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ABSt RACt

51x st a.<ls ho!€ samplod !n orodod loc.litlosl
thEe ln Peshah:r Vlle ard rhlee tn the Halo Basln of
polohar l,.tiods near Le!....pur. fo! t.ton.tv. .lE.l
3tudle5. Atl tlle sts.rls {ete ddilnatEd by b1trFqreo.

alaoe {or oany F.sons, such 6s ht!!h pq, dry :nd add

.onditionEr hlgb teipararuE ard deglccatto.. All ihe

etrtuis {e* ivsdably inhabcted by s.blzdthrtx _

scvio.es, cniu.ltJ.eE. The mst fFquont specle! Nete

scht2oth.lx frlestt md .*I!!j!!! Eq!g(g!!l. rh€ glen
.lgae {erc !.plesented by prdtococcuB vtfidis, Cblorococcud

ovtfo$e, g. achino2voorum, 9. hvpno.potum a.d lqt!.cv3tls
lsobtt.t6!aus, rhlch 6r malnly u.1coUula. fons. Tha

.bscnca of oth.r 3son ard yelt*gE€o atSao sa6 ralnly
be.,usc of il!h tennFrntufe, d6s1.c*ron! ;nd add

condltlon5 to $htch theeo fo@s at€ 6enstttve.

rhe desiccatton tn suilne! coupt€d sith toqret\-

atule erteres ln suecr .rd qinte! eltddnnted the va*
cul.! plsnts stgntftcantty, iut the s.t1 a19al florr
alntost !€oaln6d unaffected, The alsal cder ltas found



to ntnlrdze the puddli.g effect of .aln, the soll .Iqal
l.yc! offe!€d no Eslst anco !o the lDftlt!.uo. of i.te!
.rid the tln. taten by (ate! to €nt6r the o),ga&cove!€d

toll ,,!d brE sotl r.3 fourd to b€ ihe .an . rh€ sol!
sufac., protected by a19.1 laye!, offeFd nole le31staft.
to the fotte of tho sater of nn off as co"Fat€d to bar6

EurfacE dalnly be.ause ot the btndinq ol sult.ce po!!_

lcl6 irlo a .on.@sible lay,!. The [atlo of sotl .r.d.d
f.dn alga€-Dlotected and baE surt6c6 !3i found to be

Tie cGrunlttos of htrho! vegetrtton seE .rso
€stabllsh.d ln al.l srsndsi glag4g S.rg!y&6 6rd pt.nteo
ctllat6 s.F fcurd ta rE the oo.t fr.oueit !d d.dtnarr
heDlFrs of the cdmuntit.c!. The cocfflclorn of cmlu.tty
{6s deteti{ned fo! aU tha patls of algal and v..cu!.r
cmrunltle!. soll te:tuF sas fdnd to be stlt lo.d tn
.rI the stands strn htlt sllt .id s.id pelreot4es. all
tho sotls kete altalt.e (ltn high C.@3 p.<portto...
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INIT€T'JCI ICN

Nothl.E ls etet..l t. ihl3 {o!ld hrt the cb.nge

its€lf. It ls doubtful rf n.n could have sulvlved tn
an .hsoluiely siatlc n6tu!€. Nar.ural p!o.6ss.s, includ_

to! e!dto., heve bldlht about the fott|srlo. or soll
fr'cn the p.srn !GkB. A br6tc dt6tlfttton lh@lct b.

m.de, hoieve., bctsoen the rdte of cndnge .! lt adlr.
h n:tuF NheFby Eotl htnttng foEes !t€ 6ub6t.nctatly

ln bel..ce $lth tho6a of dostructton, and th€ r:te of

change D!.clpitdted hy oan tn the conqlest of hts envtlo*
ireot. The o@ ls tnher€nt1y natulal i.d the other irlst
be c@sldeled arttfl.cial. \fiat take3 natur€ bundleds o!

even thousands of yo€rs to h.rufactuE, oan ofte. de-
troys alllo3t de!.ight W h4jhazald u3e of lrnd .rd
Lmpldldent husband!y.

The lse of land pl.ys an tiportrnt ml. in
agdcultule, Sdll d.terlm6 ho'n f:[ a soclety can 90

ln devalopinq Lts lndustrl,es, cultu!.I pur.ults end .oc-

1ar ard polltt..l ors..1s.tlons. In lqnolan.e and
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s.st€fulEss lentlnl has 3trode &F3s tho f.€. of tb.
eanh fo! about 7@ y6a!s of faltdng' pludedng nat-

ulal Feutces .rd drtvtnq i!,1d llfo lrto erltnctld.
liilth litile kndlodge of n.tulal r?soulces €nd deucata

equlltbrlum h.tB.on sdl folnatton ,.d land iculpturs,

he h.3 .ccele.atod the p.oc€ss of e.o3ton (xh!n, I98r),

Devs.t.tton by .ro5!oo h.3 dd bccom so .pp-

a!€nt that lt ha. cFatod . sedoo3 pFbld thloldlo.rt

the iolId 6nd ts 3lqnlftc.dt tn ou! coudry a. NelI.

In Palt3tan, e+oclal1y ln the upLand dlstdctsr tri.

€ltuatloo 1! q€tttng so!6€. Arety y6a!, oilllons of tons

of e.oded debale ls rashed dqn the platns. The flood6

hav€ becone a reculdns f..tu!e d.tnly due io devftatLon

of fo!e3t5 ln the h111 cltchEnt. only ln ihe lndus Ba.ln

Catchmnt zt4 peft€.t ot forelt3 ha\,€ been rut^€d (Kb..r

& Ch.udhry, 1967). It ts .Etld.tod th.t about 36r@

.cFi of 5ol1 1. .roded ln Patlstan every yoa. (|<hrt,

19e4). Tho sltuatlon ts qutt. .l atntng end needa livie<l-

l, rte atte.tlo. tn thts reg.ld.
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rhe da!89. c .€d by .!o!ton rs not only coD

fined to 60ll lo3. bot €ro.lon by rate! c.us.6 at t€r.t
foor type3 of lG3e6 or drlqe3 ( Fotn t Turi(, 1972).

L Th€ $.te! cdslng th. elo.ton 1. l6t. It
rdqht i.u6 b.en u3.ful tn crop ploductton h.d

tt enteEd the soll iftt..d of trrnntng off

2. The .o1l ca8led .r.y co.5e3 to b€ of a.y

value !.o cr@ p$ductlonr and fulthetoce the

fts3hly e$oi.d sorl t. Fl.ttvoly td rn aratl-

.blo nutdenls rt l.srt for a.hort.! p6ttod

3. lhe .oll cardd dsry fEqle.tly c4r.e3 ruch

d3na9€, €.pecl.Uy du.lng guUy folm.tlon, a

l.y!! of l.f€rtll. soll o.y be depo.tted de!
an a!€a of ploductlv. !dl, thus Etlstly E(L

uclng tt6 pde! of crof' ploductlon.

4. rh. Ed! !ad'/.d th.ough eroslon c.y be d€p-

oslted 1n c!t€.o3, h.rbdrls. atd lleelrrarE



lncra6t.l the lotenltty of floods, llp.<EnE

navtgatlon .nd Eductng hate! stc4. c+elty.

The tht€e ooet activ. €lodln3 forces ,l? grt.r,

s!.dt .nd cnor. ,tlrd ls dtt€ctly r.Bporelbl€ fo! sand

adl dust .to!'ns. r,rate! e!os16 ts goo.r:tly con3ideEd

to h.'rlfeit 1tlelf ln tro fo!r. 1.e, sheet a.!d guUy

e!o3lon. usuarly rh€ic tio fofts lopss€.t dtff.pn! itages

tn th. s.nF plocesst and qultle6 a6 a rut., do ndt 4p€r!
unttrl 6heet .!o.ton hls bc6n unto! ray fo! a con.td6r

able tlhe. c!l1les, hdove!, 6onetidE6 occrr, \ltholt b&

IrE ptec6ded by sheet eloslont a.d coNe!3€lyr .heet

€losto. h.E boen tnnn to conttnue tnd,:f1rltely htthout

the fom.tton of gullles (Ayres, 1935).

Sheet eloslon occuls by tio plocasses n$ety

!at. d!.p lrurt ..d tlaisportntion of 3otl partlcles

by flo{1nq $atFr ( qtth and tii6cheEtc!, 195?). Tho exc.6s

of !al.n r.te! starts flo$Ins dorn tbe sl(p. callytng

soi,l :'d hu@s slth tt, Fsultt.a tn . untfoh 3tim!,nE

off of the ce.o of top so1l.



The gulry erodoa occrrtr shen s.ter .trrtl
flortng ln a daflnlt. chann l, rh.to .r.dtr!g pd'' ot

. gtv.n voloD on r glvco .16p. !r gterUy tact...€d.

The gulll.es ulu.lty !tt.{n ! deoth of 20 n o. moE rlth
pEpodlo.rt. ildih, ln € noatt.bl! 6hort t1ffi (Khan.

l9€l).

5

A dlaqr.'rrttc rsp!€t.itatlon of roll €!o.io.
.d tt. efr.cts, .. corE.lv€d by Br,.r (t95t t. .h6n
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5o1ls .F not pelo..rnt slnctut€6r Thoy hava

an orlgln ard urde$o chrng€. ln rllch the atg!. ar€

lr olvod. llou soil. e,$o.ed by taid 31tp!, agdcultur.l

t€chr{quei, huht.!' d.n otho! ttottc dt5tu.banc66 ..e

!.pldly col onlsod by arq.e !5 they ale th€ pdmaly col_

onl:ers, loday iotl ,!Ea€ have €staljush€d thetr posit-

lon a3 !on6ftd. 6ott rdc!oo!9.d.6ms. They play ,n tdpoli_

.dt lole tn prti!ry ard secordary 3tccesslon by *ttnE
as ao Integlal part of the colorll.l synuslum. The

pilftlp.t f{rtt6.l .ttrtrrtes of .19.t cdN|,dtl.B
ln 60ll trcludo pdo.ry psducttonr nttrog.n flx.tlon
..rd st.blltzoti6. of sott .lgteEates by ie.n. of €xt!a.-
ouul3r polysrcch.ddes anl by the .ccuoutEtton of o!9_

6nlc mtter. t' .ddttton to tho posttlve iifluence o.r

6atl structore, 3cdl .tga€ .!€ sl3o varulbtc 1n !qrf-
cutture as thqy contrlbute to the fer!1l1ty of the lott
t'r tn€ .ddttton ot olladc calbm tthugh ,b<n$yithest!
rnc olqanlc nttlot€n thlough nltrogen ftx.tton,

talr dS.6 6 the sh.le hav. not lecotved tho

.ttentton they desoned afid tberefo!€t ntth fo$ .xc€pttoos,
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no !.o.t*able rork ba3 be€n done tn rhti fi€ld. Rrc.F

tty ! coq'rh.ndve so* on .a!1 atg.. h.6 be€o .t.!ted
tn tho D.p alto€nt of odt 6nyr Uidvet.lty of pedr.{.rl

Pak1.t&. I !x6dy, phystol.gy, ecology lnd 3or oti.!
aspoct. have be.n .tudred tn deratr bt !hC! (ryr),
!h.h. ( 197), sh$t/ta! ( t9??) r J.been ( lts), Man.t g! d.,
(I9?9)r F.ddt 9! ,.1., (I98t e 1983). AnluE (r9€r),

Ar(tuo and Fa4.l! (r9€z), Anjum .nd Al$t.r ( r9€3) and

srllda ( l9€4) ,

lh€ porpo.. ol tii. l .itlg.tlon is to rtudy

the ..ology of the sotl atgr€ 1n sofrr. atlrt €.d elod.d

loc.Iltte3. tt d,!3 €lt det.!d.l.g ihe type3, froqucncy

of ac!rener €ov.!.ge a.d 3@ orhor aqtl coar.lrdt-

lon€l vslues of tlotective llgat lay€!.



REVTEIII OF Lrl ERATURE

Lyngby€ ($I9), .c.oldtnq to P.tc$en (t95)

had cFdtt.d Falrceleus, an anctent cE6k, .s hajrtnq

E.ddd the e.rlier! tn*n lrf€nnc. to . 601I a19..

plobably a specles of Nostoc Vauche!. Dtll.Dtu5 (l?4t),

fo! th. fl!<t tle, d.5crlbcd No.t6 !gqg!6 v6ucte!

tt@ th€ soll. E'rly studtes $ore putoly of tdxonddc

natuE (Agaldhr 1€.12 & Ielti and lyngbye, lBI9). Ehjrlng

the rdd 19th ard enrly 2oth c€ntudes tho prto6ty rtterts

t16 Ehalned focussed on t dxondoy hot descrtption of

3pecies cf sdtl alga. hns allo lncluded (Lutztng, 1645 -
lA?li EhF.betg, 1843 8' I834i and R€benhort, 1863).

Late! oo.og!4rhs by lolnet lnd Flahau]t, (I8e6-l!e€),

a.d Cooont (1392) on lhe Cyanophyceae, by',t.st and west

(!et/ & l9O4) o. deutds, by tJe^ltot (1907 & 1921) on

v$cneda decaidol.r and C.ltle! (1925 a .1932) on the

Cyanophycere sete .monq the nany Go!k. ln hhlch desc4o-

tton of specles of alsa€ appe.Ed, G!..loe! (Ie95), fo!

the fltst tldo, F.U.ed the ccologlc€l ldporta.ce of

sdl algae.s plor.o!. of poo! sdl5. The ait..nld
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ra5 no^ focuss€d on the phyrtoloey and ecology of

Most of the soll algae aI€ photoautdtrophtc!

hdever rore p6B€6s othe! tutritton.l nodes. A numbe!

of sdll .lqae shlch ,F f:.uliative photoheterdtlophs

or cbefotrophs ale of r1d6splead occullence (Troboux,

l9o5; td stol-ooach, t96, !9n 8. 1928 i Skin..r 8,

Ga!dne!, l9O: rad<.r g! g!., 196ri KaoJa a 4titont

I9?li .nd rloa!. e! d-, t972). .\ccrrdinq tc
ful estlm.t€, 3b.ut 4a!5o potc..i of gr€en jd youff-
green soll :l!ao !F ftcultattve chemohotelrrtloihs

( €tttrlr I9qI). lh. pedoddnance of d!at@5 .n<t blu+

gleen .igae Dn .l.k.llne sollo may lro sttrtbuted to the

r1ch.es5 of thcse €otls t. orga.tc and lnorgantc nutr-

le.ts {F ttscht l922it Glstt, }933i pet.rE6n, l9s;
John, 1942! rund, 1945 & 194?i and Mitra, I95r). ConcdF

Itadtl/, pledodnafte of g!e.n alsae tn :,.1d sotls nay

pdrtly be due to th6 tnability of ott€ r alga€ to thdve

at lan nutlteit levets (petetsen, l95i Johnr 1942i



tl

lund, 1947: a.c Afthibald, 1969). the addltton of hung

to the soll eas fou.d hdtb lncFaslDg (Bdstol-Ronch,

!9Zat and sklnn.!, 1932) end dect€.Ginr (poro!.en,

.1935, .t!d stotes, 19,40) th. nunbei and *lnds of .tgao.

Thes€ ch.nqes ,r€ ndt d're to the dtrct eff€ct of or9-

anlc n.teri.ls hrt bec.us. of tho lndiEct lnflu..re
of olganlc n.t€.tals on do{.tu!e leientton. Th. Dd stu:€

status of the soll .lso d€tetftlnoc {hethe! the ad<Utron

or lnorgrnlc .utlieot. $1ll 3tttuldte 6 dopr€s. the

acttwlty df loil alge ((.raru.r, t976r and C..bt6
& Houqhton! l97e). Th6 lnolga.|lc tutrtents lrcF*.
tho fl.odstl.c dlve!61ty of tho sqll alqae but the e*ent

of dlvcdlty varles hlth type of tnolgantc nutd.nt

{Glstl, 1932 a 1933).

