
CHA,RACTERISATION OF SOIL ORGANIIC 

MATTER IN DIFFERENT SOIL TYPES OF 

KERALA 

BY 
U5H.'\,P. B. 

THESIS 

Suhmltted In pactIal fulfllment of the 

!cqUlremCtlt for tht: de!!ree uf 

.master of ~ctentt in :agriculture 

Department of Soil Science and Agricultur.l1 Chemisu~ 

COLLEGE Of HORTICl'LTL Rl: 

1982 



I h .. ", ••• laN ... " tIIWI .... 18 _"lUM 

"Obanotu.uaU. .f _il _pal. _t._r 1D 4Ufueat. 

•• 11 ",. • • f bnla" 1 •• ..... fl •• noon ., ft ..... _ 

vult 4_ lIr .. 4vial ......... o~ H .... ob. aD4 t.bat. 

tao ".1. baa .. t. pey1eUll' t.... 1M .... 1. tor 'Uut 

avari '&0 ••• , .., ..... , u,~t ullHJ.a __ l,. 
f.llow8b1, .. ot.b.." .iIIlJar Uu. ., .., .-.. lJalftl'-

81. or 1001.V. 



OIItDlCAD 

OVUtl.4 tbat. a.t.a ,,".18 .. Ut.W 

"Qlarao'h.rl_U .. of .. 11 _pal ... , ... 18 Utter .. :' 

8011 W.. ot Kuala" 1. a "..-4 ot re ....... vOl'k 

40ne .,. ~r1 ~ .-. "aba, ..... ., pit .... aa4 au,v-

Tlalea ... 'Uaat. 1"" _t. pey1eull' t .... '\be •• la 

to%' 1h •. award .t .., ....... t.llev_l, or •• eool-.-

*1, .. 1I.u. 

'--- -- ~-
~~.-'-L../ ../ J I 

.. Dr. 1..1. I.... // 
QaaJ.naaa, 

AtYlae17 01 i t.t.e. 
-- h-ot.uor, 

De,... ..... " of IoU 8.1 ... 
• Api. 0Ha1aV,. 

Cell... ot BorUoal t.ur., 
Y.ll_llck ..... 

_, 1981. 

I. :are •• Y~ JfaJz 



I expz'e •• .,. ..... , .... ,.."1.t. au 4 .. , WO'D.a-
D ••• 1.0 Dr. A.I. J .... :trole ... _4 ba4 of Detar •• n'\ 

of 8011 Solenoe .. 4 A&rlR1 t.u.nl 0llea1at.Q'. Colle,. .f 

lIort.lftl t.u.re, l'ellAf\SJrkara tor hie val\lal)l. p,14u.oe. 

ke .. inWre.', belp aa4 l.Jl8pira,\lon tbrouah01l't, tn. ooane 

of till. 1meet.1pt1oa ... ,"para t10ll of '\he 'tAe.i. a. 

Qba1raaD of _e actr111017' ~1,\We. 

I .xp.na. rq .b ... ""aNt. to "f..G. Ds-o.,.'Ull hY1. 

A ... o18W ~"t •• 801", Bop ........ " .f 1011 801 ....... 1-

oul .... l eIlea1 • ., tor ....... lIIaltle 1'11".... aM help 

4ariDI 1b.1. ...,. 

1 .... 1&w lrofeallOr. »0 ......... " .f ioU Ioi_ .... 1-

01ll'laral Chea1at.17 .. Dr. ll. 1'~ hU. ~rot ..... f 

.... UOlal .... Colle .. • t BerUfNl-.. tu their t.a.:a, 

.4Y1 .... 

1 .1M vl.a ... ,la .. _ ...... ., __ ta to 

S'\aU.U •• for tae help .... en4 to .. ia .e .ta,\laUoal 

-11.18 of 'Ul. 48 •• 



I .apn •• .,. t.laMk. _ »r. p.e. 81yar8ll8Jl .aUt 

J)!reotor of a ..... on .. "- Dr. P.K. GoJAl a kr 1atwM • 

.l •• ootate Dean tor "roy"S., .oe.aal7 lao1ll "1 •• t_ 

'ttl. ooDda.." of 1h1e werk. 

1he award of tellovsh1p 1t.r '\be Xerala Agr1olll"ural 

Un1v.ralV 1s gratetulq aofmovla4pc1. 



OOIDIf!8 

}ta. .t, 

IJD.Ol1OCtlO. 1-, 
UYIBW OJ' LItlH.lTVU 4-24 

IlADIlIAlB AD Mlmo. 24-" 

US1JLts AD DI8CUSSIO. '4-11, 

BVIM'U 114-111 

llD.uCU 1-z.U. 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 
j 
j 
j 

j 
j 
j 

j 

j 
j 

I 
j 



fable 1 

fable , 

faltl. .. 

table 6 

table 1 

!able 8 

rebl. , 

LIlt 0., BBLII 

Ge.a.aral GIlaraGw.1.Uoa of 8011 

1l.laU...".1p M1Ifeen cU.ftel"e.t propert! •• • t 8011 

•• latl ... 1, ... .., ..... 11 pn, • .-tl •• and carbon
ld vos_ ra 1,1 •• 

JTaoUoaa of a.s.. _t_ .spr ....... peroen ..... 
to 8011 OJ& aole... tre. ._18 
hactlou of hua1c _;.~ ex,pn ... d •• peroentap 
"'. total o.-pIllo _ttu- _ a.l.tv. tn .... 1. 

blat10ublp betv_ .. 11 ,"pertl •• aM .pUlO81 
f:raoUona of "PlUo .. t.-.r 

!able 10 _1 ___ 1 ... '1 ___ ot _pa1o ,,"WI" em 
aoiature tree ba.1. 

fabl. 11 aelaUoneIl!p _We •• 1 ___ 1 conet! ttl.a". of -PBi. .. 'tt.e.r. 



1. Rela110nahlp bewe_ pH ... orpzUo oulHm in 8011 

2. RelallonalUp bew ... pH aM __ 1 JUvoa- 1D 8011 

,. aelai1onabl, _'\we_ pH ..... 11a.le Divo,_ 1D 8011 

4. llelail0Jl111l1, 'beWe. _pal. earDon aDd \0,\&1 DiVa,
in 8011 

5. llelat,10118hl, 1Mt.ve .. orpal. oar .. aA4 ~t,a1 JUuopa 
1Jl .. 11 

6. Rela1t1oaebl, H""e. orpal. OU'lMm a:a4 an1la1»1. 
n1 '\ropn in eo11 

7 • .aelatloludllp Hween '\ot.al Dive, .. ana nalleble 
D1 Va .. 1D. 8011 

8. .e181t1onabl, .we ......... ur .... an4 Kal0 ao14 1n 
8011 

9. ae1a"1 __ 1, be'Sween 1,01&1 n1Voa- aZl4 hWlio ac14 1n 
8011 

10. Relat.lonablp bewe .. hua10 •• 14 8IUl clq 111 8011 

11. ltelaUOD8hi, be""e .. or ........ oar ...... flllYl0 acU 
in 8011 

12. aela1t1onehlp MWe .. _tal alVo __ 8D4 tu.lyl0 aolet 
in .. 11 

1,. llelaUODatll, HWeen __ 10 .. 14 a4 flllY10 ao14 111 80il 

14 •• ela1t1eJtab1, Hwe. fal,Y10 .014 ... ola¥ 1». 8011 

15. llelat,i0llllA1, """e_ ..-pal .......... aa4 a_in 1n 8011 

16. llelailOD8blp HWe. _,\&1 JaJ:tnl_ ... h1lll1a in .. 11. 



INTRODUCTION 



Orpa1o p,,_ iIatlMJloe. pb.ral0.1 aII4 oh_1081 

prope.r1.1.. of 8011 tar oa' of proportlon to the _11 

qWIIl"lV pr •• en1.. Ii ..... "V .ooou.nu for .1.1 ••• " halt 

1b. ""1011 .~obaD.. .., .. 1. 01' .. 11 IIIl4 1. n.,onalbl. 

,UIl.,. aor. 1bu U¥ .-- .1D&le f •• 1.or tor the e.ltlllV 

of .11 agnp.a. 

lJ1 .e pr041lO"!_ of • 1v\11. an4 pr04ao,1.. 8011, 

o.rpn1o •• It ...... · ,la7 • dire., 1'01.. 'th." are '\b. .oura •• 

01' ,laai _V1 .. i. Vhlo1l .... UMn_4 in an.1laDle fora 

4"'iDa aJ.nenUeai1on. ".U •• -iDI a .. uroe 01' _vl_,s 
tor 1be ,lalli, IID4 _e aoa' iaporiaai tao'\or in a't.nloiure 

10l'Il&1.1_. o.rpa1o uitter ha •• lao • fa4.ental role on 

th. Jb¥.loal p1"Operil •• of _ •• 011 aa4 .ete.raJ.Dea '\0 • 

wee ...... ... ,..,.10. ___ 10&1 pz'operile. 11k. .x-ance 

.,801 V aa4 lNttvlDC prop.t.ie.. !h... p.ropertle. are of 

poe.' laportanoe DOi oDl.r 1a ooaVoUlDe th. ap'take of 

mavieai. _ 1b.e ,laBi and _.11' retention in aol1 bu't. a1ao 

in a.,p.re.a1Jal 1fte 4.1ew.r1ou .tt... of .011 •• 141 V • 

1 

hr .... ne.re. l' .u.pp11 •• 8'I1erl1 aM MC\r l»u.114.blc oone't.l

it.leJl'\a tor tb.. a.t.o.ro·_can1-, aula •• mavleni., in"-r.e". 

vi'Ul .W., 00DMn'8 ... l.'\ar.t ........... waier \1M efflolen.,. 

.. ,..0t,8 v1 ... 1 .... torUliMr. ad orpn1o __ loal •• ,,-

.. ,..il014e. aDd herblo14e •• 



8011 orpzUo •• tier 41tt.,.. v1d.lI" in q_UV and 

qun,\1V in 4Ut ... " M1la ot til •• '\ate. Though quant1V 

•• ,\iaate. are otWD. ar.rlncl at -, .mpl. __ 1oal an8 la'.1., 

qwa11 tat1.... .tud1 •• are DOt uull¥ UD4.r~en. Proport1on 

ot d1tt.nnt, .leaenu 1Il ao11 N'pnio aatWz' .., d1tt.r 

v1tA r •• p.ot to tn ••• .,.. ot d .... po.1t1on •• t.abl11.a,\1on 

v1'U1 o'\ber .011 ..,..Il"., ""e qu11 V aaJc. ap ot the 

orpn1o rea1d... 8D4 a011 ooJUl1 t10na UD4v vh10b the a011 

o.rpn1o aatMr 1 •• nth •• 1 •• d in"o • ooaparat1v.13 .'tabl. 

fOBl. lb. r.laUoDab1p """ •• orpJUo oarbon and. '\01&1 or 

ava1lalal. n1 '\rol. ooa t.eA" ot \h. .011 1. often aad. U.. ot 

in pred10t1DB th. Diuopa OOA'teat of .011. Thi. r.lat10a

ah1, 1. 1nYU'1abl# "ploT" a. a aiaD4ard ~lue in .011 

te.t1na prooedar •• tor adY1.orr vo.rit., v1'*bout r.te.rrJ.Dg 1.0 

the ooa,0.11.l011 8Il4 qual1" aake .., of '\b •• 0U o.rpn10 a81.t..r 

1n 1h. eo11. oone • .m.e4. It. 1,. h1P13 .a.ent1al th.t pr.c1 •• 

nlat.1oneh1p beW ... orpa1o earDen and tot.al or .... U::lDl. 

Il1 tropa Mov.ld b. vorked oat to.r dUtveat "p.. ot e011. 

¥blob 4Uter 1n t.b.. qaant,1. &:ad qua11V ot orpnio .at_ 

oon'taJ.ned 111 tn. before .... _la •• are ud. a.. ot tor 

advi.orl purpo •••• 

Thoash •• 1404. for the •• u.aUon ot .pir10al traot10ll8 

ot 01'881110 pt_r h..,. "_ denlope4,,4.t.a1led etudi •• on 

fr.ot10D8t1on ot orpnio •• t.tv 1n 801la ot th •• '\ate have not 



.0 \tar M_ u.4uiaaa. liall.arJ¥ t 1at ..... "1011 OIl •• 

• 1 ___ 1 ...,..... of •• U N'paio _"W 1:D "" ... 1la 

of ~_ ... 1e are ...... tbJ......., va. _vetere or1 .... 

v1'Ul '\b_ fo1lev1llc .1tJ .. U ..... 1a ",1ev. 

1. to • ..,. the r.1aU ... 1p _""._11 eo11 orp».1o 

.. "'t.e an4 8011 D1V._ 1a 1 ...... bar of •• 11 ..... to 

•• __ Uab .... pr.ol .. ta • .,.. fo:r oalotlla'UDI the 'Lota1 

and an118b1. 111 vo .. ill .. 11 ba ••• OD orpn1o .. ,tv or 

orcan1o oar'Don eon'Mll ,. 

2. fo a'\u47 \he .. ,,'Un. .f 41.v11Mi,\1011 ot .,11'1 .. 1 

tnotiona aDd _1 __ 1 _U"'_ .f .011 orPllio •• '\'\er 

111 a fev .. 1.0'" .. ila .f 'tile •• 'le. 

!b. reaa1 ". of 'til. .t.JneaUp UOI1 are pr •• uW4 1n 

fol1ov1D& ,... •• 



REVIEW OF LITERATURE 



8011 er ....... _"Mr, _. k.,. .oa, ... ' of .011.1 

iDoW •• ,laa1 ...... 1 ,...i4 .. a a" ...... 1." •• '\ap. of 

4.ooa, •• 1 'ion, attn. .. "iaau.e .f aio.roMe and. _It.'\Qoee 

8,1Jltb.el •• 4 __ 8011 po,,,la'\lon. !h. rate a" vhl_ '\he 

orpnl0 .. ''\e.r 1e a __ law4 or 4.plew. 1. eVlotll' 

oontroll •• bT in. OYRaU Wl ...... f olillaw 8DCl ,1ant 

o_tmi tl •• , hUUD 1Ilterfe.reno. aD4 leq1A of tja. 

(J~. 194" J~ •• 191). 

Gol» !l Ii. (1911) to ... tAat 1al .. vae wrl.Uoa in 

ill. dl.Vi~ut1OZl .... arioba_t ot ttl. OJ:'PlUO _tkr 

traotl ... 'Doth vl'UWl til. eoi1 .,. .... 1M""' .... 011 ",. •• 

D1tf.reaoee appeared to M priMl'ill' a f\lD.otlon of th ..... 

of ".0_, •• 1 Uon aDd. t.raJlalooaUoa of ""e b'aotloaa "tb.J'oqb 

the .011ra •• r tbaD ... _ 4111' __ 0 •• 111 .. putlon. 

Pal_iap,. (1915) toUD4 that the earlton OODWat d14 not 

dlft.r 111 ., e1p1floaat ...... 1M., •• oulUftte4 .011e 

of hllle .... TireD .01la. • .. itt 8Dd 8oba14t (19") an4 

BarY.,. (1964) aleo o~ 1ba1 til. orPDlo utter oontet 

di4 not ",l.kI' .ara4 ftrJ.aUoa 1n 'Y1rsin aDd. cul tiftWd 

.. 11e. 

BMl»Un .!11l. (1911) t .... 1Mt ~. texural p-oup 

with aor. orl8Dio a.ttel' had Ht\er pbT.loal prop.rtle. 

relattDg to M1ib. ,laDt &row. aM .. 11 UIl8S-_'\. Iure.e.d 



org8ll1c .at.ter Pft A1P.r vat.v ho14.I.Dg -paolV and 

,or •• l V and d.or...... _.,&.1.10., ".aJcial .Vena1ill aDd. 

_lit .ealV. 

1. Orpnio .8" '\er aD4 plall 1, .. vl.au 

ZUDiDO aa4 Ilart1n (1911) o_nned '\nat. Il&turallT 

ooolU"r1DC 8011 organic .. ".r _ad '\b •• etal iema cemati

tut1q lID 1nt.eJ."a.41at.e .tap .. whlGh _batantlal ,.rcola

tion 10.... ot tr.. oa tloaa aa:a4 aeiaUio &quooapl.x.. or 

.1aple orlUl1c •• tal .... lex •• vera ... 1...... 8011 orprUc 

""Wz' hl&tlJ.r .. "urated vitA •• '\&1 1_ 1I1P" COJ18t.l"uM 

t.b. •••• t. 1aport.ani pool ot 81 __ \1"1 __ M1l1la.l. to 

b101o.1oal .,.1ea •. 
Th. relailonablp. MW •• _. orpzUo ut.Mr centeni 

ot .oil. u.4 ib.e to_l 11114 aw.1la-l. plaD.t. ut.rl_i. he ... 

been vork •• out. .. & malMr ot J.ayeaUpt.on all 0 .... 1' the 

vorld. A briet 1' .... 1_ 01 t.be vork ... OIl t.hl. HpJ'd 1. 

elTen UDder. 

1. 1. Orpnio carDon aD4 8011 Jl1 tro .... 

Pal&D1ap,an (1915) 111 & .t..&d.7 on tb. 1nfluenoe ot 

enT1rozaen'tal :tao~a 011 orpalo oarbon,'\o'\al D1Vosen 8D4 

a~11abl. D1t.roeen loUD4 ~t, tbare va •• prediotabl. ooabi

_"ion of .miroDaent.a1 laot.or. op.rated at. UI' .11111 •• 1M. 

All toraa ot a1t.rOI. vere .ip1fioanil¥ oorrelawd v1th 

5 



u-pa1o OU'bon ... -..1&'10118 ill til ... oouU __ '- 1a 

relat.101l \0 aY1r __ ... _l taowa follAtvec1 • a1ll11ar u-.a4. 

Deep1 te Dotio •• lal. 4Uferea_ in OU'Doa. an4 D1 vo.- OODWnt. 

of 8011, tn. e,l rat10a r ... tne4 praot.1oall1 UDAlf •• te4 

elp1fT1JlC 'both carbon aDd Jdvo.- ¥eft eJJlalianeoual¥ ... 

a1ll1larJ, ane.ted. loaaau (1968) at.aw4 t.ba" ena atter 

1naen4ou ltui14 up OJ' -larealc4_ of orpnlo ",,'tar, the 

C •• rat.10 of the a011 vaa r...r"b~at.abl.. Harade aa4 

IDoko (1980) nowel a h1&b~ sipitl .. " nepUn oorrelation 

6 

A hlch decre. of oOJ"r.leu. M"e. D1t.ro._ 8A4 

orpn1o oar~ vaa r.por.4 .. a _Mr of worker a for 'ft.rlou 

e011 sroupe (1\1(1Iu10I1 an4 Sow4_. 1910, en.,.ll aU 

VarlDl. 1912). 

1.2. !o",-lllJ.U>opn 

n.. orpn1c n1 t.ro_ ~po"'a aoooa" for w.ll Oft.r 

90 per oea" of ~. 1.otal aivop. 1D aoat. a01la u.4 are 

aa.lDlJ tile product,. ot a1oroblal .... ,.e1t,1011 of ,1_" an4 

ualMl...am.. Da.,1d.on!l 11. (1"1). 81Art'eneon!l IA. 
(1"2) and ])add !l!l. (195'5) .. atiNe. tAe pHe.oe of eol1 

at.tnaen aaJ.nl.r 1Jl orpllJ.o tom.. 0 ........ "10118 of Blaok 

(19.) 1»41 ... 4 'that. tA. 1JI8rpa1- tON ot .. 11 D1vosea 

0_1,1""_' onl.r 1 ••• 'Ul8a 2 per _.t. ot tdl. to1&l D1t..roa_ 



and the re." vas 1Jl -pal- to .... aa4 tAat D1tropa aooova.4 

about 5 '\0 6 per _" .f •• 11 orpato ""tv __ ve1ah". 

PUUMOthuan (1964) and Bop1ah (1910) ob-'\a1Ded a 

p081 tlv. correlation _tv_. orpn1o satwr and total 

nitrogen. E;.yuu!l al. (1969) foad '\bat the D1 troJan 

1nol"ea .. ill tor •• t. .0U. v •• pr1llarUr d&.le to tA8 hJ.&hv 

level of orgaAic utwr aDd &leo dlle to tb.. huain oontent. 

Tondo •• and Kanno (1968) aad JWcha.rlon (1910) rnealed 

'that the d •• ol.ive faotor 1a nivopn varlationa vae "1-

dentll' &ovemed b.r t.h. orpni8 .. "'\e.r etatue. 

1.,. ... .... il.a~l. n1 trocen 

luru_..., (196,) reGOr4.4 a ole •• oorrelation H""een 

"otal nitro,en and aTflilable DiVe .. 1D. the p.ddT 80i1. of 

t.a11 "du. ' •• a.a •• (1910) oDtamed. • .blah con.lation 

betw •• n a-n1laDle n.t.vopn ..... palo a.i-wr 1D. tab. aoUa 

of South Aroot, !aa11 •• 4". 
Har1B1 tal (1966) e8tabl1ehed re1& t.1onaAip """ •• n 

nallable nivoPl' 8I1el pH au Gotlin and SoDlco (1970) r818'\e4 

.nilable nitro_ to 8011 tezt1lJ"e. 1'1I1e traction. p08.1bl.r 

... e'\a1ne4 aore ot .xohaaceable _mODI_ aIl4 "en n1t.ra'\e 

n11rosen thU8 oau.tDc • peroeptlble increase in a~1labl. 

n1 vo,en eta ~8 vi'\b. 1ao.rea • .I.a& a111 '\de and raintall and. 

.eoru.inc pH. Har1g1tal (1966) found ibat apart. tr .. _. 

abeolaw _unt of upnio .. "tel', vhlob va. oonai4ere4 to 

7 



haTe a faTourable tntluence on .~1la~le n1~o.-n .tata., 
1h.e qual1t,y ot 8"b8YnO •• had a180 Bot. 4J.reot, NUiDc on 

the avallab1ll'iT. The higher the hUllio INb.~O.II, creaw.r 
vae the &Yallabl. DJ. troaen oonWn t.. 

8 

IIlat !! 11. (1911) rttporwcl a poelt,lve oorrelation 

beween orpn1o oarDon oOlltent, &Dil ...ulable n1 trocen, vben 

tb.e orSU1o oarbon oontent va. grea1e.r t.llan 0.7 per omt,. 

T.baklar !l al. (1916) found tb.at t.ne peroent,age ot or&8l1.lO 

OU'Don oont.eat (tan De \lee ... an 1Iulez ot available n1 vogen 

to eo11 for .akin, fertl1lser reooaaendat10D8. 

1.4. Orpn1o pa.e,Aorue 

Orpn1o aat'kr 111 nl1a eonta1na a _11 b." faull' 

un1fora ,roport.lon of phoephawa. In .. at, a1Dva1 .. 1la 

one half to two '\b.i.rda of tbe 'Mia1 pAoe_Oft. 1. orl8D10, 

bu.t pl"opoztiou Tar.r1D& tr .. 4 ... oent for • p .... l to 

90 per cu:t. for an alpine luau8 hue ".reporw4 .. Wi1U •• 

and S1.8inberg. (1958). Peareoa aDd SJaoUOIl (19'9) e-.4i.4 

i.b.e SIlOunt end dietribut,ion of orpulo phoephont8 in e011 •• 

'lhel reported tbat 'ttl. __ t. of orpa1o phoepAohe raqe4 

trom. 205 ppm. to '9' ,pa in 1ft. .artao. laT • .re aacl vae ae low 

ao a ppa in ~. C horison of a.. ..U.. !he proporUon of 

io'\al phosphorus pr •• en" in organio tOl'll J"aDl84 tr. '5.4 

per oent. 1n 'the ploqll la.1." "- 12.6 p... cent, in t.b.. A, 
horl&on. Ghan1 .. A.le. (194') loUlad _a" orpn1o phoephOZ'Ue 



111 .011. nDP4 ina , ... 15 ,.... _" IID4 1Mrpa1o .... -

phone troa 25 t.e 15 .. _1.. 

u ... (1945) ... per .... tba" _e OOIlWa1. .f _PIli. 
ph •• phone ill .. 11. JJaonue4 v1_ 1Ae ecmtent of Il1t.roaen. 

J .okaaD. (1955) • ..,.4 1hat. Mt.ll tale '\laD'Ll \r .f orpn1o 

ph •• ph_a IIZl4 '\he ft • • t a1aval1_t.loa ware .On.a,," 

po.1U .... lI' vl"'" ... _- .f orceJ.o eu))o;n q4 A1wopa 111 

.011e. KG ...... AM (1,,.) ..... nd aa mor.... 1». t..b.e 

pro,o.rt.1011 of "Plll0 "'apllarua ... _. total pho.pb.o.n. vl_ 

1Dore •• _ huaUleat.J.oa. •• oor4iJ11 '\0 bJ,18 (19") ... PO

port.loa .f orpa1o ph ...... 4.,ad .... 1DlI' OIl 'Ule oar .. 

00JlWD.,\ .f tA ••• 11. aspst1 ... " oorrelaUon Ht.vea orPDlo 
oarlaon ... '\otal ......... va •• "w.1ae4 .,. hruhe __ _ 

(19&4). !alat.l aIlC1 ..... (1915) ill a • ....., 011 ftrl0 •• fora. 

of pho.,hora8 ill aer'Vl we.t. lla.1 •• tbaD •• 118 foUlld that. orpa1. 

phoapho,ru va. h1&ta •• t. 1a .., ... laT.a 8114 raU.8 .f .. palo 

oar_a and to'\al Jl1'\ro,. "- _pal. pboephor",. vere IUlITOV 

J.n41_ t.1DC hJ.cb phoapAo.ru 1dMnlJ. .. 1.1011. 

Bovaaa ... 001. (1918) ill •• .., on traot.1oDaUGIl of 

orPllio pho.phona troa .. aalad .. Ue reporwd • h1ch 

P--tal. of orpm10 ph • .,. .... uul •• T vera r •• l.'\aA1. to 

.j"....U •• t.101l. 8_D1!!!1. (1919) f ... that. tb.. 0I'&azU.. 

ph •• pboru8 oonwat. of 1&. ..11 aU _. nrHu a_. traot.1 .. 

' ••• _4 vi. 4.pth. Ot.. 10_1 "0.pb.0I1l8, '5.2 io 

14.8 per _t. .. owned ia 1M a_a. Qrpa10 phe.p!loru 

va. h1&tlll' OOITe1a.4 ,,1 __ palo .,'\qt, to_1 pb. ... hor". 

9 



aact "-tal DJ.'\I"0,.. ill .. n. ot t .... M. aM o.l:tiTa.' 

•• W.ola. Pro~' ."U .. ~1oa .f tartll'ar4 .. " ..... or 

tertiU •• 1" pho."one iIloNa.d 111. ._,-1, of OI"pa1o 

pho.,hOl"ua and 1_ ,...o,..Ua '\0 tow.l pho.phofta 

(GoIIh !l !.l., 1981). 

10 

Wak._ q4 ITv (19") "por.4 'U:aa~ O8loi_, 

_peal_ and po'\a.al_ vve ...... 1;0 'Ule b._a _,lex 

ob_ioalll'. Biabl\&.!1 11- (1956) 0l» • .,..4 that uptake ot 

eo4ia and ,0"-•• 1_ vaa to .. 10 J.aen ... Do_ 1D ,01, 
oul,un and Del&Da", .xpu ...... ~ •• 'lb. OOD.OeavaUOIl ot 

OI"pn1o _ tter va. ~4. 'f,lJ.,..oIum.cIrq (19") re,orte4 

~t, Xarala 18"-1. aou. eoataJ,ae4 ea1.r ."IN qaaaU~i •• 

ot '0 .... 1aa. h.ruhotb_ (1964) 1n41.... tba ~ '\la. 

po __ o.'\eat, va. lov ill .. ila .. talaln, ll1&b __ " .f 

orpn1o .. ~W%t. 

Salpbv 1a ,".eat, 1a •• Ua _VI. J.n OI"pzUo ... 

morpn1o tGlSa. In vell lea .... urtace aoll., ."ell of 

'Ul. nlpl:ua.r .xial, 1D orpa1o t.... QrpnlC 81llpUr of .. 11 

41tter_~1awd '\bne broa4 tnot,1aa "'.18. HI- "du.l})l. 

Rl.phur, oarboa 'bQ,ade4 nlphu aD4 .... 14_1 or mer" 
.ulphur. the HI-redaoible nlpaUl" trao~lOJl oontam ftlpllur 

_ ..... 1bat, wen JlO~ 4ir •• "lI' __ ad to oarbon u.4 1t, 
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_1." pr1ur1ll" .t -1JU'Iie aaiera aa4 aibe. 1a tAa tora ot 

ph .. ll •• alpha ••• -.lapllated ,.11' ........ 14 •• , -0l1a aal

pha'lie _4 Rlplulte4 Up14 •. t (f •• __ l aDd Bnuv. :1912). 

!hl. tnotion vaa tIloapt 1io lie larpll' ••••• 1.te4 vlth 

aotln .1de oba1n oeapoaeat.a .f tal ... !. aad a_io _tvl.l. 

and aocoamted to ... ,," " to 18 pel" ... t ot 1iotal aoll 

o.rpnJ.o nlphur. In aJ.aeral aolla oarlKm.-laoncle. eulpbur 

aooOUM4 tor betw.en , .. " per o_t of total orpa1. 

aulphlll'. ear-.n-boDded nlphar vu relatl.,..lI' .ta1»1e aa4 

pr1llarll.r .aeoo1atod wi1h .VOIlCl.r aroaatl0 oore of _-.lo 

aclda (Be1~ !.l al., 19") • 

...... ... Roet (1945) t01lll4 \hat, orpnio ui'\er aoMj 

•• a ".VYOU lor aulpAlir. n..e., ot.iaJ.ned direot oo.l'rela

".lou tor tAe hUllIll •• "lphur .... '\o'\al o.rpnl0 •• 1,.&1.1" vl_ 

tAe ..... 'WI .f JUvopa aa4 oar __ • W.llllaa.. (1962) ftoor4ea 

a 010 .. relaUoneb.l, M.e .. wkl •• 1p.b.v aa4 '\otal ..,.-. aM 

__ e .. _tal nlpA ... alv..... ..leon (1964) r.por .... 

• hllb oerrela Uoa .""e .. o.rpJl1. n.lphur 8Il4 orpa1o oarlloa. 

Leela (1967) 111410 ...... 4 taat _aaa10 .alphv oona"1 "" ... tAe 

aaJor ,o.rtlO1l of tile total nlpk_ JJl Kenla 8Olla. 

a. nPGl''\e of :'1'_' U Al. (196,) u4 TJ.naaa1 aDd 

I:aavar (1911) al •• 1D41oat.ecl •• VOBC conelaUe _tv •• 
orpnl ... "'\e.r 8Dd t.o_1 an4 _palo Mllph.. JCn.pek11 (1911) 

reported 'Ulat 91 per MIl" of _e total alllpllu va. 111 orpa1. 

tON. !be ocm1.e.nt of ....-,1. _1,... in 1I1e h_ua va. 0.11 

"- 1.01 per ... ,. P1o· ... II\8 ... "o,piDa , ... 4" .. 4 paraUel 



•• cr ••••• in th. h __ '-" and oOl1,,-t of 'to_l and 

orpn1o nlpluar. 8_1.a 8 .... (1916) repoJ'w' repler a.or.... in \he 110,\&1, ~p.nl ... Ppnlc .upAU' ooa-

t._ t in .01la and .,,1,. .. pH __ " 1D. -nrloa. .... traot.10118 

vl til d.ptb.. AaollC the fn'ot,lou huaio •• 1. oon1a1JJ,j4 

hip.at "OUllt. of orpni •• ulpbv followed .. .hlTl ••• 1 •• 

hWlin, lMta halla 8J.14 bTJIa'\oJulaa10 ao14 for 11011& of 

Raj .ethan. 

llahal aD4 Paliwal (1978) reported on an a"rap t.b.e 

\0 t.al a&6lphw." and or,w.. aulphUl' were 1577.9 and '7.8 PpIl 

for •• 11. of RaJaaib.an. A po.11,J. .... 8ip.1!loan" oorrslat.1 •• 

• w •• orpnio sulphU" and anllable sulphur end .. 14 vat.R 

exvaotaDle 8ulphur tor RaJaetban aoile vas reporWd b.r 

liahal ancl Pallwal (1960). 

1.7. lat.l.. IMt.v... ....Doa, D1 ve ... , pb.o.pIloru aDd aulpav 

Aooor41q to •• "1IIatea .t Iva...,. (1968) 98 pv ... t. of 

.12 

n1 '\roPD. 80 per cent of aalpbar ad 60 pU' oen" of ph •• pUra. 

vv ••• aoGaw4 vitA tAo erpnJ.o ooaP0tm48 in 8011. 

PearllOl1 8D.4 Sa_801L (19'9) 0beV'Yecl tb.a" t.be aU •• 

of orpza1o ph •• phoro 10 erPDio earDea and. n1 vo,. ftl"1 •• 

oonal ..... bll" v1 ~ 1D41T14ual protU.. •• veU •• tr_ one 

8011 to aDOttler. ..,.. (1951) ... ,... •• '\ba't 8011a UTiDa hlP 

1"8"1 •• of oar.. to n1 vo" (1, t.o 11) p.... sre.w." rea

pon .. '\0 n1\ro,ea fert.1llaaUoA. Blaok (1968) allow •• that 



"11m", •• _ vaa iMeltWMd U •• oarboll 'to a1vopa 

ratio of tA ...... _palo utu'1al va. J.D ..... of .lto" .. , 
" 'to 1. 

Walker ad A .... (1'51) "oopi'" 1bat tA. anna-

Ca •• S.~ •• 1 HUO of ...... u. .f Bev Z.al.a4 va. 

120a10.1.,.2.7 .., • aial1ar ..-ras ..... ,\10 140.10.1.4.2.4 

va. .-_m.. t.r_ a • .-11'.1 • • f fUV 'o.'tlah 801la. 

Cal ra'\10 ... __ ~_ to ............ 1I14.x of ... 11&ltl. 

p}1 •• phona .. a BUDer .f verkV. (8_111 ad 8axeu, 1910, 

Sa •• t,1 ad ...... 1914). 

T1IUIl1 UI4 IaDvar ('911) "tor'M4 a 0.8 rat,10 of 

66.1 for ._ aor.... • •• " 1JMl1aJl .. n. IIIlCl IaBvar aJUl 

TaIEkar (1964) "' •• oF\e4 a O.S nti •• f 100.1 for .... A .... 

