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MESSAGE

Agriculture holds the key to nation’s stride towards attaining its objectives of food security, poverty
alleviation and inclusive growth. The application of science and technology in Indian agriculture has.led to a
remarkable progress not only in food grain production but also in horticulture, animal husbandry and
fisheries. We are leading producers of rice, wheat, pulses, fruits, vegetables etc. In spite of these
developments, the current agriculture is stressed by pressures of burgeoning population, climate change and
other production constrains.

The committed endeavours in agricultural research and development have helped transcending the
boundaries of production and productivity despite the serious constraints of dwindling size of holdings,
vagaries of weather and climatic variability marked with recurrent incidences of calamities like droughts and
floods, apart from over exploitation of natural resources and poor quality irrigation water in resource poor
conditions. In order to sustain the achievements made in farming sector, there is a need to develop
innovative technologies and also transfer the same among farming community. The farmers in India have
been the crusaders of several revolutions in agriculture.

In view of this background, scientific community engaged in reclamation and management of salt affected
soils and poor quality waters, Indian Society of Soil salinity and Water Quality, is organising 5" National
Seminar on “Climate Resilient Saline Agh’culture: Sustaining Livelihood Security” collaboration with ICAR-
Central Soil salinity Research Institute, Karnal and SK Rajasthan Agricultural University, Bikaner and this
Seminar would focus on the issues related to resource poor conditions for betterment of the farming
community and contribute to Indian agriculture in changing climatic scenario for transfer the technological
advancements to disseminate the information to the grass root level workers and farmers for their livelihood
security.

I'am grateful to all my colleagues for making this Seminar a success and wish for the successful organisation

of this National Seminar.
L_/(u -

(Parbodh Chander Sharma)
09 January 2017
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Geospatial Tools for Assessment, Monitoring and Mapping of Salt-affected Soils

Ravisankar Tl, Tarik Mitran’ and Sreenivas, K?

'Land Resources, Land use Mapping and Monitoring Group

’Soil and Land Resources Assessment Division

National Remote Sensing Centre, Department of Space, ISRO, Hyderabad — 500 042, Telengana, India
E-mail: trikutam.rs@gmail.com

Abstract

Soil salinization is one of the most important environmental problems due to its adverse effects on agricultural
productivity and sustainable development in arid and semi-arid regions of the World. As soil salinity increases, salt
effects can result in degradation of soils and vegetation. The consistent identification and monitoring of soil salinization
is essential to control degradation trends and secure sustainable land management, especially in semi-arid areas where
harsh climatic conditions together with rapidly increasing population demand cause agricultural intensification and land
use change. Traditionally, soil salinity assessment and monitoring are often carried out with intensive field work and
sampling strategy. The traditional soil surveys were providing information on degraded lands which are subjective, time
consuming and laborious. But recently various remote sensing data viz. aerial photographs, multispectral and
hyperspectral data are available for characterization and mapping of salt-affected soils. Remote sensing provides a
rapid, relatively inexpensive means to gather land information where no other sources are available or where the
quality of available information is low .In the present article, attempt has been made to highlight the modern tools and

techniques for diagnosis and prognosis of salt-affected soils which are in huge demand now a days.

Keywords: Salt-affected soils, Remote sensing, Geographic information system

Introduction

Salt-affected soils occur in all continents and under
almost all climatic conditions. Their distribution,
however, is relatively more extensive in the arid and
semi-arid regions compared to the humid regions
(Gorji et al., 2015). The nature and properties of these
soils are also diverse such that they require specific
approaches for their reclamation and management to
maintain their long-term productivity. For any long-
term solutions, it is, therefore, necessary to
understand the mode of origin of salt-affected soils
and to classify them, keeping in view the physico-
chemical characteristics, processes leading to their
formation and the likely approaches for their successful
reclamation and management. It is estimated that
some forms of land degradation constituting 75% of
the earth’s usable landmass affect four billion people in
the World. About 15% of the world population is
affected by land degradation which is likely to worsen
unless adequate and immediate measures are taken to
arrest the degradation processes. According to
NRSA/DoS project on ‘Mapping of salt-affected soils of
India on 1:250,000 scale’, the area under salt-affected
soils in the country is 6.727 million hectares. So there is
need for continuous assessment, mapping and
monitoring of salt-affected soils accros India.

Traditionally, soil salinity assessment and monitoring
are often carried out with intensive field work and
sampling strategy. The traditional soil surveys were
providing information on degraded lands which are
subjective, time consuming and laborious. But with the
advancement of space technology, various remote
sensing data are available for characterization and
mapping of salt-affected soils which are aerial
photographs, multispectral and hyperspectral remote
sensing data etc. Although application of remote
sensing data from satellites for soil studies began with
the launch of Landsat-1 in 1972. Earlier to this, aerial
photographs were used as remote sensing tools for
land degradation mapping. Systematic research and
development efforts in the application of satellite data
in soil studies has now resulted in the development of
operational methodology to map degraded lands and
monitor them on routine basis at 1:50,000 or larger
scale. Remote sensing techniques have reduced field
work to a considerable extent. It is due to advantages
with satellite data like multi-spectral channels,
repetitive coverage of same area at regular intervals
and compatibility of data analysis at faster rates on
computers. Of late, remote sensing data is being
regularly employed in the survey of degraded soils,
because of development of operational methodologies.
Broadband multispectral remote sensing data has been
widely used in mapping and monitoring of salt-affected
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lands for relatively large areas (Mougenot & Pouget
1993; Toth et al. 1991). But the application of
broadband remote sensing in salinity studies is
restricted due to limitations in spatial and spectral
resolutions that mask spectral signature details of
various kinds of salt-affected lands. However, the
application of remotely sensed data in salinity studies
is difficult. Firstly, diagnostic features of salt-affected
soils are generally weak because of poor salt
encrustation/crystallization (Fernandez et al. 2006).
Secondly, mapping of soil salinity is difficult because
many other soil physico-chemical properties (e.g.
moisture, surface roughness, organic matter, etc) also
influence soil reflectance (Ben-Dor et al. 2002). The
development of hyperspectral sensors and spectral
features related to characteristic absorption bands of
salt minerals can be mapped with more detail (Csillag
et al, 1993). This should enable better detection and
mapping of soil salinity (Farifteh & Van der Meer 2005;
Shi &Huang 2007).

Historical Perspective

Remote sensing data and techniques have been
progressively applied to monitor and map soil salinity
since 1960s when black-and-white and color aerial
photographs were used to delineate salt-affected soils
(Dale et al.1986).Application of remote sensing data
from satellites for soil studies began with the launch of
Landsat-1 in 1972. Extensive research using satellite
imageries for mapping and monitoring of soil salinity
has been conducted over the last three decades,
mostly with multispectral sensors. These include
Landsat Thematic Mapper (TM), Landsat Multispectral
Scanner System (MSS), Landsat Enhanced Thematic
Mapper Plus (ETM+), SPOT, AdvancedSpaceborne
Thermal Emission and Reflection Radiometer (Terra-
ASTER), Linear Imaging Self-scanning Sensor(LISS-1II)
and IKONOS.

Table 1. Land degradation mapping projects carried out by ISRO/DoS

S.No. | Name of project Year

1. Mapping of land degradation on 1:50,000 scale under NRC Programme (Second Cycle) 2016
Mapping of land degradation on 1:50,000 scale under NRC (First Cycle) 2012

2. Mapping of salt-affected soils of entire country at 1: 250,000 scale 1985-95

3. Mapping of salt-affected soils at 1:50,000 scale in parts of UP and Gujarat and for South coastal | 1996
districts of AP

4, Monitoring of salt-affected soils, water logged areas and land use 1995
in ShardaSahayak Command area in Uttar Pradesh
Integrated mission for sustainable development 1992-98
Mapping of salt-affected and waterlogged areas in command areas like Chambal, Jayakwadi, Purna, | 1998
Upper Tapi, Bhima, Krishna, NSP, and Girna etc.,

7. Mapping of salt-affected soils at sub-district/mandal level in Prakasam district of Andhra Pradesh at | 2001
1:25,000 scale

8. Mapping of wastelands at 1:50,000 scale 2010

Efforts towards assessing salt-affected soils in
the recent past

National level approaches

At National Remote Sensing Agency (NRSA), several
studies (Table 1) were carried out to map various
aspects of land degradation. In one of its earlier
attempts, NRSA (1990) had developed a methodology
to map the potential soil erosion for parts of north-
eastern states using remote sensing techniques.
Subsequently NRSA (1995) took up a national initiative
to map salt-affected soils of the country at 1:250,000 in
association with NBSS&LUP, AIS&LUS (currently SLUSI)

and state government remote sensing agencies of
different states. The salt-affected soils were also
mapped at 1:50,000 scale using geo-coded FCCs from
Landsat TM/IRS LISS-Il sensors for a few areas like
Mainpuri and Unnao districts of Uttar Pradesh and
south coastal districts of Andhra Pradesh. Recently,
NRSC (2012) had prepared a seamless digital database
of land degradation for the entire country at 1: 50,000
scale using multi-temporal satellite data of 2005-06. An
area of around 910,030 sq.km (28% of our nation’s
TGA) was found to be under land degradation.
Mapping of natural resources has been an on-going
activity for more than three decades. Initially, the
mapping was done at 1:250,000 scale. With the
improvement in the sensor technology and data
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requirements by users at large scale, the national
mapping activity has been migrated to 1: 50,000 scale.

Approaches in the command areas

Salt-affected soils are more important economically in
the irrigation commands-the areas where irrigation is
practised to produce crops (Carter, 1975). In fact, non-
saline irrigated soils can turn into saline over a period
of time when leaching is inadequate to remove salt
applied in the irrigation water, or drainage is
insufficient to prevent a saline groundwater table from
rising within about 1.5m from the soil surface
(Wiegand et a/,1994). With the advancement of the
space technology, now the multi-temporal database
are being used widely for monitoring salt-affected soils
developed in the command areas. Fig 1 showed that

changes in areas under salt-affected soils can be
monitored using historical multi-temporal satellite
data.

Natural resources census-Land degradation
mapping using multi-temporal satellite data

The first cycle of land degradation mapping was
accomplished using Resourcesat-1 LISS-Ill data of 2005-
06 with successful collaboration from various state
remote sensing application centres, ISRO/DoS centres
and Universities. The multi-temporal LISS-Il data from
Resorcesat-1 covering Kharif (June —Sept.), Rabi(Oct. —
Feb.) and Zaid (March — May) seasons have been used
(Fig.2) to address spatial and temporal variability in
land degradation classes specifically salt-affected soils.

February (2015): Area under salt-affected soils (17,263 ha)

Fig. 1. Monitoring of salt-affected soils in parts of Sharda Sahayak Command Area, Jaunpur (UP)
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(May, 2016)

(September, 2015)

Fig. 2. LISS-IIl data showing salt-affected soil in parts of UP

The first cycle mapping provided seamless land
degradation (LD) database of India at 1:50,000scale for
the first time. In the event of non-availability of cloud
free and good quality of LISS-lll data, multi-spectral
data from other equivalent sensors was also used. Now
in the second cycle (2015-16) of mapping, attempt has
been made for on-screen visual interpretation of land
degradation using three seasons Resourcesat- 2 LISS-1lI
ortho-rectified data (projected to Geographic Lat/Long
projection with WGS 84 datum) on Bhuvan platform.
Information will be generated in form of geo-spatial
layers in geo-data base format. The first cycle LD
mapping has been done using terrain corrected
satellite data. The LD database (2005-06) is re-
projected to Geographic Lat/Long projection with WGS
84 datum. Subsequently, the layer is overlaid on 2015-
16 ortho-rectified satellite data and hosted on Bhuvan
and changes will be incorporated. The visual
interpretation cues developed in the first cycle LD
mapping will also be used in the second cycle.
Additionally cues were developed for identification of
changes in various LD classes.

Hyper spectral remote sensing for assessing salt
affected soils

Over the past 2 decades, development of air and
satellite borne hyper spectral sensor technologies has
overcome the limitations of multispectral sensors.
Hyper spectral sensors collect several narrow spectral
bands from the visible, near-infrared, mid-infrared, and
short-wave infrared portions of the electromagnetic
spectrum. These sensors typically collect 200 or more
spectral bands, enabling the construction of an almost
continuous spectral reflectance signature.
Furthermore, narrow bandwidth characteristics of
hyper spectral data permit an in-depth examination of
earth surface features which would otherwise be ‘lost’
within the relatively coarse bandwidths acquired with
multispectral data (Mitran et a/, 2015).The
development of hyper spectral sensors and spectral
features related to characteristic absorption bands of
salt minerals can be mapped with more detail (Csillag
et al., 1993). This should enable better detection and
mapping of soil salinity (Farifteh & Van der Meer 2005;
Shi & Huang 2007). The mapping of salt-affected soil
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using hyper spectral satellite data was investigated by
several researchers recently. Hyper spectral remote
sensing data in the form of imaging spectrometer data
provide high spatial resolution data in a large number
of narrow continuous spectral bands in the VNIR-SWIR
region (400-2500 nm). Using hyper spectral remote
sensing data, continuous response curves of target
features in the visible, near-infrared (NIR) and
shortwave infrared (SWIR) wavelengths can be
generated. Success in discrimination of saline areas of
different degrees can be increased, if the spectral
characteristics of salt-affected soils and the underlying

factors are examined. Salt-affected soils are
categorized into slight, moderate and severe classes
based on salt concentration in the soil. Spectra of each
category of salt-affected soils could be generated (Fig.
3) as a fact that increases in salt concentration in soils
result distinct and higher reflectance (Rao et a/,, 1991).
So, spectral information leads to a better
understanding of salt-affected soils and also to define a
guideline for development of spectrometric techniques
with capabilities of recognizing the presence and
abundance of salts in soils.

Moderately saline sodic

0.250
Mon saline
——Saline-severe
0.200
» 0.150
w
g
&
&
0.100
0.050
0.000
350 715 1080

1445 1811 2176

Wavelength {nm)

Sewverly Saline-sodic

——Slightly saline

Fig. 3. Reflectance of different salt-affected soils (Courtesy: Mitran et al., 2015)

Prediction of soil properties towards assessing
salt-affected soils using hyper spectral data

The relationship between soil salinity parameters and
their influence on soil spectral characteristics were
analyzed using both satellite data (Hyperion) and
reflectance data of soil samples collected from parts of
Ahmedabad district of Gujarat, India by Mitran et al.
(2015) at National Remote Sensing Centre (Fig.4).The
soil spectral reflectance curves were assessed using
absorption feature parameters by DISPEC software to
identify  suitable spectral band for salinity
characterization. The Hyperion data of the study area
were processed and classified into different classes by
spectral angle mapper algorithm using spectral library
generated from soil spectra.

Out of the total study area, moderately saline-sodic,
severely saline-sodic, severely saline and slightly saline
soils occupy 23.5, 12.6, 10.9 and 0.04%, respectively.
Results of the study revealed that 1020, 1450 and 1920

nm wavelength bands characterized by significant dips
(absorption peak) which mostly prominent in severely
salt-affected soils were useful for assessing such soils.
Result also revealed that the width of the absorption
peak of salt-affected soil at specific wavelength interval
increases with the increasing soil EC values. The PLSR
(Partial Least Square Regression) models developed
from such selected wavelengths showed that among
the all observed soil parameters, the prediction of EC,
ESP, CEC and Mg can be made accurately which can
be attributed to salt-induced absorption bands at
around 1020, 1450, 1920 and 1952 nm and
enlargement of width of absorption bands at around
1400 and 1900 nm due to increase in salt
concentration in soils (Table 2).

The spatial distribution of salt-affected soils were
mapped using hyper spectral library generated from
the laboratory spectra of such soils through SAM
(Spectral Angle Mapper) algorithm as it showed 100%
user accuracy in classification for severely saline soil
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and saline-sodic soil with overall classification accuracy
of 89% which needs further validation through other

mapping algorithms such as SVM, linear spectral
unmixing, spectral information divergences, etc.

Legend

N Hoemal sol

- Saline scdic sal
- Saline modarate sol
: Shgmtly =a8ine soll
[ severely saline
I o gl s

Fig. 4. Mapping of salt-affected soils using hyper spectral data (Courtesy: Mitran et al., 2015)

Table 2. Prediction of soil properties using PLSR analysis (Mitran et a/,, 2015)

parameter Unit Equation RMSE R?

EC dSm ! 22 6-12.3"(Refiozo) — 10.9 (Refi450) — 10.0 (Refizoo) 835 0.48
11.17(Refi920) — 9.79 (Refay0)

ESP Yo 5.95+6. 14” (Refio2n) +3.9 1*{Rcf|4:n} + 2.92*{Rcf 1&o0) + 13.2 0.36
3.20 (Refio20) + 3.45 (Refr10)

Mg (meq 24.6-14.7 (Refigoo) — 12.0°(Refiaso) — 10.7 (Ref 1z00) 7.82 0.58
L) 12.3"(Ref1920) — 10.6 (Refa210)

CEC (cmol+/ 45.7-19.1"(Refiozo) — 15.3 (Refi 450) — 14.2 (Ref 1500) 15.7 0.46
kg} 14_7”{}{31:‘]91[]} 13,2”{]{31‘11”)}

Online Services through Bhuvan Portal/
BhuvanPanchayat

The information regarding satellite data and all
thematic services including salt-affected soils with their
severity and extent are disseminated using ISRO’s
Geoportal i.e. Bhuvan which is allowing host of services
covering visualization, free data download, thematic
map display and analysis, timely information on
disaster and project specific GIS applications since
August 2009. The images showcased on Bhuvan in
2D/3D domain are from multi-sensor, multi-platform
and multi-temporal domain with capabilities to overlay
thematic information, interpreted from such imagery

as vector layers such as Wasteland, Ground Water
Prospects, Watershed, Soil, Land Use Land Cover etc.
All the Ministries involved in managing natural
resources in the country from national to local level
become part of Bhuvan portal, because the
applications are done jointly with them. Services of
Bhuvan have now been enhanced with the new
facilities like NRSC Open EO Data Archive (NOEDA)
facilitating the users to download IRS Data and
Products coarser than 24 m with Metadata as per NSDI
2.0, and Thematic Services facilitates the users to
access, query, download and consume all these data as
OGC web services.
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Problem and Prospective in Mapping and
Monitoring of Salt-affected Soils

Multi-spectral satellite sensors have been and are still
the preferred method for mapping and monitoring soil
salinity. This is primarily due to the low cost of the
imageries (e.g., Landsat, SPOT, Resourcesat) and the
ability to map extreme surface expressions of salinity.
Nevertheless, multispectral data has limited diagnostic
capability because of its coarse spatial and spectral
resolutions (Spies and Woodgate, 2005) that mask
spectral signature details of various kinds of salt-
affected lands. There are various problems that
interfere in the detection of salt-affected soils by
means of remote sensing, i.e. the process goes often
undetected, especially when salt minerals have not
fully affected the soils, the physical boundaries
separating saline areas of different degrees are fuzzy,
the process of salinization occurs not only at the soil
surface, but also in the soil profile, which cannot be
detected by optical sensors (Ghosh et al, 2012).
However, it is very difficult to distinguish the degrees
of salinity using broadband multispectral data as there
is spectral confusion. However, the application of
remotely sensed data in salinity studies is difficult.
Firstly, diagnostic features of salt-affected soils are
generally weak because of poor salt
crystallization/encrustation (Fernandez et al. 2006).
Secondly, mapping of soil salinity is difficult because
many other soil physico-chemical properties (e.g.
moisture, surface roughness, organic matter) also
influence soil reflectance (Ben-Dor et al. 2002). Some
researchers stated that multispectral satellite sensors
caused confusing reflectance, as they found that non-
saline soils were confused with bare, extremely saline
areas. Fraser and Joseph (1998) reported that the
spectral resolution of Landsat sensors was insufficient
due to the difference between the spectra of saline
land and waterlogged land not being sufficient to allow
spectral separation, as well as the variable spectral
response of saline soil. The development of
hyperspectral sensors and spectral features related to
characteristic absorption bands of salt minerals can be
mapped in details (Csillag et a/ 1993). This should
enable better detection and mapping of soil salinity
(Farifteh & Van der Meer 2005; Shi &Huang 2007). Fast
computers, sensitive detectors, and large data storage
capacities are needed for analyzing hyper spectral
data. Significant data storage capacity is necessary
since hyper spectral cubes are large, multidimensional
datasets, potentially exceeding thousands of
megabytes.

Conclusion

Assessment of salt-affected soils by means of
conventional soil survey method requires a great deal
of time, but remote sensing techniques offer the
possibility for mapping and monitoring such processes
more quickly and economically. Geospatial tools are
efficient and time saving for mapping and prediction of
soil salinity by using various modelling approaches.
However, to assess the accuracy of the ability of
satellite images to map and monitor salinity, it is
necessary to compare them with field measurements
of soil salinity. Uses of satellite imagery along with field
based information could helps in better understanding
in assessment and monitoring of salt-affected soils.
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Introduction

Salt affected soils have been a part of the global
landscape. Currently, it adversely affects the
productivity of more than 900 million ha (M ha) in
more than 100 countries. In India, more than 6.7 M ha
area is lying barren on account of excessive salts or
high Exchangeable Sodium Percentage (ESP). A great
achievement of the last 4.5 decades has been that
more than 2 M ha of salt affected lands have been
reclaimed by various organizations under varying agro-
climatic conditions. When | received the invitation to
present a paper on the challenges in reclamation and
management of salt affected soils, it came as a surprise
since with such an impressive progress in the past one
can think that it should be possible to steer ahead
under any formidable future challenges. | did some
loud thinking as well as scratched my head to jot down
some points that sums up past achievements,
visualizes future scenario and lists the issues that may
pose stiff challenges in this field. Let me start with a
brief historical background.

Historical Background

Problem of salt affected soils in India, being the hub of
irrigation activities, have been known since time
immemorial. The archaeological evidences from the
Indus Valley show that irrigation of agricultural fields
was prevalent from the time of the Harappan culture
(c.2400-1750 BCE). References to Urvar and Unurvar
soils have been made in several ancient books, yet the
problems of salt affected soils as such were not
prominently listed. The problems of salt affected soils
with recorded evidences came into prominence only
during the middle of 19" century when several canal
systems were opened by the British. It was in the year
1855; a report of soil damage due to salt efflorescence
was made from village Munak in the Western Jamuna
canal command in the present state of Haryana. By
1880 some 10,680 km of canals (main and
distributaries) existed in the North West Province
including 6215 km in Punjab (Whitcombe 1971). Center
(1880) studied saline soils and saline well water of
Punjab and reported that at many places water table

has risen from 100 ft (30 m) before irrigation to 8 ft
(3.2 m) after irrigation. He ascribed the occurrence of
reh in soils to the decomposition of the minerals of
rocks and soils under the action of air and water. He
also discussed nature of ref and its varieties, formation
of kankar, causes of salt accumulation and methods of
cure by sluicing and irrigation, manure and cultivation,
arboricultural (Plantation of trees and grasses),
chemical manure and nitrate of lime. The experiments
on reclamation of the wsar lands began towards the
last quarter of 19" century, with a subsurface drainage
system being installed in a tank irrigation command in
the present Tamil Nadu. Records also show that in a
report on ‘Enquiries on reh and oosur (usar)’, sent to
Government of India by the then Revenue Secretary
(Atkins, 1874), several possible ways to reclaim these
lands were listed (Table 1). Gypsum, a chemical
amendment, which has proved to be the most effective
antidote in the reclamation of sodic (alkali) soils, was
not referred until towards the end of the 19" century
in India although by 1890, it has become quite popular
in California, USA (Hilgard, 1886).

Table 1. Possible methods of reclaiming reh/oosur in
United Provinces

Name of the | Method
officer suggested/observed/seen

Mr. Cadell Stop irrigation to affected areas

Mr. Plowden Cultivation, irrigation and rich
manuring

Mr. Smith Ditching (Drainage), digging, thick
manuring and frequent ploughing

Mr. Michael Manuring with old thatch

Mr.McConnaughey | Deposit of canal silt

and Neale

Mr. Smeaton

Manuring and applicationold
leaves of jungly trees

Mr. Bensen

Manuring and cultivation

Mr. Dashwood

Manuring

Mr. Young and Mr.
Ahmad

Digging and removing the soil up
to 2 ft

Mr. White

Manuring and watering

Note: it is also mentioned that the removal of soil
(scraping) or deposit of silt are only temporary
remedies
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Since then the information on reclamation and
management of salt affected soils were generated at a
very fat pace both in India and around the globe and
widely published. But in spite of the best efforts of
state and Central Governments, the technology could
not be replicated either in the fields on a notable scale
or on a sustainable basis until 1970. After the
establishment of Central Soil Salinity Research Institute
(CSSRI), Karnal in 1969, great strides have been made
to reclaim salt affected lands and as already mentioned
around 2.0 M ha area has so far been reclaimed. In
spite of this impressive progress, CSSRI assessment
besides that of other organizations reveal that area
under water logging and soil salinity will increase in the
coming decades. It is towards this end that this paper
looks at various challenges that need to be addressed
to expand the rate of land reclamation as well as
prevent the spread of the twin menaces of water
logging and soil salinization in India especially in the
irrigation commands. The paper lists the challenges as
envisaged in the vision document of CSSRI and
discusses some of these and some new challenges in a
different perspective. The objective is to highlight the
current status and the way forward.

What Ailed the Land Reclamation Activities to
Spread?

A number of schemes to conduct research on
fundamental and applied aspects of the salinity
problem were launched by the Indian Council of
Agricultural Research/government of India. The
scheme operated in Punjab from 1958 to 1961,
Rajasthan from 1960 to 1963 and in Andhra Pradesh
from 1955 to 1960. A scheme of research on
possibilities of using charcoal in improvement and
reclamation of soils was also sanctioned by ICAR (Puri,
1960). A scheme on treatment of saline waters was
also sanctioned in Punjab during 1960-61. Another
scheme was sanctioned for the study of composition of
plants growing on wusar lands under reclamation to
Lucknow University during 1957-60. During 1960-70
research work on the problem of soil salinity continued
to be strengthened at various places such as Central
Arid Zone Research Institute, Jodhpur; University of
Udaipur, Udaipur and State Department of Agriculture,
Rajasthan; University School of Sciences, Gujarat
University, Ahmedabad,; Irrigation Research
Laboratory, Baroda; Govt. Agriculture College, Kanpur;
B. R. College, Agra; BHU, Varanasi; Department of
Chemistry, Allahabad University, Allahabad; Botany
Department Lucknow University, Lucknow; College of
Agriculture, PAU, Ludhiana; Irrigation Research
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Institute, Amritsar in Punjab and Indian Agricultural
Research Institute, New Delhi.

Government of India sponsored several saline/sodic
land reclamation activities under various projects yet it
couldn’t make a dent on the saline sodic scene in the
country. According to Dr. Bhumbla, the first director of
CSSRI, “efforts to reclaim these soils have been, to say,
the least, halfhearted. @Amendments, though
important, are not of much use if the other
components of technology are not ensured. He listed
the following factors due to which gypsum technology
failed to pick-up until the beginning of 8" decade of
20" century (Bhumbla, 1977).

Inadequate rate of gypsum application, most of
which was used up by soluble sodium carbonate
and sodium bicarbonate

Mixing of gypsum to deeper depths

Poor on-farm land development including little
attention to land leveling

Inadequate and inappropriate fertilizer application
Poor water management

In  nutshell, most attempts were confined to
amendment application with little emphasis on the
post amendment application management. Training
component was completely neglected and socio-
economic constraints were fully ignored. The last issue
is illustrated through an account given by Mehta
(1951). He reported that following the success of field
and laboratory experiments (Mehta, 1940) conducted
for more than two decades (1918-1939), it was decided
to extend the reclamation to Zamindar fields. However,
the attempts mostly failed because neither the
Zamindars nor the tenants were interested in land
reclamation. As per the prevalent tenancy rules, the
tenant rights were renewed year to year. Tenants were
even rotated between the various fields. Since, profits
were to be shared half-half between the Zamindar and
the tenant; no one was willing to invest on land
reclamation.

Apparently, an effective and successful saline/sodic
land reclamation program requires both technical and
social solutions. While, it demands systematical
application of technical knowledge in a well-defined
sequence, it also requires a coordinated effort of
different stakeholders such as farmers (both tenants
and land owners), the line departments, the NGOs and
the commercial banks. Efforts and investments in
organizational development and local capacity building
are required.
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CHALLENGES ENVISAGED BY CSSRI

CSSRI in its Vision document 2050 (CSSRI, 2015) listed
the following challenges in the reclamation and
management of salt affected soils:

Preparation of resource inventories of
waterlogged salt affected soils using hyper-
spectral analysis and digital mapping.

Focus on spatial, temporal and anthropogenic
changes in the behaviour of salt affected soils in
the context of climate change including study of
pedogenic processes.

Development of RS/GIS/GPS/geophysics based
decision support systems for prognostics,
diagnostics and modeling studies.

Enhancing resource use efficiency using nano-
technology.

Diversification through silvi-pastoral and agro-
forestry systems.

Dry land salinity management and diversification
strategies in salt affected arid lands underlain
with poor quality ground water.

Sustaining productivity in post-reclamation phase
in relation to soil and water quality vis-a-vis
organic  matter dynamics and carbon
sequestration.

Breeding for multiple stresses in view of climatic
changes.

Design platforms for crops where genes such as
Saltoland Subl embedded in the leading high
yielding varieties.

Management of waterlogged saline lands, which
may include drainage particularly in Vertisols,
aquaculture and bio-drainage.

Strategies to ensure double cropping in coastal
saline soils and water availability during rab/
season.

Studies on rising sea level and consequential
changes in submergence and land degradation.
Reclamation, management and drainage of salt
affected Vertisols.

Secondary salinization in new canal command
areas; subsoil salinity and transient salinity
management.

