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Sfiniff: Impact and mitigation strategy in Kachchh (arid) region

V Gulshan Kumar Sharma', Mohd. Shamsudheen', Deepesh Machiwal'Rahul Dev'and Devi Dayal'tscientist,'seniorScientist,'Head,*:;#:i::::r7f";:::::;*#::r;l;

Introduction
It is the accumulation of salts

(usually sodium chloride) in soil
and water to sufficient levels that
impact on humans, plants,
animals, agriculture and
surrounding environment. It is
measured in terms of electrical
conductivity (EC). Itis a major
factor that affects crop growth and
productivity at the global level.
Salt stress in plants is developed
due to excess salt in the soil, which
rnaking the soil solution
unavailable to the plants. This
effect is termed as physiological
drought. According to the
estimates, about one- third of the
irrigated lands on the earth are
affected by salt stress. Out of 1.5
billion ha of cultivable land at the
global level,Z3Yo are affected due
to salinity and 37 % by
sodicity.About 600/o of the land
area of Kachchh contains saline
water.As per an estimate, 627
villages of Saurashtra and
Kachchh region ara highly
affected by salinity ingress. A
press report of an English daily
"Times of India". Ahmedabad
edition date d 27,10.93 highlighted
the effect of salinity coupled with
water shortage by stating that
"Salinity ingress has spread its
tentacles far and wide on the lI25
km long Kachchh-saurashtra
coastal belt engulfing779 villages
u'ith a population of 13.3 lakh
making the life of the people
miserable". The ground water is
generally good in theBhuj area
series (EC < 2000 pS) except the
western portion where
groundwater quality is saline with
EC > 5000 pS. Kachchh district
receives minimum rainfall over
Gujarat state, because of erratic

rainfall, and hence exploitation of
the groundwater level is
increasing. The continuous fall in
water table has resulted into
several problems like increasing
salinity, problem of fluorides,
reduction in bore yields and high
failure rate of bores. Perpetually
falling water table in mainland,
seawater ingress from the gulf in
centre and Rann ingression from
the north seem to be oosqueezing"

Kachchh district in terms of its
fresh water resources. The
prolonged use of saline
groundwater for irrigation has led
to decline in agricultural and
horticulture productivity and soil
fertility in.this region. As a result
villagers are forced to shift to cash
crops like BT cotton and salinity
tolerant crops production.

Sources of salt- There are a
number of different sources of salt
on the lands

1. Rock weathering salt- Salt
released into soil due to
weathering of salt containing
rocks.

2, Aeolian salt-Aeolian salts are

transported by wind and
originate from inland
sedimentary deposits,
including sand dune and soil.
Due to erosion and leaching
considerable amount of salt is
released to soil

Fossil/connate salt- Fossil
salts originate from marine
sediments deposited during
earlier geological periods.

Cyclic salts- It is in the form
droplets of airborne salt
particles from ocean sprays
Salinityorigin
Soil salinity may be primary or
secondary. Soil is classified in
to four group based on salinity
as shownintable 1

Primary salinity- Primary
salinity occurs naturally in the
landscape. Examples of
primary salinity are salt
marshes, salt lakes, tidal
swamps or natural salt scalds.
Primary salinity is sometimes
called asinherent salinity.

Secondary salinity-
Secondary salinity occurs due

3.
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Tablel -Classification of soil based on salinity
Soil pH EC(dS/m) ESP (%) Characteristics
Normal <8.5 <4 <15 Optimum for growth of plants

Saline <8.5 >4 <15

These soils contain soluble
salts in such quantities that
they interfere with the growth
of plants.

Sodic >8.5 <4 >15

These soils do not contain
appreciable quantity of soluble
salts, but contain sufficient
exchangeable sodium to
interfere with the growth of
plants

Saline- Sodic >8.5 >4 >15

These soils contain
appreciable quantity of soluble
salts and sufficient
exchangeable sodium to
interfere with the growth of
plants
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to anthropogenic activity.
Examples of secondary
salinity x e salinization of soil,
surface water or groundwater
due to urbanisation and
agriculture (irrigated and
dryland).

Causes for soil salinity
Salt salinity mainly occurs due

to two factors

Irrigation water
Continuous usage of
groundwater for irrigation
which brings excess salt
frop the underground
reglon.