• 011.. &oael'l ad Saxeu (1916) f ... tAat, _'\vi.le of 

J18.I"I'Ov C •• , Cal and. C.S """1 ........ ooaa14erabl. a1Ura-

11.Uon of n1 v.... pboapU.ru aa4 aalpb.ur whl1. v14. 

nt10 .... rial ...... 4 0_14 ...... 1 • .s.oblU .. ,loa. 

l:o'Ulaad ...... aa4 '11'1 ....... ., (1918) foud 1.ba'\ '\b. 

r ...... f .,.C.o.r,.! .... '10 _ n-. 5.05 \0 12'.4. o.raanJ,o 

pho.phoro .1p1tlO8D'U, caon-elate. vl tA wial _oapho.ru., 

orpnJ.o ..... _11, '-,\&1 alv.s- aU C ..... a"10. .. .. ,i.e of 

..... ltoJ1 t.o orpll1. ,aoepAon •• tpStl ... "l.r oorr.late4 vi"" 

C •• ratl0. - .. 1 (1918) to" 1I'&a" orpn1o oar'boll va •• 1p.1-

fl ... "lI' oon.la_ct vl~ na1lalale alt.ro ..... pho.pAon. and 

po" •• l_. LJa1 ,. of orl*D1o oa.rNa tor o.te,..-l.iDa .. 11 

13 
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farUllv 1Dto aUf __ ~ olu ... Aact be .. fise. v1'*b. .Na,..\ 

'\0 .,.llabl. Ai wo ................ ,. ••• 1_. 
1IUb.,..,.,. ... Ad' (1919) o)aH.l"ft4 c ••• S ft\10 • 

• f •• 1la .f 4Uf.na\ ..... lJ.uUo ............. a.a tal. 

,"MIl •• ot ftrl • ..,le ,...,...u. ot 4Ut.rea" _poaat8 of 

.011 upaJ.o .. ,,"- .til 4Utena\ "C1-. th. ftl'1a't.loa 1D 

.. 11 orp:A1o _,.., Aa4 __ 1atl_4 .., tile _eat .. l 

_, •• 1"1_ of .. ara1 .,....'lea, olJaaw, .. 11 Ph,.,\l •• 

p.rao"10... IJ.qb!l Il. (1910) Ja a • ..., OIl _. 1Dtla ... 

• f .... 1DC Ul4 ~ of ...... laDd on ,..\8 of Mo_llla'loa 

of earlton, aJ. thpn aa4 nl,Jbar toad 'trAa' OI"pnio OUDoD 

ooaU ............ 1Max of alvo_ aad .'ft1lable Alva.-

1Il .011 •• 

2. 8011 tax .... .bl nlaUoa ... -.-s.o _"w.r 
!rof1aelako aDd n..,akft' (1961) •• '01'''-4 b ••• arlob

_., em •• ooat. .f ~ ...... 1.'1. _ ••• 11 ha". and. f1lt.U' 

f,..ot.l .. a4 'tal •• 1t. .. ~1a vaa a1 •• ' ..... \1I".b1. for .oq\llnd 

,..a18tu... of •• 11 orpa10 .. ,_ to ' ... po.l 'lOll proo •••• 

IT- !1 11. (1',,) aU La ..... (1911) ... ,or,," '\be OOII,lex-

iIaI ot 8011 orPlll- •• ttua vl_ Jaorpa1o ,ert.l... 01 .. 11 

80 .a _ lo.na a .. '-le .oa,...... tv ... en4 oa... (1919) 

t.ad iA., _. orpaio oarMa •• J&iVopn 0011"-"- vere 

lliChe." ill 'the fin •• " •• ,arawa. OrPll1c .. '''-r vaa 801lMJl

tn_a in lev 4.1181_ trao"1 ..... Ca. "'10 va. lowe8' ill 
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t.ne t1l1 ........... w. 0 •• "'''1 ••• _ ••••• v1_ •• o.ra ... JD 

partiole e1 •• aaad v1_ ilulNaH in 4ena1V. 81M ... 

x.ve (1980) t... ""a, eonteate of oarlto. _4I~_ 
, t ...,. ~.... aulplaur 

... trcam ....... n. 1n.,.._a v1 ill •• o.reaem. J&rUol. 

.lI' • .,v.,. ftlu. ~..,. OU" .... inore.a1Dc ~ '.7 per _t 

111 " all" \0 10. 1 ,., MIl' 1n tmo oJJv tra.t.s..... !h • 

• ,:e.,0a41Da iaONaM. 101" a1 vopn, aulpbur UI4 .. aaato 

~o.pll~' .... "O~I6-1.1T. 0.0,,-0. 118 aII4 0.04'-0.112 

per oc. M .... U ... lI'. e, ... CaS .railo .0 ...... 4 vi'\b 

...... Pc parUol. 81 .. 1IuI1-UDs • "latln em-iobau:t 

of al--- ... aalpbult ill t1D.V partiole .1so tract.ions. 

••• raU. MOVN 11tUo ftrlat10n with particle eizo vhile 

O,! r."". vue ..... 110. Tho 01.., traotion accounted tor 

an ...... f 11-59 per 08.' ot 8011 a1Voaen, eu.lpl:uar and 

pho.pb.... Bl'OO1'_ 8D4 :taftul1oh (1980) found tala t 1iJ1. 

veJ4bt 'f orgaa1o _,_ per ait of' .urtace area !ncr ... " 

wl'UlJAQreae_ e1zo ot 8011 M,arat.e8. 

.10bu7. (19'5) f... iluat tale orgllll1o .. twr .440d 

to .011 4uiq .eo.,..1 Uea I1114v "01'01»10 001'l41 t10De 

p.ro4.0" --.roa orpat ... 14., oarIaoD41ox14 •• a_ea1a 

aacl D1 \rate vh10A -.1'1.... ... pH of tae 8011. Rue .. ll 

(1",) ola .. ne4 1bat .. 11 n •• "l_ va_ lapor'\an" in 4.tel'll1n-

1Dc 1Q ••• _la,1_ ., .... aDJ.o .. ,tar 1D 14. e.tao. 8011e 

or .t. "- aJ.DclJ.Jaa v1_ ......... la.rva. ae1Dtenberg an4 

-oldlJ.oQ' (1941) 1Il41.tet tba'\ •• 11 l'e.o"lo». atleowd the 
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ra"- .f ' •• _,oe1Uoa of o.rpa1o _~tar tbro. 1_ 

1Ilt11l_0. on a10r0aia1 ,.,1lla1.1oa ..... UT1V. Aoq, .. a 

(196,) o.,1a.1De •• oornlaUon ......... a.l1 _palo ,..a-

pAorl.l8 ara4 pH. 80~ ... (19") elt_1M •• ol.a. 

oornla~l_ •• w.ea tile .. pato oar'boa aIl4 pH. Boplab.( 1970) 

ohVYe4 • p.al Uft n1aioJ.eallblp MW •• pH aD4 '\ota1 

att.ro .... a.11&b1a "_ •• 1_ aDd '\o~l ca101_. Ghoah 

UI4 Sohaltzv (1980) f ..... tAIl\ Hween pH 5.0 aza4 6.5 a 

nDP J.a'\o vA1Gb .., ... J.eal~ _11. lMl.oJ:ac.4. hualo 

.. 1e.rWa .,,.... .... '- --loalll' lea.' r ••• 'l .... wh10h 

a1lbt. eZJlaJB aU ••• , 1a JU" of 1.beJz •• bl11V 1n eol1 •• 

bUa. aa4 Sioae (1980) t .... that. orpnJ.o •• ,"- vaa _. 

aIll.t aouro. of a .. _ .,..1. a' all 1.oal1'1... fIl." 
.1 .. t ... fAat. _'18 .ub ..... ,..1V va. 11Iaearll' ON'ft-

law4 v1lA pH. CaU ........ ,.01", iao.rea ••• abo." 
,0 •• q/100 • erpnJ.o .. twa- IV ,H UD1 ,. lr~.l (1968) 

.... rela»Sa,,. (191') ... ,or ... _ iIlon ••• of •• 11 or .. l • 

.. ,'\V v1'tb. , ...... 1a pH. 

4 •• ,11'1081 tnou.a .t _pal. ",ter 
!be .taper .... , poa, ...... " .... lIP ... 10 •• la ..... are 

ll.aa10 .01' t 1\1.1",10 &014 ... ll-ua.. 

4.1. a.J.o ao14 

Bua10 .014 18 ... , .... • t "'0 0_,...._ (1) !lI'U\o

•• laJUo ao14 vA10a 10 alOGho1 aotalal. aa4 (11) 1aaol"lal. 

tao 'loa. 



DoM .... iDV (1811) ... 4 'th. tea Aua10 .014 t. tA. 

tlr." t1ll0. 04_ (19'9) ..... ibM lmalo .014 .. M1q 

dark larova, .lao." 'laek _........ .lJUtolllDH 111 .1GOAol _t .. 1IlD1. ill .lUll .. ,"01pl __ 4 .. a.140. S,r.t.acv 

('"') 0'_1M44 ,., _t ILl ........ a Ca. ratl0 of 

14,2.1 t.rea a hta1 •• u4 of ...... 1 p •• "_ :ror..,1b. (1941) 

1D41oatH iD. pr ....... f ....... ~Uo. ph_lle, •• _oql, 

a.V1, Q\11a .. - ... '"_~ .... .....,.1 .,.0.,. 111 h_l0 •• 14 •• 

lAr ... !l 11. (19") 4.0D."" ttl •• ff •• t of halo 

a.14 OIl 'th. ap,...' .... Uft ...... Uoa .f pao.ph.,.. •• 

hr1bv. ha.1o a.14 JH .......... '1 ... f ph •• pher •• 1Jl 

'\b. pr ..... ot Ua1W , ... "tl •• of J.roa ... a1 ... 1-1_. 

Bar ... (1968) _ ......... .,.-•• 1. of hua1. ao14 dviDa 

4 .... ,..1'1_ .f _-'0 .. ,..... 'lail (1968) Mte4 '\ba" 

.o.t of tal. llua10 •• 14 ...,. .... we ..... 0,",,04 in a_"t 

18 .,a till.. !b. aSp_ kuale ao14 OOD'Mat ooulet " renl te4 

tr.. hiP'" Npn10 _, .. ata .. aM .... a 4111' •• ' I".la"l .. -

ea1, M .. OIl hau .... )laUe .. 14 v .. alao .1ft ...... 

• ,.,e,nIcba !!.11. ('''') ... per"'. 'Uaa" tor. 'ttl.OIl ot 

htal ••• 14 va. uxSaua ill viaWI' .. -1» ... Ja _er. 
A ."wIT ot .ta1tl_U. ,. ..... _owed tae ''''''loa ot '\w. 

llua10 fIt .. 'l_, a .'ta~ ... -ez\ne .. _1e ,tra."101l .retl .... 

.. a nplar !Bona .. 1D _"1-. ........ oap&Ol. ot 'tA. 

U t'\v NUl • 8OlaD1e laDU. tfteUea vAloA va. tu ... " -leT 



aIUl vaa d.o .. '.... 1a ........ Huto aoJ.d trao'101l8 were 1a 

q.naaJ.o .qul1 .... l_ ".soiDa 'b104.&n4at.1OA .. 80eD .a 

iD.,. v .... tOl"lle4. 

farakl !! ... (1'70) to .. _a" '\b. hua10 ao14. troa 

near lb. nrtao. wen t.... "- De lev in oubon .". to A1P 

aiorolt1al a.UY1. _" t.na ... per laT.a vere foud '\0 De 

aup."lI" h..ul •••• Ull ,.lI'aVl ... vl'Ul 11pip r_8 nu 
111 'ttl •• elel. ta.nk1 (1911) to .... , eroaloa r •• u'\84 

1a •• or ..... Awau -.wa., ......... laal0 ao14. tal'Yl • 

•• 14 rau.oa aIl4 lov_ jepe ... f 00II4_1.10». uad ,oll'a.rl-

.. "lOll of '\tl8 hual ••• 14 In.ts.-. 

8v1ft !l Il. (1971) _.4184 the D1 wo... Jb.oephon-

aII4 nl,ur .... __ .... f lata10 •• 14. fn.Uou4 v1 tA "., •• , 

'\0 aol •• alar ve1P' ... , ....... , JU."'pa ad phoaphor"a 

18 

eOllWn"- ve.re 1"& •• ' J.a _. Ai ...... le_lar ".iP't. tn.'l __ , 

"'" .1l1pluar ooa"-'\ vu ... taa" taaro .... o., \b •• ol.eoalar 

w.J.ch" rea.. !b. -_ .. .ta Div ..... ooaWa" fta aaJ.al.r 

___ '\84 for '" 'Ul. lea • • t -1M •• 14 n1 '\rosen. 

Aa4enoa !l al. (1914) _._4 _. of ... e .110' .... 

a1J:Lenla w .... a.va '\0 .... " wlth aDd. r.te1ll _. hua1 ... 14 

,.,., .lD oou14en1tl.r lU'pr ".,.'1... ... 'UU8 .... _1_ 

vae ala ..... 14en'1I' o'''''1D& troll 1A. V ... f .laJ' ,"a.'. 

Work ... a me Burat anc1 Bur ... (1"9) •• 14 1he 'Ylev \hat 

l1pl» vaa taB aAJ..f .. awl __ Wvar4. hJ.ch- haale a.14. 

au.t.ael11 !l 11- (1915) ....... • .-..as .. -. _,.al tloa 
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aDd ,"aleo ___ 1_1 ..... 1."1.. of the h_a of _ .. _ 

8.1le 8Il4 toad tllat a. pbs.l ....... _1e.l p.rop.t1.. of 

1ft. b._ue .f four •• U. v .. 'YV7 e1allar. 1h. hWll0 .014 to 

hl ... l0 ao14 .ratl0 vaa alva.r. 1.0. 

Obtll 8Il4 1[_" (1916) iIl'Nat1p't.e4 a ••• fora8 ot 

tor •• " 8011 ... 4 foun4 1.bat JUVoPD 111 haalo, ful ... l0 aD4 

AUilm trao'\1one ~ vl1h ~. proCHe • • t ..... , •• 1 tlon 

and. 1b. laI', •• , relat1n iller .... va. tollBCl in tal ... l0 ao14 

Il1tro.-. 

Zb.1pacrt" !l !!. ('917) t ... tAat •• plant r •• 14u. 

"eOOll,0.e4 148 t •• ta-.. tba" •• \U'a.t.Md tA •••• t 1a,o.r~t 

aatur1Dl of tb... ao14 •• 

MakaH't'loh (1911) to" 1U'\ dirt.renoe. 1A _. ooaten t 

and 41.VllMtlO11 ot h-.t. ... 14 .... h1 ... 1 ••• 14. 1a .. 11e, 

when auttl01_tlI' pr __ .. «, P" • ,004 1n41oatlon of t.be 

JIll",," of 'th. pooh-loal ... 0 ...... 1Irt'ol .... ' 111 .011 fona

tlon. --Je. ant ChalCnlllUtbT (1911) to1md that 1ben va • 

• nplar 'YU'latlon 111 tn. __ ., 41."1'*"1011 ... o.po· 

.1tion of ..... 1D svt ... eou. trM 41tt __ ' ou..U. 

"110118. .l aod.rate .. 1 ....... _!a. aa4 el1P"lI' .01410 '\0 

... val "ao'\l011 were ;b. aa.t.a I ....... 1 •• 4iDa to 14. fo.naa-

tion of huaio aolde, vbil. • ..... aol.tQr. and ao1410 ooa-

aition f .... our •• tne foraatlon ot tal ... l0 ao14. 



Ar .... (1977), Ina ... e Uatra reel .... va of h_10 

... fW.Y10 .014 tnou_ ....... d b-_ •• lcme'b 8011 

.ua-•• 4 t.bat taeJ.r .Vao"'s ven 8iallar bat \b. !laio 

.014 a1Pt De _ore aroaaUo ana IIOre h1cblJ' po~.rl •• 4. 

Shosoava"-us !i ti. (1918) t .... 'thai 1b. el-ea'\az7 

_p081'1oa of ftr10UII .,.. ot ll\UlJ.o ao1d8 vae 81pl11-

NIl1.l,r 41.,\1110",. ear\lon aU 0Jir .... oon'kn'\ of buaio ao14e 

a1Ibt b •• pt to refl.o", ~. 411tereDt o0n4i,\lana of 801la. 

!h. 4 •• per lb. viaiDl. uP' a'Nerpt1on of h_io ao14_ and 

.. 'She h1&iler tb. a.gree. of h_1t1oatlon. t.he 10vU" "th. 

}quo".1L oontent. of h-.t.o ao14. were. Th.up 111 vocen 

oon\en'\ allowe4 8 Ven4 _1a1l.u- "- tA. Vend of .,droPll. 

tn. aiVopn OOJ1\ent. of 1 ••• la_1I1 .. hwa.t.o ao14. 'Y8l'1.4 
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troa .... ;ry low 1.0 ftrT aiP yah •• , ...... "iDa the enrlob_.t 

of n1t.roaen 1at.o haio .. 14 _leou.le. 111 the .ull' ....... 01 

h_lf1_tlen. !u (1978) n"," a .... '1" oo.rrela'\lon _we. 'total .. 11 aiVoPA aM .I"IIt10 ot tulY10 a014 to 1lua10 

8014 oonti.J'llJ.lls 'Uta'\ D1t.rocu. va. _on 010 •• 17 a •• oo18w. 

vi"" __ 10 ao14 iban tv.1Yl0 .. 1.. »1If .. no.. in aai. ao14 

., .. Va Mwe __ oil grou.pa v.,. atvilHlted to 1Dh.ren,\ 

dltt.r.... 1Jl .011 conti '\1 .... 

BUibal and S."acJ,ri llao (1978) repol"wcl • h1l&10 

acid ooateJJ:\ of 12.4 per _'t. of oraaauo .. 'ter for brna'\aJal 

eol18. !h.1' a180 ob8U"'N4 __ , .. ,,1rral 1'''''1011 and "18'1y.17 

h!pv 'ba.. 88'\1U'at1o». tawo .... ,"4_111.... of haa10 ao14 •• 



The le •• t degree of ar_ U .. "lon of h-.1c aoid of 1fte 

la'\erl tl0 8011 appeare4 to be due to ao141c reaot1on, h1&b 

ba.. sa tura Uon and lev esobange capaol V • 

JolIAJ. (1981) t.UD4 tAat aUl .. 1. azul aol11 •• 1. ver. 

obu'ao'krl •• d D1' t.be ,n,0A4erance of hule acld whenas 

in enti801e aIl4 T8.'£'1,1e.18 1 ••• of 1Ullll0 and .1gn1tloant13 

h1ghe.r _un". ot ncmb.WlJ.o aIl4 tulTl0 aold fnot1ona vere 

obeerved. Studle. r .... l.d tbat ~.ugA tbere V.I'. dlfte-

1' .... 111 the o_pe.ltlon of h .. _ 1Jl 41fterent 8011_, 1he 

_ture of !laio and hl,..10 aoll. in 'Qa. ••• aoU. v.re not 

'YV7 D. 41tt.ren". H_l0 ao14 va. 'ta. fir.t vaaaforaa

"tlO11 ,rod"o". of eol1 Ol'pnio _1,ter vhere •• tltlTl0 •• 1d 

vae forae4 " further vuaatoraa1,l_ and ••• Vaotl,..e 

Q1l1be.l. <1M .. 4 1_-. 1981). 

4.1(a). ~ .. toa.1an1c ao14 

04en (1919) Ob88l"VN b.l'Uw.elaW.o ao14 t.o De llsa" 

oAooola'te brown 1n aolour ad oOJla1a.4 62.2 pv .ent. 
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oarbcm aJid 5.28 .pv oeat. )qu." vi'" .. 4tq&llval." veJ.&b,t 

of 250. ae a180 1n41oated 'tAe toaat.ion .t a.y .. -.lanlc 

.01d frea halo aold dur1D& .lleal ..... b"rdro18818. ~\Jkbar8Dko 

(1948) ••• 4 on Ch .. loal in.,...tipt.1olUJ conolude" tb,at 

.,...t.oaelan1c ao14. were appuen"tlT .illp1ar tor •• ot AWll0 

a01d. Tan (1974) otUlchl4ed 'that. ".aioaelanJ.c ac1d va. no' 

an artifact D&lt a lU11m'alll' 88"-11184 or •• "'18'\84 traci10n 



ot the _al0 •• 1.eul. l1lter.1.ed ..., .... 01 •• Va.Uon. Ill" 

.14 labeUed e'Ulallo1 utne"J.on ot JauJ.e .. 14 ,.1.l41D& 

.b.rU.e1aJUo ao14 _nor" tAo .. _ptlon tor tAo ...... 1 

OOOUT ... ot lI.J'U ... lau1o ao14. 

Od_ (1919) .... 1'" -.. tul...-l0 •• 148 •• M1Ds 

aola})1. 1». .lkaU .... ia .. 14. vl1b uP" ,..llow io ,014 .. 

,.ellov .1D .. 10.... Al"""""" eat .a4 (1958) .......... tha" 

IlllY10 •• 1". aa4 ••• t .... of baio ae14. re __ Uq __ 

10l"II.4 •• 'l.x ..... SAVe _,lex oeapo"'a v1tal u_ • 
• 1_iDS_ • ..,....... GO,"" .Jao &Il4 ._tam o'tAe.r .1 __ "-. 

SMYeneon (1960) _ow- uaat a_.t OM halt of the a1'Woaen 

eonrrd 1D '\be .tv.1Y1. ..14 traot!.. of til. .011 o.rpaJ.o .. " ...... 
Xe ..... (1961) re ...... a paval lImtr .. re1&"l.

*1, _""e .. lu1.,! ... ld .. 11_18 a.14 OOD'\en't. !b.. rat,1. 

of haio ao14 to t.al..-l0 .014 vaa to" '0 'Y8rT laewe. 0., 
.... 2.5. 

loba1t.sv (1910) "per" " to 56 ,er oent, tulYla •• 14 

in orpn1o utwr of po4 .. 1 .oUa. 801ml'' ... aDd naa (1912) 

ezplaiB.. 'tA. h1PlI' ao1tlle _tan of ftalYl. .014 vhloh 

"8111._4 in .... va_1RI ave, ., 1ll1 ..... t1tv._t, aDd ooapan

"1.,.11' lovv _au .t tie 1D _. ft.1"Iaee 801le. GraU!l!!. 

(196') .44 .... _. hlP- hl'Y1o •• 14 ooat.eat, .... '\0 t1D.er 



tnot!... 1rQek11 !ill. (1911) reporWd that h_10 + 

tul~10 .014. oonta1Md. .MU" 50 per oent of 1he nlphar 
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in t.he orpn1o .. "te ot ta •• 011. )lelMok (1911) ob .. ne4 

iba'i h-.1o ao14 4ep0a4e4 ... 1lll~1 •• 014 aM 80lml tz.r ant 

KhaR (1912) .'\aMd ibat. tu~!o .014 va. t.ae .re •• l .. " 

prod"." .troll aua10 •• 14. 

8lqb and 8mpel (1916) tOtUl4 that 111 '\be oaMl" 

HiMl.,an eoll. f\l1~10 .014 tnot,1en pre ... 1na'teet oyer hwUo 

801c! o.,OIlent and t.he ....... t, .f :t.ll~lc .01 •• 8D4 ettaaaol 

Mnsene ex1il'a0taltle tra.<\s..a ..... to 11101' .... vlih .e,. 

of profl1., vAer ... 1Ae ..... , of aua10 ao14. aa4 cal01_ 

beua4 h... tl'a."1eu .......... !be,.l Gbr_'\ograpb.r of 

'the haa10 &01d. and h_l ....... 'Uaat the cllfferent ", •• 

of h_ hact _e ••• baa!o .-.loal .oa,oa1Uo .. bu., 41ffer •• 

ill '\bo .. ",un .. 40," • • t .... uraapuat of '\be __ 10al 

... "l __ te _OD, a ••• l ..... vlt1l • .tneral .011014. 

(Ac_4J8Il-Pr1noe !l 11.. 1m). 

BMJAal .... 8e1lbap.rl (1978) "tor-el that tile h ... 

of tao law.r1tl0 a.l1 vaa f1ll .... t,e ... aDd auaia vaa 18. 

4MlMiR tnot1ea for HUe ., Kanaatata. 1'&.., &1 ... He"" 
for h .. 10 aold fal~1 ••• 14 rat10 taer .. a .. vlta aol1 pH 8D4 

ba .. a.tara"l... th.e .01410 n •• '\1_ ... poor ••••• _a 
.f a.l1 .,peare4 to be ...... 1.. '\0 the to.raa tloD of ftllYl0 

•• 1el.. 'or aortAun xana..a .. lla til.., BO' • talvl0 .014 



oonWn" ot 22., 1D ........... • t OI'palo •• "\er. ... .. 

B.a .. (1981) 1a a • ...., _ .. e oaarao'Wi .. tt1on of huaio 

aD4 talvlo ao14. exv..W t.roa 41fter_ t. lUJ.aIl •• 11. 

ob • .,..4 hi8b o~.-.I~4roaen ra"l.. tor talvlG ao14 •• 

ooapared to hua10 ao14 aDI a18. tal.l. ac14 va. aore aoldl0. 

J'alvl0 ao14 (lov aoleoalar ve1Pt) "e.N ".o.rM4 acr. "1 14B 

olar aJlaqaala than th. hiP .ol ... 1er valP" on... It va. 

toul t.ha" ..... uozi ....... V14 ... , • .,._ f'lmo"1_1 

p'oupa ... iD'\eraotet ..... .". vl th olar aJnarala 4ur1Dc '\b. 

fOZ'lla'\loa .t 01a.r-tl- oeaplaa. 
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Orlo'Y (1911) toad uaat uam v.. the aa.1 or 0011'\1"1 ... 

~4a tow.lIl1Vo.-. JUPu 1 ... 1 of orpn1c a."wr aJI4 

lMl14.1:q ., of llaJn oouU ..... " .. 1114 _ u..rea.. 1a 

Ja1 ""sea 1III4e.r lUIb .1 tl'" ... "Wall. 

:aloarto (1968) fead 'that 111 ... t.p .0U h_l0 ao14 

pre4.lut.et aOOOUllt1DC tOJ!' un __ 50 per ea." of _a 

b_.. th. h-i •• rapr .... _4 10-" per oen" of _e h_ •• 

hl'Y1o a.14 eontentt u..rea •• 4 vl. depth an4 halo ao14 

.on~~ d.ere ..... 



MATERIALS AND METHODS 



IlAHlULS AID IIB!HODS 

In order to .s.bUab. '\he relaUcmab.l, "w.en 8011 

orpn1o .. ''\er _4 .. 11 n1 tro.- ,reol •• lT, 490 surtao • 

• 011 ... ,le. (0-15 _ d.pth) ,epr •• -UDe 14. u,land area. 

ot dlfterent, dl.trlo'- ot ~. .t,aw ve,. •• lecwd tor t.b.. 

s~ b.r .or.anSul a large auaber ot .011 ... pl •• ooll.ot.8d, 

a.nr1q varlatlone 1D 1.b. oonwnt ot orpn1o oarMn, to'\al 

aDd ... 1181»1. niuolen and .xt.u.n ot ua. •• 011. The tollov

iDa ua18 ••• vera UD4.,rtaken asiDe the.. ..1.0.' .. 11e. 

1. Orpaio oarMn 

2. fotal D1 'troaen 

,. Anllelti. IUvoae 

4. pH 

5. Il.ovloal ocm4aoUY1" 

6. lleobaDloa1 --11'.1. 

lor 14. ,urpo.. ot anlY1q a' _. r.la "lonahlp 

be..,._ t.b.... .011 prope'U... iA. .011. ver. al.o croa,.' 

1111,0 dltferan' ola ........ _ 'th. oon'\en" of or,anl0 

oarbon aa4 ""e so11 .x1uN. .. ••• em 14. len1 of orpnJ,o 

oarbon ,"MIlt, 111 tne 8011, .. 11. were sroup.' 1I1to tol1ov1Ds 

... ,o,rl ••• 

1. Low o,rpzUo oaroon paoa, vl1h _&&Dio oarbon 1... '\ban 

1.0 per oent,. There were 210 •• 11. UDd.,r thi. group. 
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2 ... d1_ orpn1o ouboa areQ.J v1'Ul orp.n1o oarbon 1.0 to 

2.0 per .. nt. !her. vere 220 .011. Ddar 'th1a sroap. 

,. Hlp orpn1o oarbon group wl~ organ10 oarbon .ore ~ 

2.0 pv oent. 1'hve vere 60 aol1. under 'Ul1 ... -.orr. 

1. sanet 

2. Loe-' ol.a.Y 
111ve v.... 141 aoll. in the ... crOllP and '49 aol1e 

in the loaa/ olat group. 

fraotlonatlon of orpnJ.o .. t,.~r anA de1era1nat.lon of 

oatlon exounae .,aoiV vere oarrled oat uaiDa ""e1.,.8 801le 

aeleote. tr_ 'Ul. 490 801la alraadJ' atu4ied for '\neir re1&

tio.nllhl, "ewe.n orpniO oarDon aDd Jl1 '\ropn. In . ad41 t.lon 

io the traotlou "lon, '\be __ 10.1 coa,oa1 t10n of the 8011 

oraanl0 aat.ter •• parated troa tbeae twelye aol1. v •• alao 

... In.d. 'lbe oonet.ltu-.t. of OZ'prUo .. twr 'thl1a ... iD.d 

vere orpn1o phoephoru., orpnio potaa.lwa and orpnJ,o .ulphur. 

1. Orpn1o oarboD. 

OrpnJ.o oarbon vaa ct..'M.ra.tI:led Dr the •• '\bod of Walkle, 

aDd Blaok (19'4) 111 ¥hl_ eol1 va. d!p.ted vlt.b a'\aD4ard 

po\aa.ia. dlObroaa1e and .Glpharl0 aold and the exoe •• 
WQB .. ~. 

ohroa.i.o a014/\ baOk~_.t11.rat.ed ap1Dat a1an4ard t.noH aulphaw 

in '\b. pr.a .. oe of orUlophoaphorl0 a014 uiq 41ph.l _in. 
1ndloator. 



2. Total n1Vopa 

!o~l uvoa- va. de~. Dr JU.orokjeldahl 

.ethod (l.okeon, 1958). In t.bJ.a .etbod., all torae o~ 

IL1 vopa va. oOl'l'ftr'M4 in to eulpha '\e of _onia by 41gee-

11011 vi. nlphariG .oid and ealioTllc aoid 1n ttle preeence 

ot .od1wa nlpba1e 88 an eleovol¥'te and aelenia aa a 

oat.al¥et.. A va'\e.r exVao" of ill. sulpha. ot _onia VB. 

d1etill.d vith .xo ••• of alkal1 8D4 41et111&\8 vae 00118e

wd in 8 4 pU' oent .01».t1011 of Dor10 a01d. Th. _ount of 

_on1a nolftd va. d.Wll1ned b7 Utra1,10n vith atandard 

a01d. 

0.5 ra1;io va. vorkecl Ollt tJaoa 1h. oarbon and n.1 t.rogen 

oanwnt. ee"1aat.ed by tAB .M" pro_dar.e. 

,. A .... 11&ol. a.t. vo ... 

Available DiVo .. va. •• 'W.nI.1ned ..,. alkal.1.n. p.r

UJ'lCU8t.e .. thod nae.wd 1»1' Stdtb1ah and. 'e!Ja, 1956. 

HU'e the uou:t ot .011 Divo.- zo.1 .... 4 br alkaline p8r

unPU8\e "lu.t.1o». (100 al ot 0.'2 pU oant pota •• 1u 

puwaUgaM"- and 100 al of 2.5 pez' oen1; eodi_ b.rdroxid.) 

t.roa 20 « ot eoil va ••• t~t.ed ~ d1.1;i118t.1on procedure. 

oare va. 1iaken to .e. ~t a fixed TOlu. ot diet1llate 

(,0 a1) vae ooll.oted in .... er4 aoi4 each 1,1lle. !he 

.xo •• e a01d vae then baok Uu-wct ap1nat .1ander4 alkal1, 

u.ing a.iQJl red 1n41ea~r. 



4. pH .in water 

So11 pH va. de~1ned 1n • pH .e1er U81Dg a 8011. 

vater rail0 of 1.2.5. 

5. &leovloal oonAu.oilY1 V-

Il •• vioal ooDduo'U,Yl\r .f •• 11 eolutlon (1.2.5 8011 

vawr rat.lo) va. "eieft1n •• u.l.Dc a 41clta1 oonduo"lYl\r 

)ar14,.. 

6 •• eohan1.oa1 8ll8l.Ye1e 

Par''101e el- 41evibu:UOD was de1.en1ned D7 b3'ttro-
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•• t.er .e1b.oc1 ae deaoriNd b.r P Ip.r (1942). Her. \be d.nal \r 

ot a .u8penalon at. • gi'Y8l1 depth .a a flmct.lon. of 'Uae va. 

0810\118 ... 4. :r1:'t.7 II"U ot .u 41'1.4 .011 vaa 'thoroqblT 

dlaper •• d in 100 JIll ot 1.5 per HILt ... 1_ h .... t.apho.ph.t.e 

.olu.tion bl eitrrtna. ~. AI.,...lan a1Ziur. va. tranaf.~ed 

io a 1000 a1 ._ppered ..,lJ.a4e.r .. It¥4roa.t.er rea4.1Jage wer. 

iaken aftv 4 lI1nutea an4 2 hou8. the IUat. r •• cl.i.Dc 

ao.oant.ed for a11t BD4 c~ au4 .eoond readiDa for 01., alone. 

7. Jrao,\lima1ilOll of 8011 orpa1. _"tar 
Jrao\1oDAtlon of aol1 orsan10 mat.ter vas oar.rled out. 

a40p1i1ni tae prooedure 8usee.ted ~ SteYen.on. 1965 a8 

1ndloate4 in the flov obert gi'ftD below. 



Soil orprUe aa't.r 
(Huaie aatwr) 

Treat Vi~ 0.5 • BaOH -
1 ----L----------1 

Insoluble (Huain) Soluble 
Trea t vi th acid 

I ._-._- __ . _____ L _____ , 
Precipitated Bonpre cipita ted 
(Huaie acid) (h.1Tic acld) 

j I 
buaot vith aloohol Adjust. pH to 4.8 

-I. t-L------------. 
Soluble 

(H.raat..elan1e 
aoid) 

a. Huaio aoid 

Inaoluble Soluble Insoluble 
(Beta-haus> 

The soil vas vaahe4 vl_ 0.1 I HOl and 40 I of the 

vaahed so11 vas taken in a poll'thene oentrifuge bottle. 

!o tala 200 al of 0.5 ! a04iua bTdroxlde solution vas ad4ed. 

