is not guaranteed, large number of farmers in the south-western region of state
have to use poor quality sodic ground-waters for irrigation with harmful impacts on crop productivity.
To prevent degradation of state's land and water resources while meeting country's increasing
demand for food, adoption of relevant and emerging technological interventions for optimally using
poor quality waters in agriculture is imperative/necessary/paramount. In this context, the long-term
research work conducted by Soil Salinity Laboratory, Department of Soil Science, PAU, Ludhiana with
regional stations located at Faridkot and Bathinda focused on managing and developing strategies for
safe and judicious use of sodic waters in agriculture for sustaining crop productivity and maintaining
soil health in these challenging environments. Although the emphasis was placed on managing sodic
water in Indian Punjab, the developed practices are appropriate for many other arid and semi-arid
regions where irrigated agriculture is confronting similar challenges.
Keywords: Sodic water, Poor quality water, Management of sodicity, Crop productivity, Punjab
Introduction
The global population is rising continuously and is expected to reach the 9.5 billion mark in 2050 from the
current 7.2 billion (United Nations, 2012). This increase in population warrants about 60% additional foods
(FAO, 2013). Against this backdrop, the sustainability of water resources is a critical issue for fulﬁlling the
rising water demands of various competitive sectors including agriculture, which is the largest water user
and consumes over 70% of the abstracted freshwater globally (Singh, 2015). The issue has become more
challenging in the light of dwindling resource base due to urbanization, contamination, and climate
change impacts. There is growing realization that increasing number of these countries falling in the arid
and semi-arid climatic zones are approaching full utilization of their surface water resources. What is left
is water of marginal quality and agriculture have to cope with this situation. Therefore, sustainable
development of water resources requires that we respect the hydrologic cycle by using these marginal but
renewable water resources judiciously to avoid scarcity over their long-term use.
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India has one of the largest net irrigated areas in the world (63 Mha in 2009-10) but if one examines the
productivity of irrigated areas at the national level, it is only around 3 t ha-1. The ef iciency of surface
irrigation systems is around 30-40% which implies that at least 60% of the water being supplied is
being lost at various stages in the system. The Indian National Water Policy had clearly enunciated that
to meet the required food grain production of 2050, the ef iciency of surface water use has to increase
to 60% and of ground water to 75%. In addition, the poor quality sodic (containing high carbonates of
Na) and/or saline ground waters constitute a major portion (32-84%) of the total irrigation potential
of ground waters in diﬀerent states of the country. In Punjab, majority (69%) of the 42% poor quality
ground waters are sodic in nature posing serious threat to sustainable crop production especially in
the south-western region of the state(Sharma et al., 2010).In this context, the long-term research work
conducted by Soil Salinity Laboratory, Department of Soil Science, PAU, Ludhiana with regional
stations located at Faridkot and Bathinda focused on managing and developing strategies for safe and
judicious use of sodic waters in agriculture for sustaining crop productivity and maintaining soil health
in these challenging environments(Choudhary et al., 2004, Choudhary et al., 2011b; Minhas, 2012).
However, when properly managed, sodic waters can become a valuable resource for irrigation and
sustaining crop production.
Chemical Composition of Sodic Irrigation Water
2-

-

Sodic waters contain high concentration of dissolved carbonates and bicarbonates (CO3 + HCO3 ) of
sodium (Na+); carbonates greater than chlorides and sulphates; and high proportion of Na+ with
2+
2+
respect to Ca +Mg (United States Salinity Laboratory, 1954). The soluble Na percentage is generally >
75 and the ratio of divalent cations to total cations is < 25 for sodic waters. Residual alkalinity, de ined
as [HCO-3 + CO32-] – [Ca2+ + Mg2+], determines the potential of irrigation water to create alkalinity hazard
in the soil.This has been expressed as residual sodium carbonate (RSC) by Eaton (1950) and is being
used as an index of water-suitability for irrigation of crops in the soil testing laboratories of India. In
general, sodic waters having high RSC test low in EC, some waters termed as saline-sodic test high in
-1
RSC, SAR and EC. Waters having RSC < 2.5, 2.5−5 and >5 meq L are considered to be safe, marginal and
unsafe, respectively (Bhumbla et al., 1972). Presence of CO32-in ground water is more harmful than
HCO3- (Kanwar and Kanwar, 1971). Other parameters for knowing the potential of irrigation waters to
create alkalinity/ sodicity hazards are: Sodium Adsorption Ratio [SAR = (Na)/√(Ca + Mg)/2],
concentrations expressed in mmolc L−1 and new adjusted SAR denoted as (adj. RNa). It is de ined as
Na/√[(Cax + Mg)/2, where Cax represents the Ca in applied water modi ied due to salinity (ionic
−
2+
strength) and HCO3 /Ca ratio (Ayers and Westcot, 1985).
Further, the level of Na saturation in soil determines the possibilities of growing diﬀerent crops
and sustaining high crop production-ef iciency under sodic irrigation systems. Therefore, ability to
predict the extent of ESP build up in soil under long-term sodic irrigation of diﬀerent cropping systems
assumes signi icance for selection of crops and cropping system and planning crop-water-soil
management systems. Results of long-term ield experiments (Bajwa and Josan, 1989a, b;Minhas and
Bajwa, 2001) show that adj.RNa can serve as a useful index to predict the ESP build up in soil under
sodic irrigated millet/maize-wheat rotation, particularly because it does not require the use of any
empirical constant. But for rice-based cropping system, 2.6 times adj.RNa seems to be reliable. As
concept of adj. RNa uses Cax, it oﬀers a better insight into the change in Ca2+ concentration in soilsolution due to release of calcium from soil minerals or its retention/precipitation in soil. Under the
monsoonal climate, development of sodicity upon irrigation with sodic waters depends upon
equilibrium between precipitation of calcite and other salts during irrigation to crops especially in
winter season crops and their dissolution with rain water.
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Strategies Managing Sodic Waters for Sustainable Crop Productivity
Notwithstanding the dif iculties associated with use of sodic water for irrigating crops and the
potential for reduced soil permeability, the fact remains these can be a valuable resource (Murtaza et
al., 2009). Accordingly, if the challenges of sustaining global food supplies are met, it is essential that
the sodic ground waters are used appropriately to sustain crop production. There are two options to
manage and sustain crop productivity in a salt-aﬀected environment; i) modifying the environment to
suit the plant and ii) modifying the plant to suit the environment. Both these approaches have been
used, either individually or in combination, but the former has been used more extensively because it
facilitates alternative production inputs. Practical options for safe use of poor quality waters for
sustainable crop production should focus on improving physical and chemical properties for soils
receiving sodic waters and controlling buildup of sodicity in the soil. Such an approach will not only
add an additional water source in arid and semi-arid areas, but also can minimize the rising water table
problem in shallow water table areas canal command areas of south-western districts of Punjab.
Management strategies to sustain productivity using sodic waters include crop selection, irrigation
management strategies, chemical/organic amendments and fertility management. No single
management practice is able to control sodicity of irrigated soils in itself but rather a combination of
practices is required. Each management option is described separately for better understanding in the
following sections.
Laser Leveling of the Land and Rain Water Harvesting
Suitable land leveling and provision of 30-40 cm high strong bunds for capturing and retaining
rainwater are the essential prerequisites for managing the land irrigated with sodic water. The surface
soil should be protected against beating action of raindrops, which can be achieved through ploughing
the ield in between rains. This practice, besides increasing intake of rainwater helps in controlling the
unproductive losses of water through weeds and evaporation. These practices also promote uniform
salt leaching and self-reclamation through the rain induced dissolution of soil calcium carbonate.
Selection of Suitable Crops and Varieties
The guiding principle is to select suitable crops and varieties capable of producing high yields and
economic returns under varying levels of soil Na saturation for achieving sustainable high agricultural
productivity under sodic irrigation system. This is because crops diﬀer in tolerance to soil salinity and
sodicity/alkalinity (Mass and Hoﬀman, 1977; Ayers and Westcot, 1985), which may form the basis of
selection of crops for growing on soils irrigated with varying levels of sodicity in water. Gupta and Abrol
(1990) proposed the upper permissible ESP limits for diﬀerent crops (Table 5). Most of these crops,
however, show varying levels of sensitivity to increasing levels of alkalinity in soil at diﬀerent growth
stages (germination, early seedling development, and reproductive and grain formation).
Table 5. Relative tolerance of diﬀerent crops to sodicity of soils
ESP Range*
10-15
16-20
20-25
25-30
30-50
50-60
60-71

Crops
Saf lower, peas, lentil, pigeonpea, urdbean, banana
Bengal gram, soyabean, papaya, maize, citrus
Groundnut, cowpeas, onion, pearl-millet, guava, bael, grapes
Linseed, garlic, guar, palmarosa, lemongrass, sorghum, cotton
Mustard, wheat, sun lower, ber, karonda, phalsa, vetiver, sorghum, berseem, senji
Barley, Sesbania, paragrass, Rhodes grass
Rice, sugarbeet, Karnalgrass

*Threshold ESP; Gupta and Abrol (1990)
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Rice and wheat are the crops most commonly recommended for growing in salt-aﬀected soils during
reclamation process as both these crops can tolerate higher levels of salinity and sodicity. However, rice
is not recommended to be grown with saline and sodic waters as rice and other high water requiring
crops need large number of irrigations (24-28) that can appreciably increase the salt load and Na
build-up in the soils and hasten the degradation of the soils. So under poor quality water irrigation, low
water requiring crops that are tolerant or semi-tolerant to the salts should be raised.
Furthermore, crop grown in the previous season greatly in luences the productivity of the crop in the
subsequent season. In a monsoonal climate, crops that favour higher retention and in situ conservation
of rainwater, which is salt-free, result in less sodicity development in the soil pro ile at the end of the
season, providing a better environment for the next crop (Tyagi, 2003). In a 6-year study conducted by
Sharma et al. (2001), three important cropping sequences (rice–wheat, cotton–wheat and
sorghum–wheat) were compared in terms of their productivity when irrigated with sodic water. The
productivity of the rice–wheat system was higher than the sorghum–wheat and cotton–wheat systems. In
more arid areas, where fresh water during the rabi season is scarce, similar trends were observed with
mustard, which replaces wheat because of its high salt tolerance and requirement of only one or two postsowing irrigations compared with four or ive irrigations in case of wheat (Tyagi, 2003).
Choudhary et al. (1996a,b) reported that tolerant wheat genotype had penetrative root system and
higher spike density than the sensitive ones. Varieties of crops having high yield potential should be
preferred over those having lower yield potential. A typical example is that of high yielding wheat
-1
cultivar PBW-343 that can produce high yield even with irrigation waters having RSC upto 6.5 me L
without any substantial loss in grain yield and grain quality (Choudhary et al., 2007, 2012a). Long-term
experiments show greater reduction in productivity of sodic irrigated wheat grown after high
irrigation requiring rice crop as compared to that grown after low irrigation requiring millet and
cotton crops. As build-up of ESP under sodic irrigation system is the maximum in the surface soil and it
decreases with depth (Bajwa and Josan, 1989a,b,c; Choudhary et al., 2004), adequate information
needs to be generated about tolerance and production-ef iciency of diﬀerent crops (varying in rootingbehaviour) in soils undergoing sodi ication due to long-term sodic irrigation. The response of wheat
cultivar PBW 343 to sodicity (RSC) of irrigation water was in luenced by the number of irrigations and
amount of annual rainfall (Fig. 15). Subsequently, Choudhary et al., (2012a) concluded that that
cultivar PBW 343 should be preferred over other wheat cultivars (PBW 550 and PBW 502) to obtain
acceptable yield levels without any loss in grain quality in soils irrigated with sodic waters containing

Fig. 15. In luence of rainfall on the response of ‘PBW 343’ to RSC (me L-1) of irrigation water in diﬀerent years
(Source: Choudhary et al., 2007)
Souvenir

62

Golden Jubilee International Salinity Conference-2019
-1

RSC > 5 me L . Nutritional imbalance in soil-plant system may develop due to severe reduction in Ca
concentration (below 2 meL-1) in soil solution (Rhoades et al., 1992) with increase in Na saturation in
soil. Sodicity tolerance of crop plants also depends upon the ability of plant-roots to exclude Na and
absorb nutritionally adequate amounts of Ca (otherwise de icient under sodic soil environment).
Crops having higher tolerance to soil Na saturation have also been reported to maintain relatively
higher Ca/Na and lower Na/K ratios in shoots (Bajwa, 1982; Choudhary et al., 1996b) by restricting
Na absorption (Gill and Qadir, 1998).
Growth and yield of three cotton cultivars were adversely aﬀected by long-term irrigation with sodic
waters having RSC of 5, 10 and 15 me L-1 (Choudhary et al., 2001). Compared with the canal water (CW)
treatment, relative seed-cotton yield under ESP of 56.2 was 69% in F-846, 49% in LD-327 and only
29% in F-505. Cultivar F-846 produced larger bolls than the other two cultivars under irrigation with
higher RSC waters. The harmful eﬀects on ibre quality (2.5% span length and bundle strength)
observed in F-505 and LD-327 at an ESP of 56.2 in the soil were not observed in case of F-846. Among Bt
cotton hybrids, RCH 134 was observed to perform better than MRC 6301 and MRC 6304 (Choudhary et
al., 2012b).
Concerted eﬀorts over the past four decades have resulted in the development of promising salttolerant varieties in rice, wheat and mustard, but there is a growing realization, however, that exclusive
focus on breeding for salt tolerance would no longer work and that the development of multiple stresstolerant crop genotypes must be prioritized by integrating molecular and genomics tools with
conventional breeding approaches (Sharma and Singh, 2015). In spite of the availability of a number of
improved selections, only a few have become popular among the farmers. The major reasons behind
limited adoption by the farmers are low level of salt tolerance relative to the locally adapted landraces
and poor grain quality (Singh et al., 2010). The recent trends in the development of salt-tolerant rice
cultivars include greater emphasis on quantitative trait loci (QTL) mapping and marker-assisted
breeding for introgression of markers tightly linked to the submergence tolerance gene (SUB1) and
QTL for sodicity tolerance at the seedling stage (qSAL-TOL) in the background of high-yielding
cultivars (Singh et al., 2010).
Use of Amendments to Alleviate Impacts of Sodic Irrigation Water
Chemical amendments
The adverse eﬀects of alkali water irrigation on physico-chemical properties of soils can be mitigated
by the application of chemical amendments that provide soluble calcium to replace exchangeable
sodium adsorbed on clay surfaces. There are two main types of amendments: those that add calcium
directly to the soil and those that dissolve calcium from calcium carbonate (CaCO3) already present in
the soil.
Calcium amendments include gypsum (hydrated calcium sulfate) and calcium chloride. Gypsum is
moderately soluble in water and is the most commonly used chemical amendment. Calcium chloride is
highly water soluble and fast acting, but it generally is too expensive. Acid-forming, or acidic
amendments include sulphuric acid, elemental sulphur and pyrite. Sulphuric acid reacts immediately
with the calcium carbonate in the soil to release soluble calcium for exchange with sodium. Elemental
sulphur and pyrite must be oxidized by soil bacteria and react with water to form sulfuric acid. The
formation of sizeable amounts of sulphuric acid from these materials may take several months.
Calcium carbonate must be present in the soil when acid or acid-forming amendments are added
(Choudhary, 2017).
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Table 6. Relative quantities of diﬀerent amendments compared with gypsum
Amendment
Sulphur
Lime-sulphur
Sulphuric acid
Iron sulphates (FeSO4.7H2O)
Aluminium sulphate Al2(SO4)3.18H2O)
Limestone (CaCO3)

Tonnes equivalent to 1 tonne of gypsum
0.18
0.75
0.57
1.62
1.27
0.58

Source: Choudhary (2017)

Choice of amendment is made mainly on the basis of the cost of the soluble calcium furnished directly
or indirectly by the amendment, the speed of the reaction and ease of its application (Table 6).
The need for gypsum application for ameliorating the sodic irrigation eﬀects is of the recurring nature
in contrast to reclamation of an alkali soil. Application of gypsum has earlier been recommended when
RSC of irrigation water exceeded 2.5 me L-1. However, later researches have shown that factors such as
the level of the deterioration of the soil, cropping intensity and the water requirements of the crops will
ultimately decide the amount of gypsum required. The amount and type of chemical amendments
required to reclaim a sodic environment will also depend on crop tolerance to sodicity and economic
condition of the farmers which will dictate desired level of replacement of exchangeable
sodium.Sustainable yields of crops in rice-wheat system, irrigated with alkali water (RSC > 4) are
possible with occasional application of gypsum and FYM. Based on long-term investigation, it has been
-1
found that gypsum to supply 2.5 and 5.0 me L to sodic irrigation water for wheat and rice, respectively,
was suf icient for maintenance of higher yields (Minhas and Bajwa, 2001). Bajwa and Josan (1989a)
found that gypsum applied with each irrigation and gypsum applied on cumulative basis were equally
eﬀective for wheat crop but in case of rice, gypsum applied with each irrigation particularly under high
RSC water irrigation showed an edge over its cumulative application.
In a long-term experiment (10 years) on sugarcane, Choudhary et al. (2004) observed that the
bene icial eﬀect of gypsum was pronounced in increasing cane and sugar yield under sodic (30 %) than
under saline-sodic water irrigation (13 %).
Organic amendments
It is generally accepted that additions of organic materials improve sodic soil conditions through
mobilization of Ca2+ from CaCO3 and hasten the reclamation process. Choudhary et al. (2011a)

