[In India, about T million ha of land is estimated to be afflicted
by the problem of soil salinity|alkalinity, mainly in the Indo-Gangetic
plains, arid areas of Rajasthan and Gujarat, black. cotton soil region
and coastal tracts. From the management point of view the salt
affected soils are- divided broadly into (i) Alkali soils and (ii) Saline
soils. The research findings on different aspects of the alkali soils
obtained at the Central Soil Salinity Research Institute, Karnal, have
been highlighted and the details of the package of technology developed
at the Institute for the reclamation of the alkali soils for crop pro-
duction have been elaborated.. . Already over one lakh ha of alkali
land have been brought under reclamation with the adoption of the
technology in the States of Haryana, Punjab and U.P. The need for
an effective implementation of time-bound reclamation’ programme has

been. emphasized. Ed.]
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INTRODUCTION

OIL salinity and alkalinity are important

desertification processes reducing drastically
the land’s capability to produce the optimum
crop vields or even leading to complete failure
of agricultural production in large arable areas
in the world. About 1/3rd of the cultivable
tand under irrigation in the world 18 consi-
dered to be already salt-affected'’., The area
under this problem has been increasing in
extent greatly with the expansion of irrigation
networks. The relevant data collected from
some of the important irrigation projects in
India (Table I) indicate that several thousands
of hectarcs of once fertile land have been

badly affected by waterlogging in these project -

areas within a few ycars of introduction of
canal irrigation, Therefore, if proper soil
and water management practices along with
sotroduction of irrigation are not adopted,
the problem of soil salinity 18 likely to increase

day-by-day.

TABLE |

Wailerlogged area and water table rise in different
irrigation project areas

—

Total Water-  Water table
command logged  depth below

Project area (ha) area (ha) ground level
in summer
(m)
Hirakud (Orissa) 1062890 60000 2+7
Kosi (Bihar) 263000 117000 2-6
Nagarjuna Sagar 831000 114500 0:9 to 18
(A.P)

Chambal (M.P) 700000 32723 0 to 1'5
Cauvery delta 361000 18200

Tungabhadra
(Karnataka) 234700 101G 12 to 2-0

Based on data from various papers of the sym rosium
on " Waterlogeing, Causes  and  Measutes  for  its
Prevention™, CB.LP  Publication No, 118, Vuls.
I and 1i,
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It is estimated that a vast area, to the tune
of about 7 million hectares in India alone s
having the serious problem of soil salinity/
alkalinity and has been lying barren for
decades. The nature and characteristics of
the salt-affected soils encountered in India
vary depending upon the climate, topography,
geology, soil texture, hydrology and manage-
ment practices, etc. However, on the basis
of the differences in the geographical loca-
tion and other characteristics, four distinct
regions can be identified :

(i) Salt-affected soils in the arid and semi-

arid regions of the Indo-Gangetic plains

encompassing an area of about 2-3
mullion ha,

(i) Salt-affected soils in the arid regions
of Rajasthan and Gujarat covering 2an
area of about 1-0 million ha.

(ii) Salt-affected soils in the arid and semi-
arid regions of black cotton soil group,
affecting an area of about 1 -4 mullion ha,

(iv) Coastal saline soils covering an area

of about 2-1 mullion ha.

From the management point of view, the
salt-affected soils in India can be broadly
grouped into two distinct categories ; (i)
alkali (sodic) soils, and (ii) saline soils.

Considering the seriousness of the problem
of soil salinity and alkalinity and the likely
danger of its further extension in new areas,
coming under irrigation on the one hand, and,
the potentiality of the salt-affected soils for
meeting the food production need, on the
other, the Govt. of India established the Central
Sojl Salinity Research Institute (CSSRI) in
1969 under the Indian Council of Agricultural
Research. - The Institute has a research station
at Canning Town in West Bengal to cater to
the research needs of the coastal saline soils,
This papzr deals mainly with the research
conducted on reclamation and management of
alkalt sojls at CSSRI, Karnal.

RECLAMATION TECHNIQUES

Since the reclamation procedure 1s loca-
tion-spz:ific, generalisation of any technique

is not desirable specially when the conditions
diffcr widely. Successful reclamation involves
a package of practices, suited to the nature
and problem of the soil, quality and depth
of groundwater, calcareousness of the soil,
physical conditions of the subsojl, assured
supply of good quality irrigation water, avail-
ability and economics of the ameliorative
measures, and such other associated factors.
In general, the various methods of reclamation
can be grouped into : (i} chemical, (it} agro-
nomi¢ and cultural, (iii) biological and (iv}
hydro-technical including engineering aspects.
The detatls of the work done on these topics
have been reviewed elsewhere??,