Without doubt it is a comprehensive list of real
challenges in the field of land reclamation and need to
be addressed in a holistic manner.
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ENVISAGED CHALLENGES
Terminology/Nomenclature of Salt Affected Soils

Three of the challenges listed in the forgoing section
namely preparation of resource inventories of
waterlogged salt affected soils using hyper-spectral
analysis and digital mapping, focus on spatial, temporal
and anthropogenic changes in the behaviour of salt
affected soils in the context of climate change including
study of pedogenic processes and development of
RS/GIS/GPS/geophysics based decision  support
systems for prognostics, diagnostics and modeling
studies calls for some thinking on the nomenclature of
salt affected soils. The nomenclature of salt affected
soils has been a matter of investigations and of general
interest amongst the scientific communities around the
Globe.Hilgard (1906) divided salt affected soils into two
classes namely 'white alkali' and 'black alkali'. While
both these soils have prepondrous of sodium, the
former has neutral salts such as NaCl and Na,SO, while
the later has Na,CO; and NaHCO; type of salts. The
nomenclature however, has become obsolete although
many people continue to use these terms. In India, the
American categorization given by USDA (Richard’s,
1954)is adopted albeit with some modification. In this
classification, soils are categorized as saline, alkali and
saline alkali. Later, on the recommendations of USDA
Nomenclature Committee appointed by the Board of
Collaborators of the Salinity Laboratory (1958)
recommended the use of the term "sodic" instead of
"alkali” as previously proposed by the Salinity
Laboratory. Use of this terminology was approved by
the Soil Science Society of America (1960).
Nonetheless, alkali and sodicterms are used
interchangeably or synonymously for soils having high
ESP (>15).Overstreet et al. (1951) visualized alkali soils
of saline, sodic, and saline-sodic types. Sodic soils
having high amount of exchangeable sodium were
characterized as “sodic" alkali soils. Authors justified
this nomenclature stating that they have preserved the
historical meaning of the term "alkali" as a general
class name denoting soils with high sodium content
either in the form of free salts or in the adsorbed state.
At the same time, the little-used adjective "sodic"
(containing sodium) has been chosen to denote
undesirably high amounts of adsorbed sodium. In India
preference being for alkali soils although sodic term is
also widely used.

CSSRI approached this issue from management point of
view and argued that the saline-alkali soils should be
termed as saline or alkali depending upon the relevant
reclamation and management options required.
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Nonetheless saline-sodic or saline-alkali terms were
also used by the scientists in many publications (Khosla
et al, 1979a, Khosla et al, 1979b). Moreover, the
confusion still continues whether high SAR soils should
be designated as sodic or saline. At this stage, it may be
relevant to look at the -elaborate classification
proposed by Rengaswamy (2006) for Australian salt
affected soils. He categorized salt affected soils as
acidic—saline soils, neutral saline soils, saline soils,
alkaline—saline soils, acidic saline—sodic soils, acidic—
sodic soils, non-alkali sodic—acid soils, neutral saline—
sodic soils, neutral sodic soils, non-alkaline sodic and
strongly sodic neutral soils, alkali saline—sodic soils and
alkali-sodic soils. Considering the approach of
Rengasamy (2006) and CSSRI argument that salt
affected soils be characterized as per their reclamation
and management options, it is proposed that current
classification of categorizing the soils in saline and
alkali soils be modified. In the opinion of the author, if
management is a criterion to characterize salt affected
soils in India, these should be characterized on the
basis of salinity as well as water logging (Depth to
water table) as both are inseparable being twin in
nature. A proposal in this regard is given in Table 2. It

Table 2. Sub-classification of saline and sodic/alkali soils

lists two new terms high SAR saline soils and acid-sodic
soils. In several cases saline soils have a high sodicity
(a high SAR that may be higher than that of even sodic
soils), but they are not sodic soils (Hilgard, 1906) and
have usually a good infiltration capacity. Since the
infiltration capacity may reduce upon leaching, small
quantities of amendments may be required but for
altogether different reason i.e. to maintain infiltration
rate. Khoslaet al/ (1979b) discussed the need or
otherwise of amendments application during
reclamation of soils having excess neutral salts and a
high SAR of soil solution (saline-sodic soils). Secondly,
Chakravarti and Chakravarti (1957) reported degraded
sodic soils in deltaic regions of West Bengal (India)
having ESP more than 15 but pH in the range of 5.0-7.0.
Thus, an appropriate nomenclature for such soils is
suggested on the basis of Rengaswamy (2010). It may
not be out of place to quote Richards (1954) that the
nomenclature of the problem soils is still in a formative
stage. In the Indian context, this statement is even
valid today. Much more work needs to be done to
arrive at some universal nomenclature of salt affected
soils in India

Main class Sub-class Differences in diagnosis and management
Saline Waterlogged saline soils | SAR < 15, require subsurface drainage before leaching
(water table < 2.0 m bgl)
Waterlogged saline soils | SAR < 15, do not require subsurface drainage, leaching
(water table 23.0 m bgl) alone is sufficient
High SAR saline soils SAR>15, leaching reduces SAR but limited -calcium
amendment may be requiredto maintain infiltration rate
Sodic soils Waterlogged sodic soils | Surface drainage needs strengthening using vertical or

(water table < 2.0 m bgl)

bio-drainage, amendment application

Non-waterlogged sodicsoils
(water table 2 3.0 m bgl)

Surface drainage and amendment application, special
management of semi-reclaimed alkali soils to avoid
re-sodification

Semi-reclaimed sodic soils

Soils reclaimed as per procedure of sodic soils but referred
as such between the intervening period of immediately
after reclamation to 10-12 years after reclamation until fit
of
reclamation/management. At any one time these soils

to grow sensitive crops because self-

constitutes a major chunk of salt affected soils. options
required to hasten the rate of reclamation as well as to
avoid re-sodification

Acid-sodic soils

Lime can be used as an amendment

Bgl = below ground leve/
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Wasteland Neutral India

As a signatory to United Nations Convention to Combat
Desertification (UNCCD), which focuses upon
Desertification, Land Degradation and Drought (DLDD),
India is committed to be “land degradation neutral” by
the year 2030. It should be possible to achieve this
goal, if all the critical stakeholders i.e. Ministry of
Environment, Forests and Climate Change, Ministry of
Agriculture, Ministry of Water Resources and
Department of Land Resources work together on a
common implementation strategy. Besides taking an
integrative look, each must ensure that they achieve
this goal within their departmental activities. Thus, to
ensure a salt affected land degradation neutral India by
2030, CSSRI must make concerted efforts in this regard
since projections made at various times indicate that
area under salt affected soils may increase over the
years (Table 3). We need to tighten our belt on this
score. The projections made by other organizations
even foresee a larger area affected by the twin
problems of water logging and soil salinity. For
example; Tata Energy Research Institute foresees a
three-fold increase in waterlogged lands (from 12.7 to
39.6 million ha) and two fold increase in saline lands
(11.0 to 22.0 million ha) over the period between 1997-
2047 (TERI, 1997). The institute and other stakeholders
associated with this task should accept it as a
challenge.

Table 3. CSSRI projections of the extent of salt affected
soils in India

Year Projected salt References
affected area
(M ha)
Current 6.73 Of quoted figure of
CSSRI

Mondal et a/. (2011)
2020 11.7*%(9+2.7) CSSRI (1997)
2025 13.0 CSSRI (2007)
2030 15.5 CSSRI (2011)
2050 16.2 CSSRI (2015)

*Salt affected soils and water logging in irrigation
command's

New Amendments

So far mined gypsum has been one of the most widely
used chemical amendments to reclaim alkali soils. On
the contrary, its availability is bound to reduce with
restrictions on its mining due to environmental
concerns and expanding use in other economic
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activities. Clearly some viable eco-friendly alternative
to this amendment must be searched to avoid any
adverse impacts on the pace of land reclamation. The
following three alternatives can be considered as short
and long- term solutions.

Use of industrial wastes as amendments as a
viable alternative for their disposal

Improving the efficiency of chemical amendment
to minimize its requirement

Devising post reclamation management options to
hasten reclamation process with minimal
application of amendments including /n-situ
organic matter

Amongst the industrial wastes pyrites, distillery spent
wash, dairy waste, phospho-gypsum and press mud
have been widely experimented and used. Coal ash has
also been used although its results have not been
consistent over space and time. Now we have
technologies to use some of these industrial waste
products yet there are several challenges:

There are wide variations in the quality of waste
products depending upon the raw material used as
well as the processes used in the manufacture of
products. Apparently more rigorous and extensive
testing of these products would be required.
Besides technology, operational difficulties often
hinder the use of these products. In some cases
legal issues are also involved as it is considered as
a case of land disposal of the waste product. All
organizations  associated  with  technology
development must actively engage themselves in
resolving these issues in association with industry
and enforcement agencies such as Central
Pollution Control Board, Bureau of Indian
Standards and FSSAI. Suggested guidelines for
legal use of DSW for irrigation can be seen in
http://www.aidaindia.org/environment-pollution-
control.html

A major difficulty also arises due to time gap
between the technology development and its
wider application. In the meantime industry also
comes out with new technologies and the first
casualty is that the product is unavailable for use
in agriculture. Notable examples amongst these
are the pyrites and press mud.

Presence of toxic elements in these waste
products is another area of concern. These toxic
elements may enter the food chain having major
health concerns. Studies to develop the




5™ National Seminar — Climate Resilient Saline Agriculture: Sustaining Livelihood Security

2017

technologies must address these issues to allay the

fears of users as well as planners.
Nano-technology promises to revolutionize the
agricultural sector in a big way. It, as an emerging
science, may play a greater role for managing salt-
affected marginal lands. Though from research and
development point of view, it is at a nascent stage but
certainly it can be effectively directed toward
understanding and creating improved materials,
devices, and systems and in exploiting the nano-
properties to manage these lands.

Package versus Basket of Alternatives Approach

The ‘package of practices’ approach, often favoured
and recommended, has its pluses and minuses. On plus
side, it gives high vyields and results in quick
reclamation. On the other hand it may suit resourceful
farmers but may not be relevant for the marginal
farmers or in areas with agro-climatic variability. Thus,
a basket of technological options, with adequate
knowledge transfer to enhance the decision making
capability of farmers will be most appropriate option to
take the reclamation work forward.

Subsurface Drainage: Challenges

Subsurface drainage is one of the major interventions
to reclaim waterlogged saline/sodic soils. Since it is
costly intervention, costing about Rs. 70,000 for
medium textures to around Rs. 1,20,000 for heavy
textured soils, appropriate investigations must proceed
to determine its need or the kind of system required
since non-waterlogged saline soils do not require this
intervention. In spite of great strides made in finalizing
the technology of subsurface drainage, we face major
challenges in ensuring stakeholders participation in its
implementation, operation and maintenance.

In spite of multiplicity of organizations in water and
agriculture sectors, construction, operation and
maintenance of subsurface drainage is no one’s baby at
present. Departments that are entrusted with this
activity take up this additional activity grudgingly. A
separate multidisciplinary department with
construction and operation and maintenance wings
must be created in each state where extent of
waterlogged saline soils is significant.

Since, it is a new subject to many contractors, to
ensure the participation of private contractors; they
must be trained in the design and construction of
subsurface drainage. CSSRI in association with few
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open universities notably, Indira Gandhi
University should start some academic or
academic program in land drainage.

Open
non-

Leaching

Although leaching is one of the major components of
land reclamation program be it saline or alkali soil, it
has received very little attention in India. Any lacunae
in leaching may result in the failure of the whole
reclamation program (Gupta and Gupta, 2016).
Besides, leaching requires water that is often limited
and also involves cost that is often overlooked. The
major challenges involved in developing a leaching
strategy for saline and alkali soils are:

Flushing versus leaching

Continuous versus intermittent leaching

Leaching in subsurface drained lands

Leaching of mixed species of salts

Conjunctive use of fresh, saline and rain water for
leaching

Although some basic information is available in each
case, concrete guidelines are yet to emerge. Surface
flushing has proved beneficial in soils that contain salt
crusts at the surface, a shallow water table, or a highly
impermeable profile, yet there are conflicting reports
on the efficacy, its cost and operational requirement.

While it has emerged that in alkali soils continuous and
intermittent ponding for leaching gives equally good
results, their relative merit viz-z-viz that of sprinkling is
yet to be established. Young and Leeds-Harrison (2000)
observed huge wastage of water during leaching of
coarse textured soils with subsurface drainage (Lateral
spacing 40 m and depth 2 m). They assessed that
nearly 77.5% of water was contributed by 5 m strip
along the drain and only 4% was contributed by the
strip 15-20 m away from the drain. Some useful
practical approaches are now available but their use
has been very limited. Similar case is with conjunctive
use of fresh, saline and rain water for leaching where
theoretical and field work has not been replicated on a
notable scale.

Role of biological reduction of salts by harvest of high
salt accumulating aerial plant parts especially in areas
of low rainfall or low irrigation water availability needs
attention. It has conclusively been established that
amelioration of saline soils under cropping and
leaching is the best option (Gupta, 1985; Qadir et al.,
2000). Since in such a situation crops will be subjected
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to salinity as well as aeration stresses, researchers are
needed to develop dual stress tolerant genotypes that
can perform well under salinity and hypoxia. Besides,
innumerable models have been developed to simulate
salt movement and reactions of salts in soils yet not
many of them have been evaluated under actual field
conditions especially for mixed speacies of salts and/or
alkali salts. This is yet another challenge for the
reseadhers.

Alkali versus Saline Soils

How much land area is reclaimed is often used as a
performance parameter for any organization working
in this area. It may be noted that unlike alkali soils,
saline soils are not amenable to complete reclamation.
In fact they are managed to live with the salts. From
definition point of view many of these soils may
continue to be saline at one or the other time of the
year. Thus, for saline soils introduction of interventions
that help management of these soils should suffice to
claim them as reclaimed. Similar situation is true for
coastal saline soils.

Resodification

Unlike USSR and few other countries, where
amendments are applied to reclaim deep profiles, only
15 cm of top soil profile is reclaimed in India that
provides good root environment to tolerant shallow
rooted crops. The salts remain in the profile at some
depth depending upon the water that has been passed
through the profile. Further reclamation, as it takes
place only through the self-reclamation processes,
depends upon the individual management. It is
believed that after the process of reclamation begins,
soils are fit to cultivate most crops including the
sensitive ones only after the elapse of 10-12 years. As
such, a new term, semi-reclaimed sodic land has
emerged and is likely to dominate the alkali land
reclamation program in the Indian situation (see Table
2). A major difficulty with semi-reclaimed lands is that
they have the potential of re-sodification or partially
losing the productivity potential requiring repeat
application of gypsum. To avoid such a situation,
besides the normal management options, additional
post reclamation management needs to be adopted to
negate or minimize the chances of re-sodification.
Some of these management options are:

Ensure that no runoff water from adjoining non-
reclaimed areas enters the fields.
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Ensure adequate leaching as changeover to low
water requiring crops in subsequent years of
reclamation may change the leaching pattern.
Avoid prolonged fallowing of the land. If water
and other resources are available, go for green
manuring crop after the harvest of wheat. After
3-4 years of reclamation, a green gram crop can
also be taken after wheat harvest to fetch
additional income.

If a shallow impermeable layer is present near to
the soil surface, or ground water table is shallow,
extra care should be taken in applying irrigation
water so that upward flux is minimized. Studies
from Uttar Pradesh have revealed that in many
cases, it is the main cause of re-sodification
especially when inadequate quantity of gypsum
has been applied during reclamation.

Monitor land and water resources for their
quality. If water is sodic having RSC> 2.5,
application of gypsum every season or year may
be required to neutralize the RSC to 2.5 meq/L.
Irrigating with high RSC water has been the major
cause of re-sodification in Haryana as farmers
were not aware of the quality of their tube well
water.

If the recommended technological package is
used, take account of fertility status especially
with regard to phosphorus and potash as their
reserves may get exhausted with continuous
cropping. If this happens, there is possibility of
wrongly attributing productivity loss to re-
sodification. Repeat application of gypsum may
not prove to be useful in such cases.

Stakeholders Participation: A Sure Prescription of
Success

The CSSRI first step in taking the technology to the
farmers” fields was by conducting front line
demonstrations and arranging field visits. Although the
gypsum technology became a household name in the
villages, yet much more was needed to upscale the
technology. Efforts were made to associate
Department of Agriculture in CSSRI activities.
Government of Haryana was convinced to establish
Haryana Land Reclamation and Development
Corporation (HLRDC) in 1974 on the pattern of Punjab
Land Reclamation and Development Corporation
(PLRDC) established in 1965. Seeing the performance
of land reclamation activities in the two states,
Government of Uttar Pradesh also got convinced and
established UP Bhumi Sudhar Nigam (UPBSN) in 1995.
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The speed and quality of land reclamation works in the
state before and after the establishment of UPBSN is
beyond imagination. Unlike Punjab and Haryana,
where surface drainage systems were better
developed, the drainage component forming a major
input of the program in UP, could be handled much
better with this institutional support as it required
regional planning besides the on-farm land
development. CSSRI, Regional Research Station,
Lucknow provided backstopping not only in fine-tuning
the package for local specific needs of UP but also in
extending the land reclamation programs to the
farming community in various districts of the state. It is
heartening to note that the efforts have brought fruits
resulting in reclamation of 0.70 M ha of sodic lands in
the state by March 2015.

Climate Change Research: A Priority

Climate change, a phenomenon already in motion, is
expected to adversely impact crop productivity,
irrigation water demand and water supply. Earlier, it
was postulated that crop yields may either increase
due to stimulated biomass production with higher CO,
concentrations, or may decrease due to rising air
temperatures. Recent study by Cline (2007) projects an
overall negative effect of climate change on global crop
production, with more severe production losses in the
warm climates of Africa, India, and South America. In
San Joaquin Valley in California, because of the
potential changes in irrigation water demand and
supply and impacts on the hydrologic system, soil and
groundwater salinity are projected to increase resulting
in crops vyield reductions. Under hydromorphic
conditions, aridization of the climate also may lead to a
higher rate of soil salinization in arid regions. The most
catastrophic situation might develop in coastal regions
with anticipated sea-level rise causing deeper and
longer inundation in river and estuary basins and on
levee back slopes and brackish-water inundation. In
coastal lowlands which are insufficiently defended by
sediment supply or embankments, tidal flooding by
saline water will tend to penetrate further inland than
at present, extending the area of perennially or
seasonally saline soils. Considering the capacity and
capability, it may not be feasible to undertake
researches on global cycles and impacts on the climate
per se, but collaborative studies need to be initiated to
understand the impact on soil and water salinity. Being
a local specific phenomenon, concerted efforts need to
be made by CSSRI covering locations in different agro-
climatic zones including coastal regions. Researches to
develop preventive and adaptive strategies against
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salinity must be initiated to maintain productivity in
regions likely to be impacted by the climate change.

Future Research

Salt-affected soils may contain mixed species of salts
such as CO5”, HCO3, CI', SO,”of Na*, Ca™*, Mg”* and K"
besides other salt constituents. While single specie salt
behavior is relatively better understood, researches are
needed to assess how a combination of these salts
influence soil structure, salt accumulation or leaching.
This is important to improve productivity in irrigated
crops, particularly with the increasing use of recycled
water for irrigation.

Current knowledge of salt tolerance of plants is based
on saturation water contents of soils (e.g. Maas,
1986).However, in dryland conditions, soils are never
saturated with water and the field soil water content
changes with seasonal weather conditions. Thus, it is
essential to develop new guidelines on salt tolerance of
plant species taking into account soil water dynamics
especially under pressurized irrigation.

Studies aimed at harnessing the synergy of crop salt
tolerance and hydraulic/chemical technologies will be
immensely useful in developing appropriate strategies
for use of poor quality soils/water.

The plant roots encounter different constraints in
space and time because of spatial and temporal
variability, yet there is a clear gap in our knowledge in
identifying the predominant or a common factor that
impact plant growth in different soil layers. The
uncertainty in our ability to separate effects of these
factors will need to be overcome by developing
varieties adapted to various physicochemical
constraints, in addition to salinity of soil layers.

The extent of use of contaminated ground water for
irrigation is increasing yet the scale of pollutants
accumulation in soils and their translocation in the
plant and food chain through irrigation water is
unknown. There is no insight into the risks of pollutants
chain from water to fodder to livestock and food
products. Data on pollutants in livestock and
freshwater fisheries are by far insufficient to make any
statement on the risks of pollutants to animal health
and the safety of food products from these sectors.
The tolerable daily intake for dietary intake is still
borrowed and is quite provisional indicating
uncertainties about the acceptable level. There is an
urgent need to fill-up these gaps.
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Since people are increasingly becoming quality
conscious, researches on product quality where
saline/alkali/waste water is used needs investigation
with an aim to altogether eliminate or minimize the
contamination of the food chain. Application of bio-
technological tools to develop multi-stress tolerant
crops in view of the anticipated climatic change need
to receive top priority in the research programs.

To undertake new strategic research, human resource
development will be highly crucial. Since the research
tools are becoming sophisticated, training and capacity
building will be needed in emerging areas such as GIS,
remote sensing, biotechnology, genetic engineering,
nano-technology, precision farming, climate change,
value addition and processing techniques of salt
tolerant plants and halophytes, microbial studies,
ground water recharge and modeling, waste water use,
saline aquaculture and sea weed cultivation etc.

Concluding Remarks

ICAR-CSSRI should focus on developing innovative and
creative technologies for the emerging issues of soil
salinity, sodicity, water logging, poor quality waters,
heavy metal toxicity and bio-saline agriculture. It
should document their impact on soil-water-plant-
human continuum. The institute should sensitize and
facilitate regulatory, economic (incentives/
disincentives) and advisory policy interventions to
upstream, upscale and speed-up the rate of
reclamation through viable technologies.
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Introduction

In order to feed the burgeoning world population,
expected to reach around 9 billion by 2050, significant
improvements in agricultural productivity compared to
the current levels have become absolutely essential
(Godfray et al, 2010). Nonetheless, the attempts to
increase the food production are confronted with a
of
degradation, fresh water scarcity and climate change

multitude challenges such as relentless land
impacts. Land degradation, broadly defined as the loss of
soil quality and productivity, has gradually attained
alarming proportions in many parts of the world in the
recent decades. Unabated degradation not only
diminishes the ability of land to produce food, but also
poses severe threats to the precious agro-ecosystem
services and functions vital to human life. According to
one estimate, approximately 2 billion ha of productive
soil resources have been affected by diverse forms of
physical and chemical degradation. Although nature-
induced degradation occurs on cultivated soils,
inappropriate human activities such as land clearing, crop
intensification and poor drainage management
considerably hasten the rate of soil loss. The extent of the
problem can be gauged by the fact that reduced soil
productivity alone has led to loss of an estimated ~12-
14% of the global food supply in the past five decades (Jie
et al., 2002). Besides soil related constraints, diminishing
fresh water supplies are also adversely impacting the
agricultural production in different agro-climatic regions
of the world. It has been predicted that even many
regions rich in water availability may witness severe fresh
water shortages in the coming vyears. In particular,
growing water scarcity could be a major threat to
agricultural sustainability in the irrigated (semi) arid
regions that significantly contribute to the global food

output (Rosenzweig et al., 2004).

Salinity, as a major form of land degradation, impairs the
health and productivity of nearly 1000 million hectares
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(M ha) of global croplands to varying degrees
(Metternicht and Zinck, 2003). In areas having limited
freshwater and marginal quality groundwater, salt-
induced land degradation and crop losses are often
severe. Although innocuous amounts of soluble salts (Na*
and Cl)

anthropogenic activities such as

are invariably found in cultivated soils,
land clearing and
intensive irrigation accentuate the salt accumulation to
the levels that soils become unproductive. In severe
cases, the salt-affected lands remain uncultivated and
abandoned. Irrigation-induced salinity may affect new
areas at an accelerated rate in the foreseable future. In
India, the present estimated salt-affected area in India
(6.73 M ha) may increase to 16.20 M ha by 2050 (ICAR-
CSSRI, 2015). Considering the immense benefits in terms
of higher crop yields and incomes to the farmers and
indirect benefits such as lower greenhouse gas (GHG)
emissions and increased resilience to climate variability,
soil reclamation is seen as an attractive option to
transform the degraded lands into a valuable asset. A
recent study suggests that rehabilitating only 12% of
degraded agricultural land could boost smallholders'
incomes by USD 35-40 billion per year and help feed an
additional 200 million people annually within 15 years.
It could also increase resilience to drought and water
scarcity, and reduce greenhouse gas emissions by nearly

2 Gt CO,-equivalent per year (UNEP and UNCCD, 2015).

In this article, a brief overview of agricultural salinity
problem and the conventional measures of salinity
management in India are discussed. Taking a note of the
that the
implementation of soil reclamation projects in different

emerging  constraints are affecting
parts of the country; the future research needs have

been outlined.

Characteristics and distribution of salt-affected soils

Based on the soil saturation paste values of electrical
conductivity (EC,), soil pH (pH) and exchangeable sodium
percentage (ESP), salt-affected soils (SAS) are classified
into saline (EC, 2 4 dS m™, pH,< 8.2 and high ESP< 15) and
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sodic (EC.< 4 dS m?, pH; >8.2 and ESP >15). While
osmotic stress and specific ion effects suppress the plant
growth under both the conditions, sodic soils also suffer
from the structural and water permeability problems. In
contrast to the naturally formed saline and sodic soils,
presence of shallow watertable in secondary salinity
affected lands is a severe hindrance to their reclamation.
However, it does not imply that sub-soil waterlogging (~
1.5-2 m below surface) is the only constraint to soil
amelioration. In fact, productivity enhancement through
routine measures is also increasingly becoming difficult in
soils 2016;

waterlogging free salt-affected (Gupta,

Sharma and Singh, 2015).

All soils invariably contain soluble salts, but under specific

environmental conditions and inappropriate crop
management practices salt concentration exceeds the
threshold limit with adverse consequences for soil health
(Rengasamy, 2006). The excess soluble salts present in
saline soils make them unsuitable for majority of the
arable crops. Similarly, sodic soils contain excess
exchangeable sodium which adversely affects the growth
of most crop plants. Sodic soils also suffer from poor
physical properties and low water permeability (Wicke et
al, 2011). Besides weathering of rocks and primary
minerals as the dominant processes behind formation
and accumulation of salts, other major factors which
account for the development of saline soils include
irrigation with saline groundwater, development of saline
creeps due to excessive leaching, ingress of sea water in
coastal regions, congestion of natural drainage and
seepage from canals, waterlogging due to faulty irrigation
practices and localized redistribution of salts (Singh,

2009).

Although exact estimates on global area under SAS are
not available, various projections- ranging from 831 M ha
(FAO, 2008) to 1128 M ha (Wicke et a/. 2011) point to the
widespread severity of the problem. Globally, Middle East
region (189 M ha) followed by Australia (169 M ha) and
North Africa (144 M ha) are worst affected by the salinity
and sodicity problems. In South Asia including India, SAS
occupy about 52 M ha area. Majority of the global
saline/sodic soils are only slightly salt-affected (65%)
followed by moderately (20%), extremely (10%), and
highly salt-affected ones (5%) (Wicke et al, 2011). In
India, SAS occupy about 6.73 M ha. Gujarat (2.23 M ha),
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Uttar Pradesh (1.37 M ha), Maharashtra (0.61 M ha),
West Bengal (0.44 M ha) and Rajasthan (0.38 M ha)
states together account for ~75% salt-affected area in the
country. In many salinity affected parts, ~25 % of the
underground waters are either saline or sodic with some
where about 80% of the
groundwater is of poor quality, being the worst affected
(Singh, 2009).

states like Rajasthan,

Technologies for management of salt-affected soils
Establishment of ICAR-Central Soil Salinity Research
Institute (CSSRI) in 1969 marked a watershed in the
history of salinity research. With modest beginnings, the
the
centre of excellence for

Institute has now acquired status of an
internationally acclaimed
conducting basic and applied research in the reclamation
and management of salt-affected soils. The technologies
developed by CSSRI for the productive use of saline and
sodic soils are briefly discussed under the following

heads:

Management of sodic soils

Gypsum-based technology has become highly popular
among the farmers in sodicity affected regions. Adoption
this led
approximately 1.95 M ha of sodic soils which are now

of technology has to reclamation of
significantly contributing to national food basket and
farmers’ livelihoods (Sharma et a/, 2016). However,
scarcity of good quality agricultural grade gypsum has
emerged as a constraint to the soil reclamation projects
in many states. have
the

amendments some of which such as distillery spent wash

Growing gypsum shortages

enhanced interest in low-cost alternative
and press-mud have shown encouraging results in partly
substituting the gypsum requirement. In many cases,
integrated use of locally available amendments and salt
tolerant varieties can give the best results to considerably
lessen the dependence on gypsum (Sharma and Singh,

2015).

Many agro-forestry species (Prosopis juliflora, Acacia,

Eucalyptusand Populus) and salt tolerant grasses

(Leptochloa fusca) have also proved effective in
reclaiming the deteriorated sodic soils. Certain agronomic
practices such as amelioration of pits with gypsum and

FYM, auger-hole method of planting and provision of
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irrigation further enhance the salt removal efficiency of
agro-forestry trees in sodic soils (Singh et a/, 1988). In
some cases, use of potential trees such as Acacia may be
limited due to their less remunerative nature (Singh et
al, 1997). Different soil microorganisms have also been
found effective in alleviating salt stress in crop plants by
decreasing the salt levels and improving the water and
nutrient  availabilities. However, wuse of such
microorganisms is limited due to higher costs and the
lack of technical know-how. To overcome these
problems, a low-cost microbial bio-formulation called
‘CSR-BIO’,

microbial

has been developed. Application of this
the
productivity of rice, banana and vegetables in sodic soils
(Damodaran et a/., 2013).

consortium  significantly improves

Management of waterlogged salt-affected lands

Sub-surface waterlogging (watertable lying within 2 m
from the surface) affects the vast stretches of lands in
the irrigated regions of Indo-Gangetic plains. The sub-
surface drainage technology, consisting of a network of
concrete or PVC pipes along with filters installed
manually or mechanically at a design, spacing and depth
below soil surface, has been developed to reclaim
waterlogged saline lands. This system works by draining
out the excess water containing soluble salts. This
technology, initially developed for Haryana, has been
widely adopted in Rajasthan, Gujarat, Punjab, Andhra
Pradesh, Maharashtra, Madhya Pradesh and Karnataka
states. The crops grown in the reclaimed saline soils
exhibit considerable increase in yield (45% in paddy,
111% in wheat and 215% in cotton) and cropping
intensity (CSSRI, 2014). In spite of the socio-economic
gains in terms of on-farm employment generation and
higher crop vyields, this technology has not gained
momentum and the major constraints in its widespread
use include higher initial establishment costs, operational
difficulties, lack of community participation and the
problems encountered in disposal of drainage effluents.
Bio-drainage, based on the ability of deep rooted trees to
remove excess soil water and the dissolved salts through
rapid transpiration using solar energy, is a proven
technology to prevent salinity build-up in canal
commands. Tree species for bio-drainage (£ucalyptus )
give best results when planted in beginning to arrest the
processes of waterlogging and salt accumulation but have

limited efficiency when planted in salinized soils (Singh,
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2009).
combination with land modifications is being advocated

In recent years, tree-based bio-drainage in
as an alternative to conventional land drainage to
effectively utilize waterlogged salt affected soils.