Microstratlftcatton

rltbtn the uppe dllt@t.ts
ptoftle!, glivel deposttG .nd

Jotto, I942i C.@ron E. Blaok,

.nc F lodftrn. e G.h., 1974).

nol€ abunddrt b€l@ the sotl

of dlglL populatlon occur3

o. centinoters of !o1l

locks ( Drl stol-ao.ch, 19, t

1966 i ll6d1n & allnnrl9T2;

Y€l1oFE*en atg.€ reF

sulf.ce tha. on top (Fdtgchr



L2

1992b 8. 6nd Fltnt, I95e). gone erg.l actlvlty occu!3

av.n tt a d.P$ of 1O-I5 ci lli the soll (Moo!. t.

Kaft!, .t9I9. uooP a c.!te!. I95r Bdltol - Aodh, lgzt.l
Fehe!, 1936 t l94Ai Schrabo, 1960., r96ob 6nd t963i

€nd Noldln & BUnn, 1972). Th€ 13olatlon of 9E..1

(BrtstoLqoa€h, 192?a) and bru€-qleen (V.tdyr, 1964)

ft@ depths gt.dte. then 6e D.tot h.s .l.o ba.n !!poli-

t€d. lne eafect of d6pect on the distrtb{t1nn of .!g..

ha6 also been ob3ewed (Kabdrov E. riUnlb.wt .Lyr6). rn

rne.t flerds on clodsr y.lloi-gle.n .nd 9!..rF.1q..
seE forr^d to b! Dc. abund'1t on erst ,nd r.tt f€cr.ns

su!f:.es thad o'r s@th or nolth-fEclnq suifrce6. lne

pattom of dtst.t'rutton riy lt.t Ln p.rt, due to by {.rt+

etton ln illdlarE. ard dolstu!€.

The ph.tope.tod! and the quaUty of l19ht rae

fornd contloU1nq the 9.6tn .rd the dlstrtbutlan of

.ol1 alq.e in l.holrtdy .rD.!tn.nts. lh. dllf.Ffttl>

tton of hetotocysts sa3 found to b€ rtght da€nd.nt

tn a nuobor of bluFg!6en algrc (Foogr l95tt !.zlloff

a v16hnlrci l96ti Kale, !9?2! and sinEb a vl.r.nath.n.l9?2)
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lavelenEths of 600-?00 nanodeters dt ISO Lux ro.ultad

L gFatcst fr€qlency of heteto.y3ts dlff.!€ittatlo.
1o laabrla !!!!s!g (K.1€, 1972) d 3. d-g.U-s!!

{Tyagl 8. Ahlu$aUa, I9?8). the effacts of sola! lsdtatlon

on soll .19ae !n E9lon of tho spectnn othe! th.n v19

lble h.va alio been dudlod. 5o1t llq€€ !re!o foud to

he do!6 reststrnt tD dam.go. by uttrdvlolet .adl.tlon

than othe! dlcloorEsntsos (Xuoa!, 1953i a.rd c.oeld a

nlank, 1966b). In tho ie3trns .it€. of nucl.a! srptoltonr

!n No.d. end J+an. soll alg,e, ihorlh ravosly tfe€t.d!
N€lo coopatatlvely oot{ rot€r.rt of htgn .a€!gy !.dt}
tlon th.. tros co@lex life ralls (shterd g! !L,t96r,
.od 

^ktyaoar 
1966). The $11 alsal caeuitttes seF

found to be noF F61!tart to chlontc aand€ trddlatlon
as co'rpaEd to hlqhcr pl.trt cmirnltles ( Fr€nz & vroodr.Ll,

1973).

The soII a19re, espectstly the blv€-q!€en fon!.
leport.dly posses . rtdo €colqlcrl arplltude stth

Fq.d to soll aolstu* (Drd.t, t943 A 1962r BolyEh.v,

1952; Moeeusr I953! Zehnder, I953i $rIelds, t9t?i
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$leLds g! g!., 1957i Fllfttr t96oi Royz1., 1960l

Ca.naro.r 1960, 196I! 1962.r 1962br 1963.r I963br 1964C,

1966' 1969., l9?o, I9?lr r972a g L97Zbi Du!&It, 1962r

Fitedmann, 1964. t968r r97I 8. l9?2! cai|elon g! 3!.t
l965ar & .t965bi or€rU e! rl., t965i c.clon a Br..r,
1965 a 19666; crEron S! 3I,, 1966i FoFst a ,€3ton,r966i

Benol.t a CrEron, 196?r F tedDann g! -e1., 196?; csElon

C! e!., rS6a; c.{eron & con.ft, I969a & 1969b; cortorbskh

& shtln,, !969; Be.dt a dau, 1970, C.m'!on ! D€vsneyr

I97or crn lon L K1rr, 1970. a r97oq CaDeFn g! n!., l97ol
Novlchkd#Ivanov€, \972a L r972t t Fltodn.nn s c.lunl
I9?4: .nd Fdedmann a ocaqa-paus, 19?6). The sotr argae

exhiblt ftDrlkable longevtty. Thoy Fpo.tedly re$med

gtohth froo s6i1 6.n h.rbiduo sheets .ft.! betng stoFd
fo! e3 yea.s hhlch .tso deoo.str.te thel! FDalk.bte
a|nltty to sudtve plolo.Eld pedods of dlought (!1poan,

I94I: and 
'tltstolr t9I9). Thc dlat@s ah.t yaltGgreen

alge aE codpalatlvely less totorant to td $ate!
potentrll (Brlerol-Roach, r92abi s&tnno!, 19!21 !und,

1945 A 1947: a!€de@hr, 1949, aid Fde.tia.n s Garr,n, 1,9?4).



The 6dLl .19.€ Is betteved to uttliza Easoous iater fo!
thel! nalnt€nance (Frrtsch, l922b .d 19$t Fttodoann

t Galunr 1974; tu.n€!, 1975i and Fnr.U g! AI.. r97s).

s@. btuFgFen algae, tn €otl, h:no been fdrid to .u!_

vlvo flve ycar6 of conttnuous hrsb v.cuu6 (Carelon

g! jl., r97o). Calson aid Blan (19?6) notlced that rhe

d!6tdbdtton 6f sotl alqae 1s not gove!.ld by .lt1tude.

tn o!.te! to E6lst drought, tho telFstital .tq.e dwelor,

. nuDbe! of phystoloEic:l 6nd blochei[c.1 e.ropt6tt@!

( F4tsch, 1916 & t922lri ple!.y, rgl7i Filtsch 8. H.tn.s,

I923i Flayn@tb, l92Fi pet€!3on, t936, Fvans, I95A &

.1959: Shields A Dur!€lt, 1964i a.rd Novjcht ov+Ivaroval

r9?2b), In drouqht con<ttt1o.st the nolstule absolllnq

..td Etat.trq catrtty of atqat sheet tncres€s m..!y

ttees ( schloda!, 1886t Fdtsch, t922bt and pEte!s6., 1935).

s.tl .lqs t.lerate b.yth e:tEdp€ of

The sp.ct.s of sttcbccecus {K.rcher, .1931)

It
I'ltc!€oleusr p.E4-99-9!-€.9.:, an.r ^chr zorhrr t (caBld
nl6nk, r966b) ru ived at -l95oc to clushed 3orl.

Eooth ( 1946) noted tn at !!&gg!Es ylsllpdlrrl



schlzcthrtr sp., a.d SCI!!!9!e oceltatun cao tolelet€
t.npetetuFg .s htgh as U39C, tl2qc and rrooc e3pect_

lvely. The tolerancE to hlEh tedpe!6tule 1nc!€636s under

dly condltton6 (ctado, r9l4i lzerott, lgti z€bndo!, 1953r

D€rtreie., 1956: and ttatnelr !96?..

The soil algre at€ speclftc tn thet! habttrr

E.Iection. BIu+gEen €lEa€ tnhrbtt the neutr6l and th.
alk.llne solls ( nolyshev, 1952i 9!ob.tkc,\ra, 1956: !u.rd,

.t962; shleld A rrulteil, 1964, Canelon S Blank, r966ai

Fogq el d., t973: and Frtedd... & calun, 1974).

ThF organtc 6nd tnofg.nrc Nrrt.nts ire €rQly .vallable
ln.ltlltno sotls and thls 6eens to be the b6tn t€6Bon

of blue-gfeen ats.e dordn.ttng r.hese 6olls ( Frtt3ch, !9221

Glstl, 1933; pete!5en, tg$i John, t942i Lu.di t94a A

1947; .nd ltttla, 1951). /cldtc loitsr on the cont.llyr
.F devold of 5lu6grcei alqae (rrhttton €rd sj,Btalr!
1975) a.d .!e tnhab4t.d do* by ssen and yello$_gEen

.lqae (Peto$en, -19t5 a I936i Coyle, 1935; Ftint, $5e:
Lund, tg62i shlalds ? n$r.U, 1964! lnd M6tt1€ t
naybun, 1979). The dordnance ofAleln - .19a. on a.tdlc



6otl. o6y paltty bo due to the tnab{Ilty of orhe! groups

of atgee to survtve at lod nurrient tevel (p€ie!5en,

1936t John, 1942; Atrhtbald, 1969; lnd Lund. r9q-). In
s@e c.3e3 €.tdtc soils reE fourd doftrnated by bluF
gr€€n arg.e {Julgons€n e D€vey, 1968),ftet€a3 gE€G

algae dorlnated tbe auraltn€ sorts (pulmaly, 1924).

The sotl pH seem to cont:ot the 9!o, th, lhondance .td
the dlstrtbutton of .t9ae p!@ided 6ufflctent motstu!€

and rutilents .!€ avatr6ble (Brlstol-Rolch, 1926i .rd
Ko3to!, 1963), 63 v€lr 3s elgaslb vuro.ns uerjenrck
(fiJrErr, !952), and lqphv.idtun 3p. (pf,lng.h.1n (
PrlrBsh.to, 1956) Epo.tedly toterate high pH. Atgae 6te
knen to q!6 re1l in salt depostts, enstlng benortb

the surface sheF deslccdtlon .nd tn6olatlon ate ftlnloum
(c.ne.6 & B1.nk, 19666i .nd !!tedo.n. s, caron, r9?4).

The occu!!€nce of bl.ue-green alg.e 1n p€at uas contlolled
by tbe pH level (Dooley A H@gbtci, 1974),

The algae rmorde the 6oil stluctule throngh

699!es6tion of couotds by eddtng edlacetlut.! polysacc_

haddes lnctudtng fltanenrous shearhs and indtvldual
a.d colontal @c1raqes {MartlD & $rak6oan, I94oi Fl€lche!
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a Mattln. I94et $nqh, 195It Bord a H.!!ls, 1964;

M.!.the, I9?Ot h.ntant s Mrlather L9j26 & !g72bi

Balry g! .i1., I9?3r venkateraDan, .1.975i and i,l.cKenz!€ r
P.€!son, l9?9). The addltron of qrrmvddilonas dextcaoa

to the soll Ln Isrge qu6nilttes (r-r kg^a) t!p!ov.d the
stDctlF in.l rhe fosrlltty of the 6otl by bln.[ng clay,
and pFventlng the fohatton of haldpan oi loc.frtly ttU.ert
3q11. (t€ri., l9?7). the tllpfoved Eoll st.rcture help3

ln facllitrttng the t.fttt.stlon a.<t pe!.oldLlon of rat.,
dhd thus chocks ero.ton (Erierr €t al., lg39r Boorhr 1941.

A I94.Lbi n.tcher e {ar!1n, I9AS, ,nd Stnqhr 196I). The

alg.e lnhablted sotle ae rtch 1n nutltems and posEes!

qFate! capaclty ro! teistnins Lte! (cs.l !! al.,19so),
,ccotdl.g to Booth (I941b) the salples of ,llatscov€r€d
satl5 f!@ er.ded falm ta.d in okl*fra codtarned S.9
peftsft rate! as conpar€d to .1.3 !,e&e.t bq bae soit!.
slnqh (1961) {u!the! conf{lned the ftndlnq3 of rhts typ..

The sotl ntqae prvent thc ios6

r.aching olt of DitrFnes by corwentng

nitlogen (waksoan, 1952, .nd Malathe s

theo lnto olgJrtc
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tn.E.s. In the ph€phste contorrt of the atgaa

lnhablted s611s i.3 .lso nottcd (Fu1te! !. nogelsr 1952).

9oll alg.o ddd sufltciert ce.lro. to tbe 6odl (D!.sad,

191|9t and Full€! 8, Rogels. .1952). In ea3ten Udted ststes,

alq.GcdeFd .ott 
'rndst f€€cuo gr.s! sr. rou.d contatrr

ll9 mole c.rbon ..d dtrogon rh€n th€ sc,tt itthoot a19ae

cder (Reddy & Gtdl.Ds, 1975). Sotl a19.. 3ign1flc.ntly
contttbut€ to the €utchoent c,f the 3o1t by addlq nutF
t€nt3 (O6aan@d a cl.dyih*, l97A) and oy con.eflllE then

too (Jolden g! !!., tgso). Arsae 6dd con3!.de.abre aoourr

of orEanlc m6tte! t6 the sorl (M.!ethe s khu3h.ld.!,

1975). PsanoQh*lc sl96€ re!€ th€ prlnctpal p.rttclF
ants of olg.nlc oatt.t folbBtton tn Btnd b1o\n sarxts

{o3E.nova t sdobnik@a, t9?7). $uhrlr aid stat*g
(1980) I€contreDle<t the rrPolta.ce of s.dl alga. in
3ucce63loo and sott geoest3.

Alg.e hclp ln btidtn, the .otl. ihe iuctl.g!
dlsct!.lged fld| jchtzotbrrr, plecton@ar pholddtum .rd
.oE oth€r tpocie€ h.lped tn th. agrt.gatton of Bdt
(O6r.o@a 8 gdobnlkover r9?z). The .lqa! c@nudtt.e .,
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sandy, .rtd and seid,.rtd 3otls trportodly brought .tDut
constde!.ble .lqFg'tlon of loos. aid unbond .otl
palttcle3 (An.nt.nt ! Us!rth!, I9i2b). Tb. solt atg.o

leoortedty st.bttlze the sqtl cr!3r of absndon€d fletds
.nd oth.! sa.r.l.dnds ( Err.ll s! 3!., r939i .nd F.d.rtt

€! i!., I9e3), sall alg.€ i.E fo,nx, to col61z. s.nd3

of O.hu corst tn t'nlted St at€s (tt.cEntee !, Botd, IgZe).

