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Abstract
InformatIOn on the dlstnbutlOn and attnbutes of sOlis IS essential for proper resource utIlIzatIOn
and for plannmg and executIOn of research m any productIOn system In thiS communicatIon, a
brief descnptlOn of the suborder claSSIficatIOn of soIls m ProductIOn Systems m India IS prOVided
The descnptlOn IS based on the delmeatlOn of SOlis m the productIOn systems usmg the GeographiC
InformatIOn System and the SOli map of India

Research projects at the InternatIOnal Crops Research InstItute for the SemI And TropICS
(ICRISAT) are based on 29 ProductIOn Systems (PS), defmed by the key elements m their farming
systems These Include commodity productIOn trends and key SOCIOeconomIc vanables, environ­
mental resources, geography, and Important Issues, or constraints to, and opportunities for
Improving productIVIty and sustamable agnculture Of the 12 ICRISAT Production Systems In

Asia, 10 occur In India The 1985 NatIonal Bureau of SoIl Survey and Land Use Planning
(NBSS&LUP), "SOils of India (suborder associates)" map based on SOli taxonomy was developed
USing extrapolations from surveys ofabout 33% of India The objective of thiS InformatIOn Bulletin
IS to use thiS SOli map to delmeate the dommant SOlis of the IndIan ProductIOn Systems, and to
prOVide bnef deSCrIptIons of their suborder claSSIficatIOn It IS hoped that the publIcatIOn Will be
useful to researchers and technology exchange speCialists partIcularly when Identifying SUItable
locatIOns for expenmental work
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Introduction

Research projects at the International Crops Research Institute for the SemI-And
TropIcs (ICRISAT) are based on 29 ProductIOn Systems (PS) A Production System IS
defmed by the key elements m ItS farmmg systems These mclude commodIty productIOn
trends and key SOCIOeconomIC vanables A Production System IS also defined by
envIronmental resources, geography, and Important Issues, or constramts to, and oppor­
tumtIes for Improvmg productivIty and sustamable agnculture (ICRISAT 1994) The
Production System approach enables the use of computer-based geographIc mformatIon
systems (GIS) to Identify and quantify the coexistence of chmate, sod, SOCIOeconomIC,
and other data that mfluence agncultural development ThIs approach enables sCIentists
and planners to Identify and target pnonty outcomes and resource allocatIOn durmg
plannmg to achieve those outcomes m the most effiCIent and effective way Of the 12
ICRISAT ProductIOn Systems m Asia, 10 occur m India

Information on SOli attnbutes IS Important to research activIties m production
systems In 1985, the National Bureau of SoIl Survey and Land Use Plannmg
(NBSS&LUP) of the IndIan CouncIl of Agncultural Research (lCAR) pubhshed a
"Solis of IndIa (suborder assocIates)" map based on the SOli Taxonomy of SOli Survey
Staff (1978) The scale of this map IS 1 7,000,000 (NBSS&LUP 1985) The ongmal
projection of the map IS not mdlcated m the publIcatIOn However, because maps
produced at that scale by Survey Department of India are generally polycomc, It IS
assumed to be polycomc The map was developed usmg extrapolations from mformatIon
from vanous surveys of about 33% of Indld by both the NBSS&LUP and State SOli Survey
OrgamzatIOns The ObjectIve of thIS Information Bulletm IS to use thIS sod map of India
that shows assocIation of two or more soIls to delIneate the dommant sods of the
dIfferent Production Systems, and to provide bnef descnptIons of theIr suborder
classIfIcation

Order and suborder categories of soli taxonomy

SOlI taxonomy has SIX categories, order (the broadest category), suborder, great group,
subgroup, famIly, and senes (the most speCIfic category) The order category IS based on
sOll-formmg processes as mdlcated by the presence or absence of certam major features
The names of the orders end m so/ (Latm solum =SOlI) WIth 0 as the connectmg vowel for
Greek roots e g, SpodQSol Greek 5podos =wood ash, or HlstQSol Greek hlstos =tissue,
and 1 for other roots, e g, Vert[Sol (Latm verlo = turn), or UltlSol (Latm u/tlmus = last),
and Incept[Sol (Latm mceptum = begmnmg) The name of each order contams a
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Table 1 SoIl orders and their formative elements

