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Abstract : Detailed soil su:vey ras camed out in parts of Tawa Command area *fuch lies in &e
ffood plain of Narmada and Ta*a rivers. The soils belong to Vertisols and associated shrink-
sweil soils. Properties of nvo soil series, vrz. Rohana-l (R.hl) and Rohana-2 S.h2) are described;
the former being culdvated and the latter ungultivatC. Clay content oi the two soils is
comparable, through Rhl soils have higher clal' contenl Infiltraiion rate is lower in Rh1 than in
RM soiis. There is an increasing trend of Na, Mg/Ca ratio and ESP values with depth for Rht,
but usuall,v insignificant for Rh2. Weil water (Wl) has higher values of pH, Na, Mg/Ca ratio,
residuai sodium carbonate GSC) and SAR than canal irrigation water. It is thus envisaged tha'.
use of such ground water with lower EC and higher Na values (which is potentially sodic), ma.v--

deteriorate the soil structure and decrease the infiltration rate by causing dispersion of clays.
I{oreover, svstematic soil survel.helped to identiry and show that for shrin}i-swell deep black
soiis, irrigaiion even ndth siightiy poor quaiit_v water may be iuzardous for soil envircnmeni irr
the Tawa Comrnand region. (Xey wards : Soil sarvey, Tawa Command, sodicity, VertisolsjBr

Verrisols and associated shrink-swell soils occupy
about 72.9 lvffra (22.2% of the total geographic area)
in India (Murthy et al. 1982). Soils of Ta*a Com-
mand area in Hoshangabad district of Madhya
Pradesh, falling mainly under the above category,
lie in the flood piain of Narmada and Tawa rivers
and are mainh, drained by these rivers. Lnw values
of h-vdrualic conductiviry and infilrration rate, high-
er sr+'elling and dispersing characterisrics and in-
herent ionic environment limit water and o4vgen
supply to the root zone and cause ramification of
roors (Nairiu & Rengasamy 1995). This makes &e
management of these soiis diffrcult. Moreo','er, be-
ing highly d.ispersive, these soils are prone to water
erosion. The swelling and dispersive characteristics
are accentuated b;" higher amounts of Na and h{g

Presen! cddress :i ZARS of niXvv, Water Manag,emeni pro'1ecr,

Powarkheda, Hosi'rerrrgabaci, lv{.P., 40i i 1C

espmially in tire subsoil (Batpande et al. 1996).
Further it is known that continuous use of poor
qualit-v irrigation $ater rnay be hazardous (Gupta

& Abroi 1990). However, detailed soil survey which
gives an idea about the exient ofthe sodicifv prob-
lem is lacking (Abrol 1982). Therefore, an under'
standing of the causes of these faclors in shrink-
swell black soils through soil survey may be usefi:l
and enable one to arrive at feasible possible
reclamatory messures to be undertaken.

h{aterials and Ivlethods

Previous Soil Survey: As part ofpre-irriga-
tion survey, a detailed soil survey ofHoshangabad
tehsil was undertaken by Government of Madhya

. Pradesh- in splits during W7A:77 under Ta*a Com-
mand area (M.P. State Soit Suwel Scheme i977).
Budhr*,ara series (cuttiyated) identifred b1, the*
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SOL STIRVEY FOR DENTF} TG SODICITY

covered the iargesi aree and it may be -correlated Cbssif catior : Rtri series soirs {curti'ared)
witl present Rohana-] senes Gnt j' guai'o'"u r.- u.rorg-to verl fine. montrnoririonitic, hlpei-ther-ries soils "" u'1:1:1q1i5!u'"ili]o Rl"l *.,'.x,L"us, fam,;,of rypic Hapiusrens corre-
iir"Ji,5.'r?*ri::llld 

vn qizrl iuv t""r*. ffi;;;20 so, p.oir.s at o*.ious sites and p..br

ei 
*r,.', * d;:,: 