The a1x'\ure vaa shaken for 12 hours on a .echanical shaker. 

the aides of the bottle vere vashed vith dls'\111ed vater and 

the atxture vas centrlfuged. Dark ooloured supernatant 

liquld vas filtered and t.he pH of the solutlon vaa adjusted 

to 1.0 wlth. oono. H01. Addltional 200 .1 of 0.5 I sodlua 

b1'c1roxide vas added 'to so11, the content vas shaken, oentri

fuged and fl1t.ere4. The resldue vas dispersed in 200 _1 

distilled vater, centrifuged an4 the supernatant liquid vas 

a44ed to lbe preTlous extracts. The resldue vas disoarded. 



3U 

The pH ot '\he exv •• " va. aqu .... '\0 1.0 wlth oono. HOl 

aad. the haa10 ao14 vaa allov" to ""t.le. The a.penuat.ant 

11quid 1D \be ao141tle. extraot. repreeeat.e4 ~e tulyio aOi4. 

!hl. va. .1phoned ott. the hWl10 aoid eu.penaion vae 

van.terred t.o a ,oJ,'\hene bot1.le and 'the bWl10 aoid was 

.eparawd by centritu&J.nc. HUlll0 ao14 va. redieeolved in 

0.5 I aodl_ ~drox1de and rep.l'eol,lt.at.ed with oono. HC1. 

Swal0 aold va. apin ee,araw4 bl oent.r1fuc1Dc. Th1. ,urlt1-

oa1.1on pooedare vae repea.d. The ."pernat.an1. liquid in 

hah oa.e vae t.raneterred t.o the or1lJ.aal a014 t11 va •• 

H_10 aold va. waah .. v1 Ul dl.tilled wat.er unt11 tree ot 

ohloride. Bow hllll10 a01d vaa dr1e4 and around to a tine 

povder. thl. vae veiped ... repor.4 ae peroen -sa ot h_io 

ao14 on ao1.t.ure tree •• 1 .... ala ••• ,arcen_,e of orl_io 

.. "'\er. 

b. hl ... 10 a01d 

The .01d extrao" 0011eo'\84 1D _e b_l0 •• 14 pepara

"l.n va. lul ... 10 ao14. A Jmov;n .Uquot. vae t.aken, ..... '.rat.ed 

and 41'led. The reei4ue va. veiPe4 and reporwd .e per. en

t.ase of lul ... 10 a014 on .01.~. tree bae1. and al.o a. per

oen'\ap of orpn1o .aiter. 

c. Hua1n 

Hua1n fraoUon va. 'et.uaJ.».e4 __ de4,,0t.1q t.he ve1,p1. 

of hWl10 a014 and. lul ... 10 ao14 tr ___ 1 .011 orpniO .at.t.er. 



A known aaouat ot h.a1o aOid va. taka in a 8oxh1et 

apparat.u. ..... extraow. vl'lb e1b¥l alcohol tor 24 to ,0 hours. 

The exvaot va .... e tree ot aloohol Dr ..... poration in a 

TaO"_ o ... en and Ulen u1e4. file residue. was veighed and 

reporwd on aol.tare tree -..i. a. n,aatoaelan1o aOid. 

e. Ineoluble traotlon 

The veipt of .t.naol\llJle l traot1oa va. deter.lned b.1 

4e4u.o'UDa the veiSht of ~toMlaIUo ao14 froa haio aOid. 

To .eparaw beia-hwm. t l4e pH of the tv.l..-10 aOid 

traotion va. adJ •• ted '0 4.8. lor thia purpoae 5 ! .aOH 

.olatlon va. ad4 .. '\0 ttle exvaot untll praotioallJ" all t.be 

ao14 vaa _"vaU" aa4 .. e. iIle •• "tra11aatlon vaa ooap1ete4 

D.r cau1.10.8 84411.1011 of 0.1 IBaOH 801u:'lon. Att.er 'lbe pre

olpitaw bad aet11e4 tn. auper.na~t liquid va. aiphoned ott 

.e auGh aa poaa1ble and the r_1Ilder ot lOe a"apanaian va. 

vanate.rre4 '\0 a ,01l'e-.,le. _t.t1e and beta hUII"e va. 
oent.r1tqed. 0111.. !he _w.-)luaua vaa 1fte. vaahed v11Jl di.-

1.111e4 vater and U1e" in an onn at 50°0. 

8. caUoa exobange oapao1 V 

In a ve1abed ... pl. of 80il oatlona var.displaced br 
aMoni __ 1 •• eb1DB tA. eoU vItb neutral _oniWl aoetat. 



801u"lon. The exo ••• of _oa1_ .oe",-W va. 1'_0.,..4 'b1' 

va_hag vl'\b aloohol. !be 8011 va. then 418"111e4 w1 ~ 

_ape.l. oxi4e, the _OIl1a Uberated be1Dg abeorbed in 

a known exo... of standard a01d. ~e exo... acid vas then 

tl trated wi '\b. &~a.rd alkali aDd. the 08 tiOD exoh8Jl&. 

oapaoi~ vae oaloula1ed. 

g. Q.rpnlc phoephorus 
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Orpnio phosphorus va. e.t.1aated 'b.r differenoe in 

nluea of phosphorus ocm1ient la.t.veen 1pJ. ted 8011 and 

Mu'pl1.e4 80U. ODe pta ., aU tr1ed eol1 (ot 1e •• '\ban 

0.5 _ .1ae) va. tUG 111 a .111 .. -..lDle an4 h.at.ad at 

240·C tor one hour i». an .leov10 aaff1. fVIIS... At.r 

oool~ the 1p1t.ad eol1 vae Vaaale.rred to a oe:Ultup 

woe. Thi. va. _inel vl1h 10 a1 of 1II"4I'0ohlorl0 aold and th. 

tv.De vas h .. t.e. em a s'\e_ baiA tor 10 a.t.nuw. and. then a 

tur'talU' &441 t.1oa of 10 .1 ao14 va. _4.. !hl& va. .llow.d 

'to st.azut at. 1'0" t.eapvat.ure tor OIl. hoar and. 50 a1 of vater 

vas 8et •• d ~ 1 t. and oent.r1tua.4. •• solution va. ct.08JlWd 

1Jl~ • 250 al Y01 •• vl0 tla_ ... YOl •• ude up. Likewi •• 

aao't.b.u cme pea ot DOlli.,,!,," soU vas s1a1l.arlT 'treated 

111 tn. oen vlfua. ""De. Th. pho.phorus 111 th... .xv.o". of 

1p.l t.ed and DOniiD1 t.ad _,1 •• V" •• sUuWd Dr 14. a4dl t.lm 

of ohlo.roetamlou aold 111 hTdrooh1or10 aold ..,.wa and tA. 

bl". oouar 4 ..... 10'. v ........... oolo.r1aeVloall.r u1Da a 

.,.0 trophot.oa. w.r. 111. 4ift_ ... IMt.ve. '\b. t.vo pT. a 

•••• ur. of tot.al 01'1&1110 pho.phor" •• 



10. Orl8DJ,c pota.ai-wa 

Po~a.i_ vaa cl.'\eJ'll1D.e4 flail. pbOiolletr10al13 1n 

ihe aold .xVaot. ot 1ID11ecl 8Jl4 nonilDSt.e4 a01l, prepar.d 

tor lne •• "iIIa 1.1on ot fWpaJ.O phoaphorus. the dlfta-enee 

... ween the ""0 .... lIl •• rapH .... _. organio potas.1_. 

11. Or,8D10 eulphur 

!he aethod ot h'an8 an.d. Roe'\ (1945) va. adopted tor 

the cJew.n1Da,\lon ot O.l'paio eulphur. Ten cr. ot t1ne1t 

povdered eol1 va. le.Gb •• 11.I'a' v1th d1a'\111ed vater and then 

wlth 1 par oent HOl aDd t1Jlallr vi'\h vaur to _.e it fr .. 

ot eh.loZ'lde. The e01l va. _en Vanaf • .I'r.d to 8 Maker and 

organio aat.'\er vaa oz141eed vltb. laTdropnperoxJ.4.. Then 

sulphur 1n 'Uk •• 011 vaa •• 'U.aa_ •• a aulphate sulphur b1 the 

proo.dure d •• cribed br Obe8D1D aDd Ylen (1951). tne ditte

renoe in tne sulphur oontea, before and atter the oxidation 

of orpn1c u1.ter vae taken 6S or&&n1c a\llphur. 

12. Blatl.tloal analTsie 

The cla'\a vere ex_l»e4 .aUat.1oal13 ms k5ng use of 

the prtncip1e. of oor.relatloa ADd regre8elon .a described 

bJ laue an4 Su.kb.a.e (1961). 



RESULTS AND DISCUSSION 



USULft AD DIIOU8SIO. 

!be pn __ " .'WI' va. a4er1akea to ••• b11ah ,....01 •• 

Hla"lollab.l, _.ween .011 orpalo _" ... aD4 eol1 JUVeI_ 

111 '\he ao14 lat.erl W u,land 8.Ua of I:vala. A 1.'\eap'h vera 

ala. 84. '\0 ... iDe t.n. .,irloal trao'l_ aa4 .1._.1 

0 .. "1. __ of orpJl1o a.,\ter 111 the aol1. Sinoo lb. 

oar ... 81 '\roa- ra 1,10 and th. F04aou .f 4eOOllp •• l Uon 41fter 

vltb the -to_l eonWn'\ of orpnio .. "tar u4 tne Ms'\u.re of 

the .011, ..,11 _plea ven .. lao_d a.aurinl .ax1Ima -nr1a

'\.lon 1n tne total orpa1o _"'t.er oon1.eat and w.'\ure of .e 

.. 11. !be a.l1. were arouped ia'to 41ft.ent. _tecorie. baaed 

011 the oonWn'\ of orpn1o _t_ aa vell ••• eoiumleal ooa,o

.1'\lon in orcler _ eta-lye .. pan- preol .. relaUoDllblp. 

betve. eol1 a1 vo,. aM aoU orpn1. aatw.r ill 41fteru" 

... ,orl •• of eol1. 

1. CleDeral ohanoWrleU •• • f .. U 

!be pnval oAaraow.1e"l •• of .011 J.DoluclJ.Dg tAo ,la •• 

ot ool1e."l_ are ,"a .. ted ill fa.,le 1 aa4 the ae. ftlaea 

uul raDIO. are ,1va 111 !Ule ,. !b.e 490 _,1.. ..1.0,," 

tor ~. a"kulT vera tr_ 11 41aVl."a of 1ibe a'\at.e --11 

OUDano.r. t Trlollur. PaJ.cba ". CeUoa t.. .Ina In. l.. . All., pe, , 

"a,pura. &:ot.,. ... t.rlft1a4na, 14alckl a4 Qu1lO1l. 

III .... ral the .. u. wen a.1410 .... pH naco. fr_ 

4.2 - 1.6, tAe a .. rap -_ S.M- !h1a 1. Heall", 0Ill.r 



fa.,l. 1(a) .... ral Gbaraoterl.'10. of .011 

... ----......... --... -.. -.. -......... ~-----......... -...... ---....... ----.. -----.. --.-. .... --....-........... -.... .-................ ---_ .. _-...... _-....... -... ............ -... 
81. 5_ple Plaoe of ])l_vlo~ pH B.C. Keobu1_1 ual¥-1a T.x'tur.l 018 •• .0. 1'0. 0011 •• 'lon • :,~o./ 

Bud ~ 811, • Cla.r • -.. -.-.-,-... ----... --------------...... -~--~ ... ------------.....~--.......... ---.. -... .. -----... -~ ...... --.... .......-...._ ....... ---............ --... 

1 2 , 4 5 6 1 8 9 10 
---.. -.-, .. -----... -----..... --... -..... --.. -..-.-.. -~-........... ---.. -----.... -----....-----... --...... -.. ----~------------... -------

1 1 P.~t.aabl P.)"'.~ 6.15 0.24 68.0 16.0 24.0 51l1l4T 01., loa 
2 2 Pa~1aabl Pal&ba' 5.00 0.45 '5.5 28.' ,6., cla.r 10_ , 4 Pa~"-"l Pal&ba' 5.40 0.20 6'.2 9.6 27.2 8..., o~ le-
4 5 P.~iaabl PaJ.&ba~ 5.80 0.14 11.2 1.6 27.2 Sa4r ola.r 10-
5 6 Pa'''bl Pal&b." 5.85 0.11 69.6 16.0 14.4 5aDA\r le_ 
6 1 !hal1paraalMa CalmaDO.N 6.00 0.21 56.2 1'.4 28.8 Baaq clAW ~ 
7 8 IrUtJ a1.atlal4a !r1eh_ 6.20 0.20 47.2 11.2 41.6 hal¥ olq 

8 9 ........ .Ie,,_ .. 6.15 0.26 66.4 19.4 11.2 S...., loa 
9 10 BlMkaDll,uha ~ 6.20 0.'9 82.4 16.0 1.6 ~ ADd 

10 11 ~_la1laa !rlohar 6.65 0.26 72.8 16.0 11.2 s..." 10_ 
11 12 ETra4 trlohur 5.25 0.1, 85.6 6.4 8.0 ~.aDd 
12 1, lrDakulaa 5.10 _0~ __ 9'~~_ '.2 1.6 Sud ---_ .. _---
1, 14 Bl.·Jngmapuba lnaakulaa 7.20 0.14 91.9 4.8 '.2 8aa4 

14 15' caalatka." 1'r1ohar 5.50 0.2' 72.8 12.8 14.4 5aDA\r loaa 
15 16 BT"a4 trlohur 5.85 0.16 65.8 22.5 11.1 Saacl,r loaa 

16 11 Pa.u.raanoor tr10he 6.10 0.21 69.6 16.0 14.4 5aDA\r 10. 
17 18 Va1Da I:o~"''' 6.80 0.21 95.2 0.0 4.8 Sead 

18 19 Chalalru4.r tr1ab.e 5.80 0.55 12.8 14.4 12.8 8...,. loa 
19 20 hl'DMkulaa Tr1che 6.55 0.4' 79~2 9.6 11.2 ~ _8114 c.c 

c..' 
-~~--~~-~~--~~~-~~-~~~~~~-~~-----~~-----~~~-~~~~~-~--~--~~~~~~---~~~~ 

(oonW.) 



table 1(a) oont.1Im •• 

............................. ~...-.--..,..,-.. -------..... -....................... ------......-........ -......---.-.- ---....-.-.-..-.------.......... ~-------.. ----...--... 
1 2 ., 4 5 6 7 8 9 10 

--~~~~-.---- -------~ ... ----~~-~ ... --~-... -~--------~~-~~-~~~----~~~~-~~-~~---~---
20 21 Raaapvaa Iot,.,. .. 5.65 0.'7 72.8 12.8 14.4 8aDd.J loaa 
21 22 !h1.nmllla .&11·'P·T 6.25 0.02 72.8 12.8 14.4 Saa4.r 10_ 
22 ~ Jlutadapu.raa !.r1ob.ur 7.40 0.02 68.5 17.6 ".9 8aDd.J 10_ 
2, 24 Cbe.r1bala1 .&11·'P·T 6.60 0.09 19.2 0.0 4.8 1.0..,. aaaa 

24 25 la"'aalaalM tr1Gbur 6.15 0.18 72.8 9.6 17.6 8an47 10_ 
25 26 I:~ Tr10hur 7.60 0." 80.8 11.2 8.0 x.o.., aan. 
26 21 K1sb..paruba Malap,araa 5.50 0.1, 68.0 17.6 14.4 SaJU\r 10 .. 
27 28 X1sbupanaba Jlala,pur .. 5.55 0.0' 16.0 ,.2 20.8 8-47 ola.r 10_ 
28 29 ...... apar .. 1'r1ollar 7.05 0.02 88.8 '.2 8.0 BaB4 

29 ,0 At.~,vaa ..... laa 5.50 0.15 12.8 16.0 11.2 Saaq 10_ 

'0 ,1 Pat,~1 ..... BrMDl_ 6.45 0.56 72.8 9.6 11.6 8111l4.r 10-
,1 ,2 ·.,Tat,t,J-tara !r1ft1U1.raa 6.10 0.51 80.8 8.0 11.2 8aDd.J 1_ 

'2 " ."'Ta"t,t-tara !r1ft1U1.raa 6.40 0.16 85.6 6.0 8.0 :La.." aand 

" " fashaaibot, .. Irukalaa 6.55 0.07 79.2 '6.0 8.0 8an47 10_ 

'4 " !r1ft1U1.raa 6.55 0.1, 85.6 8.0 6.4 :Lotut3 ... 

'5 '1 !ho4.puba 14ukk1 5.95 0.2' 85.6 6.4 8.0 1,0..,. aaa4 

" -,s MUkola tr1ftD4rua 5.45 0.1' 88.8 6.4 4.8 s ... 
'1 '9 ··TTat,'Unkara !;r1ftD4rua 6.00 0.17 85.6 6.4 8.0 LoaIv' aan4 

'8 40 Ku.1aap4a CazmaDor. 5.40 0.17 84.0 8.0 8.0 :Lotut3 aan4 

'9 41 lCuIJanp4u tlamM'Dor. 5.15 0.16 84.0 8.0 8.0 LoalV' aan4 
40 42 A 10 or !r1oAU' 5.70 0.21 79.2 6.4 14.4 S8II.4T loaa 
41 4' lIuTat"upusb.a irnakal.aa 5.60 0.28 12.8 11.2 16.0 SBD4.r 10 .. 
~----~-------~-~~----~~~----------~----~~~--------~~~~---~----~~~~-~~---~-~-------~-~-~~ c...: 

(ocm:t.4. ) --... , 



Table 1(a) oon1.4. 

~~-~~~-~~~-----~-------~-~-~-~~~~~~~~~~~~~~~~~~~------~~~~~~~~~~~~~-

1 2 ., 4 5 , 7 8 9 10 
~~-~~~---~~-----~------~~-~~~--~---~~~---~--------~~-~~----~~~-~~-~~--------~-~ 

42 44- Ill1ckal Xo~"''' 5.80 0.04 82.4 9.6 8.0 Lo·.., aand 
4' 45 Vellanlkkara Triollur 5.80 0.2 77.6 11.2 11.2 Sandy 10_ 

44 46 Tell.auSkkara !richur 5.40 0.54 79.2 6.4 14.4 S~ 10 .. 
45 47 TellaDSkJcaN hi_v 5.60 0.19 77.6 11.2 11.2 S..,. loaa 

46 48 KoratU ErDakulaa 5.80 0.28 45.7 "2.4 22.0 Loua 
47 49 I'ileswar CaManon 6.'0 0.11 72.8 11.2 16.0 S&Dt\r 10_ 
48 50 JCora",U ErDakul-. 4.85 0.09 65." 14.7 21.2 88JJ.d.J 01.&7 10_ 
49 5' Areoode Malappuraa 6.20 0.', 69.6 16.0 14.4 S8DCJT 10_ 
50 54 Puthalaa Kaappar_ 5.15 0.10 66.4 14.4 19.2 Saaq loaa 
51 55 JCondotU JIa lapp uraa 5.'50 0.18 "'.5 6.4 20.1 SaJ1C\r 10_ 
52 56 Bray1M.plala frichur 5.40 0.17 11.2 14.4 14.4 Sand.r lo_ 
S, 51 Kun1t11 klappuraa 6.05 0.25 76.0 9.6 14.4 8..,. 10_ 
54 58 P-pnlloor Ca.naDOJ"e 6.10 0.14 62." 15.2 22.5 SaJI.dI' ola.r 10 .. 
ss 60 Punil'oOl" CaDll8J1Or. 4.60 0." 85.6 6.4 8.0 Lo-., a .. 
56 61 !hallpanaba CenaaJlOft 4.60 0.2' 80.8 11.2 9.6 Lo-., aa:D4 
51 62 Pam!Toor 4.10 0.16 76.0 14.4 11.2 Saaq lo_ 

SS 6:5 XileawU' CaDnanora 5.65 0.1' 92.0 1.6 6.4 Sa:ncI 

59 64 Padanaoaud CaDnSnore 6.25 0.10 92.0 1.6 6.4 San4 

60 65 !b.aliparaaba caD.Dano~a 5.00 0.1, 71.~;.~ 21.2 1.6 Loa.., aan4 
61 67 thallparaaDa CaDnanore 5.15 0.24 55.0 15.0 ,0.0 Sudr ola.f 10aa 
62 68 Bilesvar Carroanor. 5.85 0.11 92.0 0.0 8.0 Lo·..,. aand 

• 
6, 69 Thallparaaba Oarwanora 5.50 0.16 69.6 12.8 17.6 Sand,r 10 .. 

~~----~~--~--------~--~-~----~--~~---------~~~--~-~~~-~~-~~--~~---~-----~~-----~~ w 
(ocmW.) ~i 



talale 1(.) eon'Untle' 

-~~~~~~~-~~~-~~~~~~--~~~~~~~~~~--~----~--~~~~-~~~-~-~~~---~~~~--~-

1 2 , 4 5 6 7 8 9 10 
~--~~-~---~~--~~~--~---~~-~~~-~~----~~-~---~~~~~-~~--~---~~-~---~~ 

64 70 Pum1¥eor oazmanor. 4.90 0.06 19.2 12.8 8.0 Lo..,. a8II4 
65 11 PanlToor OIIanlllJo.re 6.00 0.06 69.6 19.2 11.2 8aDd.r 10M 
66 12 lCo'unplloor fr10aur 6.10 0.14 92.0 ,.2 4.8 Band 

61 l' Po "tore !r1ob.ur 6.20 0.12 16.0 12.8 11.2 881lCl.J ~ 
68 14 Pathoo.re !r1oaur 6.20 0.15 60.0 16.0 24.0 Su4.r oleT 10 .. 
69 15 ParmJToor OuInauore 5.90 0.12 19.2 9.6 11.2 le • .., .... 

10 76 !hallparaaba OapnRJIor. 5.80 0.1' 14.6 11.0 14.4 Sa.,. lea 
11 77 PunS,foor OaYtDADOZ'e 5.20 0.08 41.4 20.2 ~.5 Ola.r 10_ 
72 78 Ineaver c'lmuore 6.40 0.01 88.8 4.8 6.4 J.oIUV .... 

7' 79 P-iToor a.DPanore 5.25 0.1, 68.0 16.0 16.0 8aaciT lo8a 
74 80 Pa4_-.4 OaJmuetre 6.00 0.08 92.0 0.0 8.0 Loa.,. aaDd 

75 81 Perillpft fri._v 6.10 0.11 66.4 14.4 19.2 BIUldT 1_ 

76 82 OllatJcara frlabv 6.55 0.18 69.4 12.8 11.6 8aaciT 10M 
11 ~ 04·kka11 BrJaaIaalea 4.90 0.70 68.4 11.9 19.8 Sudi' loa 
18 85 llaJma1l\r !r101aur 6.90 0.12 12.8 12.8 14.4 8aaciT lea 
19 86 Pa""1ltkada !r1ohur 6.05 0.04 11.6 11.2 11.2 8aaciT leu 
80 81 Mashoor Canuanore 5.60 0.09 76.5 5.1 11.9 Sand.r loaa 
81 89 Pu1ihupallJ' ~".,.ea 5.'0 0.15 69.6 12.8 11.6 88.IIdT loa 
82 90 Mala !rlGhur 5.40 0.11 76., 10.5 14.:5 8aDdr 10-
S'5 92 !halaYa41 Alle,pe" 5.25 0.1' 69.9 9.' 20.8 881ll\r olaT 10_ ----,- - --_.- -~-

84 g., AUep,." 5.00 0.08 6:5.2 12.8 24.0 SaIadT ola,r loaa 

85 94 All.". 5.20 0.08 ".2 22.4 14.4 8aaciT le_ 
86 95 ~oo.r AUep,." 6.25 0.02 50.4 22.4 27.2 S.,.q olal l.ea e:...: 

~! ____ .!! ___ x:..r:a.!':.~~~~':'_2!.!!!~ ___ ~ __ .2!1~ ___ §9.!9 ___ -'b.L-_1Ll ___ ~-k ___ ~ 

(oonW.) 



fable 1(a) eon\1Daed 

--...... _---. --_ ... ~~~~~~-~-~~---~~~---~~~~~~~~~-~~-.---~~~~~~-.--~----

1 2 ., 4 5 6 1 8 9 10 .... -------......... ~-.. ---..... ----.. ~ ....... -.............. ---...-.-. ..... --..... --------....-.----........ ---.... ...-.-~---.. ---...... -- .... ~ ... .......-... .......-
88 97 !h1n'n.lla Allepp.,. 4.85 0.1., 56.8 '9.2 24.0 Sandy cla.r 10_ 

89 98 Allappe.r 4.10 0.1., ".2 19.2 17.6 Sandy loa 
90 99 1'enpala Alla,,.,. 5.55 0.06 40.5 22.8 ,6.8 Clar loa 
91 100 IIan1puzha Allap,.,. 4.85 0.09 ".2 44.8 ,0.4 Clay loaa 

92 101 Kath1ma !rlGhU' 6.20 0.09 91., 6.5 2.' Sand 

9' 102 Chen tbora Ul.r TrlMU' 5.95 0.22 45.6 "'.6 22.9 Lou. 

94 1~ Pa~ tr1cbtU' 6.25 0.,2 79.2 8.5 12.4 Bandy loaa 

95 104 Parappo.ldta.ra !.r1chur 5.90 0.16 85.1 8.6 6., Lo8Jl3' a8D4 

9' 105 Brua11ftllk04e !z'1ohur 5.80 0.10 69.4 12.6 11.6 Sanc1T 10_ 

91 106 'Psnppoor fltlcbar 4.90 1.21 84.1 7.4- 8.5 Loam.r 88IUl 
98 101 CIleru'\hvatb8' t.rlcahU' 6.65 0.11 91.1 4." 5.6 Lo8l\Y' san' 
99 108 .. aapan !rlubar 5.,a 0.1, 70.5 19.6 9.9 Sandy' 10aa 

100 10g :ta1bl1alaa flt10hur 6.'0 0.06 98.4 0.0 1.6 Sand 
101 110 l'allatbole hpJ- !rlehur 5.80 0.06 40.8 28.8 '0.4 ClaT lou 
102 111 A.r.ruthole tr1ehur 6.25 0.09 58.5 19.2 22.' Sand,r 01.., lou 

10' 112 Beetupara !rIeur 5.'5 0.01 85.& ".2 11.2 LoUJ" sand 

104 11, E4rf'11anp !rlchur 6.55 0.01 95.2 0.0 4.8 Suet 
105 114 PodjJ'an,;Basar !r1oAU" 6.60 0.07 88.8 '.2 8.0 Sand. 

106 115 Pallaa !J'1ohur 6.15 0.01 64.5 1".0 22.5 San4,y clay 10_ 

101 116 Jfa4ayana TriGI&!' 6.65 0.08 92.0 4.8 ".2 Sand 

108 111 Yalla _ole Bapr !r1eur 5.65 0.01 80.8 '.2 16.0 sanq 10_ 

10g 118 CIler"a .. tb.1 !rlahur 6.65 0.01 ".6 ".6 12.8 Saa47 loaa 
22.6 

c....~ 

110 119 V.""1kka""1n1 !rlohur 6.25 0.54 41.1 ,0.2 Cla.r loea ~ 

--~-~~~~~~-~--~~~--~~~--~-~~~~~~~~--~~--~~-~~~-~~~~~~~--~-~~~~~~~~~-~~~~~ 

(oonU. ) 



fabl. 1(a) oontJ.Jw.e4 

~~-~~~---~~~----~---~---~~~-~-~~~--~----~~-~--~--------~---------~-~------~-~~-~ 
1 2 , 4 5 6 7 8 9 10 ----.-.--... ------.. ---~ ......... --.... -------------------------.-... ~---.. --------... -------.. -...--------.. -.... ----.......-~ 

111 120 Eara !r1ohur 6.75 0.01 98.4 1.6 'ltI2 S8D4 

112 121 PU'lmllloor !r1ohur 5.90 0.42 56.1 19.4 24.6 88D&\r 0187 10_ 
11, 122 Aa1& %r1ohur 6.20 0.68 66.4 9.6 24.0 SandT 0 Jar loaa 
114 12' Pu1hu •• v1 fr10hur 6.70 0.22 65.0 10.0 25.0 S8Dd,y 10 .. 

115 124 Ila.,.111 bo1obDr 5.65 0.14 66.4 9.6 24.0 S8Ild1' 0 Jar loUl 
116 125 •• ll.a,r1 bo1cbDr 6.15 0.14 85.6 6.0 8.0 Lour .and 

111 126 Tholoor h10bDr 5.55 0.01 56.2 1'.4 28.8 s.q ol.a7 10-
118 121 Ashiklto41l !r1abar 6.60 0.08 95.2 ,.2 1.6 8ad 

119 128 XolasbJ. h1_v 6." 0.1' 14.4 11.2 14.4 s.q loa 
120 129 b1hJ.ra1aa !r1ob.ur 6.40 0.05 96.8 1.6 1.6 88114 

121 ,,0 htllu .... l '-r1_v 6.30 0.60 48.1 21.8 24.1 Loaa 
122 ,,1 Parap,oor !Jo1abU' 5.90 0.01 68.5 1'.1 11.8 BIIJlC\r loaa 
12, 1,2 'attoN Tr1av 6.15 0.06 9,.6 0.0 6.4 1,0., ... 

124 1" JIall ••• erl fz'1Ghu 6.10 0.12 18.0 9.2 12.8 s.q 10 .. 

125 1'4 S8Jlth1paraa !r1ahur 6.'5 0.06 95.2 0.0 4.8 Sand 

126 1'5 bra frlolu1r 6.20 0.05 95.2 0.0 4.8 8aD4 
127 ,,6 Velutlloor fr10aur 6.10 0.1, 16.0 '.2 20.8 SUl41' 01&7 l.oaa 
128 1'1 Parappoor !r1Ohur 5.10 0.15 12.8 16.0 11.2 SaJUIT lou 

129 1:J8 PaWokal !r1oJ:uar 5.50 0.08 16.0 6.4 17.6 SudT 10M 
,,0 "9 :alan1ib.oon trlaal1l" 5.60 0.11 68.0 11.6 14.4 s.q 10_ 

1,1 140 h1ihoorkkara !r1ahv 6.60 0.1, 72.8 14.4 12.8 S8D.dT loaa 

----~--~-~~------~-------------~--~--~---------------~-------~----~-~~---.--~ 
(OOl1W.) 

... ' 
c 



Table 1(.) ""Jmle4 

---..... --... .. --..... -------........ --...------~ ... ------~-.... ~- ... -----.. ---...-......... -------.............. ....-..-.--... ~-.. -............. ----
1 2 , 4 5 6 7 8 9 10 ----.-...-. .. -............. -....---..... ~ ...... ----... ------... -.... -.... ~ ..... --.. --....... -... ~-.. -...... ~-.....-...-..... _ .. _-_ ..... _----........ _ ... ....-. ... 

1'2 141 Tho ","1,pal Triohv 5.95 0.09 56.2 1'.4 28.8 Sancl.r 01.., 10_ 

," 142 •• 1J.a.r1 !r1abur 5.80 0.08 72.8 7.8 19.2 S8I1C\r loam 

1'4 14' Pullarkkara !r1aav 6.60 0.01 75.0 15.4 9.6 SUld.r lou 

1'5 144 PVUTB1100r hiohv 6.25 0.16 72.8 12.8 14.4 Sancl.r 10_ 
1,6 145 Chentbvu 1bT !r1Ghur 6.'0 0.08 56.2 1'.4 28.8 SIIMI' 0l.aJ' 10-
"7 146 bra !riobv 6.20 0.06 92.0 1.6 6.4 Sar.ul 

138 147 Pu1hu •• v1 !r1ohv 6.00 0.15 60.0 8.6 '1.4 Sudi' ola.r lou 
1'9 148 Becluap&ra !r1ol1ur 6.75 0.29 84.0 10.0 6.0 ~ ... 
140 149 Asa1kkoc1a !.riab.ur 5.70 0.09 9'.6 0.0 6.4 Lo..., ... 
14' 150 Pall10bl !.r1ohur 6.15 0.15 16.0 8.0 16.0 s...,. lo_ 
142 151 •• el_ ..... !.r1etuar 5.45 0.08 81.0 9.4 ,.6 ~ .... 
14' 152 Ve""IIdra""1r1 f.r1G1luar 5.95 0.18 52.8 '6.8 30.5 8aDdT ollQ" lea 
144 1" BlaYalll' !.r1eluar 5.80 O.VI 85.6 '.2 11.2 1.0.., .aDd 

145 154 •• u.,1 1'1-1ohur 5.10 0.06 80.8 4.8 14.4 8aDdT loa 
146 155 Pulloor !riohur 5.90 0.1, 8'.8 10.6 5.6 1.0-. .azul 

147 156 bDJ 1rath1Dka1 !Jo1obv 5.40 0.16 9,.6 1.6 4.8 SaD4 
148 157 1lar17ac1 friohur 6.40 0.1, 90.4 1.6 8.0 S8D4 

149 158 Karwaathi1 !.Joicbur 6.25 0.20 56.8 16.0 27.2 88DCl.r 0187 loaa 

150 159 Oben ihuratbT !r1obur 6.10 0.16 92.0 0.0 8.0 1.0..,. aaac1 

151 160 Koclunplloor !riGhar 6.05 0.07 87.' 6.9 5.9 1.0..,. 88114 

152 161 Maela ... !riohur 5.50 0.01 78.0 6.0 16.0 Sauq loaa 
--~ .. ----~~--~~---~--~---~~--------~-~--~~~~~-~-~~~-~~~~~~-~--~~~--~-~-~-----

(oonU.) 

.,.;: . ...". 
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table 1(a) oOD'UJule4 

~~~~~-~--------~~--~~~~-~~~~-~-~-----~---~ .. ---~---~~~~~~~----~~~~~~~ 
1 2 , 4 5 6 1 8 9 10 
~~~~~-~~-------~-~~~~~~~--~-~~~~--~-~~---~~~-~-~-~--~~~~~~~~---~-~~--~~-~~~~~--~~~~~ 

15' 162 Vet.t.1ldtat.t.1r1 T.rlo1lar 5.10 0.07 76.0 9.6 14.4 S8Dd3' 10aa 
154 16, !hot.Uppal !rlobur 5.80 0.17 95.2 0.0 4.8 Sand 

155 164 PallioJtal !rlobur 6.,0 0.16 8,.6 8., 6.4 LoSlV' aand 
156 165 1I1ll1 •• 8U'1 !rl_ar 6.'0 0.01 88.0 6.5 5.5 Sad 

157 166 Pa&h8l'_" TrlGb.ur 6.65 0.56 91.7 4.1 4.2 S8D4 

158 167 Jlalloorkara !rIeur 6.45 0.18 10.7 10.5 18.7 8aaq loaa 

159 168 -'Tran'Ulo1e T.rlolual' 5.10 0.01 86.1 8.7 5.' LoaII\r ean4 
160 169 Pe.l'1rf'1llloo.r T.r1e1lur 6.15 0.,6 65.0 10.0 25.0 Baa4.r 01.,- lea 
161 170 Elayau.r !rlo1lur 5.50 0.01 "'.5 15.9 10.6 BadT loaa 
162 111 Pu 'UlWdtotl. :raJ.p.a" 5.40 0.24 61.0 9.6 23.4 Ian.,. elal' le-
16, 172 .... ,,.. .. Pal&bAt. 5.55 0.01 62.1 15.6 21.1 a...,. cla,r 10aa 
164 113 Bt.tunmore Pal&bat 6.75 0.15 15.9 ".5 10.6 Sa47 10. 