Alg.e hav6 proved vrry eaaccttvc rn co.dtttorb
rn1 rhp so4l. thFy have b.€n use.t ,s qFen 06nuN on

cdtton flelds tn Trshkent ((uchr.rda, 1962, ..d
TEtryalov,, l9?o). Upto 90 peftent of the photosyithettc
pro.,Ju.tton of ,n .tra under iderl condt116!, r!
cdv€lted to *t!:c.llute! b4opolyD€ts 1,Frov1ng 5_I5
peEent of yleld of cotton and potatooe ( FoEer et a!.,
19?6). Tho rnrrlrl lncutw qreh to:a_2oo tqA. aftcr
3-4 k€€ts lesutttnE in the savlna of s.te! upto 35_iO

pelce.tr led'rctnq the ..Gton aad lo\€rlnq the 3.tt
tabl. (l€qln, l97r). Thc role of 6lEre t. tr,e Eclartto.
of s.Une .nd sodlc-3aune lotls tn rodta have bcea

6tudted by srnlh (1950 a 196t).
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The blu€-g!€€n atEr€ l{en found as3octrted lttth
asyhblotlc dlnttrogen ftx.itton (Jognd, 19?3i eftt yo3ht<t,

9! jf.,r973). The ouobe! of rie spectes cf sott .lga€

acc!€dttod rtth the ttratlon of ntteq.n range frod 5
to 4? (slnqh, l96t! shtin!, l96s & t9z2i 6od 

^njud 
&

Fad.dt, 1982). 
^!i!!g!€ and !9€199 he!€ found to eidch

tha sonl Btth bourd nltlog.n (oEoanda S, gdobnlkova, rgzr)
The doount of dt!€en ftr€d 1! dtlectly ploporrronsl

t. the eburdanc€ of alsae tn the sqU srd accotdtnE to
.. estlmrte upto l8 .dlllod ftlanents of

11€!-e4!9s9 roe ftund tn a n!a, of .crt tn rndre

{s1rqh, r95r). TheF .!e !m frtors ihrch ,frecr th.
nltrogorftxtnq potedttat. of ,ctt rt9.6. tn . lrbolatoly
experrmnt,9!dth atd dtt!€e. fl,(.ttoo by btusgr€e,
!t!.e i.n sotl ('' onhadc€d upon addl.q the tnofgad.
nutrleat solutio. (cradrall L Honrtksson, 1969). The &e
.t1on of nillogen by bluFgEen atgae al.o lncea3es

under loh oxldatt.rl€duciion poreirtal. shlch ale a.so€-
latod htth B.t6!1699€d soils ( 5tes.rr a poo!6on. l9?Oi

6nd Fogg ei il,, 1973). The prJ of soll contlors the



nttrog€rftxlq actlvttte6 of rlgae { B.annoo, r94i.
Lu.d, I962i $telds I DultoUr 1964t collelbakh A

shilna, I969i Fo99 9! E!., r9?3i aid z1ili6nanr r9?9).

Nttlogerftxtn3 btue-9!o6n atgae ale std.ly dt stribtned

t. both tlopical a.d r€rifle!.te a!?.!r toi at€ tnoE atrF
dant i. t.oplc! (lratanabe a yan.iloto, rgtl). Algae sh1.b

do .at ftr nu 9€n contlt bute tndt?ectly both aidno a..l

lnolgrdc nttron.n ro the soll ( pletche! I ulrtrn, l94al

.nd *rle1d3 .e! 4., 1957). Nltloge. coUecred frm .
foui year old sotl alq61 ctu6t *€6 O.te peEcN cdrp.!!d

to {r.06 pe:€€nt nttloEe. ftlo falto$ iotl slthort .Igal
crust (Reddy & Gidd6n., 19?5). Sott alEal cffiunltles
qe!€ roBpdGlSle for an incEa.o t. nttloqen 1ael fro
z-I33 pe!.ent 1. de.ert (M..athe s 

^nantrnl, 
l9?5).

Algae rlrq fouid playinq iiport.dt lole tn soit.
geesrs a'd successton (Danln, l9?e) i 6.d shut|llt s

st.!ks, 19eO), Algal vegetltlon fo!0s lnltial successlonat

Etaqe o. suhtlates rhtch ,r pooe! in plsrt nutdent3,

tncludtng lecent volcanrc depGtts srd b€dlocks. Th.

surfi.e foims ar rhe prro.ly colonlzals of b.!re. ,..fettite



.o11. denuded of hactoveqetltton (o6bo!ne. rgio). Tn.b
($Aa) leported that bluGgEon ,19.. q.!€ the ftrst
cotontsts 6fre! a votcanlc e$ptlon o, the ieland ot
Kfakoa, F ltsch ( r9o?) obre ed tn.t by ihe plo9Bs6ivo

doath .nd decay the .19ao !+ldty pllpaGr the 6oil
coinuciv. to the Ero$th of htahe! Dtant3. Frttsch a.!l

sartsbuly (1915) f@rxt thit sorl elg.a seE the ftlst
coloni,r€ls on buned heati tn Erglard. DtfLFnt types

of solI elgat specteB .toftlnatod the ch.sftoltthtc,

epluthtc, enedehtc ard epedaphlc dcloeNtromenrs fo!-
aln3 tho cltnax conmnrttrs (shi€tds g! e!.r19571
Crrelon I Blank, l965ai Friednan", l9?2i a.d Fti€dfinn

A Garu., 1974), The iotl .lgae play eo lDort.nt sle
1d secondaty succeslton as they ald orga.lc oatte! ard

nltroq6tr to thc 60ll $htch in torn hotp tn the !€te.tlon
of rdolstur€ 6nd thus maktng the babdtd! sul.table fc the

establtshme.t of seeds ( !tc6t 8, trest, tg9?i Fdt.ch a

S.Ustoly, l9I5i Fletche, A Marttn, tr94€; Aloks.n,j&v.),

1951; Bolyshevr 1952 8 1955; 6olle!b.kh, I953i Slnqh,

I96Ii Mayl.nd S! g!., r966t a.d Aolyihev A Novlchlovi



The laportance of alq6e 1n altedng the phystc.l

ervtrore.t of the 60ll has lecenrly be.n speUed out

snd ilrc. then cxtensive studt€s h.ve beon o.de oo tht3

9!d4 of nlants. The cn.ng€ 1. the 3tnctu.e .i!d texrur€

of the sdl ls p$noum.d largety becaos€ ot the .hrndance

of EotI elga! flola. tn . graD of sdl corl6cted flm
the surfacor the nunber of blue-g!€En algae rrng€d froir

43'o@ to 9610@ khs!€a. 6t a depth of 5-lO rfi sdie

.,)@nt of sotl contrlned l,6CC!I3r3m arg.e (JurEon.eo

I Da oy, l96e). Tbe tittege ceitrlnly .ffects the olgal

populntton ol the sotl. The ouobe! oa btu*gleen .lgae

fluctuated flom cLI8o pet gldn to cultivated ltlt toam

(llettlnq, r9?9) to 6?-16tr,0@ pe! grar rn uncuttrvated

61!t loan soil. tn ea3teln wishinqton (zlmem.n g! .at.,
t930).

The t.xtu& df the cotl .oms to be .n lnportant

f.ctor In contlolltng th€ dtstltbotton and the flortstlc
dtversliy ol blu*gren .19ae (Jare3, t9gr $terd6 a,

ourr€u, 1964; Du.ohlt g! g!., 1979). The frodsttc
dlveldty !s tleaffecred by the sotl [ot stutet teipelrtule!
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pH, organlc cilbon a.!d totsl nlt!og.n (c!str, 1932 &

I933i and 4tnt, 1954), Tle appltcntron of cheml.al ferttl_
izers ls beueved to Educ. rhe flortstlc dlvelslty
( s.huchttrsj, t9?3). 

^ccoldtng 
to soe rh. cllttvatlon

oces .ot seeo t6 affect th. corFostttd of algal coorun_

ltles of sotl (,r1lI€6n, t9!?! and utlt.on a Fo!e3t, 195?)

but [,etttng (1979) ob3ow6d orh6s15.. Tho cot!.tau.on
of qu.ntttattve ard qualitatlve chaq.s tn loll .1,9a.

trl}' othe! Ittotoglcel cotrpo@nts tn fteld and folest
.nv1!6nment r33 lNost1q.t.d by Hod 9! 3f.. (1979).

!n P.kt3tan, Farrdr e! d., (r9sr) lsol:t€d 3l
3pocte. of cotl a196e froo drtferd6 aUwtar. o,
the rlve! Indus near Atto.k Fort. anjun {t9er} lrpolted
245 specles flom dtffoFit tocautles i. N.lL,.F.p. Many

spectes of bluFgleen alsae acctEdtt€d ilth soll btd-
l.!q ch6!..terl.ttcs hive el3o ,,een ,€corded floa a v.it
vartety of habtt.ts flor pesbrar (gr.b, r9Z, $abra!,
1977i Jabee., t97ei ..d AnluE & Fartdl, 19e2). The scil
argal flora of dlffelent csp flelds to N,!Fp has !tso
bee. studred rholoughly (Minr.r g! n!., 197?; shansr

197; j\njun e r&hralt I963i an<t Sajld., I9g4),
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ra\D lqElllms

Fo! tho pl€s€nt lovestlq.tlon 6 !€6earch 51i€6

qor selected l. dlffeEdt 1ocallt1os. A tdtrl Eo soil
strlps of 2 co2 elch res collected fldn e.ch s1t6,

froo the top 2 cD lrya! of the sdl cruit for,619.I study.

Tho 56n(Jtes re6 e*l6d a.d br.oughi to the labo!.rto!, t.
potyth€ne bdgs httn ntdut. hol63 fo! aer.tt6n. Eech

ri.Lp r.s thorughly orartned under the co.qround ctcto!-
cope fo. algal vegot.tron. A .ltda o.a6ultng ?.so r 2.oo

co Ba6 nd^ted rtth the alt.r crst. c,r hr. t.t.n
to &dovq $ drch soII as pGslble frd the ld.,
stde of the ce6t. rn otde! to mate the tdenttfrcattoo

ard the study ea6y the ptant nrtert.l sa6 spteJ tut
stth ect posslble ca!! not to d16tod. a chunk, no

oatte. h6 snall 1t sasr froe trs oritsrnat p61tt6.
An eye piec€ dc!@tet conslsttnE of squad.h dlvte
tois (e€ch or I2.5 ,,ln 1. /r5 r) !!s uscd .nd the atgal

cnst mdJnted on tb€ sttde bas then dlvtdod tnto iDatt

squale3 of one squar€ otltoete!.rn each sqlals the
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c@.!69e v.lue of each specles Ln Daubendlsrs scale
(1959) ra6 Ecorded. on the bads of thts .tu<ty the

reldtlve values of fFquency and c<,vet69e and euerat-

lon valuc of each .pecles has calcutateo accoldlng

to cor {196?). 
^n 

:loo3t stclla! techntque h€d alF.dy
b.en used for the study of the corDunttles of corllc_
ulor8 llchens (Curbe$on, 1955).

ln e..h !€se.!rh sit. puddltng elfecr of r.ter
ras determtned by 6tldtng 10 ml rate, to fall
dlA-rise. The sater has dtapped fso bu!etr6, floh
a helght of one @t.!r In l9 olnutes ttne. The dep.es$
ton. thus hade by {alttn! e,ter rele ftLled *1th ,oI_
t€n r6x. Afte! soUdlftcatlon, th€ volune of rax s..
lrdlcatlng the volu@ of d€pr€sston har dete!it!..d.
Tlt. i.lght ol the 3qt] .tlrplred r.. also .arcurated.
The comunlty of htqhe! vegei^tton ra6 estabtl3hed

ln ..ch r!..Eh .!a.. For thr3 pulpoc. ttn. q!.dr.t
technlque hes applted. A quadrat eeasurtnE !O x 20 co

{as used. The nuEber of plant3 of each ,pere3 $e!€

also t€cotded ln each qu.d!61. D.ub€mllers (1959)
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sc.Ia *rs u3ed for dotoEtnlng the ca..69e cl.i*.
of the plants 1n €sch qu.d!at. The Elettve v.lue3

of denslty; fllque.Ey add c opy covelago €.|d tdpo.t-
anc6 vatue6 of €*h specles ros cstcul.r.d foltG
ttB Crr ( 196?) .

The 5o1l textule qaB d€temlEd by AgrM l{ethod

D 422-63 3uggo8ted by the Alerica. soctrty fo! T€.t _

lng ard Mrter't.ls ( 1964). The CO3 pe!c.dt4. tn tbc

3oll ras deteFded *cotdt.s to usD^ n dboor (t9ta)

rhLls pH .od w.lrabr€ p2q and K2O ,a5 d.telrlned

accddtr'g to J.ck3on (1962).

The c@fftclcdt of cdDuntty ras a.lcul.ted

accotdlng to the foliu1€ u3od by Uotyka g! 4I.,
(19:o) .d c'rlbeEon ( 1955) r

co-6fflclent ot cdmu.ttY troo

The calculation. .!€

butlon of tho comoo

brsd on the patteh of dt6tt!-

specle5 ln t(o 6tand6. ur 13 the
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lorest valu€ of €.ch p.[t of p€lr€ot4e of th6 spocle3

occulrtng ln both staids .nd .+b is the 6uu of ett tha

5poci€3 perent.gee tn both sterds. rhe ftlst varue (w)

1. doubled and th6n dtvtd€d by rhe .econd v.1ue (.+b)l

th. $€ult tlla6 lul.tlplt€d by tOOr ehlch g6rro the cr
erflclent of cdrnunlty fo! €6ch patt of .r!ndc.
Tho coefflctent of cdmuntty bcth fo! .19.1 lrrd vr.cul.r
vegstdtlon ias d?tetdn€d .€palatety. Tho deglle of
€td1.r{ty qa. €xpFs.€d by the rrtto of pet!..t.g.s
3h..ed by the c@mo.r spccles of tio conunt,tle6 to
the tot.l pelrentr96s of .lt the specle. ccutt1.g
ln both tbe cooruntles.

E(p.rtoent s 19 alding lnf t ltrstt on $ett c 6df t:!.d

oli. Slx tests ror€ h.d. tn erh of the !o5ea!ch

sltes, thr6 t. .lsat cdve!€d ..xt tht€e tn b.t. €otls,
Fot th16 putpGe thtn ttn cyUnders rtth , dt.@re.
of 14 co end a deprh of a co s.r€ u..d. the cyllndot!
$enr pu8hed l,fito the sotl rtti a.ot:ttng ootton to
a d.pth of !h@t 2 cn. Cale kas tatcn .ot to dtetulb



o
the alqal cDst, To ke@ the sotl rtthtn the cyltnde!
undlsturbed by tho poudnq {rter, about 6e h.tf of
tt has cc,ve!€d btth , thlck lttrer par,er. trare! ia3
added ln t5O r1 .D@nts. The ttne qe. c.tcut.ted
l@ each 250 0l of sat€! $hrch soaked tnto the 501t,

The tot6l anount of iate! us€d sls 2 llt!€ 1n €rch

orpcdncnts for lheet eroston kele conducted tn
alq.l plotected ard b.re soltt so as to oeremine

th€ tos5 of solr floo th€s. aEas. For tht6 pulpo5el

tqo FIoi6 one plotecte<t by .tq6l lay€! eo.r tr!€ other
o!!e {eE sebcted tn eacn Ese.rch slte. one oete.
long tr@gh $1tb . dtaneter of 16 co sas use6. ooe

qlllt@t€r r1.te poles nele untfohly hade in tho bottd
of th. tlouqh tbloughout, th6 length. A tor61 50 llt!€
{6te! r.s pouled in the tlough and atlowed to ,t6 qrt frdr
the po!e3 at the jround lev.l. the st:eao or sn off r!to!
codDt.!9 fr@ the rrough ia3 Ecetved to a te.tr !t . dts_
tanc. of 5 @te!e, slope oa the ptots r53 Lept u.!fom.
To c€1cul3te the qlanttty of eloded sotlr lne ruD off rate!
uae shaken r.llrso th.t €!.ded 3o1t, nay be dLsp.lsed
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u.Afololy, Tbr€e 3ql€s of dle lltle.*h het.

t.*e. in qraduated cyltnde!. f$lr .ach typc of ltrn

off tr.ter. Hydfdiet€! technique lras eplted fot the

detetidn.tldn of sand! stlt and cl.y pelce.taE.s

(Cd, 1.96?). '.{e19ht of eety and f!11 cyttnd€* N.te noted.

^fter 
cooplete ledlo.ntatton of 3otl !o cylLndeB tn

. pelto.l of one s€.k, the puF $are! $.s ,vapoleted

tloo 6ach cyLlnder and the sersht ot .ortled sotl ias

c.lcul6ted. Frdn the deta obt.lnert, absorut. and peF

centago reight of thc aolt $a3 cal,culan€o.