[ : 
i :{ ::'i;f ll,;"j: j:,fr : * 6 ;:,t,m 1fi*j$,;tr Jt.*t T::,f,:horizon' colour of the subsut{h;;#,;"rs varies eo rro.n-s so, profires at rlarious srtes. unrike R}rl

frorn ven' &tk nf:lltl brown 110 ia vzl ro dark ;;;;;;r, R-M series *ir, rrr* aimosr negligibre
ye,orvish urown"gb:r.44); rir;;.rrl,, *roi,cri. pi.r.".*'orcacc, and hence rhe rrvo senes li,ere

ii:$:'H:T,#,'*H,f o',L'f;:;I'*u* to i',* ilio"1ed on caco.
pH rrom t tii i s sri""t"*ri,,, B-.:{trj r*,J:{:::"!:;':;{r:::,:.,!1,::;L#;;ltMn nodules and concretiott utt-;;;; Another t* *,"g a"ub-r1nns cvrinder infirr-romerer merh-

iip,::#J,trJ[:ffX;;:::ift;;1,'"'{J;f ,o*,IJi, and EC;".;;;;;;;;eci ia i:2 5 soir.abre Howev.,.l"t,g ,Jio ,,,,rr',;;:i1i,i,'#- ;:fiTii:jf_:il,*{:,n;1,U,il:ttrJ:
,'rT:l.X',fiin::1, ;*.,' i.;;r ;;';;, u,,u,r- *,*,lin,NHooAc ar pH 7 0. exchaageabre ca1_. Geotigt and parent mdrerio!, o..:1,],:? ffi,yfl:rffH?lrl;:T:[tr"T#tf:,7basalric basic rocks are rhe *ort oo*inunr g"orogi- * r;l'; NHroAc exrracr at pH 7.0 on fiame
cal formations (wadia 

lgssj' il.^-t;i'*narton* pr,oto*.r.r. organic carbon *i. c.t".*ined br
truv be found aronq rruit ,on.rio.;;;;;. course warkrey. and Biack irr:+i *.rod and Cacc.
of rhe Narmada .iver and arso ,.r,,rr-x, ri;;;; ;;;";;;rrt, acid neurrarisarion merhod (Brac[
piaces' are exoosed ggnawanas .J'oin **. iiirlli*"'irrigation water sampres. vi;. weri ua_
Parent materiaiis basaitic Nu.*ra, urlr"ir*,o1,1" a* i#rl ,ro.canal r+,ater 1wz1ir.r* anarysed for
Pleistocene and soils-form"o ,rrrr.rro* u,.1*i*_ gt, ,F:"Nar a1! K. by the abore procedures,
swell black soils or Verrisols rrJrrr""iri.A *lrr. fir. 

"rrt"rae and HCO.. were analysed by titra-. ctimate and vegetotion : Crimare or t!3 y- ";;;;ilrrse using phlnorphtharein and me..=
gron seems to be eraduariv shlfring towaris-siignt- ;;rh"ato.s *d cr-r+las *uiyr.a b1,s,vir
iv drier side since tgst' but^rri-irii-'i3 

^show il;;;;;;.n using pora,ssium chromare as inc-
fr,,!ru,n'T,fiTrk*'tnr #ffi ;iffiliffi iqzs 

-mrii,eo Li'i*,* u,, otaverage annual maximum and minimum *p"rr_tures (197't-94) are r-,,l"..r,rolg r"C,'[r*.,*,, 
Resurts and Discussionulimatic classification is ..dr1 

subhumid. large sea-sonal water surpius' *tg"h;;;:';;"r-;r*r- particre-size dis*ibution: parricie-size 
char-

*rH#i:,jfu_Ji,:*::y::1,ffi ffi.,ffiil,, ::x:;:*ffi:ffi,ffj;jt &1Narurar""r.*;r1incrudesbabut(Acaeia,l't,'*J[:T#:rl*,*;::*-#,-*j
,j,i:.r:);:,,',lli,"L'r,''," frondoso), rainarind ,o ,r,.}u.i'iui being uncurrivated ani a_djacenr ro

i7.5,,i,yi.,'::::ifl;,lT!,1,i:;i;::,,;,;;,# ffiittt"J**:,[,$i:,[q,*f:*X,
r;sf i*s**::ir:,,*,1-***fii**-#*t*T#

remarns uniform and irc r,alue is in generai, quite
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Trble l. Some physical propenies of the ru,o soil seiies