165 114 'larur Pal,pat. 6.40 0.12 ".8 '5.6 24.6 Lo_ 
166 115 !h04ua.U'l Pal&bat 5.85 0.01 52.8 16.4 '0.8 88DdT ola.r 10-
167 176 JIamloore 'lrlobur 5.20 0.54 62.0 18.0 20.0 BaDdT olar 10_ 
168 177 Bla'Y&thOOl"tl !rIeur 5.40 0.12 67.5 10.0 22.5 Saaq ela.r 10_ 
169 178 Peru.Yalloo.r fr10llu 5.55 0.08 •• 0 1.0 25.0 8aaq ala,. 10M 

170 179 TJT700l' !rlobv 5.75 0.25 96.0 6.4 11.6 8aD4T loaa 
171 180 Pam", ..... trlo1lv 6.10 0.26 18.0 41.1 '4.9 S119 cla,r 10M 
172 181 PwSW&:kadli !rlohur 6.50 0.20 65.1 5.9 29.1 s...., olaT le_ 

17' 182 .el1.,.1 boichv 6.)' 0.12 59.1 16.9 2'.4 SanclT ola,r 10. 
~~~~-~~~~--~~~-----~~--~-~~-~~~~~~~~~~~~~~~~~~-~~---~-~-~--~~-~~----~---~ 

(00Jl'\4.) 
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!able 1(a) ocmt1a1le4 

~-~--... ~---.---.. ~ ... ~ ...... ~ .............. --... .-...... .................. -... -... ........ -.... ,...... .. -----............... ,...--.-.... -.-............. -.. -_.-._---.-.................... 
1 2 , 4 5 6 7 8 9 10 
---~-~~~ ... -... -~~-~~---~-~--.. -... --~~~-----~--.. -... ~~~~-.. ~~~~----~-----~--~-~------------~ 
174 1a, Pullarkara !rIohur 6.60 0.44- 41.4 22.9 ".1 C~ 10811 

175 184 ICo41U1PlloOJ' Tr1cl'lur 5.60 0.11 84.6 '.8 11.6 I.oaIv' eand 
116 185 1'ho,\,\ippal T.r1ohur 5.85 0.01 17.2 52.4 '0.4 5UtT clar lou 
177 186 Va11a1hole .asar Iriohur 6.,0 0.91 4'.5 29.8 26.8 Loaa 
178 187 JlarJTadu !r1cbur 5.90 0.82 71.2 11.2 17.6 Sana, loaa 
179 188 'all_ !riohur 5.10 0.6' 69.6 9.6 20.8 Saaq ola.r loam 
180 189 'a1101l tr1cb.ur 6.00 0.17 49.8 29.' 20.8 Loaa 
181 190 'ashaTannoo.r trio.b.ur 6.20 0.25 86.0 0.0 14.0 S8J14T lou 
182 191 Manplaa 4_ Palshat. 6.10 0.16 58.9 16.1 24.9 Sand¥ olar 10_ 
18, 192 ParappokkU'a fr10aur 6.40 0.1, 70.9 9.' 19.5 8azulT lou 
184 19' PallarkJr.aI'a 1'r1obur 6.60 0.'2 .".8 12., "., Baaq lou 

185 194 V.t'SJrkatUrl !riolutl" 6.85 0.11 74.6 10.9 14.5 SUMlT 10_ 
186 195 IaTTaatAole fr1_ar 5.10 0.07 61., 15.8 22.9 &....,. ola\r loam 
181 196 Mllll •• aerl !r1eur 5.80 0.0, 40.0 29.8 ,a.1 ClaT lou 
188 191 Parappokitara !Jo1cbur 6.20 0.07 65.4 9.9 24.6 8aadT ol.a¥ lou 
189 198 Pal tboorltara Tr10hur 6.10 0.06 74.5 15.' 10.2 Sa.D.dT 10811 

190 199 E4ayllangu !r1obur 6.00 0.1, 68.1 14.6 17.2 SandT loaa 
191 200 1(111 ... 0H !r1aluar 6.00 0.91 74.6 10., 15.1 88Dd,r loaa 

192 201 Pvu'ftllloor !r1ollur 5.80 0.06 92.0 1.6 6.4 SaM 

," 202 P.allarkkan !rIeur 5.90 0.11 86.0 0.0 14.0 S8D4T 10 .. 

194 20., Ilull •• aer1 TJoiohur 6.50 0.28 92.0 4.2 '.6 Sazut 
.... --................. --..--..-...-. .. .-.-, ........ ~~~ ..... --... ------~.-.---... --... ~ .... -~ .. -...................... -.. ---.... -...--......... --. ...... -.-........ -..... 

(oan'td.) 
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table 1(a) COJlUmle4 

--~~~--~-~~-~~~~~~~~~~~~~~~~~~-~~~--~~-~~-~~~~~~~~~~~~~-~~~--~~-.---~---

1 2 , 4- 5 6 1 8 9 10 
.-..--..... ----....... -,.., ... ~-.... ............... -----.... .-..-.~ .... ~ ... ----.. -....... -........ ~ ............ ~-.. -.-~-........ ---......... --........ ---.-. ......... -... ..................... .-. .. --~ ......... 
195 204 ".rloor !rlobar 6.40 0.01 n.2 10.6 16.1 8aacl7 loa 
196 205 Ar,raa1ihol. !rloll_ 6.20 0.1, 94.0 2.2 '.8 Sand 

191 206 I-ara"MI"Jtkara !Jot ... 5.60 0." 84.0 10.1 5.9 Lo..., 88lUl 

198 201 cneruthun'\b1 !rlobar 5.80 0.22 85.2 8.4 6.4 10..,. .aa4 

199 206 Kulle •• vl !rlo1lv 5.90 0.11 69.6 9.6 20.6 San4,r cla.r lou 
200 209 Aara !rlebur 6.00 0.09 92.0 '.2 4.8 Sand 

201 210 PaakNa 
171 __ 6.10 0.16 12.5 12.5 15.2 Sanq 10_ 

202 211 lIella.rl !rlobur 6.10 0.09 11.2 10.5 18." SaacJ.r 1_ 
20, 212 Cb_bllod.. CaD_nore 4.15 0.01 82.9 11.4 5.1 1.0.., .... 

204 21, I-.r~.kIca ... QaanaDOt-. 6.85 0.01 85.2 1.6 7.2 :r..o.r ... 
205 214 ..... Oaaruu:aor. 6.00 0.10 88.1 4.8 6.5 x...,. ... 
206 215 .,.r1D&_....,.kk .... CUm...,.. 6.25 0.06 92.0 0.0 8.0 14.., .... 
20"1 216 U1Ter1 Gaauon 5.6' 0.21 61.2 11.' '5.5 San4.r 1_ 
208 211 htb.oor c...umore 6.10 0.08 "., 8.5 1.5 to..,. .... 
209 218 lCa1 "".4.. OumaDor. 6.10 0.1, 40.5 26., ".2 alar loaa 

210 219 Pap,1a1 •• erl Caaraauore 5.50 0.19 51.6 9.' '9.1 8aJu.\J ol.a.r 
211 220 --.. OUID8DOre 5.60 0.1. 62.5 12.9 24.5 Balla,. ol.a.r 10_ 
212 221 Pall1D1 •• vl CllDDaDON 5 • .,5 0.82 41.2 28.5 ,0., Clay loaa 
21, 222 MaagatU40a camaanore 5.60 0.1, 50.0 22.0 '8.0 Clq 1_ 

214 22'5 Brl.,...l cam.nore 6.-,0 0.1, 61.6 15.5 22.8 Saa4.r ola7 leaIl 
215 224 TJ¥yoor Xoshlfco4. 6.05 0.01 50.4 18.9 ,0.6 san4.r cla.r 10-
-~~~~-~--~~~~~-~~-~-~~~~-~~-~-~~~~-~~~~~-~-~~~~~~--~-- .. --~~-~~~-~-~---~~~~~~~--~-

(00I1t.4. ) ... .. 



table 1(a) eoaUDM4 

_ ...................... _----_. ---_ ... --~----.. .... -----------......--.~~ .. -----------.,..---------,~--------------.... ~~ 
1 2 , 4 5 6 1 8 9 10 

~~---------------~~~~~-~~~-~~~-~-~~~~~--~-~-~~~-~~~~~~~~~-~-~~--~~~ 

216 225 CIla4all ClaDDAllore 6.10 0.08 72.1 15.' 12.0 Saaq 10_ 
217 226 PallJAt.a8U'l Cumanue 5.25 0.1, 64.8 10.4 24.8 Sad,. a1&7 loa 
21a 221 Sr1lcadapuraa c.D1'M'11OI'e 6.85 0.01 88.8 6.4 4.8 Sazl4 
219 228 P.r1D& ... .,...ldcar. CaJmazaor. 6.,0 0.17 92.2 ,.6 4.2 SIUl4 

220 229 .Ubnkamml lCoSblkod. 5.10 0.23 11.6 6.4 16.0 SaDq 10_ 
221 ~O Sr1ka4.pvaa OaDlM'DOre 5.90 0.06 14.0 6.0 20.0 S8D4T olar ~-
222 2,1 KU'itkua1 lCOsbiko4. 5.55 0.06 60.0 ".0 21.2 Saq eJ.a.r loa 
22, 2'2 Uakalaa Iosbik:od. 5.60 0.12 18.0 6.0 16.0 8.., loa 

224 2', KalTa.aer! o.mwfllON 5.80 0.21 48.1 28.5 22.8 Loa 
225 2'4 • artkJnapl Xo-iko •• 5.45 0.", 14.5 15.4 10.1 ~loaa 
226 "' :laruJl .... oa. ...... 5." 0.16 14.5 15.4 10.1 Sua4T le_ 
221 "6 .. lire a--n 5.20 0.08 '5.' '2.2 22.6 :r.o.. 
1t8 ~1 ca_D!.We Qqm.ere 5.10 0.1, ".2 11.2 25.6 ~ alar 10_ 
229 238 Paler! CaI'MDON 6." 0.05 a5.6 1.6 2 •• Le'''' aaa4 
2,0 2'9 CIl_D1lo4e a.&maDon 1.00 0.22 81.2 1.6 11.2 x...,. .... 
2" 240 ..... ""1 •• CaJmaDo,.. 6.00 0.14 50.0 12.9 '1.2 SaDq alai' 
2'2 241 lIlana4aa C8maD0re 5.60 0.21 6'.9 12., 2'.9 SaadT al.,-

2" 242 Per~akQra Capngore 5.65 0.24 81.4 6.2 6.4 1.0..., aa.u4 

234 24' JC--..lb.a,araaba C8.JmaaoH 5.60 0.14 69.0 12.9 18.1 5anc1.r loaa 
235 244 PU'iDIM,.-k'Jrara Calmaaaore 6.15 0.'1 69.4 14.4 16.1 San4.r loaa 

2" 245 .... ~U ... "-.. Ilore 6.,a 0." 11., 1'.2 15.5 Baa.4I' 10_ 
-.. -.... ..,...~--... ..---.. --...... ----..... -..... ----...... ---........ ----..... --.. ----------~-.. ---... ---......... -... --...... ---.... --~----.......... --------- ..... 

(001114.) C,j-



fattl. 1(a) oonUDa •• 

----...... ..-, .... .--....----......... --.,~ ............................................ --........ ---.., .. -..... ..... ---............... -----.......................................... ~~ ............................ -........ .. -~ 
1 2 , 4 5 6 1 8 9 10 --- .... -... --....................... .-. ...... - .. ----~ ... ----.-..-~---~ ........ ~ .......... --------.. ....-..... -.-....-........ -................... ~--....... ~ .............. -.... .----........ ,.. 

2" 248 Pe.rlUlau •• C8rmuor. 6.40 0.21 8'.0 10.6 6.4 1,oa.v IIIIIUl 

~8 241 Cb.eqa.rl aumauor. 6.90 0." 58.0 12.9 29.2 Sa.ds ol8l' 10_ 

2" 248 Pall.1DJ. ••• rl CeJIDADore 5.10 0.74 52.1 10.8 ,6.4 88114T ola.r 
240 249 O1 .... v".., tr1oh1ll" 6.60 0.09 61.6 1'.5 24.9 Su.cJT ola7 loaa 
241 250 T&Ddash1 Palpa"t 6.10 0.18 51.0 15.4 21.6 8aacJT o~ 10-
242 251 Elanaobe.r1 Palsba"t 6.50 0.10 55.5 22., ".1 Loa 

24' 252 IfaDappa4aa PalPa" 5.70 0.08 40.9 25.7 ".5 01-., leaa 
244 25' Iosh1kko"t1i1rl PaJ.pa" 5.60 0.11 62.1 14." 23.6 8aacJT ola7 l.eaa 
245 254 IaJ1napara Pal,pa1i 5.20 0.16 91., ,.6 5.1 8a4 
246 255 Il.anaahe.rl Paleba" 5.10 0.10 64.8 14.4 20.8 8aacJT olq loaa 

241 256 'enau4.s,ou JlaJ.P.a" 5.40 0.65 64.4 19.1 18.5 8aJu\r lea 
248 257 Pal&fla" 5.10 0.11 59.4 16.1 24.5 • .", olar lou 
249 258 Para ........ 1 '-leba" 5.90 0.08 66.0 16.0 18.0 881lC1T le_ 

250 259 Pat.bapPU7uaa 'PalP&"t 6.00 0.05 6'.8 14.6 21.6 881lC1T ola7 loa 
251 260 ~"8DPlaa 'al&hat 6.,0 0.22 61.9 14.' 2'.9 Sara4¥ ola7 1_ 
252 261 OhelUparaaba Palabat 6.10 0.11 11.0 9.5 19.6 SUld,r loaa 

25' 262 XodU'YaToor PaJ.pa" 6.40 0.4' 1'.2 10.6 16.1 8aacJT 10. 
254 26, Pe.rwaa4J¥oor . Paleba" 5.80 0.16 69.6 14.4 16.0 8arulT 10_ 
255 264 P\lt.b~o4u PaJ.&b8" 6.70 0.04 48.1 21.8 24.1 Lou 

256 265 J(aDDe.bra PalPat 6.20 0.01 64.8 14.4 20.8 SaDd¥ 01.., 10_ 

257 266 Br1aa.roor Palsha~ 6.10 0.08 7'.5 15.9 10.6 StmdT 10 .. 
.. -....... ~ ........ --.. ----.-. ...... ~ .. ,..--..... --.-. .... -...... --..... -...... --. .. ---........ --~-.----....... -~-.......... ---........... ---....... -... ..--. ... ~ ....... -.. ,..----..-....... -
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'.-1. 1(.) ... ~ •• 

~-~----------.. -----~---~~~~-~-~~~~---------~~-~---~~~~~--~----------------1 2 , 4 5 , ., 8 9 10 
--~~~--~-... ~~~~~~-.-.~~~~~-~~~~~----~~~~~~-~-~~~~~~-~---~-~-- ---
258 267 Als,thoor Pal.pat. 5.90 0.1. 16.0 9.6 14.4 SIIJldT 1_ 
259 268 Al8J1alloor PalaU" 5.20 0.10 64.8 '4.4 20.8 8an4T ola.r 10. 
260 269 JIau, ..... ~.l&h." 6.85 0.01 48.1 27.8 24.1 Loaa 
261 270 (Cum .... ~alPa" 6.90 0.18 85.6 6.0 8.0 14.., ... 
262 271 I:Rala ... r1 PalJlas'\ 6.40 0.14 74.4 11.2 14.4 Saaq loaa 
26, 272 PalPat. 6.50 0.16 76.0 '.2 20.8 Su.4,r ol.q ~ 

264 21' P.l&ba" 6.80 1.23 56.1 19.4 24.6 8_4.1 olq ~ 
~··~ •. _.c· 

265 274 Palpat. 5.55 0.08 48.1 28.5 22.8 I,o_ 

266 275 C"",,1lJlO.N 5.60 1.0' 56.8 22.4 20 •• 8_47 ol.a.r leM 
261 276 Al8D8ll.oor P.l&hat. 6.55 0.11 74.4 14.4 11.2 Ie..,. ~ 
268 217 BlavaaeAe.rl PalaU" 6.90 0.01 60.0 16.0 24.0 .. ..,. 8l1V' ~ 
269 218 bllaJl Pa!&b." 6.85 0.01 68.0 11.2 20.8 ...., ola7 ~ 
210 279 h""1IkJte4. 'al.Pa" 5.10 0.01 16.0 11.2 12.8 ...., loa 

271 280 'lalluGb1ra CNma:IlO" 5.'0 0.01 14.5 15.' 10.1 8.a" lAM 
212 281 'a,pal •• vi O·.,.".re 5.60 1.26 61.6 ".5 24.8 8uq olal' 10M 

rn 282 ~ C8.DDaDOH 5.05 0.14 64.5 1.,.0 22.5 8aa4T ola.r loaa 
274 2~ PatJullaTanJ. ltcdl1ko4. 5.'0 0.1, 12.8 16.0 11.2 SaadJ' ~ 
215 284 Pa1bal8l'anl )(o*1Itode 5.60 0.01 14.4 14.4 11.2 SaadJ' 10_ 
216 285 OdUftllt1hatt,a Camlanore 6.50 0.', 84.0 10.1 5.9 :l.oIlIv eu4 
'217 286 Jilaanoer OaDllADON 5.90 0.12 69.6 16.0 14.4 SaalI' leaa 
218 287 !brJ.kU7oor Braaknla. 5.10 0." 96.4 2.4 '.2 SIIIMI 

~-~~~-~~~~~------~~~~--~~--.--~-~-~-~-~~-~~~~-~~--~~-~~~~~--~-----
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fatal. 1(.) _"Jml •• 
~~--.~-~-----~----~~~~~~~------~---. -~-.----~-~---.-------~~~~-----~------1 2 , 4 5 , 1 8 9 10 
~~~--------~~~~~~~~-~--~~- .. --~~~~---~--~~~~~~~-~---~--~~~---~-~~-------

2"19 288 Alabde CeM-Don 6.50 0.61 83.6 8.1 8.' LoaIII' ..... 
280 289 1l..ako'. Oennanoz-e 6.00 0.1, ,a.4 15.4 46.2 Cla7 
281 290 Chea'buJcJta'n !Jot_v 6.40 0.15 85.6 9.6 4.8 Le • ., aaD4 

182 291 l!Iabmdapuraa !lttGhv 6.6, 0.03 88.8 0.0 11.2 to..,. .... 
28' 292 J.q1lkka4\l fr10har 5.50 0.10 ".2 22.4 14.4 Sanq lou 
284 29' h1.b.oor !r1ohur 5.40 0.0, 72.8 12.8 14.4 8u.cJ.r loaa 
285 294 .elllldaannu ~1catar 5.'0 0.0' 60.0 ,.6 JO.4 ....,. olaT le-
286 295 11..,.. C8aMllOre 5.20 0.0' 56.a 19.2 24.0 ....,. -lAW 10_ 
281 296 IltU.lakk.ara !ltlo)lIar 5.~ 0.04 16.0 12.a 11.1 .. ..,~ 
288 291 XqJ J.raDp4. !r101lv.r 6.20 0.18 ".1 20.8 24.0 •• ..., el.tQ' lAta 

289 298 34 .... JlnaakalM 6.40 0.10 19.2 6.4 14.4 .. ..,~-
290 299 :t_il'lII" Can .... 4.90 0.05 eo.a 8.0 11.2 ....,. loa 

291 '00 ...... Oaam ..... 5.00 o.~ 66.4 19.2 14.4 ....,.1_ 
292 101 PJ.ll4111 .. • Jlnaakalaa 5.25 0.05 56.a 22.4 20.8 ....,. 01&7 loaa 

"' ,02 ...... c.manore 5.65 0.19 19.2 6.4 14.4 8&47 10_ 
294 '0' lItm4akkapa41 'frlobur 5.90 0.09 68.0 14.0 11.6 8.., loaa 

295 ~04 'Yalappa.4u trlcbw:o 6.90 0.08 12.8 11.2 16.0 S81147 10_ 

296 '05 .IbaItuJl4ap ursa trlchur 5.50 0.06 56.a 16.0 21.2 Suuts ola.r 10_ 
291 '01 AD:th!kk8du. !rlQ1lur ,.~ 0.04 62.' 1'.2 22.5 S8D4l' clq lea 

298 308 !-.anaherl frloaar '.~5 0.(11 66.4 ,.6 24.0 ....,. 01&7 1_ 

-~~~-~~~~~-------~-~~---~~~~------.-~~-~-~----.-.-~~-~~~--~---~~~-~-------
(GOD"". ) 
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~~~-~~~~~~~~~-~~-~---~~~~~----.---~~~--~----------~----~~----~-~~--.~-
1 2 , 4 S , 7 • 9 10 

~~~~~----------~-~--~~----~~~~~~~----~-~---~-~ .. -----------~~~~~~~~~-~-----. 
299 ,og Eot.b_pa. BrM'mlM 6.10 0.11 60.0 '6.0 24.0 8...,. o~ leaa 

~ ,,0 !bapJpl].aa B.rDakalaa 6.60 0.01 69.6 11.2 19.2 S...,. lea 

'501 ,,1 •• 11 IJma sll1 .... kul· 6.'5 0.05 96.8 1.6 1.6 ... 
'02 "2 !rieb .. 5.'0 0.10 72.a 9.6 11.6 .....,. loa 

'0 ", .llako4. c........,.. 6.50 0.04 ".6 0.0 6.4 I.o ...... 

'04 "4 ••• a1ban !r1eur 5.25 0.07 88.8 6.4 4.8 S8Il4 
,as "5 Cb1rala4. Knlaku.laa 5.6, 0.05 48.8 8.0 4'.2 .....,. ola7 
,06 ,'6 OllwJrkera !r1obur 5.85 0.06 6'.2 9.6 21.2 ....,. ola.r lea 

'0'1 "7 p~ CNma-.re 6.60 0.01 50.4 '6.0 "., • ..., olal" lea 

'08 "8 Mala fIo1_ .. 5.60 0.04 51 .. ".0 1T.2 ....,. oJa, ~ 
)09 "9 .l1ako4. 0uD ..... 6.00 0.14 72 •• 8.0 19.2 ....,lMa 
"0 ,20 .,.lNUn 1Jr1 __ 5.50 0.05 71.8 12 •• 14.4 ....,. le8a 

,11 ,'1 P....--1 !:rJ.Ghar 6.to 0.01 ,6.0 ,.6 14.4 .. ..,. l.oaa 

,,2 '12 ~ B.rDakalM 6.45 0.11 72.a 16.0 11.2 ....,.~ ,,, 'I) 1'aJJ.nap4. a-epore 6.~ 0.01 6,.2 16.0 2O.a ...., olaJ' 1_ 

"4 '24 oa ... u,tAatta O---ure 5.90 0.04 79.2 ,.6 ".2 ....,. l8aII 

"5 '26 .llako4. Caamanore 1.,a 0.04 72.8 16.0 ".2 • ..., lou 

"6 '21 ?OO'ftR Culltmve 6.'0 0.01 19.2 14.4 6.4 :Lo.., .... 
"1 ,28 I:aItJ U-pA. CUm-.. " 6.50 0.09 11.8 16.0 11.2 .....,. loaa 

"8 '29 lladattatbara !r1ohur 6.45 0.05 12.8 22.4 4.8 """1_ 
"9 »0 Aath.SJdrH. 1'r1e1lar 6.85 0.0) 72.a '6.0 11.2 Baa4T loaa 
~~~.-.--~-~~~~~---~~~----~~---.~~~---~~~---~-~~~-----.. --.. --~~~-.~------~ 
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taba 1(a) oont.1m&ed 

-~~~~~--~--~~~~~~~-~~~~~-~~~~-~-~--~~~-~~~-----~~~-~~~-~~~~~~-~~~~ 

1 2 , 4 5 6 7 8 9 10 
-~~~~~~~-~~~~~~-~~--~~~~~-~~--~~~~~-~-~-~~--~-~~~~~~-~~~--~~-~~~~~~~-~~~~~~~~~~~~~ 

'20 "2 Cb.1rakkaJdtode !r1obur 6.60 0.05 72.8 16.0 2.8 Sand 
'21 ", Mallakkara !rIchur 5.50 0.06 69.6 14.4 16.0 SazJ4y lou 

'22 "4 Aala1iboor Palaha1i 5.55 0.04 68.0 11.2 20.8 Sazaq 0167 10_ 

'2' "5 Pu1.hu.kko4u Palana1i 5.20 0.07 76.0 16.0 8.0 l.oaaT aanc1 

'24 ,., lhangat,t1rl Palchat. 5.'0 0.05 60.0 12.4 21.6 Sazaq oa, lou 
'25 '44 JCaDDAabra Pelchat. 6.50 0.'7 62.' 1,.6 24.4 Sazaq olBl' 10_ 
.,26 '45 Qleru'tb.uru tbI' !r1ohv 6.75 0.01 62.8 14.' 22.8 ~o~lo_ 
'27 '46 C2leru thura.., !r1ob.ur 5.10 0.01 60., 11., 28.4 ~ ola.r loaa 

'28 ,.1 Oheru ihuru_ !rIohur 5.15 0.06 18.1 12.1 29.2 ~ ola.r 10_ 

'29 '48 ShorJUll" Pal&hat. 5.'0 0.12 5'.' ".9 ,0.8 8eaq 01.,. 10. 
,,0 '.9 1a111Dcalpa4_ blab·" 5.10 0." 5,.1 28.5 18.4 Loaa 
,,1 ,67 Par~i:ara OaDImor. 5.20 0.27 41.0 26.8 ,2.2 Cla.r 10M 

"2 '74 'fhooftJElt'IDIDU CaDDenozoe 5.40 0.1, .,.1 26.8 '0.1 "la¥ 1 ... 

", 375 Quilaa4T ~o&h1kod. 5.65 0.15 .'.7 29.2 27.1 Lou 

"4 '76 Makal_ Xoahftocl. 6.55 0.10 9,.6 2.6 '.8 Sead 

"5 '17 PIl\hoor CaDpal\Ore 6.60 0.15 92.' ,.6 4.1 Sand 
,,6 '78 Qu11andy Kozh1ltod. 6.'5 0.01 44.6 2'.7 ,1.6 Clar 10_ 

"7 :580 Chengali CaImanore 6.20 0.01 74.5 15.' 10.2 S8lld.r loa 
,,8 :581 Per J.n&eaT81'llIdtara camanore 5.55 0.01 49.0 26.2 24.8 Lou 

"9 382 Bar1klam1 Xoah1kvd~ 6.70 0.01 81.6 15.2 ,1.6 Loaa.r sana ,.0 38' CA •• b11od. CaDDanore 5.00 0.12 49.0 26.2 24.6 1.0_ 

----~~~~~-~-~---~~~~-~~~-~~~-~~~~~~~~~~~~~~~--~~-~--~---~-~~~---~~-~~-------~~~~~~ 

(oent4.) c...n 

-" ""-



!able 1(a> ~t1Daea 

~~~~--~~~~--~~~-~~-~----~~----~---~--~~~~~~---------~-~~--~~-~--~~~~-~~~~--~-~~--~~~~~ 
1 2 , 4 5 6 7 8 9 10 
~~-~~-~~~~~~~-~---~----~---~-~~-----~---~-------~----~-----------~--~-~~~~---~--~-------

'41 '84 VaDgatt14_ Calln.Dore 6.40 0.01 65.4 9.2 26.4 S8Dd.r 0181' lou 

'42 385 KumlO ttu.lparaabll CuDanore 6.40 0.01 85.0 9.0 6.0 Loaav eand 

'4' ,86 Bella Cannanor. 5.90 0.01 55.9 16.9 27.2 San4.r cla.r 10 .. 

'44 387 Pall1n1.s8erl CSQmaor. 5.'5 0.01 67.0 10.2 22.8 SaDdJ' o~ 10_ 

'45 -,89 Per1n&.....,akicara Cann8llore 5.90 0.01 57.1 14.5 28.4 Send.r alar 10_ 

'46 '90 Kalll'a8svl Ca»MDore 5.80 0.05 85.0 4.8 11.2 1.0..., 8an4 

'47 '91 Papp1nis8v1 OalDl8nore 6.00 0.01 69.0 12.6 18.1 SandT 10_ 

'48 '92 Pantha~ .. lCo&b.1kod. 6.,0 0.01 66.2 18.1 15.7 San4.T 10 .. 

'49 '9' Kallancb1ra Cum.nor. 6.90 0.01 96.2 2.7 ,.1 SaJMt 

'50 '94 Ka13aa8e.r1 C&ml.nOl"8 6." 0.09 59.2 24.8 16.0 SandT loaa 

'51 '96 Bclakulaa Eos.hlkod. 5.'5 0.06 4'.1 36.1 20.2 Lo-
'52 '97 Peravoor CeaDaDor. 6.50 0.01 8'.5 8.4 8.1 1,0&117 8&D.d 

-

'" '98 Jladavoozo Eoah1kG4. 5.75 0.01 92.1 4.1 '.8 Band 

'54 '99 )fqgaf,Ud .. ~. 6.30 0.'7 92.0 '.9 4.1 Sand 

'55 400 ilallba Csxmanore 6.95 0.01 92.' '.9 '.8 SaD4 

'56 401 lIIaaba C8111l811ore 6.,0 0.01 92.4 4.0 ,.6 Sand 

'57 402 Meloor C811Xi8Do.re 6.'5 0.26 66.6 16.4 27.0 SandT cla.r 10_ 

'58 40, I.IaDgat.tidaa Carmuor. 6.10 0.16 50.1 16.8 .".1 SandT cJ.a.r loa 

'59 406 TiToor lCozh1ko4e 6.20 0.01 9'.5 3.6 2.9 Sand 

,60 416 P aclanaca&l4 Calmlmore 5.80 0.22 69.6 19.0 21.4 SandT cla,y lou 

,61 417 bllanch.t.re C8Im e.'lor • 5.85 0.49 50.0 15.0 '5.0 clay 10 .. 
.......... ---... ---...... ...-..-.-.. .....,--...-........... -... .....---.-.-.--.-.-------...-.-....-..---..,--................ ~~ ....... -... -~-..... ,...~------... -.. -.......... 

(OOJlW. ) 
c.,,'" 
~ 



!a1:»le 1(a) .. "1DU4 

~~~~~~~~~~~~~~~~~-~~~~~~~~-~~~~--~----~-----~-~~-----~-- --~~~---~ 
1 2 , 4 5 6 7 8 9 10 
-~~~-~~~~-~~~~~-~-~~~~-~~~~~~~-~~-~~~--~--~~----~-----~~~~--~~ 

,'2 456 CIl_1t1lo4. OsDJ1aDore 5.25 0." 59.2 24.8 16.0 SaDdT 1_ 

", 457 Papp1n1e"er1 CalUlRJlOre 5.40 1.18 12.8 12.8 14.4 SIlD4.r 1_ 

'64 458 MaDpt'\1da CaDJ1aJlore 6.50 0.62 69.6 11.2 19.2 SancJr 10M 

,65 459 5ar11rbml Eo_lltode 6.10 0.18 94.6 2.8 2.6 8 ... 

'66 460 B4akul.aa Xoshlko4e 5.:50 1.51 96.8 1.6 1.6 S8D4 

,67 461 Sr1kandapuraa Oannauore 5.80 0.18 10.0 9.0 21.0 Saac1.r olaJr loa 

,68 462 5.40 0.', 15.0 11.4 ,,_6 8.., l4t_ 

,69 4" Kr1".tt,1 CermallOre 6.20 0.14 9'.5 ,.6 2.9 8 ... 

"0 464 Ch_b11ode C8JlD8llore 6.40 0.20 96.2 2.6 ,.1 Sqd 

,'1 465 htbOOl' Camauore 6.20 0.21 65.' 10.0 24.5 ~olaT~ 

'72 466 Panllftor CaJmanon 6.90 0.21 96.4 2.4 '.2 8 .. 

,." 467 P.l"~akJcara Call-rAanore 5.10 0.11 '9.1 22.' '7.6 Clar loaa 

"4 468 .... eaa_ore 5.10 0." '9.5 22.0 38.5 ClaT 10. 

'75 469 .. 1001" CaJmanon 5.00 0." 88.0 6.5 '.5 LoaIV' II8J1t 

,,6 470 Jlar:lpttid8J1 Cetmal10re 5.65 0.40 69.6 11.2 19.2 Saaq 10_ 

'77 471 Oh_b1le4. 6.80 0.,1 19.6 12.4 S.O 8..., loaa 
~~~~-~~~~~~~~~~~~-~~-----~~~~~~~~~~~~ ... -----.~~-~~~~~-~--------~ 

( .. l1td.) 

CJ1 
l'\.. 



f.bl. 1(a) ooa~iDDe. 