Formative DenvatlOn of
Order element formative element Major charactenstIcs

AlfIsol Alf Meamngless syllable Has a honzon of clay or sodIUm
accumulatIOn, high to medIUm base
saturatIOn

Andlsol Id Latm andus =dry Dry soIl, light colored low orgamc
matter surface honzon that
sometImes contams clay or sodIUm

Entisol Ent Meanmgless syllable Little profIle development, lIght-
colored, low orgamc matter surface
honzon

Hlstosol 1st Greek histos =tissue Peat or bog> 30% orgamc matter

Inceptlsol Ept Latm mceptum =begmmng EmbryoOlc SOils With few diagnostic
features, may have light or dark-
colored surface honzon

Molhsol 011 Latm mo/1Js =soft Thick, dark colored, high-base
saturation, some have clay or
sodIUm honzons, strong structure

OXlsol Ox French OXide =OXide Highly weathered, With hydrated
OXides of Iron (Fe) and alummlUm
(AI), no clay accumulatIOn

Spodosol Od Greek spodos =wood ash Presence of active amorphous
matenals composed of orgaOic
matter and alummlUm (AI) With or
Without Iron (Fe)

Vltisol Vlt Latm u/timus =last Low base saturation and clay
accumulatmg m a honzon below
the surface

Vertisol Ert Latm vedo =turn High m swellmg clays, form deep
cracks when soIl dnes

Andlsol And Modified from Ando From volcamc ejecta, dommated by
allophane or alummlUm-humlc
complexes

Source Adapted from Brady (1990
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formatIve element that begms with the consonant before the connectmg vowel, and ends
with the last consonant precedmg the connectmg vowel e g , m the order name VertIsol,

the formatIve element IS ert These formatIve elements are used as endmgs for the names
of suborders, great groups, and subgroups Thus, the names of all categones above the

senes belongmg to the VertIsol order end m ert and can be recogmzed as members of that
order Table 1presents names of the 11 orders m thiS classIfIcatIon and their formatIve letters

The suborders have two syllables The fIrst denotes the diagnostIc propertIes of
the soIl, and the second is the formatIve element from the name of the order Thus,

an Aquent (Latm aqua = water) added to ent from EntIsol IS an EntIsol that so wet
that It IS Virtually free of dissolved oxygen and therefore shows a reducmg rather

than an oXldlzmg conditIon There are 47 suborders Table 2 presents the formatIve
elements m names of suborders

DeSCription of sOils In the Production Systems

ProductIOn Systems PS 1 to PS 10 are descnbed m Table 3 Figure 1 shows their locatiOn

m India Out of the 11 SOlI orders of soll taxonomy (Brady 1990), seven occur m the 10

ProductiOn Systems m India (Figs 2-11, Table 4) The seven orders and their 14

suborders are shown m Table 5 The EntIsols (suborder Orthents) are the most pervasive
of all the solls, and occur m all the ProductIon Systems (Table 4) AlfIsols (suborder

Ustalfs) and VertIsols (suborder Usterts) are found m eight of the 10 ProductiOns Systems

but AlfIsols occupy a total area of 615016 km2 and VertIsols 470148 km2 m all the

ProductIon Systems A bnef descnptIon of the seven SOlI orders that occur m the
Production Systems IS presented, followed by a descnptIon of their associated suborders

AlfIsols

Mmeral solls that often have gray to brown surface honzons They are commonly hght­
colored, have low orgamc matter content, may be hard, and may not have a structure
when dry They normally have a SOlI hOrIzon m whIch clays have accumulated by
IlluvIatlOn (Latm II = m and lavere =to wash) ThIS clay honzon IS called argIllIc (Latm
argllJa = white clav) If onlv SIlIcate clays are present It IS called natnc, If m addItIon to
the clay, It IS more than 15% saturated WIth sodIUm IOns (Na+) and has either a pnsmatIc
[l e , structure WIth pnsm-lIke aggregates that have d vertIcal axIS much longer than the
honzontal axes and do not have rounded caps (SOIl SCIence SocIety of Amenca 1987)] or

columnar (SimIlar to pnsmatIc but WIth rounded caps) The catIOn exchange capacity of
the clay hOrIzon IS more than 35% saturated WIth base-formmg catIons Alfisols have
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Table 2 Formative elements In names of suborders In soIl taxonomy