I)ESNIP'ION OF NF9EAqCH stT E5

I. Porh ar ar val.

Pesha$.r b.61. ttes b.treon 33o aor .od 3ao $l
noltb l.tltudes .nd 7lO I5r .nd ?2o 5Or .att Lmgttud€s.

lne !.ucer 6h:ped ba31n of pD6hd.ar 1! folEd by the

K6trI river 6nd lt6 trlbot.rle3. It t5 . large dcprelstm

cdP ainq the shole of reshr(a. ..d N.rdan dlstttctg
aftt soDe p.rts ol the nelghboudng rdbal tellttorle3.



It gtr€tches over aproxlnatty 4160 3q!a!€ ko tn .!€,
.xt.rdllE t2O km along oast r66t ..d A3 kn ndth .rd
.orth. It ls suEorrdd.d on .lr std€. by b.lren hllls
varytng tn helghr frdd t23I to .La1r| q erc.pt on the

ea6t! ilreE the b@td.ry 1! open to the dve. Indu.

.nd thu. off€ts an €a3y acceEs to th, vast ptd.. of

the Potdrar ttpl.njs.

Bac:use of the cdrplex n€t,,,!e of 9€n€d5i tt
l! dllftcult to coclude xneth., th€ baGln qls ploduc..l

by f.ulttnq or by do{F*!.ptng. Coulron ( l94r) t6 of
the vl€s that the tEocdtds hotght of tnc d.tr1tu. .od

!.dtmnt. po!!.d on to lt in the pl€letocone pertod

o'y hav. b€en hedry eiolrgh ro depr€r3 its vaUey ftoo!.
Hol{eve! said 6nd ajtd (19??) .E of tbe Atnlon that
tn addlt16. to the tectontcs s vaitety of othe! p!ac€.&

e3 hw. played palr 1. tts evot.ut.ton.

Perhir^ar vrle constttltos tho enFo€ nofth _

lestetr tlp of the lnd6can9€ttc syncltnodum. The

vaUey floo!, 283-370 r has ooE o! less untfon ,urf*.|
c@eEd by a vrdety of oatertrts, t.rtglng fbm roo6s
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to lan 9!6velsr rtve! ard fine attwtutn. Th. rock dlt-
crops, Flate<l {tth faults 1n tbe bottod of th€ 9.o-
3ym11no, as c(mon t. the area. In the ptot.i4eno

peEtod Dl.ve!.rluvt@t Pl.ddont arlwt,rn, Irke arlwt.
.nd Lo.€3 @!€ d€po6lted .nd subsequontly plrtt.lty
€rdl.d. ln the Holoc.n6, rrv6! aid pt.dnont aUwla
reF d.posltod 6.d elo5lon of otde, 6ato4.Ii reE coF
tlnu.d. The .Fa ts tectontc.llydstsble .nd n.ny f!€q.
uo.t upltfts nsl dhc$..ps hde @cu!Ed. M.ny faolt
scrrps haverie€n actlv€ untll Fceit ttE.

The K.hul rtve! qt!1ch pla.tlcatty drai.e th.
{hole bastn flqs thloulh tbe centt€ of the vale t. 6

south edstelly dllectlon a.d Jotns i!ve! Indus ji
Aito.k (hurd. gefore ]t 6aetges ffto the r|ohDa.d ard

[tu]agod hlrls on the bastn ftoo! at alsak, lt ts
.lleady ca.lytng the cmbt@d d!aln.g6 of the entlr€

southetn fdce of the fitddu Ku6i. an entedng the pl.tns

It 39lits lito thre€ blr.ches ne@ty s.ldrry.b, N.gudan

and $rh AIam rtvels. There branches lorn to fon.
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clnsle 5t!€am ddn'N6!d flom cha!.adda tojin nei, N1satta.

The g|trt !lve. rhlch 1r the rdn tdrrri.ly of xlbll
octqlnatos in the 9.!t htU!, and ftd. to ih€ l.ft
ufttlr tt Jalns the Rtvei K.bul ar Chr!3.dd.. rbl*
tb13 polnt tllllt erpttas lnro th€ Indus, the lotit
K.bul-srrt ntve! flo(. 1n . .lnqle Chan.et tno{n e5

the Land.l. Do(nstloam floil No$sh€!.r the Lrndal h..
cui @t fo. lt.elf a deep channel, encroi.d hy 3iteep

c hr! lrqcoftd.t t!:tbutades of the X.bul .6 1t
flohs thlouqh the Peshah6! h.stn re the 9.r!a dv.!!
*htch dlrtns rost of the sdth s.6teh pr!,t of the

vslley, 6nd the K.lpant st!€ah .nd its t!'rur6ile6
fr@ the north, The dv6r lnra altses tn the Ttlab

bllrs, Just sor,th of ih. m.tn $fatd (oh lrnge .n.l flor3
notth e.3t kaldr p.sFtnn sitb-tn a fes klt6qte!. of

Pe.hat a!, bofoF Jolnt.lE tho K6bul dve! on its ,!Eht
slde ne.! Albar?u!6. The (alpant and tts matn ttltrota4,



a
the naqah c.!rr the dldn.g€ of tne d.ddte ...teE atr.

Oth€r htll toEnt€ f.ll tnto b..tn 3t .ny ptr!!
from th. 6utr@ndtn9 Af?ldtr lioh-rEndr Kheit.k aid

Phvdoorshv:

P65h €! val€ tE clarstfled lnro the follohlnq

3uEE91on. (Dtcht€! and popttn, t96?),

r. C.nt!.t lot l€nd:- Th. ft.t ceitlalty located

los lald condtture! the iaJor pEt of th. ba.ta,

.nd 16 chl.fly ovetldd btth . lFdlutr to fino

rrl|.tratlfiod 6rr(|y lo.o. Th!,. |utrFgton t!
fulther dlvtded into thee !.gt.os t... you.af:.t

Pldn, Do.b. a.d F6!htn.gar.

2. Pl.do6nt zo.e:- lhe c.nt!€l t6 l.nd is ctF
curBcrlb€d ty the Pt€dDont zotb. Ir 18 codpos..t

of a 6erl€s of allwL.l fars. rhtch hdr. coalo&ed

and constttute the t!.n31 o6al zoG. In thts
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lcslon $tls Ebd .n ordedy t.rtulal t qlreic.

fror coa$e or modet'at.1y coa!.o nelr the moufttaln

b.€. to loderrt.ly flne o! flno lat€dlli .Iong

the lore. plrdmod !l.opes.

Sa!Ll-ndr.!- Thl. 6ut!.!e9lon ts cotposed

of the sad ston€ bddge foiidng the .rt€m
b@ndart of the vall.y. It ts udulrtlrq sard

p1.1n, exto.dlE to nlver Kabul on th. €outh

and o.rgtig gr€.lurUy qtth Yousufzd Pl.ln to

thc nolth .nd $ast.

lndur Pl.In!- sltuat€d b.tr€6n the s.r-i-{.t !.
drd th6 lndu! Rlver 1106 the hdu6 Phin. Ths

so4l i,t€tlrl. cd3t3t entlr.ly of ftno ft@d

pI.tn depo3Lts from th€ lndu3.

Pesh.ra! vall.y ttrs . nat subtloolcal corttn.F

tal cl1E6te. {hlch 13 3eol-rdd tn the dorth rcsteh
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colne! and suLhut!.d ln the Eo.tnlng part5. As the

valley ls almo6t eltllely Gurlounded by htgh l.id,

the!€foft lt 1s Bubjected to urdquo climatlc condi.tlo.6,

partlcularly slth rsgald to tte dl3trtbotto. of 3um€!

!a1. f.tl. rhe easteln part !6ce1ves corP.ratlvaly mole

ratn falr l c. 7l co than th. re3tem p€tts ihlch Ec-

olve 35-!o cm antu.lty. Th. cur.tlc t.tto!n, ch.r.cteF

lstl. of tbe v€lleyr 13 an.ly6ed on the b..ts of fout

perlods ( trchte! and Pektnr l96t).

l. cold !.reatio! Porlod:- { D€cedbo!-Match ) .

!'ir|te! of tne vauoy ts let.tl€ly cold, the

datly tdnlmh terFeratu!€ sonetide8 diops ddln

ooc. cyclor{c d€plesslons apbe.!, loiulttng ln

ld clonds add tdtelitttent !atn! ofte. l.6tt.B

f@ a xeek o! |no!€.

2. T!.nsitto.al paltod (aprrr-Juno):- Afto! the

rtlddle of nrfth tne toope!.ture {nc!e6se3 r+ldty

and by the erd of April, the dally o.ridrn ter
pe!.tlrre leachss seoc. rhe tenper*ure peaxs
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Sdtl!

ro3t .oils of the v.ll€y renge frd| Dedlm to
node!.tly flrE tn t€xtule. They po.s€l3 .one granul.!

ln Jun.. oxt.ndtig b.yo.rd 45oC durtnE d.y ttD.
Tho i19ht tol|p€rltu!€ contlruorto rts€ 5rd

tdard! th€ .nd of the portod tt !!.che. ZAqC.

Dultns thf. pertd hoEldtty !.!.dns l(ir.
Mo.loon F€do<l (Jury - sept.ob.t ):- the

na:lnua t€qr6!.tu!! faUB to .or0€ .xtent, tut

huddlty ls qutte htgh due ro ncc...r.on.l coD

vertlonrt rhoaetrr cdrpl€d.lth ft quert clard-

lnos.. Thls condltlon uro.rly p..vall. tlU th.
erd of sept€ob6!. The dtu:oal rallg. durlng tt1!
p.liod fall. to .ro o! .!rer r.$.

Tr€.dtlon.l perlod (O.tobe! - N.'verb6! ):-
Thls n.!i of the y.ar t. chalrcred..d by

lnfsqu.ni !.tns, cler! 6ky ,nd stld 6u!f.c.
Nttlds. The te{pe.ltule frtls r.pldly rrj by th.
oid of Novdber d.1ly d.r{ul! !6ach.s ooc.
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.bn€r*r rta thlarrf4a dd a{r cd,c.trad,r. TD.tt

d.r.lFn.tt l. u.u.lly i..l .ij tro lvld.nca d cl.y
tt .rpcl 1. rddblo Ln th. Foftt . thq lcE tn
.olou! fro y.lldlrh bsdn ad t6dn to qnytdt b!dn.

Tna t..yat! rf ltL corEtatlo oad,r ln noit p!dil!a.
Loil of th. .oOIr .[i .lt.lttr r.rEnr|g tn pF fta ?.8O

to 8.aO (r.br. 3). rho otgr{c .rttet codt.n! ot .6t
.dlt It l(r ( ElLta.tr, 1967r.
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Maltandhelet one of the Eserlch stt6s, ls loc.t6d

test of N.:r.E.p. qdcultur.l Uolv.Btty at . dt3tame

of .b@t lO kd north-s.st of Peshdra! City, Th. aEa U€.

6 the lalled b.nk of ! sea.on6l .tr.sd locaUy called

N IE (hs.!r the ecoloqy of rhlch ha6 al.lery been

3tud1€d by cha9ht.l 
'.'d 

kh.tt6t (t9e3), Tbe ..asdt.l 3t!G

€o ru.3 sdth north fomtq the .a3t btund€ry of th.
&36.rch 6!€a. the 8tF& orlOlnat.3 floo ,169 th. dry

illlE 6l Trrsl-l;.! a.d Gand$ call$. 6htch U.s Zt tn

south-sest of Peshda! 5r'd helong to Findu (Ush !.n* of

tountalns. The khs.! on !13 *ny dorn the hlUs pass.3

through tbe trlb.l 3r.a of Milak Oln (helr t(ead 6id

Q ber Khel. th€n fl61s throulh Pe6rtaBa! v.U.'y ard

finatly cnt€r! . trtbut.ly of Etv.t K.bot .t !ru4.
pllb.la .bqrt 3 ko north-*..t of Peshsnlr. Th. rdt6!

flq3 in 1t dortng t'ln roa3on alfie and tt !!d.In.
dry fo! the est of the prlt of the yer.. In ru@er tt
Ls h..vily flood€d ilth latn sat.r. Th€ srr..n.t.!ing
the north .ast€ln prlt of the (hyb€! Agcncy. lhe i6t th
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afit the sestetn p.!t3 of th6 lesearch a!o. aE tn cult-

lvrtl.on, rheF dlffet€nt clops o+..tally r.h€ $he.t ad

the 5u9.r c..r at€ E!o.n. A vadety of tt€or such a.

specle3 of p.lbest.r LaEeIl! "d 8!enlg: .to 6160 fou.ld

qroalng, In th€ north tie !€s.atch area ls bounded by

the glave yald of Faqlr Baba she€ patches of natlve

veqetatton! corprtstng spectes of &.rg!-r, zlEllutr and

gleejlls aE noti ced.

th€ t€se.rch ae. corpiises 6 fl.t r!n6.d

plece of tand shlch ts b.dly elod€d by 'ator caulrng

quuy lnt sheet erortoi. Th€ aEa ls cover€d by thln

vaneer of 100!6 sdlt nelou rhrch ltes s l.yo! of !.il.l

mtred hlth pobbtes ot vrd@3 ilze.. rbe th1ckn 6. of

ench of the6€ laye!. valles f&m I to 2 m. In plscqs the

s*ond l6yer ls e)AoE€d becdrge df the coiplete vash

day of th€ uppc! l3ye!.

The soit tE stlt lo.E In te!|tue sith c6n6ldor!

ably lc clay aftl hlgh stlt peltert.!es, Th. p.rcantaqe.
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of srtdr 6llt ,rd cl.y rte 29.Or 55.20 €od lzt.8o FrD€ct-

tvely (Table 2), Tle roil 1! ruscopt.bl€ to erodon

laE.ly b.€.u3. of hlgh prQclton3 of stlt 
'd 

.rrxl.

It t3 .llalln6 ln nrtur. utth . pH of 8.lO .lj th. p6!

cedt6q. of CS3 16 'lo.m, th. sn. i! dry .d {ld b.c-

au6€ of l4 .no.l pt alpltrtlon and htgh ludne. t!@e!-

atolo (Dlchte! 8, Popkln. 1967). rh. soll conlaln! Ll ppnt

of P2q. rhtr. .xcharg.ble k29 ls 27a p.. (Tabre 3).
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thls tls€ltch 3tte tE d,tuated l|.rr Ar.khdr

sots vt1146 ln P.!h.lar Vrtc, south of i!ve! Kabul!

abq.rt 20 kn east of P€dtai.! clty. the at€. on the r.st
t3 bolnCed by 6 3...ona1 Btresf, locrlly calhd Landay

Khsai, $htch ts .bolt 5 t6 1onr. ongtnate! tn the thdr!
ldln Mrtlo €nd fldrs fot the d6dt p!!t of tt. couls. tn
.o ltrts.d ch.nrel. Tbe !€a3onat stleam afto! l..vrng thc
plod-oclnt 9c!ap m6! the az.khatl B.Ia r{11r9€ and fl(e
1nE de! . very 16 .r'qr.€d f.n, ftnally erd3 10 tho ,rrpy
flood plata3, .o!th of the Fsearch a!€r. Alhost th.
.ntle Fglon of th. !€3€.rch .roa t3 c@6!6.i by 1o..r

rblch ts .ubje.ted to vsly .!v€E .rGton, r€strinE in
typlc.1 bdland 1rd6c.pe.