~~~~-~-----~-------~~-~--~~-------~--.-.-.. -.-.. -~-~~~~~~~~~---~-~------
11. _,1. Pla .. • f :B1.v10", ,11 B.O , f.x'Wal 
Bo. Bo. ..l1eo~1on .""".1_ 01 ..... 
~~~~~~-.---.. ~--~---~~~-~----~~~~~-----~~~~-----.~------~~~~~--~~~ 1 2 , 4 5 6 7 
------~--~~~~~--.------~~--~~~--~~~~------------~---~~------~~~~--~~-~~~~ 
'78 ", .... or C"Jrnanor • 6.65 0.06 8aa4T loaa 
'79 '" !lluaaab-"- Pal.pat. 5.45 0.06 -.., oJ.a.r 10-
380 "1 PaJ.pa~ 6.10 0.06 • ...,. 10. 

'81 ,,a PalPat. 5.50 0.09 ....,. olal' 10_ 

'82 "9 .... ,.*1" .... Pal&taat. 6.40 0.26 8-'T~ ,8, '40 Eo4...,oer PalaU"' 6.50 0.28 ...., loaa 

384 '41 "aleT" ,,- :ra1pa" 6.6, 0.25 • ..., o1a.r 

'85 '42 '--1t ...... :ral&bat 6.25 0.1, .... 
386 '50 .... 18 • ..,. 5.20 o.en .811 ollV' loa 
~ '51 PerJ.atlaaluJgaa JIala" ... 6.40 0.01 s...., oJ.a.r lou .,. '52 .u,akIal •• 'al&haft 6.60 o.~ 8-'T ol.a-r 10_ 

'" ", Bb.o.nmr Pal&ba' 6.60 0.003 &au.dT o1a¥ loa 

'90 '54 K1sbakkaD.ob.er1 Palabat 5.10 0.01 San47 ola7 1_ 

'91 "5 
I __ lara :raJ.&b,.' 5.60 0.08 8BD4T 01.., l.oaa -----

'92 '56 X .... 11a.aer1 Pal&b.a~ 5.80 0.01 ClaT 1 ... 

", "1 n"akUDohe.r1 Pal,pa' 6.60 0.01 S8114 

"4 '58 Qle.ru 1ihun'UlT !r1ohur 6.'5 0.10 SaM 

'95 '59 Qa_b1lo4. CUmanore 6.15 0.09 SandT ola.r 10. 
,,6 ,60 P ..... kU. CUmauore 5.90 0.'2 BaadT ola,r lou 

'91 ,61 Sr1UD4aparaa Oumanor. 6.25 0.01 1.0.., aaD4 

'98 ,62 aa.lt1lo4. Cezga-Dor. 6.40 0.01 8anq olaT 10. c...~ 

"'-. 
-~~-~-~~-~---~~~-----~-~~--~~-~~~~~~~~~-~~~~-~~~-~~-~~-~~~~~~~~ 

(OOll'W.) 



ra.l. 1(a> eont1ll •• d 

.. ---...... -.... ~-.... --,.,.,.., ............... ---------... -... -.... ~--.-.-~------~ ... --~-.-----.. ----... --~....-...-------........ --
1 2 , 4 5 , 7 

... ------~ .... -..-.~...-... -.-. ..... --.. --........ -~ ..... ~ ... -.. -----....... ---...... --..... ~ .. .......-.--... -----------... ---------........ .-.-... .......... ~ 
'99 ", Papp.1D1 •• v1 CanDUON 6.10 0.01 8aD4.r alar lou 
400 '64 lCuzmo'Ulupar __ calmuor. 5.80 0.01 88.D4.r alar 10-
401 ,65 ....... Cazm-nor. 5.50 1.42 LoaIV' a8D4 

402 ,66 v •• t El.r1 Cannanore 6.10 0.01 SaD4 

40' ,68 ICmmo'thupar __ CanDaDON 5.50 0.15 San4.r lou 
404 ,69 1hoo'f'8kkQlU.lU OannllJlON '.80 0.82 Loaa.r .... 
405 '70 bl.rauer1 08J'.11'MOn '.50 0.06 clal' loaa 
406 '71 Pa1Aoor Oam ... N 5.85 0.01 ~ ola,r 10M 
407 '72 Pe~ra ca..O" '.60 0.16 Ola, 10M 

408 ," hll1Jl1.av1 CuD"" .. 5.20 0.14 SBD4.r ola.r 
409 '79 Br1Jr.aD.cla paraa Ca_pore 5.6, 0.01 Sa4y 01&7 10M 

410 388 8r1k8D4a,araa oa..aaore 5.15 0.05 8aD4.r olar 1_ 
411 '95 lMaIallaa ICe Ma ••• 5.80 0.08 8aD4.r loa.. 
412 405 QallaDq Xosh1ko4. 6.00 0.01 Lo-
41' 401 KalT·aaer1 CeDlJ8uor. 5.90 0.1, laac1T lou 

414 408 Xallanohira CUmaDon 5.45 0.06 Lo.., aaD4 

415 409 Br1aer1 OaanaDore 6.65 0.06 Sand. 

416 410 Per~akkara CaDnanore 6.20 0.38 Loaa.r .&D4 

417 411 Jlanptt1c1 .. CABmmore 6.20 0.,1 Sand 

418 412 E4akulaa l:o&h1ko4. 6.65 0.1' La..,. .... 

419 41, Ch_b1104. 08JmBPor. 5.60 0.08 8aD4.r alar 10-
~---~-~---~~-~--~~~--...... ~-------~~-------~--~~~~--~~~~~-~-~-----~~ 

(oonU. ) c...n 
!of' 



!aDle 1(.) oon'1Dae4 

~~~~~~~~~~~~----~~~.~~~~~~-.-~~~-~---.-~~--------~~---~--~---~~-~~ 
1 2 , 4 5 , 1 

... -......... ...--.... -.... ........ ---.... .........-----.-.-........ -~~-----... ~ ......... ----.... ----... ... .....,--... --.. -....... ---.-~ .. -.-........ 
420 414 P.llJ.Ill.-.rl c:apaUN 5.40 0.11 s.d 

421 415 'Pbuikka4 ...... caIlD_Oft 6.60 0.06 Saa4 

422 418 JIaa .. OallDADon 6.'5 0.01 S8Dd 

42' 419 B7Yayoor Cazmanore 6.'0 0.01 Saad. 
424 420 Kurmo ua.panalN Cannano" 5.15 0.01 88D4.J ola.r lou 
425 421 Qa1laJJ.dT ~ollbJJt". 5.lO 0.01 San. 
426 422 .... OellDaDore 6.65 0.06 laacl 

421 42' CeananoN 6.40 0.26 88114 
428 424 Par,_..,..kkan CaaDAMN 5.80 0.10 14..,. ... 
429 425 Pu1ib.oor CunaDore 5.80 0.01 ....,. 01&7 10aa 
4,0 426 P.llIDI ••• 1 CUD-DON 6.25 0.06 8.., ela.r 10-
4,1 421 h'Uloor CUD.nON 6.85 0.01 8884 

4'2 428 .... "eab_on 6.00 0.17 &aa4.f 0l.a7 10. 

4" 429 PU"~.kkVa ONmMo.n 5.90 0.01 clas 10-

4'4 4,0 l.,.arl1amSl'11 .*1k04. 5.85 0.19 Sa;adJ' 01.,. 10. 

4'5 ." ICalT· .... 1 OaDDano.re 5.80 0.01 Loaa 

." 4'2 '"YaYoor Cawm.aON 5.90 0.48 88DCl 

4'7 4" Ctl4lDpl'1 C8anuore 6.10 0.01 Sand,J c la.r loaa 
4-,a . ,. Qu.1l1mdT ~ostUk04 • 6.20 0.06 Sand7 oa, 10_ 

4" 4'5 MaDp,U4aa Celln_ore 5.~ 0.70 10_ 

440 4" D.\araaclaa OaIlDanore 6.40 0.59 Bawl .. -.............. -.... .......... -... ---........ ------.-.-...-.-... ....... --.. -~ ........ ~.-..-, .... ~----.. -----~- ... -.-.--.. ----........-.. ------.--.. ---~ 
(oonw.) 

c..~ 

~-



!able 1(.) ooat..taa .. 
............. ____ .. ____ .... ....--....,._~ _____ •• 1 I, ______________ - __________ • __ .......... _______________ • _ I 1 _______ 

1 2 , 4 5 , 1 ... ___ • __________ .. _._ •••• ___ r 

--.---~-- ... --------------.----------------.--------~--~------
44' 4'1 QailllJl4T 6.20 0.10 ....,. o~ 10_ 

442 438 Qa1laD.&\r IosllJkoc1. 6.00 0.)0 8a4T 
0_ 

1_ 

44' 4" hl.r .... l CaIlMllON 5.90 0.01 ...., oleT ~ 
444 440 :r.111» 1. ... 1 6.40 0.08 I.e ... .... 
445 441 6." 0.'" LoaIv' .... 
446 442 6.80 0.05 .... 
441 44' 6.40 0.14 LoaIv' .... 
448 444 .... YOO.r 5.80 0.01 I.e..,. .... 
449 445 ..... "Udaa caWS_" 6.10 0.14 I.e .... .... 
450 446 .... 1_ Eoldllk04. 6.00 0.17 ...., -119- ~ 
451 441 ....... K •• 1 ..... '.1' 0.40 ClAWle-
.'2 448 ...... ,.10 0.12 I.e .... .... 
.5' 449 hsbJ.tet. '.SO 0.18 LoaIv' .... 
454- 450 .... ca. • ..,.. 6._ 0.08 ...., oa, 10 • 
455 451 CDlU'1104. ONmaore 6.90 0.004 LoaIv' 88Zld 

456 452 •• leer Oazmanore 4.20 0.21 SaM.r leu 

451 45' Chentawu 'UIT !l"lohar 4.80 ,." Leea 

456 454 Pappin1 .... 1 OeJmaD.ore 4.80 0.01 Loa 

459 455 Oh_ltlle4. Ceu ...... 6.50 0.56 laM 

460 412 Pa1iAeOl" Ce-non 6.40 0.1, ClaJ' leu 
461 4." lIM • Oa .. -.re 6.00 0.01 r.o_ 

... -~-----------~~-~~~~~~~~~~~~~~~~~~--~~~------~-~~~~~~ ... ~~-~------
(ooa .... ). 



table 1(a) eont.J.nuecl 

~~~~~~~~~-~~~-~-~~~-~~--~-~-~~~----~~--~---~-~------~~~~~~--~---

1 2 , 4 5 6 7 
-----~~-~~~--~-~-~~~--------~~~---~~~~~---~~-~~~~-~-~-~~~-~---~--~ 

462 474 Kal¥a •• er1 C.DDanoN 5.50 0.01 San4.r 10_ 

46, 475 Edakulaa rr10Aur 5.00 0.07 SandI 10_ 
464 476 Ch_bl104e CaJIPADoH 5.90 0.07 Sazu1.1 10_ 
465 477 1al¥888V1 CamYl.JlON 5.80 0.01 Band.r lea 
466 478 PVingM'YBl'aldtara 08DJl8llore 6.00 0.01 Lou 
467 479 lCallanohira g,q,nenore 5.26 0.17 San4T 10_ 
468 480 Alak04e Ca:Dnanore 6.00 0.08 Sandy olq loaa 

469 481 p" t.hukkocla Palgbat. 6.45 0.01 SandT loaa . 
470 482 MW.laltlcara tr10hur 6.00 0.12 Loaa 

471 48' Mat"nelapuna fr10bur 5.50 0.01 LoaIv .... 
472 484 hU .. l:osb.1kod. 6.,0 0.11 S-dT 01. 10_ 

47' 485 Vala,rar 4_ PaJ.&bat. 5.50 0.25 San4.r 10_ 
474 486 VjJ'oor KG_iko •• 5.40 0.01 San4.r lou 
475 487 Pu1.hoor C8llD8lJore 6.60 0.01 Sand 

476 48B Pan1halaT- ~m1Ir:oa. 6.50 0.40 Sandy lou 

477 489 QllJ.l8D41' ~*1kod. 5.40 0.01 Lomq II8Il4 

478 490 E4akulaa l:ozh1kode 5.40 0.76 Sand;y 10 .. 
--~~~~--~------~~--------~--~-~-~~~----~~~~~-~--~-~~~-------~~~~~~~~~~~-~-~-



~Dle 1('b) General oharaowrl.t.l •• of .011 •• 1.0"-4 for traetlcmaU. of orp.D.1e 
ut.t.er 

~--~--~~-~-~~~-----~---~~-~----~---------~--~-------------~----~--------~~~~---~~ 81. SaIIpl. PlaM of Dl.vlo", pH B.C. JleobaD1oal --l.r.l. !ex",,"l C.B.O. .0. Bo. ooll.oU_ ~O./ 88114 811t. Cw ola •• •• /100 • 
~ ~ ~ 

-~---~-~-----~-----~--~-~~~~-~-~~~-~-~~--~~-----~~~-~~---~--~~~~~~----~--~~--~---

479 , Pat.t.aa'bl Pal.at. 6.95 1.'7 61.6 12.8 25.6 8..., oleT '.7 
10_ 

480 '4 1:a4akkwoor !r1ftD4r1a 5.50 0.15 76.0 16.0 8.0 SIIIU\r lMa 4.6 
481 51 :a8DDl Qu1lon 5.'5 0.10 12.8 12.8 14.4 88J1d¥ leaa 4.1 
482 52 Klshupar __ .. lapp .... 5.90 0.20 64.8 14.4 20.8 Buq ola,r 4.2 

leaa 

48' 59 Pama1700r OMPlQlor. 5.00 0.20 50.5 6.4 ~.4 Se.., ola.r' 5.0 

484 66 B11e ..... cazm_ore 5.20 0.11 88 •• ,.2 8.0 .... 0.8 

485 84 04-k;JraU ..... 1a&l.M 5.00 0.01 69.4 12.8 14.4 • .-, 1.- 1., 
486 88 ~oo.r I4akIU. 6.65 0.15 56.5 2'.0 20.5 8...,. ol.a,r 5.1 

lou 

487 89 Pta 'Ulapalll' 1:0""-1'- 5 • .,0 0.15 6,.6 12.8 17.6 SBD4T 10- '.8 
488 91 Otb.ara 111e,pe1' 4.95 0.1, 41.4 20.2 '58.5 Cl.a.r 10_ 1.9 
489 ,06 AD1ib1kkaclu. !r1abur 5.70 0.03 56.8 20.8 22.4 8aadT ola.r 1., 

lou 

490 '25 ChaYllkltadu. !rloAUI' 6.40 0.07 88.8 6.4 4.8 Band. 0.6 

~~-~~~-~-~~~-~---~~~--~---~~~~~~~----~~~~-~~~~~-~-~~~-~~-~~~~~-----



Tabl.,. a_val ollarao_r1."10. or eo11a (rang •• 8D4 •• ana) 

~~-~~~-----~~-~~---~-~~~~~~~~~~~~-~-~~~~~-~~~--~-~~~-~-~~~-----~--

So11 Orpn1o oarbon pooup !ex~ croup 
popert.! •• All .011. 

Low .. 41_ H1gb SIIDCl :r.o··'ola,r -........... .-..-.-------~-.. ---..... -----~--...-----.-..~-.-~~------... -.. ~--~-..-.----..... ~----..... --_ ..... _-----.....-.-
pH 4.20-1.60 4.15-7.60 4.20-1.20 4.60-7.~ 4.60-7.60 4.20-7.40 

( 5.94) (6.04) (5.85) (5.75) (6.12) ( 5.86) 

I.e ~~o., 0.005-1.570 0.005-1.260 0.005-1.570 0.00'5-0.820 0.005-1.570 0.003-1.'70 
- (0.165) (0.144) (0.18,) (0.152) (0.146) (0.194) 

0.0 • 0.21-4.81 0.21-0.99 1.00-2.00 2.01-4.87 0.21-,.19' 0.,2-4.87 
(1.25) (0.71 ) (1.'4) (2.82) ( 1.0') (1.,1) 

.~ 0.026-0.5" 0.026-0.165 0.05'-0.,19 0.099-0. "4 0.026-0.417 0.012-0.", 
(0.138) (0.090) (0.149) (0.25) (0.11,) (0.151) ... 0.004-0.038 0.004-0.027 0.004-0.0:51 0.004-0.0:58 0.004-0.028 o. 004-0. o,a 
(0.016> (0.012) (0.016) (0.024) (0.014) (0.068) 

Ola.r • 1.6-4'6.~ 1.6-,6., 1.6-fMJ.t. 4.8-'9.1 1.6-11.6 4.~ 
(16.49) ( 15.12) ( 1".65) (19.~) (8.86) (20.98) 

on 4.11-25.44 4.68-25.44 4.17-20.80 5.58-20.52 4.68-19.74 4.17-25.44-
(9.2,) (8.19) (9.68) (11.26) (9.11) (9.25) 

C,d 18.62-4,6.22 18.62-165.,1 ,1.67-282.76 34.12-4,6.22 18.62-4)6.22 27.51-,17.98 
(81.68) (60.87) (94.,0) (1,1.81) (95.25) (80.65) 

B'd 1.88-29.28 1.88-22.14 '."'-29.28 4.5-25.65 ,.05-29.28 1.88-24.81 
(9.24) (1.14) (11.17) (12.52) (10.18) (9.1,) 

-~--------~-------------.. -..... ~---.-.--........ -----.. -----... ---... --..... -... -----... -------------.-. .... --... ~ ............. -----....--.......-
(!h. ftlu.. 1n parent.h •• 18 are •• ana) 



\h. 1& 1e.rl '\e an4 18 tvl1.l0 al1\tYl_ were inolud.. tor the 

et.udJ" and 1ibe a •• Val _ alta11lle e.l1e of Obl tt.oor !alB 

vera DO" r.pre .. nud. All '\B. eoll. ..leoW tor tb.. et.wt.r 

ve. nOD_line. .l •• ki_l .GUuti .. 1 t.r ft.uc1Dc fr .. 0.003 

\0 1.57 .'{ .... /_" .lao. the 8&l1De ae well ae the probl .. 

•• 11e were aot. iaola4ed udv ttl. e'tuq. It va. • •• n 

(Taltl. 5) inat. 1D leneral tAe pH of tn. aol1 vas eitpl1fl

ean~ Ul4 neptlv-l¥ oorrelaied w1 tb ~e totsl orsenic 

bu 

oar ... (.Pia. 1 ), t.ot.al AJ.1.ro&en (Fig.2) and available n1 't.rogen 

(.1&.') of ~. aoJ.l. Inona .. d .oo_latlon of orpn1o _"t.r 

in 8011 WAdeet ~ cleare.e. t.b. 8011 pH due '" relea.. ., 

orpnt.8 .01et. clur1l&c lbe 4eooapeel'Uon of organio aat.wr 

(RuMll, 19"). :.l.be relaUoasll.1,p beween pH and total oz 

a .... ileble n.l'iro,81l. 18 onl¥ \lle OOllsequenoe of the relat.1on1blp 

be"' •• n pH 11114 o.rpm1c aa t.'tor exgla.1Dad a bon. Wh-....r a 

•• 11 oonia1ne 4J.ab.e.r .oua". of oz-pzUc &Bt.t.er 1l8\uralq it. 

w111 oontain hlper _oaie of _.1 or ..... 11abl. n!vopn 

elno. orPlli •• ait."' 1. '\be .... _ eOU'oe of n1 vo,. 111 .011. 

'l'h8Nfor- UT ,arata_t.v vh10h 1. oorrelated with th. orgaa1o 

.a"tn of the 8011 w11l al ...... oonrela'iec1 wl tb th. t.o,\&l or 

a .... llall1. n1 voa- of .. 11. Ike eleo'ktlG&l oODduoU ... l" of 

t.be 8011 va. t.ael 'to be .1 .. 1110 .. :\].., an4 • ,a "1 .... 11" .. zore

la.4 wl11l pH in the .... 8WIOI7 of aoU.. In '\h1e vpe of 

.011a probabll' 4_ '\0 exv.e leaob.1Ds .. 4 dra1Dage tn. ".lIDt 

ot .xebance.b1e .lou and aolu)le _1'\8 ret.aiDed 1n 8011 18 
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bi 

TV7 1l.&l1a1Dl ... a •• "'8U." 1M.. ..11. He18ter low 

.al ... tor .leoV1oa1 ....... "1.1'" ... r.1a"1ftl¥ a1gbv 

ftlwt. tor •• 11 ,H 4 ................ pn ..... of bT4roPA 

101111 .. henoe til ..... "1ft oon.la"loa MW •• ,H aa4 B.C. 

m .811.4. !Ia •• le.v1 .. 1 0011411."1.1 V of •• .... oa •• 0.17 

of .011 1. oa.l¥ O. 146 .~"'.I_' aM ill. oone8''''1DI 

.... 1.. tor ola,r 11_ ... ...,. va. 0.194 •. '''''~/-''. 81a.llarll' 

~ ..... ,II 'ftl. .. fer ... ~ ...... &01'1' of .. 11 va. 6.12 

whl1. til. alal'/lo- ea • ..". of .011 ib.. • •• ftlll. va. 5.86. 

th ... ob .... ilona .,part. ;~1b. tao'\ '\ba" .. DdT 8011. 111 

.. ural re .. 1ae4 le ••• xob ..... ble 10u lno1a41DC hl'4ro,.. 

1_ ... vater •• labl. aalte __ , 1A. 801la .. leow4 tor 

ill. a'ilu!T. 

!h ..... n1 .. 1 anal¥ala of .. 11 prea.:\84 1a 1'abl. 1 

","a1ed 'Ula" •• , of 'Ul. 490 _,l.a .. 1.0_4 tor ~. aW&\r 

141 were aaDd. ,.0 vere ~ aDd 9 were ola.r 1n tea'\u'a • 

• a" ot ill. aoU. ,r.4_1M te4 111. tb.. eaad traO,\lOll au a. 

a ra.ul" n-. illa 10_ aDI olas. vve aa4.T in u'iu.re. !he 

ola,r oon'WD' ot .a .. 11 reIICH r ..... 1.6 '\0 4'-' pu ...... 

vi ill a • .an 'Y8l. ot 16.49. A8 alre.., •• wd th. aolla vare 

p-oap •• ill tMo _'M,orl •• _.l.r, 1) ... and (2) 10aaJola7 

1n or ... '\0 uaa1M 1I:ae .. 11 proper ... tu41a4 1». '\b. _x'\ural 

sroup ••• para'\ell'. 'fb ... vere 141 .. u. UDd .. t.b •• ana. 
--aor.r l1li4 '49 8011 ....... l_/olaT oawI017. !h. 1_ 



8Il4 elaTe vere pui taw • eJ.qle O8teCo.I'1' a.t.noe '\here vel". 

oJ1l.y 9 e011. 111 the ~1 ola.. of olaf' an4 aOHOYe.r 

1"8 tiDe. fOl" orpn1o ........ .. .ft1ls ble DJ. wo,. followed 

• a011 •• 1;.t.na laDva"! ••• f 1ibe ataw le ... e ter olaT. 

aDd. 10... ttle ola,r oonwat .f 'the aoll vaa foUD4 t.o be 

a1pJ.t1oan'Ul' an4 p •• 1 t.1ftl.r eonelated vi fA tne oroan1o 
• oarboa oontent of ~. 8011 (,-0.1282 ) when aU '\be aoila 

vere ,001.4. Bov...-.r. tAe oo.ttlolut .f oorrelailOJl "'\v •• n 

orpn1o oarltoD an4 01.,. ooa"-,\ vae DO" eJ.p1tlO8DilT corre

ls tect in dUt.rent. aroap. .f •• 11 e .. iDee! •• paratelT. It. 

1_ qui- _t.val t.hat. ola.r •• U ... alvaTa .e.oola1ed v1tb 

lUibU' _oUl'1i. of orpn1o .. "...... OoUlt.1ou vh10la noraall.r 

help the ao_leUon 01 olal' tn."l .. alao I&TOur ... 

aoo._lat.l •• of _pnio utter .1aoe .... _ are -1Dlt' .. Uol

•• 1 1n _tun. •• par 'Ule 1.t.1ll V rau.a of the 8011 

W."lDB laboratorle. ot _. _.te ol.a.r 8011 1. coa.14e.re4 

t.o " •• 41_ ill OI'pnJ.o .. ,ter va .. 1 i 001):\&1».8 0.5 pel" Gent 

or_l0 oarl»oA vllee •• a • ...., .. 11 1. GOUldeN .e41_ in 

orpnJ. •• attar nezt. vll8D. It. ooa""iIl. 0.' par Mn" orpni. 

GarDoa. 

Data OIl l4e oont.en" of O.I"suJ.o O&rMn. 1.0_1 »J. vo .. 

aJl4 ... 11&lt10 a1 t.re... .onteDt of .011 ancI .e1l" .r& t.l.. a.r. 
".Hn.4 111 !able 2. Their .... YIl1 ........ .rauce- are .1T_ 

1n 'abl. ,. 



UV 

!altle 2. carMA111ih_ relatlonah!p of 8011 

~-~-~-~-~~~-~~~-----~~-~~~~~~~~-~~~~~~~-~-~-~~~~-

So11 01' •• 0,& .1Wo,,_ aauo. 
_,1. • .0. Total A"1- c~ O/d X,d 

labl • ........ -....... -....... .-..-.-........ -----~ .... ------...-.......... -----........... ~ .......... ~-..... -............... 
1 2 , 4 5 6 7 

-~~-~~-~~~~~~-~-~~~~~~~~~-~~-~~-~~~-~~~-~~~--~ 

1 1.54 0.118 0.012 ".09 12,.60 9.44 
2 0.84 o.01a 0.019 10.80 4'.56 4.00 , 1.19 0.161 0.015 ,." 81.44 11.10 

• 0.98 0.165 0.012 5.94 82.08 ".81 
5 1.26 0.196 0.012 6.40 10').05 16.09 
6 1.01 0.14' 0.01, 8.20 90.12 11.1, 

1 1.95 0.26, 0.020 1.44 97.56 1,.11 
8 0.67 0.112 0.006 6.01 80.91 ".49 
9 1.56 0.141 0.012 10.60 125.12 11.85 

10 1.'9 0.112 0.012 14.19 ,,6.50 9.62 
11 0.12 o.art 0.010 9." 71.29 1.56 
12 1.,.. 0.092 0.016 14.98 85.87 5.1' 
1, 0.80 0.054 0.011 14.18 ".96 5.00 
1. 1.41 0.082 0.018 11.86 84.00 4.10 

15 1.22 0.098 0.008 12.41 149.21 11.91 
16 0.94 0.144- 0.014 6." 66.94 10.22 
17 0.8, 0.119 0.012 1.00 68." 9.11 
18 0.46 0.059 0.007 1.80 6'.91 8.20 
19 1.09 0.1" 0.010 8.21 104.50 12.1' 
20 1.5' 0.12' 0.010 12.50 150.51 12.0' 
21 1.38 0.110 0.018 8.12 18.'7 9.6' 
22 0.91 0.161 0.018 6.02 55.09 9.15 
2' 0.88 0.116 0.012 1.64 72.46 9.48 
24 0.'2 0.0)2 0.009 10.21 '4.77 ,.40 
25 0.15 0.10, 0.012 1.29 65.5' 8.98 
26 0.15 0.102 0.010 1.42 75.91 10.25 
21 0.70 0.140 0.019 4.91 '5.95 1.2' 
~~~~~~~~-------~~--~~-~-----~~~~~~~--~~-~~ 

(ooat.4. ) 



'table 2 o.'imaM. 

-~~-~---~---~----~--~-~-----~~-~~~-~~~------~~-~---~----~-~~----1 2 , 4 5 6 7 
---~------~-~~-~----~-~---~-~~-~-~-~-~-----------~-~~--~----

28 0.77 0.112 0.012 6.86 65.92 9.61 
29 0.51 0.012 0.006 7.09 aO.,8 11.40 
,0 1.18 0.071 0.010 16.41 115.64 7.05 

" 1.38 0.116 0.012 11.96 114.66 9.58 

'2 0.42 0.149 0.009 9.51 150.55 15.8' 

" 0.6, 0.066 0.008 9.41 84.'1 8.81 

'4 0.42 0.046 0.001 9.28 57.16 6.16 

'5 1.28 0.014 0.015 11.40 87.80 5.07 
,6 1.'2 0.147 0.009 a.96 149.69 16.61 

'1 1.18 0.124 0.01, 14.'2 140.15 9.19 
~ 0.92 0.106 0.010 8.66 95.19 10.98 

'9 0.80 0.110 0.010 1.47 90.19 12.16 
40 1.9' 0.252 0.018 1.64- 107.55 14.08 
41 1.'1 0.186 0.021 7.41 65.15 8.85 
42 0.94 0.0'7 0.015 25.44- 60.18 2.'9 
4' 0.91 0.126 0.011 1.71 58.62 1.64 
44 1.07 0.110 0.01, 6." 80." 12.10 
45 1.28 0.164 0.016 6.96 11.86 11.20 
46 0.84- 0.1'58 0.011 6.07 48.'4 1.97 
47 0.99 0.151 0.018 6.56 56.'9 8.60 
48 0.12 0.095 0.011 1.64 68.26 8.9' 
49 0.50 0.058 0.009 8.61 56.24 6.5' 
50 1.'1 0.180 0.015 1.62 90.09 1'.a, 
51 1.5' 0.220 0.021 7.04 12.9' 10.'5 
52 1.2, 0.168 0.019 7." 65.86 8.9' 
5' 0.76 0.112 0.012 6.11 61.66 1.10 
54 0.80 0.112 0.015 7.14 54.79 1.67 
55 1.26 0.168 0.016 1.50 80.24 10.10 
56 1.06 0.158 0.018 6.74 58.'4 8.65 
57 0.72 0.091 0.011 7.9. 4'.51 5.48 
56 4.81 0.445 0.025 10.8' 189.81 17.55 

-~--~~---~-~--------~-----------~~-~~---~~---~-~------~~-~----
(oon14. ) 



bJ 

TaDl. 2 oontJ..m&e4 

~~~-~~-~--~--~~~--~~~------~~~---~-~~--~------~-----~-~~-----
1 2 , 4 5 6 7 

--------~--~------------~--~~--~-~------~~-~--------~----------~ 
59 4.09 0.,62 0.024 11.29 170.40 14.29 
60 ,.07 0.417 0.024 1.,6 129.10 17.54 
61 ,.15 0.295 0.026 10.68 120.27 11.27 
62 2.21 0.2'2 0.025 9.56 a9.15 9 • ." 
6, 1.41 0.09' 0.008 15.12 169.04 11.18 
64 0.'5 0.046 0.008 7.77 44.85 5.76 
65 1.49 0.156 0.018 9.55 85." 6.9' 
66 0.28 0.060 0.007 4.77 4'.02 9.0., 
67 1.50 0.157 0.015 9.59 99 • .,6 10.,6 
66 0.84 0.085 0.008 9.89 105.76 10.70 
69 1.78 0.155 0.014 11.54 "2.10 11.44 
70 2.,6 0.201 0.020 11.71 116.65 9.96 
11 ,.09 0.2'4 0.019 ".21 162.82 12.'2 
72 0.'7 0.06, 0.011 5.66 '4.97 5.89 
n 0.69 0.061 0.011 1.86 '9,80 5.06 
14 0.84 0.126 0.021 6.70 '5.45 5." 
15 '.56 0.382 0.0'58 9.'4 95.00 10.17 
76 2.'7 0.189 0.020 12.57 120.98 9.64 
77 12.72 0.421 0.025 11.05 91.20 17.,6 
78 1.16 0.090 0.009 ' 12.85 128.60 10.11 
79 4.87 0.459 0.019 10.6, 157.11 24.18 
80 0." 0.067 0.008 12.68 ,6.85 7.87 
81 0.80 0.095 0.014 8.47 56.98 6.7' 
82 0.66 0.086 0.012 7.68 56.40 1.'5 
8' 1.,8 0.100 0.015 ".78 ".67 6.65 
84 1.16 0.121 0.017 9.6, 70.19 7.'2 
85 0.'9 0.064 0.012 6.02 '2.41 5.'9 
86 0.61 0.089 0.011 6.88 54.60 7.94 
87 0.94 0.138 0.014 6.82 64.71 9.85 
sa 0.61 0.091 0.015 7.38 46.08 6.25 

-----~----~~--------~~~~-----~---~-~~--~-~--~----------~~~ 
(oontd. ) 



table 2 oon'tiluled 

-~~~~~~~-~~~-~~~~~-~~~~~~~~~~~~~-~~-~~~~~~~~~-~-~~~~ 

1 2 , 4 5 6 1 
~-~~~~--~~-~-~~~~~~~~~~~---~----~-~~--.--~~~~~~~~~~ 

89 0.71 0.105 0.016 6.80 45.29 6.69 
90 1>.14 0.206 0.026 10.40 84.0, 8.08 
91 1.94 0.240 0.022 8.10 88.75 10.95 
92 1.74 0.210 0.024 8.10 72.98 8.82 

9' 1.87 0.091 0.019 19.'9 98.70 5.09 
94 1.9' 0.126 0.021 15.,1 90.29 5.90 
95 1.86 0.242 0.0,. 1.69 54.'0 1.06 
96 1.86 0.196 0.021 9.48 86.78 9.16 
91 2.00 0.18g 0.024 10.58 61.11 1.1' 
98 2.20 0.208 0.021 10.56 100.50 9.52 
99 1.6, 0.207 0.021 8.16 78.81 9.65 

100 1.12 0.112 0.022 10.0, 51.07 5.24 
101 0.41 0.056 0.006 8.'5 51.72 6.91 
102 0.7' 0.098 0.011 7.41 41.80 5.64-
10' 1.01 0.147 0.01' 6.90 6'.81 9.97 
104 1.04 0.1" 0.011 7.85 98.20 12.50 
105 1.01 0.161 0.008 6.66 ,.,9.,2 20.90 
106 0.86 0.119 0.012 7.25 ".79 10.18 
107 0.9' 0.109 0.010 8.55 88.46 10.'4 
108 0.95 0.140 0.009 6.78 105.52 15.55 
109 0.'1 0.'"9 0.006 9.61 59." 6.20 
110 0.66 0.,,0 0.01, 5.06 49.18 9.84 
111 0.94 0.1'0 0.016 1.2' 57.10 1.90 
112 0.67 0.086 0.011 7.65 61.48 8.0, 
11, 0.96 0.091 0.014 10.5' 66.77 6.,. 
114 1.12 0.12, 0.009 9.11 121.12 ".27 
115 0.66 0.011 0.014 8.51 41.96 5.64 
116 1.09 0.091 0.006 11.,6 '10.80 14.29 
111 0.58 0.126 0.01, 4.61 44.56 9.68 
118 0.94 0.102 0.007 9.29 128.22 ".81 
~~~~~~~~~~~~~~-~--~---~~~-~~~~~~~~-~~~~~~~~~-~~~~~~~--

(oOl1t4.) 



b I 

Table 2 oontinUed 

~~~~-~~~~~~---~~~~--~~---~-~-~~~~~~~~~-~--~--~----~-
1 2 ., 4 5 6 7 

~~--------~---~~---~~--~-~-~-~~--~--~-~~--~------~---~~~~-

119 0.67 0.116 0.012 7.55 72.02 9.56 
120 0." 0.028 0.009 11.0, .".68 ,.05 
121 1.12 0.'" 0.010 8.29 106.47 12.85 
122 0.97 0.105 0.008 9.26 118.18 12.76 
12, 0.64 0.103 0.009 6.2' 69.1, 11.10 
124 1.01 0.119 0.018 8.47 57.61 6.80 
125 1." 0.165 0.012 7.99 1".71 14.2' 
126 0.96 0.12, 0.008 8.00 121.04 15.12 
127 O.,S 0.054 0.008 6.98 50." 7.24 
'26 1.05 0.12' 0.009 8.61 11.,.41 ".17 
129 0.41 0.046 0.005 9.09 86.75 9.54 
"0 1.21 0.158 0.015 7.69 80.60 10.49 
,,1 1.07 0.126 0.015 8.', 7'.58 8.57 
,,2 1.2, 0.1" 0.011 9." ",.21 12.06 

," 1.16 0.,,0 0.017 8.98 66.86 7.44 
"4 '.08 0.1'7 0.008 7.a9 "5.29 11.15 

"5 0.68 0.062 0.006 8.,0 112.0'3 ".49 
,,6 0.99 0.12' 0.016 8.06 6'.7'3 7.90 

"1 0.92 0.126 0.008 7.,1 1".70 15.55 
,,8 1.0, 0.062 0.009 12.50 115.17 9.21 

-

"9 0.69 0.096 0.010 1.05 72.26 10.25 
140 1." 0.154 0.010 5.49 "'.2, 15.46 
141 0.91 0.10, 0.011 8.78 86.'30 9.8' 
142 1.2' 0.140 0.012 8.81 99.4' 11.29 
14' 1.64 0.158 0.011 10.42 98.28 9.4' 
144 0.8' 0.001 0.012 10." 69.56 6.7' 
145 1.0, 0.175 0.012 5.90 85.'2 14.46 
146 1.69 0.186 0.009 9.09 189.42 20.84 
147 0.68 0.090 0.011 1.55 64.,8 8.52 
146 0.65 0.098 0.010 6.61 67.'9 10.10 

~~~~~~-~~~~~--~~~-~-~~~~~~~~~~-~~~~~--~~--~~~-~~~~~----~----~---~ 

(conid. ) 



!able 2 oonUm&e4 

...-..----------~-..... ---..... ~-..... -- .---.. ~ ...................... ,..-~ ......... -........... ----------
1 2 ., 4 5 6 7 .... ----.. -................... --........... ...-~ ... -.....-.... --.. -~------... -... --.. --.-....... -------.,.. 