Fig. 16. Cumulative yield loss in response to sodic water irrigation compared to good quality canal water over
the years. Source: (Choudhary et al., 2011a)
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observed that continual irrigation with sodic water (SW) resulted in the gradual increase in soil pH and
exchangeable sodium percentage (ESP) in a calcareous soil. Signi icant harmful eﬀects of SW irrigation
were observed after 7-9 years in rice and wheat grain yields while adverse eﬀects were not
2+
pronounced in the initial years (Fig. 16). It was conclusively found that with mobilization of Ca from
CaCO3 during decomposition of organic materials such as farmyard manure (FYM), green manuring
(GM, Sesbania aculeata), the need of gypsum required for controlling the harmful eﬀects of sodic water
irrigation can be eliminated in rice-wheat cropping system in calcareous soils.
The application of wheat straw before rice transplanting, was less eﬀective than FYM and GM in
increasing rice yield over SW alone treatment but was at par with GM in its residual eﬀect on the
following wheat yield.
In sugarcane crop, FYM was found to be more eﬀective under saline-sodic (38%) than under SW
irrigation (23%) (Choudhary et al., 2004). Relative to CW treatment, there was no decline in yield up to
an ESP of 12: a level that can be maintained under long-term SW irrigation through application of
gypsum and FYM. Complimentary eﬀects of these amendments in improving sugar yield were
-1
observed under sodic irrigation (12.3 t ha ). In case of saline-sodic irrigation, sugar yield under FYM
-1
treatment (10.8 t ha ) was on par with gypsum plus FYM treatment but was signi icantly higher than
under the gypsum treatment (9.0 t ha-1). It suggests that sustainable cane and sugar yields with good
quality juice can be obtained by applying gypsum/FYM or both under sodic and only FYM under
saline-sodic water irrigated soils. Of late, biochar, a carbon-rich, porous product formed due to
thermo-chemical conversion of biomass at temperature around 350-700 °C under low oxygen
conditions (Amonette and Joseph, 2009) have received immense global importance as an organic
amendment in the ield of sustainable agricultural waste management. Apart from its C stabilizing
eﬀects, biochar has been shown to increase microbial activity and biomass due to the presence of labile
C fractions in semi-arid climate of Punjab (Singh and Mavi, 2018; Mavi et al., 2018). Enhanced soil
available nutrients, adsorption of toxic compounds and improved soil pH status, all could be an
explanation for the positive impacts of biochar application on soil lora (Lehmann et al., 2011).
Besides, biochar improves soil structure due to its bene icial eﬀects on pore and particle size
distribution, bulk density and water holding capacity of the soils (Kammann et al., 2011).
Consequently, Singh et al. (2018) reported that application of higher rates of rice-residue biochar (24%) helped microbial community to override the negative eﬀects of elevated salt concentrations
because of release of labile substrates from biochar and partially due to its ability to sorb salts
temporarily from the soil. Similarly, Chahalet al. (2017) also indicated that biochar supports growth
and activity of microorganisms, possibly by providing intrinsic labile organic components for
microbial proliferation and therefore, could be utilized as a potential amendment for ameliorating the
salt-aﬀected soils.
Fertility Management
Excess salts in the soil solution, high pH and excessive exchangeable Na, and adverse soil physical
properties due to long- term use of sodic waters in luence the transformations and availability of
native and applied fertilizer nutrients.
Nitrogen
In the presence of Na and salts, N use ef iciency usually declines. The slow N transformations were due
to reduction in microbial population with increase in ECe and pH. It has been have shown that
nitri ication is more sensitive to salts than ammoni ication process, resulting in accumulation of NH3
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and nitrites (Pathak and Rao, 1998). Urea hydrolysis became slower with increase in salinity/sodicity
(Singh and Bajwa, 1986). Ammonia volatilization is a major loss mechanism in sodic soils and sodic
water irrigated soils. It increased with increase in EC, RSC and SAR of irrigation waters. Losses as high
-1
as 37% and 40% were observed under soils receiving irrigation waters having 15 me L RSC and 4 dS
-1
m EC, respectively. To decrease losses of N and increase N use ef iciency, splitting of fertilizer N so as to
match crop demands at diﬀerent growth stages, deep incorporation, slow release N-fertilizers and
application of urease inhibitors have been found to be useful. Generally, application of higher dose (2550%) of N than that for normal soils constitutes one strategy to overcome the adverse eﬀects of salinity.
But it has been observed that when salinity/sodicty is not a limiting factor, applied N fertilizers will
increase the yields of crop proportionally more than when the salt stress becomes a limiting factor.
Nevertheless, for improving N use ef iciency, a better strategy seems to be to substitute a part of
inorganic fertilizer requirements through organic materials. Addition of FYM will help in improving
the physical properties of soil, increased moisture retention and decreased nutrient losses. Following
+
the application of N through inorganic fertilizer sources, a large pool of NH4 liable to be lost through
volatilization is bound by applied organic matter temporarily binding the ammonical N and
subsequently release N to crops during its growing season. Further, the composition of salts in alkali
environment in luences the choice of fertilizers for crops. Bajwa and Singh (1992) observed that under
looded alkaline soil conditions, urea, ammonium sulphate and ammonium chloride placed in reduced
zone produced similar rice yields whereas nitrate containing fertilizers were appreciably inferior. In
+
case of wheat, eﬀectiveness of fertilizers containing both NH4 -N and NO3 -N was similar. The
reclamation of sodic soils has been found to decrease N losses due to volatile ammonia (Bajwa and
Singh, 1992).
Phosphorus
High alkalinity in soil and water results in the conversion of native insoluble Ca-P to soluble Na-P.
Therefore, water soluble P increases with soil pH and sodicity. Thus, during early stages of reclamation
and under conditions where farmers add lower doses of gypsum, the soils release suf icient P in soil
solution (Chhabra, 1985).When sodic soils were reclaimed using amendments and growing rice under
submerged conditions, Olsen's extractable P of surface soils decreased due to its movement to lower
layers, and uptake by the crop (Swarup, 1998). Decrease in ESP and pH of the soil upon reclamation
leads to increase in sorption of soluble P.
The critical value below which crop responds to applied P varies greatly with the nature of the crop,
stage of soil reclamation and initial soil test value. Rice and wheat crops grown on freshly reclaimed
alkali soils (i.e. during initial 3-5 years) have not been found to respond to the application of phosphatic
fertilizers. But when this surface soil layer gets depleted, rice crop having shallow root system starts
responding to P fertilization. Wheat plants with a relatively deeper root system can absorb P from the
lower layers also and do not respond to applied P for 3 to 5 years. Further, considering contributions
from the sub-surface soil, lower doses of P should be enough to get optimum yields of rice crop in alkali
soils. All phosphatic fertilizers containing water soluble P are more eﬀective than those containing
wholly or partially water insoluble P. Single superphosphate (SSP) is a better source of P than other
phosphatic fertilizers as it contains some amount of calcium sulphate (Swarup, 1998).
Potassium
In sodic soils, high contents of Na and de icient amounts of Ca result in decreased uptake of K by the
plants. Potassium content in plants had been found to be related with K/Na ratio and not with the
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absolute concentration of K (Chabbra, 1985). Alkali soils of Punjab and Haryana generally contain very
high amounts of available K due to the presence of illitic clay mineral (Swarup and Chhillar,
1986).Application of K fertilizers in these soils neither increased K contents of plants nor yields of rice
and wheat. Nevertheless, crop response to K nutrition depends upon the cultivar and its capacity to
selectively absorb K under strong antagonistic eﬀect of Na. Joshi et al. (1980) reported that tolerant
wheat cultivars accumulated more K and less Na than the sensitive varieties and suggested that Na/ K
ratio may be used as an index for predicting varietal sensitivity to high soil Na saturation.
Yaduvanshi and Swarup (2005) based on the results of long term ield trials conducted on alkali soils
concluded that the contribution of the non-exchangeable K towards total potassium removal was
about 94.9 % in the absence of applied K which decreased 69.9 % with use of K.
Micronutrients
Long term irrigation with sodic water decreases the availability of micronutrients such as Zn and Fe
resulting in de iciency of these nutrients, particularly so in arid and semi-arid regions where soils are
generally calcareous. Besides being poor in available Zn, the use ef iciency and recovery of applied Zn is
further adversely aﬀected due to 85-90 per cent ixation of applied Zn (Chauhan et al., 1999).The
solubility of Zn in sodic soils/sodic-water irrigated soils is controlled by the solubility of Zn(OH)2 and
ZnCO3, which are the immediate reaction products. Sadana and Bajwa (1985) found that addition of
FYM, pyrites and gypsum shortened the period of predominant existence of Zn(OH)2-Zn2+ (aq.) system
which increased the solubility and thereby availability of zinc in sodic soils. Bajwa et al. (1992)
observed that nine years of sodic irrigations caused signi icant decline in DTPA-extractable
micronutrients. This decline was more pronounced in rice-wheat than in millet-wheat crop rotation.
Rice crop, though tolerant to soil sodicity, is sensitive to Zn de iciency which may appear 15 to 21 days
after transplanting in the form of brown spots on fully matured leaves causing stunted growth and
ultimately severe yield reductions (Takkar and Nayyar, 1981). Therefore, application of Zn is an
important requirement along with gypsum for optimum crop yields in sodic/sodic-water soils (Singh
and Bajwa1987). In sodic soil amended with 10 to 15 t ha-1 of gypsum and 10 to 20 kg ZnSO4 ha-1 was
enough to meet Zn requirement of crops. The occurrence of Zn de iciency in rice crop could also be
prevented by application of FYM and green manure due to reduction in soil pH and ESP and thereby
enhanced availability of soil Zn.
Singh (1970) observed that in most soils, exchangeable and active Mn were negatively related with pH
and CaCO3. Application of gypsum, green manuring and soil submergence lowered pH, pE and
2+
increased Mn concentration in the equilibrium solution (Sadana and Bajwa, 1985). In gypsum
amended alkali soil, growing rice and wheat for two decades resulted in a decline in DTPA extractable
Mn to 2.7 mg kg-1 soil. Due to auto-oxidation of Mn, it is very dif icult to correct Mn de iciency by soil
application of MnSO4. Foliar application of Mn is, therefore eﬀective and economically better than soil
application. Repeated sprays (3-4 times) of 1% MnSO4 solution are needed to correct de iciency of Mn
in upland crops (Swarup, 1998).
Irrigation management
Conjunctive use
Combined use of canal and sodic waters is a good option for reducing sodicity hazards of irrigation
water on soil health and crop productivity. This is particularly true in situations where canal water
supplies are either un-assured or inadequate and farmers often pump sodic groundwater for
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Table 7. Eﬀect of cyclic use of sodic and canal water on crop yields (t ha-1) under various crops
and cropping systems
Irrigation
Treatments
Canal water (CW)
Sodic water (SW)@
2CW:SW
CW:SW
CW:2SW
SW:2CW
SW:CW
2SW:CW
LSD (p=0.05)
Sodic water (SW)@
2CW:SW
CW:SW
CW:2SW
SW:2CW
SW:CW
2SW:CW
LSD (p=0.05)

Rice-wheata
Rice
Wheat
6.78
5.43
4.17
3.08
6.67
5.22
6.30
5.72
5.72
4.85

0.60
4.17
6.67
6.30
5.72

0.50
3.08
5.22
5.72
4.85

0.60

0.50

Cotton-wheat
Cotton
1.32
0.95
1.26
1.21
1.15
1.22
1.08
1.02
0.18
0.95
1.26
1.21
1.15
1.22
1.08
1.02
0.18

Cotton-sun lowerc
Wheat
Sun lower
5.20
3.28
4.43
2.55
5.10
2.99
4.95
2.88
4.70
2.67
4.82
3.01
4.70
2.80
4.75
2.69
0.21
0.22
4.43
2.55
5.10
2.99
4.95
2.88
4.70
2.67
4.82
3.01
4.70
2.80
4.75
2.69
0.21
0.22

a1981-1985; b & C 1996-2002: @ RSC > 5 me L-1
(Source: Bajwa and Josan, 1989a; Choudharyet al., 2006; Choudhary and Ghuman, 2008)

supplemental irrigation. For ef icient use, good quality waters can be used to grow sensitive crops and
sodic waters for tolerant crops. In some situations, poor and good quality waters are available either
simultaneously or at intervals. The appropriate options include (i) diﬀerent quality waters can be
blended in the supply network making tailor-made water available for each crop and all soil conditions
(Minhas and Gupta, 1992), (ii) alternating the use of good and poor quality water (Choudharyet al.,
2006; Choudhary, 2017) and, (iii) switching these water sources according to critical stage of crop
growth during the growing season. Alternating irrigations with good quality and sodic waters
maintained the ESP at relatively lower levels and helped in sustaining good yields of rice and wheat
(Table 7), sun lower and cotton.
Choudhary and Ghuman (2008) observed greater decline in seed-cotton yield (16.5% year-1) than that
in wheat yield (5.9% year-1). Compared with the SW treatment, yield of cotton and wheat were higher
(93-98%) when the irrigation cycle started with CW and involved one SW (2CW:SW, CW:SW). The
yields of cotton and wheat also remained higher in an irrigation cycle starting with SW followed by
2CW irrigation (SW:2CW). But with cycles (SW:CW, 2SW:CW) involving one CW, the decline in seedcotton yield was relatively greater (18-23%) than in the wheat yield (10%) after six years.
Long-term sustainability of 2CW:SW, CW:SW and SW:2CW was af irmed during the next 6 years (7-12
years) when optimum wheat and cotton yields (90-96% RY) were achieved (Choudhary, 2017). This
trend was also con irmed by sustainable yield index values after 6 and 12 years (Table 8). The SYI
indicating the minimum guaranteed yield as referenced to the maximum observed yield (Ymax) with
canal water (CW). It ranged from 0.55-0.57 for cotton and 0.81-0.83 for wheat in 2CW:SW, CW:SW and
SW:2CW treatments after 12 years, respectively. The SYI values were higher by 0.06-0.11 for cotton
and 0.10-0.15 for wheat compared with that of CW:2SW, SW:CW and 2SW:CW treatments. Overall
lower SYI values for cotton might have resulted due to large variability in seed-cotton than wheat yields
in diﬀerent years. It suggests that although pre-sowing irrigation to cotton should be given always with
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Table 8. Eﬀect of diﬀerent irrigation cyclic modes on crop yields (t/ha) under cotton- wheat
rotation in diﬀerent time periods
Irrigation treatments/
Wheat
Cyclic modes
1996-97 to 2001-02
2002-03 to 07-08
Mean
SYI#
Mean
SYI
CW@
5.20f*
0.79
5.21d
0.85
SW
4.43a
0.65
4.07a
0.61
2CW:SW$
5.10ef
0.77
5.01d
0.83
CW:SW
4.95cd
0.75
4.88cd
0.81
CW:2SW
4.70b
0.72
4.61bc
0.73
SW:2CW
4.82bcd
0.73
4.88cd
0.81
SW:CW
4.70b
0.71
4.63bc
0.73
2SW:CW
4.75bc
0.73
4.31ab
0.66

Cotton
1997 to 2002
2003 to 2008
Mean
SYI
Mean
SYI
1.32d
0.54
2.02d
0.55
0.95a
0.41
1.31a
0.35
1.26cd
0.53
1.93cd
0.57
1.21bcd
0.51
1.85bcd
0.55
1.15bcd
0.49
1.64abcd
0.51
1.22cd
0.56
1.82bc
0.55
1.08abc
0.47
1.59abc
0.45
1.02ab
0.42
1.52ab
0.44

@ CW – Canal water; SW- Sodic water; $ Cyclic use of 2CW and one SW irrigation
* Means sharing the same letter(s) in a column do not diﬀer signi icantly at p<0.05 according to DMRT; # SYI – Sustainable yield index
Source: Choudhary (2017)

good quality CW for ensuring better germination of cotton, sustainable seed-cotton yield can also be
obtained even with occasional pre-sowing irrigation with SW followed by 2CW irrigations (SW:2CW).
This treatment simulates the situations where availability of CW is not assured at the time of sowing. It
is due to lower build-up of ESP (ESP<10 in the 0-0.30 m soil layer) in this treatment (similar to that
2+
observed in 2CW:SW) controlled the precipitation of Ca as CaCO3. However, decrease in seed-cotton
yield was relatively more (18%) than in wheat (10%) when pre-sowing irrigation was given with SW in
a cycle involving only one CW (SW:CW and 2SW:CW) during irst 6 years. Relatively higher build-up of
ESP in these two treatments possibly deteriorated physical properties of soil to which cotton crop is
more sensitive at germination stage. Higher reduction in seed-cotton (25%) and wheat yields (17%)
during 7-12 years suggested that these cyclic treatments were not sustainable on a long-term basis for
cotton-wheat system.
Irrigation interval
A general recommendation under sodic soil conditions is to apply light and frequent irrigations for
overcoming the eﬀects of poor hydraulic properties of soils. Under arid conditions, higher
transpiration rates from wetter soils due to frequent saline irrigations may lead to increased soil
solution salt concentration (1.5 to 2.0 folds) adjacent to growing roots, thus disapproving the case for a
higher irrigation frequency.
In a long-term study, Bajwa et al. (1993) reported that crop responses to short irrigation intervals
involving sodic and saline-sodic waters depended upon the season in which crop was grown and its
relative salt and Na tolerance. Frequent irrigations in during summer season moderated the soil
temperature and thus, increased crop yield over the long irrigation intervals
Irrigation method
The distribution of water and salts vary with the method of irrigation. The surface irrigation methods
such as border strips check basins and furrow are the oldest and are most commonly practiced in India.
However, these irrigation methods generally result in excessive irrigation and non-uniformity in water
application. Consequently, on-farm irrigation ef iciency is low (50-60%) (Minhas, 2012). The drip
irrigation has revolutionized the production of some high value crops. Due to formation of wetting
front by the movement of water due to regular and frequent water supply in drip irrigation, salts are
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Fig. 17. Tomato fruit yields (t ha-1) as in luenced by RSC of irrigation water under drip and furrow irrigation
(after three years in 2003-04)
Source: Choudhary et al. (2010)