The latld ls undulotlng 6nd the lotl ts vely

llqht. th. soll tt drt to.o tn t€dur.i tho pe!rent'9.i

of sand, !1.1t a.ri clay 1s 28.80, 60.00 and tl ?o !€!p€c-

tlvely. lt 1s d]k.llre r!.tb pH e.oo ard the p€tcer!4. of
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C!6O3 1s II.0O. Av a1l ablc

t(2O ls 246 parn ln tlo s.tt

P2O5 ls 3 ppn and oxchang.bte

The depostts of the Fssa!.h .rea have a vela

close conelatto. stth Potohar deposlts (sa1d and r.tajtd,

I9?). The sulface doposits a!€ p.Ie yeUo{ sllt ston6,

foldlq the o.strt D.te.tal of th€ sotl. Gcas6io.aUy

lt is ove.taln by g!.vels a6d thlct n.rtle of less.
It cdn.lsts of hald .nd stlff band3, 2-r5 cd thlct of

.llt ston€ and sant gtoner th6i attains a oa).!Do thlck-

ness of 25 6ete!. h lecttons {hich ale expossd aro€

the tolrentsr the cl.y band6 5t6rd out, prmtnnntty, due

to tbelr E3lrt.*e to $eathed.g, (hile the sa.!.ty l.yers

ale etched out. Io lone pli.os tho hollz.ntal s..d stone

tr6ds are clGs€d b/ verttc.t and obUque dyke3 of flne

stlty reterial3, The htgh pet.ort:Oe of 3tlt sugsest6

that th€ soll ts b.3tcally foned by slnd bldn nstaltal

loeEs, that h6s been p.inadly dellved frotr the tqneoos

locks of the nalihSourl.|g aF., tdt datnly fron the

plevtosly 91#lated patt3 of tho Chitlal, $at, Dt!,

uazala ard hd!,s K.hl5tan (sald a.d Majtd, 1977).
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tn .G pk . ..p.ctdly tb. ld lytng .n.r
tho trd lr l.r,.U.d by tha tocrl trt.bit.rr!€ ,!ld t.
bia4m urd€r cultbrttm, *ct. rh..t t. c(nooty

gr(.n dualng rl.t.r. roo.l, pld|t. .uch a .cect e. of

Sluuglr' Urrrr, I4allr ctc. .3. .l.o culttvd.alrtn

tlr. rdaad ldld tra- arld ahrlba .!. a!.nrtr n.tdy
b.ctrrx of dlatulbrt. .rd .!pduto.
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The Faalch 6ite corpdses rd3ed ..d fl.tt-

.nod land lylnl sorth to dver Kabolr no.rlly 40 ln .dth

.aBt of Pesh€*s!. The ,!€.6ploads de! lO sqllar.

kllcnetelst !€..hlnq the foothtUs of Khrtt.k-chl!.t !.nges

to the south .rd f.!fitrB r g€dtle 31op. t.o the .orth. !n
ihe ledt lt o,itord6 ur,to th. !.1s€d uidulatlng lind of

Aza|hall. I. nlaces deplesstonc of v€liou6 stze. occu!.

The soil l! he.vtly eloded lnt latn saiet calsrq Gtleet

drd quuy a!o6lon. Raboo Khh*, tbe naln .orsonat stt.oao

of the nFar olilln,ies at the foot of Xb.ttak-Chllat

htlls, sns to the .orth .l'j ftnally entels !!ve! K6b{1

nea! rldsh4li. The stleam ls heavlly floodod dultnl

latny season ln July lnd Auquet and lemltns diy for tie

lost of ihe yaa!. tt d.alr3 6.Jor p.!t of the .F.. tt

q!.durUy dsepens as tt ploceeds t6a!d the north.

thf,requ€nt b.rani cropplng is foond ln rdo plac.!.



Phy6lcal €harrctedsttca of .alls.

Clay 9tli
(*)

i sano

'(r)
:sotl c1...

irm

Ar.th.Al

sllt Lo.E

Sllt Lorr

StIt Lo.m

Sllt LorD

Slli loa

sllt 1.6€m

29.@

2A.eO

t9.oo

26.6

20.@

22.49

14.go

tl. ?o

a.ocl

13.,

9.@

a.b
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lJ. Pdt oh ar Irpland5

Th" open u.tul.t1ng plat^s of tho poroh.r

Uplands are sltudled b€treon the H1n€l.cyan fo.ihtlts
ln th. .ortb and ea.t and Srlt F.ang. tn tbe 6ouur,

Rtver Indu5 flo.rtn. flon north io 6outh f.m,s thet! u6s_

teh b@ndary. The uptands lle abod &6 rletors hlghe!
th.n thc .Iltrviat platns on th€ other sldc of the Salt
nang€. The fea of th€ eotoh.r lrrla.ds ts abour !t2OO

squals kllmetelr coDpltEtng the wrote of attock dlstdct
and 1..9e prd3 of Rer.lp1.dr, Jhetun and u1.fraU
dlstrlct6. Netthe! ttuoly nolrtaln nor tluely platn! tho
Upl atd c@btoei et€iEnts of r,oth .id the v..leiy of the
nntu!6l la.rtsc.p{Ls untque tn pat(lst€n. plsstng acro66

tho Potoha! Urlard fr@ the foot httts tn th€ oast to
the Indus Rlv6! tn th6 s.si €i€ sr,turt.d vaUeys of
Haro and sor. rtv.n. Sooth of the fiBlo rrvet, the
6pu! of Kal..htrt. Bang€ thloets .closs th6 pt.lng t4.td



The coryIei geoloElcal hlstoly of noodjtn

bulldtng, aUwlal and 1o€stal daposltton and elostonal

cyctes ot the Potoha!, t€sutted !. a varted tand sc.pa

of Dount alns and 6rony pl.te.!x, levet sUuv.il ptlinE

aBt u.dolatlnE sa.d platn. €nd profulely dis.ected

uplands. Th6 p.tttorn of th€s. f€atures ,boks a marked

Fglon.l allg|@nt, belnE contloll€d by th€ !ock, The

oa.Ln dlalnage of pdtoha! .r€ Haro and sodn .tvet's bhlch

unUke othe! rlvels of th€ a!€6 at€ €lodlng and nolr

d€poslt1n! the daten.ts.

Ortly and sheot 6ro6lon, rhtch 6E not only
vely c@Don but 3evet€ a!.o, hrve d16tu!b€d ,loost enttE
Ianl of the fegton. only . fe, p.rts of the Upl€nd!

rcmal@d unaffocted by e!o51o.. Mo3t of lhe olosron

hele 1s of goologtcal scalo, *htch i€ conttnually
spls.dtrq lapidly! The u.suitable agrlcllruD p!.ctlces,
accoop.nied by overglazlng have .ccetelatert tbe pace of
erosron, tt ts esitoated that ,b@e t"o clllton acEE

of cultlv.ted laod heve b€.n tost tn tho* Unr.nds
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(ftsn. r98a). Thet€ ls vely llttle $ate! arallable fo!

irdgatton, t.splte of ihe flct ihdt tbe potoh.! Upland

fecorvos h€avle! r.r. fall rhan the lest of tbe prdns

6f the countly, It ls dalnly becau.e of tha ra6t€e of

la!96 &ount of trat6r by lun off du" to undulati.rq 3urf;E€.

The riv.! bedE lte 6o fd belor the genelal level of the

lard that 1t !s |F.rttcable to ldls€ sater fld the[.
Even lf tbts dlf{tculty t6 ovelconE, tbe roughnesc of
th€ toi!.ln r!11 o,to th. .ffscttvc dtsiltbdlon
of e.t.r .I@.t tnpos.tble. s.!.nt clopplnE t. cons.luerF

tly noE comon than tn .ny oth€! Egton of the trldua

The depth of the bsdlock oalnly deteldnos the

natuE or the rald fo!,i in the pdtoh.t Upt.nd6. In
ptace5 rhe!€ the b€dlock lies noa! rhe 6urf!c., 1t.€

rlthology ard dttltuda tnflu.nce bdrh landfom5 dld

roll3. Clo3stng rie !e91on at€ f!.va ,ones, l. hhtch Lhe

suifF.e lnftueoc€ of bedlock stlata t6 p.strcutalty
p!€dln.nt. Tttese are .!€uat. tn folf and 1te pa.aUel
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to the galt n6n!e. The .orthorn host of theso bed.ock-

co.tlolled rones lnctdes the cadg.rh R.nqo and th€

mdrntatn at attocli lt und€! l1e3 the Satcoda ddE€

ne3! Attock c1ty. The !.cord zone cofipd3es tho

kat..httt: F.rq. 6nd the roct platns Lytng ar lt.
feet. lt ext.ndB froo th€ Ind!3 dve. to the HtBalay.n

foot htlls no.r laxtla. The thtld tnctld.s th€ bed_

!o.k pl61m extendlnq from the rndu€ near lltat hld aid

Khush.l cafi td,!ds the l@t hltls @, (ahuta.

Its htghest potit ls the ftatrl Mulat Ra!r96. The

foulth coipltses at teast thEe sspa!.t€, elongat.d

b€droct-controtl€d prdns ln GuJ ar Kt! an and Ch.kqal

Eqlo.s. The flfth tncludas the be<trocr plntns of

ln plnces hetheen the* rones, {here the

bedlock t6 c@eEd ty tho depo6ltlon of altuvtud

ad lo€sE, Ue ba6tn pld.ns snd dtssacted bd6tn platns.

Thc bedr@L ls oposed tn 6dF plrceg .s , E3ult
of erGlon bt the H6!o and Soan dv-rs and thetr
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lI dtff€nnt tend {oins hsv€ bo€. hsp..t ln
the Pdtrt!.! Upland. (Fta3e, r95?).

5e1&

The sotls of pot$a! Upla|d. at? of .trwt.l,
loesslal ,nd rt!1du6t oltstn. yetlor rEot{n d.posrt6
of v.ry fl@ cand and to.dy very fln. s.nd .!€ fou.d

1. 6cl|e pl..ce3 ln the v€lttc:Uy eDod.d f6c.3 cnd

pa.ntcle6r ch6!.ctcd6tlcs of tods.. tn ma!ry orn_!
plEces the sulface .teposl ts at€ d.flntt.ly 6f,ltwlal
odgl.. The coaEe lnd sode!€tely.of6e ,Il.wtat
ortorlals elo 5a|rd3ton6-d.!tved e.Idu.r hatertal.
atd alo kldely spE.d ov€r the rcrteh .nd cenlral
part! of the t,pl5rd6. In th. ealt dar* orot. n€dt !d
adl oode?dtel.y ftns atluvtal oat€ttars aF ver.y

cd@d. The sstdo.t nrtert.l. of.tli lot'.rd stlty
clay Io toxture a!.. rmro coornon ln th6 .asi thao

in the (e3t (rr3rg, 19571.
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Thet€ are gr.at .rt!one. of cUf,.to; the

5u[m! belng vely hot end the {tnte! very cold. The

td.nf.rl 15 c.prlcarE ,nd the ronsoon .d.n. ate UEht

ard 3oD6-tt.ies aroo6t id.stng, lesul,tllxj tn a

condttton untavour.bl. fo! veE6iitlon. tn 3ucn types

of ctlm.to. hard .nd r.il.tant .pectes can 6u!t1v.,

tho !6tn f.ll v.!166 f!d! yea! to y.drr {tth .\,er4.
bctng beth.on a6-54 co (F!66!, r95?).

L rrf€nceput€ |

Tht€ les.rtch slte ts 5l.tuated soBt of H.F
llver tn the H.ro Basln, n..!.ly tro to .outh of the

Natto.al HlSh {ry f!fi pa.hdrar to B.d.tplrdt. Tb.

Halo Aailn of Potohar Uplrnd3 t! t!:nnglla! tn shfe

and 1€ foin€d by the h.sin6 of H6ro dve! .dl thet

of N.idnak6s. Th€ ba31n t ! bounded by the sa$€I.

ddge on th€ $o3t, south 6od .odh 6,3t sides et€

3ulloufiled by Kal.chltta R.o!€. to the .o!th .fd
north erst, lt rlsos g.Edually .tp"o6chtnq tho Hartput€
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Basln. rralo dver constltuies th6 oatn drdn46

system of the eF.,

L..d of the Esearch ar.a 1s urdulatln^ and

the soil ls extenstvoly eroded, de@ly dlssect€d ,nd

b.dty guUled, h.vtnE d6.p and sh.Ud cuts resulttng

1n lard flaln.rtatton. vtleE the alis 1s .o@ {ha!

ftatr lt has bpeo blou3ht, unde! culttvatron, lh1ch

tB entlr€l,y d€pondert on !a1,. rate! snd the !€foF
6nLy it.to! clops, ddnly hhert ..d baFly rF qlolrn.

sdl eroslon has been fulthe! acc.l.!ai.d by derglt_

azrng, poor nanage@nt of faftrng ard rD<nr.t of

vecetltlon thbuth cutitng. cutty eroslon 1s cor|ttD

ually ertendt.n, cuttlng rhe land and !.ndenrE

lt unflt fo! culttvatlon. Th6 quutos al€ utd€ !p!6ad

aftl plofusely bi.nch.t. The depth of tha Eulu€s v6r1es

and so1E .!e as deep is 30 n. TheR ts v€ly Uttle
leodns of the odEin.l surf..e b4au* of s€ve!€

deep eroslon. The pEserce of ltv€ strck and hufran

populrtton ts v.rt 9r.t. rqost unliLely i.d unsuttable

spots a!? bellE culttvated, such as bigh une.6ded

pardcles of allwluD, fl:nks of guUtes add paket6

of altuvl.l so11 tn thr l)nE loct pLatns,
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R.ln t5 the ldn €.nt af B|t.r .ro.l..n tn
the .ti., Tha itrd d.postt.d lo!.a .aa btorn ln colout

lrA .lt.ltil. Ln n.tux. It r. rllt loj tn t.|.!u!.
{lrn htgh dlt aa.t Lo{ cl.y p.;.nt{.!. tho.rttr
.t a l. ary .rd th. .ucler t@etatut. 9o.. b.yo.d

450C.
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RESULTS IND DISOIS9I'N

I. YallardhlE site

Tho .1!.t layo. bolp6 in st.b(tl.tnq the .ild*o
of 3011 iheuqh the .o9E9att6 of cou.oid3 lhlch 1!
cai.ed ty ihe .ddtrton of exr!.celrut.t poly3acch.rld.3

tncludtng fllanentt ous lherth. and ttdrvtdu.l and

corort.l ouclr.geE (nailn r ll.ksoan, I94o, Barry r! 41.,
I9?3t Vo.kst.!.n.nr r9?5r and U.c(ende & p€.Eonr I9?9).
The al,oa. atd hutus to th4 .ott hhtch t. o, utmrt
topoltanc. fo! retdntng r.te! hd th. fo!fiatton of tbe
b€d fo! the establishoent of rhe seed! or highe! plrnti
(Iie.t & |'|Est 109?i Fltt.ch & S.ll3bu!r. 1913,

Fletch.! t .trttn! 194€i Ateks.n.t!@., r95li etnqhr 1961. .nd
Bory3hev a Novtchtovllr,.n@., I9?s) .nd thr. cods€que.F
tly E.tucos eroslon .d toptorre. tnftltlatlon ad petcol_
6tton of i.tar (Erretr gg 4!.. 1939: Bocth, t94t. a

l94lbr Fl.tcher a x.rttn, rgts .nd srngh, 196l),
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rh. .lg.l cott ! .!.v.16p. .tt trdv.ly ltl
.ptlng did sutl'|n rhen t!!p.!dtut€ lr iodetlte rd
.ufflcl.nl loArkEl l. dvdl.m. !.a th! .dt .|rd th.
..a.on.l fltrctultton do not dg tftc.ntly chdE. th.
.tund&c. .nd thr dtetdhution of, .otl .tgri. tha

dGlcc|tlon tn ar{nt, coupl.d rltb th. t.q|.!.tu!r
.r!!ftEr ln tud!6r .ittl ilfit.a .l1d,nrt.. th. v*ul.t
pl.nt!.lEntflclt|tly lot th. sotl .Ig...bori l€6rl.n

uEffect.d. .. th.t c6 tdlly cop. dtt th... . dtq|..
rlltrl cordltlon. (Eoo.t, t93tt! ln ca.!t soo rlth
ga.oula! pl.nt.. th. aott a19.. ..aa to D. no!. totor.it
to htqh .Dtgy !.dt.ttol ( ! .erd. g! lg., lr6u *ty-.r
1966).
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^. 
the.lqal v.g€t rtton

lhe .19:1 veqetattod vades tn eoeara.c€.