Formative element DenvatlOn ConnotatIOn of formative element

alb Latm a/bus == white Pre:,ence of albic honzon
(a bleached eluvial honzon)

and Modified from Ando Ando like

aqu Latm aqua == water Charactenstlcs associated with
wetness

ar Latm arare == to plow Mixed honzons

arg Latm argIl/a == white clay Presence of argIllIc honzon
(a hOrizon With I1luvlal clay)

bor Greek boreas == northern Cool

cry Greek kruos == ICy cold Cold

ferr Latm ferrum == Iron Presence of Iron

fIbr Latm libra == fIber Least decomposed stage

f1uv Latm DuvlUS =nver Flood plams

fol Latm foba == leaf Mass of leaves

hem Greek heml =half IntermedIate stage of
decompositIOn

hum Latm humus= earth Presence of orgamc matter

ochr Greek ochros= pale WIth a light surface

orth Greek orthos =true The common ones

perud Contmuously humId Of year round humId climates

plagg ModIfIed from German p/aggen =sod Presence of plaggen eplpedon

psamn Greek psammos =:,and Sandy texture

rend ModifIed from Rendzma Rendzma-like

:,apr Greek sapros =rotten Most decomposed stage

torr Latm tomdus == hot and dry Usually dry

ud Latm udus == humid Of humId climates

umbr Latm umbra =shade WIth a dark surface

ust Latm ustus =burnt Of dry clImates usually hot In

summer

xer Greek xeros == dry Annual dry season

Source Brady (1990)
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medlUm- to hIgh-base status (1 e, contam such base-formmg cations as Caz+, Mgz+, K+,
and Na+) Of the five AlfIsol suborders of soIl taxonomy, three are frequently observed m
the Production Systems m IndIa These are Aqualfs, Udalfs, Ustalfs that are
dIstmguishable by theIr sOlI water status

Aqualfs (Latm aqua =water) occur m wet envIronments, they therefore need to
be dramed artifIcIally for crop productIon They are often gray and mottled m color,
and may have Iron or manganese concretIOns m theIr profiles In some Aqualfs, the
groundwater may be near the surface at certam times of the year In others, the

Table 3 Descnptlon of the 10 ProductIOn Systems m IndIa

ProductIOn System DescnptlOn

1 TransItion zone from and rangelands to ramfed, short-season
mIllet/pulses/lIvestock Eastern margins ofthe Thar desert

2 SubtropIcal lowland ramy and postramy season, ramfed,
mIxed croppmg Central/eastern Indo-GangetIc Plain

3 SubtropIcal lowland ramy and postramy season, ramfed
Western Indo-GangetIc Plain

4 TropIcal, hIgh ramfall ramy plus postramy season, ramfed,
soybean/wheat/chIckpea Central IndIa

5 TropIcal, lowland, ramfedlIrngated, nce-based Eastern IndIa

6 TropIcal, lowland, short ramy season, ramfed, groundnut/mlllet
Saurastra Peninsula

7 Tropical, mtermedlate ramfall, ramy season,
sorghum/cotton/pigeonpea Eastern Deccan Plateau

8 Tropical, low ramfall, pnmanly ramfed, postramy season,
sorghum/Oilseed Western Deccan Plateau

9 Tropical, mtermedlate length ramy season, sorghum/Ollseed/plgeonpea,
mterspersed wIth locally Irngated nce Peninsular IndIa

10 TropIcal, upland, ramfed, nce-based Eastern IndIa

Source Adapted from ICRISAT (1994)
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Table 4 Area of dommant suborders (> 10% of total area) m descendmg order of magmtude m the ProductIOn Systems m IndIa
-4 2

Area of suborder m ProductIOn System (10 km )