Considering the limited adoption of conventional
techniques such as SSD and biodrainage in these areas,
attention has been paid to harness the soil productivity
through alternative measures such as land shaping, saline
aquaculture and the conjunctive use of fresh and saline
groundwater. Drainage solutions based on land shaping
and biodrainage have proved effective in rehabilitating
the waterlogged sodic lands in secondary sodicity
affected areas in the Sarda Sahayak Canal command area
of Uttar Pradesh (Sharma et a/, 2007). Simple land
shaping interventions have been standardized for
creating the fish ponds and raised and sunken beds in
waterlogged sodic soils. Rice, water chestnut and
integrated rice-fish culture are the attractive land use
options for the sunken beds. Similarly, vegetables and
banana can be grown on raised beds for the higher
economic returns (Verma et al, 2015). Multiple well
points system is a new technology developed for the
brackish

groundwater in aquifers of this region. Thousands of such

skimming of freshwater floating over

wells installed in Muktsar, Faridkot and Ferozepur
districts have lowered the watertable leading to 10-20%
increase in crop yields. The cost of installation of a 4-well
point system is about Rs. 45000 per set (Gupta and Singh,
2014). land-based

aquaculture using saline groundwater has also emerged

Inland saline aquaculture ie,
as a viable approach in highly salinity affected areas.
Despite the very high salinity of water (~25 dS m™), fish

have been successfully cultured (CSSRI, 2013).

Salt Tolerant Varieties

Small and marginal farmers in salt-affected regions could
hardly afford the costs involved in chemical amendments
without government support. Similarly, they also face
many problems in the installation and maintenance of
SSD systems. Consistent with the need to provide these
poor farmers viable and cost-effective solutions to adapt
to stressful conditions, Institute has identified/developed
high vyielding salt tolerant varieties in rice, wheat,
mustard and other crops (Table 1). These varieties exhibit
tolerance to salinity and high soil pH and give significantly
higher yields with the least use of chemical amendments.
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Table 1. Salt tolerant varieties developed by CSSRI,

Karnal

Crop Variety

Rice CSR 36, CSR 30 (basmati type), CSR 27,
CSR 23, CSR 13 and CSR 10 for inland
regions; and Butnath and Sumati for
coastal soils

Wheat KRL 19, KRL 1-4, KRL 210, KRL 213

Mustard CS52,CS54,CS56

Chick pea Karnal Chana 1

Dhaincha CSD-137, CSD-123

Alternate Land Use Systems

In addition to salt tolerant agro-forestry trees, salt
tolerant cultivars have also been identified in fruit trees,
shrubs, grasses and medicinal and aromatic plants.
Different fruit-based agro-forestry systems, with bael
(Aegle marmelos), aonla (Emblica officinallis) and
karonda (Carissa congesta) as tree components and
cluster bean (in Kharifjy and barley (in RabJ) as subsidiary
components, have been found practically feasible and
remunerative with the use of moderate (EC,y, between
4.0 to 5.8 dS m™) to high (EC,y between 8.2-10.5 dS m™)
salinity waters (Dagar et a/, 2008). The saline and sodic
lands under long-term tree cover exhibit overall
improvement in soil quality which is attributed to
increase in soil organic carbon and nitrogen contents,
enhanced microbial biomass, microclimate modification
under tree cover and nutrient uptake from deeper layers
by the tree roots (Sharma et al.,, 2014b). Different
medicinal and aromatic plants such as isabgol (Plantago
ovata), aloe (Aloe barbadensis) and kalmeg (Andrographis
paniculata) produce high biomass under saline (ECy, 8.5

ds m"l) irrigation (Tomar and Minhas, 2004).

Multi-enterprise agriculture mode/

Keeping in view the specific requirements of small and
marginal farmers in post-reclamation phase, an
integrated multi-enterprise model consisting of diverse
components (field and horticultural crops, fishery, cattle,
poultry and beekeeping) has been developed for 2 ha
area for ensuring sustainable resource use efficiency,
high and regular incomes and employment generation.
This model substantially reduces the production costs by
synergistic recycling of

resources among different
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components. Similar models are also being standardized
for waterlogged sodic soils in Uttar Pradesh, highly saline
black soils in Gujarat and coastal saline soils of West
Bengal (Sharma and Chaudhari, 2012).

Resource Conservation Technologies

In India, substantial increase in food production and a
multitude of environmental problems co-evolved during
Green Revolution of 1960s-1970s characterized by the
heavy and indiscriminate use of agro-chemicals in rice
and wheat crops. Many present and emerging challenges
such as stagnating yields, decreasing factor productivity,
fast table,
deteriorating soil health, environmental pollution and

receding  water climate variability,
secondary salinization have posed grave threats to the
sustainability of rice-wheat cropping system in the Indo-
Gangetic plains of India (Aggarwal et a/, 2004). In this
backdrop, increased adoption of resource conservation
technologies is imperative and CSSRI, Karnal has made
important contributions in this direction by successfully
demonstrating the efficacy of different technologies- zero
tillage in wheat, direct seeded rice, residue incorporation
and mulching, sprinkler irrigation- to optimize the
resource use in rice and wheat crops for sustainable
production and improvement in physico-chemical and
biological properties of the soils (Sharma and Chaudhari,

2012).

Emerging constraints and future research needs

Considerable progress has been made in the past four
decades to harness the productivity of salt-affected soils.
Different technological interventions have brought an
overall improvement in the farmers’ livelihoods and
environmental quality in many parts of the country
having saline/sodic soils and marginal quality waters. In
spite of these achievements, many present and emerging
challenges continue to plague agricultural sustainability
in salt-affected environments. These problems and their
in the

sustainable solutions are briefly discussed

following paragraphs:

Constraints in sub-surface drainage technology

Waterlogged saline lands are rehabilitated by different
drainage interventions. In the last few decades, sub-
surface drainage (SSD) has become virtually synonymous

with land drainage in India. However, over reliance on
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SSD technology has led to the neglect of other potential
techniques such as surface and bio-drainage which also
significantly contribute to salinity management.
Furthermore, constraints such as high installation and
maintenance costs, poor community participation and
problems in the disposal of saline drainage water have
hindered the spread of SSD technology. This has resulted
in slow pace of drainage improvements in about 2-3 M ha
waterlogged saline area. In light of these facts, an
integrated plan involving SSD, mole, vertical and bio-
drainage systems has been suggested as a technically
feasible and cost-effective drainage solution at the
macro-scale. Results have shown that bio-drainage
through salt tolerant trees having high transpiration rate
could be an efficient method of watertable and salinity

control in many situations (Gupta, 2016).

As SSD is often beyond the reach of an individual farmer,
focus has been placed on simple land shaping techniques
such as farm pond, and raised-and sunken beds to
the
waterlogged sodic lands by harvesting the rainwater and

augment productivity of coastal saline and
canal seepage water, respectively, for multipurpose use
in crop and fish culture. Land modification not only
alleviates the waterlogging and salinity risks, but also
enhances the cropping intensity and farmers’ income
from the lands otherwise lying barren for decades.
Salinity-affected north-western region of the country has
immense potential for the commercial fish and shrimp
production. Initial results reveal the prospects of
integrated aquaculture (e.g. rice-fish-horticultural crops)
in vast stretches of waterlogged saline soils in south-

western parts of Punjab and Haryana.

Growing gypsum scarcity

In India, gypsum is the preferred amendment to restore
the productivity of even highly deteriorated sodic lands.
Despite known benefits, reclamation projects in sodicity-
affected states are running short of good quality
agricultural-grade gypsum partly due to high costs. This
has enhanced the interest in by-product gypsum (e.g,
phospho- and marine gypsum) and other alternative
amendments. However, heavy metals present in some of
these substitutes such as fly-ash and municipal solid
waste compost may sometimes cause unintended side
effects

in the soils and plants. Considering these

constraints, emphasis has increased on phytoremediation
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through salt tolerant agro-forestry trees and grasses with
added advantages of low water use, negligible recurring
costs and carbon sequestration. Salt tolerant cultivars are
also available in different field and horticultural crops to
obtain stable vyields with reduced or no use of
amendments; especially in moderately salt-affected soils

(Sharma and Singh, 2015).

Fresh water shortages

Many regions of the world in general and arid
environments with preponderance of salt-affected soils in
The

anticipated increase in atmospheric temperature due to

particular are facing severe water shortages.
climate change would further decrease the productivity
and resilience of the soils in these water scarce regions. It
is worrisome to note that conventional approaches to
ameliorate the saline and sodic soils (leaching and
gypsum application followed by irrigation, respectively)
require huge quantities of fresh water and its limited
availability would necessitate the development of
alternative strategies for using poor quality waters to
reclaim and productively utilize them. India has 4.2%
share of global water resources and supports about
16.7%

accounts for about 85% water use in the country and the

of the global population. Agriculture alone
remainder 15% is used by the domestic and industrial

sectors. Good quality water availability in desired
quantities is of utmost importance for higher agricultural
the

availability of fresh water resources, many parts in India

productivity. Besides continuous decrease in
suffering from water scarcity are also usually underlain by
poor quality groundwater and the maximum area under
saline and brackish groundwaters occurs in the arid and
semi-arid regions of Rajasthan, Punjab, Haryana, Delhi
and Uttar Pradesh (Singh, 2009). Research priorities have
been outlined to standardize the protocols for use of
polluted waters in reclamation and significant
achievements have been made with respect to ground
water recharge, storage and subsequent use of rain
water through land modification and other technological
interventions such as dorouv technology to skim fresh

water floating on the saline water (CSSRI, 2014).

Climate change impacts
Agriculture is highly vulnerable to climate change induced
shocks. Many direct and indirect effects of climate
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change- changes in precipitation patterns, higher
atmospheric temperatures, increase in frequency of
droughts, floods and storms, sea level rise, greenhouse
gas emissions- would drastically limit agricultural
productivity particularly in arid and semi-arid climates
and coastal regions. Anticipated increase in warming and
evapo-transpiration coupled with decrease in rainfall
could have adverse consequences in dry (arid and semi-
arid climates) regions while predicted sea level rise and
the consequent increase in the process of saline water
intrusion and the increased frequency of cyclonic storms
would undermine the sustainability of many coastal
agricultural systems. In crop plants, with most of them
being non-halophytes, even a slight increase in air and
leaf temperatures would mean potentially higher evapo-
transpiration causing increased transpirational flow and
higher accumulation of salts in aerial parts. As far as
elevated CO, concentrations are concerned, it is difficult
to predict the probable interaction between CO, and
salinity on plant growth (Yeo, 1998). The long-term
adaptation strategies to overcome these challenges are
based on sustainable soil and crop management practices
(resource conservation practices such as zero tillage,
integrated water and nutrient management, efficient
irrigation techniques and adoption of resource use

efficient and stress resilient crop varieties.

Resodification and resalinization

Apart from the well known menace of secondary salinity
in irrigated commands and its adverse impacts on
agricultural production, recent instances of resodification
of gypsum-amended sodic soils and resalinization of
reclaimed saline soils are a cause for concern as they
could potentially offset the gains achieved in the past.
Resodification refers to the reappearance of sodic
patches in the previously chemical amended sodic soils.
The ameliorated soils support crop production for the
initial few years, but certain adverse conditions such as
congestion in natural drainage, shallow water tables and
seasonal fluctuations in water table, seepage from canals
and subsequent water

logging of fields, repeated

droughts and practice of crop fallow induce the
reappearance of sodic patches. These problems can be
minimized to a great extent by adopting efficient
irrigation and drainage techniques, balanced fertilizer use

with emphasis on organic manures, cultivation of low
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water requiring crops and resource conservation

technologies (Sharma and Singh, 2015).

Concluding remarks

The challenge to feed the growing global population in
the face of diminishing productive land and water
resources has necessitated the sustainable management
of vast stretches of degraded lands. Available evidence
suggests that appropriate interventions can significantly
enhance the productivity of salt-affected soils for
producing food, fibre, fodder and fuel for the human well
being. Although rapid strides have been made in the
management of saline and sodic soils, changing
agricultural scenario and the emerging challenges have
necessitated a shift in the conventional approaches to
sustain agricultural productivity in resource scarce and
risk prone saline environments. Further refinements in
mapping and characterization of salt-affected regions
with the aid of emerging technologies such as solute
transport modeling and use of air-borne geophysical
sensors is the need of time. Integrated drainage solutions
need to be promoted. Concerted efforts are required to
develop cheap and environment-friendly alternatives to
gypsum. lIdentification and development of multiple
stress tolerant genotypes is the need of time. The tested
resource conservation technologies need to be replicated
in farmers’ field. Vigorous efforts are required for
capacity building of the farmers in salt-affected regions to
enable them to effectively deal with the present and

future constraints.
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Introduction

It is increasingly evident that the gains in agricultural
output provided by the Green Revolution have reached
their ceiling whereas the world population is expected
to reach nearly nine billion by 2050. The recent plateau
in genetic gain in productivity of crops also indicates
that possibly we are at attainable maximum
productivity of crops with traditional method of crop
improvement even with all the favourable factors for
crop growth in place for high productivity zones.
Therefore in addition to increasing the yield of crop
plants in normal soils, there is an absolute need to
enhance productivity and stability of crop yield in less
productive lands, including salinized lands. This is more
relevant to highly populated countries like India where
an estimated 6 to 7 million ha land is affected by
salinity/alkalinity and about 2.0 million ha of salt
affected land is being reclaimed. Further, it is being
predicted that salt affected area is likely to increase
to an extent of 16.2 million ha by 2050 mainly due to
expansion in irrigated area, intensive use of
natural resources responsible for second generation
problems and also due to predicted climate change.
In this context, concerted effort to improve salt
tolerance in crop cultivars can be highly crucial for
enhancing the productivity in land affected by soil
alkalinity, salinity and poor quality of waters.

Salt tolerance in crops to build on the past
success

The crop improvement efforts for salt affected areas
should build on the past success through conventional
breeding which is reflected in high yielding salt
tolerant varieties of rice (CSR 10, CSR 13, CSR 23, CSR
27, CSR 30, CSR 36 and CSR 43), wheat (KRL 1-4,
KRL 19, KRL 210 and KRL 213), Indian mustard (CS
52, CS 54 and CS 56) and chick pea (Karnal Chana
1) and Basmati CSR 30, a fine grain premium rice
variety. For further improvement and for searching
new genetic sources, it is necessary to revaluate all
these cultivars for their threshold of salt tolerance
particularly in terms of different traits associated with
the mechanisms of tolerance. This can set a bench
mark for developing strategies for salt tolerance in
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future crop plants. In addition, there is a need to
consider breeding for multiple stresses in view of
climatic change. Not only field, horticultural and forage
crops but also other vegetation which is capable of
reclaiming mildly affected salt lands for agriculture can
be tremendously useful to address problems of salinity
in India. Developing such vegetation need entirely a
different approach for genetic improvement. For
example, further combination of choice of vegetation
and the farming system is likely to be game changer for
salt affected area while profit for farmers would be the
driving factor for adoption of such technologies. In this
context, breeding agronomy specific genotypes of crop
and tree species may hold promise in future. For
example, calcium requirement of wheat grown in
saline and non saline conditions varies (Genc et al.,
2010), which can be explored for genetic gain in
productivity. All these breeding approaches need a set
of germplasm screening protocols or/and plant
response monitoring system, which are encompassed
in emerging plant phenomics that are by and large
feeding into molecular approaches for crop
improvement.

Complementing conventional breeding

Success of molecular approachesdemonstrated
withSubland Drol (Uga et al, 2013)gene
introgressionshouldguide and drive future quest for
traits and genes contributing to salinity and alkalinity
tolerance. Since salt tolerance in plants is a complex
mechanism, which involves a lot many genes and traits,
the future progress largely depends on the scale with
which the advances in genomic and phenomic
approaches are employed.While genetic improvement
has to play a key role in improving productivity of crops
grown on problematic soils, resource management
practices are also decisive for realising the vyield
potential of improved cultivars. If resource
management specific crop design is the target, plant
traits that match a given growth condition should be
identified and the screening of germplasm and
breeding material should be guided by appropriate
phenotyping strategy for a particular trait.
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Scaling up methods for salt tolerance traits

A lot of information is available on traits and
mechanisms associated with salinity tolerancein plants
(Gregorio, et al., 2002; Flowers, 2004; Yamaguchi and
Blumwald, 2005; Negrao et al, 2011; Vinod et al.,
2013) which is not under the scope of this review,
which is focusing on how they can be measured
precisely and rapidly by employing phenomics
platform. Conventionally, salinity tolerance in crops has
been measured by a number of screening methods for
different morpho-physiological traits including shoot
weight (Yeo et al, 1990; Aslam et a/, 1993), shoot Na*
concentration, the ratio of shoot Na'/K" (Gregorio and
Senadhira, 1993; Asch et al. , 2000), leaf injury and
survival rate (Yeo et al, 1990; Gregorio et al, 1997),
leaf area (Akita and Cabuslay, 1990; Zeng et a/., 2003)
and bypass flow in the root (Faiyue et al., 2012). Of
these traits, shoot weight was shown to be closely
related to overall plant performance (Yeo et a/, 1990)
and to the performance of the plant in the field (Aslam
et al, 1993).Attempts have also been made to assess
stomatal conductance as a screen for osmotic stress
tolerance in durum wheat growing in saline soil
(Rahnama et al, 2010).The challenge is to scale up
these measurements for large scale screening.

Plant phenomics interventions

Previous attempts for improvement of salt tolerance in
crop plants largely relied on manual measurements
and destructive sampling of plants subjected to stress
(Rajendran et al, 2009; Furbank and Tester, 2011;
Berger et al, 2012; Jansen et al, 2014). Recent
phenomics tools allow rapid and non invasive
measurement over a period during crop growth
(Fiorani and Schurr, 2013). Since there is no need of
destructive sampling, it is possible to harvest the seeds
of promising plants identified through these phenomics
method for seed increase or further experiment.
Phenomics tools provide indirect measurement of
traits such as biomass, leaf senescence and leaf area
through images captured in the visible range of
electromagnetic spectrum. On the other hand, images
in the range of near infrared radiation can reveal water
status of plants. Infrared imaging can further reveal the
capacity of plants to transpire even under salt stress
environment. The chlorophyll fluorescence imaging
reveals health of photo system of plants grown under
stress conditions. Recent efforts to optimise methods
reveal that it is possible to visualise root system
architecture without disturbing the plants by
employing X-ray computer tomography. The plant
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height can be measured with optimal accuracy by
LiDAR cameras fixed on mobile systems. Cameras
mounted on UAVs or Drones enable proximal
acquisition of images of each of the experimental plots
in field and when loaded with a variety of cameras can
provide valuable information on responses of
genotypes to managed stress levels. All these
phenomics concepts and tools that are evolving rapidly
are capable of delivering the most precise
measurements of responses of a large set of plants.
These tools will be immensely useful in characterising a
number of plants from a set of mapping population,
mutants etc., which aim at identification of genes
associated with tolerance to various stresses including
salinity/alkalinity.

Recently our capacity to study the genes in plants has
tremendously increased and possible involvement of
genes in tolerance mechanisms have been reported
(Ueda et al, 2006).However, the functions of many of
the genes remain elusive, particularly, when the crop
improvement community is gearing up for molecular
breeding. Limited capacity to phenotype stress
responses of large number of diverse germplasm is the
major bottle neck in identification of relevant genes for
crop improvement. This bottle neck is expected to be
cleared by the emerging plant phenomics tools that are
allowing high throughput screening of plants in
controlled as well as natural field environment. In
addition to plant responses under managed or natural
environmental conditions, the plant phenomics
approach focus on simulation and characterisation of
environmental factors during the experiments. For
example automated precise watering system in plant
phenomics platform can allow creation of desired
stress levels in pots under controlled environment. In
field, sensors are being employed to map soil moisture,
temperature regimes and soil properties in the
experimental field.

When plants are exposed to salt, their growth
immediately slows due to the osmotic component of
salt stress, and plants produce fewer tillers (Munns and
Tester, 2008; Rajendran et a/.,, 2009; Horie et al., 2012).
Subsequently, Na® and ClI" accumulate to toxic
concentrations in the shoot, resulting in premature leaf
senescence and death which is referred as ionic
component of salt stress (Tester and Davenport, 2003;
Munns and Tester, 2008; James et al.,, 2006, 2008;
Castillo et a/, 2007; Munns, 2010; Horie et al, 2012).
Image-based phenotyping can differentiate between
the effects of the osmotic and ionic components of salt
stress in growing plants. This can be achieved by
constantly monitoring growth responses before and



5™ National Seminar — Climate Resilient Saline Agriculture: Sustaining Livelihood Security

2017

after application of salt. This allows for at least some
dissection of salinity tolerance mechanisms (Rajendran
et al, 2009; Sirault et al, 2009). In other words,
phenomics tools can help in overcoming the difficulty
of measuring the tolerance of salinity as distinct from
the tolerance of water or osmotic stress, and the
difficulty of screening large numbers of individuals for
small, repeatable and quantifiable differences in
biomass production. This can help in differentiating the
salt tolerance within the species of plants.

Several attempts have been made to employ image
based phenotyping to measure salinity tolerance in
crops such as wheat and barley (Rajendran et al. ,
2009; Sirault et al, 2009; Harris et al, 2010), where
digital colour images were used to quantify plant
biomass, leaf area and health (Rajendran et a/, 2009;
Harris et al., 2010; Golzarian et al,, 2011). Shoot tissue
tolerance could be quantified in salt stressed einkorn
wheat (7riticummonococcum) by measurement of
senescent leaf area and shoot Na® concentration
(Rajendran et al, 2009). Infrared thermography has
also been used to measure leaf temperature, as a
surrogate for stomatal conductance, to screen the
osmotic tolerance of barley and durum wheat
seedlings (Sirault et a/, 2009) and rice (Siddiqui et al.,
2014). High-throughput image acquisition and analysis
was used to study the salinity tolerance traits of two
rice cultivars (IR64 and Fatmawati) under different
levels of salt stress. The use of phenomics technology
for screening individual salt tolerance traits in rice and
whole plant salt tolerance has been demonstrated.
These methods can now be used in genetic studies to
guide breeding programs of approaches to improve the
salinity tolerance of different crop plants.

Way forward

Automation of the phenotyping process in combination
with automated plant handling and watering allows
large numbers of plants to be screened efficiently with
limited handling. Entire populations of plants can be
grown in soil media, emulating field conditions at least
for the earlier stages of growth in controlled
environment. The results can be validated in the field
with different set of tools. In addition to global

phenomics facilities,
(http://www.plantphenomics.org.au;

http://www.plant-phenotyping-network.eu) now
national phenomics platforms in

India(http://www.niam.res.in/ ) are in place. Many of
the high throughput screening protocols developed in
these platforms has the potential to be scaled to
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phenotype large numbers breeding lines and mapping
populations allowing the evaluation of the effect of
different salt tolerant mechanisms on plant growth and
yield. Screening of hundreds of mapping lines and/or
accessions of different crops for bi-parental or
association mapping studies can be carried out
relatively quickly for traits that require time course
measurements of growth. The use of such populations
has the potential to identify the genetic mechanisms of
salinity tolerance in a forward genetics screen. With
rapid development in phenomics tools the cost of
phenomics platform are likely to decrease and become
affordable for routine use in crop improvement
programme. Effectiveness of these tools, however,
would be determined by initial queries such as what
and when to do rather than how to do it for crop
improvement. This needs thorough knowledge of
target population of environments and the purpose for
example if we are targeting yield improvement,
biomass improvement or bioremediation plants for salt
affected areas.
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Introduction

One of the potential threats to agriculture is the impact
of climate change in attaining sustainable development
of agriculture and food security. India, along with many
developing countries, is one of the most vulnerable
countries to climate change affecting agricultural
production. Sustainable food security is further
affected by persistent land degradation including due
to salinity and waterlogging, land fragmentation,
labour problem and over-exploitation of natural
resources. Salinity due to faulty methods of irrigation is
increasing in the most of the canal command areas.
Change in hydrological cycles, rise in temperature and
sea level will add to the soil and underground water
salinity more so in dry regions and coastal regions. This
will further add to the constraints of food production.
Further, in arid ecologies the underground aquifers are
saline. With increasing demands of food, forage, fuel
wood, timber and other necessities for ever increasing
population and limited availability of good-quality
water the saline water irrigation is now considered as
an imperative necessity for the sustainable agricultural
development, which includes the use of saline
groundwater, saline drainage water and sewage
wastewater for irrigation. The adaptability of saline
irrigation is decided by crop salt-tolerance, nature of
soil, salinity of water, intensity of rainfall, availability of
fresh water, method of irrigation, climate of the area,
soil-water-crop-environment and human resource
management practices, and the saline water irrigation
economics (Dagar and Minhas, 2016).

Climate change can be expected to have varying effects
on the expression of salinity, waterlogging and
inundation in landscapes. It is evident that due to
global warming, chances of tropical storms will be
more frequent than now and the effects of climate
change are likely to be especially severe for regions in
South Asia. The frequency and severity of inundation
and waterlogging are expected because of increased
rainfall and temperature particularly in the Ganges,
Brahmaputra and Meghna basins. The melting of
Himalayan snowfields and glacial ice will add to the
problem of these basins. Coastal areas exposed to the
future rising sea level will be subjected to an increased
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risk of inundation from high tides and storm surges,
and from increased subsoil seawater intrusion. Such
areas include the world’s river deltas and islands. It is
evident that sea level rise will have major implications
for the severity of salinity, waterlogging and
inundation, future land use and the development of
more tolerant crops of the region. Therefore,
developing technologies for better adaptation
measures to mitigate climate change and developing
stress tolerant crops is the need of the time. Some of
the complex adaptation research, development and
agricultural issues that need to be addressed by the
researchers to increase the agricultural production
particularly in degraded saline and waterlogged
environments in the scenario of climate change have
been briefed in this article.

Climate Variability

Through a series of observations, it has been concluded
that increase in greenhouse gases (GHGs) have
resulted in global warming by 0.74°C between 1906
and 2005 (IPCC, 2007). Recent reports indicate that
passing December, the year 2016 was the warmest
year across globe since 1880. Including the year 2015,
10 of the 11 warmest years in the 135-year period of
record have occurred in the 21% century (1998
currently ranks 4™ warmest year on record).
Climatologically July is the warmest month of the year
globally and the July temperature currently increasing
at an average rate of 0.65 °c per century (NCEI, 2015).
The climate change is expected to have a variety of
effects on global temperature, sea level and the
availability of water in agricultural landscapes. Since
1950, the sea level has risen by ~10 cm and there has
been decreased precipitation in the Sahel, the
Mediterranean, South Africa and parts of southern
Asia; and an increased risk of heavy precipitation
events over most areas (IPCC, 2007). Over the next
century, average global surface temperature is
expected to rise by 1.8-3.5 °c. Therefore, this change in
temperature will make the oceans level rise by up to
0.6 m, annual precipitation will increase in high
latitudes and decrease in most subtropical land
regions, and future tropical storms will become more
intensive (IPCC, 2007). This all is bound to bring
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substantial changes to the world’s agricultural regions
and the severity with which abiotic stresses such as
salinity will affect crop production. The CO,
concentration in atmosphere is gradually increasing
from 316 ppm in 1959 to 401 ppm in 2015 and the
decadal increase is from 0.86 ppm per year to 1.99
ppm per year which is highest ever (CO,.now.org).

Global warming is projected to have significant impacts
on conditions affecting agriculture, including
temperature, CO,, glacier runoff, precipitation and the
interaction of these elements. These conditions in turn
determine the carrying capacities of different
ecosystems to produce enough biomass including food
for human population and domesticated animals. The
overall effect of climate change on agriculture will
depend on the balance of these effects. Many of the
models have predicted decline in food production at
global level due to climate change. At all India level,
there is no set trend in total rainfall during last 100
years and average rainfall is 1151+ 111 mm.
Interestingly when we compare decadal averages there
is clear indication of increase in rainfall after 1911-20
and during decades from 1813-20 to 1911-20 (~100
years), there were 25 deficit years against 11 surplus
years while during next 86 years (up to year 2006)
there were 16 surplus years of rainfall against 7 deficit
years during ~ 8 and half decades showing trend of
increasing rainfall than deficit (Dagar et al/, 2016).

Table 1. Impact of climate change on water resources in India

However, there are some more clear trends reported
in regional patterns. For example, areas of increasing
trend in monsoon rainfall are found along the west
coast, north Andhra Pradesh and adjoining areas, north
east India and parts of Gujarat and Kerala (6 to 8%
deficit of normal over 100 years). About 74% of the
annual rainfall occurs during southwest monsoon (June
to September). However, the prediction of the future
evolution of the monsoon activity, at least a season in
advance, remains a difficult challenge.