The Egene!.ttng alEal cro3t {h1ch ts uiuauy conftned

to ooE dtstulb€d pr.ces hes blue-g!€..t $het .3 mtu!€

alq.l clust Bas foo.d to b€ dad. blue t. colo!!.

tbe a!€a ts tnhabrted rj/ g.ht2othdr-s6rtonep.

coinnu.lty dmt.at€d by schtzothfl! l![39!! and scvtoneni

scbriidttl (rrbre a). rhe badlng doio.trir..o. S.!4941
ts r.E evenly dlet.tbuted 5nd covors the land @te

than ih6 codqjln.ni. The 3@atton vatuee lncoqpo.at_

1rq the iro v€ly ltForta.t attdbotes of the .o@urdty

ot the tro d@1n.nts aE f,! gFate. tha. th. othet

algal lnhebl,t€nts of the aE. 6id tt htnts at.gsat.!
not.hti nl ot cmn.tatton rhd ddapt,tton rho!o tNo

spocres possess. S. frte3rr ttke n.ny othe! btuFgte€n

a19ae, posse6ses a stlcky and mucit69en6u5 €h..th ihlch

e.sbtes lt to so:rlve tn hlqh 3!Me! tonpelduft .nc

extFmely l@ fto4Etule cordtttons. Fulthenole th6
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filaoents of S. ftLsgg occu! tn h,ndles u.uaUy lying

p$allel to one a.otheri each bundle 13 €nclosed ln a

thtck, b!.tnched and sllppely iucl1€Eenoos sheath *htch

turthFr enhenc€s 1ts llolstulo .b6o!ltn9 and letalnl.ng

potonti.L. Tho muctlaEenous 6herth of tbe blue-g!€en

al.lae .bso?bs motstu4 laptdly hhen the suppty 1s abondr*

6.tr1 retalns 1t thrclghout d!@ght perlods (F it6ch,

L922b) .

only t{o naooly protcoccus y1r!4!-9 aDl chlolococclm

ovlfor@ belonl to Orlo.ophyta, *her.6 abdrt 82 pelretrt

of the rhole ldt ale ihe do4bels of cyanAhyceae.

the dal.,tton ot trluGqree. ,lqae nay 1alg.ty 1,. !tt-
tiboted to the alkatlnttl of the soll. because n.utlal

and lltallne sall6 not only fdou! iha .stabushment

of blue-gle€n alEa6, th6y lathe! h aiper rh€ gla.tn of

of th! soll a19.o found tnh.blt.Ins ihe dcat

green rlgae (9o1yshev, t968i Sdotnikda, 19!6! !!nd,

1962r shield. A DuEeII, I96,ri Ceaero. E Blank.

19663i fogg 9l! g!., i973; and Flledman. & 6.lun,r9?4).
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tn .1ke11.e soils nole olg6ntc .nd tnolganlc nwrlent3

ale .vallable, but the grert!! efficlencY cf brue -
gleen alg.€ to utttlze them seeos to Plovldo them ai

€dqe ovet thc q.een alq.e (rdtsch, l922ai Glstl' t93i

Peteisen, I935i and Vltra, I95r). In a la5ot.tcry expartmedtr

the addltl,on of inolganLc nutrtent s t.s fo'rnd to enhan"

tha gtorth of blu&qle€n !194e far nor€ ihan the green

519e. (GrontaU & H.nrtlssm, !969).

The tso spocies of Iteen .lE.e enc@nter€d Ln

tbe &r..!ch 6it€ a* lnlc.llular and larely fon coldtcs.

AU so€cl€s ot blu+lEen alg.e stth the crc€ptlon of

Srgg-!9Sr3 q!-q!1riji €nd 9. ee!l4r-g aR tttadentoue.

A:!egr!l!! .dr lg!:-:g!!:U Foss66s tso epecles s.ci'

lgIlggg3 rs !€preseftted by thlee specles, shelta6 the

tematnln.r ge.e!. Fo.3665 one epecles e..h.

rppalently the .benc€ of dtatds and y€ll(iL

geen .bae, qhlch aF equ.Uy terestrlal fods.teoffi to

b€ astoundlnq but lio 3016 F.sod ts tho 3c6t tty of

hoistuE in the soll a! th€y als le33 tolerdnt to lq

hater potenttal dnd r{dity( lrnd I I91t5 & 194?i a.d Frtod6aan

a c.lun, 1974).
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Ylslcl-arycsetuEl€!

The aF. ls arld $lth loq .nnual r.tn f.ll

( 36-aO cn) and htqh ltnu€r teqer.tuE. It t3 lnhault€d

W -A&!-ELa4.a!g c@u.lty ddtn.t.d by -S!l!-a !-*r!!,.e

and e!.c.!&.rsg S;lll& (r.ble 5). !. 9@e!!il9, . plant of

Medltelr.nlan ct!,oat., has drtcoqeted other herb6. It3

hlghest lmportance v.loe 1s atnly beceuse of lts hlgh

lelrtlve vdlues of all the thlee attd.buies ol the

cdrmity. The pl€nt his x.ll. develAed loot ey.tetr aid

tbettfote pelpetuates reU 1n coepatattvoly dty ard

hostlle sum.r. The populatlon of thls ddl.ant 5pecle6

Idtg€ly consist3 of osy yd.q pl.nts rhlch shq qult€

untfos dlstrtbutlon. g. clrtda, th€ coddtn€nt oJ th6

ccllnunlty has gdt an 6d96 o\rer othe! mmbes on rcount

of tts u.prlatable n.ture, hhlch oay prrtly bo held

r..Pon3tb1e loi ti€ hlgh lipolta@. varue. Thii plant

1s m.lnly asr€l.ted rtth 9!as5 trnd cffionlttes ( s.qar

L H.!per, I95o) ard lhds tolet.nc. to h19h teQ..atuti

and l@ rolsture cfidltlonr (steNr.tr 1958).
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Cynodon daqlt'rd. ollm.rtly a Ep6cle6 of €lPo8€d

habatats ha6 very lo$ tnportarce valuor tn 3plte of !t3

.b4uty to codpete other herbs tn dly 6.d opeo condltlong

(ch.ghtat g! d., I978t woodhdie' 1968; ard Ra6.k43hd|.n

E s1o9h, 1966). It! 16 tdportsnco value c.n be

lustlfled by Lt6 hlEh palatablo nrtufe, on account

cf shlch lt has to bea! the n.a!y buld€n of graztnE.

UgIqllILB hrlsuta, a pl.nt of dra habltets (Eh<p.l &

Ch.ndlyr 197?i st*.!t, 1958) h$ ldest l&ortanc€

vrlue n.t.ly becau6. of th. l@est v.lues of the cormunlty

attrlbutes, plo:lhlty of tho crop f1.rd€ anl ltqht
tenu.e of tbe so4l could bc paily hold F.pdr.1ble

fo! the pFsence of gg!99!& -al!g!Sl!, as the pl.nt

13 an .nnu.I $€€d ol the stnt€! ctop3 (bthra, I933r

.Bt Ch.ght.l a (h.ttakt I9€3). Loi d.^.ity coupl.d

tlth hlgh canopy cdelage l.dlcates ih. presence of

cdParatlv€Iy fe{e! hn he.lthy gldrlng plants of

tgg3e!! !-4!91-e. l,aalcolnle gglgllge rae folnd sld{tng

in !€latilely oolst pl aces.

othe! assocletes of the cdmunlly .!e !Ce!.e!.gC!

483&sd!E !:L!ul44c! .nd ggrs&& 4.c!!.e.ftl1folluh,
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rho balEn 'rrdulrttng lr.d be.rs rich a19a1

flola, cd.tlng the laftd sulfice ltke € block c.!pEt,

lhe .196I veqeiatton 13 dlgtulbed by the asttvltles

of E.6zl.n a.drals ard lo.rl l.h ebtt.its. Dlsturbanc.

13 toe plonoqfted t. the p.thray6 ard ln the sides

and the bdttd!6 of the guUles. The undlstulb€d pl6ces

b6i! coeatattvety !tch algal v€gctatton.

70

2. .A!.i&fudl--cl!e

A. I!.9iLsnlJcs$lls

rhe €t€a 13 t.t'abti€d by €9E!4!!I!:€!E9!9&
codrBunlty, ddntnatad by .$s!lzr&!ru !.4s$1 a'd

Teq,erature leoalns v6ry hlsb tn ihe dry oodhs

of nn@! and 9@o beyond asoc scqanled by proloiged

.p€U. ot dldrght, yet the .lgel vsgltrtton tr not 3lgDlt-

tcrtty chang.<lt r.(nly b.c&.e of the flct thrl soll

.lsal flola cs., tolelito rroth ertlenes of teipor€tu!.

(C.tb!on a.d 8r.nkr l966bi clad., I9I4! Izelott, l98ti

zehndo!, t953i De ilet.!, 19!6r lrst.o!, 1962).
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S!.Y!-g!3gi -€g!4dq-! (rable 6). S. fgesll,the r€6d1n9

<tdd.ant of ih€ cd&ntty,hes got tltghest sum.tton

varE ndnly trcause of the h19h c<'vetsge vatue. .s

the flleDrntr of thls pla.t occu! t. brndtes occupytng

Of the total 14 6pec1e6 i6olated froD the a!ea,

only 4 teF glren algae r.e. protococcu3 $!E!&,
chlolocccun hvono3oono, g. eSU!9!yC.!tc!, €nd

T€t!:cvstls liobtlatelalls; the Fst of the .p*t€s
ier€ bru&Ereed.!. vlrrdls ias flequen! ly foud t.
gFups of tro, four o! nole on ..cou.t ol the ltd
sep,!^iton of the pFduct ot dlvt3ion. Th€ cetls of
thls rpeclos c,n stthBt.rd proloftltod dostccatton nlth-
dt urdergoln? any ch ange (Frlt3ch, 1922), and lt becdres

posstble la4ely because of tbc f-t th.t thts sp€c1e3

@ets fiost 6f tt3 nolstule lequtE@rts by the ab6o:Fb

tton of atfrospheltc v+ouls ( schtu1d, r9Z).

The alrsefte of ftl&ent@s g!eo. algae t6 o:ilnly
hacaus€ of thet! lnabiltty to cotrCcto bt.uegse. fong
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ln hlgh pH and dry ad altd con.lliton6, $htch LrEtdlD

t1y f.v@! the Elo{th of blu*sle€n .IE6..

cbloococ.us etlcllE ..'d 9. Erliujlrs .t.
urdcellul.! ot a fcic.lled colonl.l fo!o6. to .tther

ca3€ the ceus !€tatn thctt lidlvldu.l env€l€p3. tho

ld 3um.tton valuerof thes. pla.t! l! odnly E !e

of thel! 16 co\,o!sg..

Alo8t .tl the flldedtds fons oa blu*
gt.en .rEa. Ep.Ft.d hete po63.63 dclllqcn@! .h.rthst

Bhlch h€Ip ln thet! 3ulatval duilng unf.vorjlable Eer.on

of dty su'@r. !99!99 qicopp shoh3 rodd srd. didtr_
blnton (nound, I9?3), tt3 lo! rumatton v.lue ts oilnly
because of loq !€latlve c6re!69e,
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ve*ul1r veoot rtton

tha al€. l! lrfiatdt d by !l!!!dg - 9E9C€

c@unlty! ddt..t.d W 4.€EE9 Sgl!!.! d'd gror&!

CEt!!g! (rab1€ 7). rhe ccmudty € r'ports 12 6peclet

of Bhlch . r!€ 9166.€.. EL4.!99 gUldlr th. l.6dtns

ddrtn.i* of the coi| rtty, t€ . specle. of odnly

gr..3l.nd cdwdtt€s .!d 9'6(. f.ldy..U ln dry

p!*e3. The hlEh.st v'lue6 of d.n.tty 
'|d 

ftlqu.ncy

of tht3 3p.ctes .ho, the pt..enc. of glartor nuolet

of lidlvidurl. ;.\'l tbel! untfotD dlstdbution. unt.Itt-

able n6tuer coorlod rtth htghe-rt !.rrtlve v,lu.s of

don3lty and ftequery accounts for tt6 htghest lQoltaic.

vah€, tt .ests th.i thc pltnt f.rvou!5 .ltaltn. Bo!13.

The .!c! 13 urxler tnt.n3. pret.ut€ of gfa>

inq. ovetglaztrtg end p.lst.bl. n.tute of CIrEglg

4jg!r!g!, . c.d@ln.nt .pec1.6, d.v .ccount fo! lt.
ld trlportaoce vrrue. 9s!99!gU ilyglglg 13 eo .n.u.t

re€d of slfiter c!!p3 ad h,3 o*aP.d frot tho n.arbv

cultl.v.ted flerds.
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Ialcold.,cohrltc.r llllledlE $l&rlglCrr !'d

!t!dg crtttcr .E. dth.r t*dtdt r.*.rs of ur.

cerity.

lfslr $rlElltg !.d !!d!rr. llrlagb hr,. e.ry

los d.nsLtl6., drtch !y b. plob.bly b.cr$. of dly .l|d

ldit condltton6 th.ra ar*rlo. !n unlbL to tolerata.
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3. l!auhe!. tlte

^. lle-rlsd-Jss€blfs

The sulf_ce of tno 60ll sup.ort. .19.1 veqet-

at1oil, rhlcb 16 u6ua:1y found tn patches of valytnt sir.s

as a F6uli of dl3tu.b.ic€ })y the Srazlns antoals. ArL

uals and .0r|6 pesordrl g!.ir.s ar. b€U,.vrd io titerr-

fe!€ qtth the contl.rulty of .lE.l l.yer. lr'dliturh€d

IolEe stz€ al9d1 l6yers eelo co|ninonly noticed on the

3t66p 6l.per, trhtch ses 3dr€$h,l ploi.ct€d.

The edr.lon@ntal c.idltl.on3 p!ev.d.Ii.g

hete .!e alibst stitrl.t to tho€e ol i.lalkatdhe:? adt 
^talt-

hell. rne sun;e! !s dly attd hot; t€op€f'turc nae3 beyon t

45oC, acconFsnlcd slth de3tccrtlorr rhtch E.ultc ln

aloost dt3!pp..!ance of v.rculii! vegetitton. The i!.dte!

