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Classification and Management of Saline and
Alkali Soils of India

S. P. RAYCHAUDHURI
Planning Commission, New Delhi, India

In India saline and alkali soils oceur to an extent of 6.1 million hectares
(15 million acres), including about 40 000 hectares of coastal saline lands and
about 1 million hectares rendered unproductive due to canal irrigation in arid
and semi-arid regions, such as in the Punjab, Uttar Pradesh and Maha-
rashtra [3].

(Fenernl classificalion

These soils have been generally classified into three classes with local
names as follows:

1. Saline soils : These soils known as "rel’” in U. P. and "thur’’ in the
Punjab are recognised by extensive white or greyish white or ash coloured
fluffy salt deposits on the surface. The decline in productivity ranging from
10 to 50%, has rvesulted from such salinity. The salinitv status of a saline
profile occurring in Delhi is shown in Table 1.

2. Saline alkali soils : These are occasionally called “rek” and are gene-
rally called "usar” in U. P. and “kallar” in the Punjab. Outwardly the soil
presents the characters of a saline type, but the subsoil is hard and is more
or less impermeable to water. The morphological features of such a profile
occurring in Uttar Pradesh are given below, while the composition of a saline-
alkali soil profile occurring in Uttar Pradesh is shown in Tables 2 and 3.

3. Non-saline alkali soils : Such soils are known as typical " usar”
in U. P, “rakkar” in Punjab and “chopan” in Maharashtra. Hard and compact
soils of elay to clay loam texture are formed on heavier, indurated or hardened
columnar subsoil which restricts the upward movement of water by capillary
action and downward flow by percolation. If ground water be near the surface
(within 1.5 metres), the salts return to the root zone or the surface by capillary
action.

4. Degraded alkali soil or "solod” as per definition of such soils does not
ordinarily exist in India. Degraded alkali soils in fact mean alkali soils that
have regraded to the zonal soil type, a change which involves processes that
may give rise to formation of an acid soil. Such conditions do not exist anywhere
in India where alkali soils are encountered, except perhaps in the Sunderban
areas of West Bengal, where alkali soils of marine origin may be degrading
to form the acid soils of the region. Fig. 1. shows the occurrences of degraded
alkali soils, saline soils, saline-alkali soilg, and non-saline alkali soils in West
Bengal.

6*



84 RAYCHAUDHURI: Saline and Alkali Soils in India

Management

In Uttar Pradesh about 1.3 million hectares are lying waste because of
saline and alkali conditions. The most affected districts are Aligarh, Mainpuri,
Kanpur, Fatehpur, Unnao, Etah, Etawah, Rai Bareli and Lucknow. The chief
causative factors of the creation, spread and intensity of soil alkalinity in the
State consist of the nearness of water table to the surface or impedence of
drainage due to the presence of an indurated layer of elay or “kankar” pan in
the subsoils. The morphological studies of these "usar’” or sodic soil profiles
reveal formation of hard solonetz-like structure at the surface (AGARWAL,
MeHrROTRA and GaNeWAR, 1958 [2]). Profiles of these soils are gencrally
agsociated with "kankar” or a hard clay pan restricting the upward movement
or downward flow of water. Development of a planned system of drainage is
considered a prerequisite for all projects of reclamation of such soils (Ray-
CHAUDHURI and DaTra Biswas, 1955 [6]).

The reclamation of wsar soils of Uttar Pradesh had been carried out
successfully near Kanpur and Allahabad by the application of heavy doses

Table 1,
Salinity status of a saline profile in Delhi
T : . : .
" B 5 i Nall Na,80 Na*
D:Ll,;t'h i lutL:‘ll{Uulep pH % of total % of total suturation
o | k % salts salts o
0—23 0.30 8.8 36.8 28.9 11.0
23—46 0.47 8.2 36.5 257 7.6
46—69 | 0.33 8.3 32.1 27.7 18.2
69—92 0.32 8.4 63.8 22,0 BE%:
underground water 1.14 ‘ 9.1 61.4 —_ —
|

of molasses containing 2%, lime and 60—70% carbohydrate at the rate
of 25—37 quintals per hectare (Dmar and MUKHERJEE, 1937 [4]). In
a milder category of "wswr” soils recourse to mechanical shattering of clay
pan bevond the induration depths without up-turning the soil, supplemented

Table 2.