Suborder PS 1 PS2 PS3 PS4 PS5 PS 6 PS7 PS8 PS 9 PS 10 Total

Ustalfs 014 430 061 217 748 - 199 - 2254 2228 6150

Usterts 125 - 1494 539 106 1186 441 740 071 4701

Orthents 078 294 028 827 850 234 1126 653 332 258 4680

Ochrepts 276 814 1072 1046 301 - - - - 414 3922

Psamments 1095 087 339 137 240 - - - 000 - 1898

Orthlds 1433 - 120 056 011 275 - - - - 1894

Aqualfs - 224 - 1 75 - - - 079 322 710

Fluvents 058 272 014 - 220 - 004 051 618

Aquents - 276 160 - - 040 - 476

Tropepts - 285 - - 027 141 - 455

Aquepts - 047 087 - 303 - 014 451

Udalfs - 089 018 - 292 - - 037 - 437

AquoIIs - 106 - - - - - - - 1 06

Udults - - - 035 - - - 006 - 041



groundwater may be deep durmg most of the year, but the clay and other honzons
wIth low water transmISSIOn charactenstIcs may restnct water movement
downwards, thus resultmg m perched water tables Udalfs (Latm udus =humId) are
found m humId areas They are often reddIsh or browmsh and are freely dramed,
and occur m warmer temperatures Ustalfs (Latm ustus = burnt, Implymg dryness)
are mostly reddIsh and occur m warm subhumld to semI-and regIOns that have hot
summers, wIth warm ramy seasons In most Ustalfs water percolates to deeper
honzons durmg occasIOnal years If there are carbonates m the parent matenals,
they tend to have a honzon wIth Ca2+ below that contammg clay accumulation
Droughts are common on Ustalfs because they tend to desIccate qUIckly after
ramfall They are often used to grow annual crops, or for grazmg Sorghum, cotton,
groundnut, and castor are commonly grown on Ustalfs m IndIa

Of the three suborders Ustalfs IS the most dommant (FIg 2, Table 6) m the
ProductIOn Systems of the IndIan SAT, occurnng extensIvely m PS 2 (16% of area),
PS 5 (18%), PS 9 (61 %), and PS 10 (66%) Ustalfs also occur to some extent m PS 1,
PS 3, PS 4, and PS 7 Aqualfs or Udalfs occupy less than 10% of the production
systems m whIch they occur

Vertisols

SOlIs m thIS order have hIgh contents (>30%) of swellmg and shrmkmg clays,
particularly those of the smectIte group (e g, montmonllomte, nontromte,
sapomte, and beIdellIte) to a depth of more than 1m ThIS hIgh clay content results
m the development of deep, WIde cracks when the SOlI dnes When wet, Vertisols
become sticky and plastic Therefore, cultivation of VertIsols m wet condItions
results m puddlIng, that IS detnmental to aeratIon and dramage It IS dIffIcult to use
tillage Implements on Vertisols m wet condItions When dry, most Vertisols become
hard, and shatter when tilled In the SAT, there IS a very narrow wmdow of
opportumty to cultivate Vertisols when theIr mOisture contents are SUItable
TImelIness m farm operatIOns on VertIsols IS, therefore, extremely Important
VertIsol regIOns often (but not always) show a tYPIcal mIcrorelIef (gIlgaI) produced
by swellmg and shnnkmg as a result of changes m soIl mOisture content These
mIcrorelIefs usually conSIst of a succeSSIOn of mlcrobasms and knolls m nearly level
areas, or of mlcrovalleys and ndges parallel to the dIrectIOn of the slope Another
charactenstIc feature IS the presence at some depth (often between 0 25 - 10m), of
polIshed, often stnated surfaces (slIckensIdes) produced m the soIl by movement of
one mass shdmg over another along a plane due to swellIng and shrmkmg Of the
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four VertIsol suborders m soIl taxonomy, only Usterts occur to a large extent In the

ProductIOn Systems In IndIa As indIcated In Tables 4 and 5, large (> 30% of the

area) tracts of Usterts occur m PS 4 (40%), PS 7 (47%), and PS 8 (39%) They

occupy between 10 to 20% of the areas of PS 5, PS 6, and PS 9 whIle PS 1 and PS 10

have less than 5% of theIr areas under thIS suborder Usterts normally have open
cracks for 90 cumulatIve days or more m most years Such cracks are closed for 60
consecutIve days or more m most years Because cracks open due to drymg and the
effect of temperature, soIl temperatures at 0 5-m depth should be contmuously hIgher
than 8°C dunng the 60 consecutIve days or more that the cracks are closed In most
Usterts m IndIa, calcIUm (Ca2+) and magnesIUm (Mg2+) are the dommant bases m the

exchange complex

Entlsols

SoIls m thIS order have slIghtly or recently developed subsurface hOrIzons Most of
them have the begmnmgs of hOrIzon development EntIsols occur under a vanety of

envIronmental condItIons m the ProductIOn Systems m IndIa Of the fIVe suborders
m SOlI taxonomy, Aquents, Fluvents, Orthents, and Psamments occur m the