During the last few years, a series of experi-
ments on the various aspects of the alkali
soils Including the methods of reclamation,
kind, dose and method of application of
amendment, crops and varieties, fertilizer
requirement, agronomic and cultural practices,
water management, €tc., have been carried
out and a package of technology has been
developed. Some of the essential components
of this package are :

(i) Proper bunding and land levelling,
(ii) Application of suiteble amendment in
right quantity and right manner,

(ii) Adequate application of fertilizers and
manures along with zinc application,

(iv) Choice of proper crops and varietics

and cropping Sequfnce,

(v) Use of appropriate cultural and agro-
nomic practices, and

(vi) Proper water management including
requisite drainage,

I. Chemical Measures

(a) Amendment,—For the reclamation of
alkali soils many inorganic and organic amend-
ments are used. Amongst the inorganic
amendments some are sources of calcium
such as gypsum, while others are ejther acids
or acid forming materials like sulphuric acid,
sulphur and iron pyrites, In most cases
reclamation of alkali soils involves replace-
ment of sodium on the exchange complex
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with calcium and improvement of physical
conditions of the soil. However, gypsum is
by far the most popular and is frequently used
on a large scale in many countries. The dose
of gypsum application depends upon the
nature and the degree of deterioration of the
soil, texture and other properties of the soil,
the depth to which soil is to be reclaimed, the
extent of improvement desired and the Kind
of crops 'to be grown, etc. The approach
adopted at CSSRI, Karnal, has been toreclaim
inttially only the surface 0-15¢m soil, such
that shallow rooted and tolerant crops like
rice and wheat could be grown and this has
ultimately helped in reducing the dose of
amendment” application to a considerable
extent. Further, the best resultsS in the case
of these shallow rooted crops were obtamned
when gypsum was mixed only in surface
10 cm soil depth!®, Application of gypsum
only once in the beginning is adequate to
achieve the desired results provided all other
necessary management practices are followed
properly and the land is not kept fallow for
a long time. The dose of gypsum required
for the soils of varying texture and pH are
shown in Fig. 1*. The effectiveness of gypsum
is enhanced iIf applied along with FYM,
Siganificantly higher yields were recorded in
the treatment having application of both
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TasLe 11
Effect of gypsum and FYM levels on rice vield
(q/ha)
FYM levels (t/ha) Mean of
Gypsum s of
levels Q 20 40 gYPsum
0 24-5 359 37-4 326
25% GR 42-3 52-9 54-6 49-9
50% GR 57+0 57-6 689 61-2
Mean 41-3 488 53:6
CD. at 5% Eflaln eﬂ‘ect_s_ Interaction
512 g/ha 8-87 q/ha

gypsum and FYM than in the treatment having
either of the two (Table IT) at CSSRI, Karnaj'®,

According to Mehta and Yadav!'® the by.
product phospho-gypsum is a promisSing
amendment. It is however, necessary to
work out in detail the adverse effect, if any,
of the fluorine contained in phospho-gypsum,
on s0il and crop growth. Xhosla and Yadayl¢
in a field experiment on a sodic soil have
observed that addition of 20 to 30t/ha of
rice husk in upper 10 to 12 cm soil resulted
in a significant improvement in the infiltration
rate and in increased paddy yields.

II. Agronomic and Cultural Practices

Due to the problematic nature of the salt-
affected soils, the agronomiic practices have to
differ from those recommended for normal
soils. Inclusion of rice crop in the rotatien
has been found to be very helpful 1n the
reclamation of alkali soils, because of its
celatively greater adaptability to the alkali
conditions and its remarkable effectivencss in
bringing about considerable reductior. in pH
and ESP values of the soils®,  The datashowing
the reclamation effect of rice crop are given
in Table TIL. Dargan efal!” have shown that
owing to higher mortality.and lower tilering
ander alkalt conditions, an increase in plant
population from 2 to 4 or 6 scedtines per hill
and transplanting of 5-G week old seddlings
resulted in significantly hugher erain yiehlds
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wheat crops. Amongst nitrogenous ferti.

Soil ¢hemical properties as influenced by the growth of lizers, amttomium sulphate has given better

rice planss

-

Without

Original With

sott  Tice plants vice plants
rH A 1G-3 9-6 8 9
B 9-5 89 8-3
gSe A g3-3 686 286
B 260 26- 1 [-2
Exch. Na A, 7-9 59 2°4
(me., °,) B 19 2:C [0
Exch. Ca +- Mg A 0-1 pA 57
{m.e. %} B 4-2 50 7-0