Saline alkali soil of Uttar Pradesh

Depth ‘ ; s
cuI;. 1 Deseription
0-—- 25 \ grey clay loam, caleareous with salt
deposit on surface
25— 55 | brown clay loam, drainage impeded

)
35 —150 | dark brown clay, iron mottlings, com-
| pact. waterlogged, mildly caleareous
I
with leaching and use of organic manure give highly encouraging results at
the Government Usar Reclamation Farm, Chakeri. The treatment of soil
with gypsum at the rate of & to 5 tons per acre followed by flushing with
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water and growing a crop of dhaincha (Sesbania aculeata) as green manure
and transplanted paddy also gave marked responses under average cultivators’
conditions in U. P. (AcarRwAL, 1957 [1]). Further experiments on the recla-
mation of “usar” land in U.P. at the State Usar Reclamation Farms at
Dhakauni (Hardoi), Rahimabad and Katiar (Lucknow) have established that
reclamation of saline alkali soil is largely a physical problem. Where the water
table is not high and where the sub-soil is not totally impermeable on account
of ,,kankar” pan or indurated clay pan, the soils can be reclaimed by leaching
with water alone or preferably by leaching preceded by application of paddy
straw or other undecomposed bulky organic matters.

Table 3.

Composition of a typical saline alkali soil profile of Distriet Aligarh,
Uttar Pradesh

Total soluble Carbonate Bicarbonate Na*
Horizon pH salt as Na,COy as NaHCO, saturation
Yo % %o %
|
Isti 4 .5 35 o0 seinavssn 0.6 1.61 0.39 0.40 100
R 9.5 ‘ 0.50 0.11 0.16 94.4
el g e aTE 9.3 | 1.23 0.33 0.29 86.9
AEhy 1 w2 B SR 9.4 ‘ 0.52 0.09 0.14 88.1
BEl o0 9 o e oo e 8.2 | 0.22 0.03 0.15 67.4
1

The principle of reclamation followed by K. N. KauL at the Banthra
Farm consists of

1. Digging ditches around the field with the formation of embankment
to hold the rain water,

2. Addition of organic matter in the form of powdered Argemone
METTCATL.

3. Provision of irrigation water by cavity wells. Each tube well controls
about 10 hectares of land. Argemone mexicana powder is added at the rate
of 24 maunds per acre. The Argemone mexicana brought down the pH from
10.0 to 7.8 within a period of 10 days after its application, but later on, the
pH increased to 8.5 over a period of about one month. However with gypsum
applications the pH decreased gradually and remained steady at 8.1 within
a period of about a month. Argemone mexicana contains on oven dry basis
29% N, 0.159% P,0;, 0.35% K,0 and about 4.2% water soluble organic acid.

In the Punjab over 1.1 million hectares are affected by salts (UppaL,
AcarwaL and KiBE, 1961 [7]). Due to the use of brackish waters, large areas
in Ferozepur, Gurgaon, Rohtak and Hissar districts have been rendered
unsuitable for agriculture by the use of excessive irrigation or when the natural
drainage iz impeded in the areas irrigated by canals. The water table rises
to within 1.5 to 1.8 metres of the soil surface resulting in accumulation of salts
on the surface. This procesg has resulted in the accumulation of salts in Amritsar
district, Batala and Dehra Baba and Nanak tehsils of Gurdaspur district
and Karnal and parts of Hissar districts. The saline and sodic soils of Punjab
have high pH values, high salt concentration and high percentage of exchan-
geable sodium (KANWAR and BHUMBLA, 1959 [5]). The salts are predominantly
carbonates and bicarbonates.
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Fig. 1.
Tentative Saline and Alkali Areas, West Bengal
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The methods evolved in the Punjab for the reclamation of sodic soils are:

1. The application of amendments such as calcium chloride, gypsum
and press-mud and green manuring with dhaincha.

2. Agronomic practices such as rice — berseem rotation,

3, Draining out the excess water and salts.