ProductIOn Systems m IndIa Shallow, medIUm-to fme-textured EntIsols (Orthents)
found over hard rocks are present m all 10 IndIan ProductIOn Systems, whIle deep

Orthents occupy large areas m IndIa Orthents normally have very fme sand or fmer

textm es They may have a coarse fragment content of 35% or more, and an organIc

Table 5 Soil taxonomy soIl orders and suborders In the ProductIon Systems In IndIa

Order Suborder Order Suborder

Alflsols Aqualfs InceptIsols Aquepts
Udalfs Ochrepts
Ustalfs Tropepts

Andlsols Orthlds Molhsols Aquolls

EntIsols Aquents UltIsols Udults
Fluvents
Orthents
Psamments VertIsols Usterts
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Table 6 ProportIOn of area of ProductIOn System occupIed by each sOIl taxonomy soIl order and suborder In IndIa

Percentage area of ProductIOn System

Order Suborder PS 1 PS2 PS3 PS4 PS5 PS 6 PS 7 PS8 PS9 PS 10

AlfIsol Ustalf 047 1628 320 574 1751 - 793 6059 6621

Aqualfs - 849 410 - 213 956

Udalfs - 336 095 - 685

VertIsol Usterts 402 - - 3957 1262 1645 4724 3934 1989 212

EntIsol Orthents 254 1114 145 2189 1990 3641 4483 5824 892 767

Psamments 3557 328 1783 363 562

Fluvents 188 1031 074 - 514 010 152

Aquents - 10 46 844 - 107

InceptIsol Ochrepts 897 3087 5645 2769 704

Tropepts - - - - 667 - 242 380

Aquepts - 1 79 459 - 709 - - 041

Andlsol Orthlds 4655 - 634 140 025 4276

Molhsol Aquolls - 402

UltIsol Udults - - - - 082 015
<.0



carbon content that decreases regularly wIth depth (SOlI SCIence SocIety of Amenca

1984) They do not become saturated wIth water for penods long enough to lImIt

theIr use for most crops FIgures 6, 7, and 8 mdIcate that large areas of thIS suborder
occur m PS 6 (36%), PS 7 (45%), and PS 8 (58%) Orthents occupy consIderable
proportIOns (10 - 22%) of PS 2, PS 4, and PS 5 (Table 6) In terms of area, Orthents
are the thIrd largest suborder (468,000 km2) after Ustalfs and Usterts, when all the 10
ProductIon Systems m IndIa are consIdered together

Psamments are the next most wIdely dIstrIbuted EntIsol suborder m IndIan
ProductIon Systems after Orthents Psamments have loamy fme sand or coarser
textures, have <35% by volume of gravel or coarse fragments m all subhOrIzons,
and are not saturated wIth water for perIods long enough to lImIt theIr use for most
crops (SOlI SCIence SOCIety of Amenca 1984) Below the plowed layer, or 25 cm
below the surface, they often have a sandy partIcle-sIze class m all subhorIzons,
eIther to a depth of 1 m, or to the rocky parent materIal Large tracts of Psamments
found m PS 1 (109,500 km2 or 36% of the area) are sands of shIftmg or stabIlIzed
sand dunes (FIg 2) About 18% of PS 3 (FIg 4) IS occupIed by Psamments PS 2, PS
4, and PS 5 have 3-6% of theIr areas under thIS suborder (Table 6) Psamments have
low water-holdmg capaCItIes, they tend to blow and drIft when dry and bare, and do
not adequately support most wheeled vehIcles ThIS results m tractIOn dIffICultIes
when they are mechamcally cultIvated

Except for PS 2 that has about 10% of Fluvents and 11% Aquents (Table 6,
FIg 3), the remammg ProductIon Systems have very small areas or none of these
two suborders PS 1, PS 3, PS 5, PS 9, and PS 10 have about 0 1 - 5% of Fluvents,
whIle Aquents occupy 8% of PS 3 and 1% of PS 9 Fluvents are browmsh to reddIsh
SOlIs formed 10 recent water-deposIted sedIments mamly on flood plams or deltas of
rIvers and streams (SoIl Survey Staff 1975) They are frequently flooded If not
protected by dams, embarkments, or levees Aquents are wet EntIsols, found along
the margms of lakes, 10 flood plams of streams, or m tIdal marshes and deltas where
they are contmually saturated WIth water at some tImes m the year They show the
mottlmg and gray colors symptomatIc of penodlcally reduced soIl condItIons