149 0.22 0.0'2 0.004 6.64 50.85 7.4' 
150 0.7' 0.095 0.011 7.10 66.'5 5.90 
151 0.64 0.095 0.010 6.1' 62.98 9.'7 
152 0.86 0.084 0.011 10.20 78.11 7.71 
15' 1.01 0.112 0.012 9.04 85.64 9.48 
154 0.18 0.102 0.012 7.12 66.95 8.68 
155 0.19 0.084 0.009 9.41 84.11 8.91 
156 0.,6 0.042 0.006 5.62 62.00 7.19 
157 1.08 0.124 0.009 9.68 121." 14.1, 
158 1.01 0.,,0 0.015 8.21 1'.29 8.81 
159 1.2' 0.1,0 0.010 9.5' 122.29 12.8, 
160 0.15 0.109 0.012 6.88 60.19 4.6' 
161 0.92 0.102 0.012 9.10 16.34- 8.'9 
162 0.95 0.112 0.009 8.44 106.21 12.58 
16, 2.05 0.250 0.011 8.'1 18,.69 21.95 
164 1.28 0.149 0.016 6.62 82.10 9.60 
165 2.42 0.12, 0.016 19.14 147.92 7.49 
166 1.14 0.21a 0.011 7.65 165.1' 21.61 
161 1.21 0.014 0.01, 16.45 90.9" 5.5' 
168 1." 0.182 0.016 8." 94.81 11.41 
169 1.26 0.12' 0.016 10.25 77.99 7.61 
110 1.14 0.011 0.015 14.16 15.68 5.1, 
111 1.'5' 0.1'51 0.018 14.26 1}.50 7.16 
172 0.9' 0.095 0.01, 9.86 71.61 7.27 
17' 0.91 0.019 0.01, ".'0 65.14 4.87 
174 o.so O.(Y'f7 0.01, 10." 58.54 5.64-
175 1.02 0.091 0.016 11.84 6.,.81 5.70 
116 1.40 0.158 0.020 8.'0 70.26 7.90 
117 1.18 0.010 0.010 16.80 123.62 7.'7 
118 0.19 0.061 0.015 11.9' 51.50 4 • .,2 

-~-~-~-~-~--~-~-~~-~--~~-~~~~~~~~-~~~-~~~-~-~-~~~------

(oonW. ) 



!a\)le 2 oont1ml" 

~~~---~-~-~-~~~-~-~~~~-~~-~~~~-~------------~-~~~~~~ 
1 2 , 4 5 6 1 .. -.--... -.. --......... ~~-----~-.......... -....... -----.... -..... -...... -.... -----.. --.. ----.. --

119 0.54 0.049 0.012 11.06 45.9' 4.15 
180 0.87 0.102 0.022 8.5' '9.05 4.58 
181 1.45 0.196 0.012 7.~ 125.6, 17.01 
182 1.a, 0.088 0.015 11.78 67.a, 5.76 
1a, 0.96 0.100 0.019 9.60 51.74 5.'9 
184 0.74 0.06, 0.014 11.15 5,.64 4.51 
185 0.98 0.098 0.017 9.98 56.21 5.62 
186 1.0' 0.159 0.018 6.41 56.60 8.15 
181 0.11 0.088 0.012 8.82 62.26 1.04 
188 0.66 0.084 0.012 7.80 55.5' 7.12 
189 1.,1 0."0 0.021 10.11 61.59 6.09 
190 0.'2 0.042 0.009 7.1' ,6.89 4.77 
191 0.80 0.1)0 0.024 6.16 ".51 5.44 
192 0.96 0.1" 0.016 1.25 59.51 5.21 
1" 0.14 0.095 0.012 1.19 59.85 7.68 
194 1.99 0.098 0.029 20.40 68.40 '.'5 
195 1.12 0.116 0.011 9.68 61.78 7.00 
196 1.02 0.1" 0.010 1.64 50.67 6.64 
191 0.59 0.088 0.011 6.1' 41.52 7.06 
198 1.16 0.078 0.004 14.79 282.16 19.12 
199 0.96 0.085 0.011 11." 81.66 7.19 
200 1.58 0.15' 0.014 10.', 114.64 11.09 
201 1.62 0.190 0.020 8.49 80.64 9.50 
202 0.1' 0.076 0.001 9.55 104.26 10.91 
20, 1.'5 0.216 0.016 6.28 82.66 1,.15 
204 1.04 0.1,2 0.012 7.90 86.02 10.89 
205 1.24 0.11, 0.008 10.94 151.'5 1'.8' 
206 0.78 0.09' 0.012 8.42 61.21 7.99 
2a'1 1.25 0.125 0.011 10.07 115.04 11.42 
208 1.17 0.109 0.012 10.16 99.40 9.24 

~---~--~-.. ~-... ~--~--~ .. ~~-~~-~~~-~ .. ~~~--~~-----------~-~-~ 
(oon'W.) 
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laDle 2 oon,\.imle4 

--~~~~~-~~~-~-~~~---------~~~-~-~~~~~~-~~-~~-~--~-~--~-
1 2 , 4 5 6 7 ---------... ---~-......... -.. ---... ---------................... -....... ..,---------.. ---.--........... ~ ..... 

209 0.72 0.010 0.006 10.25 112.16 10.94 
210 0.94 0.126 0.015 7.42 61.81 8." 
211 2.02 0.099 0.011 20.52 117.69 5.7' 
212 0.97 0.1'7 0.01, 7.12 75.54 10.61 
21, 1.,0 0.086 0.01. 15.17 90.10 5.94 
214 1.19 0.144 0.01, 8 •• 86.77 10.47 
215 1.19 0.109 0.009 10.94 "9.59 12.76 
216 1.00 0.128 0.01' 7.79 6'.41 8.14 
217 1.06 0.1'7 0.017 7.89 14." 8.14 
218 2.46 0.207 0.021 11.90 116.51 9.79 
219 2.96 0.'05 0.0,0 9.7' 100.07 10.29 
220 1.0' 0.109 0.01, 9.50 7'.95 7.78 
221 2.9' 0."5 0.0l7 9.29 79.'4 8.54 
222 2.94 0.187 0.01' 15.61 128.86 8.22 
22'5 1.02 0.124 0.018 8.1'5 56.52 6.87 
224 0.82 0.088 0.014 9." 60.47 6.48 
225 1.02 0.12' 0.020 8." 51.9' 6.25 
226 1.0' 0.1'0 0.014 7.96 7,.11 9.18 
227 0.51 0.06, 0.009 8.16 54." 6.67 
228 1.34 0.082 0.01' 16." 100.'54 5.90 
229 1.'2 0.1" 0.01, 9." 98.86 10.00 
2,0 0.80 0.098 0.019 8.1, 41.7' 5.1, 

2" 0.5' 0.079 0.012 6.68 42.6, 6.'9 
2,2 0.86 0.084 0.014 10.27 62.96 6.1' 
2" 0.97 0.09' 0.017 10.44- 56.'2 5.40 
2'4 2.48 0.259 0.016 9.58 96.88 10.12 

"5 1.34 0.124 0.019 10.78 80.75 7.49 
2,6 1.87 0.090 0.01a 20.80 104." ,.01 

2'7 1.06 0.1'2 0.018 8.04 60.71 7.55 
238 0.91 0.161 0.009 5.68 99.00 17.44-

---.. ---.. ~------~--....... -~ ............ ---.. ~ ...... -.--~ .. --,..--~ ... ---~ ....... -~ 
(00I1t,d. ) 
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!able 2 oont1Jme. 

.. -........... ~ ... ~ .............. -........ -... -------.... -..-.. ~ ............... --~~ ... ~ .. -..... ---. ... -.................... 
1 2 , 4 5 6 7 

~~ ... ~-~ .. ~~~-.. -----... ~~-~~-~-~~-~~~--~-~-----... ~~-~~--~~~ 

2'9 0.,1 0.182 0.011 12.70 18.62 10.87 
240 1.17 0.112 0.014 10.42 82.21 7.89 
241 1.12 0.116 0.014 9.69 80.49 8.,1 
242 0.84 0.105 0.012 8.01 66.75 8.7' 
24' 0.92 0.081 0.01, 11." 72.62 6.'9 
244 1.05 0.075 0.012 1'.88 86.91 6.26 
245 1.12 0.109 0.01, 10.18 92.71 8.60 
246 1.71 0.2,6 0.01, 7.25 "0.14 17.94 
247 0.64 0.12, 0.015 5.25 51.19 8.25 
248 2.01 0.116 0.016 17.4' 78.'9 4.50 
249 1.4' 0.077 0.016 18.62 ".89 4.94 
250 1.50 0.242 0.011 6.22 "7.67 22.16 
251 2.22 0.142 0.018 15.6, 120.2' 7.12 
252 2.44 0.119 0.015 20.48 180.24 1.82 
25' 1.,0 0.207 0.018 6.21 72.75 11.60 
254 1.,1 0.1'0 0.011 10.1, 120.'4 11.88 
255 1.15 0.147 0.015 7.82 16.60 9.80 
256 0.97 0.144 0.014 6.1' 70.50 10.47 
251 1.00 0.144 0.018 6.99 55.02 1.88 
258 1.'2 0.084 0.018 15.68 65.64 4.12 
259 1.11 0.1'7 0.014 8.5' 85.91 10.04 
260 1.05 0.1'1 0.012 1.66 86.98 10.04 
261 0.40 0.060 0.010 6.77 40.51 6.01 
262 1.10 0.119 0.014 9.25 76.28 8.95 -26, 0.59 0.067 0.019 8.80 "0.92 '.51 
264 0.55 0.074 0.01, 7.41 41.8" 5.60 
265 0.15 0.084 0.017 8.91 42.95 4.82 
266 0.67 0.091 0.01, 1.'2 51.22 1.00 
267 0.42 0.081 0.019 5.21 22.16 4.'2 -
268 0.12 0.081 0.015 8.91 41.81 4 • .,2 

---..-~ ..... -.......... ---... ----......... -.-. ... --......... -.. ....... -~--------... --..... -----..... -~ ..... --------
(oon'\d. ) 



, (. 

fable 2 oonUmle. 

----.-... -------.. -.. -.. ---............... ---......... -... ~-.. -........ -...-.. -.. -.. ~ .. -----......... ........-.. 
1 2 , 4 5 6 7 

~---... ---~-~~~~ ... ------~--~~-~~~-~~~~~~-~~~~~~~~~~-~-~-
269 0.59 0.06, 0.014 9.29 4,.04 4.6, 
270 0.44 0.060 0.005 7.~ 91.29 12.'7 
271 0.54 0.084 0.015 6.'1 '5.'9 5.49 
272 1.4' 0.1" 0.014 7.'9 99.78 1'.50 
27' 0.89 0.1~ 0.02' 6.89 '5.01 5.08 --- ---274 1.~ 0.11' 0.016 1.98 89.22 11.18 
215 1.01 0.151 0.020 7.10 52.89 7.45 
216 0.99 0.101 0.011 9.28 78.60 6.40 
217 1.1, 0.140 0.014 8.10 18.60 9.70 
278 0.61 0.098 0.01, 8.26 60.88 7.'1 
279 0.72 0.088 0.014 8.25 5,.1, 6.44 
280 0.98 0.084 0.01, 11.65 74.'58 6.38 
281 0.49 0.098 0.016 5.04 30.89 6.1' 
282 1.96 0.191 O.~ 10.29 58.09 5.64 
28, 0.57 0.084 0.01, 6.15 40.51 6.00 
284 . 1.04- 0.121 0.01, 5.59 77.19 8.99 
285 0.'8 0.074 0.014 5.12 27.06 5.29 
266 0.66 0.077 0.011 a.61 58.59 6.80 
281 0.28 0.041 0.010 6.01 29." 4.96 
288 1.59 0.116 0.012 1'.81 1'4.01 9.11 
289 1.01 0.1" 0.020 8.01 54.18 6.19 
290 0.25 0.046 0.011 5.55 22.,6 4.0' 
291 o.~ 0.058 0.015 6.56 25.21 '.85 
292 2.45 0.21) 0.024 8.91 102.89 11.47 
2', 0.69 0.124 0.016 5.15 '9.18 1.72 
294 0.95 0.091 0.019 10.41 49.'4 4.14 
295 ,.10 0.286 o.on 10.82 1,6.95 12.65 
296 2.07 0.'71 0.a,6 5.58 56.87 10.19 
291 1.21 0.114 0.016 10.60 16.22 7.20 
298 0.70 0.088 0.014 1.95 49.72 6.2, 
-.... --~----.. -............................. ---------.. ---.. -.......... ...---.......... -............. -----
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Table 2 oon'\1m184 

--~--~-~-~-~~~-~-~~~~---------~~~-~~~~~-~~~--~~--~-~~~--
1 2 ., 4 5 6 1 

-~~-~----~--~--~~-~~~~----~~---~~-~~~--~--~~-~-----~----~~~ 

299 0.82 0.112 0.011 1." 41.6, 6.50 

'00 0.5' 0.011 0.01, 6.88 '5.12 5.19 
'01 0.54 0.0)2 0.011 11.01 '2.01 1.88 
'02 2.41 0.21' 0.018 8.84 81.11 9.9' 
'0' 0.95 0.119 ' 0.016 1.96 59.96 1.5' ,04- '.0' 0.',. O.OJI 9.01 9'.58 10.'2 
'05 1.04 0.,112 0.016 9." 61.41 1.2' 
,06 0.'7 0.~9 0.010 15.04 185.96 12.,0 

'01 '.08 0.5'" 0.021 5.17 14'.48 24.81 

'08 0.79 0.084 0.015 9.'9 5'.71 5.14 
'09 2.05 0.208 0.024 9.86 85.54 8.68 
,,0 0.85 0.119 0.011 1.11 40.22 5.61 
,11 0.2' 0.026 0.009 8.62 24.09 2.19 
,12 1.2' 0.1)8 0.022 8.91 55.98 6.29 
,1, O.~ 0.040 0.010 9.42 ,6.'4 ,.86 
"4 0.51 0.051 0.010 9.96 49.03 4.90 
"5 0.57 0.096 0.014 5.96 41.04 6.88 
"6 0.9' 0.154 0.017 6.01 54.66 9.01 
"7 0.99 0.165 0.021 6.00 46.,0 7.72 
,,8 1.00 0.124 0.020 8.04- 50,25 6.25 
'19 0.6, 0.084 0.011 7.4' '7.26 5.00 
'20 '.28 0.247 0.029 1,.,1 114.7' 8.6, 
'21 1." 0.1'8 0.022 11.06 70.85 6.40 
'22 0.91 0.114 0.019 7.97 47.17 5.92 
'2' 0.17 0.098 0.016 7.81 47.85 6.1' 
,24 2.71 0.224 0.018 12.11 51.58 12.51 
'25 2.46 0.2'5 0.024 10.47 102.50 9.79 
'26 2.06 0.294 0.016 6.99 128.50 18.'8 
'21 0.85 0.112 0.027 7.62 ".62 4.15 
'28 0.58 0.091 0.011 6.40 '5.26 5.52 
--~~--~~~---~-~~-~--~~---~-~--~~-~---~--~-~--~--~~ 
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!able 2 Gon iJ.rua.e4 

~----------~~~-~~--------~~~~----~~~-~~-~~--~~---------1 2 , 4 5 6 7 
~~-----~~---~~------~-~-----~~~~~-~-~-~~~~~~-~~~ 

'29 0.82 0.116 0.025 7.11 ,2.71 4.60 
"0 ·1.58 . 0.224 0.028 7.05 57.40 8.15 

", 2.40 0.270 0.026 8.91 '4.12 10.57 
"2 2.46 0.298 0.012 8.26 211.80 25.65 

", 2.01 0.19' 0.01& 10.42 112.66 10.81 

"4 1.17 0.1" 0.011 8.19 69.55 7.92 

", 1.67 0.196 0.029 8.54 58.1' 6.88 

"~a 0.8' 0.10} . 0.016 8.0' 51.66 6.42 

"1 0.'2 0.06, 0.011 5.01 21.51 5.50 
'38 1." 0.180 0.028 ".28 46.,6 6.'" 
"9 0.77 0.098 0.015 7.89 52.95 6.11 
'40 0.85 0.110 0.01. 1.1' 46.80 6.05 
,.1 1.45 0.1" 0.019 10.92 76.8, 7.04 
,.2 0.8, 0.056 0.014 14.79 58.72 ,." ,., 1.61 0.112 0.016 14.41 99.02 6.81 
'44 1.06 0.114 0.019 9." 57.41 6.15 
'45 1.04 0."' 0.01' 4.49 68.24 15.22 
'46 1.26 0.10} 0.021 12.20 58.88 4.8' 
'41 1.20 0.12' 0.018 9.80 61.61 6.90 

'48 0.86 0.114 0.01, 7.59 68.,0 8.99 
'49 0.86 0.12, 0.015 1.00 58.97 8.42 

'50 0.99 0.06, 0.015 15.11 64.71 4.12 
'51 1.4' 0.124 0.015 11.57 98.56 6.71 
'52 1." 0.16, 0.024 7.17 54.57 6.71 

'5' 1." 0.1,1 0.008 10.46 162.99 15.58 

'54 1.27 0.12' 0.016 10." 80.64 7.82 
'55 1.27 0.081 0.011 15.1' 75.81 4.82 ,,---,,, 1.88 0.115 0.016 10 • .,5 115.46 10.74 
'57 0.81 0.109 0.005 7.46 165." 22.14 
'58 1.92 0.228 0.020 8.44 95.25 11.29 
-~~-~~-~---~-~-~~~--~-~~~-----~-------~~~-----~~~-~---~~-
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table 2 continued 

-~~-~----~-~~---~-~~~--~~~~~~~---~~~--~~~~-~---~~~--~--~--~-
1 2 , 4 5 6 7 

~~--~-~--~-~-~---~-~~-~--~~~~---~~~-~--~~~~------~~-~-~-

"59 1.22 0.126 0.024 9.71 51.21 5.27 
,60 1.,1 0.158 0.01, 8.,1 57.88 6.97 
,61 1.67 0.056 0.016 10.69 10'.28 '.47 
,62 1.6, 0.140 0.01, 11.66 124.68 10.70 
,6, 1.50 0.089 0.020 16.80 75.'6 4.49 
'64 0.71 0.098 0.01, 7.27 54.41 7.48 
,65 1.05 0.091 0.019 11.5' 54.65 4.74 
,66 0.20 0.042 0.006 4.9" '2.'4 6.56 
,67 1.81 0.200 0.020 9.08 88.75 9.78 
,68 0.66 0.120 0.019 '.'7 '4.80 6.4ti 

"9 1.69 0.290 0.026 5.8' 65.78 11.'0 
'70 1.05 0.154 0.019 6.81 55.52 8.15 
'71 1.,2 0.'" 0.018 10.06 74.7' 7.4' 
'72 2.75 0.291 0.029 9.46 94.14 9.95 

'7' 1.4' 0.109 0.026 1,.21 54.71 4.14 
'74 1.99 0.168 0.016 11.6' 125.80 10.6, 

'75 1.91 0.2'5 0.027 8.15 10.49 8.65 
'76 0.50 0.061 0.011 8.20 47.40 5.78 

'17 0.78 0.071 0.001 10.11 1".79 11.26 
'78 1.16 0.1" 0.016 8.1' 10.76 8.11 

'79 2.90 0.280 0.021 10." 101.84 10.41 
380 0.12 0.112 0.01, 6.44 5,.86 8.,6 
381 2.96 0."4 0.0'0 8.85 97.29 11.00 
~2 0.8' 0.080 0.010 10.28 15.88 7.,8 

38' 2.76 0.298 0.029 9.28 95.48 10.28 
384 0.87 0.095 0.017 9.21 52.02 5.65 
'85 0.10 0.084 0.016 6.34 42.60 5.11 
:586 1 • .,4 0.140 0.016 9.60 80.50 8.,8 

'87 1.'2 0.',., 0.015 9.89 87.85 8.80 
~ 2.71 0.,01 0.0'0 9.00 91.86 10.20 

-~--~~~--~~~-~-~-~~--~-~--~--~-~~~~-~-~---~-~~-----~~-~~-
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-~-~-------~~-~~-------~--~~----~~--------~~-~---~-~--~~---~~ 1 2 , 4 5 6 7 
~--------------------~---~~-----~~---~~~---~------~~-~---~-~~ 

~9 0.86 0.065 0.018 10.14 47.45 4.68 
'90 1.1' 0.1'7 0.011 8.29 10'.77 12.51 
»1 2.'2 0.210 0.012 11.05 191.79 17.'5 
'92 1.'9 0.161 0.014 8.61 99.27 11.52 
.,9' 1.'54 0.1'7 0.005 9.80 265.'4 21.08 
'94 1.60 0.207 0.016 7.14 100.1, 12.99 
'95 1.06 0.05' 0.01' 20.22 94.9' 4.70 
.,96 2.70 0.179 0.009 15.14 ,17.98 21.00 
'97 1.,0 0.182 0.019 1.15 68.09 9.52 
'98 0.58 0.09' 0.006 6.25 9'.47 14.97 
'99 1.12 0.161 0.007 6.97 16'.96 2'.54 
400 1.42 0.168 0.006 8.44 238.80 28.28 
401 0.476 0.015 0.006 6.'2 80.05 12.&8 
402 0.55 0.066 0.009 8.06 58.49 7.21 
40, 0.92 0.14' 0.017 6.42 54.59 8.51 
404 1.12 0.186 0.015 9.28 117.85 12.68 
405 0.99 0.100 0.012 9.97 82.21 8.25 
406 1.20 0."7 0.006 8.79 181.50 21." 
401 0.85 0.109 0.010 7.86 88.09 11.21 
406 0.60 0.102 0.010 5.92 61.99 10.49 
409 0.46 0.042 0.006 10.91 71.56 6.56 
410 1.17 0.1" 0.012 8.79 98.61 11.25 
411 0.47 0.091 0.010 5.21 46.09 8.85 
412 0.51 0.017 0.009 6.56 56.78 8.51 
41., 1.48 0.168 0.019 8.8' 77.71 8.80 
414 1.14 0.095 0.028 12.03 40.06 ,." 
415 0." 0.0,6 0.007 10.06 54.24 5.'9 
416 1.60 0.175 0.01, ,.14 '1'.86 1,.11 
417 2.79 0.280 0.02' "." 119.2' 12.09 
418 0.79 0.061 0.006 12.89 1,6.12 10.56 
~~----~~~~-~~--~--~-~~~-----~---~~~~~~~~~~-~~~~-~~~-~-~~~-
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~~---~~--~-~~~--~~~-~~~--~--~---~-~--------~-~~~~~~~~-
1 2 , 4 5 6 7 

--~---~~~~--~~--~~~~~-~~~~--~---~-~-~--~~~~-~---~~~---~~ 

419 0.55 0.06, 0.010 8.69 52.95 6.09 
420 1.07 0.154 0.011 6.97 95.5' 1'.70 
421 0.42 0.061 0.006 6.78 71.58 10.55 
422 2.0, 0.116 0.006 11.59 ,69.'0 21.00 

42' 0.59 0.056 0.009 10.48 6,.16 6.02 
424 1.'9 0.177 0.014 1.86 '1.51 12.41 
425 1.42 0.142 0.015 10.01 94.14 9.47 
426 2.44 0.259 0.020 9.41 120.0'1 12.76 
427 0.81 0.144 0.012 6.10 75.81 12.44 
428 0.81 0.105 0.015 1.74 5,.62 6.9' 
429 2.0' 0.228 0.029 8.9' 70.90 1.94 
4,0 4.,1 0.277 o.on 15.60 '62.12 10.'9 

4" 1.41 0.19' 0.024 1.,0 59.2' 8.11 
4'2 ,.19 0.2uO 0.017 11.,8 189.7' 16.67 

4" 1.55 0.171 0.019 8.15 80.98 9.26 
4'4 0.54 0.109 0.011 1.18 48.49 6.24 
4'5 1." 0.,19 0.0" 4.11 '9.06 9.'1 
4,6 0.81 0.098 0.011 8.29 14.26 8.96 

4" 1.19 0.160 0.024 T.22 49.(11 6.80 
438 2.11 0.266 0.0" 8.16 10.28 8.61 

4'9 1.19 0.151 0.020 7.89 59.97 1.60 
440 1.09 0.149 0.014 1.'5 18.40 10.61 
441 1.00 0.060 0.0118 12.42 84.45 6.80 
442 0.22 0.042 0.005 5.21 44.45 8.54 
44' 0.62 0.095 0.01, 6.~ 48.82 1.66 
444 0.51 0.06, 0.005 8.1, 105.22 12.94 
445 1.74 0.142 0.012 12.25 147.24 12.01 
446 '.85 0.2'1 o.on 16.29 164.10 10.11 
447 1.45 0.271 0.019 5.25 49.42 9.40 
448 0.5' 0.095 0.01, 5.62 42.16 1.50 

....... ..-.. ~-----.... -.---..... -....... ----...... -------.. -----.. -....-.......... ----------........ -.......... 
(oon'W..) 
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44' 0.81 0.114 0.016 1.69 54.01 7.02 
450 1.~ 0.140 0.011 1.'7 94.16 12.67 
451 2.28 O~ 187 0.0'59 12.18 58.19 4.18 
452 1.09 0.124 0.021 8.82 5'.26 '6.04 
45' 1.41 0.179 0.020 1.88 10.42 8.94 
454 2.,1 0.256 0.024 9.05 95.95 10.60 
455 0.59 0.056 0.005 10.56 114.'9 10.8' 
456 1.16 0.128 0.011 9.02 69.7' 7.1' 
451 1.09 0.161 0.01., 6.19 82.54 12.15 
458 1.5' 0.126 0.011 12.15 14,.10 11.18 
459 0.84 0.081 0.008 10.'58 106.11 10.28 
460 1.1, 0.156 0.017 1.2, 66.84 9.24 
461 1.49 0.112 0.012 8.10 12.,.18 14.50 
462 1.', 0.161 0.009 8.86 162.0' 18.2' 
46, 1.16 0.165 0.014 1.04 ".'5 11.8' 
464 2.61 0.252 0.006 10.61 4,6.22 41.10 
465 1.11 0.126 0.009 '.25 129.84 14.~ 

466 1.61 0.196 0.01, 8.5' 1'2.61 15.56 
461 1.41 0.166 0.014 8.49 99.'7 11.71 
468 ,.02 0.28' 0.024 10.65 126.42 11.87 
469 0.65 0.010 0.008 9." 82.96 8.85 
410 1.11 0.205 0.011 8.'4 159.64 19.14 
471 2." 0.2~ 0.015 10.05 164.68 16.41 
472 2.5' 0.2~ 0.024 10.64 104.64- 9.8, 
41' 0.19 0.105 0.011 1.57 70.90 9." 
474 0.85 0.10' 0.010 8.19 82.61 10.09 
415 1.16 0.161 0.014 7.19 81.49 11.'4 
416 1.56 0.196 0.010 1.94 109.65 19.12 
477 1.57 0.20' 0.016 7.14 96.64 12.48 
~ ... ~--~-~---------~~-~~~-~-~~~--~--... ~-- ... ~~-..... ~-~~~-~--~--
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---~~-.. ~~-~~-~~-.. -~~~~~~~~~~~~~~~~-~~~--~--~.--.. -
418 1.17 0.158 0.014 7.44 81.57 10.96 
479 1." 0.245 0.011 5.42 125.81 2'.20 
480 2.09 0.212 0.022 9.85 9,.,6 9.48 
481 1.80 0.224 0.019 8.04 94.24 11.19 
482 2.0, 0.2:58 0.025 8.52 80.18 9.41 

48' 1.04 0.149 0.009 7.01 112.1, 16.00 
484 1.86 0.26, 0.024 7.01 79.~ 11.17 
485 1.4' 0.'19 0.016 8.00 90." 11.29 
486 1.29 0.11' 0.020 10.94 65.4' 8.91 
487 1.09 0.158 0.005 6.8' 200.68 29.28 
488 1.:58 0.19' 0.012 7.20 111.76 15.52 
489 1.60 0.200 0.021 8.02 16.92 9.59 
490 1.'9 0.207 0.011 6.71 128." 19.12 

~~~~~-~~~~~~~~------~~~~---~~~--~~~~-~-~-----
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2. 1. OrprUo oarlton 

In aenera1 ~e percentage of orlan1c oarbon .in 8011 

ranged trOll 0.21 to 4.81 vl th •• eam value ot 1.25. Ba.ed 

on the con'\ent of orpnio carbon the 490 aol1e .'tu41ed in 

thl. inft.t.ipt1on were 81'o"1'8d .into 1Aree ca'iegorle. naae18 

(1) lov (2) .edl_ and (,) h1&h when tn. pvoen"iage 01' 

organio oarbon waa leae ttlan one, beween one and. "wo and 

grea ter t.b.8Il '\wO 80 ae '\0 Wlderetand 1.b.e carbon-w. il'oaen 

relatloneblpe 1n theee oa181or1e. of aol1 more pr.ol.e~. 

There vere 210 soile in t.b.e low orprdc carbon group, 220 

in .e41a orpnl0 oartNtn aro\&p aD4 60 1A h1ch orallA1o carbon 

sroup. 18 alre.c1,r po1n1.e ••• , the eon'knt of organio carbon 

** and ",otal DJ. vopa 1Jl eol1 vue bSPl.r oo,rrela w. (r-o.1966 ). 

The relat.1OJl8b.lp Mween oraaauc .arbon and tot.al Diu-o,en 

la ,re.ented 1D faltle 5 u4 paphloall¥ repre .. 1.ecl 1a :118.4 

aDd 5. Oreanl0 carbon vae a1ao oorrelat.ed vlt.h a .. l1._1e 

** 111 '\rosen (r..o.4008 ) _.up Dot to the exten1. of iha't "'t-

veen total DiVoptl ana orpnJ.. earbon (JJ.g.6). Inwr.e't1ngll' 

org8ll10 oarbon va •• 1gD.lf1oant,lI' IIIl4 neptlvelT GOnelaw. 

vi'U1 pH of eol1. !be pro.b1l' reaa ... for "tibi. 1D.ierrela'tlon

ah1p. _ewe. o.rpn1o oar..... total a1 u.S., aya1lable 

111 vo,. and pH ha.. alreadr "ea tval •• 4. 

'!he to .. l DivoS. of _ ... 11 naapcl frA 0.026 to 

0.534 per .. " vltA ••• aa ftlu .f 0.1,. when all _ ... 11. 
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vere conelaered. Ae expeo.a, total nitrogen oontent 

1I1creaeea vl til more... in organio .. tter. Conaequentll't 

81 

the .ean ftlu.a tor to_l altrosen in the lov, .e41& aacl 

h1&b orpnlc O8.l"bon srou,. of eoll v.re 0.090, 0.149 and 

0.25' per cent ".,.0\1"'11'. 811l1larlT, 10_ flD4 olat aol1. 

re'taine4 larB. aaomt of total nlt.ro,.n than the .andT .011 •• 

Sinoe the olar and 10aa eol1. contained larger quaatlt!e. ot 

organl0 •• tter 1 t 1. natural that 'Ut •• e eol1a retained 

h1per "OUllt. of 'total n1 tros- a1l1oe '\he organio aat'\e.r 

and to_l nltrogen are 1n'terrelaw4. 

2.,. ATIllleDl. III vo,-

!he oon'\e».t of anJ.laltlo a1t.ropa deieraJ.Ded Dr 

alkal1Jw pe.raaqaa.aie •• '\bod nap. troa 0.004 ~ 0.038 

per .. '\ vl ill a •• aa ... 1.. .f 0.016 vaen all 1&. .011. vel'. 

pool... A. in tile ca •• of '\otal alvo,en anilabl. DiVe ... 

al •• 1ner .... 4 wlth iDOI'ea •• ill ..... &111 ..... ...,.. AO.Q41D1l¥. 