Horizon Depth
(cm)

Sand Silt Clav Water retention (96)

-33 kPa -1500 kPa

SancL/

silt
ratio

-1500 li,Dal
ciay
ratio

Ap
Bu'1
Bu'2
Bss I

Bss2

0-1-<

1 5-38
38-64

64-115
i 15-151

0- 16

1645
A< 1n

1A-t12
lr2-151

9.1

5.6
1n

10.7

10.3

40
9.8

6.9
1 1.2

2i.9

341
28.3
3A.7
31.4
J4.-+

1,7.8

28.2
25.5
26.4
140

24.9
t9.9
22.3
,/..) . )
/.5.J

c32
14.5

14.4
i4.0
4.24

0.36

0.3 5

0.36
0.35

13.5

0.2:<

a.?4
v.t3

12.7

Ai
Bu'1
B*'2
Bss I

Bss2

Rohona l series (Rhl)
32.6 58.0 0.29
31.9 62.5 0. t 8

28.5 64.5 0.25
24.3 65.0 a.44
24.7 65.0 0.42

Rohana 2 series (Rh2)
55.5 0.i0 3i.3
31.7 58.5 0.31
33. I 60.0 0.21
28.3 60.5 0.40
59.5 0.45 26.7

Available
water (9.i,)

high indicating that the parent material may be cal-
careous in nature and alluvium in origin. Sand is
reiativel)' higher in some subsurface horizons of
Rhl than in.Rh2 and the amount of sand has little
consequence in the pedological deveiopment of
these soils. Ciai. is slightl,v higher in Rh1 than in
Rh2 and this is reflected in all properties associat-
ed with ir.

lI/ater retention characleristics: Water
retention characteristics at -1500 kpa (15 bar
suctron) do not show much significance and follow
a slightly increasing trend down the profile in case

Table 2. Some chemical characteristics of the two soil series

of Rhl, but not in Rh2 (Table 1). However, there
are some increasing trends donn the profile fcr i
\vater retention at -33 kPa (1/3 bar suction) which l

may be due to the little increase in sodiurn
concentration in the same order ffable 2). This is
because at low electrollte concentration (as in this
case), Na-smectite systems (these soiis are smectitic
as shown by CECiclay ratio, Table 2) have more
than twice shrink-swell potential than Ca-and Mg-
smectites up to a pressure of about-1000 kpa
(Wilding & Tessier 1988). However, above -1000
kPa (10 bar suction), Ca and Mg smect"ites and

Depth
(cm)

ESP CEC/ MalCa
clay ratio
ratio

K-

pH O.C. CaCO, Exchangeable cations CEC Base
satn.
(%)

(dS m-r) equv. Cal-

-l.2.5 
g kg'' 

-

Mg" Na'
cmol (p-) kg'r

0-15 8.1
i 5-38 8.2
38{4 8.4
u-115 8.5
I r5-l5l 8.5

0-16 '1.t

1645 7.5
45-7A 7.2
7A-1l2 7.3
1 12-151 i.5

0.44 7.3 75.9
0.4I 6.0 u,.5
0.50 4.4 92 5
0.52 3.3 15i.9
0.69 i.1 tn 7

Roiuna I series (Rhl)
30.6 13.6 0.28 0 55
35.4 8.0 0.26 A.47
32.0 10.4 c.30 0 43
2i.0 10.6 0 35 a.u
24.2 13.0 A 45 0.46

Rohona 2 series @h2)23.8 8.1 a.z? a.J 
25,8 7.0 0.i8 0.35
26.? 6.0 0.20 0.35
25.2 4.4 A.fi 0.31
?5.1 6.? A.24 0.29