Saline, saline alkali, non-saline alkali and degraded alkali soils of about
0.9 million heetares occur in the coastal areas in West Bengal, in the districts
Midnapur and 24-Parganas including the Sunderbans area and the Northern
and Southern salt lakes, near Calcutta. These soils have been affected by
deposits of salt brought by tidal currents of the sea. Now these soils are bunded
to prevent ingress of the sea water. Sluices have been constructed to allow
the escape of rain water which dissolves and carries away some of the salt
from the soil.

In Delhi State the saline and alkali soils extend over 18,600 hectares.
The salinity and alkalinity have been caused by natural drainage and high
water table conditions, by impermeability of the hard pan in the subsoil,
and by the continuous use of brackish water wells for irrigation. The dissolved
salts in manv of the well waters in the area affected exceed 2000 ppm. and
sodium percentage is high. One major differentiating characteristic of these
soils is the nature and extent of concretionary development both of calcarcous
and ferruginous nature, the depths of which may vary from 1.5 to 1.8 metre.

In Maharashtra more than one hundred thousand hectares along the
West Coast have been rendered saline by flooding from the sea water. About
30,000 hectares of black soil area were reported in 1938 to have become unpro-
ductive along the Deccan canal as a result of salinization.

Remedial measures suggested to control extension of water-logged
and salt affected areas are

1. Canal lining,

2. Fixing intensity of perennial irrigation in relation to drainage capa-
cities of the area,

3. Surface and subsurface drainage of salt affected areas.

In Andhra Pradesh the saline and alkali soils are of two categories:

1. About 8,100 hectares (20,000 acres) in the black soil area growing
virginia tobacco where the internal drainage is very much restricted due to
the clay nature of the soils.

2. About one million acres in the coastal alluvium of the districts of
Srikakulam, Visakapatnam, East Godavari, West Godavari, Krishna, Guntur
and Nellore, In these saline coastal alluviums it has been found that con-
tinued irrigation and cropping alone prevent the salt content from rising,
if there is a permanent lowering of the water table.

The saline alkaline soils in Gujarat comprise nearlv 0.8 million hectares
including the estuaries of the Narbada, Tapti, Mahi and Sabarmati rivers.
The chief source of salinity in Gujarat is underground water containing salt
from sea deposits, Besides there are about 0.4 million hectares (1 million acres)
saline areas in Kutch which have resulted from inundation by the tidal waves
of the sea, especially in the monsoon season. These soils are locally known as
Vkhar” lands. The reelamation of such soils in the State consists firstly in pre-
venting entry of sea water and allowing rain water to go out; and secondly
providing a system of drainage, scraping or flooding out of salt and application
of gypsum, ete.
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The total area of saline and alkali soils in Madras will be about 0.4
million hectares which occur as coastal saline in the districts of Kanya Kumary,
Tinnevelley, Ramnad, Tanjore, South Arcot and Madras. They also occur as
pockets in low-lying arcas and in areas under irrigation. The soils have a pH
of 10.0 in many cases, and excessive soluble salts, consisting mainly of carbo-
nates and hicarbonates of sodium. Application of sulphur at the rate of 25 to
5 tons and gypsum at 25 tons per hectare have been recommended. Such
applications reduce the pH, wash down the salts and enable the soils to grow
good crop of “dhaincha” and “paddy’’.

The coastal saline soils in Orissa oceur in the districts of Balasore, Cuttack
and Puri and in the area inundated by the Chilka salt lake in the Ganjam
district during the rainy season. The total area of such soils in the State will
be about 0.4 million hectares. In Mysore the coastal salines oceur to the extent
of about 0.4 million hectares. The portions of Dharwar district and Bijapur
talugs are affected by what is known as , karl” soils which are saline and
alkaline fairly deep clayey soils, developed as a result of excessive irrigation
given on deep black soils. Improvement of these mixed saline soils after leaching
requires chemical treatments of which gypsum and sulphur in combination
with farm-yard manure has been found to be the best.

In Rajasthan saline alkali soils occupying 0.4 million hectares are of a
varied nature. In most of the areas affected with salts there is no other source
of irrigation except the ground water which is saline and, therefore, improve-
ment of saline water and soils by chemical treatments or cultural methods will
be useful in improving the soils as well as the crop yields.