_e Talae. tor &'Yalla~l. n1 vo_ 111 _. lev. • .. i_ ... 

hiP o.rprdo ear ... sro.,. of .. 11 v.n 0.012. 0.016 ud 

0.024 per oent ro.,o.U"'l¥. Alao, ou, aM 10. aoile OOD.

talaod larp .. ount. of ..,.11ano UV.IOD .. 0.,are4 _ 

aaacJs aol1a. Whon '\he aand I1'O"P .t lIOil "11.'\01'04 a .nn 

ftl.. of 0.014 per oent tor aft1labl. ni v.sen 'th. oo.rro.poad

iDa ftu. for oJ.a.r anA 10_ 1l"01lP of 8011 va. 0.068 ,or oen". 

th. J.no,r.a.. be1D& '585.71 per ... ,. !hi. lIb.oved ~.t. 01., 

&Ild 10" sroup of eol1 weI' ... pablo .f reta1nsn, oxv.el¥ 



larp.t" , ... Ut1 •• • f aftJ.la'le alvo .. a ••• ,ared "- ..., 

8011. It. .0tll4 .... ill,,", 0." tJaat .aob a 00118,10"0". 

d1tferG08 "we • ..., .011. and loaa/olaT aolle v.a DOt 

.een in the 0" •• of _"-1 ILlVoce». _.up 10 .. _d oleT aol1 

COllta1n J'8la\1y.l.r .bJ.P- o .. t.eat ot JUVopa __ aandT 

80118. When eaDAl 11"0., .f .. 11 ",l.kI'.. • .... ftl". ot 

0.11, par out. t~ -.ot.al aivo._ 111. oo.rre.p0D41D1 ftlu 

for cla.r aa4 10 .. cro., va. 0.151 , ....... t uae mor •••• _1Dg 

onl.¥ ".62i per ••• ". A ... u.aDl. alvo .... content of '\b ... 11 
.. " vas oorrelawd. vi"'" 'ot.al at""'_ (1'110.42" ), ulaa10 

•• oarbon (r-0.4008 ) and pH of _. aol1. !h. relatloaabJ., 

bew •• n tot.&.l D1t.ro,. IID4 .... 11&D1. at'U'opn h •• Mea 11'8-

phicall¥ rapreeeuw4 iD lie.7. As alreact,r po1D:M4 oat oon-

41tl0Jl8 wh10h layoYl' lihe •• _,,1&'\10». of or,anio .. tter 0_
•• qu.ntl.r r •• l.llt 1n hliber _._ ot _tal and. .ft!lable 

111 Uto,en sino. orlan10 aa,wr 18 1.b.. UJor .our .. ot D1 trOC" 

in 8011. Hovner, 1'*' aho,,14 __ ,.1ntA4 0"1. that _e relaUoa

lIb!p betw.en OI"ian10 OU'Don and an1laDl. D1 'U'o... 1. not •• 

high ae the relatlonehl, "tva_ orpn1o oarboll aDd 'kw.l 

B1 'tropn. '.thi8 1. _oau.e aaJor ,art of io'tal n1'\ropn 1a 

"pre.ente4 bT Ol"pn1o al vo ... vale 111 • ooap .. at. of 

orpnl0 .. "ter .a in t.h. oa.. ot vpaUo O8l'DoD vherea. 

Van.foraatlou and. reWnUon .f IIftl1abl. Il1Vopa are no' 

p"l"Jled 'by 8lJT such 4J.reo\ llDlta .. vi t.h orpmo oarbon. 
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IA pnea-a1 ... Ct. N "10 of _. .oila .raqe4 fJ'Oa 

4.11 ~ 25.44 wlth a .ean ya1.e of 9.2,_ Thl. _OV.« 'Ula" 
OOD814erab1e ~1at1on exi.teA iD tae 0 •• rai10 of .011. 

!b. rap 8D4 .ean value. or e.1 ni10 1J1 41fferent .. u-
cori •• of .011 are 'H .... et in taltle ,. I" 1. iIlwr •• i1Da 

to O_Mrn ttua" ~ ..... Ca. HUG iDona •• 4 vl14 lb.. 

iDOrea.1Dg oon"" or o.rpa1o ear .. of ~. eoil. Thu. '\h • 

• un 0 •• raiio for til. lov .PIll0 OBrMn, •• etl_ organio 

carbon an4 hlp orpa1o oar ..... 0Ua wen 8.19, 9.68 _et 

11.26 "e,.o"l"l.r. !hl. eaove4 iIle .e« of ••• lt11_1Dc 

dUferea' Ct. HUO. iD ere.,. ot .011e ftrTiDI iD t.h.ir 

oonten" of orpa1o "'''-I'. I" 1. pawalll' .iateet \bai ~. 

0 •• ratia af .011 will M uauau.r vi t.hill '\he ranee of 10 t.o 

12 ¥hv ... 1ih. a-.nlie of tae pre ... " 1ImI.tipiion ...,. a 

•• an .... la. of 1 ••• lban 10 ezMp" 111 aoile oonialniD, or,uJ.c 

oarbon aor. tAu. 2 pea- _i. !he .m,l. lin.ar "gr ••• 101l 

.quailon •• tabU ••• ooaa14uiq aU ta •• 011. iaken tor t.b. • 

• tu4.r (taDl. 5) ie •• O.08OJ ~ + 0.038. thi. voald ••• 

'\bai ......... oil oon_lniDI ao erpnJ.o .. tier v1ll oon1a1J1 

O.~ per oent n1 "opa aDd on1.o-l.r .. 11 oontaiDS", YVT 

11i"l. of or&an1o oarboa v1U haft a low 0 •• ratioe. th. 

iDor.a .. iD 0 •• raUo 4u. te J..uHa .. in '\b. Ol"pnio •• tter 

oonten" of .oi1 i. .xpl.a1.DAt« .. follow.. In aolle vh10b 

r.'\a1n onl.r YVT low 00ll'-" of _,81110 08rDon 'Ul. orPDio 



.. " .... u ..... r .......... tR 4. __ .f oxi4."10B -".-7 
•• "".iDe '\b. rau. ..... '\ve_ oarboa 8114 J11Vopn WAS.Nae 

ill .01la vA10h an rl_ Ja orpn1o oarba. t.b. orprdo .. ""or 

1Ilo11l4 •• tJ-a."1_ wllloll haft no" "''''8-8 the ,roo ••• ot 

• ...., •• 11.1011 tIlUr, _ ....... ldll'J.t1Da • hiper Ct. ratio. 

Cou14v.J.q ttl. abon "iN •• 1a .. 4.1, • eol1 w1_ 0.2, 

1}'2 ad , p.r ... " orpn1o ........ will haft • 0 •• ratl0 .f 

'.10, 8.41. 10.05 .. 10.15 ".,.."1"11'. How ..... nriatla 

in tao 0 •• raU. 1 ... "UBa urreve4 40va wen 'Ut ..... 1" •• tor 

.rpaio oar~ 1. ce"Uaa alpu. Bovenr, • .lao. 'til ........... 

oarboa ooa'-t .f ttl ... 11 va. oaJ, 1.25 p.r .en" _4 '\b. 

1' ..... of ftrlaU .. va. ft. 0.11 ... 4.81, It. i. It.1&b.l¥ 

.... t.ial ~t "para_ 0,. ra"1.. .0,,1' M ••• ,u ... ant 

.tl11 .. 4 tor 41ffvut. .-pr1 •• • t •• 11 •••• 01'1 th.ir 

orpn1o .ar'DoB oOlluat tor 1D ....... UDc 'the Divo .... ta •• 

ot 1&. .011 .iD.. 0 •• ""10 .t • ..11 vi th 0.2 p.r o_t 

orPllio OU'boD i ••• lev .. '.70 -...... 'Uk. 0 •• ",,\io ot • 

.. 11 vi t.b. , ,.1' ... t ou ..... I ••• hiP •• 10.'5. !able t+ 
pre ... ". _. ,re410'\84 .... la ••• f te_l Ditrogea 8Bd. c •• rat10 

tor dlftereat yak •• • t oraGio OUDa aak1n& u •• of ib. 

"1" •• 1_ aoct.l •• O.~ • + 0.038. III tA. pre .. t. .1I1tT, 

"cre •• loa .quatlona .... tv ... oarlton uul D1t.ropa h ••• _ 

work.4 out. tor poou,. ot .. 11 _t.ep.rl.ecl .ooor41DC to _. 

per"."'. of orlani. oar...... •• rel" •• l011 .qua'll.. pre

.. t.e4 1Il table 5 aov .. 'Usa" tor !w ••• 41_ aIl4 hiP oarboa 

an ... ot .011 _ •• oettl01 __ .f "1"001011 v .... 0.0959. 



.. --.... ----........................ ~ ... ---- .. --... ~~---- ........ ----...------...,-.. .. 
Ore •• f •• l'- ea. nU • ........... --------------_.,.---_._-.. -_ ..... --------_ ... - .. --.-...-.... ....... 
0.2 0.0'" '.70 
0., 0.061 4.54 
0.4 0.010 5.71 
0.5 0.01. 6.41 
0.6 0.0a6 6.98 
0.7 0.094 1.45 
0.8 0.102 1.84 
0.9 0.110 8.18 
1.0 0.118 8.41 
1.1 0.126 8.1' 
1.2 0.1,. 8.96 
1., 0.142 9.15 
1.4 0.150 9." 
1.5 0.158 9.49 
1.6 0.166 9.64 
1.7 0.115 9.71 
1.8 0.1a, 9.84 
1.9 0.191 9.95 
2.0 0.199 10.05 
2.1 0.201 10.14 
2.2 0.21, 10.2' 
2., 0.20 10.,1 
2.4 0.2" 10.'9 
2.5 0.139 10.46 
2.6 0.247 10.5' 
2.7 0.255 10.59 
2.8 0.26, 10.65 
2.9 0.2~71 10.70 

(00Il'W. ) 



oZ', •• 'fetal • C •• ratio 
_-.-..........,.. ......... $E ____ .......... _ .. ____ .I_ .. ___ ~ ........ ~ ....... _ .......... ~ .. ......_._ 

'.0 0."9 10.75 
'.1 0.181 10.80 

'.2 0.295 10.85 ,., O.,OJ 10.89 

'.4 0.,11 10.9' 

'.5' 0.", 10.91 
,.6 0.'" 11.01 

'.1 0."5 11.04 

'.8 O.M' 11.08 

'.9 0.'51 11.11 
4.0 0.,,, 11.14 
4.1 0.,61 11.11 
4.2 0."5 11.20 

4.' 0.,., 11." 
4.4 0.", , 11.25 
4.5 0.,,, 11.28 
4.6 0.407 11.'50 
4.1 0.41' 11." 
4.8 0.4" 11.'5 
4.9 0.4" 11." 



table 5. Be1&\lo .. l, ...... 41tte.Dt "opertl •• of .011 

% Y ~ R.ar-•• lon ., .. "lon. __ ~~~~_~~~~~ __ ~_ ••• w _____ ~_~_~~ ____ ~~~~~~~~~~~_~~_ 

All .0118 (D ... 90) 

Organl0 !o'tal 0.1966** .. • O.~ ~ + 0.0380 
carbon DiVo,. 
Orpn1o A..,. 11&01. •• ~ • 0.005' ~ + 0.0094 carbon Ili'\ropa 0.4008 

Orpn1o • C~ • 1.661 ~ + 14.459' Cla.r 0.1282 carDon I 

Total AT81lable •• ___ • 0.0", .. + O.~ nl'\ropn Dlvopn 0.4"' 

pH Orpalo •• ~ • -0.1142 pH + 2.874' carlton -0.2115 

pH total -0.1806·* • • -0.02,6 pH + 0.2181 zUV'opn 
pH Avala})l. ** .. • -o.~5 pH + 0.0)68 Il1Uopn -0.1045 

Clas !otal •• ~ • 0.0012 c~ + 0.1172 Il1wOI8D 0.1520 

Clar Aftllabl. •• ... 0.0002 c~ + 0.0127 nJ.'\rogen 0.1", 

Low OAr_n H1la 
(na210 

Orpn1o fotal 0.""'** ... 0.0959 ~ + 0.0218 oarbon Il1Uopn 
pH O~pn1o -0.11'.,* ~ • -0.0691 ,H + 1.1286 oarlHJll 

•• 41U1l oar'bon aoUa 
(D.220) 

Orpn1o ** •• 0.0696 ~ + 0.056 carbon Total O.~OO 
Divo.-

Orprdo AftJ.labl. •• ... • 0.0205 ~ - 0.0114 GarDeA Divocen 0.'211 
Total AYalaDl. .* .... 0.1161 .. - 0.001, Divoaen nitro_ 0.'340 
pH AftUabl. -0.1981·· .. • -0.004' pH + 0.0429 Il1vo .. 
----~~--~-~~---~~~~~~~~~~------~-~-------~~~~----~ 

( .. WI.) 



IU.Ib oar'boll .. u. 
(n-60) 

Organio Total 0.4.,,,·· 
OBrllaon Jl1'\ropn 

Orianio AyaUable • 
OU'Don aivopn 0.2100 

San4t a011e (n-141) 
E 

OrpnJ.o Total *it 

oarDon nJ.1.rosen O. ""., 

,H Orpa1o .. 
CNU'Don -0.12" 

pH !ot.al • 
Jllt.roaen -0.1881 •• -0.0205 pH + 0.2'580 

pH 1.0 -0.1680 • B.e - -0.0518 pH + 0.5000 

ClaI' AftJ.lable •• 
D!Wopn 0.2151 .... 0.0016 c~ • + 0.0016 

~ /OJ.a.rel .0118 
aa'49) 

Orpn1o Total •• 
oerDon n1t.ropn 0.5818 

•• S11D1tloaa~ .~ 1~ 1 ... 1 
• 811n1t1oan~ a~ ~ 1 ... 1 



0.0696 a&l4 0.0429 re.,.oUnll' _loll ey14ea'l¥ ahov.d 'Ula' 

0 •• rat.l0 vl11 __ low f. low erpaio .... ha cro., of .011 

ana hlab to~ hlP ear .. IN .. • f eol1. a ••• reCZ'.e.1oa 

., .. '101111 aleo ,ree.' 1ba" til. alvo ... ouien, vhlob do.e 

not. 'ft.r1 vl'\h '\be Ol'paS.o earl»on o_trea" (1ill. oou'\an'\ of 

'\be r.INe.lon .qWl'\1oa) 1. _ .. tV b1&l1 fOJ' "1111 GOD'\ab-

Dc larS. --- of orpn1o _"t.e.r ~an 8011. of lov o.rpnJ.o 

.. t.'\v contat. probab1-1 ...... of l4e JA'\uTelaUonalllp 

_we .. '\b. oleT aaul orPlli. aat.M.r COAteD" of ttl •• 011. 

!he relatloublpe 1Mtwe ... 11 propert.l •• and e.1 
ratl0 are p.r.sente4 1a !able 6. !he 0/1 ratio of 'the 8011 

VBe foand to be poel t1"'18 aDd. e1p1floant.lJ oorrelawd ,,1_ 

** ~e orpJdo oarbon (r-O.'" ) ¥hiGh mtl_t." tha" mer.aBe 

111 1ibe ooawnt of organl. oarbon Haul_a 111 a oorraspon41q 

J,noraa .. 1n alB ra"10 of .011. BoraaU,. an aortae.a in 

C/5 rat.10 _.,. H8\11' al,*v au. '\0 an 1D.Gr •••• 1n the COIlt.ea' 

of GrlllJ11c 08J"bon or clu. "" a .... a .. in the conteDt of total 

ni1ros;en. 1a".1n the pre .. , iJrfteUpt.ioll 1 t 1 ... en '\hat. 

t.he n.pl'\l .... oor,.818,\1_ betv •• '\owl a1vqen 8Il4 elK ra'\10 

18 not _."18'108111 .1gDltloant 1D41oa"'1aC that. nriat.1OA 

in tne n!troaen oontent. of 8011 18 no'\ in tune vl'\b t.b.e 

't'&riation 111 th. orpnic oar'bcm. Aa a reeult, the O/l( rat10 

of ~e 80il 18 aa1nl3' aaola.4 __ iIla orpn1o aBtt,er oon'\ent 

of 8011 ra the tban t.b.. oonten'\ of to-l n1 trogen. !he 

ooe:tfiolent. of OORelation be"' •• a .... l1able a1'b"opn an4 



fable 6. .elaUoDablp DeWe. 8011 propU"t.1 •• and oarbon
n1 U'ogG ra Uoa 

---~~-~~-~~-~-~~~~~~---~~~--~~~~~~~-~~~~~~~~~--~-~~ 

X Y r B ...... 1OB equa'lona ---_ ........ _---_ .. -....... -.................... --......... .-.... _---------.. -..,., .......... --..... -------.... --
Orpn1o --alB 0.'468 oarbon 

Organi0 --oarDon a/ali 0.6128 

OrpnJ.o .* 
oarbon If/alf 0.67.,6 

Total *-
nlt.ro .. n O/d 0.,209 

Total --DJ.t.roaen JT/aB 0.4581 

Aft11alt1e O/d .-
D1t.ropn -0.2111 

A'Y&llaltl. •• 
D1t.rosea I/al -0.2671 

OlaT o/ali -0.1611 • 
Cla7 I,d --0.1105 

•• 81&n1t1oaa, ., 1~ 1 ..... 1 

• BilDit1oan, ., ~leY.l 

e/.l • 0.1012 ~ + 8."'0 

o/ar • 4.8,68 ~ + 78.6629 

K/al • 2.1742 ~ + 6.a'11 

0/&1 • 7.6569 ~ + 8'.591, 

1/&1 • '.4514 __ + 9.0788 

C'" • -19.6421 ___ + 84.9596 

I' ... -1.1401 ..- + 9.6427 

0' .. . -0.'510 c~ + 89.7"2 

.,AI . -0.1172 C~ +11.,778 



C/5 ra"10 ae v.U •• ola.r aut CII' 1'8"10 were aot eta,\le\l

oall3 81p1t1oaa1.. 

Th. 1'.~.1o of orpn1o earbon to aYallable n1 vOlen 

't"8l'lM tr_ 1&.62 1.0 4".22 vi. a aean ftlae of 81.68. 

~ua ~e .e. O/d nU. 1. 8.849 t.1ae. ao:re 'UlIID the .... 

C;' ntl0 of eol1. When 'Ule Olal HUe of 4Utvenl, &r0ape 

of eol1 vae separa'h~ aaa1D ... 11, 1s .... that tAe "'\10 

oyervAelaSDIlI iller ..... lIt1t4 the J.n0l"8.e.i.na cent,enl, of 

91 

or,anio "~'GU. !A •• vh .. the raU. vas 60.67 in low 01'IIID1o 

O8l'Don lI"Oup 1 ~ y.1",.. in • .u. _CaJ.o oarbon &roups v.re 

94.' aad ,,'.87 respeoUftl.J'. !be exoese1 ... eq inflated Cd 

rBt.io .1n 8011a ot h1ib Ol'pn1o aa,'-r oon'\ent aay probab~ be 

du. t.o l4e .taol, ~t. the .011 oould reta1:D. onl¥ a 11&1w4 

quaa\lV of .J.ae.raU •• 4 n.t.vopa .. '\henton 108. of nivo,.. 

clue '\0 1eaOhJII, ad du.1 '\r1tioaUon 'be .. e prOllcnmoe4 1n .. ile 

WAere la.rp "OUllt. of niuo,en va. Z"el.aeed bJ Dl1nvall_"1oIl. 

!hi. pnenoa8llOll would AaTfI rellUlwd ill an 1I1or •••• d Old "'\io 

in Hila COJliaw1q lara- sao_" of or.aniO oarbon. Th1. 

U'lUIlen' 1. tar1ber .Wt.~Ua_d b.r the relat1v.lr hiP _,d 
r.ilo of .011 ocmtBt»tn, l'1J.&b.,. ...,_". of oraanio oarha •• 

o.pared to othv aolle. "1'.o"'Z", the neptive and a1p.11'l-

08D.t ovZ"ela:t.lon De ..... clat tv cent u4 CIa) ratio (fa_ie 6) 

18 al .. J.D4J.oa t.ln tJ1at. tlleC'd rat10 18 d_pen4ea,\ on the 



retent1n pover .f _. eo11. !be .... O/d ... t,1 •• tor 

'\b. MDd and ol.a.r/loaa -"tap. ot eoU vu. 95.25 aIl4 80.65 

re.p.o'1 ... 811' • !h. ..er..... O/d ra'10 in olaJ' /loa .olla 

1. o'bt'lotlalT ct •• to J.aorea .. d aooaaulat.J.cm of a .... llab1. 

n1volen 1D 1bi. srOU) ot 8011. A. au.ad,. p01l1wct ou, 1ib. • 

•• u organio oarbon OOl1'Ma" of aan4 aD4 o~/lo .. cr •• p • • t 

8011 v.r. 1.0' .. 4 1.,1 pv .. '\. _. iIlerea •• MiD& 

26.40 POl" •• nt. vhar ... th ........ 1 ... tor ..... 11&b1. IliVel8ll 

in tae.. two groupe .f eol1 were 0.014 aDd 0.068 per oen~ 

".'.0'\1n1l' .... lb. 1DOre ... MiBI ,.5.11 per oent. Th ••• 

oDII4trY8t.lou aleo .. D.·~81l't,J.a. tA. 1aflu.noe of the tmer 

traoUona ot eol1 1n ct.or ••• lDC .... O/d ""10 of ill ... 11. 

»au 're ..... in Tabl. 6 al.e auvea ttlat. Old ratl0 1. 

p •• l 'U",ol.r anc1 e1p1tloant.lI' ..,..18"-4 wl til '\no organio 

.* ** oart:.on (r-0.6128 ) aDd wl1iA _tal ll1uJsen (1"-0.,209 ) 

aD.cl n ... t.l .... lr oer.nlawd vl .... _e nulab1e n!vopn 

. ** (r- -0.,.,17 ). •• ,0elU .. oo.rrelat.loa "1Meen orC8D10 

oarDon aa4 O/al ratl. ae vell •• '\he n.sat1ve correlation 

.. t.v._ ..... 11&b1. Divos-a &lUI 0/ .. ra\10 are quie \1IldU'

.~aabl. MOatl8O .f the aa __ "1_1 .... lat.lOnahlp of th. 

rat.l.a V11A tA... par.eWre. .1180. tAo p •• l t,1.... con.1otrion 

bowe. O/d rat." an4 to_1 at '"SOIl 18 qal t.e expoot.ecl .aoe 

tot.a11l1\ro" ea4 a," 1 18_1. Il1Vopn are a1p1tloant13 

OGrrela Mel. 



1he rat.io of to~ a1t.rogen to ayallable nitrogen 

'YfU'1ecl froa 1.88 to 29.28 vl th a a.an yelue of 9.24. thuB, 

on 8D aYvaae 10.82 per cent of '\he toial n1'\rogen wae 

r_.11'84. in 8011 in Evailable tora. The mean valuEJe ot 

./al ra~.io 111 10v, .edl_ and h1&R organlc oarbon groupe ot 

8011 vere 7.74, 11.17 ~ 12.52 r •• peo'ti""lJr. Thia revealed 

tbat. the rat10 inQreaaed with ~e 1ncreaae in organic .a~ter 

OOIl'\en~ ot e011. this is becau.. ot the tact that though the 

oonteni of aTa1lable n1 trocen 1Ilc!' •• 8ed v1 th t...~e inore8e1ng 

oon'teDt ot orgwUo aatwr, ille 1ncreaae in available n1 tropn 

vae 1lO\ in propori.1os.. wl'tb the 1noree.ee in organic carbo ... 

"e alreadl Gllgla1n,ed the aGre ••• 111 the content or available 

uvo, •• 0WI.'i~'t to a1ILeral1eaUon ot organic nltrOt~n 

1e reevio'ted bT t.he 11a1 ted a4eorptlve power of the ~o11 

lbereb,y re.ul~1Jli iii. a enlaried If/al ratio in s0118 ot hlgh 

o.rpnio Qarbon COA tea 1.. As expeoted, the cla,y Ilona group 

ot 80il re&18~.d relatlve~ lov T81ue ot N/aN ratio (9.1,) 

ae coapand ~ sand e;roup of 8011 (10.18) • 

.,. J'rao,\loaa1.1on .~ 8011 orpa1o .... wr 

out of the 4g0 8011. t!1;u.1e4, 12 8011e were eeleote4 

in order to examine the patt.eftl ot 41.VU",Ucm of 1he 

d1t~ • .rent b"ac1;10JUI ot orpnJ.. sa'''' ill tIl_. 1Ia10 .ua

stan ... were grouped 1n10 title .... , tno'1one .... OIl .e 

aolub1l1V 111 alkall, ao1c! ... a1oobo1. In 1ib.e a ••• e o~ 



v •• '\b.en t.Naw4 via .. 14, _ •• u ........ preoipi_ted 111 

.oi4 ."1 .. va. ..11.. .. _Galo .014 vb!1. tao •• 1d .01,,'1. 

t.rao,\1oa "ferr.. •• talTl0 •• 14. !he A_io .014 b'ao"icm 

va •• xvaoW vl1.b. a10oaol aD4 08_ .... 1 .. 4 J.n'io .01,,'1. aD4 

iDaolub1. tra.U.... !.b. ao14 ao1at.l. luly10 .014 trao'i01l 

v .. a4.1.8"-4 to pH 4.8 ..... , ,.rUe ot tlllyl0 .014 VA lob 

... _. 1D.aolu.ltl • • i 1b.1. pi vaa "~er" ••• be_ hau. !h. 

tra.'l_ ot orPlL10 _'ter vAl_ oeuld DO' 1M .xv.... .,. 
0.' I .041_ llTctrod.4. va. t ..... .. , __ 14. dlft.rea .. aM 

'\era.4 a. a1lll1D.. 

RUIlio .Illt ..... &rlM t.r_ .. _eat .. 1 aad talolop.oal 

........ u. of ,laIl1. u4 -S-l ... 14 ... u4 trea -. 87l'l-.
il0 80'11'1 U.. of .1oro .... pa.1_. !b. halo •••• t.n... 111 

•• U 11atl.... _. ..11 ,",enu. _U.,ratal¥ .1M. tMl' 

p ...... staW V '\0 tora va\at .. 1a'le aD4 va'\v 1Jlao1u.l.e 

.oapl.e •• vltA •• "-1 10u .. .,. ....... sU •• and t.o a.ra.' 
vl1b. olal' Mlpvala ... orpal .......... _ ••• alJr.aD.e., 

fa, •• 014., 4J.alJr¥1 pbtole •• t ,..1.loU •• , .M. !b.el' ...... 

4ark 0010 ... 4, •• 1410, pn4MlIa_-u, areaaUo, .bI'clrophU1., 

oJlea1oal.l.J o.aplex, pol¥.l •• 'k'ol.r--l.j,U _'\erial. '\h • 

•• l.eOlllar v.1aIl i I"SDliaI fit •• tev h~d8 '\0 MTV8l 

1I&cntau4.. St.ruoturaJ.l¥. ta. 1Iane 481. ."b ........ "'.11-
h_l0 aold, lulT1 ... 14 aM haaia ..... .f.a1lar Mat. _.1' dUf.r 

1a aol.O\llar v.1P". aliJaaW --1681 .... t .. ,1oaal pte .... 



Data OIl _. dl.vi_u.s .t 4Ut.r." lfto'l .. of 

orPD1o .. t,wr .spr .............. tea. 10 .. 11 OIl ao18tu.re tr.. ....1. are p.r..... Sa ta'le 1. !h. 418V1lMlU. 01 

eol1 orpn1o tra.'1om .xpn ...... per._... '\0 '\b. ~"'1 

or&UJ,o .. tt..r i8 11ft1l 1D fable I. 

,.1. Baio ao14 

!h. ba10 ao14 tnoUe of .. 11 01'1111110 _t'Mr nap. 

troll 0.172 ~ 2.706 .... " vl_ ..... .,.1 •• of 0.629 

pv oen'\ vb_ Ul. pv .. ,... ooavl_Uon of ~le t.rao'lon 

"" 'Mtal orpn1o _t'\u' vae vorD4 out. l' va .... ~'\ 11. 

aooounM4 for 8.30 'to 47." tv .... '\ .t •• 1.otal orl8ll.10 

.. 1.Wr vl1.b a .e .. ftlu .t 28.28 per ._t.. P.l_up,.. (1915) 

reporte4 ilult on an ...... eoU orpnlo .at.wl' 00ll"-1ae4 

a_." 10 per oeD" h_l0 •• 14 fl'aot,lon. ." 1B 'he p ... n" 

1ave.Up1.1on the .ean O_WIlt. of '\hie "-o'\lon ., orllllUo 

ut.Wz' 1. qui_ hlp. !h1. ls __ , _. voploal huaJ.o 

001141 'lone t8ftal' th. aoo_lla Uoa .f haa10 aU talyl0 ao14 

•• o_pare4 to '\lie' of huaia. faa reao'lon of ttl ... 11 

•• 1.ow4 lor _e etur 1a •• 1410 vhlob. falYOurs '\b. re18,\1"11 

hLP.r a...ulaUoa of Maio ao14 111 .011. L.14cD1D DeDI th. 

ohlet COll8U _en" ot halo ao14 ~lDa ftals'\a.nt. to d ........ -

Uon ..... ader eVoDalt leaOb.ed &014 ocm41 t.loDe. 

'!h. 80.,,101_"- of ........ 1&1,1 __ tv .... cl1ffva'tr 

b'aotlona of 01',81110 aat.w.r U14 eol1 propert,l •• are pr .... 4 



!able 1. J7a0t.1_ .~ orpa1o (lltalo) _"Wz' exp.re ... d a. pero_-" to .. 11 .. 
..1.tare tree -.ela 

~~~~~~~~~~~~----~~~~----~~--~~~~~~--~------~~~~~----~~---~--~~ 

So11 Halo ao14 hlTl0 •• 1. f.tal 81. _,a iuw1D lIauaJ.o ••• "".e- Iuolu.b1e T .... l Sola1ll.e Be1a-tllJllU total .0. laI110 ao14 ..la ...... 

~-~~~~~-.-- --.---~---~~~~-~~~~~~-----~~---~-~~~-~~~------~-~~-------~~ 
1 , 0.127 0.294 0.421 0.4" 0.057 0.510 1.086 2.011 
2 '4 0.100 0.072 0.112 0.0,& 0.141 0.119 0.,67 0.118 , 51 0.1,1 0.34' 0.480 0.126 0.," 0.455 1.&64 2.599 
4 52 0.1,6 0.241 0.'77 0.060 0.610 o.no 0.981 2.094 
5 59 0.252 2.454 2.106 2."7 0.'548 2.885 1.,62 6.'" 
6 66 0.1" 0.116 0.229 0.152 0.012 0.224 0.029 0.482 
1 84 0.125 0.21, 0.344 0.511 0.050 0.561 1.066 1.m 
8 88 0.122 0.'94 0.516 0.470 0.011 0.542 0.081 1.1" 
9 89 0.114 0.1,2 0.246 O.~ 0.2M 0.494 0.414 1.214 

10 91 0.1" 1.'541 1.411 1.416 0.112 1.,,.. 0.288 ,.,a, 
l' ,06 0.091 0.1'2 0.229 0.',. 0.110 o.~ 0.091 0.6,0 
12 '25 0.099 0.248 0.'47 1.444- 0.084 1.528 2.)02 4.117 
hD&a 0.091- 0.072- 0.172- 0.*- 0.050- 0.179- 0.029- 0.482-

0.252 2.454 2.106 2."" 0.610 2.885 2.)02 6.95' 
.I •• 0.129 0.500 0.629 0.6" 0.197 0.8,0 0.811 2.216 
~~-~~~~~~~~~~~~~,~~-~~~~~~-~~~~~~~~~-~~~~~~~-~~~~~~---------~ 



taDl. 8. haoUoaa ot 8011 orprdo (halo) _"tar .zpre ...... pv-taa- to 
'total orpaJ.o _,,-.. on aolat.ure :r.re •• a18 

........ --~----..--...-. ... ....-.-,-~~ .......... ~---......,..---....-..-.. ... ---.......-... ....... --.. -......... --....... -.... ---.-............., ........ -- .... ~..-..-.................. 
Hua10 a014 Pal.l0 ao14 lIA/YA - a_in 

81. Sell 1l1'M .... - lDaolu})le !oal Sola})l. Be_-b. ... To1a1 ra,\10 
So. _pl. -.. laI11. .014 
~-~~~-~~~~~~~~~~~-~~~~~~----~~~~~~~------.. --~~~~~-----~~~~~~~~~~~~~~ 

1 ., 6.28 14.57 20.85 22.'9 2.82 25.'0 ".85 0.82 
2 ,. '''.81 10.06 2'.9' 5.34 19.64 24.98 51.09 0.,6 ., 51 ".4' 5.05 18.48 4.84 12.66 17.50 64.02 1.06 
4 52 6.48 1'.SO 17.98 2.86 '2.00 34.86 41.16 0.52 

5 59 ,.62 '5.~ )8.92 ,6.49 5.00 41.49 19.59 0.94 , 66 2'.4' 24.12 47.55 .,1.51 '4.89 4'.46 5.99 '.01 
7 84 6_" 11.08 17.40 26.16 1.26 28.69 5).91 0.61 
8 88 10.10 34.49 45.19 .,.20 6.24 41.44 1." 0.95 
9 89 9.44 10.84 20.28 18.94 21.12 40.66 '9.05 0.50 

10 91 4." 40.60 44.1' 4,.19 ".'7 46.56 8.11 0.,6 
11 .,06 15.14 20.60 '5.74 20.99 26.61 47.60 16.66 0.75 
12 .,25 2.-,a 5.92 6.,0 34.57 2.01 ,6.58 '5.12 0.8 

Raq. 2.38- 5.05- 8.'0- 2.86- 1.26- 17.50- 5.99- 0.2'5-
2'.4' 40.60 47.55 4,.19 32.00 41.60 64.02 1.06 

lie. 9.60 18.68 28.28 24.05 12.'5 ".51 '5.21 0.18 
---~-~~~~~-~~~~~~~~~~~~~~~~~~~~~~~--.--~~~~~~~~-~~-~~~~~~-~-~ 

-



98 

ill !allle 9. Baa10 •• it i. t .... 10 .... 1pltloantl.r .. 4 

. ** poe1t1ftl.r oo.rrela ... t v1" total orpaio evDoD (,.-0.8,20 >, .. ... 
1',0'\&1 nJ.'k'opa (1'.0 • .,," >. h]:.10 •• 14 (0.9082 ) and 

•• clal' (0.1199 ). th. "laU ••• i, between halo ao14 vl_ 

GrlazUo oarboa. total alt.roaea. aD4 olet are l",.lO8lll' 

", .... eAwt ill :riC •• , ,.... 10 ... e,.oUnll'. ~. OOI"rela-

tien .. ,,"en aat. aol ........ 1 orpa1o .. t-wr le .x,.owcl 

e!no. b.ua1o ao14 18 .... f •• OOI18tl'W.a1lu of 1',o1al or,ani. 

a."Wl-. .. ... " of til. _. na ... 1" 1. al .. ov ... law4 

vltA 'lib. w_l alVe._ ._ta" of _ .. 11. fA .... 18"10».-

ebJ.P be .... huaJ.o a.14 aM taly1. a.14 1. 1a41 .. Uy. iba" 

ta ••• "". tn.Uou aaiatain a oou"" proporti_ """e. 
14_ J.r.ree,.o\lTO of _e "fU'UU .. 111 tb.e OOIlWnt. .t 10'\81 

Ol'paUo at.... !he nlaUoub1J .at.vooa ola.r and Auai. 8014 

...,. _. 4". to hiP ....... f oorrolatioa De"" ... alai' an4 

•• o.rg&n1o .... boD (1'.0.8244 ) ....... 4 in _. .tu..,.. 
:sa ... OIl tbe .. la'lU V til aloMol til. huaJ.o ao14 le 

t.ra.tl_4 lIlw alooho1 .01.'1. ~"'lIIa1o ao14 and _ 

uMbol 1Daolal:tl. t.raoU-. a. ,.ooa'" ot " .. _.laa1o 

ao14 111 •• '\vel.... ..ila .... 1 .. nacocl t.roa 0.091 i.e 0.252 

v1 tIa a ....... 1 •• ot 0.119. Whoa;tU. tno"10B va. espre .... 

a. per ....... \0 total .... pat ... " ..... 1" rae" trea 2." 
to 2'.4' v1tA • a.an yala •• f ,.60. Ia ...... 1 'Ul. OOJl'\eat 

of .,..t.oaelaD1o aold taorea ... v1 __ e Ulor .. e1Da eon"''' 

of __ 1 orpa1o _t..... I(raa ..... laal. ao14 le a ,,"'a1ll' 



faltle 9 ••• 1at,1o .... 1J M_ ... 11 pro,vU ...... ,11'10&1 
tzaoUoae of -&Die _1"- (12 •• 11.) 