Temperature is another important variable affecting
crop production particularly during rab/ season. The
long-term data on mean daily maximum and minimum
temperatures and long-term deviation from mean
clearly indicate that the temperature is increasing
more so in recent decades. The warming trend in India
over the last hundred years (1901 - 2007) was
observed to be 0.51°C with accelerated warming of
0.21°C for every ten years since 1970 (Kumar, 2009).
The increased temperature will also increase crop
water requirement as reported by Venkateswarlu and
Singh (2015) from a study carried out by CRIDA on four
crops (groundnut, mustard, wheat and maize) grown in
major crop-growing districts. The studies indicated that
there will be 3% increase in crop water requirement by
2020 and 7% by 2050 across all locations. Impacts of
climate change on water resources are summarised in
Table 1.

Region/Location Impact

Indian sub-continent as a

Increase in monsoon and annual runoff in the central plains

whole No substantial change in winter runoff
Increase in evaporation and soil wetness during the monsoon and on annual basis
All India Increase in potential evapo-transpiration

Increase in area of saline underground water and salinity of underground water
Increase in waterlogged areas

Indian coastline

One meter sea level rise will likely to affect 5763 km?” and will put 7.1 million people at risk
More area will come under waterlogging
Sizeable area under good-quality water will turn to saline

River basins of India

More flood events

Reduction in the quantity of the available runoff
Increase in Mahanadi and Brahmini basins

Orissa and West Bengal

One meter sea level rise will inundate 1700 km” of prime agricultural land and larger area
will suffer with salinity and waterlogging, underground water will become saline

River basins in north-
western and central India

Increase in heavy rainfalls and decrease in rainy days-more flood
Basins located in comparatively dry region will receive lesser water
Increase in ET hence crop water requirement will increase

Kosi basin

Decrease in runoff by 2-8%

Damodar basin Decreased river flow

Southern India

Soil moisture will increase marginally by 15-20% during monsoon season

Compiled from various sources (Dagar et a/., 2016)
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Naresh-Kumar and Aggarwal (2013) reported that
climate change may increase coconut productivity in
western coastal region (covering Kerala, parts of Tamil
Nadu, Karnataka and Maharashtra) as well as in north-
eastern states, islands of Andaman-Nicobar and
Lakshadweep provided current level of water and
management is made available in future climate as
well; while negative impacts are projected for Andhra
Pradesh, Orissa, West Bengal and Gujarat. On all India
basis, even with current management, climate change
is projected to increase coconut production by 4.3% in
A1B 2030, 1.9% in A1B 2080, 6.8% in A2 2080, and
5.7% in B2 2080 scenarios of PRECIS (model) over
mean productivity of 2000-2005 period. Agronomic
adaptations like soil moisture conservation, summer
irrigation, drip irrigation, and fertilizer application
cannot only minimize losses in majority of coconut
growing regions, but also improve productivity
substantially. Further, genetic adaptation measures like
growing improved local Tall cultivars and hybrids under
improved crop management is needed for long-term
adaptation of plantation to climate change, particularly
in regions that are projected to be negatively impacted
by climate change. Such strategy can increase the
productivity by about 33% in 2030 and by 25-32% in
2080 climate scenarios. In fact, productivity can be
improved by 20% to almost double if all plantations in
India are provided with above-mentioned management
even in current climates.

Chaturvedi et al. (2012) examined the CMIP5 model
projections on future climate of the Indian monsoon
and concluded that under the business-as-usual
scenario, mean warming over India is likely to be the
range 1.7-2.0 °C by 2030s and 3.3-4.8 °C by 2080s
relative to pre-industrial times. All-India precipitation is
projected to increase by 4-5% and 6-14% in respective
periods compared to the 1961-1990 baseline. There is
consistent positive trend in frequency of extreme
precipitation days (e.g. >40mm per day) for decades
2060s and beyond. The variations in the monsoon
rainfall and surface temperatures influence the food
grains production. Climate change is projected to
reduce timely sown irrigated wheat production by
about 6% by 2020 and in late sown wheat to the extent
of 18%; and the projected impacts are likely to further
aggravate yield fluctuations of many crops with impact
on food security (Shetty et a/, 2013). The following
recommendations of IPCC’'s Fifth Assessment Report
(WGII AR5) suggest patterns of risks related to climate
change and their management through adaptation and
mitigation (IPCC, 2014):
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° In recent decades, changes in climate have
caused impacts on natural and human systems on
all continents and across the oceans

° In many regions, changing precipitation or
melting snow or ice are altering hydrological
systems, affecting water resources in terms of
quantity and quality

° Many terrestrial, freshwater, and marine species
have shifted their geographic ranges, seasonal
activities, migration patterns, abundances, and
species interactions in response to ongoing
climate change

° Negative impacts of climate change on crop and
animal production have been more than positive
impacts

° Impacts from recent climate-related extremes,
such as heat waves, droughts, floods, cyclones,
and wildfires, have revealed significant
vulnerability and exposure of some ecosystems to
current climate variability.

It can safely be concluded that due to change in

hydrological systems, rise in temperature, and sea level

rise will add to the soil and underground water salinity
more so in dry regions and coastal regions.

Adaptation Strategies

Adaptation strategies should focus on development of
new land use systems, evolvement of new climate
smart agronomic management strategies for climate
change scenario, evolving resource-use efficient and

multiple  stress  tolerant  genotypes, explore
opportunities for
maintenance/restoration/enhancement of soil

properties, popularization of resource conservation
technologies, development of spatially differentiated
operational contingency plans for temperature and
rainfall related risks, including supply management
through market and non-market interventions in the
event of adverse supply changes, value added weather
management strategies for reducing production risks,
development of knowledge based decision support
system for translating weather information into
operational management practices, besides using and
exploring opportunities for utilization of indigenous
traditional knowledge (Dagar et a/., 2016). We need to
identify adaptation strategies that may anyway be
needed for sustainable development of agriculture.
These adaptations can be at the level of individual
farmer, society, community farms, village, and
watershed, regional or at national level. Some of the
possible adaptation options related to saline
environment are discussed here.
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Breeding for Tolerance to Salinity, Waterlogging
and Inundation

For developing salinity, waterlogging and inundation
tolerant crops, we would have to understand properly
the physiological adaptations. Soil salinity affects plant
growth and survival because ions (mainly Na" and CI,
but also Ca’, Mg®* and SO,”) increase in the soil
solution to concentrations that adversely decrease the
availability of water to the plant due to the osmotic
effect. Waterlogging tolerance in crops is primarily
associated with two major physiological traits (Colmer,
2003; Mullan and Bannett-Lennard, 2010) that enable
plants to avoid soil hypoxia. First is the formation of
aerenchyma in the cortex of roots that enable O, to be
conducted down the inside of the root. The second
trait is an ability to form a barrier to radial oxygen loss
that decreases the leakage of oxygen out of the root,
so that more oxygen can diffuse internally and reach
the root tip. The crop improvement program in saline,
waterlogged and inundation environments through
conventional breeding has been a challenging pursuit
and slow, as the physiological components of plant
response to these stresses are complex and the genetic
basis for these responses is largely unknown (Flowers,
2004). Mullan and Bannett-Lennard (2010) listed three
possible solutions to the development of crops for
these stresses: (i) seek improvement within existing
crop genomes; (ii) incorporate genetic information
from halophytes into crop species; and (iii) domesticate
halophytes. These approaches may help to genetically
improve the tolerance of crops to salinity and
waterlogging.

During recent years, some encouraging results have
been obtained regarding release of varieties with
improved salt-tolerance. For example, Kharchia-65 in
wheat; and Pokhali and Nona Bokra in rice have given
good results. Central Soil Salinity Research Institute
(CSSRI) in India has developed high productive and salt-
tolerant varieties of rice (CSR 10, CSR 13, CSR 23, CSR
27, Basmati CSR 30, CSR 36 and CSR 43), wheat (KRL 1-
4, KRL 19, KRL 210 and KRL 213) and Indian mustard (CS
52, CS 54 and CS 56). Further, three salt tolerant
varieties of rice (Sumati Bhootnath and Amalmana)
have also been released for coastal agro-ecosystem by
the CSSRI Regional Center at Canning Town (West
Bengal). In another ACIAR (Australian Council of
International Agricultural Research) collaborative
project with CSSRI, sources of tolerance have been
identified in wheat for waterlogging (Westonia, KRL 19)
and elemental toxicities (KRL 35).
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Despite the low number of released cultivars for salt
and waterlogging tolerance, there exists a large
resource of potential germplasm for increasing the
genetic base of crop plants. Colmer et a/. (2006) listed
38 species as possible source of salt-tolerance in
Triticale, with examples from the Aegilops, Elytrigia,
Elymus, Hordium, Leymus, Thinopyrum and Triticum
species. When Munns et al/ (2000) screened 54
Triticum  turgidum  tetraploids comprising the
subspecies durum, turgidum, polonicum, turanicum
and carthlicum, they identified large and useful genetic
variation for improving the salt-tolerance in durum
wheat. From this study, Line 149 derived from a cross
between 7. monococcum (accession C 68-101) and a
durum cultivar, Marrocos was selected with a very low
Na® uptake which later led to the mapping of two
quantitative trait loci (QTLs), designated Aaxl and
Nax2. These are used in selection of low Na® progeny in
a durum and bread wheat breeding program (Byrt et
al, 2007). Another interesting example is the
successful introduction of land-race Kharchia. The salt-
tolerance from Kharchia 65 was hybridized with a high
yielding wheat variety (WL 711) to develop salt-
tolerant wheat cultivar (KRL 1-4) by Singh and Chatrath
(2001). Legumes are usually salt-sensitive but the salt
tolerance of Vigna marina along beaches of Andamans
has encouraged scientists to inculcate salt-tolerant
genes in green gram ( Vigna radiata).

Mackill et a/. (1996) described the adaptive mechanism
in rice under different hydrological environments. Over
time, rice farmers have developed germplasm and
management techniques adapted to different eco-
hydrological environments. In unbunded fields at the
top topo-sequence, farmers grow short duration,
drought tolerant upland rice varieties established via
direct seeding. These varieties are usually tall and
unimproved. In upper bunded fields farmers tend to
grow short duration, photoperiod insensitive, modern
early flowering varieties, escaping late season drought
stress. In well-drained mid topo-sequence fields,
farmers usually grow semi-dwarf high yield potential
varieties developed for irrigated conditions and
establish by transplanting. In lower and flood-prone
fields, farmers usually direct-sow tall, photoperiod-
sensitive verities that flower as the rains cease and
stagnant water begins to decrease. An important
example of specific adaptation to a hydrological stress
is submergence tolerance in rice grown on millions of
hectares in eastern India and Bangladesh where rice
fields are subject to flash flooding that completely
submerges plants. Several landraces tolerate up to 2
weeks of complete flooding and the key trait
associated with this tolerance is growth inhibition
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during submergence (Braun et al, 2010). A highly
tolerant Indian landrace FR13A was used as a donor for
the trait in genetic analysis that identified a single
major quantitative trait locus, designated subl, which
controlled 60-70% of phenotypic variations for the trait
in the screening system (Xu and Mckill, 1996). Through
marker assisted selection, the subl locus has been
introgressed into mega-varieties. Sub 1 locus has been
introgressed in many rice varieties and five such
varieties have already been released in different
countries of Asia (Ismail et a/, 2013). One such line has
been released in India, Bangladesh, Nepal and
Myanmar as Swarna-Subl that can survive full
submergence of more than two weeks. Other lines
with submergence tolerance have been released as
Samba Mahsuri-Subl in Nepal, IR 64-Subl in
Philippines and Indonesia, BR 11-Subl in Bangladesh
and Ciherang-Sub1l in Indonesia. Recently, Singh et al.
(2014) explained physiological basis of tolerance to
complete submergence in rice which involves genetic
factors in addition to the SubI gene and suggested the
possibility of further improvements in submergence
tolerance by incorporating additional traits present in
FR13A or other similar land races. Further, Hordeum
marinum has been identified as a source of genes for
salt and waterlogging tolerance that could be
transferred into bread wheat (Colmer et al., 2005).

National Bureau of Plant Genetic Resources (NBPGR)
India screened the entire germplasm of wheat (about
22,000 accessions) comprising Triticum aestivum, T.
durum and T. dicoccum conserved in National Gene
Bank against a biotic stress under National Initiative on
Climate Resilient Agriculture (NICRA) project. Besides
this, protocols have been standardized for /in-vitro
callus transformation in variety F1D 2967 for
developing transgenic wheat with enhanced heat
tolerance. In another project, around 3000 key rice
germplasm has been evaluated for tolerance to
submergence, drought and salinity.

Popular rice varieties (six short duration and seven
medium- and long-duration) of Cauvery basin (India)
were grown during summer to assess the performance
under higher temperature as summer season
experienced 3-4°C higher than the growing season.
Among the varieties tested (Geethalakshmi et al,
2011) ADT 38, ADT 48, CO 43, ADT 36, ADT 37 and BPT
5204 withstood higher temperature and gave higher
yields compared to others. This indicates that these
varieties can be recommended for the further warmer
climate.
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Domestication of Halophytes

Halophytes are naturally evolved salt-tolerant plants
having the ability to complete their life cycle in salt-rich
environment where almost 99% of salt-sensitive
species die because of NaCl toxicity, and thus may be
regarded as a source of potential new crops (Jardat,
2003; Dagar, 2003) particularly for coastal areas where,
if necessary

may be irrigated with sea water. The naturally growing
halophytes have more resilience to climate change
compared to cultivated plants. While since long these
have been in the diet of the people and are utilized in
variety of ways in routine life, their scientific
exploration as crops developed only in the latter half of
the twentieth century (Rozema et a/, 2013; Panta et
al, 2014).

Many halophytes have been evaluated for their
potential as crop plants and for remedial measures.
Species such as Distichlis palmeri Chenopodium
quinoa, C. album, Pennisetum typhoides, Salicornia
bigelovij, Diptotaxis tenuifolia, and many others have
been established as food crops, are being explored
commercially and can be cultivated using sea water for
irrigation. Similarly, species of Atrip/lex and Maireana,
grasses Leptochloa fusca, Chloris gayana, C. barbata,
Aeluropus lagopoides, Brachiaria mutica, Paspalum
conjugatum, Panicum laevifolium, P. maximum and
many others are constituents of silvo-pastoral systems
developed on waterlogged saltlands in different agro-
climatic regions of the world. At least 50 species of
seed-bearing halophytes are potential sources of edible
oil and proteins. Salicornia bigelovii, Terminalia
catappa, Suaeda moquinii, Kosteletzkya virginica, Batis
maritima, Chenopodium glaucum, Crithmum
maritimum, and Zygophyllum album are a few
examples. Several species including the halophytes
Tamarix chinensis, Phragmites australis, Spartina
alterniflora and species of Miscanthus have been
evaluated as bio-fuel crops for ethanol production in
the coastal zone of China (Liu et a/, 2012); while many
others such as Halopyrum mucronatum, Desmostachya
bipinnata, Phragmites karka, Typha domingensis and
Panicum turgidum are grown in coastal regions of
Pakistan as source of bio-ethanol (Abideen et al,
2011).

In addition, sugar beet (Beta vulgaris), mangrove palm
(Nypa fruticans) and Kallar grass (Leptochloa fusca) are
identified as a source of liquid and gaseous fuel
(Jaradat, 2003). Screw pine (Pandanus fascicularis)-
quite predominant along Indian coast, is a rich in
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methyl ether of beta-phenyethyl alcohol and is used as
a perfume and flavouring ingredient.Simondsia
chilensis yields oil like sperm-whale from its seeds, is
viable salt-tolerant commercial plant for dry regions.
Similarly, Salvadora persica, Ricinus communis and
Pongamia pinnata yield commercial oils and can be
explored economically. Euphorbia antisyphilitica has
been found a potential petro-crop producing huge
biomass on sandy soils irrigating with saline water of
EC 10 dS m™* (Dagar et a/, 2014b). Many medicinal and
aromatic plants such as Aloe vera, Asparagus
racemosus, Adhatoda vasica, Cassia angustifolia,
Catharanthus roseus, Citrullus colocynthis, Lepidium
sativum, Ocimum sanctum, Plantago ovata, Glycyrrhiza
glabra, Matricaria chamomilla, Cymbopogon flexuosus,
C. martini and Vetiveria zizanioidesare successfully
cultivated with saline water of EC up to 10 dS m*
(Tomar et al, 2005, 2010; Dagar et al, 2004 a, b,
2006b, 2008, 2013).

Today, in search for potential halophytic crops, work is
in progress in number of countries including Australia,
Bahrain, Bangladesh, Belgium, Brazil, Canada, China,
Egypt, France, Germany, India, Iran, Israel, Italy, Japan,
Kenya, Kuwait, Mexico, Morocco, Pakistan, Puerto
Rico, Russia, Saudi Arabia, Senegal, Sri Lanka,
Switzerland, The United Kingdom, The United States
and Venezuela. The efforts in these countries have
resulted to identify a number of potential halophytic
genera such as Acacia, Anacardium, Arthrocnemum,
Atriplex, Avicennia, Batis, Brachiaria, Bruguera,
Calophyllum, Capparis, Carandas, Cassia, Casuarina,
Ceriops, Chloris, Coccoloba, Cressa, Crithmum,
Distichlis, Eucalyptus, Grindelia, Juncus, Kochia,
Kosteletzkya, Leptochloa, Limonium, Lumnitzera,
Maireana, Nypa, Pandanus, Pongamia, Panicum,
Plantago, Porterasia, Prosopis, Rhizophora, Salicornia,
Salvadora, Simmondsia, Sonneratia, Spergularia,
Sporobolus, Suaeda, Tamarix, Taxodium Thinophyrum,
Vetiveria, Xylocarpus, Ziziphus and Zostera to name a
few. There may exist as many as 250 potential staple
halophytic crops (Yensen et al, 1988). The question
then is not if there are potential halophyte crops, but,
which will meet the needs of area and which can be
grown with an economic worth. The distribution and
adaptability of a species to saline habitats of different
regions along with its economical utilization will make
a species more acceptable.

Agroforestry-based Agricultural Systems

The research efforts in the recent past have greatly
enhanced the understanding of biology and
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management of forestry plantations on salt-affected
lands and with use of saline waters. Evidences are that
subject to some of the obligatory changes in
reclamation technologies, the salty lands can
successfully be put to alternate land uses through
agroforesrty programs. Worldwide experiences show
that though human-induced salinity problems can
develop rapidly while the hydrological, agronomic and
biological solutions put forward for reclamation are
very expansive and time consuming. Moreover,
implementation of these solutions is constrained due
to socio-economic and political considerations. Thus,
despite the availability of technical know-how, the
rehabilitation of the salty and waterlogged lands is
progressing at a very slow pace. The use of
agroforestry systems is now being put forward as a
viable alternative. Though the salinity and waterlogging
stresses can be as hostile for the woody tree species,
these are known to tolerate these stresses better than
the annual crop species. Therefore, an attempt is made
here to collate the existing information on
afforestation technologies for the varied agro-climatic
situations demanding  site-specific  solutionsand
agroforestry systems/practices evolved for saline and
waterlogged environments and utilizing saline waters.

Agroforestry in Sodic Lands

Though the records of plantations on alkali soils in
India and elsewhere are available from 1874 (Oliver,
1881; Leather, 1897; Moreland, 1901), no systematic
experimentations  were  conducted to raise
plantationuntil recent past (Sandhu and Abrol, 1981;
Singh and Gill, 1992; Dagar et al, 2001a, b; Singh and
Dagar, 2005). Based on the performance of tree
saplings planted in soils of different pH (7-12), relative
tolerance was reported (Singh et al, 1987) in the
order: Prosopis juliflora>Acacia nilotica>Haplophragma
adenophyllum>Albizia lebbeck>Syzygiumcuminii. Out
of 30 tree species planted on highly alkali soil (pH of
profile 10.1-10.6), only three species Prosopis julifiora,
Acacia nilotica and Tamarix articulata were found
economically suitable (Dagar et a/, 2001b) by having
good biomass producing 51, 70 and 93 Mg ha™ air-
dried biomass, respectively after 7 years of plantation.
From a long-term experiment, Singh et al (2008)
reported a total biomass ranging from 19.2 to 56.5 Mg
ha™ from different species after 10 years of plantation
in high sodic soil of pH 10.6 in Uttar Pradesh. Prosopis
Julifloraproduced highest biomass (57Mg ha'l) followed
by A. nilotica (51Mg ha'l), Casuarina equisetifolia and
Terminalia arjuna (42Mg ha™ each), Pithecellobium
dulce and Eucalyptus tereticornis (32 Mg ha™ each),
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Prosopis alba (28 Mg ha"l), Pongamia pinnata (27 Mg
ha'l), Cassia siamea (22 Mg ha'l) and Azadirachta indica
(19 Mg ha™). These tree species improved soil in terms
of reduction of pH and exchangeable sodium
percentage (ESP), and increase in organic carbon
significantly. When harvested after 14 vyears of
plantation maximum biomass production was achieved
in  Eucalyptus teretcornis, Prosopis juliflora and
Casuarina equisetifolia giving 231, 217, 208 and 197 kg
bole weight per plant, respectively whereas Prosopis
alba, Pithocelbium dulce, Terminalia arjuna. Pongamia
pinnata, Azhadirachta indica and Cassia siamea
provided relatively lower bole weight of 133, 100, 97,
84, 83 and 52 kg per plant, respectively. These plants
reduced soil pH and increased soil organic carbon
ranging from 2.4 g kg'1 in EFucalyptusto 4.3 g kg'1 in P.
Juliflora from initial 0.8 g kg ™.

Among fruit trees, Ziziphus mauritiana, Syzygium
cuminii, Psidium guajava, Emblica officinalis and Carissa
carandas were found the most successful species
showing good growth and initiated fruit setting after 4-
5 years of plantation. After 10 years, these could
produce 12 to 25 Mg ha™ fruits annually.Thus, based on
the evaluation of more than 60 species (through series of
experimentation on sodic soils in Indian sub-continent), it
could be concluded that Prosopis juliflora was the best
performer for the sodic soils of high pH (> 10) followed by
Tamarix articulata and Acacianilotica. Species such as
Eucalyptus tereticornis, Terminalia arjuna, Salvadora
oleoides, Cordia rothii and fruit trees (with improved
management) such as Carissa carandas, Emblica
officinalis, Syzygium cuminii and Psidium guajava can be
grown with great success on moderate alkali soil at pH
around 9.5 or less.

In agroforestry, forest or fruit trees, are raised in wider
spaces (row to row 4-5 m, plant to plant 4 m) and the
arable crops can be cultivated in the
interspaces.Egyptian clover (T7rifolium alexandrinum),
wheat, onion (A/lium sativum) and garlic (Allium cepa)
could be grown successfully for three vyears as
intercrops with fruit trees Carissa carandas, Punica
granatum,  Emblica  officinalis, Psidiumguajava,
Syzygium cuminii and Ziziphus mauritiana. These crops
yielded 10.6 to 16.7 Mg ha™ forage from L. fusca, 1.6 to
3.0 Mg ha™* grains from wheat, 1.8 to 3.4 Mg ha™ onion
bulbs, and 2.3 to 4.1 Mg ha™* garlic (Tomar et al,, 2004)
showing that during establishment of fruit trees,
suitable arable crops can be harvested profitably from
inter-spaces of trees. To avoid water stagnation
problem in alkali soils, Dagar et a/. (2001a) raisedfruit
trees on bunds and arable and forage crops in sunken
beds successfully. On an average grain yield of 4.3 - 4.9
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Mg ha'of rice (salt-tolerant var. CSR 10) and 1.2 - 1.4
Mg ha'of wheat (KRL 1-4), was obtained in sunken
beds. In second rotation 21.3 to 36.8 Mg ha™ fresh
forage of kallar grass (Leptochloa fusca) and 44.9- 47.8
Mg ha™ fresh forage of Egyptian clover (T7rifolium
alexandrium) were obtained. There was no vyield
reduction due to plantation.

The sodic lands are very poor in forage production
under open grazing, but when brought under judicious
management these can be explored successfully for
sustainable fodder and fuel-wood production.
Leptochloa fusca, Brachiaria mutica, Chloris gayana,
Panicum maximum, P. antidotale and Panicum
laevifolium were found most suitable grasses for these
soils and can constitute viable silvo-pastoral system.
L.fusca could be rated the most tolerant grass to highly
sodicity (pH > 10) and waterlogged conditions and
produced 45 Mg ha™ green forage without application
of any amendment. On an average this grass produced
16 Mg ha™ dry biomass along with Pjuliflora and
Acacia niloticatrees; and forage biomass of 17-18 Mg
ha™ with Dalbergia sissoo and Casuarina equisetifolia
(Singh and Dagar, 2005). In India, using auger hole
technique different state forest departments have
reclaimed about 60 thousand ha of highly deteriorated
sodic soils through agroforestry plantations on village
community lands, adjoining roads, railway lines and
canals (CSSRI, 2011).

The salt-affected soils of black soil zone (saline/sodic
vertisols) are generally either contemporary or of
secondary origin. The contemporary salty soils exist in
the topographic situation having poor drainage
conditions. However, the soils that might have become
sodic due to injudicious use of irrigation water can also
be encountered in the irrigation command area. These
lands can successfully be grown with forest and fruit
trees P. juliflora and Azadirachta indicaare the most
successful species for these soils. Among fruit trees
gooseberry (Emblica officinalis), ber (Ziziyphus
mauritiana) and sapota (Achras zapota) can be grown
on alkaline vertisol (ESP 25-60). Fruit trees like
pomegranate (Punica granatum), Jamun (Syzygium
cuminil) and goose berry (Emblica officinalis) can
successfully be grown on raised bunds and rain-fed rice
(during rainy season) and suitable winter crops in
residual moisture in sunken beds can be cultivated.
Among grasses, Aeluropus /lagopoides, Leptochloa
fusca, Brachiaria mutica, Chloris gayana, C. barbata,
Dichanthium annulatum, D. caricosum, Bothriochloa
pertusa and species of Eragrostis, Sporobolus and
Panicum are most successful and form suitable
silvopastoral system for sodic vertisols. The uptake of
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sodium by L fusca was highest followed by B.
muticaand Vetiver zizanioidesat every stage of cutting.
During three years, these grasses removed 144.8, 200.0
and 63.5 kg ha™ sodium from soil, respectively (AICRP,
2002-04).

The saltlands where profitable returns are not possible
from conventional crops, can successfully be utilized
for the cultivation of high value medicinal and aromatic
crops with marginal inputs. Results of several
experiments conducted by Dagar et a/. (2004b) clearly
indicated that aromatic grasses such as palmarosa
(Cymbopogon martini) and lemon grass (C. flexuosus)
could successfully be grown on moderate alkali soils up
to pH 9.2 while vetiver (Vetiveria zizanioides) which
withstands both high pH and stagnation of water, could
successfully be grown without significant yield
reduction (as compared to normal soil) on highly alkali
soils. Medicinal Isabgol (P/antago ovata) produced 1.47
- 1.58 Mg ha grain (including husk) at pH 9.2 and 1.03
to 1.12 Mg ha' at pH 9.6 showing its potential at
moderate alkali soil (Dagar et al, 2006a). Matricaria
chamomile, Catharanthus roseus and Chrysanthemum
indicum were other interesting medicinal and flower
yielding plants, which could be grown on moderate
alkali soil (Dagar et a/, 2009). All these crops can be
blended suitably as inter-crops in agroforesty systems.
Mulhatti (Glycyrrhiza glabra), a leguminous medicinal
crop was found to perform better in moderate alkali
soil (upto pH 9.6) than normal soil and is quite
remunerative. Besides 2.4-6.2 Mg ha™ forage per
annum, a root biomass (medicinal and commercial) of
6.0-7.9 Mg ha™ could be obtained after three years of
growth (Dagar et al,, 2015a) fetching Rs 6-8 lakhs ha™
i.e. 2.0-2.6 lakhs ha™ per annum and the soil was
ameliorated in terms of reduction in pH and ESP and
increase in organic carbon substantially. Thus,
moderate alkali soils can be explored as remunerative
alternate agroforestry crops.

Agroforestry in Waterlogged Saline Soils

Based onlong-term experiments it was found that
species like P. juliflora, Tamarix articulata, T. traupii,
Acacia farnesiana, Parkinsonia aculeata and Salvadora
persica could be raised successfully up to salinity levels
of ECe 30-40dS m™. Species like A. nilotica, A.tortilis, A.
pennatula, Casuarina glauca, C. obesa, C. equisetifolia,
Callistemon lanceolatus, Eucalyptus camaldulensis,
Feronia limonia, Leucaena leucocephala and Ziziphus
mauritiana could be grown on sites with ECe 10-20 dS
m’’. Other species including Casuarinacunninghamiana,
Eucalyptus tereticornis, Terminalia arjuna, Albizia
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carbaea, Dalbergia sissoo, Emblica officinalis, Guazuma
ulmifolia, Punica granatum, Pongama pinnata,
Samanea saman, Acacia catechu, Syzygium cuminii and
Tamarindus indicawhich could be grown satisfactorily
only at ECe < 10 dS m™. Among grasses, Aeluropus
lagopoides, L. fusca, Sporobolus helvolus, Cynodon
dactylon, Brachiaria ramosa, Dactyloctenium
aegyptium, Dichanthium annulatum, D. caricosum,
Panicum maximum, Digitaria ciliaris and Eragrostis sp.
are found to be salt-tolerant and can be grown in silvo-
pastoral systems on saline conditions.Species such as
Atriplex amnicola, A. lentiformis, A. undulata, Acacia
cambage and Leptachloa fusca could tolerate salinity of
20-30 dS m™ (yield reduction up to 50%), while many
others such as Sesbania aculeata, Leucaena
leucocephala, Medicago sativa, Lolium multiflorum,
Echinochloa colonum, and Panicum maximum up to EC
10-12 dS m™. Among woody plants Cornus stolonifera,
Celtis occidentalis, Cephalanthus occidentalis, Salix sp.,
Alnus sp., Populus deltoides, Acer saccharinum and
Quercus sp., and among herbaceous species
Phragmites australis, Schoenoplectus lacustris, Phalaris
arundinacea, Iris pseudacorus, Panicum virgatus and
species of Scirpus, Typha and Eleocharis are the
prominent species reported to be found in Australia
(Mitsch and Wilcox, 1994) and can be explored
elsewhere under similar conditions. Samphires
(Halosarcia pergranulata, H. lepidosperma and H.
indica sub sp. bideris) and blue bush (Maireana
brevifolia) are a group of highly salt-tolerant succulent
perennial shrubs, which could be grown on
waterlogged saltland pastures in Australia. H.
pergranulata contains about 14% crude protein on
ovendry basis and is better suited to sheep grazing.