0.62 0.78 A.4
0.56 0.74 0.23
4.67 0.59 0.r3
0.9r 0.59 0.39
1.17 0.78 A.54

0.66 A34
0.54 0.57 0.27
0.61 0.53 0.23
0.55 0.5i 0.1i
0.75 A.54 0.24

0.41 i5.0
0.i6 7.1

0..i8 5.E

0.3i 5.4
0.63 4.5

N
N
N
N
N

45.4 99.2
46. t 95.6
41.5 96.9
38.4 r00.0
38.6 98.7

33.4 97.2
33.3 100.0
32.9 99.5
30.7 98.0
32.2 99.8

N-negligibie

13.5

84
84
8.1

1i.1

137
i2. l
tt.4
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high electrolr.tc Nzr_smectites behave similarh, and
retain more rnlcrlarcr rvatrer than lovy electrolrte
Na-smecr r rcs Tirorgh exchar-rgeabi;";;:
concenrratron rs vcn. Ic,u (() i.i to 0.4i cmol (p.)
kg-r; Tabic l,r. tire' rncreasing rrenci dorvn tire
profiles shorr.s rhar thcre mal beslight contnbution
of Na'touarcis 1\alcr rctcntion. Thus, the ratio of _

1500 kPaiclar vaiues sho*,n ia table I are
expectedly higher for culrivaled Rhi soils. vvirereas.
the values arc rcla(rrcir lori,er for un.uf,irut.J'iil
soils.

Inf /ratit,n charccteristics: The nature of in_

:i,"^11:" 
cun.:s (Fig r) for Rht anci Rh2 in gener_

at, sho$,s similarit_i in permeabihf-r' behaviour. Theinfiltration rare foiRhL soiis ranges r.o* o.i ro o.qmm h'r and that for Rh2 is t.I ttl.,l mm h-r g,hich
may sugge$ that Rhi soils exhibited greater srvell-ing characteristics rhan rhe Rh2 ,oilJ ii. quuntl_
li9s. 

of cta1,, CECictav rario and Na- u.. ,iigi,,i1,
higher in Rhl and rhis may har,e been reflected bra decrease in infiltation rates. Higher CACZcfar].a_
tios in Rjr l ou ing 1o higher .,l,..,it. co,rrent 1imiti.,I98.6) togeth.r,iirn incrersinl \r- con;:nrrarion
at Cepihs beloti 150 cm, ma-\. have decreased rheinfiltration rate for Rhl series soiis This is becauscsmectitic clat,s are rnore prone to dispersion than

Reaction: Soil pH shou,s that RII soils are
mode-rately to strongly alkaline, whereas R.h: soits
are almost neural as the latter being uncultivated
is not irrigated, thereby showing thaisome form ofirrigation water or perched wa[r mble *ry U. .*-
sponsible for pH rise. Electrical Conducti.i.ltn, vat_
ues are verv low and not of much aon.aqu.n".
T:qt for aggravating the effect of so<iium. The
CaCO, equivalent in RhI raries from o+Jio ts f .g
g kgr, u,hereas in RM it is almost negiigible. rvhich
is also reflected by the pH values. Th"is"may.'6" 6u*
to reiatively greater leaching conditions io'RlZ.Oe-
cause of flooding. Visual observations foit.eat_
ment with dilute HCI showed strong effervescene
for Rhl and no effervescence for Rh2. pedological
formations of iron and manganese concretions
(rvhich do nor dissolve completely in 0.5 ,& HCI)
are obsen,ed in all prohles, ,rggesiing that the soils
ha.i,e formed afrer Iong periodiof d;in; a;; \yet-
trng 

.conditions. Organic carbon has a iecreasing
trend dou,n the profile and the values are more or
less comparabie in both the soils except fo, n"
surface horizon of Rh2 (15 g kg.r) *fricn muy Ue
due to uncultirated grasslana vefetatlon.

other clays (Frenkel er a/.
infiltration.
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, . Exchange characlerislics: r,i,ritir incdepth. excharigeabie Ca:- and rrag,, 

"rrr* irreasrng 
G{Co- * Cor,-) - (Car- + Mg?-) b,r,Eaton (1950) is

f$il U:: i : il.' ::i: *it';:x .:: :; lii ::l{i?ri: i ;r,'Jx nti**-:#
tions (rabre 2) sodium ion increases ,'iIT3- #"J,xxi;T{ trft,i:;:?';fHr#t1,ii
$!1T!!','l;r;H,',fl:'Jl ffi ?i*;:;;i ffi*#ous, whereas iv2 is sare ror urasNa-andK-arenotof *u.rl.onr.i,i'ffi,n.,, *;;;;-?f 

sodium: The literature for rhe

*i:ry:i,:,,*':;::,:J"r"il}'*riir' -',"u,..--#,"0*1,, n tn 
",. 