pushed away towards the periphery of the front. Thus, drip irrigation has the potential to enhance the
threshold limits of crop salt and Na tolerance by modifying the pattern of salt distribution. This
resulted in superiority in water use ef iciency and yield, as well as size and quality of vegetables. While
irrigating tomato crop with sodic waters high in bicarbonates, Choudharyet al. (2010) observed that
eﬀects on soil physical and chemical properties can be severe in furrow than in drip-irrigation. On the
other hand, better soil moisture conditions and lesser deterioration in soil properties when irrigated
with medium and high RSC water under drip irrigation can lead to higher tomato yields than under
furrow irrigation (Fig. 17).
Leaching requirement
The irst requisite for crop production in saline soils is to lower salinity to acceptable limits, which is
accomplished through process of leaching. The extent of leaching required during reclamation
depends upon initial salinity, salt tolerance of crops to be grown, and depth of water table.Another
recommendation is the application of excessive water to meet the leaching requirement (LR) and
maintain a desirable salt and water balance in the soil having adequate drainage. The concept of LR for
achieving salt balance holds good for situations with very low rain fall. But it is of natural occurrence in
monsoonal type climate where rains are concentrated in 2-3 months. In general, LR increases with
salinity of water supply and sensitivity of the crop for salinity. However, 30-50% higher salinity build
up even in light textured soil was observed when 50% extra saline water was applied to meet the
leaching requirement. Even under alkali water irrigation, salinity control could not be achieved by
applying 50 % extra water under rice-wheat and maize-wheat systems (Minhas and Bajwa, 2001;
Choudhary et al., 2011b). Rather such a practice resulted in 40-50% higher build-up of ESP and salts
which lowered crop yields. The general strategy to use more ef iciently the monsoon rainwater to take
care of LR and to maintain low salt build up in the root zone soil seems to be more helpful.
Conclusions and Future Research Needs
Recent trends suggest that use of sodic waters for irrigation for crop production will increase in future.
But indiscriminate use of these sodic waters can directly and indirectly aﬀect the soil physical,
chemical, and biological properties and reduce crop growth, yield and quality. Therefore, adopting sitespeci ic management options are crucial for controlling build-up of salts in soils ensuring their safe use for
sustainability of crop production. Selection of crops, cropping patterns and crop varieties that produce
satisfactory yields under Na-rich environments are important. Conjunctive use options with canal water,
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appropriate irrigation methods and scheduling, and leaching strategies are crucial and critical to reduce
Na and salt build-up in soil and maintain crop yields. The optimal use of chemical amendments and
fertilizers including time and mode of their application and their combined and judicious use along with
organic materials will ensure better utilization of these inputs to ameliorate the soil and water sodicity
and, thereby reduce wasteful losses of water and nutrients. Microbial-mediated calcite dissolution to
reduce soil and water sodicity looks promising and should further be explored.
We believe that that the time has come to consider these sodic ground waters as useful resource rather
than the environmental burden. Adopting speci ic systems of management while using these sodic
waters should therefore give us an opportunity to shift from subsistence farming to progressive
farming. A holistic approach should also consider long-term sustainability of employing management
and amelioration eﬀorts while using sodic water irrigated lands not only in terms of crop productivity
but also environmental implications and socio-economic impacts of these initiatives will be expected
to have on the livelihoods of the aﬀected farming community.
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ABSTRACT
Current annual crop productivity losses due to irrigation induced salinity are estimated at US$ 27
billion for the world and US$ 1.2 billion for India. Of the 6.74 million ha salt-aﬀected lands in India,
severely waterlogged saline soils occur in about 2 million ha area in arid/ semi-arid alluvial
northwestern states and about 1 million ha each in coastal and black cotton heavy soil (Vertisol)
regions. The waterlogging and soil salinity related losses in irrigation commands of India are likely to
magnify several folds with a projected increase of such areas to 13 million ha by 2025 and to 20 million
ha by 2050 due to climate change and enforced use of saline/ alkali groundwater in north-western and
southern states. Besides surface drainage, engineering technologies of subsurface drainage (SSD) and
tubewell drainage and bio- drainage through high transpiring trees are extensively applied for control
and amelioration of waterlogging and soil salinity. While water table control in fresh groundwater
regions is commonly achieved by tubewell pumping, subsurface drainage is almost mandatory in
waterlogged and saline groundwater regions. In absence of clear guidelines, there often remains
considerable ambiguity in the selection of the most appropriate drainage method for any aﬀected area.
This paper presents the basic features of SSD and vertical drainage approaches for management of
waterlogged saline irrigated lands. About 62000 ha waterlogged saline soils have been reclaimed
with SSD in India with notable improvement in crop intensity and yields, land value and farmers'
income. Monitoring and evaluation of a number of SSD projects have reiterated that high cost,
environmental issues relating to disposal of saline drainage ef luent and continuous pumping
requirement during post- reclamation phase are the major deterrents to the long-term success of this
technology. The presented variants of vertical drainage include diﬀerent skimming and recharge
structures used respectively for selective abstraction of fresh water loating in a thin layer over native
saline groundwater and for disposal of excess lood water from agricultural ields. Finally a
methodology, based on a water table depth and groundwater salinity linked criterion, has been
presented for identi ication of most critical areas for priority implementation of SSD projects in
Haryana.
Introduction
Irrigated agriculture, contributing about 40 % of global agricultural production from 20 % of the
cultivated area is under stress due to stiﬀ competition from domestic, industrial and recreational
sectors and with rising water costs, increased environmental restrictions and reduced irrigation
supplies. To aggravate the problem, waterlogging and soil salinization are adversely impacting crop
productivity (Scheumann and Freisem, 2002) in canal irrigated agricultural areas in arid, semi-arid
and sub-humid regions of several countries including India. Waterlogging, meaning excess soil
moisture in the crop root zone, results from rise of watertable to within 2 m of soil surface due to deep
percolation losses from irrigation ields and/ or seepage from surface irrigation network. In arid and
semi- arid regions having shallow saline groundwater and high evaporative demand, waterlogging
-1
often leads to secondary soil salinity. Saline soils have high concentration of soluble salts (ECe> 4 dS m ,
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pHs< 8.2, ESP <15) in the root zone which create salt and aeration stresses to limit crop productivity.
Amongst the key irrigated countries, India, China, USA, Egypt, Australia and Pakistan have the
maximum irrigated and salt aﬀected area (Ghassemi et al., 1995). The threat to global crop
production due to irrigation-induced salinity is serious and losses at more than US$ 27 billion per year
are substantial (Qadir et al., 2014). In the Indo- Gangetic alluvial plains of Indian subcontinent,
waterlogging and salinity have dealt a serious blow to agricultural sustainability and farmers'
livelihood (Datta and De Jong, 2002; Bhutta and Smedema, 2007). Of 6.74 million ha salt-aﬀected lands
in India, about 3.0 million ha area is suﬀering from irrigation-induced salinity in diﬀerent canal
commands. Of these, severely waterlogged saline soils occur in about 2 million hectare area in the arid/
semi-arid parts in the northwestern states of Haryana, Punjab, Rajasthan, and Gujarat. More than 1
million salt-aﬀected soils each in coastal and black cotton heavy soils (Vertisol) regions in
Maharashtra, Karnataka, Gujarat, Andhra Pradesh and Telangana states have speci ic moisture stress,
impeded drainage and salinity problems which need special preventive and curative interventions.
ICAR-CSSRI has estimated the annual crop production and monetary losses due to soil salinity in
India as 5.66 million tonnes and INR 80 billion (US$ 1.2 billion) respectively (Sharma et al., 2015). It
is projected that about 13 million ha area in irrigation commands of India will be aﬀected by
waterlogging and soil salinity by 2025; increasing use of saline/ alkali groundwater in several Northwestern and Southern states and the impending climate change may further accentuate the hazard to
over 20 million ha by 2050 (Anonymous 2015). Besides surface drainage, other engineering
interventions for control of waterlogging and soil salinity include subsurface drainage (SSD) (also
called relief drains) and vertical drainage by tubewells, both having a number of variant technologies.
Besides engineering approaches, bio- drainage approach involving removal of excess soil water
through rapid transpiration by deep rooted trees like Eucalyptus has been successfully applied for
prevention of waterlogging and soil salinity in India and several other countries, especially Australia.
This paper presents the basic features and progress of subsurface, and vertical drainage approaches
implemented for control of waterlogging and soil salinity in irrigated lands of India. In the last section,
a methodology has been presented for identi ication of critical and potentially critical waterlogged
saline areas of Haryana, most suitable for reclamation through SSD based on a watertable depth and
groundwater salinity linked criterion.
Features and Scope of Drainage Approaches
Surface Drainage: Surface drainage is the most important drainage technique in the humid and
sub- humid zones where overland low is the major component of excess water movement to major
drains or natural streams. The technique normally involves the excavation of open trenches/drains
and is most commonly applied on heavier soils where excess rainfall cannot percolate fast through the
soil pro ile due to slow in iltration rates. One day water stagnation due to absence of adequate surface
drainage measures can result in 2 to 8% losses of crop yields; the corresponding losses may be as high
as 20-48% for 6 day water stagnation (Bhattacharya 2007). A surface drainage coef icient of 5- 7
l/sec/ha has been reported to be provide adequate safety to most Kharif crops against waterlogging in
humid regions having ~1000 mm annual rainfall in India. Bhattacharya (2007) also reported that
surface drainage are economically viable with yield bene its ranging from 20-28% in sugarcane, 2025% in paddy, 32% in gram and 50% in Indian bean.
Subsurface Drainage (SSD) System: SSD has been a globally accepted viable technology to combat
the problem of waterlogging and soil salinity in irrigated lands. It is projected that SSD will be
needed in 3- 5 million ha area in the next 25 years to meet global food requirements (Smedema, 2000).
While United States of America, China, and Australia developed and extensively adopted SSD
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Fig. 18: Conceptual diagram of horizontal (pipe) drainage system in irrigated lands
(Courtesy: Nijland et al., 2005)

technologies for irrigated lands over the past eighty years (Smedema et al., 2004), Egypt, Pakistan,
Turkey and India have been investing heavily on research and development of this technology for the
past 40 years (Ritzema and Schultz, 2011)
Besides standardization of technical aspects of SSD technology, organizational, institutional and
environmental aspects of drainage projectsare also equally important for its long term success.
There are several reports of serious environmental degradation in terms of increasing levels of river/
sea water pollution (salinity, selenium toxicity) and loss of biodiversity due to discharge of polluted
drainage water from irrigated lands in Imperial Valley and San Joaquin Valley in California (USA), Aral
Sea Basin in Russia, Indus basin in Pakistan and Murray- Darling Basin in Australia (Cervinka et al.,
1999). Drainage of waterlogged saline soils in low lying depression areas without a suitable disposal
outlet is much more challenging.
Vertical (Tubewell) Drainage: The success of tubewell drainage depends upon hydro- geological
characteristics of the aquifer, physical properties of the overlying clay layers and quality of
groundwater being pumped. For tubewells to be eﬀective in draining agricultural land, the
transmissivity T of an uncon ined aquifer (T= KD, where K is hydraulic conductivity and D is thickness
of aquifer) should be more than 600 m2/ day (Mc Cready, 1978) for an economic spacing and yield of
the wells. For semi- con ined aquifers, a further condition is that the hydraulic resistance c of clay layer
(aquitard) overlying aquifer ©= D'/K', where D' is thickness and K' is hydraulic conductivity of
aquitard) should not be more than 1000 day.
Early attempts to use a series of pumped wells for land drainage and salinity control were made in
the USA and former USSR more than eighty years ago. In Indus Plains of Pakistan, 3800 public
tubewells and over 200000 low capacity private tubewells were used for land drainage, salinity
control and supply of irrigation water as a part of Salinity Control and Reclamation Projects (SCARPs)
Table 9: Minimum required thickness [McCready, 1978]
Mean hydraulic
conductivity (m/d)
43
26
17
13
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Minimum required aquifer
thickness (m)
14
25
40
60

Transmissivity (m2/d)+
602
650
680
780
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during 1960 to 1995, though with limited long term success (Qureshi and Berrett-Lennard, 1998). A
review of studies and experiments with tubewell drainage in various countries shows that this
technique cannot be regarded as a substitute for the horizontal SSD system. Tubewell drainage is also
not economically feasible in small areas since a large part of water being drained consists of
groundwater lowing in from surrounding areas.
Though Mohtadullah (1990) reported that tube wells were a better economic choice than horizontal
drains for the Indus Basin, it is generally accepted that horizontal drains have lower construction
and operation costs (Zhang, 1990) for small to medium areas. In saline areas where the groundwater
salinity increases substantially with depth, tube wells would provide more saline drainage ef luent and
over longer period than horizontal subsurface drains.
Mole Drainage: Heavy soils of low hydraulic conductivity (< 0.01 m/day) often require very closely
spaced drainage systems (2-4 m spacing) for eﬀective watertable control, making subsurface
drainage systems excessively expensive. Under such conditions, techniques like mole drains have
proven useful alternative to surface drainage (Hopkins and Colac, 2002; NRCS, 2003). Mole drains are
unlined circular channels installed at a depth in the soil pro ile which function like pipe drains. These
are formed in the clay subsoil by pulling a solid cylinder, with a wedge-shaped point, through the soil at
a de ined slope and depth without digging a trench.
Mole drains are generally installed at 40- 60 cm depth and 2- 10 m spacing, 4-8 m being the most
accepted depth range; 4 m being the recommended spacing for the soybean crop in black cotton
Vertisol soils in Bhopal region of India (Singh and Ramana Rao, 2014). Jha and Koga (2002) presented
an excellent review of the use of mole drains in combination with subsurface drainage systems in the
world. Successful application of mole drains as a temporary SSD system for reclaiming saline and
saline sodic soils has been reported by Spoor et al. (1990).
Interceptor Drains: To protect lat areas from looding by surface runoﬀ or shallow subsurface
out lows from adjacent higher grounds, an interceptor drain can be constructed at the foot of these
2
uplands. A drain depth of 0.45 m and 0.70 m cross sectional area are considered minimum values.
Interceptor drains are also used to intercept seepage from canal network which signi icantly impacts
the quantum and distribution of surface and groundwater resources of the area. Open drains, pipe
drains and bio-interceptor drains have been used to intercept canal seepage to restrict the damage to a
limited area, lessen the degree of damage and allow reuse of the intercepted water.
Bio- drainage: Bio- drainage is a preventive technique to avoid the development wterlogging and
soil salinity in canal commands by raising high transpiring tree plantations. The technique is highly
useful when the soil salinization has not still occurred due to rise in groundwater level (Chhabra and
Thakur, 1998; Jeet Ram et al., 2007). For command areas, planting of 100 m or more wide belt along the
canals on both sides with high water demanding trees such as Eucalyptus, Populus, Leucaena and
Bambusa (Singh 2009) and grasses such as Spartina, Panicum, Leptochloa, Brichairia for the
interspaces can be helpful in controlling waterlogging problem. An integrated drainage system
comprising of subsurface drains, tree belts (bio-drainage), evaporation cum ish ponds and agroforestry systems seem promising for the amelioration of waterlogged saline soils in areas without
adequate outlets in the states of Haryana, Punjab, and Rajasthan.
Indian Experience of Diﬀerent Drainage Approaches
To control watertable, it is necessary to attain a balanced equilibrium between the groundwater recharge
and draft. Recharge can be reduced by lining of canals and watercourses, better on farm water
management and judicious use of canal waters. Draft can be regulated by horizontal drainage system
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consisting of shallow open ditches or pipes laid horizontally at design depths below land surface or by
vertical drainage system consisting of open wells, shallow and deep tubewells and related variant
technologies.
(A) Subsurface Drainage
Subsurface drainage (SSD) is an eﬀective technology for the amelioration of waterlogged saline
irrigated lands by maintaining water table below a desired depth and draining excess water and
salts out of the area. The system consists of an underground network of open ditches or ilter covered
concrete or PVC pipes installed at a design spacing and depth below the soil surface to remove excess
water and salts from aﬀected ields under gravity or by pumping. A SSD system consists of three
categories of drains: the laterals, the collectors, and the main drains. Lateral drains, laid mostly parallel
to each other at design spacing, depth and gradients, cover the entire ield. Laterals accept excess
groundwater whenever it rises above drain level and carry it to the collectors which dispose it to the
main drain either by gravity or by pumping from an open sump well. Other components of the system
include manholes/ inspection chambers, pump house and dewatering pump set.
The earlier used clay, concrete and rigid PVC pipes for lateral drains have now been replaced by
corrugated PVC pipes. The length of PVC pipes varies from 6 m in smooth rigid pipes to 200 m in case
of corrugated, lexible pipes. Water entry into smooth pipes is via slits cut or punched in the walls while
corrugated pipes have openings 1 to 2 mm in the valley of the corrugations covering 2 to 3 percent
surface area of the pipe. Envelope ( ilter) materials are provided around the lateral pipes to prevent
entry of soil particles into the drain. Graded gravel envelopes, used in the 1980s, have been replaced by
synthetic ilters having considerable advantage in transportation and installation. The collector and
main drains are either pipes or open ditches. The joining of laterals to the collector through manholes
helps in maintenance of drain lines. The lateral and collectors are laid respectively at 0.05 to 0.1 % and
0.1 % slope.
Two design variables of a SSD system are drain spacing and drain depth. Drain spacing is governed
by drainage coef icient, representing the volume of water to be drained in unit time as per water
balance of the area, hydraulic properties of soil and aquifer and cross-sectional area of the drains.
Several equations relating these factors to drain spacing are available. The depth of lateral drains is
in luenced by the required water table levels (for optimum crop production and prevention of soil
salinization), texture of soil layers and depth reach of available drainage machinery. In general, the
depth of lateral drains may vary from 1.2 to 2.0 m and length from 200 to 500 m depending on slope and
layout of the area. Drainage water is disposed under gravity or by pumping into main drains, stream,
canals or evaporation ponds.
Manually Installed SSD Projects
Though a few manually installed feasibility studies on SSD were conducted in the past by diﬀerent
research organizations in non-saline and saline soils in diﬀerent parts of India, systematic multidisciplinary research on SSD was initiated by CSSRI during early 1980.A pilot research project on
investigations, design, manual installation, monitoring and impact analysis of SSD in terms of
watertable control, reduction in soil salinity, improvement in crop yields, cost- bene it analysis and
management of saline drainage water was conducted by CSSRI during the period from 1983- 1995 in
10 ha waterlogged saline area at village Sampla in District Rohtak of Haryana (Rao et al., 1986). About
20 similar pilot studies of 30- 120 ha area each were conducted by CSSRI and other state departments
during 1980s and 1990s for amelioration of waterlogged saline soils in the states of Haryana,
Rajasthan, Gujarat, Andhra Pradesh and Karnataka.
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At most of these sites, the water table luctuated between about 1.5 m from ground level during
summer to near the surface during monsoon. The initial salinity of groundwater at most sites was
more than 10 dS/m, being as high as 40 dS/m in extreme cases. In the earlier installations, cement clay
tiles were used for laterals and cement concrete pipes for the collectors. However, after 1986, PVC rigid
and corrugated pipes are being increasingly used as subsurface drains. Either graded natural gravel or
PVC (synthetic) netting (60-75 mesh size) have been used as envelope at these sites. The saline
drainage ef luent was pumped into surface drains or canal distributaries.
At most sites, drains
were installed at about 1.5m depth; the maximum adopted drain depth is 1.75m. The average salinity
of root zone at all the sites has been considerably reduced resulting in a good production of a number of
crops in hitherto barren highly saline lands. The installation of subsurface drainage has continuously
reduced the soil salinity and salinity of drainage water and signi icantly increased yields of diﬀerent
crops. Based on the experience of manual subsurface drainage projects, following observations can be
made:
•

The reclamation of waterlogged saline soils with SSD is a technically and economically feasible
solution since it leads to considerable increase in cropping intensity, crop yields and shift to
more remunerative cropping pattern.