1s color th. irGt t3 comon lid occe.lorrlly tbe *tcury

dtAg do$. ttr. ft€ednq rrolit. De.oobet and Jriiary

ale the cold.6t @alh6.
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Th. .ntllo .lqal v.oot,tt4n t6 coiFo!6d of

blu&gFe. a19ae, a.d ls leplesented by all th. three

fodE, t.e. u.tcellula!, colontal and fttrnortos,

Otstoos, gr€en ard yelot4-sEen ar96€ ars eb6€it, malnly

bcc sa of hlth pH, dly.ess ind arldtty, .e they .re

tepoltedly suscepttsl. to ihese codtttons.

rho 5'ea ls lnhablted I'y Euilg!!4: - scvtoneo.

ddin.ted b/ srhtzorhrlr !r!gel! hrth sglglcgt
as coddtl.6dt. rbe sumitlon v'rue of St jllggL!
!o bo the hlnhe+r l$Sely rr^caus6 of tne htgi-

est value of covalase. Tha ftl6riants of rhls sD€cles occu!

tn bundres, occupytrj Eoe +acor hhtch Judrfles tt.
h19h cover€e vnlue. Tho hlgh f!€quency of !. schddtrl

lndlc6i€s th.t thls plrnt lB mor. d€nty dtstitbuied, bt
the traln Ea.on of thls 3pecles pt.yi.a scco.d fl.ldt€ to

54 fllg!! is lts ld c@ornee val.ue.

aph.noth.ce !!9Sg!!1, a colonlrt foth, rag

fdrod to be pt€se.t a.3 rs eve.ly dlstrlbuted a3 the
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codd.n.rn t{n lt. los .udr!t!.on v.lur lr l.tlcly becrl|.

of lt. v.ry ld coye.{.. oth.l ud.c.llu!.r fqr.' srEh

- lbEegterrtlr rdlr. q. r|ul@' gt {lrltE rd
&!tg&$Sf$ ||!g&f$! h6tr Itlgh nlltlvr v.lue. of

tnqu€ncy. hrt .l|,. to th.l! urd.callut.! natunr th€y

ca|+y Uttb .p!c., d|lclr n.y *carn! for 6dr lG
ce.r4. v.lu.r (T.ble 8t. th La.st rDlttoo valut

6f $$llLtE !f0! lr !.ln!y b.c*ree of ltr ldr3:
v.lu.. of both th. rrE-t.t of, tbo eqrC.tt.
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3. I!r-ri!gs-Ld--!€sc!-alls0

the ir€. ts lnh.uted by !!!!&.lg.g - Q!9d.9!

coDnunlty, dontnated by 4-$!.rSrg Slj|!.!&, i..d gylgg.qt

gj9!L!9! (rrbre e). lbe h19n..t rrpoltanc. v.lue of

g. cluat. t6 €qually sh!!.d by .lt the thro. .ttr{htcs
of the codnu.lty. Ii ag.nor.t.! to .plrig dd .tc!tnar..

the r!ea. Ii ha. qot 6:1 6d9o we! othe! helbs malnly

bec.use 6f lt. foo&*r.s for dly condltlons 6nd tt8 urpsL

at.b1e natut€, Ir d.y a'd .r.po!€rl hahntati, g.4jglIl!!
lhoutd ta\ro fldrt8bed qell bl't lt €bb€d l€tgely due

Sde!4cl-e agsaf$, .o i,Dpolte.n ntnber of

the c@runltyt t3 ar aoru.l serd of the cloD3 of cold

sercon. Its praseme ls becauso of the @arby .uluvsted

ftelds rhe!€ froB 1t h.s o!.+ed. llo&gl$|3 lrbulg
and ls!X4{d!: tlthrlotd.r .ro 6tter tiportdni ndlFr!

of the cornunlty.



5*99Ro@.idNo

3d583933€ES
E8'?

qqqqqqEdqEq
ooooooooooo

iEsSss;p33
3&F*gorNor

ilr--o- aBN i. r c do 6 c c-
F6ir

3h388!8G18S
x,:*c9od4ooo

o *g

PB

,.ts

t&
3

3l

d{

cocc

$$f,df,d-$$d$ls, laflf,u
ilaEl SAgslf
'dl Et .!t it 3 fl .a .c itit ,lt ,1 -,rl ,S ,!l 6l d dl

H



L*Fic.our .,+.e: t.tt & IIt

4. Algal vagetitton

fhe .p€n surt.ce of the soll $a5 fqr.d blrt_
6ttod bi/ tbe 6lEat tayc! rhtch t. no6t oa the pt*e3 vas

{ound Estitcted to patche., a5 a t€sutt of dlsiutb'rc€
c sed t' the .ctrvlttes of hue.n b6r.96 lrrr the srazlng
anlm.ls. The plo.ess of tecolodzatt.n of .lgae q..
rt.o ve./ sl(x! panly d!. to dtiturb,nc. ,od partty

tEcruEe ctf b6.3h orwtro.nentil co.dltton3t tne unpEt.c_

ted b.re idtl (si, Lhe!.for., noE surcepttbte to
eloilon. Oa the bai€ .otl tho puddtlno affecr of $at.!
sa3 fornd to be very Esrt as ccFaled !o 3oil plar.Gt€d

The bsttoos ard ctd€s of EUUtes suppolt poo!

alget vesetatlo.r oatnly bocau* of {.6htq by rne rate!
of lun off. shrlp ino stO.p slopes 6uppolted cdFlrst-
i,voly ltch alg.l grdtts, chlefty becau3o of thet! tn&c_

e5.rbt1lty to E!.21n9 .ntm.I6.
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lhe res€alch slte lho8sd qlEat !€..oblance ln

t.!os ot pfl, C€Co3 cmtentr terture .td .ddliy of soll

and the teiperitue e*Ees 1n sudrct lrd th€ rlnter

htth thos of tb. othe! thlee 61te3 na6.1y ttallg|dh€Er

Az.khau €nd Norshere,

grue-qle.n al.g€. doftln.ied aU tho thr€e 3tad.
.rFI.d. A nunbe- of f.ctolr 6trch a3 pttr oxtFe t.lpeti
atua *coQan1ed $lth prol69ed clc.tcc:tlon 6ay be

h.ld F6pon6tble fo! the d6lnanc. of blue-gfe.o a19..

(Drouet, l.9:rfi Bolyshevt l9t2r dohnltovar t956i lun.lr

1962r Fo99 g! A!., r9?3; lrd Flt€dn.nn t c.r!d,1.9?4).

Once the bluo-green alga6 cove! the glound, they do n.t

petr!,t othnr foto€ of a19a. to get .st.blt3hed and loa.tn

.tordaat ln the dry ad hot odths of July and argu+

(ftao, 1983). Tho 5011 6urfte 1s s.aled off br the coat-

1.9 of Ducllagenoue bluogroen .lEae, $hlch by the ploduc-

ttm of copldl8 ouctl,.ge h.. s Bt.bdltztng effect 6n th.
5d1 (Round, r9?3).



s.hl zothCEa.vtorefr a cffi nuntty ddd.dlt€d ty Schl zdthrlx

fIlSSll adJ scwooer.r3 scbirtdttl (-iahle ro, tr s r2). sp€cl€g

or .$!.!lg!E!x aoJ S9.49!9!, ca. tolerat€ io.,peldtutt as

htgh as U2oc and llooc Fopecttvoly (Booih. I946)i vhrch

irry paltly rcount fo! the donlrance o{ thes€ plant!. The

htEh cweirqe vslues of tbe!. specles d1.y et3o rE hotd

!6soonstbte fo! sh6ot1.? thoo tnto d.nrn.nce, rjgEleg tE

qene!.Uy le.]irded as 6 s.a.on.t d6dln.rt .nd frdu.dtly
f@rd in rorst ola.es (s!r3h, r95ti not,nd, rql3). It 13

ropre.Ented ry 3tn9l€ 3oec1e3r vlz. NglLgc !g!g!gln tn
thl6 a!€a qith ccrno.t.tively lq suroittori value $hl.h

is p6rt1y 5€c.:u.e of tt3 vulmlablury to high tenporatu.G

ln 6uodc! (vcnk.t.rdran, 1964).

^lI 
tho th!€e strrde sere fouid lnhatdt€d by

Tho .uo{atlon valucs of the specles.,f

chloococcus.  oh..othec6 ad -*EScj-99-9$!9, trhrch occur

dostlv 3s lntcollul.r fom., r!€ .oQaratlv.ly loh, n.itnly

becauso of the1! lo( lel3tlv€ valuoi (ti coverag..
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85glrrrar|lr rlllgt! r.. th. drly np[..€nt.tts
of Emon t9... lhc p....na. ot !. tll|llf cm rdloly
b. .lu| to lti .U,llty to dth.t'd plololr{d d..lccltlql

..d .t6cptton o'a dro.lh.dc v?q|'. (Fl,trarr, l9ZI!|

.nd gchddr tt2t). Th. dr.Udty .d th. .a!.tlty rt

.cca,nt for th. .b.erlc. of dlrtd3, Etr.n .d y.1lcb

9!..n alEr, .. th. a.tdtty ad tl|. ld dl of th. rdl
tr.i|! Er..n .19.. (P!t.i.n, l9r5 a t96t Cotle, l95t
nld, r9!8i Shl.ttl6 8. Durtdl , l96.ir .nd I.tttng I
Rrrhrtra 1979'.
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6' &c--Y€ggr!-EJ9ss!.iq-9!

The vnscute! veqetition t3 cotuo6ed of the

aonual. rdj tno p€8n.1a1s. iiost of thc 6h.Ud lodt.d

annuals are sished riay by the nate. of lun off d'rrlnq

hed!! x.1n3 pittlculally tn ?ullt€e, th€ Ilght textuFd

5oI1 t.lls to letain odsiur€ fd a longe! patlod of ttoe.

'Jirlth the 63ei of sumerr the d@.rt of ratnfell d.clln.B

aftl the soll ts gradusl.ly deploted in notstule. llGt of

the .nnu.ls cohplete th4lr llfe cycle3 ln short petlod

of tlne to! tld1.9 @er the h.Fh lnhospltrble condltlms

of dde! and hot su@e!..

AlI the peEr.1.ls .p !rasse., lloody specleg

luch as !:s*e!: sl3qdcLslar ZlA-pEcs !!!s!34-! ,

4ejS:_e 4gdgg!.a, glEp"ard9 {.LfS!g aF 3porad1c. 9s!!g1l[!

!bgp! (eE alro notlced €rpectally ln thc rdi 1y1.9 hol.rt

pr$es. Z. !gsr!g!!e, e. Cl4Cr!9E4, 4! Agde'li .nd q-

!gd!-q arc oomo. specte. of the seid.rld locautt...

l. sl_a!d!-!9!.e e!o.s €ucce.sfully h 6rld condlitqr5

(Troup, r92r)r as thls specles d@E not dep.nd entllely d
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the allar,luty of surfaco ooistuEr but can exten<l 1ts

loots .t lea3t 20 m tnto the Eoil, to r€ach and t€p the

undolqlound flesh "at.i (urentr I955i and Metn2cr, 19r).

These specles h.ve Er€stly becn d&aEed because of ch.p-

tng a.d g!aztn3. tn case tbe ar€a lematni protectod,

thes€ stocles sdld have doitn.tod the aFr.

9t!gl9! dactvlon hnc th. lo€d1na domlnant ln t{o

of tho throe stlnds 6€opled (Tables 13, 14 8 15).

rh€ thlld 6t ard $as donln.tod by !&!!jEg Sll143 rtth
qy!!!g! dactvlon as cod@lnant. rhe domi.a.ce of g. !-er!49!
can 'nalnly be because of lt5 slpelb c.pablllty of conpet-

etton ln open ,rrl dry places anJ tts Enalkdble tolerance

to deElcc.tlon lnd htqh t6nt'Fr.tu.e (errton, 1944i lnon,

I95ai n.nakdsnn6o a $nghr I966i dod ,oodhase, 1969).

Ovelgraz1n9 and palatsble natule of tl{s 6pecles h.ve

aff.ct€d tt3 lopoltaoce value ln the thtrd st.d(Table 15),

yet lt h6s nanag.d to outconpete other belbs !n at re.Bt

tro stands. P. ctllata, llke otho! plantalns, t. bell€ved to i,c

assoclated rlth grassl.nd conouiltles ( sagor a Halperr1960).
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Tbis spoct66 lrs !€corded fhtn atl thq tn:€e 6tands

ald possessed coqalat1v€ly h19h iopoltance v.tues.rt

appeals 1n sprt.E and q!@6 holl 1n arid locrUrtes.Itg

hllh lnpolt6rf,o values iels lalgoty b€cau6€ of tt6 urF

palatablo nature, its abl.Uty ro 9ro^ rn d!:!et ptace.

and 1ts €ndulaice to htEn teiperatd!? and toh molstur€

condtti6ns ( sre$alr, 19te).

lllegg ovra'pldata 1s s co-donlnant rn one df the

sta.rt (Trhte r3) a.d 1ts hlgh tiport a.cc v.lua ts d.tF
ly ta.au* ot tts htqh.it volue ot Ftattv. d..stty.
,'ledlcdo aschesonlana nas !.pdrted flm tro 3t6ndi (Table.

13 a 15); \Nhtl€ uedlcdo l*tntrra sa3 ndttccd tn on€

5t.d {i6bt€ 14). These speclos tnv.d. the oo!.t sites quttc

erlly tn qlnt.? .rnd thon spnrd to ddo! hatrltats,$he!€

they pe.6lst for a lonqe! p.dod of trne (Chaghtal &

&atte!, l9e3). The pF3ence of these pl.nr6 may F
attdtruted to the fact that thetr.e€ds may have spEad

frm the neallry crop ft61d6 as th€y .!€ annual seds of

rtnto! crops. c,lendub alvensls and leIljLlr.g hrlsuta

ale .?ported f&n oe stand. Tbe pEsen.e of q..eeg!€illr
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an annual {e€d of the c!q'E of cold 3eason, l'.y la4ely
be attrthtod to the llqit soll a.d the ploxthlty of the

clop flelds, 6htch selve of 866d5 (!rrh!a,

1933). It has qot a stlong tap !d)t syEt€m am mce

lt Eaches the a!e3 tt Eet6 ltseu ftlrty 6srabti6hed

(ch.ghtal & Khatta&, 19e3). the .tlndance of !, htFd.r
an an.uat rinte! $€ed, oay tF attrltrte.t to the dtyn.3t

of the a!.. ( thopal I Chardrt, rgnt and Stdart, t95S).

cenchlus ctltarts, a pl.nt of expo.ed and dty habltats

(chrghtal g! Ef., 1963), $s3 rnvalahly .ottced !n .11

the thioe 3t ands.

DesmGt:clE biblnnata ras pEsent tn only one of

the st.nds {Taltle 14). Thls pta.t glods tn oxpGBd al|.l

dly rl.ces (S.llm 3. shlnldr 1973) .nd 1s .. !.odtcator

ot so1l rnolstus coodttlons (Fuss6in, 1954). In splt€

of htqh !alnfa11 in potdl plotenu x.rlc co.dttlons

prevaiL thrle, \thich !!e chl.fly ,recalso of the poo!

fttentlon of moistuft 
'y 

the uppe. po!@s laytrs of the

so1r. !. !!s!$-i!-g darc@s thls sttu.ltton by iordl.g.lsn
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Its roots lnto the d.€per layeE of th. sotl. (chaghtd

jg.il., 197€). In thls plant roots aE thre€ to olEht

tlnos the stz. of the aerlal parts (Hu6.atn. 1964). Its

lolr topoltaice vrlue ts lalgoly bec.u* of 1ti p.t6tabl.

n.tule rhtqh 6.tos tho cattl. grlze upon lt.

q@gSS! l_E&I!!g!!!r a pla'rt of

3lt9ht1y .ltali@ iolls (Hu.latnr 1964)r i.. @pon.d

flon lro st6rd6 (rabres 14 E r5), !E!S-g!EE g.g!ClLg3,

an an.uar sldte! *e€d, Ba! plosent ln tso Etlds. It

appeaE ea.ly ln slater aid Foalns .onflned to r.lrtlvely

not et pl..es. Its very ltu lnportan c velue8 hay be p!ob-

abty brcause of tne drie! corditloss to shlch 11 s.eds

to b. se.sitlve, Sft other seods Fcord.d se!€ Artrnalus

'ideuloides, E-e!L$! o!!!1€r!, Le!r3 dlsb, 4.!!l!_

5!!!s!]l!, -$gs!!& r9-rry!!1!9lt-e, S!!.e.!e .ere.!.es.e End

!:!gqj:E:!9-r!& rhes€ spectcs fall to s1v. a stgntftcant

lmD.escion hhlch 1s quit€ cle* frcm thel! 16 lDporL
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c@fficied of .t9al coorunrty

^ 
hl9he6t - !.luo of c@fflclent of cdDilr{ty sat

recorded for 3tand6 II .rd III of Lahl€nc.pu!, bdth

6,.rpp@t1n9 schl zotbrlx - S.ylg!e03 comnunltles do'dnstsd

by *!:-:4!:1x flEgl! and s.vt6eoa !gEE!&!! corlectlv-

ely. (Tables lt 8, 12). The hlgh.st v6luo of coorflctont

of cdiDunlty rr.iraen th6se tBo st..dE lndlctte. thc btgh€st

degFe of elnl'lrtlty (45 pet<etrt), {hich t6 fur:ther n.r(f-

ested b_v a r.l,Itvely g!€,tor nuotFr of cpecles they

sh n!€d (rdD1.3 16 & r?). Tbp tso comu.ttlo3 3uppolt 12

.poctes .ach. @t dr rh1.h Il, aE cdDon to botll the rt.nda.

ehlcl' nry r!i?6lv accoudt fo! thq hlgnesi deqFe of

slolllrlty, The hlqhe! vatues of co.rtlclent of cdnhunlty

3d deqt e of slotlarlty 13 oalnty b€ca,r.6 of the ploxlD

1ty of the tq4 3t!rlds.