^,i,,",',.',.o 
sca n ,, .less tlun r.2. vr lDr vatues *'hrch are though preciprtating n"*t*i^.o.i o^r.n, *rr._

*u*",i"'f,3i,T*'l?:,Vi'!i!.,1:;i,Iil:."J j::;fi i:fl,*};"I#fi .::t',::,ffi i5:,1,l:l,,}
J.'T ffi l: i 

"I,,T i il : iff it..:;:; i #; IT *: :fu: *###iiliffi ["#iTahle'l f-h.--^,--:,.'Table 3. Characteristics of irritarjon water used in t-he area
SI No pIi fCEC Car' M,sr Na. K-

[(mmoi.L'r;rciiar. iC,
+SO.?')wl s 2 a 7a o 6o j 30 ,tl;;,, 

*;,;i aeep,nbe:"I?v.uu ).JU 3 l0 0 0l
8.2 0 ?0 , on Canat waler or?":i'r"*ilio) 0.50 0 56 I.80 8.83 2.s2w-u z.JU Oan n1^

- 

u-7 U.U-\ - :ni3.05 0.50 0 59 0.21 0.-1t a.27
carbonaies ,nun Wr.,,,:_.suitrng in a higher SAR inwr [i sc (mmoi.,1,,,]rl{,.i: ;; i;:r;"(*mor"L.
,l''l.,frll.r ugCa and Na-/(Cj : io:1 .r,io,Ior Wl (8.Ej and 2 slt ari *r.i'rils#ii:an w,zj,o^l] ir, 0.37). respectirerr.. indicai", *u, .on_rrnuous use ol *,ell u,arer roi i..igril; ia, ,.na..the top scit iayers with more .*";;:-Lg rna
_\:^::l larger \4g,Ca rario fs s:, ,r.rrrllo*or,neorspersion of clars on one fr*a r"irrffi;,;:ir"-. hazards or, ih. 

i1r.1 Oa.x.rl 
"r"rr,r,ruuu,Arora & Coienian i979: Gupra ,,)i :rni*,Sumner

1995). Increase in Na" i, tfr" r.rt.n ;;;;., ,r_
l,:::i,:r, rate (Rengasanr-r.& Otsson tgel) ciue rorncreasecj iispersion anci. ihus ,ff".,, .rop gr*rtf,Wetl irrigation ilarer rirrt, lou ;C;;.;J,|j,, unohigh Na- (3.10 mmol.L.j) n_ral rherefore be thecause of increased dispersion i" ,fr... ,oiir."roo-ever. canal riater (\V2) despire haung Orn ri, f, ,;,apparenili.does nol s

::'1.:l to' o i sp c.sion ,;i_H:.,'J ffi :::"i:#::ar sodium carbonare (RSC) a;nrJ'r, *la =

weathenng and deposition of soil materia.l bv yari-ous srreams, sodium may have u*, i*.i#,"Iower la'ers and therebr.'r;:';::I,_'*
cenkarion,, *ro*o ilrl:.."to 

increasing iB con-

,.^^ ^Ir,**1lit3y^ation: This soit sur,€.r.uas armed at idenrif,.ing.ana aemailrr"rr"i_
lems and poreniats or sJtis 