•

Subsurface drains of 65 to 80 m spacing and 1.5 to 1.8 m depth can provide adequate watertable
and salinity control for potential crop production in waterlogged- saline soils. For arid regions of
Haryana and Rajasthan, drain spacing up to 100 m could be tried.

•

Research output, from ield studies and numerical modeling results (Kamra et al., 1991; 1992)
contributed to acceptance of shallower drains (1.4-1.8 m) in arid and semi- arid regions of India
and other countries.

•

Rainwater leaching is adequate to maintain a favorable salt balance in drained ields. The quality
of drainage ef luent improves after 1-2 years for possible use in irrigation. After reclamation
leaching, water table rise due to suspension of drainage during non- rainy season can meet upto 50
% crop water needs (Rao et al., 1992).

•

Drainage waters of about 10 dS/m salinity can be used directly or in conjunction with canal
water in blending or cyclic modes for irrigation of barley, wheat, and mustard provided a pregermination irrigation is provided with canal water (Sharma et al., 1994).

•

In inland areas without an outlet, evaporation ponds having 5- 10 % surface area of drainage
area oﬀer an interim solution for managing saline drainage ef luent (Kamra et al., 1996].

•

Analysis of inancial feasibility of manually installed SSD projects indicated a bene it cost ratio
of 1.26 and viable internal rate of return (IRR) of 13.3 % (Datta et al., 2000).

Mechanically Installed SSD projects
The manually installed SSD technology developed by the CSSRI during 1980s initially for Haryana
has been widely adopted and replicated through mechanical installation in about 62000 ha (Table
10) farmers' ields in Rajasthan, Karnataka and Maharashtra Gujarat, Punjab and Andhra Pradesh.
This was facilitated in a major way through 2 international Indo-The Netherlands projects on land
drainage operational at CSSRI during 1983- 2001. About 16500 ha areas in Chambal irrigation
command in Rajasthan were provided with SSD with Canadian assistance during the period from
1991- 2001. These research eﬀorts have resulted in the development of a package of practices,
consisting of providing subsurface drainage, leaching of salts, crop production and management of
saline drainage ef luents for reclamation and management of waterlogged saline soils.
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Table 10: First estimate of area provided with Subsurface Drainage in diﬀerent states under
Govt. schemes (needs updating)
State
Haryana
Rajasthan
Mahashtra
Karnataka
Punjab
Manual

Irrigation command
Western Yamuna Canal, Bhakra Canal
Chambal, Indira Gandhi Nahar Pariyojana
Lift irrigation systyem of Krishna river; Neera canal command, uncommanded
Upper Krishna, Tungabhadra, Malprabha, Ghatprabha
Sirhind Canal (South West Punjab)
Andhra Pradesh and Telengana (Nagarjuna Sagar, Krishna Western Delta);
Gujarat (Mahi Kadana, Ukai Kakrapar); Kerala (Acid sulphate soils);
Assam (Tea gardens), Madhya Pradesh (Tawa, Chambal, Barma command)

Total

Area (ha)
10500
16500
3500*
25000*
2500
4000

62000

* In addition to above Govt. supported projects, SSD has been installed in more than 20000 ha area
by local farmers without Govt. support

The implementation of SSD in heavy soils of Maharashtra and Karnataka picked up from 2005
onwards with entry of private sector in SSD projects and with liberal funding under RKVY after
2007. During the past 5 years, CSSRI has been instrumental in getting SSD projects approved and
implemented in about 4000 ha area in Haryana, 2000 ha in Maharashtra and 1000 ha in Karnataka
with funding under RKVY and other governmental schemes. More than 3000 ha aﬀected area in
Maharashtra and Karnataka has been reclaimed by SSD by farmers without govt. support through
disposal of drainage water into open drains under gravity. About 20000 ha area in Karnataka has been
reportedly provided with SSD in a hybrid mode (manual + land shaping machinery like JVC) by
diﬀerent agencies and farmers. Southwest Punjab is in urgent need of SSD and other technologies like
bio- drainage and saline isheries for which comprehensive regional salinity management planning
and reclamation are mandatory.
Kamra (2015) summarized the improvement in crop yields in SSD projects implemented in diﬀerent
states of India. It was reported that SSD increased cropping intensity by 40- 50 %, farm income by
200- 300 % resulting from enhanced yields of paddy (>50 %), of wheat and cotton (>100 %) and by 50
– 100 % in most other crops. The socio- economic analysis of SSD indicated cost bene it ratio of 1.5, IRR
of 20% and employment generation of 128 man days per ha every year (Kamra and Sharma 2016;
Ritzema et al., 2008; Gupta, 2002; Datta et al., 2000). Earlier Sewa Ram et al. (2000) also reported 4050 % increase in the yield of soybean and wheat over non-SSD sites resulting in a cost bene it of 2.6 and
IRR of 28 % in RAJAD project in Rajasthan.
Further, the inalized design parameters (drainage coef icient, drain spacing and depth) of SSD
systems for diﬀerent regions of India, synthesized from outcome of 2 Indo- Dutch drainage projects
coordinated by CSSRI (Ritzema et al., 2008), are presented in Table 11.
Bundela et al. (2016) presented a cost analysis of SSD systems at 50 to 100 m spacing in
coarse and medium textured soils (Clay 30 %) and at 20- 50 m spacing in heavy textured soils (Clay
Table 11: Design parameters of Subsurface Drainage for diﬀerent regions of India
Drainage coef icient (mm/d)
Climate
Range
Arid
1-2
Semi arid
1-3
Sub Humid
2-5
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Drainage depth (Dd)
Optimal
Outlet
1
Gravity
2
Pumped
3

Dd (m)
0.9-1.2
1.2-1.8

Drain spacing (Ds)
Soil texture
Light
Medium
Heavy

Ds (m)
100-150
50-100
30-50
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30%). The cost of funding of SSD projects has been recommended as Rs. 74000/ ha and Rs. 79000/ ha
for drain spacing (Ds) of 67 m and 60 m respectively and pumped outlet in medium textured soils of
Haryana and other northwestern states. Corresponding cost at 30 m drain spacing with a gravity outlet
for heavy soils in Maharashtra, Karnataka, Gujarat and other Vertisol regions has been recommended
at Rs. 111,500/ ha.
Performance of SSD projects in Haryana
Out of 10584 ha area provided with SSD over last 2 decades in Haryana, more than 8000 ha has been
installed in the past 12 years. Currently, CSSRI is associated with design, monitoring and evaluation
of 5 SSD projects implemented by Haryana Operational Pilot Project (HOPP) of Ministry of Agriculture
in 600- 1000 ha area in Rohtak, Jhajjar, Jind and Sonepat districts. The basic design parameters of SSD
projects in Haryana include a drainage coef icient of 1.5 mm/day, lateral drain spacing of 60- 67 m and
1.5 m depth, corrugated PVC pipes of 75 and 100 mm for laterals and 160- 294 mm for collectors as per
ASTMIDIN standards and geo-synthetic ilter with O90>300 on laterals and Nylon sock of 60 mesh on
perforated collectors. Salient observations on SSD projects of Haryana are summarized below:
•

The cost sharing pattern for SSD projects is 60 (Centre): 30 (State): 10 (farmers), though
farmers' contributions are limited to diesel cost for pumping of drainage water to be managed by
FDS of each block. No crop compensation is paid to farmers for damage of crops during installation
of SSD.

•

HOPP activities involve investigations for identi ication of problem areas, preparation of
designs, layout and cost estimates for funding and implementation of SSD project.

•

Selection of a SSD project is governed currently by presence of an surface drain for disposal of
drainage water, farmers' willingness to form FDS and share pumping cost after initial 200 hours
pumping by HOPP and adequate canal water supplies

•

HOPP has 3 sets of laser controlled trencher and bucket excavators (Fig.19) and supporting
machines, each installing SSD in 300- 400 ha area annually depending upon machinery
breakdowns or unexpected rains during working months (mid April- end June) when watertable
is below 1.5 m.

•

The technology provides a net present worth of about Rs. 65000/ ha with bene it-cost ratio of
1.76 and internal rate of return 20 %.

•

Farmers' two genuine demands include provision of electrical connections for pumping of SSD

(a)

(b)

(c)

(d)

Fig.19. Transition from manual to mechanical installation of SSD in Haryana: (a) Cement concrete tile
drains (manual, Sampla, 1983); (b) Corrugated PVC pipes (manual, Hisar, 1990); (c,d) Corrugated PVC
pipes (mechanical, 2000 onwards in a number of districts)
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Table 12: Summary statement on construction of pump houses, formation of FDS and
distribution of pump sets to farmers in SSD projects in Haryana (October 2017)
Scheme
(Districts)

Year of
Operation

SSD Area
(ha)

No. of
blocks

MORD
RKVY

2003- 2009
2009- contd.

3325
4853

65
120

Pump Houses

FDS

C*
58
29

C*
65
102

P**
07
91

P**
18

Handing over of
Pump Sets/ Diesel
C*
P**
48/ 48
17
91/ 80
29/ 40

C*: Completed, P**: Pending

water, and cleaning of deposited silt in surface drains used for disposal of SSD water.
•

Due to less concrete progress on construction of pump houses, formation of FDSs and
distribution of pump sets to farmers, the outcomes from SSD projects have been less eﬀective at
a number of locations. Though distribution of pump sets and diesel fuel for initial 200 hour
pumping to farmers had been satisfactory for Ministry of Rural Development (MORD) funded
projects and has improved only after 2015 in RKVY projects, construction of pump houses has
remained unsatisfactory in RKVY projects (Table 12).

Despite above bottlenecks in ef icient pumping of drainage water, signi icant improvement in
watertable control, reduction in soil salinity and improvement in crop yields were observed in
selected blocks of certain SSD projects where pumping was initiated either by HOPP or individual
farmers' eﬀorts. After 1-2 years of operation of the drainage system, the quality of drainage ef luent
improves to a level where it can be reused for irrigation.
Detailed progress in terms of reduction in soil salinity and improvement in crop yields, socioeconomic analysis and environmental issues relating to disposal/ management options of saline
ef luent of SSD projects (discharge into canal and surface drainage systems, evaporation ponds, reuse
for irrigation of crop and trees, saline aquaculture and bio- drainage) for NW Indian states have been
presented by Kamra (2015) and also in related chapters in two books being released during ICARCSSRI Golden Jubilee International Salinity Conference being organized at CSSRI, Karnal (India) during
February 7-9, 2019.
Adoption of this technology is quite slow keeping in view the quantum of the problem and despite
tangible bene its of productivity gains and on farm employment. High costs, socio- economic and
environmental issues relating to disposal of saline drainage ef luent, need of community participation
for system operation and existing institutional/organizational constraints are the major deterrents to
increase the pace of reclamation projects (Ritzema et al. 2008). Major institutional and organizational
changes and new business models are needed for expediting the implementation of SSD projects,
especially in north western Indian states.
(B) Vertical Drainage
As a general guideline, it can be stated that vertical drainage systems cannot be used to control
waterlogging if groundwater is saline and the salinity increases with depth. However, some of its
variants like groundwater skimming structures can be used in a limited way to pump out water from
thin layers of fresh water loating over saline groundwater in coastal and inland irrigated areas.
Groundwater Skimming Structures
Various skimming well con igurations such as single, multi-strainer, radial collector and scavenger
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Fig. 20: Diﬀerent types of fresh water skimming wells

wells (Fig. 20) selectively abstract freshwater from thin layers overlying saline groundwater. The
basic concept of skimming structures is to modify the direction of low lines to maximize contribution
of aquifer zones of acceptable quality to pumped water (Su i et al., 1998).
(i) Single Well
A single well (Fig. 20) is commonly used in uncon ined aquifers in most parts of India. While using
these wells in saline groundwater regions, well penetration in fresh water is kept in such a way that a
large gap exists between the bottom of the well and the fresh- saline water interface. The safe depth of
the well for extracting fresh water by a strainer tubewell without disturbing the saline water is 1/3rd of
the total fresh water zone depth. Single tubewell based drainage projects were executed during 1980s
and 1990s at Masitawali in Indira Gandhi Nahar Pariyojana (IGNP) (Hooja et al., 1995), Ghaggar
depression areas in Rajasthan and in Fatehabad branch area of Haryana for watertable control in the
vicinity of canal distributaries.
(ii) Multi-Strainer Well
A multi-strainer well (Fig. 20), with relatively shallower penetration than single well, can be used for
water table control with diminished upconing in fresh water layers of restricted depth. The system
consists of closely spaced interconnected wells, each of low capacity, pumped by a central suction
pump. Such structures are reported to be extensively used close to canals/ distributaries in Punjab in
India (Shakya, 2002)and in the Indus plainsof Pakistan (Su i et al., 1998; Mazhar Saeed et al., 2003].
The reported system of Shakya (2002) consisted of a number of well points arranged in a line and
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Fig.21. Installation of radial collector Doruvu wells at Bapatla (Andhra Pradesh), India

interconnected to each other through a horizontal pipe line (lateral) installed at 0.7- 1.0 m below
ground level to be pumped centrally by one pumping unit (Fig. 20). The total discharge from the system
was divided equally over the well points so that the requirement of prime mover will be the same as is
required by single well. There are reports on the use of these systems in marginally saline regions of
Haryana, Rajasthan, Andhra Pradesh and Tamil Nadu in India. Air leakage and priming problems have
been reported from these studies. Su i et al. (1998) reported that the double- strainer skimming well to
be the most promising skimming technique for the studied area in Pakistan.
(iii) Radial Collector Well
Radial collector wells consisting of an open well and input radial drains on one or more sides (Fig.
20) involve shallower penetration than a single vertical well operating at the same discharge. Since
the radial drains collect water from shallow depths, upcoming of saline water from lower depths is
prevented. Large diameter open skimming wells experimented at Hisar in Haryana (Kumar and Singh,
1995) and at Luni-Ki-Dhani in Rajasthan (Hooja et al., 1995) and a drain line-sump based Doruvu
technology embarked on a large scale in coastal sandy soils of Andhra Pradesh (Raghu Babu et al.,
2004) are the local variants of radial collector wells.
About 0.174 million ha coastal sandy area in Andhra Pradesh and 0.68 million ha in Tamil Nadu,
having 700- 1200 mm annual rain is characterized by existence of 8- 10 m thick sandy layer of fresh
water overlying a saline clay layer. Doruvu wells (Fig. 21) consist of an open well of 1.2-1.5 m diameter
with radial subsurface drains (at 2.4-4.0 m depth and of 30-40 m length on two sides) for skimming of
fresh groundwater. The system yields a discharge of 5- 15 l/sec or more depending upon number of
arms and nature of sand and can operate in combination with sprinkler/drip system. Pumping tests
indicated 90 m as the safe spacing between two skimming wells. Such structures can meet rabi crop
water demand of 2 ha area using sprinklers, have 1.7 bene it-cost ratio and 30% internal rate of return
(NATP, 2006). The technology has been widely adopted in Guntur and Prakasam districts of Andhra
Pradesh. Horizontal drilling of radial drains needs to be standardized for sandy soils to reduce the cost
of installation of these structures.
Groundwater Recharge Wells
During the period from 2008- 2012, CSSRI designed, installed and monitored small groundwater
recharge (GR) wells (shafts and cavities) at 60 low lying farmers' ields in declining water table and
poor quality alluvial regions of Haryana, Punjab, Uttar Pradesh and Gujarat. The GR structures (Kamra,
2013) consisted of a bore well (for carrying water to subsurface sandy zones) coupled to a recharge
ilter of coarse sand, small gravel and boulders in a small brick masonry chamber. Of tested recharge
structures, recharge cavity (Fig. 22) was found as the most eﬀective and practical for individual
farmers' needs (Kamra, 2013). It consists of a conventional cavity pumping well coupled with a
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Fig. 22. Design features of a groundwater recharge cavity tubewell

recharge ilter and hence can be used also for occasional pumping. It is constructed by drilling a bore
hole until a sandy layer is found below a clay layer. A blind PVC pipe of 7- 9 inch (7 inch in Fig. 22) is
drilled into the clay layer and sand is pumped out until a stable cavity is developed below the clay layer.
These GR wells were found to be highly eﬀective in augmenting groundwater, improving its quality
(salinity, alkalinity and luoride concentration) and enhancing farmers' income by saving
submerged crops. The structures helped in reducing lood volumes to save transplanted rice in the
lowest 1-2 ha area at certain sites in Haryana and Punjab resulting in a net saving of 25000/. The
payback period of 30- 45 m deep structures, costing Rs. 60000- 100000 (2011 prices) and having
recharge rate of 4-6 litre/sec, has been estimated as 1- 3 years. Recharge wells in Gujarat resulted in
prolonged availability and improvement in quality of groundwater leading to increase in income of Rs.
30000- 75000/ha in mango, papaya and banana plantations.
GR structures have been found extremely useful in highly productive north- western states where
the sustainability of agriculture is getting threatened due to alarming decline of water table@ 0.61.0 m/ annum, increase in pumping cost and deterioration in groundwater quality. These have been
found highly eﬀective and essential for saving maize crop from adverse eﬀect of prolonged water
submergence. The clogging and regular cleaning of recharge ilter is a major constraint while the
quality of recharging water needs careful consideration. CSSRI was bestowed with the prestigious
Groundwater Augmentation Award by Ministry of Water Resources (GOI) and Hari Om Ashram
Trust Award of ICAR for work on groundwater recharge during 2011 and 2017 respectively.
Identi ication of Most Critical Areas for SSD in Haryana
Kamra (2018) synthesized CGWB data of November 2015 in the form of GIS maps and estimated
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Table 13: Area under shallow WTD and groundwater salinity in Haryana (Nov. 2015)
District

Geographi-cal
area x 100 (ha)

Jhajjar
2111.9
Rohtak
1685.1
Sonepat
2213.4
Jind
2732.0
Gurgaon
2751.3
Mahendergarh
1935.7
Total (Haryana) 44012.63

Area (ha) under WTD (0- 1.5 m)
ECgw = 2-5 dS/m
ECgw = > 5 dS/m

Area (ha) under WTD (1.5- 3.0 m)
ECgw = 2-5 dS/m
ECgw = > 5 dS/m

16330 (7.7 )*
6270 (3.7)
970 (0.5)
23570 (0.5)

31850 (15.1)
33790 (20.1)
20600 (09.3)
23450 (08.6)
- - 109690 (2.5)

2000 (0.9)
2350 (0.85)
4350 (0.1)

2030 (1.0)
2010 (1.2)
2830 (1.3)
-

6870 (0.16)