Inceptlsols

SoIls m thIS order have one or more honzons m WhICh mmeral matenals other than
carbonates or amorphous SIlIca have been altered or removed, but not accumulated to a
sIgmfIcant degree durmg SOlI formatIOn and development (pedogeneSIs) (SOlI SCIence
SOCIety of Amenca 1984) Under certam condItIons Incephsols may eIther have surface
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honzons (eplpedon, Greek epl =over or upon, and pedon =soil) that are too hght m color
(ochnc, Greek ochrus =pale), may have a low orgamc carbon content, and harden upon
drymg, or have a relatively thick surface honzon that IS dark colored and contams at least
5 8 g kg I orgamc carbon, IS not massive or hard when dry (molhc, Latm molhs = soft) and

has a base saturation greater than 50% when measured at pH 7, has less than no mg P kg
I soluble m 1% cltnc aCid and IS dommantly saturated with bivalent cations InceptIsols
may, apart from bemg ochnc or molhc, be umbnc (Latm umbra = shade), hlstIc (Greek
hlStOS= tissue), with high orgamc matter contents and wet dunng some part of the year, or

plaggen (German plaggen =sod) Ie, with a man-made sod-hke honzon resultmg from
years of manunng Of the SIX InceptIsol suborders of sOIl taxonomy (Soil Survey Staff 1978),
Ochrepts, the hght-colored, browmsh, more or less freely dramed sOils, occur to some
extent m PS 2 (31%), PS 3 (57%), and PS 4 (28%) (Table 6, Figs 3,4, and 5) PS 1 and PS 5
have about 7 - 9% of thiS suborder Tropepts and Aquepts occur to a lesser extent Tropepts
(04 to 7%) m PS 5, PS 8, and PS 9 and Aquepts 04 -7% m PS 2, PS 3, and PS 5

Most of the Ochrepts m India occur m the cooler subtropical and tempe-rate
climates (e g, the subtropical low-lymg regIOns of central, eastern, and western
Indo-Gangetic Plams where PS 2 and PS 3 are located) Some of them have an
umbnc or a moilic surface layer less than 0 25-m thick, an accumulation of calcIUm
(CaC0

3
) or CaC0

3
MgC0

3
(calciC), a hard pan (dunpan) that IS strongly cemented by

sIlica, or a weakly cemented bnttle pan (fraglpan) m the sOIl profile Ochrepts are
usually not saturated With water long enough to limit their use for most crops
Unless they are artIfiCially dramed, the Aquepts on the other hand, are saturated
With water long enough to limit their use for most crops They have either hlstIc or
umbnc surface sOIl (eplpedon) and are gray m color 05 m below the surface
Alternatively, Aquepts may have an ochnc eplpedon that IS underlam by a gray
honzon that has been altered by phySical movement or chemical processes, Ie, a
camblc (Latm camblare = to exchange) honzon They may have a sodIUm saturatIon
of 15% or more Tropepts (trop modified from Greek troplkos = of the solstIce ­
Implymg humid and contmually warm), are brownIsh to reddish freely dramed sOils
They do not have man-made sod-like honzons (pfaggen) and are not normally
saturated WIth water for penods long enough to limit their use for crop production
Most Tropepts have light-colored, low organIc carbon content surface SOils (ochnc)
and a honzon altered by phySical or chemical processes (camblc)

Aridisols

These SOils are mostly found m dry desert regIOns They are lIght m color and low m
orgamc carbon content They may have a honzon With accumulatIOns of CaC0

3
(calciC),
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gypsum (gYPSIC), soluble salts (salIc), or sodIUm (natrIc) SoIls In thIS order have profIles
that are mOIst for short penods dunng the year These short mOIst penods may be
suffICIent to grow such drought-tolerant crops as mIllets and some desert shrubs The
suborder Orthlds, that are Andlsols without sIlIcate clay (argIllIc) or sodIUm
accumulatIOn (natnc) are found In PS 1 (143,300 km2 or 47%) and PS 6 (27,500 km2 or
43%) They occur to a lesser extent In PS 3 (6%), PS 4 (1%), and PS 5 (03%) Orthlds
commonly have honzons of accumulatIOns of soluble salts and carbonates