In India, species of Phragmites, Rumex, Polygonum,
Typha, Coix, Brachiaria, Pasalum, Echinochloa, Scirpus,
Cyperus, Saccharum and Vetiveria are among the
predominant herbaceous/grass species and species of
Salicornia, Suaeda, Haloxylon, Salsola, Tamarix and
lpomoea are prominent shrubs or under-shrubs found
in waterlogged saline situations. Paspalumvaginatum
has an amazing ability to thrive in wet salty areas.
Leptochloa fusca, Brachiariamutica, and species of
Paspalum are excellent fodder grasses, which can be
cultivated under waterlogged situations in Indian
subcontinent. Juncus rigidus and J. acutus can
successfully be explored for paper and fiber making.
Vetiveria zizanioides, a tall aromatic grass of
waterlogged areas, may be propagated from
rootstocks.Species of Atriplex, Kochia, Suaeda, Salsola,
Haloxylon and Salvadora are prominent forage shrubs
of saline regions and relished by camel, sheep and
goats.
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In tidal zones along coast mangroves such as Acanthus
ilicifolius, A. volubilis, Aegialitis rotundifolia, Aegiceras
corniculatum, Avicennia marina, A. officinalis, Bruguera
gymnorrhiza, B. parviflora, B. cylindrica, Ceriops tagal,
C. decandra, Cynometra ramifilora, C. iripa, Excoecaria
agallocha, Heritiera fomes, H. littoralis, Kandelia
candel, Lumnitzera racemosa, (L. littoris in Andamans
only), Nypa fruticans, Phoenix paludosa, Rhizophora

apiculata, R. mucronata, R. stylosa, Scyphiphora
hydrophyllacea, Sonneratia alba, S. apetala, S.
caseolaris, S. ovata, Xylocarpus gangeticus, X.

granatum; and associated species such as Acrostichum
aureum, Barringtonia asiatica, B. racemosa, Caesalpinia
bonduc, C. crista, Calophyllum inophyllum, Casuarina
equisetifolia, Cerbera floribunda, Erythrina indica, E.
variegata, Hernandia peltata, Hibiscus tiliaceous, Intsia
bijuga, Licuala spinosa, Manilkara littoralis, Morinda
citrifolia, Ochrosia oppositifolia, Pongamia pinnata,
Pandanus spp., Scaevola taccada, Tabernamontana
crispa, Terminalia catappa, Thespesia populnea,
Tournefortia ovata, Vitex negundoand many others are
common. Many of these are highly potential and can
be explored commercially. Mangroves bear a net of
aerial roots protecting the entire coastal area from
cyclonic tidal waves. These also provide an important
habitat for young stages of commercially important fish
and prawns, and as breeding grounds for fish and
shellfish and turtles and home for variety of wild life
(Dagar et al, 1991, 1993; Dagar, 1995a, 1996,
2003;Dam Roy, 2003; Goutham-Bharathi et a/, 2014;
Dagar et al, 2014; Dagar and Minhas, 2016). In
scenario of climate change and sea level rise
rehabilitation of mangrove areas planting mangrove
and associate species will not only save the coastal
areas from disasters like cyclones and tsunamis but it
will sequester huge amount of carbon and protect wild

coastal marine life.

Introduction of canal irrigation in arid and semi-arid
regions without provision of adequate drainage causes
rise in ground water table leading to waterlogging and
secondary salinization. As sub-surface drainage is costly
and disposal of effluents has inherited environmental
problems, a viable alternative is tree plantation
(biodrainage), which is ‘pumping of excess soil water by
There are

deep rooted plants using bioenergy’.

evidences to show that trees help in reducing salinity,
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lowering water table and checking seepage depending
upon their salt tolerance (Jeet Ram et a/, 2007, 2011;
Dagar et al., 2016). Reliance on capability of vegetation
to lower down the water table has been reported
promising both in India as well as other countries.
Trees have two major beneficial effects: (i) interception
and evaporation of rainfall and (ii) transpiration of soil
water. Several plant species are used for this purpose
from salt bush (Atrijp/ex) to tall trees like species of
Eucalyptus, Casuarina equisetifolia, C. glauca,
Pongamia pinnata andSyzygium cuminii. The main
physiological feature of such vegetation is profuse
transpiration whenever the root system meets ground
water. Several tree species have been shown to survive
and grow in waterlogged and saline soils and being
used increasingly to utilize and rehabilitate salt-
affected and waterlogged land (Tomar et a/, 1998;
Benyon et al, 1999; Cramer et al, 1999; Jeet-Ram et

al, 2007, 2011; Dagar et a/., 2016).

One of the most promising tree species used for
biodrainage is Eucalyptus tereticornis (Mysure gum)
which is widely distributed and fast-growing under a
wide range of climatic conditions; and grows straight
and thus has low shading effect and has luxurious
water consumption where excess soil moisture
conditions exist. In waterlogged non-saline areas, it can
be successfully grown by ridge planting. In saline
waterlogged areas, sub-surface or furrow planting is
more successful as compared to ridge method (Tomar
et al, 1998). The world’s Eucalyptus plantation area
has increased to 20 Mha because of its fast growth
rate, favourable wood properties and carbon
sequestration, and thus seems to be a good option for
biodrainage (Hubbard et a/, 2010; Jeet Ram et al,

2011; Dagar et al.,, 2016).

The
tereticornis was tested and found effective in Indira

impact of block plantations of Eucalyptus
Gandhi Nahar Paryojana area, where ground water
under the block plantation was reported to fall by 15.7
m over a period of six years (Kapoor, 2014). In another
experiment, it was observed that the ground water
table underneath the strip plantations (1Im x 1m space
on acre-line) was 0.85m during a period of 3 years and
it reached below 2m after 5 years (Jeet Ram et al/,
2011). The average above ground oven dry biomass of
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5 % years old strip plantation was recorded to be
24 Mg ha'based on 240 surviving trees. The average
below ground oven dry biomass of roots was 8.6
Mg ha™. The carbon sequestered was 15.5 Mg ha™
(Jeet Ram et a/, 2011). The results of six years old
cloned Eucalyptus plantation when raised in different
spaces on acre-line and as block plantations along
canal produced 193 Mg ha™ biomass; and when
planted in 1m x 1m space on acre-line produced 49.5
Mg ha 'biomass showing its potential in waterlogged
areas. These could keep the watertable below 2m
depth throughout the growing season and farmers
could cultivate both rice and wheat crop in time.The
plantations could sequester 9.5 to 22.8 Mg ha™ carbon
in different spaces and 90.6 Mg ha™ in block plantation
after 6 years of plantation (Table 2).

Table 2. Carbon sequestration (Mg ha™) in different
parts of clonal Eucalyptus after 6 years of growth when
grown on bunds with different spacing and as block
plantation along canal

Plant part Imx1m Imx2 | 1mx3 Block

(300)* m m (2m x4 m)
(150)* | (100)* (1250)*

Timber 15.2 8.9 6.4 66.5

(main bole)

Twigs & 1.1 0.7 0.5 4.2

leaves

Roots 6.5 3.9 2.6 19.9

Total 22.8 13.5 9.5 90.6

*No. of trees planted/ha (Most of the trees survived after
gap filling); Source: Dagar et al. (2016)

The effect of trees on seepage when grown on saline
vertisols revealed that among six species Acacia nilotica
(with 4.22 m canopy width) effectively intercepted
(86%) incoming seepage from canal as compared to
control. It was followed by Dalbergia sissoo (84%
interception), Sesbania grandiflora and Casuarina
equisetifolia each with 72% interception. When
planted with grass Hybrid Napier (Pennisetum
purpurium) the interception was more as grass also
play a role in transpiring water. Most of the trees were
found effective in reducing soil salinity; increasing
organic carbon and available NPK.

It was established that the transect of trees such as
Eucalyptus tereticornis, E. camaldulensis, Acacia
nilotica, Populus deltoides, Prosopis juliflora, Casuarina
equesetifolia, Pongamia pinnata, Terminalia arjuna,
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Dalbergia sissooand Syzygium cumini when planted
along canals successfully checked seepage and helped
in controlling the waterlogging. At 100 m from the
edge of the plantation, the level of the groundwater
was about 9 m higher than at the edge, with a
drawdown of 6.7 m. The higher ground water level
further away from the plantation edge is apparently
the result of recharge from irrigation of areas under
cultivation. Through these observations, Heuperman et
al. (2002) concluded that the plantations act like
groundwater pumps (tube wells) pumping out water at
the rate of 34460m’yr* or 3.93 m’ hr'ha’ of
plantation and the water used by plantations in the
IGNP command was 3446 mmyr"l, which was about
1.4 Class A pan. No abnormal increase in salinity of
soils and groundwater was observed under these
plantations.

lena et al (2011) planted Acacia mangium and
Casuarina equisetifolia with intercropping of pineapple
(Ananas comosus), turmeric (Curcuma domestica) and
arrowroot (Maranta arundinacea) in Khurda district of
Orissa coast. The depth to pre-monsoon water table
changed from 0.50 m to 1.67 m after one year of
plantation and to 2.20m in next year and to 3.20m
during third year due to biodrainage. Acacia was better
performer than Casuarina. Roy Chowdhury et al. (2011,
2013) also summarised the role of plantations
(Eucalyptus tereticornis and Casuarina equisetifolia) for
reclamation of waterlogged situations in Deltaic Orissa.
Toky et al. (2011) observed the water table drawdown
in 10 tree species grown as strip plantations in semi-
arid regions with water table at 95 cm from ground
without plantation. In six years’ old plantations they
found maximum water table depression of 9.7, 9.5 and
8.4 cm in Eucalyptus tereticornis hybrid, clone C-10 and
clone C-130, respectively followed by Prosopis juliflora
(8.2 cm) and E. tereticornis clone C-3 (8.0 cm). Other
trees showed depression of 7.9 cm in Tamarix
articulata, 6.5 cm in Callistemon lanceolate, 5.0 cm in
Melia azedarach, 4.4 cm in Terminalia arjuna, and 3.3
cm in Pongamia pinnata. The drawdown of water table
was in correspondence with growth of trees
particularly the leaf area index.

Use of Saline Underground Water in Agroforestry

Tomar and Minhas (2002, 2004 a, b), Tomar et al.
(2003a, b, 2005), Dagar et al (2006, 2008, 2013,
2015b) and Dagar (2014) developed technologies of
establishing and growing forest and fruit trees, grasses,
arable and non-conventional crops in agroforestry
mode, and medicinal and aromatic plants utilizing
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judiciously the saline underground water for irrigation.
Several tree species could be established using sub-
surface planting and furrow irrigation technique on
degraded calcareous soil using saline water up to EC of
10 dS m™. Tree species such as T7amarix articulata,
Azadirachta indica, Acacia nilotica, A. tortilis, A.
farnesiana, Cassia siamea, Eucalyptus tereticornis,
Feronia [limonia, Prosopis juliflora, Pithecellobium
dulce, Salvadora persica, S. oleoides and Ziziphus
mauritiana were found promising. After 8 years of
growth alternate rows were harvested for fuel wood
and creating sufficient space for tree growth. After 20
years of growth many of these trees could produce
good biomass. T. articulate, A. nilotica, A. tortilis, P.
Juliflora, E. teriticornis, A. indica and C. siamia
produced 392, 230, 185, 154, 145, 123, and 122 Mgha'1
above ground biomass, respectively (Dagar et al,
unpublished). Most of these trees improved soil
organic carbon to ameliorate the soil to greater extent.
A. nilotica, Feronia limonia, A. tortilis, G. ulmifolia, T.
articulata and A. indica were among most efficient and
developed more than 5.5 g kg"1 organic carbon in soil
(Dagar et al., unpublished).

Among tested forage grasses which can also be grown
with trees include Panicum /aevifolium which produced
maximum annual forage dry biomass (16.9 Mg ha™)
followed by AP. maximum (13.7 Mg ha'l). Among other
species (which also grow natural at site) Cenchrus
ciliaris, C. setigerus, Sporobolus spp., Panicum
antidotale, Dichanthium annulatum, D. caricosum,
Cynodon dactylon, Digitaria ciliaris, D. decumbense,
Dactyloctenium aegyptium and D. sindicum are
prominent. Even in the lean period (when people are
forced to lead nomadic life along with their herds of
cattle) sufficient forage was available from all these
perennial grasses. When one irrigation with saline
water was applied during summer reasonably good
green forage was obtained to feed cattle during this
lean period. This is applicable for large grazing areas in
dry ecologies having saline aquefers.

Among fruit trees Carissa carandas, Emblica officinalis,
Feronia limonia, Ziziphus mauritiana and Aegle
marmelos were found promising. In the inter-spaces
crops such as pearl millet (Pennisetum typhoides),
cluster bean (Cyamopsis tetragonoloba) and sesam
(Sesamum indicum) during kharif and barley (Hordium
vulgare) and mustard (Brassica juncea) during rabi
were found highly profitable. Medicinal crops such as
psyllium (Plantago ovata), Aloe vera, and Withania
somnifera may find place as inter-crops as these are
found doing well in partial shade. Among other non-
conventional crops, castor (Ricinus communis), Dill
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(Anethum graveolens), tara-mira (Eruca sativa),
periwincle (Catharanthus roseus), vetiver (Vetiveria
zizanioides) and lemon grass (Cymbopogon flexuosus)
could be cultivated successfully. Their agronomic
practices irrigating with saline water have been
developed (Tomar et a/, 2010; Dagar et a/, 2008,
2013) Cassia senna and Lepidium sativum can also be
cultivated successfully irrigating with saline water of EC
8 dS m™. All these high value crops can successfully be
grown as inter-crops with forest or fruit trees at least
during initial years of establishment.

Development of New Land Use Systems

Salinity and inundation are inherited problems in
coastal areas of West Bengal and Bangladesh. Farmers
struggle in utilizing these lands for crop production.
Recently some efforts have been done in re-shaping
these lands for improving the agricultural production.
Different land-shaping techniques for improving
drainage facility, rain water harvesting, salinity
reduction and cultivation of plantation crops and fish
(freshwater and brackish water fish) for livelihood and
environmental security were tested on about 400 ha
degraded and low-productive land in disadvantaged
areas in Sundarbans region of Ganges delta (West
Bengal) and tsunami affected areas in Andaman and
Nicobar Islands covering 32 villages in 4 districts (South
24 Parganas and North 24 Parganas districts in West
Bengal and South Andaman and North and Middle
Andaman districts in Andaman and Nicobar Islands)
during 2010-2014. The soil in the study area was
affected by high level of soil salinity (EC.up to 18 dS m’
') and water salinity (EC up to 22 dS m™) that limits the
choice and options of growing crops in the area. The
following land-shaping technologies were tried on
farmers’ fields in coastal and islands areas (Burman et
al, 2013):

Land shaping for deep furrow and high ridge
cultivation: The 50% of farm land was sloped into
alternate furrows (3m top width x 1.5 m bottom width
X 1.0 m depth) and ridges (1.5 m top width x 3 m
bottom width x 1 m height). The ridges remained
relatively free from drainage congestion and low in soil
salinity buildup. These could be successfully used for
raising plantations (fruits) or vegetables during both
rabi and kharif, and furrows for rain water harvesting
(to be used as lifesaving irrigation in rab/ season) and
cultivation of rice and fish along with remaining original
field. During dry season the remaining field was also
used for cultivation of low water requiring crops.
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Land shaping for shallow furrow and medium ridge
cultivation: About 75% of the farm land was shaped
into furrows (2 m top width x 1 m bottom width x 0.75
m depth) and medium ridges (1m top width x 2 m
bottom width x 0.75 m height) with a gap of 3.5 m
between two consecutive ridges and furrows. In wet
season the furrows could be used for rice and fish
culture with rest of the field and rain water harvesting.
In dry season these could be used for rice cultivation.
The ridges are planted with fruit trees or cultivated
with vegetables or pulses throughout the year. The
remaining original land could be used for low water
requiring crops.

Land shaping for farm ponds: The 20% of farm land
was converted into on-farm reservoir (OFR) for /nsitu
conservation of excess rain water- used during dry
season, supplemental irrigation in kharif, and fresh
water aquaculture. The dugout soil was used to raise
land to be used for crop cultivation. The dykes of the
pond may also be planted with fruit trees.

Land shaping for paddy-cum-fish culture: Trenches of
about 3 m width x 1.5 m depth were dug around the
field with a ditch of 6m x 6m x 3 m (depth) at one
corner. The excavated soil was used for making dykes
of about 3 m width and 1.5 m height to protect the fish
cultivated with paddy. During wet season paddy and
fish were grown on original land and vegetables/fruits
on dykes. During summer, low water requiring crops
and vegetables were grown on dykes (in case fruits are
not grown), and low water requiring crops on original

land and lifesaving irrigation was given from water
harvested in furrows. The original land in some cases
was used for brackish fish culture. In that case at the
end of summer season brackish water was drained out
along with monsoon rains and the land was again used
for paddy-cum fish culture. Due to creation of different
land situations and following cultivation of crops round
the year organic C, available N, P and K and biological
activities (microbial biomass C) in surface soil improved
under land shaping techniques compared to land
without land shaping.

About 1950 water storage structures were created
under different land-shaping techniques and 13,05,000
m® rainwater was harvested annually in these
structures in the study area and with this harvested
rain water, about 260 ha areas which were earlier
under mono-cropping with rice due to shortage of
irrigation water was brought under irrigation for
growing multiple crops round the year. The cropping
intensity increased up to 240 % from a base level value
of 100% due to implementing the land-shaping
techniques (Table 3). These land shaping techniques
are very popular among the farmers of both
Sundarbans and Andaman & Nicobar Islands as these
have increased the employment and income of the
farm family by manifolds compared to base line value.
Average net income per ha of farm land has been
increased from INR 22,000 to 1,23,000 in Sundarbans
and INR 22,400 to Rs 1,90,000 in Andaman and Nicobar
Islands.

Table 3. Enhancement in cropping intensity, employment generation and net income under different land shaping
techniques in Sundarbans and Andaman and Nicobar Islands

Land shaping technologies Cropping intensity Employment generation Net return (000
(%) (man-days hh™* yr)) INR ha™* yr'™)
Before After Before After Before After
Farm pond 114°,100° | 193° 200° 87°, 8° 227°,22° 22°,10° | 140° 148°
Deep furrow & high ridge 114° 186 87 218 22° 102°
Paddy-cum-fish 114%,100° | 166° 200° 87° 8" 223° 35° 22° 24° | 127° 148°
Broad bed & furrow 100° 240° 9° 48° 24° 212°
Three tier 100° 220 10° 42° 30° 221°
Paired bed 100° 240° 9° 54° 24° 216"
Brackish water aquaculture 0/100 - 25° 100° 146°

Note: Costs and returns at current price of 2012-13 *hh!: per household (av. holding was 0.35 ha in Sundarbans ®, av.
holding of implementation was 0.20 ha in Andaman & Nicobar Islands b}. Source: Burman et al. (2015)
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Conservation Agriculture (CA)

Conservation agriculture (CA) is a farming approach
that fosters natural ecological processes to increase
agricultural yields and sustainability by minimizing soil
disturbance, maintaining permanent soil cover, and
diversifying crop rotations. Construed more broadly,
CA also encompasses natural resource management at
the farm, village, and landscape scales to increase
synergies between food production and ecosystem
conservation. Crop production techniques may be as
important as other resilient strategies in climate
change adaptation and mitigation. Practices based on
these principles and supported by other “good
agricultural practices” provide a robust and sustainable
ecological underpinning to any rainfed or irrigated
production system including arable, horticulture,
agroforestry, plantation, pasture, crop-livestock, and
mixed systems, thereby predisposing them to respond
efficiently to any applied production inputs to achieve
intensification. Zero-tillage (ZT) is widely adopted by
farmers in the Northwestern India, particularly in areas
where rice is harvested late. It has been well
documented that ZT can save 13-33% water use and
75% fuel consumption (Malik et a/,, 2002) whereas bed
planting has the potential to save water by 30-50% in
wheat (Kukal et a/, 2005). Both the technologies have

also been shown beneficial in terms of improving soil

health, water use, crop productivity and farmers’
income (Gupta and Seth, 2007).

In salt-affected soils CA can play a significant role in soil
amelioration and crop production. The presence of
residue over the soil surface prevents aggregate
breakdown by direct raindrop impacts as well as by
rapid wetting and drying of soil. CA increases water
stable aggregates, enhance water holding capacity and
infiltration rate, hence reduced runoff resulting in
lower soil erosion, increase soil penetrability of roots,
and increase biological porosity, and increase microbial
population including earthworms (Li et a/., 2007; Hobbs
and Govaerts, 2010). Soil sodicity and salinity can be
ameliorated by CA practices. Under permanent raised
bed planting with residue retentions, sodicity was
reduced significantly reducing Na concentration by
2.64 and 1.80 times in 0-5 cm and 5-20 cm layer,
respectively compared to conventional tilled raised
beds (Govaerts et al., 2007). Compared to conventional
tillage, values of exchangeable Na, exchangeable Na
percentage, and dispersion index were lower in an
irrigated vertisol after 9 years of minimum tillage
(Hulugalle and Entwistle, 1997). A simple CA technique
lager-levelling could increase crop yield and save water
significantly. Effect of CA based technologies are
presented in Table 4.

Table 4. Effect of CA based technologies on yield gain, water saving and increase in WP over conventional practice in

IGP of South Asia

Technologies Cropping Yield Gain Water Saving Increase in WP, References
System (kg ha™) (cm) (kg m™)

Laser leveling Rice-wheat 750-810 24.5-26.5 0.06 Jat et a/. (2009a)

T Wheat 610 2.2 0.28 Saharawat et a/. (2010)

T Maize 150 8 0.21 Parihar et a/. (2011)

ZT + mulch Rice-wheat 500 61 0.24 Gathala et a/. (2011)

bZT + mulch Wheat 410 10 0.13 Jat et al. (2009b)

DSR Rice 112 25 0.08 Jat et al. (2006)

RB planting Wheat 310 16 0.58 Jat et a/. (2011)

ZT, DSR, RB and WP denote zero tillage, direct seeded rice, raised bed and water productivity, respectively.

CA practices can contribute to making agricultural
systems more resilient to climate change. In north west
India, system intensification through resilient cropping
system and management scenarios were compared
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using a wide range of indicators (crop rotation, tillage,

establishment, water and residue

with
management scenario in the region to address the

crop crop,

management) business as usual farmer
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issues of deteriorating natural resources, plateauing

yields, water, labour and energy shortages and
emerging challenges of climate being faced by the
farmers. On system basis, three years’ average data
recorded 14% increase in yield in scenario lll (full CA
based) compared to farmers’ practice (scenario 1),
while saving other resources. Similarly, the futuristic
system (scenario V) showed 11% increase in yield
(Table 5). A substantial

reduction of around 33% in water applied in scenario lll

compared to scenario |

was recorded on system basis compared to scenario |,

whereas, in scenario IV, only 29% water was applied to
that of scenario | (Sharma et al,, 2014). In a period of 3
years, around 34, 44 and 50 Mg of crop residues were
recycled in scenario IlI, Ill and IV, respectively which
resulted in an increase of soil organic carbon (SOC) by
13, 22 and 26% in the respective scenario from the
SOC (0.45%). The CA based best
management practices showed positive effects on

initial  soil

yield, water use, and energy use with positive effects
on soil health amongst different scenarios.

Table 5. System yield, irrigation water saving and energy saving in different scenarios (3 years average; 2009-2012)

Scenario Systems Residue management System yield Irrigation Energy use |SOC (%)
(Rice Equiv) | water (mm) (MJ ha™)
Mg ha™

I- Farmers Rice-wheat No residue 13.0 2687 73832 0.46
practice (CT/TPR)
II- Partial Green gram green gram 15.8 2073 56543 0.52
CA based
IlI- Full CA Rice-wheat- Retention of full (100%) rice 14.8 1793 51582 0.56
based green gram | and green gram; anchored

(zT-zT-ZT7) wheat residue
IV- Full CA Maize-wheat- | Retention of maize (65%) and 14.5 766 36457 0.58
based green gram | full green gram; anchored

(zT-zT-ZT) wheat residue

Source: Dagar et al. (2016)
Efficient Water Management

Proper water management will help in reducing soil
salinity. Popularization of micro-irrigation is the need
of hour to maximize the water productivity with each
drop of water. Rice is the greatest consumer of water
among all crops consuming about 80% of the total
irrigated fresh water resources in Asia (Maclean et al.,
2002). In rice, many ways of conserving water have
been investigated and techniques such as 2-day
drainage interval between irrigations following two
weeks of continuous ponding after transplanting,
alternate wetting and drying (AWD), and drip irrigation
substantially save irrigation water without any
reduction in grain yield and WUE (Zhang et a/, 2009;Li
et al., 2010). Other important practices responsible for
saving irrigation water and increasing water
productivity in rice include stopping irrigation two
weeks before harvesting and shifting of rice planting in
rice from high (mid May) to low (late June) evaporative
demand period and replacing medium to large
duration varieties with short duration varieties and
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hybrids will make substantial saving in irrigation water
by reducing ET (Jalota et a/, 2009; Sandhu et a/,, 2012).
Narang and Gulati (1995) demonstrated that
substantial irrigation water savings (25-30%) can be
achieved by delaying transplantation from mid-May to
mid-June.Since rice is the major crop in Indian
subcontinent which tolerates soil sodicity and is the
major water consumer among all the crops. Studies
conducted with different cultivation methods indicated
that the system of rice intensification (SRI) method
produced 22% higher grain yield with 24.5% water
saving compared to transplanted rice (Geethalakshmi
et al, 2011). These techniques can successfully be
adopted in rice cultivation on sodic soils. Water
productivity was also maximum under SRI method of
rice cultivation (0.58 kg m"3), followed by alternate
wetting and drying method, and aerobic rice cultivation
(Table 6). Beside water saving, SRI method of planting
significantly reduced the methane emission (Yan et a/,
2009) thus indicating that SRI method of cultivation will
suit better under future warmer climate in terms of
economizing water and increasing the productivity.
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Table 6. Grain yield and water productivity in different
rice cultivation systems

System of Grain Water Water
cultivation yield saving over | Productivity

(kgha) | convention (kg m'?’)

al method
(%)

Transplanting 6032° - 0.36°
method
(conventional)
Direct sowing rice 5175° 6.2 0.33°
Alternate wetting 5111° 25.7 0.41°
and drying
System of rice 7359° 24.5 0.58°
intensification (SRI)
Aerobic rice 3582° 42.3 0.37°

Means within the column followed by the same letter are not
significantly different (LSD at ps 0.05)

Pressurized irrigation or micro-irrigation systems
(sprinkler, surface, and subsurface drip) have the
potential to increase irrigation water use efficiency by
providing water to match crop requirements, reducing
runoff and deep drainage losses, reducing soil
evaporation and increasing the capacity to capture
rainfall. There are few reports of the evaluation of
these technologies in field crops in South Asia. Kharrou
et al. (2011) reported that drip irrigation gave 28%
higher wheat yield and 24% higher WUE compared to
surface irrigation. Crop production per unit of water
consumed by plant evapo-transpiration is typically
increased by 10-50%. Irrigation contributes to CO,
emissions because energy is used to pump irrigation
water. Pathak et a/. (2011) reported that CH, emission
was zero in the sprinkler irrigation technologies. In the
sprinkler irrigation method, which resulted in no
standing water in rice field, no CH, emission occurred.
The average GWP of all the three GHGs with mid-
season drainage was 1.9 Mg ha and maximum global
warming was because of CO,, followed by nitrous oxide
and methane. In rainfed area, with dwindling water
availability, 'deficit irrigation' strategy in which
irrigation is applied during drought-sensitive growth
stages of a crop, can make a substantial difference in
productivity in the areas having limited access to
irrigation. Within this context, deficit irrigation has
been widely investigated as a valuable strategy for dry
regions (Geerts and Raes, 2009) where the water is the
limiting factor in crop cultivation.
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Incorporation of Crop Residues

In India, more than 140 Mt of crop residues are
disposed of by burning each year. Farmers burn the
rice straw to establish the wheat crop timely while
labor is limited. Presently, more than 80% of total rice
straw produced annually in Indian Punjab is burnt to
clear the fields for timely sowing of wheat (Yadvinder-
Singh et al, 2010). During burning of crop residues
around 80% of carbon is lost as CO, and a small
fraction is evolved as CO. Burning involving incomplete
combustion can also be a source of net emissions of
many greenhouse gases including CO, CH,, SO, and
N,O. Apart from loss of carbon, up to 80% loss of N
and S, 25% of P and 21% of K occurs during burning of
crop residues (Yadvinder-Singh et a/., 2005). Therefore,
it is important to incorporate rice residue in soil.
Retention and incorporation of rice residue in the field
depends on residue condition, its amount and the time
left for wheat sowing. Rice straw can be managed
successfully /n situ by retaining on soil surface using
turbo-seeder during sowing of the wheat crop
(Yadvinder-Singh et al, 2005). Turbo-seeder wheat
sowing is a perfect climatic adaptationand mitigation
strategy because it reduces the GHG emissions,
reduces crop lodging due to abnormal weather
conditions and increases the crop yield. This program
must be supported by state governments as all farmers
cannot afford to purchase turbo-seeder. Crop residues
applied to soil have a significant positive effect on soil
organic matter, and physical, chemical and biological
properties of soil (Yadvinder Singh et al, 2005;
Chauhan et a/,, 2012) including of salt-affected soils.