*Figures in parenthesis in district/ Haryana rows indicate % of district or state area respectively

areas of waterlogged saline regions of Haryana. It was reported that 46,415 ha (62%) of the total
74595 critically waterlogged area (WTD< 1.5 m) occurs in central depression basin of Haryana
encompassing Jhajjar, Rohtak, Sonipat, Jind, Fatehabad, Bhiwani, Kaithal and Hisar districts. The
remaining 38% area falls in Panchkula, Ambala and Yamuna Nagar districts, being less susceptible to
soil salinization due to higher annual rainfall, and a small area in South Haryana. These 8 districts also
account for 83 % (3,34,902 ha) of total 4,03,890 ha potentially waterlogged lands (WTD: 1.5- 3.0 m) of
Haryana. Rohtak and Jhajjar are the most vulnerable districts having WTD within 3.0 m in 53 % and 45
% area respectively followed by Sonepat (35%), Jind (15 %) and Fatehabad (12%).
Relevant results based on superimposed maps of WTD and groundwater salinity (ECgw) on
identi ication 28920 ha most critically waterlogged saline area (WTD< 1.5 m, ECgw >2 dS/m), for
priority implementation of SSD projects in Haryana are presented in Table 13. It is seen that out of
46415 ha critically waterlogged (WTD <1.5 m) area in Haryana, 2000 ha area in Jhajjar having ECgw > 5
dS/m and 16330 ha and 6270 ha area respectively in Jhajjar and Rohtak districts having ECgw of 2-5
dS/m are top priority areas for implementation of SSD projects. Similarly about 1.1 lakh ha area in
Jhajjar, Rohtak, Sonepat and Jind districts have WTD of 1.5- 3.0 m and groundwater salinity of 2- 5 dS/m
while 6870 ha area in irst three districts have ECgw more than 5 dS/m, highlighting more severe
waterlogging and soil salinity problem which may require SSD projects in near future.
Other issues like availability of canal water for leaching and suitable outlet for disposal of drainage
water are being considered in the above mentioned project along with above aspects to suggest
priority areas for implementation of SSD projects in Haryana. Kamra (2018) also identi ied areas in
Central Haryana having watertable within 0- 3 m and groundwater salinity 0- 2 dS/m which are
suitable for bio- drainage while those in other parts of Haryana for bio- drainage and some form of
2
vertical drainage provided aquifers in those areas have transmissivity of more than 600 m /d.
Summary and Recommendations
The paper presents an overview of SSD and vertical drainage projects and related variant
technologies developed and evaluated for diﬀerent agro-ecological regions of India. Besides
appraisal of the performance of SSD technology implemented for amelioration of 62000 ha
waterlogged saline soils across India with speci ic emphasis for Haryana, the paper also presents
guidelines on drain spacing, drain depth, envelopes and management options for saline drainage
water. High cost, environmental issues relating to disposal of saline drainage ef luent and continuous
pumping requirement during post-drainage phase are some of the deterrents to long-term success of
SSD technology. The presented variants of vertical drainage system include diﬀerent skimming and
recharge structures used for selective abstraction of fresh water loating in a thin layer over saline
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groundwater and for disposal of excess lood water from agricultural ields respectively. Finally a
methodology has been presented for identi ication of most critical waterlogged saline regions for
priority implementation of SSD projects in Haryana based on a watertable depth and groundwater
salinity linked criterion. Following salient observations and recommendations are synthesized on the
eﬀectiveness and scope of SSD and vertical drainage approaches for irrigated lands of India:
•

SSD is a viable cost-eﬀective and socially acceptable technology for reclamation of
waterlogged saline lands. It can result in a signi icant increase in cropping intensity, crop
yields and farmers' income in 2- 4 years from hitherto non/ less productive lands.

•

The estimated cost of SSD system (60 m spacing, 1.5- 2.0 m depth, pumped outlet) is Rs.
79000/ ha for northwestern states and Rs. 111,500/ ha for heavy Vertisol soils in western
and southern states (30 m spacing, 0.8- 1.2 m depth, gravity outlet)

•

Suf icient good quality irrigation water or rainfall for salt leaching and involvement of
farmers in post reclamation pumping (if needed) are pre- requisites for optimal operation of
SSDtechnology. After 1-2 years, quality of drainage water improves to a level that it can be
reused for irrigation.

•

The concerned states must prepare regional plans for implementation of SSD projects in
identi ied priority areas, procure additional drainage machinery and develop outsourcing
mechanisms in PPP modes to enhance the pace of implementation of SSD projects.

•

Controlled drainage, aimed at reducing the salt load of drainage water by allowing water
table rise during certain periods, and solar pumping systems may be introduced in SSD
projects to overcome adverse environmental and social restrictions.

•

In landlocked depression areas without a suitable outlet, evaporation ponds in 5- 10%
drainage area can provide interim solutions for management of saline drainage ef luent.

•

Disposal of saline drainage water from SSD systems of Haryana, Punjab, and Rajasthan must
be planned in the context of a regional North West India Drainage project.

•

Skimming structures like single, multiple and radial collector wells have proved successful
in a limited way to pump out fresh water loating in thin layer over saline groundwater in
coastal and inland areas. However, because of lack of guidelines for selection of appropriate
sites for such systems, these have not been replicated extensively.

•

The cost of radial collector type systems can be considerably reduced by standardizing the
techniques for horizontal drilling of drains in sandy soil.

•

Individual farmer based recharge wells are eﬀective to work as a local drainage system to
save crops from submergence in low lying sections of inland areas, besides augmenting
groundwater and improve quality. Incorporation of small and less costly recharge ilters in the
abandoned dug wells can contribute to signi icantly enhance groundwater recharge.

•

Issues relating to eﬀective designs of recharge ilters and quality of recharging water need to
be taken care for implementing recharge projects over large areas.
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Glimpses of ICAR-CSSRI
P.C. Sharma
Director
ICAR-Central Soil Salinity Research Institute, Karnal-132001 (Haryana), India
BACKGROUND
The establishment of Central Soil Salinity Research Institute (CSSRI) can rightly be considered as a
turning point in the history of research on salt aﬀected soils and poor quality ground water resources
in the country. Although sporadic eﬀorts were carried out in the past, ever since the problem was irst
diagnosed and reported from the village Munak near Karnal in 1855, systematic eﬀorts were initiated
only following the establishment of the institute in the year 1969. An Indo-American team was
constituted by the Goverment of India (GoI) during the Fourth Five Year Plan to assist the Indian
Council of Agricultural Research (ICAR) in developing a comprehensive water management
programme. The team members were: Dr. R.C. Hoon, retired Director, Central Water and Power
Commission; Dr. S.D. Nijhawan, retired Agricultural Chemist, Punjab Govt.; Shri C.S. Sridharan, Deputy
Agriculture Commissioner and three American members, Dr. C.E. Evans, Chief Northern Plains Branch;
Mr. S.J. Meck, Engineer, US Deptt. of Agriculture and Dr. P.R. Stout of the University of California. On the
basis of recommendations of this committee, the GoI decided to establish CSSRI as a plan project and
Dr. D.R. Bhumbla joined as the irst Director, with eﬀect from 1st March 1969, at Hissar. However, later
on 21 October 1969, the institute was shifted from Hissar to Karnal where sodicity problem
representing Indo-Gangetic Plains was encountered extensively.
The institute laboratories were initially located in a hired building known as Jernailly Kothi and the
Experimental Station comprising of 80.5 ha of land, obtained from National Dairy Research Institute,
was 5 km away on Kachwa Road, across the Western Yamuna Canal. After the land was acquired, it was
developed at a very fast pace and ield experiments were laid out without losing much time on soils
which were severely aﬀected by sodicity. The pHs was as high as 10.5 in the surface layer with an
excessive accumulation of sodium carbonate and bicarbonate salts. Such soils were completely devoid
of any plant growth and presented a barren look.
Thus began an era of research which led to the development of a viable technology. The package of
practices developed at the institute were adopted successfully by the farmers for the amelioration and
utilization of vast tracts of alkali lands spread over the Indo-Gangetic plains for crop production. These
lands are currently contributing nearly 8 to 10 million tonnes of food grains per annum, besides
generating rural employment and tackling other environment related problems such as lood control
and ground water recharge. Subsequently, some more research farms were also established at Gudha,
Sampla, Bhainimajra, Bichhian and Bir Forest, all in Haryana to further strengthen the research
programme of the institute on diﬀerent aspects.
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The Mission
Generating new knowledge and understanding of the processes of reclamation and developing
technologies for improving and sustaining productivity of salty lands and waters
The Mandate
Over the period of time, the mandate of the institute has undergone changes to meet the prevalent
challenges. The current mandate of the institute as revised by the Council is as follows:
•

Identify the nature and characteristics of salinity/water quality problems and areas prone to
salinity development in a GIS framework

•

Undertake strategic and adaptive research to manage salinity related problems at diﬀerent scales
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and develop options for preventing land degradation due to excess salts based on better
understanding of salt and water balances
•

Develop national level network of salinity related activities and provide funding support to
address location speci_ic problems

•

Research capacity building for prevention, control and management of salinity problems

Research Programmes
The research programmes of the institute can be broadly grouped as under:
Database on salt aﬀected soils and poor quality waters
Reclamation and management of alkali soils
Management of waterlogged saline soils and marginal quality waters
Crop improvement for salinity, alkalinity and waterlogging stresses
Agro-forestry in salt aﬀected soils
Reclamation and management of salt aﬀected vertisols
Coastal salinity management
Technology assessment, transfer and Consultancies
The Infrastructure
Experimental Farms
•

The institute's research farm and outreach stations are strategically located in diﬀerent agroecological regions for tackling diverse aspects of soil and water salinity problems

•

The main campus at Karnal spread over an area of 82 ha consists of 27.3 ha area having of_ice
buildings and other permanent structures while the remaining 54.7 ha representing partially
reclaimed alkali soils serves as the experimental farm

•

Various outreach farms acquired and developed over the years include Gudha (Dist. Karnal)
representing highly alkali soils, Sampla (Dist. Rohtak) having waterlogged saline soils, Mundlana
(Dist. Sonipat) representing saline-sodic soils, Bhaini Majra (Dist. Kaithal) underlain with alkali
groundwater, Bir Reserve forest (Dist. Hisar) having calcareous saline soils and Bichhian (Dist.
Kurukshetra) representing deteriorated alkali lands

•

The institute has now acquired an experimental farm of about 12 ha at Nain village (Dist. Panipat)
for conducting research on reclamation of waterlogged saline soils and sustainable use of poor
quality waters in irrigation

•

The experimental farms at Regional Research Stations at Canning Town (West Bengal), Samni
(Gujarat) and Shivri (Uttar Pradesh) represent coastal saline soils, vertisols and heavy textured
waterlogged sodic soils, respectively.

Laboratories
•

The Institute has a state-of-the-art Central Referral Laboratory equipped with advanced analytical
facilities like Atomic Absorption Spectrophotometer, High-Performance Liquid Chromatography
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(HPLC), Inductively Coupled Plasma (ICP), CHNS analyzer, UV-VIS Spectrophotometer etc (Photo
Top)
•

Besides, there are other laboratories in the institute like Biotechnology Lab, Remote Sensing Lab,
Soil Physics Lab, Drainage Material Testing Lab and Nano-Technology Lab. These laboratories are
further supported by a glasshouses, shade houses, polyhouses and micro-plots (Photo Middle) for
precise experimental works

Library
•

The institute has a well developed library which serves as a repository of information on topics like
soil science, soil salinity and alkalinity, water management, irrigation and drainage engineering,
crop production, environmental science, etc (Photo Bottom)

•

It has a collection of 15570 books and 8451 bound volumes of journals in addition to annual
reports and other documents. Inter-library loaning facilities with document delivery system are
key features of this library

•

Apart from books, journals and other documents published in India, the library has collection of
publications from diﬀerent international organizations. The library is bar coded and digitized with
facilities of 'Krishi Khosh', 'KOHA', 'CeRA', and CD ROAM data bases (AGRIS, CABI, CAPS, SOIL-CDs)

Allied Infrastructure
•

For organizing seminars, conferences, meetings, workshops, etc., the Institute has Dr. D.R.
Bhumbla Auditorium with seating capacity of 235 persons (Photo top), a Conference Hall for
scienti_ic meetings etc. and a Committee Room for small group meetings

•

Dr. J.S.P. Yadav Scientist Hostel (Photo middle) and Dr. I.P. Abrol International Training Hostel cater
to the boarding and lodging needs of the scientists/other visitors.

•

The Institute Museum has been developed to display various agricultural salinity management
technologies to the visitors (Photo Bottom). Around 600 farmers, 1500 students and 200
agricultural of_icers visit to the Institute Museum every year

•

There is a Publication and Supporting Services Unit equipped with photographic and reprographic
services

•

The institute campus also has essential allied facilities like a shopping centre, canteen, community
centre, dispensary, post of_ice and an extension counter of State bank of India

Regional Research Stations of ICAR-CSSRI
RRS, Canning Town
Regional Research Station, Canning Town in West Bengal was transferred to CSSRI from CRRI, Cuttack
in 1970 to generate location speci ic technologies for the productive use of coastal saline soils. Spread
over an area of 26 ha, it has well furnished laboratories. The station has a farming area of 14.5 ha in the
charland of Matla river
RRS, Bharuch
To conduct researches on inland salinity of the black soil (vertisols) regions of the country, a research
station was established at Anand in Gujarat in 1989. The research activities were carried out at the
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research farm in Khanpur. On the recommendations of the QRT (1986-95), the station was shifted to
true vertisol area in Bharuch district in 2002
RRS, Lucknow
This station was established at Lucknow in Uttar Pradesh in 1999 to deal with the problems of alkali
soils of central and eastern parts of Indo-Gangetic plains having problems like surface drainage
congestion, high water table, relatively heavy textured soils, and indurated pan. The station's
laboratories and of ice are located in a block of 4.0 ha close to Indian Institute of Sugarcane Research,
Lucknow. An experimental farm located at Shivri, Lucknow is used for conducting researches on highly
alkali soils
AWARDS
•

Recognizing its valuable contributions to agricultural salinity management, the institute was
awarded the “Best Institute Award” for the year 1998 and again the "Sardar Patel Outstanding ICAR
Institution Award" for the year 2009

•

Earlier, the scienti_ic team led by its founder Director, Dr. D.R. Bhumbla was awarded the
“Commonwealth Scienti_ic Association Guinness Award” in 1977

•

Nonetheless, late Dr. J.S.P. Yadav, Director of the institute, was bestowed with “Padam Shree” award
by the Hon'ble President of India in 1984

•

The Hindi Patrika 'Krishi Kiran' of the institute was conferred “Ganesh Shankar Vidyarthi Hindi
Krishi Patrika Puraskar” for the years 2008 and 2009

•

Two publications written in Hindi have been bestowed with Dr. Rajendra Prasad Purushkar of
ICAR

•

More than 40 scientists have won prestigious awards like Commonwealth Scienti ic Association
Guinness award (4), Guinness award of Scienti ic Achievement (1), Dr. Rajendra Prasad award (1),
FAO Andre Mayor award (1), Australian Culture award (1), Ra i Ahmed Kidwai award (6), Hari Om
Ashram Trust award (11), Fakruddin Ali Ahmed award (1), Vasantharao Naik award (3), ICAR
Team Research award (2), Dr. N.S. Randhawa award (2), Jawahar Lal Nehru award (3), Lal Bahadur
Shashtri award (4), Sukumar Basu Memorial award (2), Dr. K.G. Tejwani award (2), Jain- INCID
Sinchai award (1), WIPO award (1), Hooker award (1), IMPHOSE-FAI award (1), K.A.
Shankarnarayan award (1), Shankar Memorial award (1), Himachal Kesari award (1), and
Fellowships of Commonwealth, NAAS, INSA, INAE, CONICETUNESCO and other national societies

Institutional Collaborations
Collaborative research has been an important feature of the institute. Collaboration with International
Land Reclamation and Improvement Institute, Wageningen was the longest ever which lasted for
about 18 years. Some other international and national collaborative projects are listed below:
International Collaborations
•

Development of sustainable resource management systems in water vulnerable areas of India
(JIRCAS, Japan)

•

Stress tolerant rice for poor farmers of Africa and South Asia (IRRI- BMGF)

•

Climate Change, Agriculture and Food Security (CCAFS) (CIMMYT, Mexico)
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•

Testing rice germplasm for coastal salinity (IRSSTN) (IRRI, Philippines)

•

Novel Genetic Stocks: Multi-parent advanced generation inter-crosses (MAGIC) among diverse
genotypes to facilitate gene discovery for various traits in rice (IRRI, Philippines)

•

Cropping system intensi_ication in the salt-aﬀected coastal zones of Bangladesh and West Bengal
(ACIAR, Australia)

•

Piloting and up-scaling an innovative underground approach for mitigating urban loods and
improving rural water security in South Asia (IWMI)

National Collaborations
•

Developing the alternate strategies for reclamation of sodic land (Reliance Industries Ltd.)

•

Identi_ication of salt tolerant microbes and development of dynamic substrate for cultivation of
commercial crops in sodic soils (AMAAS)

Consultancies
The institute has provided consultancies on sand mining, subsurface drainage in India and Ethiopia,
reclamation of Tsunami aﬀected lands in India and Maldives, and reuse of industrial ef luents in India.
It has been declared as the “Referral Laboratory” by the Public Health Department for water quality
analysis. At present, the institute is providing consultancies on:
•

Subsurface drainage for heavy soils of Maharashtra, Karnataka and Gujarat (Rex- Poly Extrusion
Pvt. LTD., Sangli, Maharashtra).

•

Utilization of biological sludge and treated ef luents (The Gujarat Narmada Valley Fertilizer Co. Ltd,
Narmada Nagar, Bharuch, Gujarat).

•

Evaluation of BAYER rice hybrids under salinity stress (The BAYER Co.).

•

Feasibility analysis, monitoring and evaluation of sub-surface drainage installations (Haryana
Operational Pilot Project)

Publications
•

The scienti ic outputs of the institute are published in International and National journals of
repute. During the last ten years, the scientists of the institute have published 512 research papers
making an average of about 51 research papers every year.

•

The quality of the reserach papers can be judged from their NAAS rating. About 40 per cent of the
research papers are published in research journals having NAAS rating between 6.0 and 10.0.

•

The institute has published 112 bulletins and 64 books/manuals on land reclamation related
activities.