The total area of saline, saline alkali and alkali lands in Bihar will be
4050 hectares. The areas of north, western and coastal parts of the alluvium
north of Ganges comprising the districts of Saran, Muzaffarpur and Dharb-
hanga contain highly calcareous soils whose pH values are on the alkaline
side and contents of available phosphoric acid and potash are generally
low. Infertile patches of ,,usar” lands are seen in the west and central portion
of the State. Application of gypsum, irrigation and drainage are the methods
of reclaiming such lands.

Pasture development and fuel plantations in saline alkali land

"Usar” areas which may be considered unfit for agricultural purposes
can be utilized for pasture development or afforestation. On stiff clay type
“usar” the growth of grass and fodder is extremely slow (H. L. Uprav et al.,
1961 [7]), "khar usar”™ (Sporobolus arobious) and “usrants” (Chlorie urigata )
are the usual grasses which grow on “usar” but die out after rain. On low
lying patches and in areas remaining moist for longer periods of time, dub
(Cynodon dactylon) and ,gander” (Andropogon squarrosus) can also grow.
Growing of salt bushes and trees such as “kikar” (Acacia arabica), Yjand’’
(Prosopis spicigera), ,karir” (Capparis aphylla) ete. can go a long way in
assuaging the Kallar affliction as the salts are due to their absorption by the
above mentioned plants.

Salty lands are more suitable for raising fuel plantations rather than for
timber. Dalbergia Sisso is one of the best in this respect. Other species which
can stand moderate salinity are Porosopis juliflora, Tamariz articulata, Buten
monosperma, Azadirachie indica, Zizyphus nummularice and Zizyphus Jujuba.
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KnaccHpHkauua M Hcrmojib30BaHHe 3aCOJEHHBLIX Moue MHIHH

C. P. PAHYAYHYPH

Mnanosan Komicens no Mcnoassosaumo [Touswl, Mupun

Peswome
PacrnpocrpaHenue 3acojIeHHBIX NOYB

3aconentsle nousn (Saline and alkali soils) B Muguu sanumanT nnom@is s 6,1
MHILUTHOHOB reKTapoB (15 MIIH. aKpOB) U BCTPeYAKTCs MOUTH Be3[e CPeIH APYIrUX M0YBEHHDLIX
pasHoBuiHocTell. [locne BBREIEHUS OPOMEHHST IO CETH KAHAJIOB B SACYUUIHMBLIX H MOJYITYCThIH-
HbIX ofnactsax, xax Hanp. Ilywbsd, ¥Yrrap Ilpagemr 1 Maxapawrpa, 3Ti HEMI0A0POAHBIC
TEPPUTOPHH YBCIHYMIHCE HA HECKOJIBKO THICAY KBAAPATHLIX KIJIOMETPOB, TAK KAK B BEPXHHX
CJIOAX TIOYBLI NPOH3OUIIO HAKOIMIIEHHe coneri.

0futasa Kaaccuuranua

3TH 110YBLI Pa3nenstioTes Ha CiIeAyIoUIHe TPH I'PYING 110 HX MECTHOMY HAMMCHOBAHHIO:

1. 3acoaennsie nousst (saline soils)

OTAHUHTENBHBIM MPUSHAKOM 9TUX TMOYR, H3BECTHBIX HA Tepputopun Yrtrap—[Ipanewm
nox naspauuem «Beho, a B paitone [lyunad — mnos uassanmem «Thurs, ABASIOTES 00JIBILHE
Desbie, cepoBATO-Oesble MIIH MeNesbHOrD LBeTa TMsITHA BLIIBETOR Cojeit HA TOREPXHOCTH,
HMpuwiHoit  10—159, CHMKEHHMA TIIOOPOAMST BTHX INOME HBISIETCS BHICOKOE COfepyKaHue
coneif.

2. 3aconennvie upenounvle nougyl (saline alkali soils)

Ou nzsecTHH B Yrrap—Tlpanew tarske noj uassanuem «Rehs, a uaue wax «Usars,
a B [lynpsd xax «Kallars. Buemne 3Ta nousa o6nafaer xapaKTePHBIMHM 4YePTAMI 3aCOJIeH-
HBIX ¢salines 10YB, HO MX TIOANAXOTHEI rOPHUSONT TBepLIH M GOMICE I MeHee BOLOHENPO-
HHIIAEMDIET.