Crop Diversification

Rice-wheat cropping system is the most important
cropping system for food security in South Asia but the
sustainability of the system is threatened because of
the shortage of resources such as water and labour
(Ladha et al, 2003). The farmers have started taking
the initiative to diversify their agriculture by including
short duration crops such as potato, soybean, black
gram, green gram, cowpea, pea, mustard, and maize
into different combinations (Gangwar and Singh, 2011).
Replacing rice with cotton, maize and basmati rice in
summer season and wheat with oil-seed (rapeseed
mustard) crops and chickpea in winter season can
lower ET and reduce irrigation requirement (Jalota et
al, 2009). The quantity of water used in the maize-
potato-onion, summer groundnut-potato-pearl millet
(fodder), maize-potato-summer green gram and
maize-wheat-summer green gram was found
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respectively 38.7, 51.4, 50.5 and 55.6% less than
quantity of water used for rice-wheat system. The
corresponding value in terms of saving of electricity
consumption (per ha basis) was 758, 1008, 990 and
1110 electricity unit, respectively. It is reported that
replacement of area under rice-wheat cropping system
(2.6 m ha) by these alternative crop sequences will
amount to the saving of about 1358.50 million m® of
irrigation water with additional net returns of Indian Rs
4650 million to the farmers and saving of 162 million
electrical unit amounting Rs 378 million (Gangwar and
Singh, 2011) thus contributing a lot in reducing GHGs.

Biochar Application

Conversion of plant biomass to biochar through
pyrolysis creates a product that is highly resistant to
biological attack and its application to soil can lead to a
net stabilization of the organic matter (Liang et al/,
2010) thereby the overall net carbon gain from
biochar-based soil management strategies would be
considerably enhanced. In India, 309 million Mg of
biochar could be produced annually, the application of
which might offset about 50% carbon emission
(292 Tg C yr™) from fossil fuel (Lal, 2005). Rice-wheat
cropping system in IGP of India produces substantial
quantity of crop residues and if these are pyrolysed
50% of the C in biomass might return to soil as biochar.
Addition of biochar to soil has also been found
associated with increased C sequestration, enhanced
nutrient use efficiency, water holding capacity,
microbial activities and crop productivity (Venkatesh,
2010). This may also help in amelioration of salt
affected soils to greater extent.

Sequestering C in Agricultural Fields

It is known fact that farming alters C cycle and
management of cropping systems will determine the
amount of CO, emissions in the atmosphere as well as
the potential for C sequestered in the soil. Crop
residues are important and renewable resource
nutrients, enhance soil fertility, improve soil structure,
sequester carbon and mitigate the greenhouse effect.
Thus, the goals of increasing SOC content by 0.001 to
0.01% yr'lthrough crop residue management,
conservation tillage and restoration of degraded soils
can effectively mitigate the current rate of increase of
atmospheric CO, concentration estimated at 3.2 Pg yr
L Among several solutions being debated to mitigate
climate change, sequestration of carbon (C) is one of
the key options (Lal, 2011) and agroforestry systems
can help ameliorate global climate change by

44

sequestrating carbon in their live biomass as well as in
the soil. Several studies have shown that inclusion of
trees in the agricultural landscapes often improves the
productivity of systems while providing opportunities
to create carbon sinks.

Seaweed Cultivation and Aquaculture keeping
Mangroves Intact

The seaweeds are a diverse group of large marine
macro-algae that are important to coastal marine
environment like land plants to the terrestrial world
(Seth and Shanmugam, 2016).These are primary
producers and like land plants support other marine
life through the production of oxygen, contribution to
marine food webs and by providing structure and
habitat for fish and another fauna. Historically, coastal
peoples have relied on seaweeds for food, minerals,
medicine, insulation, fertilizer and fodder. Today,
seaweeds are a multibillion dollar industry worldwide,
providing food, fertilizers, nutritional supplementation
and valuable phycocolloid like agar, carrageenan and
alginate. Although wild harvest supports a significant
portion of seaweed industry, there is an ever-
increasing amount of seaweed production from
aquaculture to meet the current demand. Seaweed
aquaculture makes up a significant portion of
organisms cultured worldwide (~19 million metric tons)
with a value of ~US $5.65 billion. Aquaculture
production is dominated by kelps (Saccharina japonica
and Undaria pinnatifida), tropical red algal species
(Kappaphycus and Eucheuma), nori (including Porphyra
and Pyropia species) and the red algal agarophyte
species known as Gracilaria. China is the world’s top
producer of cultured seaweeds, though other countries
in Asia (Japan, Korea, and the Philippines) and in
Europe (France, Ireland, Norway, Scotland, and Spain)
also grow seaweed.

The red seaweed Kappaphycus alvarezii syn.
Euclheumacottonii, is the major source of carrageenan,
a hydrocolloid used as thickening and stabilizing agent
in food, cosmetics, pharmaceuticals etc. Since its
natural stock became scant, cultivation of this seaweed
was first started in early 1960s in Philippines to meet
the world demand. Later Kappaphycus farming was
introduced to Indonesia, Malaysia, Tanzania and
Madagascar. The current annual world production of
K. alvarezii is about 200K Mg and its value-added
product carrageenan is about 50000 Mg yr'l. In India,
commercial faming of K. alvarezii was commenced in
2001 in Tamil Nadu. While fish-catching is diminishing
day-by-day and income is not predictable in these days,
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K. alvarezii farming has become real alternative to the
coastal people of Tamil Nadu. The average monthly
income of a cultivator ranges from Rs 15000 to 30000
based on his efforts and volume of cultivation area
which he operates.

Extract obtained from fresh form of K. alvareziiis rich
source of potassium with other micro and
macronutrients. It has also naturally occurring growth
hormones and amino acids and can improve crop yields
of a variety of crops anywhere from 15 to 40% (Seth
and Shanmugam, 2016). This provides a first ever
opportunity to the farmers to have access to organic
growth boosters at an affordable price in India. Other
products manufactured from K. alvarezii are different
grade of carrageenan and animal feeds. Farming and
processing of K. alvarezii or any seaweed is first of its
kind in India. Most of the peninsular India is
surrounding by sea, hence must be explored
economically. Another interesting area is aquaculture
keeping mangroves intact. Mangroves and corals are
the base of food chain in marine ecosystem and are
useful for seaweed cultivation. These systems
alongwith agroforestry-based farming systems have
potential to meet the food and other requirements of
coastal population in the scenario of climate change.

Way Forward

A positive and forward looking approach as
summarized below is required to address the climate
change impacts on salt-affected soils and poor-quality
saline groundwater and their effective and sustainable
utilization in future.

° Extensive and comprehensive studies need to be
conducted to understand the impact of elevated
temperatures and atmospheric CO, concentration
on the basic soil properties governing exchange
and osmotic phenomenon in alkali and saline
soils, respectively.

° Projections need to be modelled using
mechanistic and conceptual simulation
approaches for varying ecological situations
considering surface and sub-surface movements
of solutes across the soil profiles.

° There is an immediate need to strengthen our
understanding on the behaviour of saline and
sodic soils in response to climate extremes e.g.
drought, heat waves, cold waves, frost, etc. in
inland and dryland salt-affected soils; heat waves,
increased temperatures etc. in irrigated salt-

affected soils; and flood, cyclones etc. on coastal
saline soils.

° Genetic improvement in field crops, vegetables
and horticultural crops will play an important role
in devising adaptation strategies. Natural
halophytes with high economic value may play
vital role in developing salt-tolerant future crops.
Cellular and molecular approaches need to go
beyond the transgenics and acceptable genetic
modifications in future.

° Conservation of local breeds of livestock which
are important constituent of agroforestry systems
and source of income of poor families.

° Prioritized and focused research is required in the
areas of alternate land use systems, agroforestry
and domestication of valued halophytes on
degraded dry saline tracts.

° The role of micro-biology in reclamation and
restoration of salt-affected soils has remained
under-explored and needs priority.

° Hydro-geochemical processes and groundwater
quality cannot remain unaffected by local and
global climate change phenomenon. There are no
comprehensive studies and reviews available
describing concentration and composition of
solutes in groundwater. A due research priority
must be assigned to climate change impact on
irrigation water quality. Also, there is a need to
re-evaluate the existing irrigation water suitability
guidelines in the light of climate change scenario.

° Adaptation of agro-techniques iz, land
modifications, resource conservation, integrated
nutrient management etc. required to be fine-
tuned to fit with the expected changes in land
and water scenarios in response to climate
change.

° In coastal areas, cultivation of sea weeds and
aqua-culture keeping mangroves intact and
developing multi-enterprize agroforestry-based
farming systems need attention.

Governmental programs engaged in reclamation and
developments of marginal land and water resources
need to consider the above points in devising plans for
regional scale reclamation programs.

In conclusion, it may be stated that climate change is
likely to threaten the food security and livelihoods of
millions of people in developing countries. Models
generally predict that rising temperatures, increased
climate variability and extreme weather events could
significantly impact food production in the coming
decades. Consistent warming trends and more
frequent and intense extreme weather events have
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been observed across the globe in recent decades.
Climatic events like cold wave, heat wave, drought, and
floods have demonstrated the significant potential of
weather factors to influence the production of food
crops. Due to sea level rise more areas will be affected
due to salinity and waterlogging. Therefore, there is a
need for using modern science combined with
indigenous wisdom of the farmers to enhance the
resilience of modern agriculture to climate change.
Development of multiple stresses tolerant varieties,
domestication of wild halophytes as food and high
value crops, efficient and diverse cropping systems, CA
based management, RCTs, watershed management
and supplemental irrigation for drought proofing in
rainfed areas can help in mitigating the adverse impact
of climate change and variability. Alternate land use
systems like agroforestry systems and other biological
carbon capture systems can also help in both
adaptation and mitigation. Accurate and reliable
forecasting of environmental changes will be of
immense use and policies to support the dissemination
of this information are required to help farmers in a big
way. Researchers and policy framers should develop a
comprehensive adaptation and mitigation strategies
for coping the adverse impact of climate change. Policy
decisions for promotion of smart agriculture promoting
conservation agriculture, precise land laveling, water
harvesting, conservation and management, judicious
use of poor-quality waters, rehabilitation of degraded
lands, site specific nutrient management, integrated
weed and pest management, development of multiple
stress tolerant crops and capacity building for weather
and risk forecasting mechanisms and adaptation of
climate resilient technologies must be in place both at
local and regional level.
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Introduction

Indian agriculture is predominantly rainfed agriculture
and comprised of dry farming and drylands. Dry
farming was the earlier concept for which amount of
rainfall (less than 500 mm annually) remained the
deciding factor for more than 50 years. In modern
concept, dryland areas are those where the balance of
moisture is always on the deficit side. In other words,
annual evapotranspiration exceeds precipitation. In
dryland agriculture, there is no consideration of
amount of rainfall. It may appear quiet strange to a
layman that even those areas which receive 1100 mm
or more rainfall annually fall in the category of dryland
agriculture under this concept. To be more specific, the
average annual rainfall of Varanasi is around 1100 mm
and the annual potential evapotranspiration is 1500
mm. thus the average moisture deficit so created
comes to 400 mm. this deficit in moisture is bound to
affect the crop production under dryland situation
ultimately resulting into total or partial failure of the
crops. Accordingly the production is either low or
extremely uncertain and unstable which are the real
problems of dryland in India. Dryland agriculture refers
to cultivation of crops entirely under natural rainfall
(between 50 and 120 cm). It is a form of subsistence
farming in the regions where deficit of the soil
moisture retards the growth of water consuming crops.
Dryland areas are characterized by low and erratic
rainfall and no assured irrigation facilities. Dryland
agriculture is important for the economy as most of the
coarse grain crops, pulses, oilseeds, and raw cotton are
grown on these lands. The success of crop production
in these areas depends on the amount and distribution
of rainfall, as these influences the stored soil moisture
and moisture used by crops. The amount of water used
by the crop and stored in the soil is governed by the
water balance equation: ET = P-(R+S). When the
shifts
precipitation (P) is higher than ET, so that there may be

balance of the equation towards right,

water logging or it may even lead to run off (R) and
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flooding. On the other hand, if the balance shifts to the
left,
resulting in drought in the various severities. Taking the

ET becomes higher than the precipitation,

country as a whole, as per meteorological report,
severe drought as large area is experienced once in 50
years and partial drought in five years while folds are
expected every year in one part of the country or the
other, especially during rainy season. In fact the
balance of the equation is controlled by the weather,
season, crops and cropping pattern.

1. Dryland agriculture

Depending on the amount of rainfall received, dryland

agriculture has been grouped into three categories:

(i) Dry farming:it is production of crops without
irrigation in areas where annual rainfall is less than
75 cm. Crop failures are more frequent under dry
farming condition owing to prolonged dry spells
during crop period. The growing season is less than
200 days. It is generally practiced in arid regions of
the country.

(ii) Dryland farming: cultivation of crops in areas
receiving rainfall above 75 cm is known as dryland
farming. Dry spell during crop duration occurs, but
crop failures are less frequent. Semi-arid regions
are included under this category.

(iii) Rainfed farming: It is practice of crop cultivation
without irrigation in areas receiving 115 cm rainfall,
mostly in sub-humid and humid areas. Here chances
of crop failure and water stress are very less.

2. Distribution and extent of drylands in India

The total land area of India is 329 million hectares of
which 144 million hectares is arable land, of this 94
million hectares fall under drylands constituting 65% of
dryland and rainfed area produce 40% of the total food
grains that feeds 40% of the total
According to the present concept, there are 128

population.
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districts in the country which face the problems of
dryland of these 25 districts covering 18 m. ha of net
area sown with 10 % irrigation receive 375-750 mm
rainfall annually spread over Central Rajasthan,
Saurashtra region of Gujarat and rain shadow region of
Western Ghats in Maharashtra and Karnataka. Twelve
districts have irrigation covering 30-50% of the cropped
area and do not pose serious problems. The remaining
91 districts covering mainly Madhya Pradesh, Gujarat,
Andhra Pradesh, Karnataka, Uttar

Pradesh, parts of Haryana, Tamil Nadu etc., represent

Maharashtra,

typical dryland area. The total net sown area in these
districts is estimated to be 42 million hectares of which
5 m ha are irrigated. Rainfall in these districts varies
from 375 to 1125 mm. therefore, more and more
efforts are to be made for enhanced and steady
production in these areas so that the recurring
droughts do not stand in the way of meeting the

growing food demands.

3. Crop production in drylands

Out of 142 million ha of net sown area in the country,
rainfed agriculture is practiced in 95 million ha (67%).
Nearly 67 m ha of rainfed area falls in the mean annual
precipitation range of 500-1500 mm. Rainfed farming
comprises about 91% area of coarse cereals (sorghum,
pearl millet, maize and finger millet), 91% pulses
(chickpea and pigeon pea), 80% of oilseeds (groundnut,
rape seed, mustard and soybean), and 65% of cotton.
Also, about 50% area under rice and 19% area under
wheat is rainfed (Yadav, 2009).

During the past 25 years there occurred significant
changes in the area and yield of imported crops of
rainfed farming areas. The area under coarse cereals
decreased by about 10.7 million ha and most of this
was under sorghum. The area under oilseeds increased
by 9.2 million ha and most of this increase was due to
irrigated rapeseed and mustard and soybean. The total
area under pulses and cotton remained constant but
more of cotton became irrigated and shifts in the area
under occurred from one agro-ecological region to
others. Area under chickpea in the northern belt
decreased but increase in the central belt. This change
occurred due to increase in area under rice-wheat
cropping system which displaced chickpea and also
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pearl millet to a great extent and maize to a small
extent.

3.1 Problems and constraints of drylands

Inadequate and uneven distribution of rainfall:
In general, the rainfall is low and highly variable
which results in uncertain crop yields. Besides its
uncertainty, the distribution of rainfall during the
crop period is uneven, receiving high amount of
rain, when it is not needed and lack of it when
crop needs it. The distribution of rainfall during
the crop period is uneven, receiving high amount
of rain when it is not required and lack of it when
crop need it.

Late onset and early cessation of rains: Due to
late onset of monsoon, the sowing of crops is
delayed resulting in poor yields. Sometimes the
rain may cease very early in the season exposing
the crop to drought during flowering and
maturity stages which reduces the crop yields
considerably.

Prolonged dry spells during the crop period: The
occurrence of long and dry spells in the rainy
season is a vital feature of Indian monsoon. These
intervening dry spells when prolonged during
crop period reduces crop growth and yield and
when unduly prolonged crops fail.

Low moisture retention capacity: The crops
raised on red and coarse textured soil suffer due
to lack of moisture whenever prolonged dry spells
occur due to their low moisture holding capacity.
Loss of rain occurs as runoff due to undulating
and sloppy soils.

Low fertility of soils: Drylands are not only
thirsty, but also hungry too. Soil fertility has to be
increased, but there is limited scope for extensive
use of chemical fertilizers due to lack of adequate
soil moisture.

Stress: The temperature in dryland varies greatly.
During the period of moisture stress and drought,
the the
development into forced maturity.

temperatures  accelerate crop
resulting
Chilling or frost injury at flowering results in poor

grain setting and deteriorates the grain quality.
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3.2
agriculture
The improved techniques and practices, which were

Improved technologies for dryland

generated and recommended to increase and stabilize
the crop production in dryland areas, are summarized
as under:

3.2.1 Crop planning: The farmers of the dryland areas,
prior to the development of dryland techniques, were
growing a crop either on rainwater in kharif or on
The
varieties have low genetic potential for yield. Selecting

conserved soil moisture during the winter.

suitable crops and varieties capable of maturing within
actual rainfall periods will not only help in enhancing
production of a single crop but in escalating the
cropping intensity. Many criteria have been laid out for
selecting a crop variety for drylands. The capacity to
produce a fairly good yield under limited soil moisture
conditions is the most desirable criteria. The duration
of kharif crops/varieties should not normally exceed
the number of rainy days. In other words, crop
varieties for dryland areas should be of short duration,
through resistant tolerant and high yielding which can
be harvested with in rainfall periods and have sufficient
residual moisture in soil profile for post-monsoon

cropping.

Under dryland agriculture determination of length of
growing period (LPG) /ie., moisture availability of a
given soil type, provides better index than total rainfall
based crop planning. LPG is defined as the period when
the moisture and temperature regimes are suitable for
crop growth and the period is determined by the FAO
method (FAO, 1983). The LPG is computed as the sum
of the period when P is more than 0.5 PET plus time
taken to utilize stored soil moisture (assured 100 mm)
after P falls short of PET Therefore, both the places are
suitable for single long duration on a short duration
crop with a relay rabicrop.

3.2.2 Preparation for aberrant weather conditions:
Dryland agriculture is subject to high variability in areas
sown, yields and output. These variations are the
results of aberrations in weather conditions, especially
rainfall. Delay in normal monsoonal pattern causes
problems of timing and the organization of preparatory

53

tillage and other initial activities for commencing
cultivation processes for the season. Such monsoonal
delays have repercussions on the programme of
activities for the entire agricultural year. Even after the
onset of monsoon and the commencement of planting,
there may be monsoonal withdrawal causing moisture
stress on plants and creating difficulties in the adoption
and timing of approval cultural practices ultimately
causing reactions in yields and outputs. Some crops
are highly susceptible to such mid-season variations in
moisture availability such as at the flowering stage in
rice. Major crops like rice and maize get seriously
affected if monsoonal rains cease early.

The
introducing

need for modifying and introducing and

new technology for increasing and

sustaining vyield in dryland areas can hardly is
overemphasized. Erratic rainfall results in fluctuating
production. This in turn leads to frequent scarcities,
like the ones experienced in Indonesia and Vietnam in
1977 which created severe food shortages. Droughts in
China in 1972, 1974 and 1985 brought dejection of
food grain production by up to about 25 million tones.
Frequent droughts in India during 1966, 1968, 1972,
1974, 1979, 1982 and 1987 seriously affected the food
and fodder production in the country. Hence, it is
necessary to understand the distribution of South-
West monsoon within the season to determine the
extent to which the crop productions are likely to be
affected by the vagaries of monsoon.

Several attempts have been made to understand the
behavior of South-West monsoon rainfall in different
agro-climatic regions on the basis of historical rainfall
records. These studies thus, suggested that, crop
production in drylands fluctuates widely from year to
year due to vagaries of weather. An aberrant weather
can be categorized under three heads i.e. (i) delayed
onset of monsoon, (ii) long gaps or breaks in rainfall,
and (iii) early stoppage of rains towards the end of
monsoon season. Therefore, to mitigate such weather
situations, farmers should make some changes in
normal cropping schedule for getting some production
in place of total crop failure.
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3.2.3 Crop substitution: Alternate crop strategies have
been worked out for important regions of the country
under different kind of soils. Strategy has also been
evolved for normal onset of rains, breaks in rains, early
withdrawal, its uneven distribution; through selection
of uneven crops/varieties which are inefficient utilize
of the soil moisture, less responsive to production
input and potentially low producers should be
substituted by more efficient ones. Appropriate crops,
suiting varying rainfall situations, have been identified

for most of the dryland regions of India (Table 1).

Crops which perform better under normal rainfall years
Studies
conducted in agro climatic conditions of Varanasi

may not do so under abnormal vyears.
(eastern U.P.) revealed that under normal monsoon
crops like short duration upland rice, maize, pearl
millet, blackgram, greengram, sesame, pigeon pea etc.
should be taken up on the basis of needs. These crops
should be followed by chickpea, lentil, barley, mustard,
safflower, linseed etc. on residual

Table 1. Traditional and alternate efficient crops in different dryland regions of India

S. No. Region Traditional crop Alternate efficient crop

1. Deccan Rabi season Cotton, wheat safflower

2. Malwa Plateau wheat Safflower, Chick pea

3. Uplands of Bihar Plateau and Orissa Rice Ragi, Black gram, Groundnut

4, South-easy Rajasthan Maize Sorghum

5. North Madhya Pradesh Maize Soybean

6. Eastern UP Kalitur Chick pea

7. Sierozems of North-west India Wheat Mustard, Taramira (Eruca sativa)

In case monsoon rains stop early towards the end of
season, normal sowing of short duration upland rice,
blackgram and sesame may be taken up. If the rain
stops very early, i.e. by the end of August or first week
of September, only fodder crops or grain legumes
could be harvested. Depending upon the soil moisture
condition, relay sowing of crops like chickpea, lentil,

mustard, linseed and barley could be done in rab/

season. During the recent drought, it was found that
Andhra  Pradesh
Maharashtra who went in for sunflower cultivation

farmers in  Karnataka, and
were in gainers. Sunflower succeeded where other
crops failed. In other dryland regions, alternative
efficient crops can profitably substitute the traditional

ones (Table 2).

Table 2. Relative yield of traditional and efficient crops in dryland areas

Region Traditional Yield (g/ha) Efficient crops Yield (g/ha)

Bellary Cotton 2.0 Sorghum 26.7

Varanasi Wheat 8.6 Chickpea 28.5

Ranchi Upland Rice 28.8 Maize 33.6

Indore Green gram 11.8 Soybean 33.3
Wheat 11.0 Safflower 24.2

Agra Wheat 10.3 Mustard 20.4

Hisar Wheat 3.0 Taramira 16.0

Udaipur Maize 18.0 Hybrid sorghum 29.0

Dryland research has remained confined to important
traditional crops such as sorghum, millet, pulse and
oilseeds and has not explored the possibility of growing
non-traditional crops such as dye-providing crops {e.g.
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Henna (Lawsonia inermis: mehadi) and jaffra (Bixa
ovellana) species (e.g. cumin), and medicinal value
crops (e.g. eitronella, lemon grass, senna and isabgol)}.
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These crops need to find an important place in
research agenda of dryland farming.

Time has come for the relevant researchers to plan a
joint integrated research programme for maximizing
the profitability, productivity and sustainability of
learning systems of rainfed areas. Sericulture offers
great promise in rainfed farming strategy, particularly
of the watershed approach in peninsular India.

3.2.4 Efficient cropping system: Besides putting
various measures to increase the productivity levels of
dryland crops, efforts would also be needed to increase
the cropping intensity in dryland areas which was
generally 100%, implying that a single crop was taken
during the year. Cropping intensities of these areas
could be increased by practice of inter cropping and
multi cropping (sequential) by way of more efficient
utilization of resources. For example in Indore region,
receiving 1000 mm annual rainfall, only single crop can
be taken on shallow soils, inter cropping in medium
depth soils and double cropping on deep soils. Similar
crop combinations have been identified for different
regions of the country. In dryland of Varanasi region
upland rice-chickpea/lentil sequence can be practices
with advantage.

Inter cropping of vegetables with grain crops was
pursued strongly, long duration pigeon pea was inter
cropped with vegetables such as okra, radish and chilli.
Such inter cropping systems would be very useful to
get maximum returns from rainfall agriculture. Even at
solapur, leafy vegetables and some short duration
beans were grown as intercrops during the rainy
season.

3.2.5 Fertilizer use: Soils of drylands in the country are
not only thirsty but hungry also because these soils are
severely eroded horizontally as well as vertically. Since
soil moisture is limiting in drylands, the availability of
nutrients becomes limited, attempt should always be
made to apply fertilizers in furrows below the seed. If
seed-cum-fertilizer drills drawn by bullocks or tractors
are available, this very objective can be fulfilled. There
has been belief among the farmers of dryland areas
that use of fertilizer increases the chances of crop
failure but recent findings have shown that the use of
fertilizer is not only helpful in providing nutrients to
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crop but also helpful in efficient use of profile soil
moisture . If farmers are shown such results, they will
be convinced to use more fertilizers.

Studies on the management of legumes in crop
sequences for their residual effect indicated that in
alluvial soils an advantage of 25-30 kg N/ha could be
obtained in barley or mustard grown after black gram
or green gram. Studies conducted at Varanasi centers
clearly showed that general yield levels of barley and
mustard were greater when legumes raised in the
previous season was incorporated | soil after first
picking as compared to that harvested at normal
maturity. In dryland areas, a proper mixing of organic
and inorganic would be desirable. Organics have low
nutrient content, but help to improve the moisture
holding capacity of soils. In addition to yield advantage,
nutrients like potassium help to increase drought
tolerance by affecting plant-soil relationship.
Transpiration losses are reduced and productivity per

unit water increases.

3.2.6 Rain water management: Efficient management
of rain water can boost agricultural production from
drylands. The broad bed and furrow system of
the International Crop Research Institute for the Semi
Arid Tropics (ICRISAT) for managing rain water in
vertisols made it possible to increase crop yields four to
five times as compared to normal practice. However,
this method could not be adopted widely by the
farmers in India because it is costly and labour
intensive. The vertical mulching technology developed
at Bellary centers increases the infiltration of water in
soil profiles and improves in situ moisture
conservation. The scope for managing profile moisture
is limited in Alfisols but the surface run off in such soils
can be reduced by ridge-and-furrow technique.
Alternatively, application of compost and farm yard
manure as well as raising legumes will add the organic
matter to the soil and increase the water holding
capacity.

3.2.7 Water-shed management for sustainable
dryland agriculture: Watershed management is a
holistic approach arrived at optimizing the use of land,
water and vegetation in an area and thus, providing

solution to alleviate drought, moderate folds, prevent
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soil erosion, improve water availability and increase
fuel, fodder and agricultural production on a sustained
basis. On the basis of the experiences of ICAR
Operational research Projects, which attracted the

attention of our farmers, State departments,
administrators and scientists, 47 model watersheds
were established during the vyear 1983 for

development, jointly by the Ministry of Agriculture,
ICAR and various State Government Department and
Agricultural Universities, in 16 states and then the
Department of Agriculture and Co-operation launched
the National Watershed Development Project for
Rainfall Areas (NWDPRA) covering almost the same
states. Out of these 47 model watersheds, the Central
research Institute for dryland Agriculture (CRIDA).
Hyderabad has been entrusted with 30 watersheds.
These activities were in micro and mini-watersheds
covering 500-2000 ha. Major components in these
model watersheds are: (i) Improvement of water
resources, (i) In situ soil and water conservation: rain
water harvesting for safe disposal of surface runoff, (iii)
increase in cropping intensity and (iv) alternate
land use system for efficient use of lands as per land
capability to provide stability in productivity.

The model watersheds in operation have provided a
fruitful experience of how development can lead to all
round improvement in food and fodder production,
economic condition of the farmers. Sakho-majori
model, where creation of eater source worked as a
catalyst and triggered the development process can be
repeated under similar situations. Similar experiences
have been gained a Tejpura (Jhansi), Ariel (Bareilly
District) and Tejpura watersheds which have been
awarded by the President of India during 1988 based
on the recommendation of National Productivity

Council.

3.2.8 Alternate land use systems: All drylands are not
suitable for crop production. Some lands may be
suitable for range/pasture management, while others
for tree farming, ley farming, dryland horticulture,
agro-forestry systems including alley cropping. All
these systems which are alternatives to crop
production are called as alternate land use systems.
This system not only helps in generating much needed

off-season employment in mono crop dryland but also
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minimizes risk, utilizes off season rains which may
otherwise go waste as runoff, prevents degradation of
soils and restores balance in the ecosystem.

Crop production may be disastrous in the years of
drought, whereas drought resistant grasses and trees
could be remunerative. Scientists of dryland have
developed many alternate land use systems which may
suit different agro ecological situations. These are alley
cropping, agri-horticultural system and silvi-pastoral
systems which utilize the resources in better way for
increased and stabilized production from drylands.

4. Secondary salinity and water logging in canal
commands of Rajasthan

Salts, in variable amounts, are always present in
irrigation waters. The input of salts through irrigation
may reach more than 10 Mg/ha in one year. Most of
them remain in the soil when the water is lost by
evapo-transpiration. When those salts are not leached
to the subsoil and lost through internal drainage, they
will accumulate in the surface soil, reaching levels
which may affect the plant growth. When the required
leaching is not provided in arid and semi arid climates it
is required to apply an excess of irrigation water for
such purpose. If those excesses of water are not taken
away by the natural or artificial drainage systems,
probably the leached salts will come back to re-salinize
the surface soil.