•

The institute also regularly brings out popular literatures in the form of lea lets, folders, etc. in local
languages for use by the farmers and other stakeholders.
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ICAR-CSSRI Director’s Pro ile
Parveen Kumar
ICAR-Central Soil Salinity Research Institute, Karnal-132001 (Haryana), India
The Institute has been fortunate enough to be led by very eminent scientist and leaders as its Directors
since its inception. It was put on strong foundation by Dr. D.R. Bhumbla as its irst Director. The
visionary leadership of the Founder Director, Dr. Bhumbla (1969-1974) and subsequent Directors, Dr.
J.S.P. Yadav (1975-1982), Dr. I.P. Abrol (1983-1986), Dr. N.T. Singh (1988-1993), Dr. N.K. Tyagi (19942004), Dr. Gurbachan Singh (2005-2010), Dr. D.K. Sharma (2010-2016) and Dr. P.C. Sharma (2016 to
Cont.) have played a crucial role in bringing the Institute to the present standing. To date CSSRI had 8
Directors, all distinguished scientists and forceful leaders who contributed immensely to the growth of
the institute, building up the research facilities and initiating important research programmes. It was
largely due to the dedication and untiring eﬀorts of these renowned personalities that brought the
laurels to the institute from International and National scienti ic fraternity. The brief curriculum vitae
of the CSSRI Directors are given below:

DR. DEV RAJ BHUMBLA
Dr. Dev Raj Bhumbla was born on December 6, 1921 in Hoshiarpur,
Punjab. He had obtained his B.Sc. followed by the M.Sc. from the Punjab
University in 1956. He was awarded Ph.D. degree from Ohio State
University, USA in 1962. Dr. Bhumbla started his professional career as
Head, Department of Soils, Punjab Agricultural University in 1963. In
1966, he was appointed as Dean of the College of Agriculture, PAU, Hisar.
He took over as First Director of Central Soil Salinity Research Institute, Karnal from 1969 to 1974. In
1974, he was selected for the post of Deputy Director General (Soils, Agronomy & Engineering), Indian
Council of Agricultural Research. During 1978-80, he also of iciated as Agriculture Commissioner,
Government of India. He also worked as Vice-Chancellor, Haryana Agricultural University, Hisar during
1981-82.
As Director, CSSRI, Dr. Bhumbla contributed a lot to unravel the basic understanding of the soil
salinity and its management and rede ined the concept of GR50, which became the foundation in the
development of the lagship technology of CSSRI popularly known as 'Gypsum Technology'. Till date
about 2.07 m ha of sodic land in 9 states (UP, Punjab, Haryana, Gujarat, Rajasthan, Tamil Nadu, Karnataka,
Bihar and MP) have been reclaimed by using Gypsum Technology which is contributing about 16.5 m
tones of food grains to national food basket bene itting directly >17 lakh marginal and small farmers.
Seeing his great contribution in the ield of soil science especially in soil salinity management he
was elected as the President of Indian Society of Soil Science in 1972 & 1973 and also appointed as VicePresident of International Society of Soil Science. Dr. D.R. Bhumbla was awarded the prestigious Ra i
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Ahmed Kidwai Award in the year 1972-73. He received IAUA Plaque for outstanding work in Agricultural
Education and Research during 1979. Dr. Dev Raj Bhumbla was honored with Commonwealth Scienti ic
Association Guinness Award in 1977 and coveted Dr. N.S. Randhawa Memorial Award in 1995-1996. He
received several awards including Doctor of Science (Honorari Causa) from Punjab University, Chandigarh
in 1987 and Fellow from National Academy of Agricultural Sciences in 1992.

PADAM SHRI DR. JAI SINGH PAL YADAV
Dr. J.S.P. Yadav was born on July 30, 1922 in Village Akhaipur, Aligarh
District (UP). He did his graduation from RBS College, Agra, got his
post-graduation and Ph.D. Degree in Soil Science from Kanpur
University. Dr. Yadav had a brilliant academic career throughout and
occupied important positions including Chairman, ASRB, Vice
Chancellor, H.A.U., Hisar, Coordinator and Director CSSRI Karnal from
1975 to 1982, and Senior Research Of icer (Soils), Forest Research Institute, Dehradun with long
distinguished experience of research, teaching and administration.
Dr. Yadav, an eminent soil scientist of international repute, has made outstanding contributions
in the areas of soil and water management for crop production especially under saline ecologies. Dr.
Yadav was a con idant team member of Dr. Bhumbla, jointly led the research programmes during the
formative years of the CSSRI, which resulted into development of 'Gypsum Technology' which helped
CSSRI in getting the International name and fame.
Dr. Yadav had more than 250 publications in foreign and Indian journals. In view of his
signi icant contributions, Dr. Yadav was conferred Padma Shri in 1984 by Govt. of India in the ield of
civil service. He was recipient, singly or jointly, of several awards such as Guinness Award of
Commonwealth Scienti ic Association (1977), Hari Om Trust Award (1982), Dr. Rajendra Prasad Award
(1984), Brandis and Schlich Memorial Prizes, Honorary Member of Indian Society of Soil Science and
Soil Conservation Society of India, Golden Jubilee honour of the Indian Society of Soil Science (1984),
USAID award for superior performance, All India Pensioners' Association appreciation for meritorious
ICAR service, Samaj Gaurav Samman National Award, Indira Gandhi National Award and D.Sc.
(Honorari Causa) from GBAUAT. He had been elected as Honorary Member (highest honour) of the
International Union of Soil Sciences. He was Fellow of several scienti ic academies and societies
including Chemical Society, London (1959), National Academy of Sciences, Allahabad, India (1967),
Indian Society of Soil Science (1992), Indian Society of Agricultural Chemistry (1995) and National
Academy of Agricultural Sciences (1999). He has been president of ive national professional societies
related to Soil Science, Water Management, Agriculture, Salinity and Coastal Research. He served as
Chairman/Member of numerous scienti ic committees, meetings and panels at national and
international level. He was widely travelled and also expert consultant of FAO, USAID, UNDP, UN-ESCAP,
World Bank, WAPCOS, AFC, PPCL and United Rice Land Ltd.
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Dr. J.S.P. Yadav, stalwart in the ield of Soil Science particularly in reclamation and management
of salt aﬀected soils and utilization of poor-quality water for irrigation, dominated the scene in this ield
for over 45 years. He left indelible mark in this ield which will continue to inspire younger generations
for years to come. Padam Shri Dr. J.S.P. Yadav breathed his last on April 04, 2010 at the age of 88 years.
He is survived by one son and four daughters with his death, India has lost a very noble person, an able
administrator and a great Soil Scientist of International fame.

DR. INDER PAL ABROL
Dr. I.P. Abrol was born on 13 March 1939 in Lahore (now in Pakistan).
He did his B.Sc. from Punjab University in 1957 and Post-graduate
Diploma from Indian Agricultural Research Institute, New Delhi. He
was awarded Ph.D degree in the area of Soil Science and Agricultural
Chemistry in 1962. Dr. I.P. Abrol began his career as a Research Fellow
with Professor S Ravikovitch in the Department of Soils, Hebrew
University, Israel, studying salinity-nutrient interactions and plant growth in 1962-63. On return to
India, he joined the newly established Punjab Agricultural University Campus at Hisar as Soil Physicist.
In 1969, he was appointed as Head of the Division of Soils and Agronomy at CSSRI, Karnal and later took
over as Director of the Institute during 1983-86. He was selected for the post of the Deputy Director
General in ICAR from 1986 to 1995.
Dr. I.P. Abrol worked on water management needs of crops in the semi-arid regions where canal
irrigation had been brought. At CSSRI he contributed towards better understanding of the nature of
salt aﬀected soils and development of practical approaches and solutions to restoring the productivity
of degraded soils for crop and agroforestry systems. His work furnished a better de inition of the
problem, improved diagnostics, quanti ication of soil-plant relationship and improved management
approaches, which provided a basis for wide scale adoption of technologies at the farm level. He has
published over 150 research articles in diﬀerent national and international journals of repute.
In recognition of his professional services, Dr. Abrol was elected as President, Indian Society of Soil Science
during 1986-87 and President of International Soil Conservation Organization for 1993-94. He worked as
Chairman of Commission on Salt Aﬀected Soil of International Society of Soil Science from 1982 to 1986
and also as a Member of Scienti ic Committee of the International Geosphere-Biosphere Programme (SCIGBP) of the ICSU. He has served on the Editorial/Advisory Board of several national and international
journals including Soil Science (USA), Soil Use and Management (UK), Land Degradation and
Development (UK). Dr. Abrol also served as an INSA Council Member from 1994 to 1996.
Dr. Abrol is a recipient of several awards and honours including the coveted Ra i Ahmed Kidwai
Memorial Award by ICAR during 1972-73. He was honoured with Guiness Award for Scienti ic
Achievements, GASA Medal for Service of Community, London in 1980, Vasvik Research Award in 1989
and Hari Om Ashram Trust Award in 1989. He is a Fellow of the National Academy of Sciences,
Allahabad and is a Founder Fellow of National Academy of Agricultural Sciences, New Delhi (1990). He
was also Vice-President, INSA during 2002-04.
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DR. NIRMAL TEJ SINGH
Dr. Nirmal Tej Singh was born on December 31, 1933 at Layallpur (now
in Pakistan). He did his M.Sc. (Soils) from Punjab Agricultural
University, Ludhiana. He was awarded his Ph.D. (Soil Science) in 1967
from University of California, Davis, USA. He started his professional
career as Professor of Soil/ Senior Soil Physicist, Head, Department of
Soils, Punjab Agricultural University, Ludhiana. Later joined as Director,
Central Agricultural Research University, Port Blair followed by
Director, Central Soil Salinity Research Institute, Karnal in 1988 till retirement in December 1993. He
acted as Chairman Steering Committee of UNDP-Project on Irrigation Management. He was a Member of
Haryana State Council of Science & Technology and Member, Haryana State Board of Prevention &
Control of Water Pollution. He worked as a Member of Science & Technology Council of Haryana and
several other bodies.
As Director, CSSRI, Dr. Singh contributed a lot in the development and extension of the CSSRI
technologies which helped in reclamation of the salt aﬀected soils and poor quality water. In recognition
of his outstanding contribution to nation Dr. N.T. Singh was awarded with the prestigious Ra i Ahmed
Kidwai Award in 1980-81 for outstanding Research in the ield of Agriculture and Fakhrudin Ali Ahmed
Award (1986-87) for outstanding Team work. He is also the Fellow of many Academies and
Professional Societies few of them are Indian National Science Academy, National Academy of
Agricultural Sciences and Indian Society of Soil Science.
Dr. Singh published more than hundred research papers in peer-reviewed Research Journals; National
and International Proceedings of Seminars, Symposia and Chapters in books. He also published two
books, one on Irrigation and Soil Salinity in the Indian Sub-Continent, published by the Lehigh
University; and another on Plant Resources of Andaman & Nicobar Islands (with J.C. Dagar) published
by Bishen Singh Mohindra Pal Singh Publishing Co. Dehradun.

DR. NARENDRA KUMAR TYAGI
Dr. N.K. Tyagi was born on January 12, 1947 in farming family in
Ismilepur (Bijnor), Uttar Pradesh. He graduated in Agricultural
Engineering from GBPUAT, Pantnagar in 1967 and Master's degree in
Soil and Water Conservation Engineering from IIT Kharagpur in 1969.
He was awarded Ph.D in Civil Engineering from JNTU, Hyderabad in
1984. From USU Logan, USA, he did Post Doctoral Research in
Environmental Planning for Salinity Control. His professional career
spans over more than three decades and he is known for his outstanding research in area of land and
water management.
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He began his career as Agricultural Engineer (Water Management), AICRP Water Management,
Orissa Agricultural University, Bhubaneswar during 1970-75. During 1976-2004, Dr. N.K. Tyagi
worked at CSSRI, Karnal in diﬀerent capacities , as a Scientist S-3 (1981 to 1985), as Head, Division of
Irrigation and Drainage Engineering during 1985-87 and as a Principal Scientist (Irrigation
Management) from 1986-94. He joined as Sub-Project Coordinator UNDP/FAO Project on Irrigation
Management from 1987-1992. Additionally, he also became the Visiting Professor in the Department
of Irrigation and Agricultural Engineering, Utah State University, Logan, Utah, USA in 1990. In 1994, he
became Director of CSSRI and continued in this position till 2004. He was appointed Member of
Agricultural Scientists Recruitment Board in 2005 and continued upto 2011.
As a Director of CSSRI, he played a key role in conceptualizing solutions for salinity
management, leading national programme on technology development, increasing public
awareness and organizing government support for land rehabilitation programmes. During his
tenure as Director (1994-2004) for the irst time CSSRI got 'ICAR Best Institute Award for the year
1998', of Ministry of Agriculture, GOI. In recognition of his scienti ic contributions ICAR bestowed
several coveted awards such as Ra i Ahmed Kidwai and Jawahar Lal Nehru Award. He is a fellow of
several academies/professional societies including the Indian National academy of Engineering
(INAE), National Academy of Agricultural Science (NAAS) and Indian Society of Agricultural
Engineering (ISAE) etc. He now works as an Independent Consultant in the area of land, water and
environment.

DR. GURBACHAN SINGH
Dr. Gurbachan Singh was born on September 16, 1954 in village Bhaini
Maraj, district Sangrur, Punjab. After completing primary and higher
secondary education from village schools, he did B.Sc. (Ag.) in 1975,
M.Sc. (Agronomy) in 1978 and Ph.D. (Agronomy) in 1988 from Punjab
Agricultural University, Ludhiana with distinctions. Dr. Singh joined as
Scientist S-1 at the CSSRI, Karnal in 1978 and served this Institute for
nearly 20 years as Scientist (S-1 and S-2) and Senior Scientist. In 1998,
he joined as Principal Scientist (Forestry/Agroforestry) at the NRC for Agroforestry, Jhansi and served
there for about 18 months, and thereafter he was selected as Head, Crop Production Division, IGFRI,
Jhansi. In 2001, Dr. Singh was selected as ADG (Agronomy) at ICAR, Headquarter, New Delhi and served
there up to May 2005.
During his tenure as Director (2005-2010) CSSRI got 'Sardar Patel Outstanding ICAR
Institution Award for the year 2009' from GOI, and also 'Ground Water Augmentation Award-2009'
of Ministry of Water Resources, GOI. He led the institute and established linkages with several
international organizations engaged in research and development namely European Union Funded six
countries consortium programme on biosaline agroforestry; IRRI and CIMMYT facilitated platform for
research on conservation agriculture; Action Aid International funded project on rehabilitation of
Tsunami aﬀected areas in Maldives, Sri Lanka and India; US-India Knowledge Initiative (AKI)
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programme and projects funded by ACIAR, IAEA and IRRI. Dr. Singh's research on reclamation and
management of salt-aﬀected soils is recognized at the national and international levels and is
acknowledged even in the most prestigious journal SCIENCE. His scienti ic contributions has focused
on developing alternate approaches to sustainable use of soil resources whose productive capacity has
been diminished due to accumulation of excess salts in the rootzone. These approaches have involved
de ining salinity and alkali tolerance of the large variety of species of potential fuel and forage value,
developing agro-techniques for their successful establishment and growth and evaluating the
economic and ecological signi icance of forage and fuel based production systems. Other notable
scienti ic contributions include: introduction and evaluation of thirty species of Prosopis and several
clones of Opuntia icus Indica for improvements in respect of bole and thornless characters and
establishment of seed/propagule orchards as germplam source for salt stress.
Dr. Singh also had brief stint as an Agriculture Commissioner during 2010-2011, before joining
as Chairman, ASRB (2011-2017). Dr. Singh has published more than 130 research articles in national
and international journals. He is life member of several scienti ic societies and academies including
fellowship of the National Academy of Agricultural Sciences. He is scienti ic advisor to the
International Foundation for Science, Sweden and also FAO CACTUS NET Regional Coordinator for
West Asia. He is Vice-President of the Farming Systems Research and Development Association of
India and an honorary member of advisory board of Journal of Agrometeorology, and also honorary
member of editorial board of "Experimental Agriculture".
In recognition of Dr. Singh outstanding contributions in ield of salinity management, he was
awarded the coveted Ra i Ahmed Kidwai Award (1996-98) by ICAR, New Delhi. Dr. Singh is recipient of
several National Level Awards for his outstanding contributions in agricultural research, education,
development and policy, including Hari Om Ashram Trust Award of ICAR in 1989, Dr. K.A.
Shankarnarayan Memorial Award (1993-94) of CAZRI, Jodhpur and Tenth Sukumar Basu Memorial
Award (1995-96) by IARI, New Delhi. Recognition Award of National Academy of Agricultural
Sciences, 2005-06; Life Time Achievement Award by High Tech Horticultural Society of India, 2013;
Haryana Ratna Award by NIFAA in 2013; Dr. D. Sundaresan Oration Award by NDRI, Karnal, 2013;
Award of Honour by Chief Minister of Punjab in 2014; Bioved Sangam Ratna Award, 2014; Harit Ratna
Award by All India Agricultural Students' Association in 2014; Dr. M. S. Randhawa Memorial Award by
th
NAAS at 12 Agricultural Science Congress, 2015; Amit Prabudh Manishi Award 2015 by ASM
Foundation, New Delhi; Dr. K.K. Iya Memorial Oration Award by NDRI, Karnal, 2016, Agricultural
Leadership Award by ICFA, New Delhi and Life Time Achievement Award in 2017 by Indian Society of
Range Management, IGFRI, Jhansi.
He served as Founder President of the Indian Society of Soil Salinity and Water Quality. He also
served as President of Indian Society of Agronomy twice; Vice President, Prosopis Society of India and
Indian Society of Farming System Research and Development. He is a distinguished Fellow of National
Academy of Agricultural Sciences, Fellow of Indian Society of Agronomy, Indian Society of Soil Salinity
and Water Quality, Indian Society of Soil and Water Conservationists and Range Management Society
of India. He is presently founder Director of Dr. Gurbachan Singh Foundation for Research, Education
and Development, Karnal.
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DR. DINESH KUMAR SHARMA
Dr. D.K. Sharma was born in humble farm family in Rudian village of
Hathras District of Uttar Pradesh on January 15, 1955. Dr. Sharma did
his Doctorate in the discipline of Agronomy from G.B. Pant University of
Agriculture and Technology, Pantnagar. Dr. Sharma, was selected as a
scientist in ARS 1978 batch since then, he has been associated with
ICAR-CSSRI in various positions such as Scientist, Senior Scientist, Principal Scientist, and Head CSSRI
RRS. In 2001, he was selected to Head the CSSRI-Regional Research Station, Lucknow. As Founder Head,
he established the station and facilitated, supervised and monitored the research on reclamation and
management of sodic soils in Uttar Pradesh. Considering his contribution to the building-up of the
station, he was once again selected as Head of RRS in 2007.
Dr. Sharma assumed the charge of Director, ICAR-CSSRI, Karnal on October 21, 2010 and led the
institute till April 2016. As a Director, he always motivated young researchers to undertake basic work
in salinity science to unknot the complex phenomenon of salt dynamics and laying the strong
foundation for the applied research in salinity management through which we can bring the smile back
to the farmers who own salt aﬀected and barren lands. Dr. Sharma is a glaring example of 'simplicity is
the best policy' for achieving excellence in every facets of human endeavour. His outstanding
contribution in rehabilitation of the waterlogged sodic soils will always be remembered. He has
handled various externally funded research projects funded by international organizations such as
IRRI, Philippines and Germany and national organizations such as INCID, MoWR, New Delhi, HLRDC,
Lucknow and UPCAR, Lucknow.
Dr. Sharma is credited with more than 300 research papers including 49 in international
journals of repute. Besides the research papers, Dr. Sharma has 66 scienti ic contributions as technical
papers/book chapters/popular articles/reports. In recognition of Dr. Sharma's outstanding
contributions in the ield of salinity management he has been honoured with many fellowships of
academy/professional societies and prestigious awards like Hari Om Ashram Outstanding Research
Award by Ministry of Agriculture, Biotech Product & Process Development and Commercialization
Award 2014 by Ministry of Science and Technology & Award from Ministry of Water Resources, Govt. of
India, FAO fellowship, Fellow National Academy of Agricultural Sciences, Fellow Indian Society of
Agronomy, Fellow Indian Society of Water Resource, Ex-President Indian Society of Soil Salinity and
Water Quality. He also worked as a Visiting Scientist at IRRI, Manila, Philippines.
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DR. PARBODH CHANDER SHARMA
Dr. P.C. Sharma was born on April 7, 1961 in Zira, Dist. Ferozepur in
Punjab. Dr. Sharma graduated from Punjab University, Chandigarh and
joined ARS in 1986 after completing his Master's and Doctorate
degrees in the ield of Plant Physiology from PAU, Ludhiana. He served
as Scientist during 1986-1988 with ICAR-CAZRI, Jodhpur and joined
CSSRI on January 1, 1989 and since then he worked as Scientist, Sr. Scientist and Principal Scientist till
October 2014. Dr. Sharma was selected as Head of Crop Improvement Division on November 1, 2014
and worked till October 9, 2016 and then he became Director, CSSRI, Karnal from October 10, 2016 and
is presently continuing in the same position.
Dr. Sharma has been leading a Program on improvement of rice, wheat, Indian mustard and
Chickpea for higher salt tolerance and high yield for salt aﬀected areas of the country. He has made
signi icant contributions in understanding the physiological mechanisms under salinity stress in
Indian mustard, pearl millet, legumes and vegetables. During his tenure as Director, six salt tolerant
varieties have been developed and released for cultivation; two of Indian mustard (CS 58 and CS 60),
three in rice (CSR 46, CSR 56 and CSR 60) and one in wheat (KRL 283). Further, three popular mega
varieties of rice (Pusa 44, PR 114 and Sarjoo 52) have also been improved for salinity tolerance by
introgression of SALTOL QTL following molecular marker assisted backcross breeding. Dr. Sharma is
leading a CSSRI-CIMMYT collaborative project/platform in which a complete set of Good Agricultural
Practices of cereal based cropping systems has been developed in the backdrop of conservation
agriculture to sustain the soil health and check residue burning which is rampant in the region.
Dr. Sharma handled 14 externally funded projects including 4 international projects. He has
published 2 books, 12 book chapters, 60 peer reviewed research papers in National Journals and 38 in
International journals, 22 review reports and 14 research bulletins. Till date Dr. Sharma has
supervised 12 M.Sc. and 3 Ph. D students of diﬀerent universities. Dr. Sharma has also visited many
countries like Japan, Nepal, U.K., China, Phillippines, Indonesia, Ghana etc. in diﬀerent capacities to
attend conferences/workshops/training etc.
In recognition of Dr. Sharma outstanding scienti ic contribution he was honoured with 'ICARCSSRI Excellence Award for Soil Salinity and Water Management' in 2015, PAU Alumni Award in 2016
and Director's Appreciation Award in 2008. Earlier he has been awarded fellowships of three
Professional Societies namely Indian Society for Plant Physiology (2014), Society for Rapeseed
Mustard Research (2014) and Indian Society of Soil Salinity and Water Quality (2014). He is the
President of Indian Society of Soil Salinity and Water Quality since 2016 onwards. Dr. Sharma has also
served as General Secretary of Indian Society of Soil Salinity and Water Quality during 2012-2016.
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Indian Society of Soil Salinity & Water Quality- A Pro ile
Rakesh Banyal
ICAR-Central Soil Salinity Research Institute, Karnal-132001 (Haryana), India