A and B it dicate two different levels, artificially
created in the soll,

of rice. Light and frequent irrigations result
in beiter growth of wheat crop, though the
total quantity of water used remaipns the
same. 1f sufficient irrigation water i1s avail-
able during the summer months, growing of
dhaincha (Sesbania aculeatq) as a green
manure crop after wheat has proved bene-
fizial. Further, the experiments show that
exiended penod of decomposition 15 not
required for effective use of dhaincha green
manure®, The paddy crop can, therefore be
transplanted just after burying dhaincha. The
practice of puddling, which is normally used,
in growing rice on good soils, has been found
to be harmful in sodic soils in the initial stage
of reclamation. For sodic soils, rice—wheat-
dhainchd rotation has been recommended,

Manures and fertilisers,—The use of manures
apd fertilizers in alkali Soils is important as
these soils are generally deficient in available
plant nutrients like nitrogen, calcium and zine
and are often poor jn organic matter. The
work done at CSSRI, Karnal, has shown
that anincrease in the dose of pitrogen by about
20 to 25%; as compared to normal soils benefits
the crops, It 1s better to supply half the
dose at sowtng aud the rést in two equal par.s
at three and six weeks in the case of rice and

results as compared to either urea or calcium
ammonum mteate, The studics g the rate of
transformation of nitrogen in the salt-affected
50115 have Tevealed that both salinity and
high pH adverse]ly affect the process of
N-mineralization’®. Deficiency of available
zine 1S a commmon feature in the alkali soilg
and, therefore, application of zine sulphate
has been found to be beneficial. It has been
cbserved that by missing the application of
both P and K, there ijs no reduction in the
yields of rice and wheat crops when compared
to nitrogen application alone in the initial
years of reclamation of the sodic soils®.

0. Biological Methods

The reclamation process of salt-affected
soifs 1S enhanced and continued further if
suitable biological methods, which jnclude
green manuring, growth of crops, addition of
organic mptenals, eic, are 2lso followed
tantously®t. Dargan and Chhillar® have
yeported that green manuring with dbhainehs
benefited the succeeding paddy crop with
nitrogen equivalent to 80 kg ha applied nitrogen
(Table 1IV). The application of farm vyarg

Tabie IV

Nirogen requirements of rice after follow and afier
dhaincha green mamuring {yield, “g/ha)

21

- S = B

T

Treatments Ng N49 Ns& NIE& M&an
Fallow 1974 264 786 556 601 45.2
1975 34-1 42-7 587 &3-5 49.7
Mean 3002 £0-6 571 61-8 47.4
G.M. 1974 56-4 631 730 771 67-4
1975 535 62°5 695 75-3 $5.2
Msan 54'¢ 62:8 712 76-2 663
1974 1975
CD. at 5% for
fallow vjs G M. 3-8¢ 225
CD. at 3%
far nitrogen S-4% 319
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manure, molasses, pressmud, paddy straw,
etc., has been used in the reclamation of salt-
affected soils.

IV. Hydro-technical Methods

In the areas which have serious problem
of soil alkali, leaching in combination with
gypsum application has been found more
efficient. However, more detailed studies
are required to determine the pericd,
extent and method of leaching which may
be most suitable under a given set of
conditions. The drainage requirements of the
salt-affected soils are location Specific and vary
according to the local conditions hike extent
and nature of deterioration, soil texture,
hydraulic conductivity, depth of water table
and quality of groundwater, Although the
principles of drainage are simple to state, yet
their application at the field scale entalls
many constraints, The sub-surface drainage
in the sodic soils of Indo-Gangetic Plains
having poor water transmission characteristics
as obtaining at the CSSRI Research Farm 1s
not effective and therefore, proper mani-
pulation of the excess rain water 2lone could

yield good resulis®,

The studies carried out to examine the
progressive changes resulting from reclamation
of sodic soils indicate that reclamationreduces
the runoff, enhances the groundwater recharge
in the arca and minimises the drainage needs.
According to Narayana and Singh!” the
unreclaimed area produced 46 cm of runofl
during the monsoon period of 1976 a5 against
the corresponding value of only 8c¢cm in
the reclaimed area (Fig. 2). Thus, by reclaim-
ing alkali soils, not only agricultura] produc-
tion ¢an be enhanccd but also favourable
water balance situation can be created to mect
the water needs for reclemation.

SELLCTION OF CroPs AND VARIETICS

Crop production in salt-2flccted soils can be
made an economic propositlion by cither
suitably modilying the soil conditions in the
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root zone to swit the plant type or by gene-
tically manipulating plants to suit the existing
(or partially improved) soil conditions. How-
ever, judicious combin2tion of both the
approaches is more advantageous. Since
crops differ considerably in their tolerance to
soil salinity/alkali conditions, proper se¢lection
of crops, their varieties and cropping sequence
depending upon the stage of improvement of
soil is of paramount importance in the recla-
mation programme, Agerwal and Yadav?
proposed a salinity-cum-alkali scale to evaluate
the saline alkali soils of Indo-Gangetic plains
for crop responses,