" 
ii.'rrJ.,iiorno-Iogicat fearures such as ";i^;;':*:1.:_ '"tenq', etc were inirial ,it^,ll]1", structure' consis-

remi in u..;,"i, * ffif:?ill'f:::,:i;.fi
beiou, I m. the structl
rveak columlu, ,.rru"tt 

were angular blocfu- u'ith

:l:,.-,.i ( ;,;;;;#;','j;,i11'd'[ ]r* Ilffi. : ;
lhe 

pres€nc-e of higher. arnount of Na_. ,"";*.supponing iaboraron aala CfaUtes i O, ,l'rn"r_"Jthe injtiation of sodicrrj, development in soiis olTarva command area f."* ;;;"*.'ur]1,,r0,.
ciata of previous soil I

sorne conr rard rg *o;X}il,:,"j:t_:;t jJ r,;l;cai anci chemical prop"*., uere er-icient ."*J;::;ro presenr da1.suner.. es. pH 
"rii.'#,,1,",.0

-!-!=t!

$i
#j
ffi..
ffiffi ':i

ffi.i
l@ .,.11&s r:
;-ffi rS
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soiis changed f
propenies ..,r,3I.'^', 

to 6 '1' su8Sesring rhar orher Frenkel. ir c^^-.- - 
:'5'

rered. weil ,r.rtto 
to pH nta.r trii'e atso been al- so,l I I Goer?en' J o a.

Jff J ",#,H .;['ff 'l'^:: rg*UlU : "#ii " 
- :,i i' l"^;;' l,' I ffi:":',",."' I l,'

iir$;:m:*;ffiffH:l:l;,';:'r#',x' 
o"3;l;5,',x:'b'Ia DK & Abro, rp (re8{, soir

TI ,T,*.*,'i,Tilll'.',T,tr'i",.al lio..l *n,,*.';;Jl;:i:: 
L:,: * v H & Du pressis, i{ MI au,a egrnrn2n

*ouTXf,J.:r n,u, n1",.",,";.:'1rH::;,:i 
:.}i;;r }.*tI lj,*,g._* N r (r e6d,

tenrorveniso,r,ll']lo'1 that the hi,h clar con- 
tttr:[:"*:-"tffi 

$;-; i',.rrT Detaited soi,t

::::,, #i:+ill;ri:,Tffi:i::?;:"tr":,fl ,,,.,ffi"'{i$?{:;K:iiu"o 
r"i,si, 1rli,:a

'11ffff;..,Hf:;:*:S:;r:ff:T,",",1X];I: 
*"ft,|:,.s11"acirari;,:; 

, Lander p. i c
able sodium *uu 1on' 

tmatt quaniiit'oi'.*.nrri- r, .s"i :,':l 
M (1982) Trans tztt tri.-ir'rrr'ti,

]fBrirer",l;;;;,t'usesodicit-r 
n'-rrtit-#.?,- Naidu,R f *;:f:*Tr,p.(reei) 

rnAusr.sdicSoit.s-

;i6rl;,* **:'iiiliri#':.',:";i: {'{,::r,i;e;ll;;;r, fs!'i" ;ixfrfi
for soiis;lJ;ht;;)^S rnore hazardous. 

e

garion u* ,,arE. jlll;:;l$ffi:,:'fflil: o"T:T;;,{,f o,**, Ka rr eet) Aus r soit
trrigation H,ater wa ^rvrr 

LL drlo Iory Na*. Canai sarma, v.A.
grounduarer r.o* ,.1^l?und 

t-o be t*ui.. rri,.r*, t^ab.r"t' xtlti'nan' P & B'liiu!.S L. (r987,
,,,=,01", i", 

.;il:'j 
H;il i: # 

i. ;il ;; JJ' ̂ , 
ff " {i l 

"' 
*' Ji) :2"3"fi}: .f i 

#, *i',i"*'
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uurt on rons-term basis 

rech *;{:; ;:;;i;'r1i;fi:.i:iff'"rffr,
^o'"1;l;^ite'2) rrans. t2rh inr cn--- a 

Sumner''u,rlio'i;');i";*,c 
soits - Disturh

^__ 
*".1 o"u,,, u"i ;';r':;! ittt Consr soil s- , 'd:{r;,^t!"":€. !l n,io,ff o, sumner & p^*T!lt & Corenran,'Nr (r elet Soit Sci 127 ,",,r.i*!,iJ-l,"1-*",fl.i;iii[,j,hrrr,*i;"
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