Molhsols

These are mIneral SOlIs that have thick, dark-colored surface SOlis wIth a base saturatIOn
of 50% or more when measured at pH 7 (SOli SCIence SocIety ofAmerIca 1984) They may
have either a SIlIcate clay accumulatIon (argIllIc) hOrIzon hIgh In sodIUm, WIth a
columnar or pnsmatIc structure, an albIC (LatIn a/bus = whIte), camblc (hOrIzon altered
by physIcal or chemIcal processes), gypSIC, or a hlstIc hOrIzon WIth a very hIgh content of
organIc matter They do not normally possess a hOrIzon that IS hIghly weathered and
contaInS a mIxture of Iron (Fe), and alUmInIUm (AI) OXIdes (OXIC) or ore WIth an
accumulatIon oforganIc matter, Fe and Al OXIdes (spodlc) TheIr surface hOrIzons usually
have granular or crumb structures as a result of theIr organIc matter content Of the
seven suborders In soIl taxonomy, only a small area ofAquolls (10605 km2

) occur In PS 2
Aquolls are naturally wet, they develop In low places where water stagnates They may be
artIfICIally dramed, have hIgh organIc matter contents, sodIUm saturatIOns of 15% or
more m the upper part of the soIl and a decreasmg sodIUm absorptIon ratIO (SAR)l or
decreasmg sodIUm saturatIOn at an mcreasmg depth below 05 m (SoIl Survey Staff
1978)

Ultlsols

SOIb m thIS order have an argIllIc hOrIzon and a low base status (1 e , less than 35% of the
exchange capaCIty IS satIsfIed WIth metallIc catIOns) TheIr mean annual temperatures at
o5 m depth are above 8°C They are hIghly weathered and are aCIdIC Udults, the mOIst,
well-dramed UltIsol suborder IS the only one that occurs to a small extent (0 8%) m PS 5
Udults are freely dramed, humus-defIcIent soIls that occur m humId clImates WIth well­
dlstnbuted ramfall Most of them have lIght-colored upper hOrIzons, commonly a
grayIsh hOrIzon that rests on a yellOWIsh brown to reddIsh argIllIc honzon Afew Udults

+ 2+ 2+ 05
1 8AR =Na /[0 5(Ca + Mg)] In moles per hter
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that developed from rocks contammg dark-colored mmerals have dark brown or reddIsh
brown surface honzons that rest on a dark or husky red argIllIc honzons

Summary

The dommant suborders m PS 1 (FIg 2) are Orthlds (47%) and Psamments (36%) Both
suborders have low water-holdmg capacItIes and low orgamc carbon contents They are
susceptIble to wmd erOSIOn and because they occur m dry envIronments, water and
nutnent management IS Important for sustamable agncultural productIOn

PS 2 (FIg 3) IS a mIxture of fIve suborders, three of whIch are EntIsols that
together constItute 32% of the area EntIsols and the InceptIsols together constItute
about 63% of PS 2 The fIve suborders are Ochrepts (31%), Ustalfs (16%), Orthents
(11%), Aquents (11%), and Fluvents (10%) The Ochrepts are cultIvated to wheat, nce,
plgeonpea, and sugarcane (Lal et aI, 1994) The Aquents have an aqUlc mOIsture
regIme, and are saturated by groundwater or water of the capIllary fnnge dunng part
of the year Dunng these penods of the year the saturated soIl lImIts crop growth Its
management should mclude adequate dramage and crops that tolerate waterlogg1Og
The Ustalfs 10 PS 2 are cultIvated to such ramfed crops as maIze

In PS 3 (FIg 4), Ochrepts (57%), and Psamments (18%) are the major suborders
The Ochrepts are often cultIvated to sorghum, maIze, black gram, barley, wheat,
cotton, and sugarcane under IrngatIon The Psamments are used for the cultIvatIOn
of pearl mIllet and cluster beans dunng the ramy season, and wheat, barley, and
gram WIth IrngatIOn dunng the postramy season (Lal et aI, 1994)

Three suborders, Usterts, Ochrepts, and Orthents are dommant m PS 4 (FIg 5)
The Usterts (40%) are usually cultIvated to cotton, sorghum, and chIllI The
Ochrepts are cultIvated to groundnut, cotton, wheat, and sorghum The Orthents
are often cultIvated to ZlZlphus jUjuba (ber) and such grasses as Cynodon dactyJon
and Saccharum spontaneum (Lal et aI, 1994)