Types of soil -Under
rainfed condition, because
of high evapotrans-
piration, water moves
upward through the soil
profile and forming salt
crusts on the surface of the
soil

The arid and semi-arid regions
of Kachchh andNorth Gujarat are
salty because of existence of old
sea in the area. The land of Bhal
Pradesh (Bhavnagar district,
Ahmedabad district, and Anancl
District)is saline due to sea water
inundation, as it is the land which
is connecting link between the
Gulf of Kachchh and Gulf of
Cambay. Lakhs of acres of land
adjoining sea coast is saline, due to
sea inundation. Many thousands
acres of land in canal irrigation
areas have been rendered saline
due to unwise use ofwaterwithout
providing drainage. In addition,
the oil exploration in areas like
Cambay, Ankleshwar, Sanand,
Mehsana, Dholka, Kalol and
Navagam has brought out oil field
waters, which are prominent in
sodium carbonate content which
turns in area saline- alkali within
5-6 years usage of irrigation water
oftube wells (depth 200-600 feet).

Some reports also suggested
that important factors responsible
for further spread of salinity in
non-saline regions is the wind
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borne saltparticles from adjoining
sea shores or salty deserts. This
results in increasing salinity of the
soil of Kachchh because of salt
particles, carried by wind and
deposited on fertile agricultural
soil which renders the soil unfit for
cultivation.

Effect of salt stress on crop
growth and development

1" Germination- Seed
germination in saline
condition is affected due to
increased osmotic pressure of
the soil solution which
restricts the absorption and
enfiy of water into the seeds.
Salt stress hampers the
metabolism of stored
materials. Several enzymes
which catalyse the solubility
ofproteins to soluble nitrogen
in seeds is inhibitedby salinity,
hence inhibit seed
germination.

2. Vegetative growth- Due to
accumulation of more ions in
the soil as well as in the root
zone, plants are unable to
absorb water and thus water
deficit stress condition is
oecurred in plants, which is
termed as physiological
drought. Due to that,
photosynthesis rate hampers in
plants resulting into reduced
biomass accumulation.

3. Reproductive growth and
yield- Under salt stress
condition, the onset of flowing
is delayed due to the
limitations of source size and
reproductive skucture such as
number of flowers / panicle is
very much reduced. Due to
imbalance of nutrients under
salt stress, hormone synthesis
is hampered which leads to
reduction in quantity as well as
quality of crop produce.
Crop Adaptations to Salt

Stress
Halophytes- Halophytes are c.

those plants which are able to

grow even in high saline
conditions (salt tolerant types).
Among the crops, maize, onion,
cikic, lettuce, groundnut and bean
are highly sensitive to salt. Cotton,
barley. wheat are moderately
sensitive while Bt-cotton, castor,
bajra, canola, sugar beet and date
palms are highly tolerant.

Mitigation to Salt Stress
1. Physicalmethods-1.

Soil Reclamation: The
process involves replacing
sodium ions in the soil
with calcium. The released
sodium ions are then
leached deep beyond the
root zone by using excess
water and finally carried
out of the field by the
drainage water. The most
commonly used method
for replacing the sodium
ions is by applying large
quantities of gypsum
(calcium sulphate) to the
soil and followedby water
ponding.

Management practices
based on reducing the
salt zone for seed
germination and
seedling establishment-

Scraping and removal of
surface soil: Due to
continuous evaporation,
the saltconcentration is the
highest in the surface soil.
The top soil can be scraped
and transported out of the
field.

b. Pre-sowing irrigation
with good quality water:
Where available, irrigation
with good quality water
prior to sowing helps in
leaching the salts from the
top soil. This helps in
promoting better seed
germination and seedling
establishment.

Appropriate use of ridges or
beds for planting: The impact

I.

il.

April2017



of salinity may be minimized
by appropriately placing the
seeds (or plants) on ridges. If
the crop planted on ridges
would be irrigated through
furrows on both sides of the
ridge, it is better to place plants
on the ridge shoulders rather
than on the ridge top because
water evaporation will
concentrate more salts on the
ridge top or centre of the bed.
If the crop is irrigated through

. alternate furrows, then it is
better to,plant only on one
shoulder of the ridge closer to
the furrow that will have water.
For additional .benefits, this
approach may be combined
with pre-irrigation via furrows
or sprinklers which will help
reduce salt concentration in
the area where seeds or plants
are to beplaced.