Ricecrop offers some unique features because
of its remarkable adaptation to the culture
under ponding conditions. Amongst the late
maturing group, varieties like IR-8 and
Jaya and among the early maturing group,
the variety Pusa-2-2]1 have shown superior
performance than others in alkali soilst, In
the case of wheat crop, vaneties HD 2009,
HD 1553, HD 1982, WH 157 and WL 711
have been found to do better in alkali soils
than others', In the case of barley, the
varicties DL-70, DL-36, BG-105, K-153,
K-198 and BHS-24 have outyielded the other
varietics included in the triald,

Alter critical evaluotion of various pare-
meters, it has been found thet the tlope of the
regression line con be considered 2s a criterion
for judging the tolerance ot a particular crop.
Comporative studiest® on mineral analysis of
wheat plants growing in normel and sodic
sotls have reveeled thet No/K o status at the
tillering phase  of the  plants growing in
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alkali soils gives a negative correlation with the
sodicity tolerance (Fig. 3). Thus, Na/K index
oOf plants at early growth stage can be used
to predict sodicity tolerance of adult plants
without causing mwuch damags 1o the growing
plants. Detailed studies on tfus aspect ar¢
underway 1o corielate .the tolerance with K
and Na uptake in different crops.

PrROSPECTS OF GROWING FoppDer CRrops AND
TREES IN ALKALI SOiLS

A significant a2dvancement has been made
at the CSSRI recently, to explore the possi-
bility of utilization of the atkali soils, without
or with the addition of very small quantity
of soil amendments, for growing s2lt tolerant
forages and trees. In this context perfor-
.mance of Brachiaria mutica, Panicum anti-
dotale,
Eucal yptus hybrid, Acacia nilotica, etc., has
been found 1o be promising. In & field €xperi-
ment initiated in 1970 on & calcareous sodic
soil with pH above 10-0 and EC ranging

Diplachne fusca, Prosopis ]uh:ﬁora’

from 0-45 to 1-75 mmhos/cm Yadav et af 23
found that the growth of Fucalyprus hybrid
aiter treating the soil with gypsum + FYM in
the planting pit was almost as good as when
the original soil was replaced with good soil.
Most of the planted seedlings died in the
control, The height of the plants increased
further with fertilizer application. In a recent
trial, planting of Eucalyptus seedlings in auger
holes has also shown promising results®, The
plantation of suitable trees has a great scope
in the common village panchayat alkali lands
to meaet the local demands of fuel, timber and
fodder,

TRANSFER OF ALKALI S01L° RECLAMATION
TecunoLoGY oN FARMERS® FieLps

The results of the various researches on
reclamation of the alkali soils have not been
confined to the research farm of the CSSRI
only, but concerted efforts have been made to
transfer this technology to the farmers, for
its large scale adoption. A large number of
fisld demonstrations have been carried out
in the States of Haryana, Punjab and Uttar
Pradesh for the reclamation of the alkaly
solls under the farmers® conditions.

The Central Soil Salinity Research Institute,
Karnal, through 11ts Operational Research
Project on the reclamation of alkalt soils
initiated in 1975 and 1976 in twa clusters, one
of 4 villages and another of 3 villages around
Karnal, has amply demonpstrated on more
than 300 farmers’® fields that the use of aikali
soll reclamation technology evolved by the
Institute leads not only to good harvest in the
first year of reclamation but also to the progres-
sive soil improvement and increase in the crop
yields during subsequent years. These villages
have lar8e arcas severely affected by the soil
alkali conditions. 1ln the demonstration plots
on an average 40 q/ha of rice and 15-18 q/ha
of wheat were obtained during the very first
year. Nearly 1200 ha of alkaliland has already
been brought under reclamation upder the
project. The work 1s still in progress,
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The successful application of alkali soil
reclamation technology at the farmers’® ficlds
has prompted the affected States of Punjab,
Haryana and Uttar Pradesh to launch ambi-
tious programmes of land reclamation through
the Development
Corporations by providing the necessary inputs
to the needy farmers, creating infra-structural
facilities and providing credit, etc., on easy
terms. It is estimated that more than 100,000
hectares of alkali land have already been
brought under reclamation through these
cfforts.

In conclusion, 1t 1s obvious that the -techno-
logy developed by the CSSRI has proved
effective and has been adopted on a large
scale on the farmers’ fields in the States of
Haryana, Punjab and Uttar Pradesh in the
Indo-Gangetic plains. Substantial addifional
quantities of rice and wheat grains are being
produced on the alkali lands which have been
lying barren for many years and where noth-
ing was grown before. The work has also been
undertaken to develop alternative uses of
these problematic lands with minimum use of
inputs. What is now desired is an effective
formulation and’ mplementation of {ime
bound reclamation programme of alkali soils
to bring maximum area of such lands under

productive uses.
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