3. Mousot ¢ weapunot pearyuell (alkali soils)

9t noustl B odnactit Yrrap Ilpanew HaswiBawor «Usars, B [lynead — «Rakkars, a B
paifone Maxapawrpa — «Chapany. 3neck copMHPOBAIHCE TBEPABIC, YINOTHEHHBLIE € [VIHHH-
CTBIM M CYIJIMHHCTBIM MEXAHHYCCKHMM COCTABOM ITOYBBI, 110 KOTOPLIMH HAXOJNTCA e Hosiec
MOTHLIE MTOANAXOTHLIT FOPUBOHT €O cToNGuaTOl CTPYKTYPOil, KOTOPLI CHABHO OFpPAHHYHBAET
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KAMHATIAPHOE TEPeABH@ X CHHWE BOALL MO HANPABRJIEHUI0 K BECPXHUM CJI05IM, a4 TaKXKe Ipocayu-
BaHHUC BOJLI B HITKEINCKALUHME CIIOH [T04BLL. B TOM ciydae, Korjaa ypOBEHh rpyHTQBo}“i BOJIBI Ha-

XOIHTCs (JIH3KO K NMOBCPXHOCTH, B NPefesaX 1.5 M ciios, cOW ¢ KANMINAPHLIM TOKOM BOILI
nonajianT 00pPaTHO B KOPHEOOHTACMYIO 30HY M HA NOBEPXHOCThL IIOYBBL

CriocoGpt Mennopannu

OCHOBHBLIMH €TIOCODAMIT YIYYIICHHA 3ACOJGHHBIX TMOYE SIBIASIOTCS C/e1YIOUIe:

1. 3uaconennsie nousst ¢ eolyeemamit Co.aeit

a) Cpesaiiie ciost coi,

0) cMbIBAHME M3NMHIIKA conn crpyeil  pomw.

2, 3ucosenHble NOUYGHL ¢ GBLCOKOL KOHUYenmpayuell pacmeopumeix cofell u 24ydoxum
VposreM 2pYHITIO066IX 600

a) INpumeHeHHe J0EB0i, WII OPOCHTENbHOIT BOJAL! AT OPOMIEHHS,

0) Co3ZAHHE CHCTCMB KAHATOR /1151 MOBEPXHOCTHOID CMbIBA cosielt M JpeH Anst 0TRofa
TPOMBITHIX COs1EH.

3. 3acoaeHnble noUGHL ¢ GHICOKON KOHUeHMpayuel pacmeopuMsix cosell it GAUIKUM VDO§-
HeM epYHIMOGbIX GO0

a) CHIDKEHME VPOBHSI TPYHTOBLIX BOX NyTeM OTKAYHMBAHHS BOAL, YEPE3 OTKPbLITLLE
HIH 'l‘]')yﬁl{a"l‘ble KOO/,

0) yayulleHHe MOMIOUBCHHOrO 0TBOJA BOX MEPE3 NOJNAXOTHBIT FOPHIOHT M [NHHAHLIE

ApeHaXKHBIe TPYOLI B LENsAX 00MerveHMs1 OLICTPOr0 YAAJeHHS coJiell,

4. 3acosernHsle no4ebl € TLAOMIHBIM 2AUFIUCITIBIML cA0eM, wal omaoxceruamu «(Kankary ¢
1o0nouse

a) Taydokoit Benawxod B 1eNsX paspyuieHHst TUIOTHONO CAOSL.

3, [laommste 1ETOYHBIE TIOYBLI

a) XiamHuecKasl MeJTHOPALHA NYTeM BHECEHIsI IHICA, XJI0PHIA Kaiblus, cepbl H T. 1.,

0) BHeccHHe OpraHMuYecKMX BELIeCTB, Kak, Hanpumep, «lf. Y. M.», maToKy, pacTHTEIb=-
HBIX OCTATKOB, 3eneHoro yaoOpenusi (Hamp., Sesbania aculeata) u T, n

B) BBILIEIAYHBAIME B LENSX YAANCHMST NPOAYKTOB peakiuii,

1) rayboroH BemamkoH HAH HAPESKOH KaHAaB B TIeNSX DAaspyLIeHHst YIIOTHEHHOro

2]

CJ1051.