Quality of India's natural resources, i.e., land, water, climate and biodiversity is degrading at an
accelerated pace. Productive resources are being diverted from agricultural to other sectors
jeopardizing the production and productivity of food grains, iber, fodder, fuel wood, timber and other
useful biomass. Development of appropriate technologies to make best use of degraded land and water
resources will largely determine the prospect of food and nutritional in the 21st century. Reclamation
and management of 6.73 M ha salt aﬀected soils and judicious use of 25% poor quality ground water
resources has tremendous potential to enhance food grain production in the country. It was with this
background that a Society has been formed in the name of Indian Society of Soil Salinity and Water
Quality (ISSS&WQ). The Society is open to deal with research and development issues related to soil
salinity and water quality.
Indian Soil Salinity Society was established in 2008 with it's headquarter at ICAR-Central Soil Salinity
Research Institute, Karnal, Haryana. This was the idea of the Dr. Gurbachan Singh, the then Director of
CSSRI to form the society and give its present shape. Since, its inception, the society has organized
various national seminars/symposia for the researchers working on the salinity aspect.
Structure
Executive Committee/Council of the Society
S. No.
Positions
1.
President
2.
Vice-presidents
3.
General Secretary
4.
Joint Secretary
5.
Treasurer
6.
Councilors
7.
Editor-in-Chief
8.
Editorial Board National members
9.
Editorial Board International members

Numbers
1
2
1
1
1
8
1
7
7

Membership
Membership in the Indian Society of Soil Salinity and Water Quality is open to anyone from any nation
who is concerned with any discipline of Soil Salinity and Water Quality research. There are three
categories of membership - Indian, Foreign and Institutional.
Mandate
·

To facilitate in survey of natural resources of India with the aim to generate database and suggest
preventive and reclamation strategies

·

To transfer knowledge and technologies related to soil salinity and water quality
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·

Human Resource Development and capacity building of stakeholders in the area of soil salinity,
water quality and natural resource management

·

To facilitate in policy planning processes for the upliftment of civil communities

Activities
T h e s o c i e t y i s i nvo lve d to o rga n i z e d i ﬀ e re n t s c i e n t i i c m e e t i n g s i n t h e fo r m o f
seminars/symposia/workshops/conferences at regional, national and international levels from time
to time. The details of such activities are given here as under:
st

·

1 National Seminar on “Soil Salinity and Water Quality” held at Central Soil Salinity Research
Institute, Karnal (Haryana) during 19-21, January, 2010.

·

2 National Seminar on “Management of Salt Aﬀected Soils and Waters: Challenges of the
21st Century” held at CSSRI Regional Research Station, Lucknow (U.P.) during 16-17 March,
2012.

·

3 National Seminar on “Krishi evam Prayavaran: Awasar va Chunautiayan” held at CSSRI,
Karnal (Haryana) during 13-14 March 2013.

·

4th National Seminar on “Innovative Saline Agriculture in Changing Environment” held at
RVS Krishi Vishwavidhyalaya, Gwalior (M.P.) during 12-14 December 2014.

·

5th National Seminar on “Climate Resilient Saline Agriculture: Sustaining Livelihood
Security” held at Swami Keshvanand Rajasthan Agricultural University, Bikaner (Rajasthan)
during 21-23 January 2017.

·

Golden Jubilee International Salinity Conference on “Resilient Agriculture in Saline
Environment under Changing Climate: Challenges and Opportunities” to be held at ICARCSSRI, Karnal (Haryana) during 7-9 February 2019.

nd

rd

Fellows of ISSS&WQ
The recipients of ISSS&WQ fellow award till date are as follows:
1. Dr. R.K. Yadav
2. Dr. V.K. Mishra
3. Dr. J.C. Dagar
4. Dr. S.K. Gupta
5. Dr. P.C. Sharma
6. Dr. P.K. Day
Publication
Journal of Soil Salinity and Water Quality - Biannually (The journal is published regularly since 2009.
The NAAS rating is 4.94.)
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Presidents of Indian Society of Soil Salinity and Water Quality

Dr. Gurbachan Singh
(2008-2010)
Past and Present Executive of ISSS&WQ
Year
President
Vice-President
2008-10 Dr. G.B. Singh
Dr. S.K. Gupta
2011-13
2014-15
2016-17
2018-19
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Dr. K.K. Mehta
Dr. D.K. Sharma Dr. S.K. Gupta
Dr. J.C. Dagar
Dr. D.K. Sharma Dr. S.K. Sharma
Dr. S.K. Dubey
Dr. D.K. Sharma Dr. S.K. Chaudhari
Dr. P.K. Joshi
Dr. P.C. Sharma Dr. S. K. Kamra
Dr. V.K. Mishra

Dr. D.K. Sharma
(2010-2016)

Dr. P.C. Sharma
(2016–Contd.)

General Secretary Joint Secretary Treasurer
Dr. Pradip Dey
Dr. R.K. Yadav Dr. (Mrs) Kapila

Editor-in-Chief
Dr. Ali Qadar

Shekhawat
Dr.P.C. Sharma

Dr. R.K. Yadav

Dr. R.L. Meena

Dr. S.K. Choudhari

Dr.P.C. Sharma

Dr. R.K. Yadav

Dr. R.L. Meena

Dr. J.C. Dagar

Dr.P.C. Sharma

Dr. R.K. Yadav

Dr. R.L. Meena

Dr. J.C. Dagar

Dr. R.K. Yadav

Dr. R. L. Meena

Dr. R. Banyal

Dr. J.C. Dagar
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AICRP on Management of Salt Aﬀected Soils and Use of
Saline Water in Agriculture
R.L. Meena, M.J. Kaledhonkar and B.L. Meena
ICAR-Central Soil Salinity Research Institute, Karnal-132001 (Haryana), India
Introduction
The All India Coordinated Project for Research on Use of Saline Water in Agriculture was irst
sanctioned during the Fourth Five Year Plan under the aegis of Indian Council of Agricultural Research,
New Delhi at four research centres namely Agra, Bapatla, Dharwad and Nagpur to undertake
researches on saline water use for semi-arid areas with light textured soils, arid areas of black soils
region, coastal areas and on the utilization of sewage water, respectively. During the Fifth Five Year Plan
the work of the project continued at the above four centres. In the Sixth Five Year Plan, four centres
namely Kanpur, Indore, Jobner and Pali earlier associated with AICRP on Water and Soil Salinity
Management were transferred to this Project whereas the Nagpur Centre was dissociated. As the
mandate of the Kanpur and Indore centres included reclamation and management of heavy textured
alkali soils of alluvial and black soil regions, the Project was redesigned as All India Coordinated
Research Project on Management of Salt Aﬀected Soils and Use of Saline Water in Agriculture. Two of
its centres located at Dharwad and Jobner were shifted to Gangavati (w.e.f. 1.4.1989) and Bikaner
(w.e.f. 1.4.1990), respectively, to work right at the locations having large chunks of land af licted with
salinity problems.
During the Seventh Plan, the project continued at the above locations. During Eighth Five Year Plan,
st
Two new centres at Hisar and Tirruchirapalli were added. These centres started functioning from I
January 1995 and 1997, respectively. During the Tenth Plan, the project continued with the same
centres with an outlay of Rs. 1090 lakh. During the Eleventh Plan, Project Continued with an outlay of
Rs. 2125.15 Lakh with the Coordinating Unit at Central Soil Salinity Research Institute, Karnal. Further,
during Twelfth Five Year Plan, four new Volunteer centres namely Bathinda, Port Blair, Panvel and
Vyttila were added to this AICRP. These four centres started functioning from 2014. The project
continued at following 12 centres and Coordinating Unit at ICAR-CSSRI, Karnal. The three Year Plan
(2017–2020) was sanctioned by the Council vide letter No. NRM-24-4/2013-III dated 28-02-2014
with an outlay of Rs 4638.67 lakh (ICAR Share Rs 3675.00 lakh).
XII Plan Mandate
•

Survey and characterization of salt aﬀected soils and ground water quality in major irrigation
Commands.

•

Evaluate the eﬀects of poor quality waters on soils and crop plants.

•

Develop management practices for utilization of waters having high salinity/alkalinity and toxic
ions.

•

Develop and test technology for the conjunctive use of poor quality waters in diﬀerent
agro–ecological zones/major irrigation commands.

•

Screen crop cultivars and tree species appropriate to salinity and alkalinity soil conditions
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•

Develop alternate land use strategies for salt aﬀected soils (Agro-forestry).

The eight coordinating centers (Agra, Kanpur, Hisar, Bikaner, Bapatla, Gangawati, Indore, and
Tiruchirappalli) and four volunteer centres (Bathinda, Panvel, Portblair and Vytilla) were spread in
length and breadth of the country under diﬀerent agro-ecological regions and irrigation commands as
under.
Location of AICRP Centres in Agro-ecological regions and irrigation commands
Name of Centre/University /State

Climate

Ecology

Agro -ecological
region

Semi -arid

Inland

Semi -arid

Coastal/
Inland

Agricultural Research Station,
SK RAU, Bikaner
(Rajasthan)
Agricultural Research Station,
University of Agril Sciences,
Gangawati (Karnataka)
CCS HAU, Hisar
(Haryana)

Arid

Inland

Northern plain , Hot
semi -arid
Eastern coastal plain
Hot sub -humid to
semi arid
Western plains

Semi -arid

Inland

Deccan plateau
Hot semi -arid

Tunga Bhadra

Arid

Inland

Western plains

Bhakhra Canal

Agriculture College, RVS Agri
Univ, Indore (MP)
Agriculture College, CSA Univ. of
Agri & Tech, Kanpur (UP)
AD Agricultural College & Research
Institute, Tamil Nadu Agril Univ,
Tiruchirrappalli (TN)

Semi -arid

Inland

Central highlands

Omkeshwar

Semi -arid

Inland

Lower Ganges

Semi -arid

Coastal/
Inland

Northern plain
Hot semi -arid
Eastern ghats and
Tamil Nadu uplands
and Deccan plateau,
Hot semi -arid

Regional Station, PAU, Bathinda
(Punjab)
Khar Land Research Station ,
Panvel, Konkan Krishi Vidhypeeth
(Maharashtra)
Rice Research Station , Kerala Agril
Univ. Kochi (Kerala)

Semi -arid

Inland

Rajasthan Canal

Humid

Coastal/
Inland

Humid

Coastal

ICAR -Central Island Agril Research
Institute, Port Blair (A&N Islands)

Humid

Coastal

Western plain, Hot
arid
Western ghats and
coastal plain, hot
humid -perhumid
Western ghats and
coastal plain, hot
humid -perhumid
Islands of
Andaman -Nicobar,
Hot humid to
perhumid Islands

Cooperating Centres
Raja Balwant Singh College,
Bichpuri, Agra (UP)
Regional Research Station ,
ANG RAU, Bapatla (AP)

Irrigation
Command
Agra Canal
NSP & Krishna

IGNP

East Kattalai Canal

Volunteer Centres

Rajnala Karjat

-

-

Within the mandated tasks, following activities were initiated or strengthened at various
centers during XII plan
•

Generation of data bases on salt aﬀected soils and poor quality waters

•

Environmental impacts of irrigation and agriculture in irrigation commands and at benchmark sites
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•

Micro-irrigation system for saline water use to high value crops; to develop crop production
functions with improved irrigation techniques

•

Crop production with polluted (Agra Canal) and toxic water and bio-remediation strategies

•

Water quality limits for new cropping pattern

•

Development of new sources of fresh water for conjunctive use (Rainwater harvesting) and
groundwater recharge

•

Pollution of surface and ground water including modelling

•

Reclamation and management of salt aﬀected soils and water in Nagaur area in Rajasthan

•

Management of abandoned aquaculture ponds

•

Seawater intrusion and modelling

•

Extension of Doruvu technology and test cheaper alternatives for skimming of fresh water loating
on saline water

•

Survey and characterization of toxic elements in coastal groundwater

•

Re-sodi ication of reclaimed alkali lands and comparative performance of various amendments

•

Dry land reclamation technologies

•

Land drainage of waterlogged saline lands for cost minimization

•

Conservation agriculture/multi-enterprise agriculture/ multiple use of water

•

Alternate land management including cultivation of unconventional petro-plants, medicinal,
aromatic and plants of industrial application

Signi icant technologies developed under this AICRP
Developed 'Dorovu' Skimming well Technology for coastal areas
Technology for ef icient use of fresh water loating over saline ground water in coastal sands
(Skimming well Technology) locally called as “Dorovu” comprises installation radial corrugated
perforated pipes and sump at centre for skimming of fresh water without disturbing underlain saline
groundwater in coastal areas. Skimming well technology is designed with intention to extract/ skim
freshwater layer loating over saline water aquifer. After installation of skimming wells in the area, it was
observed that the water table depth varied from 1.39 to 2.04 m at Bapatla and surrounding coastal areas.
Skimming wells at 92 locations were installed including six drinking water wells covering an area of 198
ha in twenty ive villages in Prakasam, Guntur and West Godavari districts of Andhra Pradesh.
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Low cost recharge technology for poor quality groundwater areas
The low cost technology is developed by the centre for dilution of poor quality ground water in aquifer
through rainwater recharge. It is individual farmer based technology. The groundwater recharge helps
to improve availability and quality of groundwater. The salinity of the ground water is reduced to less
rd
th
than 4-8 dS/m in most cases but, eventually reaches to its original value at time of 3 or 4 irrigation.
st
The salinity (ECiw) of well water at 1 irrigation is very low as compared to initial water salinity of the
bore well. The irst irrigation with this good quality water helps to increase crop yield.
Conjunctive use
Conjunctive use of canal and alkali waters (RSC 15 meq/l) under diﬀerent cyclic, mixing, seasonal
cyclic, long-term annual cyclic modes has been tried and identi ied for best utilization of limited canal
water supplied along with saline irrigation
Subsurface drainage technology
The subsurface drainage system for reclamation of saline soils and to improve agricultural
productivity has been tested at Uppugunduru and Appikatla in Krishna Western Delta in 1.3 lakh
hectares of waterlogged saline soils of coastal and major irrigation command areas of Andhra Pradesh.
The system leached a total of 184.4 tons of salts through the drainage system during the period of 7
years with a mean of 24.6 t/ha/annum. The soil salinity reduced to 1.7 to 8.4 dS/m and consequently
increased the paddy yields from initial level of 1.8 t/ha to 6.75t/ha at the end of 7 years. The average
discharge from the pipe drains laid at 30 m spacing was highest as compared to the pipe drains laid at a
spacing of 60 m. The drain discharge decreased as the spacing increased
Raised and Sunken bed Technology
Developed Raised and Sunken bed technology for reclamation of rainfed alkali Vertisols wherein
cotton crop was planted on raised beds whereas paddy crop was transplanted in sunken beds. The
results indicated that raised and sunken bed system is good to conserve soil, water and nutrients and
provides good surface drainage to upland crops grown on the raised beds. The system helped in water
(50%), soil (95%), nutrients (90%) conservation and improved crop production and the system is
economically viable
DSR on laser leveled ields in TBP command of Karnataka
“Laser land leveling is used for enhancing water productivity in Tungabhadra command area”
Laser Land Leveler is used for leveling of land and DSR (Direct Seeded Rice) is adopted on laser leveled
ields. Tungbhadra command area in Karnataka is mainly associated with soil salinity, soil erosion and
shortage of irrigation water, particularly during Kharif season. Soil moisture cannot be distributed
uniformly due improper leveling.
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·

20–25 % irrigation water saved in case of DSR on laser leveled land compared to transplanted
rice (PTR) on traditionally leveled land.