III.GeneraI management
practices to reduce the
impact of soil salinify on crop
performance:

a. Deep tillage:dccumulation of
salts gloser to the surface is a
typical feature of saline soils.
Deep tillage would mix the
salts present in tlte surface
zone into a much larger
volume of soil and hence
reduce its concentration and
impact.

b. Impervious hard pan which
hinders in the salt leaching
process. Under such
circumstances, "chiseling"
would improve water
infiltration and hence increase
downward movement of salts.

2. Chemicalmethods
Amendment-for reclamation
of sodic soil (high
exchangeable sod.ium salt),
gypsum is required as afl
amendment that directly
supply soluble calcium for the
replacement of exchangeable
sodium. It makes relatively
insoluble calcium carbonate

found in sodic soils, available
for replacement of sodium.
Chemical amendments for
sodic soil reclamation can be
broadly 'grouped into three
categories:

a. Soluble calcium salts, e.g.
gypsum, calcium chloride.

b. Acids or acid forming
substances, e.g. sulphuric acid,
iron sulphate, aluminium
sulphate, lime-su1phur,
sulphur, pyrite, etc.

c. Calciumsaltsoflowsolubility,
e.g. groundlimestone.

3. Biologicalmethods-

I. Mulehing: Mulching with
. crop residue such as straw,

reduces evaporation from the
soil surface which in tum
reduces the upward movement
ofsalts.

II" Incorporation of Organic
matter: Incorporating crop
residues or green-manure
crops improves soil tilth,
structure and improves water
inflltration which provides
safeguard against adverse
effects of salinity. In order for

. this to be effective, regular
additions of organic matter

(crop residue, manure, sludge,
and compost) must be made.
Incorporation of daincha (6.25
tiha) in soil before planting is
also a good practise for
reclamation.of saline soil

III. Seed treatment * soil
application + foliar spray of
Pink Pigmented Facultative
Methnaotrops (PPFM) @ 106
mgl[. as a source of cytokinins

In addition to above methods,
trees and shrubs can aiso be
grown which are suitable for
arid and saline regions such as
Kachchh as shown in Table 2
and 3 with theiruses.

Conclusion
Salinity is major problem
faced by major part of
Kachchh region of Gujarat.
The prolonged use of saline
ground water for irrigation has
led to decline in agricultural
and horticulture productivity
and soil fertility in these
regions. Hence adoption of
suitable managemont practises
(physical, chemical and
biological) to'overcome
salinity problem in such region
ishighlyimportant.

Table 3-Under partially irrigated condition

S.No Tiees and shrubs Uses
I Acacia nilotica(Tree) Timber,Fodder,Fire wood and Gum
2. Ac ac i a I eu c ophl o e a(Tree\ Timber,Fodder,Fire wood and Gum
3. Acacia Senepal (Tree) Timber,Fodder,Fire wood, Gum
4. P ro s op is c in er ari a (Trce) Timber,Fodder,Fire wood. Gum and food
5. Sa lv a dor ao I e odes(Tree) Timber,Fodder,Fire wood. Gum and fruit
6. S alv ad o r ap e r s i c a(Tr ee) Timber,Fodder,Fire wood, Gum and fruit
7. Cordia sharal(Tree\ Timber,Fodder,Fire wood, Gum and fruit
8. Tam arix arti cul at e (Tree\ Timber and fodder
9. Tecoma undulate(Tree\ Timber
10. Copparis decidua (Large shrub) Fruit and fodder
11 Grewiatenax(Shntb\ Fruit and fodder
12. e o,lnm lpbgrg rr WIii(L arge shrub ) Gum, medicine and fodder
13. Ziz iphu s m auritian a(Large Shrub) Fodder and fruit

S.No Trees and shrubs Uses
1 Ailantusexcelsa Industrial mber and Fodder.
2. Cqsurinaegisetfolia Industrial mber and Fire wood
a
J. Eucalyptus tertic ornis Industrial timber and Fire wood
4. Hardwikiabinnata Industrial timber and Fire wood
5. Syzygiwmcumini Timber,Fodder,F re wood and fruit
6. Monilkarahexandra TimberFodder,F re wood and fruit
7. Inga dulcis Timber,Fodder,Fire wood and fruit
8. Moringaoleifera Fodder and vegetables
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