In PS 5, (Fig 6) Orthents (20%), Ustalfs (18%), and Usterts (13%) are the major
suborders They border the coastal fnnge of the eastern and the western parts of India
The Orthents are occasIOnally cultIvated to sorghum and pearl millet The Ustalfs are
normally cultIvated dunng the ramy season to nee, and m the postramy season to
nce, green gram, black gram, and sesame

The dommant suborders m PS 6 (FIg 7) are the Orthids (43%), Orthents (36%),
and Usterts (17%) The Orthids are usually not cultIvated, but ProSOPlS jutIfiora

often grows wIld on thIS suborder When used for agnculture, cotton and pearl
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mIllet are grown The Orthents m PS 6 are often cultIvated to groundnut, pearl
mIllet, and fodder sorghum The Usterts are cultIvated to cotton, nce, sugarcane,
wheat, and sorghum (Lal et ai, 1994)

In PS 7 and PS 8 (FIgs 8 and 9), Usterts and Orthents are the dommant
suborders Usterts occupy 47% and Orthents 45% In PS 7, whIle Orthents occupy
58% and Usterts 39% In PS 8 Usterts are normally cultIvated m these ProductIon
Systems to nce, wheat, gram, lInseed, plgeonpea, and lentIl Most Orthents are
under forest vegetatIOn wIth such trees as Butea frondosa, AcaCIa arabIca, Madhuca

mdIca, and DlOspyrosspp and shrubs lIke ZIZlphusjujuba (Lal et aI, 1994)
Both PS 9 and PS 10 (FIgs 10 and 11) have large area~ of Ustalfs, 61 % of PS 9

and 66% of PS 10 In addItIon, PS 9 has about 20% Usterts, that are normally
cultIvated to ramfed sorghum, maIze, castor, groundnut, and pulses The Usterts m
these ProductIon Systems are normally cultIvated to chIckpea, plgeonpea, sorghum,
and safflower (Lal et al , 1994)
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Flgure 3 ProductlOn System PS 2 Central/eastern Indo Gangeltc Plam Subtroplcallowland
ramy andpostramy season, ramfed, mlxed croppmg
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FIgure 5 ProductIOn System PS 4 Centrallndza Tropical, high ramfall ramy plus postramy
season, ramfed, soybean/wheatlchlckpea
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FIgure 7 Productzon System PS 6 Saurastra Penmsula Tropical, lowland, short ramy season,
ramfed, groundnutlmillet
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Source NBSS&LUP 1985 digitized from a 1 7 000 000 map
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Flgure 8 ProductlOn System PS 7 Eastern Deccan Plateau Troplcal, mtermedzate ramfall,
ramy season, sorghum/cotton/plgeonpea
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Figure 9 ProductIOn System PS 8 Western Deccan Plateau Tropical, low ramfall, przmarzly
ramfed, postramy season, sorghum/ozlseed
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season, sorghum/Ollseed/plgeonpea, mterspersed wIth locally IrrIgated nce
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Figure 11 Eastern Indza ProductIOn System PS 10 Tropical, upland, ramfed, nce based
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About ICRISAT

The semi-and tropics (SAT) encompasses parts of 48 developing countnes including most of India, parts of

southeastASia a swathe across sub Saharan Afnca, much of southern and eastern Afnca and parts of latin

Amenca Many of these countnes are among the poorest In the world Approximately one-sixth of the

world's population lives In the SAT, which IS typified by unpredictable weather limited and erratic rainfall

and nutnent-poor SOils

ICRISATs mandate crops are sorghum pearl millet finger millet chickpea plgeonpea and groundnut,

these SIX crops are Vital to life for the ever-increasing populations of the semi-and tropics ICRISAT s

mission IS to conduct research which can lead to enhanced sustainable production of these crops and to

Improved management of the limited natural resources of the SAT ICRISAT commumcates information on

technologies as they are developed through workshops networks tralnmg library services, and

publishmg

ICRISAT was established In 1972 It IS one of 16 nonprofit research and training centers funded through

the Consultative Group on International Agricultural Research (CGIAR) The CGIAR IS an mformal

association of approximately 50 public and private sector donors It IS co sponsored by the Food and

Agnculture Orgamzatlon of the Umted Nations (FAO) the Umted Nations Development Programme

(UNDP) the United Nations EnVironment Programme (UNEP) and the World Bank