·

Higher Paddy yield (87.5 q/ha) was recorded under PTR in laser leveled land followed by DSR
on laser leveled land (78.75 q/ha).

·

Soil erosion is reduced and soil moisture distribution was uniform over entire DSR laser
leveled land.

Controlled sub-surface drainage Technology
In this subsurface drainage system, drainage water volume is controlled. Tungbhadra command area
in Karnataka is mainly associated with soil salinity, soil erosion and shortage of irrigation water,
particularly during Kharif season. The subsurface drainage is provided with device to maintain
watertable, reduce drainage volume and prevent loss of nitrogen fertilizer.
Reclamation of sodic soils using Distillery Spent Wash in Tamil Nadu
Technology for reclamation of sodic soils by applying Distillery Spent Wash (DSW) has been developed.
In India about 257 distilleries generate 40.72 million-kilo litres of spent wash annually. It can be
utilized as an amendment for reclaiming sodic soil. Its application @ 5.0 cm in the irst year of
reclamation helps to lower ESP and increase in yield of rice. The technology has been perfected at
Trichy and Indore centres. Feasibility of managing alkali water with distillery spent wash (DSW) has
also been demonstrated and found eﬀective to reclaim alkali waters. One litre of DSW in 250 litres of
alkali water is suf icient to neutralize RSC of 10 meq/l and could be used to irrigate the sugarcane crop
without any adverse eﬀects.
Rice-prawn integration on Pokkali lands in Kerala
Farmer applies lime at the time of ield preparation. Seeds of 'Pokkali' were sown on the ridges and
after one month when the conditions become favourable. The ridges are dismantled and the seedlings
are distributed evenly in the ield using spade. The rice crop is grown exclusively without any fertilizers
and pesticides. The only intercultural operation is weeding. The threats for this crop are lash loods
and increase in salinity during low rainfall periods during cropping season.
·

In the coastal area of Kerala, acid saline soils are dominated, which has very poor productivity and
pro itability of rice crop.

·

The farmer has been advised to integrate Pokkali rice with prawn cultivation.

·

Farmer got an average yield of 2-3 t for rice and 400 kg/ha for prawn without applying chemical
fertilizer and organic manure.

·

Farmer also got additional income from the coconut palm and the vegetables.
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Land shaping for controlling waterlogging and salinity in A & N islands
This is an alternate land management system for waterlogged and saline soils. Water from the pond is
drained to leach salts and from second year onwards rainwater is harvested and stored.
·

The coastal areas of Andmans suﬀer from the twin problem of salinity and waterlogging.

·

Sea water inundation during high tide makes life and livelihood very dif icult as in the case of
Padmaspahad village of South Andaman.

·

Salinity reduced to less than 1.5 dSm-1 from the initial value of 4.6 dSm-1 and the pH improved to 6.4
with in the one year.

·

Polyculture of Indian Major Carps was practised in the pond with the production of 520 kg/year.

·

Banana cultivation gave a net return of Rs. 18,000/- and vegetable Rs.10,000 in one year after
meeting home consumption of farmer.

Protected cultivation technology for commercial vegetable production using saline irrigation
water
·

Micro-environment in polyhouse reduces salinity stress on vegetable crops.

·

Pest and disease are controlled to greater extent automatically.

·

Despite use of saline water for irrigation, performance of capsicum and chilli was good for initial
two years, while tomato continues to produce signi icantly better yield consecutively for three
years under high saline water irrigation.

·

Vegetable cultivation with saline irrigation water under naturally ventilated polyhouse structures
may ensure livelihood security to resource poor farmers.
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Photo Memories of ICAR-CSSRI

Jernailley Kothi –
Institute’s laboratory cum of ice during 1969-74

ICAR-CSSRI Main Institute, Karnal

A typical barren alkali land

Waterlogged saline soil

Nobel Laureate Dr. Norman E. Borlaug
visiting CSSRI farm

Dr. B.P. Pal inspecting the wheat
crop under sodic land
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Dr. M. S. Swaminathan discussing
with the then Director and scientist of CSSRI

Dr. J. S. Kanwar visiting the farmer’s
ield adopted by CSSRI

Interaction of deligates with Director, CSSRI

Inspection of ield trials by the visitors at CSSRI

Russian Delegates visiting the farm of CSSRI

Dr. N.T. Singh interacting with Russian deligates
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Dr. V. Kovda interacting with the then
Director and scientists of CSSRI

Dr. B.R. Bhumbla with foreign delegation at CSSRI

Prof. I. Szabolcs interacting with Dr. D.R. Bhumbla

Visit of Dr. Rattan Lal at CSSRI

Delegates visiting the farm of CSSRI

Deligates visiting the experimental ield
at Kachhwa village
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Dr. N.K. Tyagi, Director, CSSRI felicitating Nobel Laureate
Dr. Norman E. Borlaug

Visit of Bangladesh Delegation at CSSRI

Visit of Hon’ble Sh. Kaptan Singh Solanki, Governor,
Haryana in a fuction of CSSRI

Visit of Hon’ble Sh. Bhupinder Singh Hooda, Chief Minister
of Haryana at CSSRI Exhibition stall

Dr. Alagusundaram, DDG (NRM) on visit of CSSRI farm

Dr. P.C. Sharma, Director, CSSRI explaining
the experiments to Prof. Vijay Paul Sharma,
Chairman CACP
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Dr. P.C. Sharma, Director, CSSRI explaining the experiments
to Dr. S. Ayyappan, DG, ICAR

Dr. P.C. Sharma, Director, CSSRI explaining the experiments
to Dr. T. Mohapatra, DG, ICAR

Dr. Gurbachan Singh, Chairman,
ASRB on visit of CSSRI farm

Dr. A.K. Singh, DDG (Extn.), ICAR
visiting water recharge structure at farmer’s ield

Sh. Radha Mohan Singh
Hon’ble Union Minister of Agriculture and
Farmers’ Welfare inaugurating the Kisan Mela at CSSRI
Souvenir

Sh. Parshottam K. Rupala, Hon’ble Union Minister
of State for Agriculture and Farmers’ Welfare
adressing the farmers in Kisan Mela at CSSRI
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Impressions of Visiting Dignitaries

Dr. John Bennett, IIRI, Philippines

Sh. Abbas Keshavarz, Deputy Minister of Agriculture Iran

Dr. S.C. Modgal, DG, UP Council of Agricultural Research, Lucknow (Uttar Pradesh)

Dr. S.B. Kadrekar, Ex-Vice Chancellor, Dr. BSKKV, Dapoli (Maharashtra)
Souvenir

126

Golden Jubilee International Salinity Conference-2019

Dr. Gurbachan Singh, Chairman, Agricultural Scientist Recruitment Board, New Delhi

Dr. A.K. Singh, DDG (NRM). ICAR, New Delhi

Dr. V.V. Sadamate, Former Advisor, Planning Commission, New Delhi

Prof. R.B. Singh, President, NAAS, New Delhi
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Prof. B.N. Singh, Ex-Director, Central Rice Research Institute, Cuttack, Orissa

Dr.V.N. Sharda, Member, Agricultural Scientist Recruitment Board, New Delhi

Dr. V.S. Tomar, VC, JNKVV, Jabalpur (Madhya Pradesh)

Dr. Arvind Kumar, VC, RLBCAU, Jhansi (Uttar Pradesh)
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Dr. B. Mishra, Former VC, SKUAST, Director DRR, Hyderabad and DWR, Karnal

Dr. Ramesh Kumar Yadav, Chairman, Haryana Kisan Ayogy
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Major Awards Bagged by ICAR-CSSRI Scientists
Year

Name of Awards

Name of Awardees

1972

FAO Andre Mayer Award

Dr. I.P. Abrol

1974

Australian Culture Award

Dr. J.S.P. Yadav

1976

Ra i Ahmed Kidwai Award

Drs. D.R. Bhumbla and I.P. Abrol

1977

Commonwealth Scienti ic Association Guinness Award Drs. D.R. Bhumbla, J.S.P.Yadav, I.P. Abrol and K.S. Dargan

1980

Guiness Award for Scienti ic Achievements

Dr. I.P. Abrol

1980

Ra i Ahmed Kidwai Award

Dr. N.T. Singh

1982

Hari Om Ashram Award

Dr. J.S.P. Yadav

1984

Padam Shree Award

Dr. J.S.P. Yadav

1984

Dr. Rajendra Prasad Award

Dr. J.S.P. Yadav

1984

Jawahar Lal Nehru Award

Dr. N.K. Tyagi

1985

Vasnik Award

Dr. I.P. Abrol

1986

Fakhruddin Ali Ahmed Award

Dr. N.T. Singh

1989

Hari Om Ashram Trust Award

Drs. I.P. Abrol, J.S. Samra, Gurbachan Singh and H.S. Gill

1990

Sr. Fulbright Fellowship

Dr. N.K. Tyagi

1993

Hooker Award

Dr. C.L. Acharya

1993-94 K.A. Shankarnaryan Award

Dr. Gurbachan Singh

1994

Himachal Kesari Award

Dr. C.L. Acharya

1994

Potash and Phosphate Institute of Canada & Fertilizer
Association of India Award

Dr. Anand Swarup

1994-95 Dr. K.G. Tejwani Award

Drs. S.K. Gupta and S.K. Dubey

1994-96 ICAR Team Research Award

Dr. J.S. Samra

1995

Dr. S.K. Gupta

Jawahar Lal Nehru Birth Centenary Award

1995-96 Sukumar Basu Memorial Award

Dr. Gurbachan Singh

1996

Dr. N.K. Tyagi

Ra i Ahmed Kidwai Award

1997-98 ICAR Team Research Award

Dr. J.S. Samra

1998

Best Institute Award by ICAR

CSSRI

1998

Vasant Rao Naik Award

Drs. H.S. Sen, S.K. Ambast and N.K. Tyagi

1998

WIPO Award

Dr. N.K. Tyagi

1998

Sukumar Basu Memorial Award

Dr. P.S. Minhas

1999

Raft Ahmad Kidwai Award

Drs. S.K. Gupta and Gurbachan Singh

1999

Hari Om Ashram Award

Dr. C.L. Acharya

2000

Vasant Rao Naik Award

Dr. J.S. Samra

2001-02 Dr. Rajendra Prasad Purskar for book in Hindi

Drs. S.K. Gupta, D.P. Sharma, N.K. Tyagi and S.K. Dubey

2002

Drs. B. Mishra and R.K. Singh

Hari Om Ashram Trust Award

2002-03 Dr. Shanker Memorial Award

Dr. M.K. Khandelwal

2003-04 Dr. N.S. Randhawa Award

Dr. J.S. Samra
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2005-06 Hari Om Ashram Trust Award

Drs. O.S. Tomar, P.S. Minhas, and J.C. Dagar

2005-06 Dr. N.S. Randhawa Award

Dr. C.L. Acharya

2005-06 Jain-INCID Sinchai Award

Dr. P.S. Minhas

2005-09 Kaushalya Sikka Memorial Award

Dr. Parveen Kumar

2008

Ganesh Sankar Vidhyarthi Protsahan Award

Krishi Kiran Patrika (Hindi)

2008

IMPHOSE-FAI Award

Dr. N.P.S. Yaduvanshi

2009

Sardar Patel Best Institute Award

CSSRI

2009

Ganesh Sankar Hindi Krishi Patrika Puraskar

Krishi Kiran Patrika (Hindi)

2009

Dr. K.G. Tejwani Award

Dr. C.B. Pandey

2009-10 UGC National Swami Pranavanada Saraswati Award

Drs. J.C. Dagar, P.S. Minhas and O.S. Tomar

2010

Dr. Ranjay K. Singh

Lansdowne Distinguished Professor Award

2010-11 Hari Om Ashram Trust Award

Drs. D.K. Sharma, V.K. Mishra, A.K. Nayak and Y.P. Singh

2011

National Groundwater Augmentation Award

CSSRI

2011

Jawahar Lal Nehru Award

Dr. S.K. Jha

2011

Rolex Award

Dr. Ranjay K. Singh

2013

Lal Bhadur Shastri Outstanding Young Scientist Award

Dr. Ranjay K. Singh

2013-14 Fulbright Alumni Award

Dr. Ranjay K. Singh

2014

Dr. T. Damodaran

Biotech Product & Process Development
and Commercialization Awards

2014-15 Hari Om Ashram Trust Award

Drs. S.K. Kamra, Parveen Kumar, Satyendra Kumar and
Bhaskar Narjary

2015

Lal Bahadur Shastri Outstanding Young Scientist Award Drs. S. Mandal and A.K. Bhardwaj

2015-17 CONICET-UNESCO Associateship Award
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Roll of Honours of ICAR-CSSRI Alumni
Sl.

Name of Scientist

No.
1

Last Position held

Higher Position to which elevated

at ICAR-CSSRI
Dr. Mangala Rai

Scientist

• ADG (Seeds)
• DDG (Crop Science)
• Secretary, DARE and DG, ICAR

2

Dr. D.R. Bhumbla

Director

• DDG (Soil, Agronomy and Engineering)
• Agriculture Commissioner, GOI
• VC, CCS HAU, Hisar

3

Dr. J.S.P. Yadav

Director

• Chairman, ASRB
• VC, CCS HAU, Hisar

4

Dr. I.P. Abrol

Director

• DDG (Soil, Agronomy and Agroforestry)
• Facilitator, Rice-Wheat Consortium, ICRISAT, New Delhi
• Chairman, CASA, New Delhi

5

Dr. N.K. Tyagi

Director

• Member, ASRB

6

Dr. Gurbachan Singh

Director

• ADG (Agronomy)
• DDG (Research), ICFRI, Dehradun
• Agriculture Commissioner, GOI
• Chairman, ASRB

7

Dr. J. S. Samra

JD, CSSRI RRS, Anand

• Director, CSWCRTI, Dehradun
• DDG (Natural Resource Management)
• CEO, NRAA, GOI

8

Dr. Parmatma Singh

Principal Scientist

• VC, RAU, Bikaner

9

Dr. Raj K. Gupta

Project Coordinator

• ADG (Soils)
• Facilitator, Rice-Wheat Consortium, CIMMYT- INDIA, New Delhi

10

Dr. R. Parshad

Head, TET

• ADG (Agricultural Extension)

11

Dr. P.S. Minhas

Project Coordinator

• ADG (Integrated Water Management)
• Director Research, PAU, Ludhiana
• ADG (Soil and Water Management)
• Director, NIASM, Baramati

12

Dr. V.V. Dhruva Narayana Head, DIDE

• Director, CSWCRTI, Dehradun

13

Dr. S. Chandra

Head, CI

• Director, IIPR, Kanpur

14

Dr. R. S. Rana

Principal Scientist

• Director, NBPGR, New Delhi

15

Dr. R.K. Rajput

Project Coordinator

• PC, AICRP (WM), Rahuri, Maharashtra

16

Dr. C.L. Acharya

Senior Scientist

• Director, IISS, Bhopal

17

Dr. A.K. Bandyopadhyay Head, RRS, Canning Town

• Director, CARI, Port Blair

18

Dr. P.S. Ahuja

• Director, Institute of Himalayan Bio-Resource Technology
(CSIR), Palampur

Senior Scientist

• Director General, CSIR, GOI.
19

Dr. H.S. Sen
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20

Dr. B. Mishra

Head, CI

• PC, DRR, Hyderabad
• Project Director, DWR, Karnal
• VC, SKUAST-J, Jammu & Kashmir

21

Dr. Mahavir Singh

Principal Scientist

• PC, AICRP on Micro-Nutrients, IISS, Bhopal

22

Dr. Anand Swarup

Principal Scientist

• PC, AICRP on Long Term Fertilizer Trials, IISS, Bhopal

23

Dr. D.L.N. Rao

Principal Scientist

• PC, AICRP on Biological Nitrogen Fixation, IISS, Bhopal

24

Dr. R.N. Pandey

Head, DIDE

• DDG, Uttar Pradesh Council of Agricultural Research, Lucknow

25

Dr. K.V.G.K. Rao

Head, DIDE

• Sr. Consultant, Rajasthan Agricultural Drainage Project
(RAJAD), Kota

26

Dr. P.K. Joshi

Project Manager,

• Director, NCAP, New Delhi,

Indo-Dutch Project

• Director, NAARM, Hyderabad
• Regional Head, IFPRI, New Delhi

27

Dr. J.C. Dagar

Head, SCM

• ADG (Agroforestry)

28

Dr. P. Dey

Principal Scientist

• PC, AICRP (STCR), IISS, Bhopal

29

Dr. S.K. Chaudhari

Head, SCM

• ADG (Soil and Water Management

30

Dr. S.K. Ambast

Project Coordinator

• Director, IIWM, Bhubaneswar

31

Dr. Randhir Singh

Head, TET

• ADG (Agricultural Extension)
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