LdEnccour strrlls II :rd lll

!d!-e!d!-:re--E!-38!!i!l@

lbe v.lue of codfftclent o{ connunttv shich
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olnlfost: the degEe of strtlarlty b.t$een the t{o st.nds

saE found to be 60. Tbey.haEd 8 spectes (4? pslceit).

Both the corniunitles .!€ dootnsted by schrzdtltr f!t..ii
and EI!9.9g!4 gchdrlil! colle.ttvely (Tablos 4 a 6), of

a total tuorE! of 14 €pecte6 t€cold.d tn A2athall stdd.
to tralk..dhero stand (Tabrc 17). rho c@fflc_

tent of con,runlty t3 htgh on cdt.truve basli beceu.. ot

the Flatively hrgh degF. of stirila.tty

A cdni'.rrttvely hlghe. coeffi.l6t of codE.tty

Be6 ob6erved fo! th€ connuntttes of Laift.cepu! stands

I a.d II (table 16). Borh the sra.ds i** t.hablted by

sc\4oneoa coia'ilt1es. The t$o comultltleE

shat€d 9 sp.ctes !.e. 66 palccnt of the tot.r nuf,le! of

spectes occDllin9 ln borh the coNrrunitles (T€bIo r?).
rhe hlghc! v.lue of coefftcie.t of c@ountty ls ratrly
becs'r3e of the piorldty of the st.rds ,id the 3!dla!
envilolrentat coodtttons r'.ov,1ltnq there. Botb the

.omunltles slppolt the 568 NotE! of 3pec1e6 rhtch n.v
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fo! r?latlv.ly htqi d.gr.c of ltdt.dty,

th€ coelftct€nt of comordty tor th. 3tad, of
Azaktall .nd La*Enc.pu! 6t.rd II ras found to be 6?

(T.br€ 16), Boih the coownl.tt€s {or€ doorn.t.d by

leblzdthrlr f .teslr 5d scvtorFit' rrlg&lt!! colrecttvaly
(Trbles 6 r. .rt). of the

tn Lakloncepur 6tard It,
!tn.c. The coihunlty of

c@i,u.lty of I *E.copu,

succ66sto.al st.tus, .rd
th.n the iaie! stard.

Thelc .F 6 .pecle3 c@!on to the c@rlnltta. of

^zakhall 
aid Noqsh6!. st€nda irahle l?). The v.lue ot

degle. of slr{lsrlty (36 p.!ceit) aixt th€ c..fflcted of
co,rhJt{ty (5.) Is co'nperaitv.ly loB (Trbtes 16 r r7).

total hllaba! of 12 sp€cles plesert

rc are cnMoo to the Azakhsll

Az.thadl s.6 oole op€n than the

3t and 11, t€cau6€ of tts €.rly
tteeto!. off.!5 bjle niich.!
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The nunbe! of c@oon specles aDpa!€dtty 9Iv6B an

ldplession of high d€g.ee of stdl.dty, tut in fact

both tbe cd@udtios shs!.d 36 perent of the tolal
.uobet of species occulrtng ln theo. The 1o.. dagree

of sl l.rity is larg.ly !.cers6 of the 6a*ed dtffoFnce

ln the spectes ttle iro comunttles 6upport.

alkerdb.rc .d rsFnceou! stid T

The lo'est vo!u. of coefflclent ot c@munity trr3

!?coldod for the str.d3 of M.Itardher. and Lrilencepur

strrd l. Bnth the stind3 .d tnhahti.d by q.ht,othdr_

SgIlggg? co'r.uDrtles ccllectlvely. The t$o cor!trurdtt e.

only .rte 5 spectes (2e porce.t) aoag theo chtch ls .
rocoln tdest of .11 trE p.l!s of 6t.nd3 cobpiFd he!€

(Tab1e r7!. A vely Io( coefftcront oa conmrdty (39),

leflect6 the malirlt de oa dtsslotladty ln ihe spectes

coinoosttlo. .xhlbltod by these sts.d€ (Tabre !6).

A coerlatilely la{ !alu6 of $ copled slth h19h value of

, + b ls larEell'!6soo.slr,le r.or 106 co€fftcie.t of
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com'rnity. The d6tn Ea3on fo! rd v:lu. of N 18 thrt

the p6ttem of dl5pot5ton of the c@ftn specles ln the

tso cffiu.ttles touches both the .xt!ed...
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coefflclent of velcular co.munl.ty

azakhrrl Fnd Norshe!, rtaidg

^ 
D.x1o!rm value of coefftcte.n of c@nuntty (s6)

t.s olr5ew€d fo. the conDnlttes of Azath.ll ad N6shela

6tand3 (Tablc re). Roth tho coenurdttes |tete donlnat€d

by 4-ad.isg gulilr .ni 9UC4.9g dlEllrlg! coll6ct1vely.

they .h.Ed e Epecl€s 1.e. 50 petrent ol the tdt.l
spect.s (!t)t occurr"tnq tn both th€ corru.itt€3 (rablo 19).

L.i|!6ncepu! stsnds tI end tlt

A !€lrllvely htqh vrlue of coefftctent of cdnunitv

r- t cdd.rl fo! q!E!g! - g&g!E! a'd pt:nrEo -
6,.odon comunttle3 lTar.te tp). The tro c@unttt€s not

only .upton . m.xlruD nuDb€r of !pecto., hot .tso 6h oE.l

12 specles (?r pe!r!.t) ronE thoDa !.d.otn of .lt the

p.l!E of coltrnunltlelr yet the coafftctont of coDionlty

ts cdpr!:tlvely 1a^ (651, tlatnly becaur. of r€ldlvely
14 vlluo of '! alxl h19b v.rue of a + b . The a+b value
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f,htch l! th€ Bum of the p€E€nt69o3 of thc total nudb6!

of €p€6tes ln the tio stand3 t3 hlgher t€c.u3o of

cqpalatlvely gEate! nunb6! of EPoctes xhich tho tlo

st.nd6iuppdt, The ros v61us of 1v c.n be .itilbtioct to

the prtten of .llstrtbotton of the specles 16 th€ tro

g4b!d!s-Ee--!d-&sr9!9eelr3e!4Jl

rh.tr .re 4 6pect.. cdmon to su!-l-P,L!gl.dg_

a.d g!!!tg9g!.91r! cdd.rlttei .nd thl. conltltut..

20 pstcer|t ot the total nuinbe! of 6pecl€3 dcurrlng ln

the t(o co'r nltte3 (Tabro l9). Thc lde3t degE. of

stadl'rtiy Elves .n ldoi of tn. Iorest value of coeff-

tclent of .cii'l nlty , yet the coofftcleit of co.lnJnlty

Ls ccnpar.tlvely h19h oalnly recdrE. of th. high velu.

of r!, and lo{ value of a1b.

alk.ndha!€ ard Leroncaou! 6t ard I

a nlnldun vllue of c@fflctent of codlluntty (2O)
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r.3 ot .ttt.d fo! th. Sglla - Eldlg dd @&! -
tut! cd[|dtt.. (Trbb tF). th.t .n 7 .F.cl.r

(32 t!c.nt) o.rcl to both tl|. cdriitc! G.bL l9).

Balh th. comuiltl.. auppct 22 !p€c!.., th! I.r|.st

vd|' of c.eftlclrrt d ccrrdty 1. DdrrElly t cdr..

d th. loi vJu. 6t |l cqpl.d rltl| mlh vrlu. of . + b,
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Tio soll btidtnl q!.ttty oa th6 .lgae is t.rg.ty
because of the orqsnlc o.tt€! rhey dd io the soLt.Th6

tn a frel.l expprl@dt, 50 lltE3 of ttle h.te!

af !!n off floo rlg.&cove!€d plat aopealed aloost cleat

and co.rtalGd only !O 9 ot sctl,; vibeFas th. s.re cu.rtlty
of the sete! of iun off fld baE sr.!!f.ce rae found to

tE <!'.rlte nddy .rd contatned ?25 9 ot s.,i.l ln a untt t1da.

soll al.ga. ar€ usu.lly constdo!€d pllDrry colontze'3 ani

add otganlc caibon throuqh photo5ynth€.ts ,.d otgaor,c

nltloqen thFlqh nitlogen ftxatlo.. They usuruy folr
closaly lnt4ltrlned fop€-lrk€ bu.dl€s ln the soit $hlch

helr, li StndtRr the sotl pndtlcles (ke, rgao). FurtheF

mo!6, ths 3.li algr€ aE chnla.tedzed by the secFtlon

of irucllag€nols substn.ces Btlrh aloqilth orhe! olg€nt.

€xcretlons f!@ thot! bodtos ploved to be vely effectlve

ln cemenilnq the sotl lratns tnto .9!regat.6 (Daubend$.r€,

1965). The rerl-algleg.ted 6ot1 havtng a sllppely textule

due to the pFsence of extrann.tlaq€nous sh6.th seem6
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to FBl6t the folc€ of the $dl.or

tvelyi and thts facto! alone Day

ent r.te of eroelon of 3011 f.oo

solls *'tch cdEs out to be.l5!I.

of rln off aole effact-

*coudt for the dl.fle!-

balG ard alqa&hhahlted
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Prddlinq Effcct of naln

In o!de! to stldy the puddung offect .f !.lnr 
'l 

.tterpt

h.s b@n osd€ to stmrlrte tho cordltlms p!.vrtting ln n.tlli

.s huch clo3€ .s pGdble, Th. d€talt of tho l€3!tt obt-

.ted on beE 3ol1 t. as foU.dsr-

l. Duratlon of e)pe.lo€dts = 15 dnute..

ll. Tot.l nuhte! of droP3 pourad ! €O

ttl. Ttoe lntonal betseei! tio Bucc.63tv. d!q'3 11 sect

lv. ltetqht of one dlop = 0.06 g

vr tletsht fton shtch d!op. s.t€ pdd = I D

vt. Fo!€€ slth shlch ea.h drop lttu.t tho 60ll - 6rlo_4n
(N = Norton).

vl1. Dtdeto! of slngre pu.ldle = 1.6 ctr

vtl1.  !€a of stnqle poddl€ = l.a€ .n-

!r. tt 19ht of sdl .llspr*€d tn 15 oinuie3 = 2.5 9

x. frotght of 6011 dllpr ac.d/o'( in 15 Etnut€3).13.3t9

:t. l{olght of soll .lt.pLc.d p€r h*t.F = l3@ t9

xll. Repltc.tes - 3
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Th. ctuebll*t rt .oll .qq!qoat6., h.cause

ol the lnpact of !d.n dlops, ls .lqniflcsntly !€rluc€d

by the ples.nce of .lgal ray.! cds! o. the 3011. Tno

i cilag. of soll a19 r€ .nl other o4rntc cot!'oound6 $htch

thoy €dd to the soil si6b4uze the .otl parttcres

(Dsubemllo, 196!). thli st.btl.lr€d sulfrce redu.esth.

lntenslty of laln dropr ard thus help3 ln chocktng

displacerent of sotl .6d er61on, on a1E.e cove!.d 3d1,

no ruddlins effect ".3 nottc.d! nheF.s the ldDe volumo

of qate!, qhe. dlaf,ned on b.re sulf6c€sr teBult.d tn

fa1! dlspl,*.6.at of sot16 o.kins puddr.. of vartous

31:cs (T.ble 20). the dlffo!..c. rn !0$116 16 prrraltly

becauso of the f'.t tt'.t algEe cdvered s6dt r?sistod

ncr efftcl€ntly to the effeci of rater dr.?E thrn th.
baa€ .utfdcca. A con61.l€lable .oouirt of the ldl dtspL

.cod du6 to puddllng ts tost I. sieet et6ton.
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tdfl,ltrrtton ot lrat t

R.6uli3 .'f tnflltrrltotr t€at6 on ,lgrcw.t€d

rnd bate to{I! trgtcato thrt r3tr! tal alDd iba raaa

tlD to .rt.r brth typ{ of idl. ,rd th. t't of laftl-
trdtion r.r not .16.rl rloin t|' th. pt..e|t. of rt dgd
c sl (ta1'1. 2l).
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tabL 2lr tnftlttotlon of r.te!

Ttc (d.a$..) of lnflltlttloa of r.tet
A19..-c6r.trd .all : B.!. .qll

A:Cth.1l

lalttrepur :I

ltlarE.pur ttl

!b,50

a.13

23.b

t2.6

2!.@

6.?i

30.@

4.6

23.@

31.75

2L@

26.@
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corcurstoN

l. Dry .rd .!td locaUttas rer€ found dodnated by

th€ comu^1ttos of blurgrleo.lgre latg.ty b.cau..

of thetr tolerance io tho.e coridttton6 .id thel!
.bltlty to f1@dsh roU ,.n hlgh pH. y.llo,Fgte.n

.l!a€ and dtata3 $€!e fourd abs6.t &atnly becaus€

af th61! su.c.ptabrltty to th€ adv€lse envirfioent.t
cor|dltloos.

2. rhe o.ly gEe. alq. found €ssocl,ated slth blue_

gre€o foms ha6 Ptotdoccus g!4jll!, rhrch hd
o.naE€d to ke€p pace slth the btu&gle€n fotni
chlefly becruEe of tt3 ab!,tlty to us. E.$or. xrre!.

3. schizothdx f!t.rl1 .rd ttvton.o. lchdrdttl i.ts
the doidn.nt and fFquo.t, neob€ls of the .lqal
codnun1tle..

4, The .lgar cdEudtle6 re!. ddrdnat..l by 11l.,!€nt !
blle-g!€en foo.. UnlceUula!..d coldu.l forls
ael€ less f.€quent. No fll6n€otous g.€en alg. ra!
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5. The algal cdnmunttles seE f6u.d tn patches of

v.llous slze5 datnly bocaus. of tdottc dtdurb.nce6.

tn u.dtstulb€d plsces the algal veget.tion ftout\_

t3hed {ort coveltoq .Ioosr the enrt !€ 16id.

1.

The sott algal flora r.s fourd to bo troF !ot6F
ant to hldr teperctur€ and destcc.tton 6r coe.t€d

to va3cula! veg.t,tl ofi.

rh. a1.9.1 l!yc! $as J6und to btnd th. soll iurf-e
p.lttctos loto noE.!.61b1. lay6!, Tho t.tto of

.olr roEs by 3h€.t e!o61on floD .1g..-plot.cr6d

.nd bale s6f.co sas found ro b€ l:l!.

The puddllng etfoct of raln nr3 gFrtly o1nr.t!3ed

!y th6 pt63.nce of 3l9al l.yer.
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