Secondary salinity mainly results from human activities,
usually land development and agriculture. Common
source of secondary salinity are as:

irrigation—irrigated areas, either as a result of
tables
irrigation) or the use of poor quality water

rising groundwater (from excessive
dryland—non-irrigated landscapes, generally as
a result of clearing vegetation and changes in
land use

sea water intrusion—coastal aquifer systems
where sea water replaces groundwater that has
been over-exploited

point source—Ilarge levels of salt in effluent from
intensive agriculture and industrial wastewater
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4.1 Water logging and secondary salinity in IGNP

and Narmada canal commands of Rajasthan
The Indira Gandhi Nahar Project (IGNP) is one of the
largest water resources projects in the world, aiming to
transform the desert into an agriculturally productive
region. The IGNP was conceived and executed to utilize
7.59 milion acre feet water from Ravi-Beas in order to
convert the arid desert to agriculturally productive
land. The project encompasses the districts of Sri
Ganganagar, Hanumangarh, Churu, Bikaner, Jaisalmer,
Jodhpur and Barmer and on completion will cover
culturable command Area (CCA) of 19.63 lakh ha of
land. The project has been divided into two stages.
Stage | comprises a 204 km long feeder canal, having a
discharge capacity of 460 ms/sec. The stage-l also
consists of a 189 km long main canal and 3454 km long
distribution system to serves 5.53 lakh hectare CCA.
Stage Il comprises a 256 km long main canal and 5,606
km long lined distribution system, and serves 14.10
lakh hectare CCA. The introduction of irrigation in
desert area brought about considerable prosperity to
the farmers.

Some of the positive impacts of

introduction of irrigation in the desert includes
improvement in micro climate, change in land use/ in
cropping pattern, improvement of soil and moisture
conditions and associated soil fertility and biological
properties, but it has also brought in its wake the
problems of water logging and secondary salinization.
However, after few years of irrigation with canal water,
some negative effects emerged such as rise in the
water table, waterlogging, formation of marshy lands

and soil salinity at few places. Lack of proper drainage,

Table 3. Waterlogged area (ha) in IGNP commands of

Rajasthan

Catego Years

ry 2001-|2002-|2003- | 2004- 2005- | 2006- | 2007-
02 03 04 5 06 07 08

Stage |

Waterl | 100 | 575 | 253 | 296 | 312 | 687 | 187

ogged 98 5 1 8 5 5 5
area

Critical | 113 | 875 | 925 | 106 | 112 | 168 | 125
area 55 0 9 25 50 75 00
Potenti | 179 | 164 | 195 | 168 | 196 | 202 | 181
ally 170 | 375 | 000 | 750 | 875 | 150 | 250
sensiti
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excess irrigation, seepage from the canals and poor
drainage planning under such situation have resulted in
a rise in water table, followed by salinity build-up.
Under these situations two different sources of soluble
salts which are accumulated in irrigated soil; one is
irrigation water itself, and the sub-soil or the parent
rock impregnated with salts before irrigation began.
The average rate of rise in water table in the command
areas of IGNP is 0.88 m per year, while that in the Gang
Canal command is 0.53 m per year, and in the Bhakra
canal command 0.66 m per year. Within the Gang
the
experiencing a rise of 0.77 m per year (Kar et a/, 2009).

Canal command, Ghaggar flood plain s
Problem of water logging in Sri Ganganagar and
Hanumangarh districts under the IGNP has changed
the environment of the districts, from dry and desertic
tract to highly productive land. In about two decades
now the Scarcity- Prosperity- Scarcity cycle seems to
becoming a full circle. Introduction of canal irrigation in
the Thar Deserts of Rajasthan has completed journey
from one wasteland (water starved) to another
wasteland (water soaked). At first instance, reduction
in crop vyield is observed which is followed by
restrictions on the type of crop, and ultimately leads to
the abandonment of previously productive land at few
places. The current estimates indicate that about 0.208
mha lands is already affected by waterlogging and
associated salinity in IGNP command area (Table 3).
The salt affected and water logged soils in this
command are mainly located in Anupgarh Branch,

Suratgarh Branch and Charanwala branch.

vearea | | | | [ | |
Stage Il

Waterl | 78 16 4 4 484 | 805 | 320
ogged

area

Critical | 126 | 453 | 317 | 476 | 112 | 257 | 112
area 1 9 6 0
Potenti | 183 | 245 | 134 | 160 | 185 | 159 | 118
ally 04 72 81 18 48 06 40
sensiti

ve area

Waterlogged area (water table within 0 to 1 m), Critical area
(water table within 1 to 2 m), Potentially sensitive area
(water table within 2 to 6 m) (Source: CAD, IGNP, Bikaner,
2009)
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The Narmada canal project was extended up to
Rajasthan to provide irrigation to the drought prone
areas in Jalore and Barmer districts. The Narmada
Canal Project has been designed to utilize 0.50 MAF of
narmada water for a total of 2.46 lakh hectare CCA.
Presently the Narmada canal through lift and flow
systems providing irrigation facilities in about 2.39 lakh
hectares area in both districts. With the available
irrigation water from Narmada canal, cultivating crops
in this area have found its reality in the command
areas. The crop production in the canal command
areas has been increased by manifold with
introduction of irrigation facility in arid areas, but it has
also brought the problems of secondary salinization
and water logging at some locations. The development
of salinity in the newly developed command area of
Narmada canal in Rajasthan has arisen chiefly from the
pre-existing salt deposits in the sub-stratum rather
than from the irrigation water (Mahesh Kumar et al.,,
2016b). Sub-soil conditions, resulting in water logging,
a rising water table and the resultant salinity has
already rendered some parts of the Narmada canal
command area in Sanchore tehsil of Jalore district.
Saturation extract analysis of these soils revealed that
the pH and EC of these soils varied from 7.7- 9.5 and
1.6t041.5dSm™ Among the cations Na was dominant
followed by calcium+ magnesium. While chloride
followed by sulphate were by and large the dominant
anions and were present in the range 16 to 156 and 12-

126 me I, respectively (CAZRI, 2015).

4.2 Management of secondary salinization

4.2.1 Improved irrigation practices: Although the
improved irrigation techniques such as furrow
irrigation, corrugated basins, sprinkler irrigation and
drip-irrigation has been introduced in the both the
command (mandatory in Narmada command) area in
arid Rajasthan and large number of landowners have
adopted them. Many farmers are aware of the
advantages of improved irrigation practices, but lack of
exposure to and familiarity with such practices, along
with existing constraints (labor, equipment, etc.), make
others hesitant to adopt them. The farmers only need
to be made aware of the areas and the crops for which
these techniques could be adopted without affecting

the level of productivity of the crops.
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4.2.2 Biological-drainage: In areas where undulated
land topography does not permit gravity surface
drains, and where ground waters are saline, water
table control can be obtained by bio-drainage to some
extent. The potential of certain tree species to draw
more water than the agricultural crops because of their
root higher rates

deeper transpiration

throughout the year and the ability to minimize

systems,

recharge from rain by intercepting it on their foliage,
provides a technique for keeping water table under
control. Eucalyptus camaldulensis, Atriplex lentformis,
Acasia nilotica, and Acacia ampliceps are species that
offer a great potential to work as bio-pumps (Tanwar,
1998; ACIAR, 1997). These plantations in fact work as
biological pumps that can transpire large quantities of
water. Studies conducted at the Forest Research
Institute, Dehradun have sown that the average weekly
transpiration rate of eucalyptus species of one year age
was between 2.5 to | 1.5 gm of water/day/100 sq.cm of
leaf area. Experimental evidences from CSSRI, Kamal,
shows that both eucalyptuses and poplar have very
high potential for water consumption. In a continuing
study conducted over a period of 4 Years, it was
observed that as much as 3-6 mm water/day could be
disposed-off through these plantations without any
surface inundation or much ground water recharge.
These
salinization appear slow responsive but in the long run

solutions to waterlogging and secondary

would certainly beneficial for the command areas.

4.2.3 Fractional wells: The term “fractional well” is
used to refer to a well with a discharge rate of less than
30 I/s. Fractional wells are particularly expedient for
pumping shallow groundwater of reasonable salinity,
which overlies more saline groundwater at deeper
depths, for irrigation purposes. The term “fractional
well” is used to refer to a well with a discharge rate of
less than 30 |I/s.
expedient for pumping
which overlies

Fractional wells are particularly
shallow groundwater of
reasonable saline

salinity, more

groundwater at deeper depths, for irrigation purposes.

4.2.4 Conjunctive water use: The poor quality of
groundwater constrains its recycling and reuse as a
means of crop irrigation, without proper management
practices. Continuous recycling and reuse of saline-
sodic ground water causes an imbalance in the salt
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balance of an irrigation system, in general, and in the
crop root zone, in particular (secondary salinization).
Direct use of saline-sodic tube well water cannot be
made for crop production without having a proper soil,
water and crop management system in place. Under
these conditions, frequent light irrigations, use of
chemical amendments (gypsum, H, SO, , etc.), along
with adequate leaching, growing salt-tolerant and
moderately salt-tolerant crops in proper cropping
sequence are essential requisites, if saline-sodic tube
well water is to be used for irrigation on a sustainable
long-term basis (Chaudhary et a/,, 1992; Ghafoor et al.,
1998; Ahmed et a/, 1998). Conjunctive use of good-
quality and bad-quality waters through blending or
cyclic application could be practiced to minimize the
adverse effects of poor-quality waters on land and
water resources. A blending strategy is useful under
the conditions when fresh and saline water qualities
are such that the mixed water would have less salinity
than the threshold salinity of a given crop.

5. Prospects of dryland agiculture

More than 75% of the farmers engaged in dry farming
are small and marginal. Therefore, improvement in dry
farming would raise the economic status of farmers
thus helping in poverty alleviation. Dryland farming
holds immense significance especially in the context of
fluctuating food grain production and expanding
population in our country. The biggest employer in our
country, the cotton mills are fed by raw cotton grown
mostly in dryland areas. Increasing production of
cotton subsequently leads to increase in exports of
cotton good. The expanding import of oilseeds is a
cause of concern to Indian nation. The improvement of
production of oilseeds in these regions will save
valuable foreign exchange reserves. By enhancing the
productivity of crops like jowar, bajra and ragi which
are mainly grown in dryland farming would increase
the nutrient consumption levels of our nation.

Marginal lands in the semi-arid regions offer potential
for fodder production to feed the cattle population
which is an integral component of farming practice of
this region. Providing importance to these areas can
solve the problems of pulses, oilseeds and cotton. The
dryland areas have also tremendous potentiality of
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increased food grain production. Thus enhanced
agricultural production in these areas would boost the
agriculture based economy of India. Moreover, it
would also be helpful in eliminating the problem of
hunger and malnutrition prevailed in below poverty

line society of the country.

Under the present circumstances when no more
additional quality land is available and crop yields are
stagnated, the food requirement of added population
has to come from the reclamation and management of
these degraded lands which includes 6.73 million
hectare area are salt affected and sizable area is under
water logging and associated salinity and underlain by
irrigation with poor quality ground water. Results on
studies on bio saline agriculture and bio remediation
showed that salt affected soils and poor quality waters
can judiciously be utilized for growing forest and fruit
trees, forage crops and low water requiring salt

tolerant medicinal plants. Considering the wider
adaptability and salinity tolerance of halophyte grasses
such as Aeluropus lagopoides, Sporobolus marginatus,
Urochondra setulosa and non grass halophytes Cressa
cretica and Suaeda nudiflora research initiatives on
commercial cultivation as source of bio-salt and
standardization of agro techniques in collaboration
with industries may be encouraged. Effectiveness of
bio-drainage to lower water levels has been proved in
IGNP and other command areas. Therefore, proper
thrust to boost bio drainage should be given, and a
planned and systematic programme should be evolved
for the Narmada canal command area that may reduce
the potential threat of water-logging and associated
salinity. Excessive availability and quality of surface
water and the inability to maintain it at the required
levels are main causes of water logging and soil salinity.
It is, therefore, essential that a conjunctive use plan of
the surface and ground water resources may be
developed and implemented judiciously. To encourage
the development of ground water, and saving costly
land from devastation and environment from
degradation, provision of subsidy/incentive, may be
kept for construction of wells and installing of pumping

system to avoid water ponding in depressional areas.
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Abstract

Salinity is the saltiness or dissolved salt content (Such
as Sodium Chloride, Magnesium and Calcium sulfates
and bicarbonates) of a body of water or in Soil. Salt
Stress is the osmotic forces exerted on plants when
they are growing in a salt marsh or under other
excessively saline conditions. Salinity remains one of
men’s oldest environment and horticultural problems
and challenging to scientist for production and
productivity in our country. Salinity is caused by
various factors such as mineral weathering, use of
faulty irrigation water, poor rainfall, high evaporation
rates, etc. but canal irrigation has been held more
responsible. Around 10% of the world’s total arable
land is salt affected. Various soil reclamation methods
like leaching, flooding, scrapping, green manuring, etc.
are being used conventionally for mitigation of the
malady. Soil salinity has reduced crop yields upto 50%
and consequently cropping has been abandoned in
many areas. Excess soluble salts can be removed
through scrapping the surface salt crust or flushing and
leaching or through subsurface drainage depending on
the problem. Crops also vary in their ability to tolerate
salinity at different stages of growth. In most crops
subjected to irrigations with saline waters, germination
and early stages are generally the most sensitive and
their tolerance increases with age. Salt tolerant
cultivars and other management of arid fruit crops in
saline soils are important solutions for crop production
under saline soils.

Introduction

Approximately 10% of world's 7000 Mha arable land
surface consists of Saline or Sodic soils. Among 1500m
ha of cultivated lands 23% are saline and another 37%
are Sodic (F.A.0.). These soils contain high pH, poor
infiltration rate and poor permeability, poor physical
condition which offer high plant progressively deceases
stunted growth coupled with restricted lateral shoot
development. Reduced leaves and fruit; decreased
fresh and dry weight of plant parts were also observed.
Generally leaves become thicker than normal. The top
growth suppressed more than the root growth.
Increased level of sodium salt affects plant nutritionally
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and ultimately physically. Losses in terms of yield are
more in fruit crops. Sodic soil found extensively in the

states of Haryana, Punjab and UP (CSSRI, 2012).

Sodicity and salinity are the major problems in arid and
semi-arid regions of the country. In India about 7
million hectares of salt affected soils of which a large
part is available in Rajasthan. Ground water constitute
the most important source of supplemental irrigation
in arid and semi-arid regions of India, However
considerable proportion amongst them in north India
are brackish or salty (Uttar Pradesh, 43%, Haryana,
55%, Rajasthan 68%). Saline soils are wide spread in
coastal areas, western UP, Haryana, Punjab, Rajasthan,
Gujarat, etc. Their injudicious and indiscriminate use
without regard to their salt concentration (EC) and
composition vis a vis soil type, crop, climate and the
management practices has often led to the problem of
soil salinization and sodification, thereby affecting crop
yields and thus making the common man skeptical
about their utility as a supplemental source of
irrigation. Fortunately the advancement made in the
scientific field of management of salt affected soils and
saline water have shown that most of the waste land
and saline water can be utilized potentially provided
the basic principle of soil water plant relationships are
properly understood and utilized judiciously. The
problem of salt infestation due to use of saline waters
for irrigation has covered sizeable area in different
parts of Rajasthan.

For development of saline soils several factors are
responsible some of them are listed below:

Gradual withdrawal of ocean water and mineral
weathering are chief factors responsible for
salinization.

Use of irrigation water also, faulty irrigation
methods

Poor soil drainage, In sufficient water supply and
rise in ground water table

More evaporation of water in arid/semi-arid
region

Canal irrigation has been held more responsible.
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In view of the high population pressure, the country
has to put more area for production of cereals, pulses,
oil seeds, etc, hence it is rather difficult to get good
piece of fertile land for fruit cultivation. Under such
circumstances, proper utilization of the salt affected
soils offers an unique opportunity of bringing
additional area under fruits for improving the
ecosystem and national economy of the country. Fruits
have special significance to human beings as a
protective nutritional food. The yield and income per
unit area are much higher as compared with cereals
and many forest trees.

Table 1. Classification of poor quality waters

In view of these facts following practices should be
adopted for cultivation of arid fruit crops in saline soils:

Quality of Irrigation Water

Before taking any fruit crop for the -cultivation,
knowledge about the quality of irrigation water should
be ascertained, so that irrigation management can be
done accordingly. Irrigation waters can be broadly
grouped into good, saline alkali waters depending upon
the degree of restrictions, two poor quality water
classes has been further grouped each into three
homogenous subgroups (Table 1).

Water quality EC (dSm™) SAR (mmol/l)ll2 RSC (meL™)
A. Good waters <2 <10 <2.5
B. Saline waters
(i) Marginally saline 2-4 <10 <2.5
(ii) Saline >4 <10 <2.5
(iii) High SAR saline >4 >10 <2.5
C. Alkali waters
(i) Marginally alkali <4 <10 2.5-4.0
(ii) Alkali <4 <10 >4.0
(iii) Highly alkali <4 >10 >4.0
The limits which were fixed only for total salt concentrations are also given in table2
Table 2. Guidelines for using saline waters in India
Soil taxture Crop tolerance ECiw (dS m™) limits for rainfall regions
<350 350-550 >550
Fine Sensitive 1.0 1.0 1.5
Semi tolerant 1.5 2.0 3.0
Tolerant 2.0 3.0 4.5
Moderately fine Sensitive 1.5 2.0 2.5
Semi tolerant 2.0 3.0 4.5
Tolerant 4.0 6.0 8.0
Moderately coarse | Sensitive 2.0 4.0 6.0
Semi tolerant 4.0 6.0 8.0
Tolerant 6.0 8.0 10.0
Coarse Sensitive - 3.0 3.0
Semi tolerant 6.5 7.0 9.0
Tolerant 8.0 10.0 12.5

Threshold values for crops in terms of £C, are given in
Fig. 1. Most of the data were obtained where crops
were grown under conditions simulating
recommended cultural and management practices for
commercial production. Consequently, the data
indicate relative tolerances of different crops grown
under different conditions. Furthermore, the data
apply only where crops are exposed to fairly uniform
salinities from the late seedling stage to maturity.

62

To use Fig. 1, read the value of the soil salinity on the
horizontal axis and follow it upward until it intersects
the upper right hand line of the SALT TOLERANCE
CLASS for the crop that interests you. Then draw a line
horizontally left to intersect the vertical “relative yield”
axis and read the number. This would be the percent
yield obtainable with these salt conditions.
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Fig. 1. Division for classifying crop tolerance to salinity

Selection of hardy fruit crops

The salt tolerance of fruit crops is complicated because
of additional detrimental effects caused by specific ion
toxicities. Many perennial woody species are
susceptible to foliar injury caused by the toxic
accumulation of Cl- and/or Na+ in the leaves. Because
different cultivars and rootstocks absorb Cl- and Na+ at
different rates, considerable variation in tolerance may
occur within an individual species. In the absence of
specific-ion effects, the tolerance of fruit crops, like
that of herbaceous crops, can be expressed as a
function of the concentration of total soluble salts or
osmotic potential of the soil solution. Successful
cultivation in salt affected soils, requires choice of
hardy fruit plants which are adoptive to salt stress
situations. Based on salt tolerance limit, the fruit crops
have been classified into four groups.

a.) High tolerance (40-50ESP, 12-15 ECe): Date palm,
Ber, Tamarind, Lasora and Wood apple.

Table 3. Salt tolerance of fruit crops

b.) Medium tolerance (30-40ESP, 9-12ECe): Phalsa,
Jamun, Pomegranate, Mulberry, Karonda, Annonas.

c.) Low tolerance (20-30 ESP, 6-9 ECe): Guava, Bael,
Grape

d.) Susceptible (<20 ESP, <6 ECe): Banana, Papaya,
Pine apple and temperate fruits

These crops may be grown as such within safe limits of
their salt tolerance without incorporating of soil
amendments or leaching of soluble salts.

The salt tolerance data in table 3 are believed to be
reasonably accurate in the absence of specific-ion
toxicities. Because of the cost and time required to
obtain fruit yields, tolerances of several crops have
been determined for vegetative growth only. In
contrast to other crop groups, most woody fruit and
nut crops tend to be salt sensitive, even in the absence
of specific-ion effects. Only date-palm is relatively salt
tolerant.

Common Name Botanical Name Tolerance based on Threshold (EC.) | Rating | References

Date palm Phoenix dactylifera | Fruit yield 4.0 T Furr & Ream, 1968
Fig Ficus carica Plant DW - MT* Patil & Patil, 1983a
Grape Vitis vinifera Shoot growth 1.5 MS Nauriyal & Gupta, 1967
Guava Psidium guajava Shoot & root growth | 4.7 MT Patil et a/, 1984
Jamun Syzygium cumini Shoot growth - MT Patil & Patil, 1983b
Jujube, Indian Ziziphus mauritiana | Fruit yield - MT Hooda et al/, 1990
Lemon Citrus limon Fruit yield -1.5 S Cerda et al, 1990
Lime Gitrus aurantifolia - S*

Mandarin orange | Citrus reticulata Shoot growth - S* Minessy et al., 1974
Natal plum Carissa grandiflora Shoot growth - T Bernstein et al/, 1972
Orange Citrus sinensis Fruit yield 13 S Dasberg et al., 1991
Pomegranate Punica granatum Shoot growth - MS Patil & Patil, 1982
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Selection and popularization of tolerant cultivars:
Attempts have been made regarding the genotype
variations to salt tolerance in some of the selected fruit
crops and their relative tolerance are mentioned below
(Table 4):

Table 4. Salt tolerance of fruit cultivars

Fruit crops Cultivar ESP EC.(dS/m)
Aonla Seedling 43.5 9.7
Chakaiya 35.0 9.0
Kanchan 35.0 10.0
Bael NB-5 30.0 -
Ber Banarasi 45.0 15.0
Karaka
Guava 30.0 8.0
Grape 30.0 -
Jamun 35.0 -
Pomegranate | Jalore 25.5 6.0
Seedless
Phalsa 30.0
Fruit crop Tolerant Less tolerant
cultivars cultivars
Aonla Chakaiya Banarasi
Kanchan Krishna
Francis
Ber Banarasi Karaka Gola
Kaithali Umran
Grape Beauty Seedless | Kishmishni
Charni
Guava Sardar (L-49) Allahabad
Safeda

Utilization of tolerant/resistant rootstocks: Few of the
fruit plants are susceptible to sodic/saline soil
conditions with use of the tolerant/resistant root
stocks; their cultivation is possible to a great extent.
Rootstock must have capacity of reduced absorption of
harmful salts viz Na + Cl and SO4 ions from the soil
solution. Higher proline content provides tolerance
against moisture and salt stress. Therefore, rootstock
should have higher proline content in the plant system
so that these could tolerate harmful influence of the
salts. Few of the tolerant root stocks are as under

Mango : Naleshwar dwarf, Kurrukan
Citrus : Cleoptra mandarin, Rangpur lime
Grape :Dogridge, Salt creek, 1613, 1616
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Standardization of Agro-techniques

Pit preparation: Cultivation in highly saline/sodic soils
require leaching of soluble salts and incorporation of
soil amendments as per GR values. Care should be
taken in pit preparation. The size of pits depends upon
the type of soil and plants (Table 5). Sodic soils which
are characterize by the presence of indurate clay and
kankar pan, breaking the hard layer is essential before
filling of pits. Pits should be dug in May-June and rains
water should be allowed to collect in the pits. This
collected dirty contains lot of soluble salts which must
be thrown outside. After 2-3 washings, the pit should
be filled as mentioned below:

Table 5. Size of pit and filled mixtures

Pit Soil | FYM | Sand | Gypsum | Pyrite Usar tor
size pH | (kg) | (kg) (kg) (kg) masala
(m3) (kg)
1.0 8.0 | 40- 10- - - -

60 15
1.0 8.5 | 40- 10- 5 4 3

60 15
1.0 9.0 | 40- 15- 10 8 6

60 20
1.0 9.5 | 40- 15- 15 12 9

60 20

Incorporation of press mud or replacement of the salt
affected soil of pits with pond soil have also been
found very much effective in better establishment of
fruit plants.

In situ budding/Grafting: It has been observed that
seedling plants are much tolerant to salt affected soil
as compared to cultivars. Therefore, it will be advisable
to grow the seedlings in polybags/tubes or other
suitable container, transplant them as per layout and
these may be grafted after two or three years of their
establishment.

Top working of seedling type: Seedling plants of ber
are very common in salt affected regions particularly in
the states of Rajasthan, Gujarat and Haryana. Sporadic
plants of aonla, bael can also be noticed. Since these
plants have already adopted to adverse soil conditions
but have poor production and are often poor in quality.
The conversion of such plants by top working/frame
working will provide a unique opportunity for their
better utilization of the land.

Intercropping: Most of the perennial fruit plants have
long gestation period. In order to ensure some income
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and also reduce the moisture evaporation, it has been
observed that suitable cropping models should be
encouraged instead of monoculture. The following
models have been also found suitable in sodic soil
conditions.

Aonla--Ber--Phalsa, Aonla---Ber---Karonda,
Guava---Phalsa, Aonla---Guava---Karonda

Aonla---

Cultivation of above mentioned crops shall be helpful
in assure income from 2nd and 3rdyear of the orchard
establishment, improving the organic matter content in
the soil, keeping the weed population under control,
reduce the evapotranspirational, improving the soil
fertility growth and productivity of the crop. Growing
and turning of green manure is also helpful in
improving the soil conditions.

Continuous mulching with organic waste materials are
helpful in improving the organic matter threby
improving the soil fertility, keeping the weed
population under control and encouraging plant vigour.

Increased frequency of irrigation: Because of low
inherent organic matter, poor structure of soil, low
infiltration rate, water holding capacity of such soils
are very poor. Delayed irrigation will result in upper
movement of salts, hence light irrigation at short
intervals is advisable. Irrigation should be done with
sweet water. Modern irrigation techniques viz; drip,
sprinkler will also be beneficial as compared with
conventional method.

Selection of fertilizers: The inherent nutrient and
organic matter content of the soil is ver poor, hence,
every efforts should be made to incorporate at least
1/3 of nutrient requirement through FYM and rest
through inorganic sources. Fertilizers having acidic
reaction viz; ammonium sulphate, CAN, Suphate of
potash, should be preferred.

For mitigation of the salinity threat conventional
technologies should be coupled with modern advanced
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methods which will prove a handy tool in mitigation of
the malady. Use of ultramodern magnetic water
technology will prove boon to farmers.
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The major challenges in 21% century are food security,
environmental quality and soil health. Besides,
shrinking land holdings and increasing cost of inputs in
India merit adoption of scientific use of plant nutrient
for higher crop productivity. The soil fertility and
fertilizer use project initiated in 1953 following a study
by Stewart in 1947,was the first systematic attempt in
India to relate the knowledge of the soils to the
judicious use of chemical fertilizers. The soil testing
programme was started in India during the year 1955-
56 with the setting up of 16 soil testing laboratories
under the Indo-US Operational Agreement for
“Determination of Soil Fertility and Fertilizer Use”. In
1965, five of the existing laboratories were
strengthened and nine new laboratories were
established to serve the Intensive Agricultural District
Programme (IADP) in selected districts. Chemical
indices of nutrient availability chosen for use in the soil
testing laboratories consisted of organic carbon or
alkaline permanganate oxidizable nitrogen, sodium
bicarbonate (Olsen’s extractant) extractable
phosphorus and neutral normal ammonium acetate
extractable potassium as a measure of available
nitrogen, phosphorus and potassium, respectively. .
Muhr and co-worker describe sets of critical values that
characterized the estimates as low, medium or high in
a monograph on soil testing in India in 1965.
Background research for the choice of critical values
consisted of a few pot culture and field experiments
with paddy and wheat, carried out in the Division of
Soil Science & Agricultural Chemistry at Indian
Agricultural Research Institute, New Delhi. Taking a
simplistic view of the situation, the differences among
soil groups in the range of properties, which influence
the susceptibility to absorption by plants of native and
applied nutrients, were ignored. The generalized
recommendations of fertilizer use developed for the
soil testing laboratory area were thought applicable to
the medium category of soil testing estimates with an
arbitrary adjustment (decrease or increase by 25-50
per cent) for high and low categories of soil test
estimates. The ICAR project on soil test crop response
AICRP (STCR) has used the multiple regression
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approach to develop relationship between crop yields
on the one hand, and soil test estimates and fertilizer
inputs, on the other. Nutrient supplying power of soils,
crop responses to added nutrients and amendment
needs can safely be assessed through sound soil testing
programme. Soil test calibration that is intended to
establish a relationship between the levels of soil
nutrients determined in the laboratory and crop
response to fertilizers in the field permits balanced
fertilization through right kind and amount of
fertilizers.

Liebig’s law of minimum states that the growth of
plants is limited by the plant nutrient element present
in the smallest amount, all others being in adequate
quantities. From this, it follows that a given amount of
a soil nutrient is sufficient for any one yield of a given
percentage nutrient composition. Ramamoorthy and
co-workers in the year 1967 established the theoretical
basis and experimental proof for the fact that Liebig’s
law of the minimum operates equally well for N, P and
K. This forms the basis for fertiliser application for
targeted yields, first advocated by Truog in the year
1960. Among the various methods of fertiliser
recommendation, the one based on yield targeting is
unique in the sense that this method not only indicates
soil test based fertiliser dose but also the level of yield
the farmer can hope to achieve if good agronomic
practices are followed in raising the crop.

Targeted yield approach-Basic data required

The essential basic data required for formulating
fertiliser recommendation for targeted yield are

Nutrient requirement in kg/q of produce, grain
or other economic produce

The per cent contribution from the soil available
nutrients

The per cent contribution from the applied
fertiliser nutrients



5™ National Seminar — Climate Resilient Saline Agriculture: Sustaining Livelihood Security | 2017
The above mentioned three parameters are calculated as follows.
Nutrient requirement of N, P and K for grain production
Total uptake of nutrient (kg)
kg of nutrient/q of grain =
Grain yield (q)
Contribution of nutrient from soil
Total uptake in control plots (kg ha™) X 100
% Contribution from soil (CS) =
Soil test values of nutrient in control plots (kg ha'l)
% Contribution of nutrient from fertilizer
Contribution from fertilizers = (Total uptake of - (Soil test values of nutrients in
(CF) nutrients) fertilizer treated plots x CS)
CF X 100

% Contribution from fertiliser =

Fertilizer dose (kg ha™)

Calculation of fertilizer dose

The above basic data are transformed into workable adjustment equation as follows:

Nutrient requirement in kg/q

Fertilizer dose =
%CF

X100 T

%CS

x soil test value
%CF

= a constant X yield target (g ha™) - b constant X soil test value (kg ha™)

Similarly the contribution of nutrients from organic can also be determined

The differentiation of significant multiple regression
equations provides a basis for soil test-fertilizer
requirement calibration for maximum vyield per
hectare, maximum profit per hectare and maximum
profit per rupee investment on fertilizer. The resultant
fertilizer adjustment equations have been tested in
follow up and frontline demonstrations conducted in
different parts of the country. In these trials soil test
based rates of fertilizer application helped to obtain
higher response ratios and benefit: cost ratios over a
wide range of agro-ecological regions (Dey and
Srivastava, 2013).
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The above-mentioned basic data have been derived for
the various crops grown in arid region from the soil test
crop response experiments conducted under STCR
Project. The targeted vyield equations and ready
reckoners developed for different crops including
cereals, nutri-cereals, oilseeds, horticultural and
medicinal crops of the arid region along with
soil/district wise applicability are given below for
inorganic nutrient management (Table 1) and
integrated nutrient management, STCR-IPNS (Table 2)
for adoption by the stakeholders and concerned soil
testing laboratories.
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Table 1. Fertiliser prescription equations of different crops for Rajasthan

Crop/Variety Soils Prescription Equation Target Range Applicable Districts
(a/ha)

Wheat Alluvial soils FN=8.54 T-0.63 SN 25-30 Bikaner, Churu

(Raj. 1482) (Adsar and Khiran series*) FP,05=6.93T-3.72 SP Jaisalmer
FK,0=7.21T-0.55 SK

Mustard Alluvial soils FN =27.25 T-0.969 SN 8-10 Bikaner, Churu

(T-59) (Bhamatsar and Khiran series*) | FP,05=22.11T-5.69 SP Jaisalmer
FK,0=21.54T-0.59 SK

Mothbean Alluvial soils FN =8.61T-0.29 SN 8-10 Bikaner, Churu

(RMO-40) (Bhamatsar and Khiran series*) | FP,05=8.91T-1.66 SP Jaisalmer
FK,0=17.58T-0.53 SK

Guar Alluvial soils FN =5.38 T-0.46 SN 15-18 Bikaner, Churu

(RGC-986) (Bhamatsar and Khiran series*) | FP,05=5.07T-2.46 SP Jaisalmer
FK,0=4.86T-0.34 SK

FN, FP,0s and FK,O are predicted fertiliser doses of NPK, respectively,; T is the yield target T; SN, SP and SK are soil available NPK,
respectively. *Also applicable to Shergarh, Lohawat, Jamsar, Gajner, Sri-Dungergarh, Bayyar, Bap, Balewa and Lalgarh soil series

Table 2. Fertiliser prescription equations (STCR-IPNS) of different crops for Rajasthan

Crop/ Soil Prescription Equation Target Range Applicable
Variety (a/ha) District
Wheat Alluvial soils FN=7.87 T-0.76 SN-0.50 ON 25-30 Bikaner
(Raj. 3077) (Adsar and Khiran series) FP,05=3.04T-1.50S P-0.45 OP
FK,0=4.07T-0.26 S K-0.53 OK
Groundnut Alluvial soils FN=1.82 T-0.26 SN-0.18 ON 35-40 Bikaner
(M-13) (Bhamatsar and Khiran FP,05=2.08T-1.48S P -0.60 OP
series) FK,0=2.43T-0.22S K-0.33 OK
Clusterbean Alluvial soils FN =11.40T-1.22 SN-3.35 ON 20-25 All districts of
vegetable (M-83) | (Bhamatsar and Khiran FP,05=6.60T-1.91S P -184 OP Rajasthan
series) FK,0=9.22T-0.90SK-2.75 OK
Cumin Alluvial soils FN =15.82 T-0.40 SN -0.76 ON 8-10 All districts of
(Rz-209) (Bhamatsar and Khiran FP,05=9.91T-0.68S P-1.20 OP Rajasthan
series) FK,0=10.07T-0.165K-0.84 OK
Isabgol Alluvial soils FN =9.35T-0.33 SN -0.65 ON 10-12 All districts of
(RI-89) (Adsar and Khiran series) FP,05=6.53T-0.76S P -0.86 OP Rajasthan
FK,0=6.95T-0.135K-0.47 OK
Fennel Alluvial soils FN =8.93 T-0.61 SN -1.52 ON 25-30 All districts of
(RF-125) (Adsar and Khiran series) FP,05=3.95T-0.94S P-1.36 OP Rajasthan
FK,0=4.37T-0.17SK-0.72 OK
Bajra Alluvial soils FN =7.03 T-0.40 SN -0.62 ON 12-15 Bikaner
(HHB-67) (Adsar and Khiran series) FP,05=9.26T-2.01S P-1.09 OP
FK,0=7.76T-0.24SK-0.72 OK
Eggplant Alluvial soils FN =2.28 T-3.31 SN -2.15 ON 12-15 Bikaner, Churu
(F1 hybrid (Adsar and Khiran series) FP,05=1.63T-7.76S P -3.29 OP and Jaiselmer
Kanhaya) FK,0=1.16T-0.825K-1.16 OK
Cotton (Bt) Alluvial soils FN =15.84 T-1.91 SN -2.77 ON 35-40 Bikaner
(Adsar and Khiran series) FP,05=2.87T-1.76S P-1.67 OP
FK,0=4.82T-0.47SK-0.84 OK
Okra Alluvial soils FN =3.27 T-0.83 SN -0.45 ON 65-80 Bikaner
(Arka Anamica) (Adsar and Khiran series) FP,05=1.27T-0.85S P-0.41 OP
FK,0=2.46T-0.375K-0.26 OK

FN, FP,Os and FK,O are predicted fertiliser doses of NPK, respectively; T is the yield target T; SN, SP and SK are soil
available NPK, respectively; ON, OP and OK are NPK contents of organic sources like FYM, respectively.
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Use of Targeted Yield Equation and Development
of Prediction Equation for Cropping Sequence

Nutrient availability in the soil after the harvest of a
crop is much influenced by the initial soil nutrient
status, the amount of fertilizer nutrients added and the
nature of the crop. To apply soil test based fertilizer
recommendations in cropping sequence, the soils are
to be tested after each crop, which is not practicable.
Hence it has become necessary to predict the soil test
values after the harvest of the crop. It is done by
developing post-harvest soil test value prediction
equations making use of the initial soil test values,
applied fertilizer doses and the yields obtained or
uptake of nutrients following the methodology outline
by Ramamoorthy et al (1971). The post-harvest soil
test values were taken as dependent variable and a
function of the pre-sowing soil test values and the
related parameters as yield/uptake and fertilizer
nutrient doses.

Prediction Equation for Cropping Sequence

AICRP on STCR developed prediction equation by using
the targeted yield equation for different cropping
sequence like rice-rice, rice-maize, rice-wheat, maize-
tomato, maize-wheat, potato-yellow sarson, paddy-
ragi, maize-Bt. Cotton, wheat-groundnut, okra-wheat,
paddy-chick pea, soybean-wheat, rice-pumpkin, bajra-
wheat, cotton-maize and soybean-onion. Prediction
equations for post-harvest soil test values were
developed from initial soil test values, fertilizer doses
applied and yield of crops/uptake of nutrients to obtain
a basis for prescribing the fertilizer amounts for the
crops succeeding the first crop in the cropping
sequence.The method of calculation for prediction of
post harvest soil test values for cropping sequences is
given below for use by each center:

YP/H =f (F, IS, yield/nutrient uptake)

Where, YP/H is the post harvest soil test value, F is the
applied fertilizer nutrient and ISis the initial soil test
value. The mathematical form is

YP/H =a + bl1F + b2 IS + b3 yield/uptake

Where, a is the absolute constant and b1, b2 and b3
are the regression coefficients.

The predicted values can be utilized for recommending
the fertilizer doses for succeeding crop thus eliminating
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the need of soil test after each crop. For example, in
Potato— Yellow Sarson cropping sequence:

Potato (Kufri Jyoti)

PHN = 104.94 + 0.28 FN —0.041 SN —0.11 Y (R = 0.35*%)
PHP =-2.74 + 0.091 FP + 0.84 SP + 0.013 Y (R? = 0.78*%)
PHK =31.28+0.71 FK +0.45SK—0.17Y (R®=0.70%*%)

Yellow Sarson (PYS-)

PHN = 107.91 + 0.36 FN —0.08 SN—0.79 Y (R?=0.72**)
PHP =23.19+0.26 FP+0.011SP+0.24Y (R®=0.70**)
PHK = 153.25 + 0.42 FK + 0.02 SK —0.54 Y (R?=0.56**)

Benefits of soil test based targeted yield
approach

During the last more than four decades the STCR
project has generated soils and agroecoregion specific
fertilizer adjustment equations for achieving targeted
yields of important crops. In follow up and frontline
demonstrations, soil test based rates of fertilizer
application showed higher response ratios and benefit:
cost ratios (Table 3) (Dey, 2012).

Table 3. Av. Response Ratios (kg grain/kg nutrients)

Crop No. of Farmer’s STCR- IPNS
trials practice recommended
practice
Rice 120 11.4 16.8
Wheat 150 10.3 14.2
Maize 35 12.7 17.7
Mustard 45 8.0 8.2
Raya 25 4.8 7.6
Groundnut 50 5.1 6.8
Soybean 17 9.6 12.2
Chickpea 35 6.1 9.4

Front Line Demonstrations conducted under Tribal Sub
Plan (TSP) in Assam, Bihar, Chhattisgarh, Gujarat,
Himachal Pradesh, Jammu & Kashmir, Jharkhand,
Karnataka, Kerala, Madhya Pradesh, Maharashtra,
Manipur, Odisha, Rajasthan, Tamil Nadu, Telangana,
Uttar Pradesh and West Bengal with tribal farmers’
also clearly brought out the superiority of STCR-based
fertilizer recommendation for different crops over
blanket recommendation and farmer’s practice and
that even farmers with very little knowledge of modern
agriculture could achieve vyield target by practicing
STCR technology within £10% variations of the target
(Dey, 2015).
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Economic analysis of fertilizer doses associated
with different yield targets

An appraisal of the effect of nutrients (NPK) applied on
crop yield and benefit: cost ratios (BCR), both under
(NPK) alone and under IPNS for 15 agricultural and
horticultural crops (Dey and Santhi, 2014) is furnished
in Table 4. The input-output prices used in these
analyses were: Produce prices:-- Paddy (rough rice) and
wheat grain Rs 12,000/t, rice straw Rs. 1,200/t wheat
straw Rs.500/t, maize grain Rs. 8,000/t maize straw Rs.
500/t, cotton Rs. 25,000/t onion Rs. 9,000t, okra
(Bhendi) Rs. 10.000/t cabbage Rs. 3500/t, potato Rs.
7000/t carrot Rs. 5,000/t, beetroot Rs. 3300/t. radish
Rs. 3,000/t, tomato Rs. 3,300/t and AshAwagandha Rs.
82,000/t Input prices —Rs. 11.76/kg N through urea, Rs
47.63/kg P,0s through SSP and Rs. 28.00/kg K,O
through MOP, 250/T for FYM and Rs 750/t for
vermicompost. Economic analysis of the data showed
that out of 66 crop x target combinations, the BCR was

between 1 and 2 in 35 % cases and between 2.1 and
3.0 in 62% cases. In 3% cases BCR was above 3.
Irrespective of the crops, higher yield has been
recorded at higher yield targets over lower target
coupled with higher net return and BCR. As in the case
of yield, wherever three targets (low, medium and
high) were tried, the BCR was relatively higher
between low and medium target levels then between
medium and high target levels both under NPK alone
and IPNS. Again, irrespective of the crops and yield
targets, yield increase was higher with IPNS than under
NPK applied through fertilizers alone. Farmers can
choose the desired yield targets according to their
investment capabilities and availability of organic
manures. Appropriate IPNS package improves soil
physical condition apart from contributing nutrients..
At present, the soil test based recommendations are
on a relatively stronger footing when these involve
only fertilizers as compared to IPNS due to variation in
organic manure composition.

Table 4. Economic analysis and benefit: cost ratios of fertilizer doses for different yield targets

Crop Yield target and Treatments Fertilizer Doses (kg/ha) Yield Fertilizer BCR
N P,Os K,0 (t/ha) Cost (Rs/ha)
Rice — Flooded 6 tha ' NPK fertilizer 137 56 23 6.01 4922 1.52
arm, Coimbatore tha’ ertilizer . .
(TNAU F Coimb ) 7 tha ' NPK fertil 172 56 23 6.94 5286 1.74
7 tha'IPNS package* 118 36 23 7.11 3746 1.75
Rice — SRI 7 t ha ' NPK from fertilizer 173 62 74 6.68 7059 1.92
arm, Coimbatore tha’ rom fertilizer . .
(TNAU F Coimb & 8thal NPK f fertil 222 83 99 7.65 9336 2.10
Farmer’s fields, Coimbatore) 9t ha™ NPK from fertilizer 271 100 100 8.18 10775 2.18
7 tha'IPNS package* 133 39 39 6.94 4514 1.97
8t ha' IPNS package* 182 60 67 7.94 6874 2.15
9tha’IPNS package* 232 80 95 8.34 9199 2.16
Wheat — Hill 3.5 t ha ' NPK from fertilizer 156 111 41 3.55 8269 1.54
Farmer’s fields, 4.0t ha™ NPK from fertilizer 194 129 59 4.07 10077 1.66
Kalrayan foothills, 3.5tha” IPNS package* 109 100 28 3.63 6828 1.49
Salem and Kolli foothills, | 4.0tha™IPNS package* 147 117 37 4.16 8337 1.62
Namakal)
Wheat — Plains 3 t ha ' NPK from fertilizer 119 91 51 2.90 7161 1.33
(Farmer’s fields, 4t ha™ NPK from fertilizer 196 110 72 3.93 9560 1.66
Coimbatore) 3 t ha ' IPNS package* 65 74 37 2.98 5325 1.31
4thalIPNS package* 152 105 55 4.05 8328 1.61
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Maize — Hybrid 9t ha™ NPK from fertilizer 244 98 82 8.97 9833 2.04
(Farmer’s fields, 10 t ha™ NPK from fertilizer 290 124 97 10.09 12032 2.17
Coimbatore and Dindigul) 11t ha™ NPK from fertilizer 329 139 113 10.33 13653 2.13
9thalIPNS package* 202 78 52 9.23 7546 2.05
10t ha™ IPNS package* 249 104 69 10.5 9813 2.21
11t ha™ IPNS package* 289 119 86 10.59 11474 2.14
Rainfed Bt Cotton 2.8 t ha” NPK from fertilizer 103 71 74 2.67 6665 1.46
(Farmer’s fields, Perambalur) 3.2 t hat NPK from fertilizer 123 81 89 3.07 7796 1.64
2.8 t ha 'l IPNS package* 78 51 48 2.84 4690 1.51
3.2 t ha ' IPNS package* 99 67 64 3.24 6147 1.68
Onion 17 t ha™ NPK from fertilizer 89 18 26 17.24 2632 2.34
(Farmer’s fields, 20 t ha™ NPK from fertilizer 117 33 31 18.75 3816 2.50
Coimbatore) 17 t ha™ IPNS package* 37 14 14 17.72 1494 2.33
20tha™IPNS package* 71 34 32 19.48 3350 2.50
Okra (Bhendi) 15 t ha” NPK from fertilizer 78 45 15 15.5 3480 2.01
(Farmer’s fields, Coimbatore) 17 t ha NPK from fertilizer 97 54 15 16.59 4133 2.14
15t ha™ IPNS package* 51 30 8 15.95 2253 2.10
17 t ha™ IPNS package* 70 39 8 17.36 2905 2.18
Cabbage 60 t ha™ NPK from fertilizer 139 64 23 59.90 5327 2.43
(Farmer’s fields, Coimbatore) 70 t ha™ NPK from fertilizer 194 93 41 70.50 7859 2.78
60t ha™ IPNS package* 109 49 15 61.00 4036 2.44
70t ha™ IPNS package* 164 78 29 71.80 6456 2.79
Potato 30 t ha" NPK from fertilizer 105 306 59 27.60 17460 1.85
(Farmer’s fields, Nilgiris) 40 t ha™t NPK from fertilizer 175 446 131 38.80 26967 2.38
30tha™ IPNS package* 98 297 55 29.20 16837 1.94
40t ha ' IPNS package* 168 437 127 40.40 26344 2.46
Carrot 40 t ha™ NPK from fertilizer 125 145 39 40.90 9468 2.45
armer’s fields, Nilgiris tha’ rom fertilizer . .
(F ’s fields, Nilgiris) 50t ha™ NPK from fertil 173 256 | 66 52.50 16075 2.92
60 t ha™ NPK from fertilizer 221 367 127 59.90 23634 3.07
40t ha ' IPNS package* 117 139 36 43.30 9004 2.54
50t ha™ IPNS package* 165 250 64 53.70 15639 2.92
60t ha™t IPNS package* 213 361 120 62.60 23058 3.15
Beetroot 40 t ha™ NPK from fertilizer 99 134 80 39.50 9786 2.37
armer’s fields, Coimbatore tha’ rom fertilizer . .
(F ’s fields, Coimb 50t ha™ NPK f fertil 163 186 131 49.98 14443 2.77
and Dindigul) 40t ha  IPNS package* 59 113 54 40.48 7588 2.37
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50t ha™ IPNS package* 123 165 99 51.37 12077 2.78
Radish 40 t ha ' NPK from fertilizer 112 50 71 37.20 5686 2.23
(Farmer’s fields, Coimbatore 50 t ha™ NPK from fertilizer 181 78 114 48.80 9035 2.74
d Dindigul :
and Dindigul) 40 t ha IPNS package* 67 2 |52 38.40 3387 2.24
50t ha™ IPNS package* 136 52 87 50.60 6512 2.78
Tomato 70 t ha™ NPK from fertilizer 164 135 148 70.90 12502 2.47
(Farmer’s fields, Coimbatore 80t ha™ NPK from fertilizer 209 177 188 80.80 16152 2.71
and Dindigul) 1 .
90 t ha” NPK from fertilizer 254 219 228 88.30 19801 2.86
70 t ha™  IPNS package* 120 113 113 72.20 9957 2.50
80t ha ' IPNS package* 165 155 153 81.30 13606 2.71
90t ha ' IPNS package* 210 197 193 89.50 17256 2.88
Ashwagandha 0.7 t ha™ NPK from fertilizer 49 74 66 0.671 5949 1.31
(Farmer’s fields, Salem) 0.9t ha™ NPK from fertilizer 79 109 77 0.871 8276 1.24
0.7 thaIPNS package* 20 51 40 0.696 3784 1.28
0.9t ha IPNS package* 59 87 68 0.905 6741 1.19

IPNS package*: For SI. Nos 1-9 and 14 - 15, FYM was applied @12.5 t/ha For SI. Nos. 10-13, Vermicompost was applied @ 5 t/ha.

Fertilizer recommendations for fixed cost of
investment and allocation under resource
constraints

The soil test-fertilizer requirement calibration for
targeted vyield also provide the means for calculating
soil critical levels above which there is no fertilizer
requirement for indicated levels of expected crop
production.A new dimension to the value of the utility
of soil testing has been added by the concept of

fertilizer application for targetted yield demonstration
laid by IARI in farmers' fields by choosing the yield
target at such a level so that the cost of fertilizer
requirement becomes more or less same as what was
being practiced by farmers already. Under limited
resources e.g. fertilizers, planning far moderate yield
targets which are higher than the yield levels normally
obtained by the farmer provides means, for saturating
more areas with the available fertilizers and ensures
increased total production.

Table 5. Benefits of STCR recommendations as reflected by front line demonstrations on gram under arid condition

Particulars Farmers’ practice General recommendation STCR STCR-IPNS*
(FP) dose (GRD)

Average Yield 9.33 13.03 16.51 19.28

(a/ha)

Average fertilizer used 10.8+27.6+0+0 20+40+0+0 20+29+20+36.8 | 20+16.2+15+26.5

(N+P,05+K,0+S)

% Change over FP +39.7 +76.96 +106.65

Yield response 24.30 21.72 15.60 24.81

(kg/kg of nutrient)

B:C Ratio 1.47 2.32 3.16 3.34

*5t FYM/ha
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Fertilizer recommendation through targeted yield approach for maintenance of soil health

If soil fertility is to be maintained or even increased,
heavier doses of fertilizers have to be used to take into
account the inevitable losses in the availability due to
leaching and fixation. Therefore, to get the best out of
fertilizer investment, the turnover from it must be very
quick. This is ensured when fertilizers are applied far
low yield targets. Under such situations, the excess na-
tive soil nutrient (S) will make a great contribution to
increase the vyield. This would mean low doses of
application of fertilizer and exhausting of the unutilized
excess nutrients from the soil. The soil fertility would,
therefore, deplete at a faster rate as a result of this

exhaustion. Thus, these two approaches seem to be
pulling in different directions and it will be necessary to
adjust the fertilizer practices over seasons in such a
way so as to strike a balance between the two.

The generation of basic data for targeted yield of crops
in a rotation would enable application of fertilizer for
appropriate yield targets so that over seasons, the twin
objectives of high vyields and maintenance of soil
fertility (Table 6, 7) could be achieved (Dey and Gulati,
2013).

Table 6. Changes in bulk density, water retention and hydraulic conductivity of soil in guar- wheat cropping system

under Rajasthan condition

Treatment Soil Bulk Water retention Hydraulic
depth density (%) conductivity
(cm) (cm/hr)
Y Ys Y; Ys Y; Y3 Y; Y3 Y; Y3
(10 (10 (33 (33 (1500 (1500
kPa) kPa) kPa) kPa) kPa) kPa)
Control 0-15 1.52 | 1.53 8.80 8.77 5.60 5.58 1.90 1.88 10.4 10.51
15-30 1.53 | 1.53 | 8.60 8.61 5.30 5.28 2.10 2.08 8.2 8.23
General 0-15 152 | 1.52 | 8.80 2.82 5.60 5.63 1.90 2.11 10.4 | 10.32
recommendation 15-30 1.53 | 1.53 | 8.60 8.62 5.30 5.34 2.10 2.18 8.2 8.16
dose (GRD)
STCR 0-15 152 | 1.52 | 8.80 8.88 5.60 5.81 1.90 2.21 10.4 | 10.28
15-30 1.53 | 1.53 | 8.60 8.69 5.30 5.42 2.10 2.36 8.2 8.11
STCR-IPNS 0-15 1.52 | 1.50 | 8.80 9.51 5.60 6.36 1.90 2.89 10.4 9.28
15-30 1.53 | 1.50 | 8.60 9.22 5.30 6.07 2.10 2.51 8.2 7.76

Y. Initial; Y;: After 3 years

Table 7. Changes in soil microbial biomass, dehydrogenase activity and organic carbon in guar- wheat cropping system

under Rajasthan condition

Treatments Soil Microbial biomass Dehydrogenase activity Organic C
th kg™
dep (meke) (P Kat/g) (%)
(cm)
Y Y3 Y Y3 Y Y3

Control 0-15 3016.0 20+3.2 1.05 1.06 £0.06 0.11 0.07 £0.02
GRD (without organics) 0-15 30 +6.0 40+5.4 1.05 2.10 +0.07 0.11 0.10+0.03
STCR (without organics) 0-15 3016.0 53+55 1.05 2.88 £0.07 0.11 0.12+£0.03
STCR-IPNS 0-15 30+6.0 69+6.3 1.05 3.93 +0.07 0.11 0.19£ 0.03

Yi: Initial; Vs After 3 years
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GPS/GIS-based soil fertility mapping of Rajasthan that calculates the amount of nutrients required for
specific yield targets of crops based on farmers’ soil
Strategies for Knowledge Management in Agriculture fertility (Majumdar et a/ 2014). It is accessible on

domain is very essential and GPS-based soil sampling
and processing under GIS environment for effective
knowledge transfer is essential (Dey ey al. 2013).
Keeping this in view, a mega project sponsored by

Internet  (http://www.stcr.gov.in).  This  software
program reads data, performs calculations and
generates graphical and tabular outputs as well as test

DAC&FW, Govt. of India was undertaken for GPS/GIS- reports. This system has the ability to input actual soil
based district-wise soil fertility mapping. A ccompletely test values of the farmers’ fields to obtain optimum
randomized stratified sampling process were followed dose of nutrients. The application is a user friendly

where 15% villages in each districts are chosen
randomly spread across different blocks of the district.
In each village, 6 farmers’ field was actually sampled
and subsequently analysed. Farmers were chosen
based on their resources- two resource rich farmers, 2
resource poor farmers and 2 medium resource based
farmers were chosen after PRA of the village. With
reference to Rajasthan, GPS/GIS-based soil fertility
maps of eight districts, viz., Bikaner, Churu,
Ganganagar, Jaisalmer, Alwar, Kota, Bharatpur,
Dhaulpur been prepared for pH, EC, organic carbon,
and available forms of N, P, K, S, Zn, Cu, Fe and Mn and
uploaded in the link:
http://www.iiss.nic.in/mapd_10.htm for use by
different stakeholders.

tool. It will aid the farmer in arriving at an appropriate
dose of fertilizer nutrient for specific crop yield for
given soil test values (Fig. 1).

Computer software, including spreadsheets, databases,
geographic information systems (GIS), and other types
of application software are readily available. The global
positioning system (GPS) has given the farmer the
means to locate position in the field to within a few
feet. By tying position data in with the other field data
mentioned earlier, the farmer can use the GIS
capability to create maps of fields or farms. Sensors are
under development that can monitor soil properties,
crop condition, harvesting, or post harvest processing
and give instant results or feedback which can be used
to adjust or control the operation. Efforts are on way in
developing bioinformatics, E-choupals, digital libraries
and e Governance that can benefit agriculture
immensely by way of providing information and
assisting the users in adopting the newer technologies.

STCR-based online fertilizer recommendation
systems: http:;//www.stcr.gov.in

All India Coordinated Research Project on Soil Test

Crop Response (AICRP-STCR) based at Indian Institute

of Soil Science has developed a computer aided model
= nln ser\:r.‘e ofithe falmelb b

ONLINE FERTLIZER RECOMMENDATIDNS

Elas‘nlllmsnll l'n;tl i 159 [STERY: am| 'lalgetenlﬂa

SN
ALLINDIAT L.O-OF‘{BII‘I ED REEEP“QCH PROJECT [AICRF']

. FORIN n‘EETIL-ATICIN OF OP REEPONSE’ CORRELATICIN

e i

Fig.1. Internet enabled soil test based fertlllzer application software

DSSIFER Agricultural Chemistry, TNAU, and the

recommendations developed by the State Department
Decision Support System for Integrated Fertiliser of Agriculture, Tamil Nadu. If both recommendations
Recommendation (DSSIFER) is a user friendly software are not available for a particular soil — crop situation,
and the updated version (DSSIFER 2010) encompasses the software can generate prescriptions using blanket
soil test and target based fertiliser recommendations recommendations but based on soil test values. Using
through Integrated Plant Nutrition System developed this software, fertilizers doses can be prescribed for
by the AICRP-STCR, Department of Soil Science and about 1645 situations and for 190 agricultural and

horticultural crops along with fertilisation schedule. If
site specific soil test values are not available, data base
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included in the software on village fertility indices of all
the districts of Tamil Nadu will generate soil test based
fertiliser recommendation. Besides, farmers’ resource
based fertilizer prescriptions can also be computed.
Therefore, adoption of this technology will not only
ensure site specific balanced fertilisation to achieve
targeted vyield of crops but also result in higher
response ratio besides sustaining soil fertility. In
addition, the software also provides technology for
problem soil management and irrigation water quality
appraisal. Moreover, STLs of all the organisations can
generate and issue the analytical report and
recommendations in the form of Soil Health Card (both
in English &Tamil) which can be maintained by the
farmers over long run.
http.//www.soilhealth.dac.gov.in

Recently the soil health card portal has been developed
by Department of Agriculture, Cooperation & Farmers
Welfare, Ministry of Agriculture & Farmers Welfare,
Govt. of India for registration of soil samples, recording
test results of soil samples and generation of Soil
Health Card (SHC)  along  with Fertilizer
Recommendations  through STCR prescription
equations which is a single, generic, uniform, web
based software accessed at the
URL www.soilhealth.dac.gov.in. It is a workflow based
application with following major modules; (i) Soil
Samples Registration, (ii) Test Result Entry by Soil
Testing Labs, (iii) Fertilizer Recommendations, (iv) Soil
Health Card generation along with Fertilizer
Recommendation and amendment suggestions, and (v)
MIS module for monitoring progress. It promotes
uniform adoptions of codes, e.g., Census Codes for
locations. The system has sample tracking feature and
will provide alerts to farmers about sample registration
and generation of Soil Health Card through SMS and
Email. Based on test results, these recommendations
will be calculated automatically by the system. The
System envisages building up a single national
database on soil health for future use in research and
planning.

Epilogue

Among the various methods of formulating plant
nutrient recommendations, the one based on soil test
provides the choice to farming community about
setting a realistic yield target based on available
resources. This method not only indicates soil test
based fertilizer dose but also the level of yield the
farmer can hope to achieve if good crop husbandry is
followed. It provides the scientific basis for balanced
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fertilization not only between the fertilizer nutrients

themselves but also that with the soil available
nutrients. Of late, besides developing fertiliser
prescription equation for hitherto untouched

secondary nutrient (sulphur), STCR has developed
algorithms of leaf colour chart, SPAD and fieldscout CM
1000 meter values at three critical growth stages with
yield in rice-wheat system. Soil testing protocol for
organic farming system including characterization and
qguantification of microbiologically exploited organic
phosphorus-pools in organic farming systems has been
developed. Over time, STCR has provided a strong
foundation for pragmatic policy formulation towards
fertiliser recommendations based on yield targets for
better nutrient use efficiency as well as sustaining soil
and crop productivity.
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