~~~----.--------~---.--.... ---.~----. --~---~~~~~~-----~--X Y r Beer-•• loa equa"l0D8 
~~~~~~~-----------------.----~~~~-~~~----~~-----.-
Orpn1o H1a1. ..14 0.8'10·· ~ • 0.5794 ~ - 0.1468 ou\:toD 

Orp&11c .. 
~A~ • 0.6954 ~ - 0.1011 earlton Ja.lrio ao14 0.9618 

Orpnio a_ill O.64S'·· BwatD ~ • 0.427' ~+O.2'28 oarbozl 

OrpaUo .. 
0lJW _ • 8.19" ~+9.~9 ...... clt\r 0.8144 

To.l •• 11 •• 5."42 .. - 0.216 n1t.rosen llua10 a.U o.n91 

!o'\al Jal'Yl. &014 0.891,·· .A~ . 6.8081 .. - 0.2525 DiVe ... 

t •• l Kala 0 • .,,'." BaW .5.1568 ... 0.0)12 
Divo"" 

foal .. 
~ -.1a" •• 6.1111 Dive .. 0181" 0.8448 

Hua10 •• ~A •• 0.9'56 Bl~ + 0.2226 ao1' ftlTl0 ao14 0.9081 

Haio ClaI" 0.119'" ~ • 1'.'9S, 11. + 1,.1o" ao14 
rulTl. OlAv' 0.e"2" ~ • 11."" ~A •• ,0.5118 •• 14 
... ~ ............. ~-.. ----.---.. --- ...... ------_ ..... ----.. .... ~--.-------------....-..-
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FIG.8- RELATIONSHIP BETWEEN ORGA~'C CARBON. 
AND HUMIC ACID 1...a SOIL. 
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•• W1tl" ... _laW fnoUoa .f tA. hWL10 •• 14 v.tUGll 

.. De 11H.raw4 ... 111-•• 1 exirao'1o». aa4 14 .... ' •• 1,. 

oOlliu~ wlll oW1o .. J, •• pad "'. _. t.o1.81 ooa1ea, ot 

ora_10 aa ,,1ft'_ 

IUu 

lb. .1oGb.1 iDaol •• l. t .... tl~ ot _Gaio .014 1a .. 11 

ranp4 troa 0.012 to 2.454 , ... _" aU _en .sp'" •••••• 
p. oent "- "0_1 orpnlo •• t. .... 1" ...... tr_ 5.05 "- 40.6 

vl1ill ......... 1 •• 18.68. th ••• o.aena\10Jl ........ 1 •• ilia" 

1ih •• aJ OJ' par" of hWll0 801. va. "'''1''-_4 .. .loGba1 

lnaolubl. trao"l_ .. 'the aloollel .01a1t1. ,.tva. oal,r 

.bo.~ h.lt of 111 •• 10GA.1 lDHlalt1. t.raoUoa. 

'.2. hlYic aole1 

fa. tUT1 •• 014 tnou.a .t 11-.10 _-..-..e. 1a .. il 

...... ffta 0.119 ~ 2.885 ,... ... " vl_ ....... 1'81 •• • t 

0.8'_ tb.1. :b'aOt.lcaD, .................. W tor ".51 

per MIlt of til. '\01.&1 or,aai. aattu. !be """"1a .f 

tUTio •• 14 to _ul orpa:a1o ."tv .,,.... to .. r.lau.ftq 

hiP va_ 1" va. oa' .... vi_ the fthe. '", ..... " 

'ala.la,,.. (1915) for h1lta .1U ..... 11 • • t faa11 ...... 

He repo.r'Yfl tba" OIl Ul ........ , tal .... 1 ••• 14 tn..u. .. _1-

It .... oalT ... ,er 0 .. ' .f ... _1 erpa1. _".... ..,.,. ... 

lobaJ. '\.v (1910) • .,.....,.., tA., _. fal. .... i • .. U ""'''18 1a 

..... 1 .. 11. ,...... troll " to " per ... t of "-"-1 -aul-

.. "kr. !h ... 018t1"1I' hiP "Ma" .t ~"f'le ............... . 
111 tAo '"_" aWdl' ... .,. ." .... 1 ........ tile lew JR. laJP 



JL~ 

.,,'MD" ot 'Ut. 8011. tIM .... la"1011 .. 1' DeW ... 1lllY10 ao14 

vl t.b orpa1o oar..... t.ot.al a1 ..... hato .014 a4 alar 

are .... phloaUr' "pre ...... 1a ....... 11, 12, 1, .. 14 r •• -

' •• ~l"lI'. A. J.D. tb. ..... d huaJ. ... 14 _. "laUoaab.l, 

ot h1 ... 10 •• 14 v1. 'tetal _pat ... ". va. qllJ.'M .xpe •• 4 

.1ao. l' 1. OM of ;h. oout.1_u_ of 01',8111. "' • .1" aM 

h .... an J.D. ..... 111 _ ...... 1 ... tea" .f h_10 _.t.anoe. 
vU1 o1wl ... lI' nf1 •• " ..... OOllt.ent, of 1 ". ~.'1_. 

til. r.laUoJUdl1, ..... total. II1Vo,- ... ta1Yl0 ao14 

.p' ...... 4 '\0 1M 1n41N.t. ...... _pale oar __ 8Jl4 "0_1 

J11 taro .. are hiPl.r ...... 1&.4. It. va. h1Pl.r 1a~.UDc 

to oD .. m -th., DO\ eal¥ _. to1&l ocmt.en\ ot tu1y10 aold 

J.nere .... vl'Ua _. '\01&1 ooaWa' of h._10 •• 14 vhlGh a1Ih" 

be d.. t.o iaon_ 1A _ ....... , of wtal 01"pa10 .. "t.er _" 
.leo 'th. pro,er"1oa of t.lTU .. 14 ill t.o1.a1 orpz11o _"t.er 
inora .... v1i1l _. pn, .. Ua .f hu10 .. 14. In oth .... wort., 

.., 1Mr .... 1a _ ...... " .f »l810 •• 14 n.ul ~ 111 til. 

00l1'\a" of ful. ... l0 .014 ... vl1b.o." • _anp in til. ooaWa" 

of total orPllio _"tv. ta1. "leU __ l, v.. 1n41oa"1.,.. .t 

.. m ...... 00J,at.ioa _ ....... two t.raOUOIUI .f orPD1o 

.. "'\or 4uriDs 1_ fonau.. .... 00_18,1_ JA .. 11. A. 

alna4.r '0111,," oat talyl •• 014 1 ••• tJtaot.1011 ot orpn1o 

.. ".... n .. 1\1111 tfta 1bA 4 ....... "1 .. of h_l0 ao14 .... . 

• nnl" 8Il 1aor .... m 'Ul. a .. 'ten" of _810 ao14 Cl ..... r1 •• 

... .. 1aor.... ill 1b •• 00 .. lat.1_ ot 1 U •• 11'84."1011 pot".t.. 



1 Vi 

raWal1. hiP oonwa" 01 ... qai.zide., ot 'the 8011 ainoe 

th ... faotol"e fayov 'Uae _ ... alat,l_ .t tu1vl0 ao14. H1Ib 

oemten" of orpn1o a''- 11"". ri.,. t.o a hig)ler proportlon 

of fulvl0 ac14 ....... oarbobTclraw fraoiloB ot AWlio 

.ubatan.. .tablli... tae tulvl0 ao14 traotlon. 7u1v10 ao14 

GaD ~. oaaal4e~4 .. tbe .... oxidi.a. and .earad.. pro duo". 

of 11_10 aol4 v1'\h a -iP- prepoz-"1on of 02l'gen 0011'\81»113& 

tuno"1 .. l crollp. Uka COOK. OK. OaO 8., o .. parad to '\be 

o'ther ... 10 8014 tra.,t.De 01 •• 11. A. a r •• ult oul"lvawd 

.,01:J,a aDd b.1&h v .. a ..... U •• f VU"la h_ld vopl0. ten4 to 

"slaWl' h1&ll .... 1 ... f. hl'Y10 •• 14 tn.Uon. Lov pH 8l"ea'U,' 

tQo .. a .o_la'loa of 1ua1o ."b.~e. 81110e '\ha 1I1wraTar 

_4aor,,1o». .t hua10 .......... le ...... , at lower pH vala .. . 

S_b1ll_tion ot tul't'10 •• 14 "alt. froa tAa tonatlon .t 

Barapte. d"a "- ,,4ro_ --Uaa. VaJL4er Waal'. !awraot1 .. 

and alecvon ..,.wa •• f M.1 .... " aleoule.. A. pH iD ...... th... toroea No_a veakV ... __ UM ot 1aorea.iDC 10D1_-

tlon of COOH 8114 ph ... U. ell ... ,a. ,eUolea •• ,araw ad 

.,111 to r.pel .a •• _or .leo .... tlea1l¥ •• tha' .. l •• alar 

~"'h beo •• _ller (1eba1' • ., azul 1:04_. 1915). 

When ~. relatlouhlp "_een tulvl0 aold and other 8011 

propert! •• va. e.n ine4 1" val' .. 811 ibat 'Ut1. traotion of aol1 

orsan1o sBiter vae a1aDi!loaat~ 8D4 poa1tlve~ oorrelaw4 
•• vi1b ""tal orpnio oar~Ol1 (r-O.9618 ), '\ot.al n1 '\I-o,8n 

** •• •• (.raO.891, ). aual0 aoid (..-.0.9082 ) and 018,. (r-0.8552 ) 
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!hl. exPlaDa,\lOA i. tv ... •• pper_. D.r tAe I .. , "hat. tae 

so11 pr.,.,.t.le. 81_ an olo.el.»" .... 01a_4 o.r oo.r,.ela.4 

vi ib 'the oOllWn'\ ot tu.1'Yl0 aold are .lao oo.r.relaw4 vi. 

IlJ 

t.be .0Il'\G" of hua10 .oi4. !h • .rea ..... "t.rltMl'\e4 tor ill. 

a.pS tl_" oonela"lon bewe. oa, aD4 huio .014 1. alao 

."U.altl. 111 .xpUiDS. th •• 1plflou.' oorre18tlO11 obaene4 

betwo. .lar aDd t1al'Yio •• 14. 

,.,. bU. """ •• b.ua10 .. 14 ... talvl0 •• 14 (HA/J'A HU.) 

!h. BA/7A. ra'10 ot 8011 are ," __ .A 111 fa'le 8. '1h1. 

n"10 rarapd fIt_ 0.2' _ 1.06 vl_ • aMll .... la. ot 0.18. 

Ixoe,", for 'Wo .0118 ill. ,..,\1e vaa lovv __ one _ ... 1DcU.

oa'\1DC • hilbv ,,..,-.4 ...... • t tal'Yl •• 014 111 8011 •• 

•• pend to b._l0 .014. 1I8ml.' .... (1915) .1ft ...... 4 tha" 

the BAllA "'\10 01 tao .. 1la _ •• ~.A va •• bou' UD1V. 

Hovner, he obaernA iba'\ til. I'IlU. va. 10VU' 111 .. 11. UDd.r 

wa an4 ooff.. plan'\a Uoa. t.. '\0 'Ul. preeenoe ot hiPer 

_au ot flllyl0 ao14 111 1be .... lla. lCODODO" (1968) 

reporWd 'that. \ft. ter.ral1U ... 11. ven a8.001a.4 vital a 

lover BAllA "'10. A. alNatT ,oin.' 0"", 1». •• 14 801le 

¥hlOh are 1'1_ 111 hWli. _lI ...... tal'Yio aold b"ao'\lu 

a.o_1-\o8 d •• '\0 'lA. JAoN .... ra_ .t AepUa'l_ of 

Aulo ao14 UDder .0Dd1 U_ t ..... uab1. tor tAo toru"1oa .t 

tIlla fIt.o'len. Jelbeoll: (1911) .la. _eU '\b.. "lew tluat, ta. 

1DOnaaJa& OOll'\eat ot h.l'Yl0 .. 14 1 ••••• ,aai •• __ a 0011-

o.-!'\an' re4\10,\lon .bl '\he haalo .. 14 traotlon ot .. 11. 



10~ 

HUIl11l. t 'the alkaU _oluble par" ot orpnio ma"ter 

npr •• en ta t.b.e high ao1e.&.tl.ar trao"l0118 ot hUll10 su'betan.o ••• 

Tilie fra.t1on acoomted tor 5.99 to 64.02 p.r oen" of tn. 

total. orpn10 u"tar .in eoila • '\wi led v1'\b a aean ft.1ue of 

".21 per MD". Rioar4. (1968) alao obMl'ft4 tba" 1ft. h\Ul1a 

tra."loa of organic _" .... ","_wi IO-~ per cen" of til. 

h_e. BalD. vaa foa4 'to 'be aiplt1oant.lI- oo.r.relat8d vl1b .. 
'\eta1 0I",al0 oar'" (.raG.64" ) ad a180 vl1b to_1 a1 v. __ *. (r.o.7}74 ). !be reaU_*b ... "" ... ha1n vl'Ul orpa1. 

oarboD anct '\o~ al ..... an .... pAloallT "pHMJlW4 111 

'11.15 .. d 16.r •• ,.."lftl.r. tile oernla,1_ """e .. h1lll1a 

aa4 '\o'Ual orpn1o oarDon le ......... 01. eJ.aoe hUIIJD 1. 

on. ot ill. "'''1''' __ .f hua1 ....... tano... Ta. alplt1 .. , 

... ,o.1t.1" ... tt101_" .f ...... laUon "tv.en balD. u4 

'\oul D1 v ... n aq 'be 4u. 'M Wiree" .tte." 81M. '\ota1 

Divo_ ancl '\01&1 Ol"pa1o utter an eorr.lawd .lpltloaat.l.r. 

Moreo .... , hua1D le \bat, tno'1oa .t _e hul0 n'be'\an ••• whlob 

OOJlVllMa_ ••• xill_ '\ov&r4e _. to1&l aiVo,. of '\be Ml1. 

])a_ OIl ta. e1 __ 1al .... tl-.at. .f •• 11 OI'pn.lo 

_"t8.1' an pr •• ea'M4 ill Ia'ble 10. A lJa1 Wet IDIIIltv ot 1I01la 

(We1 ..... lla) .. le .... tor tno"loDat1oA .f .. 11 vpr110 

.. ,tar vere -l.r .. cl t. _ •• 1 ___ 1 .cma'1"""1oIl ot .... pzUe 
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FlQ. 15 - RElATlONS,",'P 8ETWEEN ORGANIC CARBON AND 
HUMIN IN SOlL. 

.... 0 ...... 



•• 
011' r = o. 734-~ 

0·10 

o 

Y = 5.1568 x +0· 0312 
n ,. 12 • 

• 

• • 

• 

• 
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Tal»le 10. K1 ___ 1 ... '\1 \uen'. of 8011 ori8ll1c aa tter on ao1a'ture tree baa1a 

~~~~~~~~~--~~~~~-~----~--~~~~~~~-~-~~~~-----~---~~-~~-~~-,~~~~~~~~ 

So11 Peroentace to aol1 Pero __ .. to towl org8ll10 
81 • .. pl-

utter .0. Bo. 
0 • p ~ S • P ~ S 

-~~~~-~~--~~~~~~~~-~~~~~-~--~---~~~~~~-~~-~~~~~~~----~~-~~~~~~-~~-~~~-~~~--

1 , 1.19 0.161 0.000' 0.0100 0.060 7.98 0.015 0.496 2.97 
2 " 0.42 0.046 0.0011 0.0025 0.065 6.41 0.15' 0.348 9.05 ., 51 1.5' 0.220 0.0003 0.0000 0.101 8.41 0.012 0.000 '.89 
4 52 1.n 0.168 0.0000 0.0000 0.101 8.02 0.000 0.000 4.82 
5 59 4.09 0.,62 0.0000 0.0000 0.096 5.21 0.000 0.000 1.,. 
6 66 0.28 0.060 0.0000 0.0000 0.099 12.45 0.000 0.000 20." 
1 84 1.16 0.121 0.0004 0.0250 0.090 6.12 9.020 1.26, 4.55 
8 sa 0.61 0.091 O.~ 0.0015 0.024 1.98 0.026 0.657 2.10 
9 89 0.11 0.105 0.0006 0.0000 0.016 8.65 0.049 0.000 1.'2 

10 91 1.94 0.240 0.0000 0.0000 0.095 1.27 0.000 0.000 2.88 
11 .,06 0.'1 0.025 O.ooa.s 0.006, 0.111 '.91 0.041 0.985 n.62 
12 .,25 2.46 0.2'5 0.0008 0.0038 0.1021 5.6, 0.019 0.091 2.44-

Rance. 0.28- 0.025- 0.000- 0.000- 0.016- '.91- 0.000- 0.000- 1.'2-
4.09 0 • .,62 0.0011 0.025 0.171 12.45 0.15' 1.265 21.62 

.Yean 1.34 0.1" 0.000" 0.0046 0.0855 1.)4- 0.051 0.'20 6.96 

....... -..---... .-_ .............................. ------... ... ..-... _--.---.. - ....... .-:.....---.....--.. .-.... ..................... -....-.--................. ...........,-....-.... ~~ .. -.... -..... 



] U 0 

.. ,,~. !h. o.Wn" ot ..rNa •• 4.'knIJ.ae4 .. the walkl., 
an4 Blaok •• _oa a1l4 wtal alv ... ae'knlJ.ae4 .. ta. XJe14ahl 

4J.geat.1OD 41.'111a"lon _thoel vue .l.read.r Me pr.a.W 1a 

faD1. 2 .iRoe to... .."1aa'loDa vera oar.rl •• o.t for all tao 

490 .011a. Alao 'Ut.. r.la UOJ1eb1, ____ oarlaon ... Ill ... ,. 

111 th ..... 11. ha ... alr .. .., M_ 41........ El._.u otal • .I' 

'thaD oarbon aD4 uVol ••• t.1u1.84 in 'Ut.. wel ..... 118 tor 

4.aorllt1q '\b. .1 .. __ 1 ... tl ""loa ot 8811 or,ani. _t.'\U 

vue pAoapheraa, aa1phur aa4 po •• al_. 

4.1. Qrptlio ph •• pAone 

!h. orPAlo ,.o.,ao.ru _w.t. .f the 801la •• leo'\ea 

for 1.b.. tno'louU.o. at.uq. ~. Ira 0 '\0 0.0011 pv oent. 

v1 th ..... ftl •• of 0.(00) ,.. _,. !tai,a oOl1at.l-'1, .f 

o:rprdo "'WI' •• 00_" oal.r tor 0.051 pv oat. ot 1A. t.o"-l 

v.J.&b.t. ot o.rpzUo ut.t,u 111 .. U. !h. ,re,.'l011 ot phoapb..rv.. 

111 o.rlaaio ",tv .p' ..... 4 "- M 'YV7 10" •• 00IIpa.re4 '\0 tAe 

f1l141Dc. ot Ihoeb !.lll. (198'). !b.T oltMr'f' •• Uult, on _ 

.,.... •• orlaDl0 •• t.t.u 111 oalU..,..tecl aM forea" aoW.ola 

in Iatdl. 0011'\8111 •• 1.204 ._ ... t. pb.oapb.ona. Bovaaa u4 

Col. (1918) ala • .repor'\ea 1Aat. •• _palo ph.apnora •• 0Il'\ent. 

of sra •• laD4 80118 .tu41.a a.ooua •• fo.l' 1.19 p • .I' Gent. of 

to'tal. orlan1o .. ''\er. III ' ..... 1. tA. OI",ani. pAoaphoraa 

per •• 11' of 8011 0I'pJl10 ast. .... 1. "rr low •• oeapare4 to 

1bat. of a1'\ropn aD4 .alphlar. lb. ia,o.r1&J1t. pIloaJb,0n8 

oOllt.alDSq OI"IUUO o.,o ... a ill eoll are 1M.l wl ... ap.taa iea. 



1 U , 

JUlOl.lo ao14., aa4 pbo.pbo4J.pU.. UU. vua 11111114 Wo,loal 

001141,\10. th ••• 0.,. .... an ... 111 -'J .. W \0 a1Mnll-

.. "lon. Mor.over. _ ..... po"'. 4 ... " toa _ •• Vu'\Qral 

•• ,onent .t orpn1o ,,''W.r. Aa a "aUt. pho.phOl'1l. o_WIlt 

ot orpn1o _tter AvlT.. tr_ ,laau srova 1D 8011. vbl_ 

are 4.tl01." ill a .... llable pD.a,horua vlll _~ .... in 

0Ill.r _Sliel-l. qaanU,\l •• of "'ap.b.oft.. Kevaleako (1918) 

ob .... d that. ill. o.raazuo aat'\e.r of .. 11. A.lwel tna analw 

'\ent.a '\0 han • low 0OD.t.u., of tAo.paon. •• _.,and _ _. 
_palo _'\ter of aoll aelnd Ina .... 1'\ or .al0 !pe." 
... ial.. !h. "18"lft1l lov 0011"-" ot phoa,llena 1Il .. 11 

_paJ.o ",,'tv ••• erncI 111 the pI'."" aW41' ooal.4 .... , ... 

b •• tvi_ted w 1b. low ... ~" of pho_v". ill ,1 .. :,. INVIl 

in lb ••••• 11. aD4 &1.0 '\0 '\h. 1aor •• " ftW of pUQAOI'U 

aiaval1 .. U .. ,.aol.1o .... 1' _. VUII Da14 'U'o'J.eal .... 1Uou. 

4.2. Qrpa10 .\llphur 

On _ 8ftft,. tbJ.e 0.,...." of _PILi. a.""" .000 .. " 

t~ 6.96 pel" OU:' ot total orpaio .. ,,~ the _la •• "",I., 
fl"OII 1.'2 W 21.62. aSaP!! ti. (1980) 1a •• u. .f ,,,tar 
lrad •• , o'b.en-ec1 'Ulat 'tile oon"-" .t uapn10 nlp&ar ....... 

oal¥ tor 0.59 pel" .en" of tot.al •• ealo _,\Mr. S.t.a1l.vll 

Babal .. Pallwal (1918) 111 • ..., ... ill. 41.vl1Ma:\1oa .f 

nlJlud' in BaJa.~ oolla "per" 1M". OIl ... a:n.raae. •• 
orpalo """-I' ot 1Ae .0U. OOll_taet 0.61 pe.r ... " eal.plaar. 

CeD814erlq 'the "epOl"t of th •• bow verJe.a 'Use nlpltar 



SUMMARY 



IUd 

oontent of orpaJ,e aat'\v of .01111 _del" ~. pl' ... t 1Jn'e.~1-

pt10n appear.d to be relatlvelJ hlgh. !he aoile of tAe 

a'\atee are. in general, verT r1ab. 1a nlptuu.". !h... aoil. 

are ..,.. referred as '\he 8014 eulpha te 8011. wa_ •• ao141 V 

and the sulphaw ooncentrations are 'VU7 hiP •• 'that 000\11'. 

1n certain trae'. of '\he sta'\8. !he inore ... 4 41 ... lat.1OD of 

aulpha1'.e. und.r aold oon41tlona lea4. to incr .... d ayailabl-

111'.r of this nut.rlent to plant. r •• u.lt1Dg 1n i_ aoo_la~10n 

in plan~ t1ssue. Obv1ousl¥ t organio utter 4v1 .... 4 troa doh 

,laIl~ "".1'1818 w1ll have a h1lher propol'Uon of .ulphur 1J1 

1t. SulphU' ooapound. fora a .VoDg 11llka .. ~ oar'*' aDd 

'\har.for. 1' •• 1., t.a.e oil_leal 8Il4 1*1"111081 f.... ot .... po

.1tion. C.llu.o •• t protem ar.a4 ae.1 .. 11Illo ...... fora •• ble 

ooapl.x •• vl1h aulph~. Th. 8014 001141,\1_ prnal1tng in 

t.b.... 8011. iDtUb1 t 1he •• t1Tl" of aul,hu ox141as.. .oteria 

Hnlt.1Jli in __ ao_laU • • f nlpllv •• p .... at larpr 

,ropor"ioJ1 Ja aol1 orpalo ."tv. 
4.'. Orpn1o po"aal_ 

Da'ta pn .. 'ted 1n !able 10 ldaoW.ct fAat orpaUo 

potaa.l_ cont.ct of aoll varied tz_ 0 10 0.025 ,. _". 

!be reletl" ctJ'1VlbuU01l of thi. slea., to .... __ 1 ve1P" 

of aol1 orpn1o .. ~wr vas rather aeaUCible, a1l1oe OIl Nl 

nerqe 1ft1. e1_ent aooounMd ~ to' 0.,2 ,.... .ent .f _.1 
orpnio aatur. 1hla 18 d\le to as tao" 1ha" ..... 1_ 40 •• 



'!'aD1e 11. Itelat.loneh1p betve. el .. ental oon.~l tU811\a of eoU orpnJ.o .. ~ter 

~-~~--~~~~--~~-~-~~~-~-~~-~--~~~~-~~~----~--~~~~~~~~~~~--~-~~~~-~~ 

81. So11 Rati •• 
.0. eaaple 

Bo. 0/5 alP elK. CIS .IP -/K II/S PIT. PIS K/S 
~~~-~~~~-~~~------~-.-----~---~-~~~~---~~~~~~~~~~~~~~-~~~~~~-~-~~~~-~~---.--

1 , 1.'7 '5966.6 119.0 19.8 536.7 16.1 2.68 O.~ 0.005 0.11 
2 ,. 9.28 -,a1.e 168.0 6.5 41.8 18.4 0.71 0.44 0.017 0.04 , 51 7.04 5100.0 •• 15.1 ",., •• 2.18 0.00 0.005 0.00 
4 52 1." •• •• 12.2 •• • • 1.66 0.00 0.000 0.00 
5 59 11.29 •• •• 42.6 •• •• 10.42 0.00 0.000 0.00 , 66 4.71 •• •• 2.8 •• 0.0 0.60 0.00 0.000 0.00 
7 54 9.6~ 2900.0 46.4 12.9 ~2.5 4.84 1.)4 0.02 0.004 0 •• 

a 86 1.38 2"'.' 89.' 27.9 ,0,., 12.1 '.79 0.04 0.01, 0." 
9 89 6.SO 11&,., •• 44.4 175.0 •• 6.56 0.00 O.~ 0.00 

10 91 8.10 •• •• 20.4 •• • • 2.52 0.00 0.000 0.00 
11 .,06 15.04 '",., 58.'" 2.1 6'.' 4.0 0.14 0.05 0.002 0.04 
12 '25 10.41 '5OT,.0 641.4 24.1 29'.8 61.8 2.'50 0.21 0.008 0.04 ..... 4.11- ~1.8- 46.4- 2.1- 41.8- 4.0- 0.14- 0.00- 0.00- 0.00-

15.04 5100.0 647.4 44.4 .",., 61.8 10.42 0.44 0.0)8 0." .... 8.71 1672.8 94.1 19.2"5 205.81 9.T1 2.91 0.07 0.008 0.00'1., 
..... ~ .. ----.-...... -..... .,..,....--............. ---..... -... ---..... --......~---.... ----... -~--............ ----.. ........-............ --.... ................ '-_ ................... -.......... --. 

c 
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DO", tora 'tA •• vaotanl _, __ " .t .011 OI"pa1o .. tu.r 

aa4 •• • .r •• .u.", 'Ul1a .1 __ " ••• u, 110ft. .t.a'io 1 ia 1aoZ'paio 

pool 1». .011 4v.t.Dc •• "... •• of 4 ••• , •• 1 'iloa of orPllio 

,..elda... ta ... .u _palo aa1.WJo, vhi_ h ...... 1" .... 

4.0_, •• 1 "1_ u4 ... ,... •• 4 an •• vJ.Ub.rl_ vl t.b 'Ul. 8011 

fOl'll1Da p.roo ••••• wlll M' ,..ta1D .., .ppr.ol •• a qUll,l "1 •• 

ot '0 .... 1_ 1hve • .n&1.1.e.riDI YVJ' low Tala •• for tAO 

orpnto po1ia •• .a.- .ill .. 11. 

Dl. 1".18 ,1onah1, ...... .uNA aad B1 vo .... 1a .. 11 

D. alrea4.r Deea 418.u'" .bl ". ... _ parap1lpJa. 8iaoe 

tile OOJlWll" of ...... .1aeata va. • .. iDe. 111 all •• 490 

•• 11. takeD for ~ •• ~. 

!h. raU •• boWMD. elAMll_l eoapoaenu ot orpaio 

_iter an pr ... wd 1D ta'lA 11. !h. O/or,.P ra"10 ot th. 

orPllio _"tv ot "0 •• 1ft eol1e .tacll .. l'aap" tr_ 381.8 

'to 5100 wi \b. a .oan n1 .. 1612.8. Ia no.rt.h. v •• , llaj •• ttaaa 

.. 11., !ala'l &JUt JIa'Uw.r (197') reported • C/org.P 1"8'10 of 

n." w " wl'tA • _ .. ftlM ot -,0.46. R.ato,l an4 

.l_bra (1916) repo.rw4 a 0/ ••• "1 raUo of 89.5 'to 341.4 tfa' 

.. lla of Kaniatalta. Conel.er~ _. "peru ot _e .bo .... 

weft_a 1A. C/org.P ra'\10 of __ 11011 ".1" th. p ..... " _.41' 

.,pearect '\0 - TV'f h1&tl. !h.1. 18 ........ of 1M ftJ"T low 

ooaton" ot phoaphoru. 1D .. 0.1".-10 _"'\or of 1ib.e 11011. 



raltle 11. llelation8hip be""een el .. en'tal oon8tlt.len". of ItOU orpnJ.. utter 

~~~~~~~~~--~~-~-~~~---~~~-~~~~~~~~~--~---~~~~~~~~~~~--~---~~~~-

81. Soil Ra'Ll •• 

.0. 88l1ple 
Ho. 0/1 C/p ell. CIS alP 1f/K fI/S P/K PIS KIa 

-~~-~~~~-~~~~----- .. ---.---~--~~~~---~~~~~~~~~~~~~~~~-~~~~~~-~~---~~-~--
1 , 7.'7 '966.6 119.0 19.8 536.7 16.1 2.68 0.03 0.005 0.17 
2 ,. 9.28 381.e 168.0 6.5 41.8 18.4 0.71 0.44- 0.017 0.04 , 51 7.04 5100.0 •• 15.1 7,,_, •• 2.18 0.00 0.005 0.00 
4- 52 7." •• •• 12.2 • • •• 1.66 0.00 0.000 0.00 
5 59 11.29 •• •• 42.6 •• •• 10.42 0.00 0.000 0.00 

6 66 4.77 •• •• 2.8 • • 0.0 0.60 0.00 0.000 0.00 
7 84 9.65 2900.0 46.4 12.9 ~2.5 4.84 1.,. 0.02 0.004 0.28 
a sa 1.38 2~'.' 89.' 27.' '03.' 12.1 '.19 0.04 0.01, 0." 
9 89 6.00 118'., •• 44.4 175.0 •• 6.56 0.00 0.~8 0.00 

10 91 8.10 •• •• 20.4 •• •• 2.52 0.00 0.000 0.00 
11 ,06 15.04 12".' 58.1' 2.1 8,., 4.0 0.14 0.05 0.002 0.04 
12 '25 10.47 '075.0 647.4 24.1 29,.8 61.8 2.,0 0.21 0.008 0.04 

Raqe 4.77- -,al.e- 46.4- 2.1- 41.8- 4.0- 0.14- 0.00- 0.00- 0.00-
15.04 5100.0 647.4 44.4 1".' 61.8 10.42 0.44 0.018 0.,1 

JIaan 8.71 1672.8 94.1 '9.~ 205.81 9.17 2.91 0.01 0.008 0.001' 
....... ---.---...--~ ... , ...... -----~--................ ----........ --... -...... --.-. ...... -..~ .. ~ ..... .-.~ ......... ~ ..... ----...... -----............................. -.,--... ., ... -.. --,.... ... ..., .. ~ 

c 



file proMbl. re .... f. 'Va. •• zv..e13 low ooa,-" of pho.

pIloru. 111 til. G.rprUo _"., of 1ft ••• 11luln .lrea4.r .. en 

41.0u. ••• 4. 

B/ erg.P ra t.io r8Jii.,..4 frca 41. c> to 7,.,., \11 t.b. a •• ~ 

value of 205.81. As in the 0& •• of C/org.P rail0, B/org.P 

ratio of the 80U under the et.ud¥ 1& ver,- h1gb.. In nor'iA 

ves\ RaJae1.ben 801113, Taut! and ~·thu.r (191b) repor1ed & 

.'Gri.P rat10 of 4.4 t.o 4.6. Goan 8Ild OUawar (1981) 

reporw4 a J/orl.P ra~1o of 2.01 _ 5.5' for' cult1ft'Hd .. 

fore.ted ao111801. of India. !be r.18'1~11 h~ I/ore.! 

ra't10 o'o""e4 u.cier 1he pr.MD't. e't.wII' 1. again a tunoUon of 

the aZUeael¥ low Oo.llWA1 .t o.ra.P 111 8011. As alna", 

po.in t.ed out, VAder WN"Il hat" ooU1 UOIl8 111. Gri.P ooapoUAts 

suGh a. 1Doai101 ph •• pbaie., ~lel0 aoid. 8D4 pho.pholipids 

are ••• 111 nl;)Jeoted 1.0 -SnaraUeaUOA. 711e expl .. 1.1cm for 

tne low oonteAt of org. P in 8011 u. al.reay _en 41.0ll .... 

111 de1&11 ill foreoiDa , .... . 

Dle ob.enatlona pr ..... 1a Table 11 ahove. the 

or,.P/or,.S ..... 1_ rancecl troa 0 to O.o,s vl'th ••• aa .,.la. 
of 0.008. !b. ratio vas to .. _ H 8 ••• 41»&17 _all a. 

ooapared '\0 '\ho reper" of IIludva.j aad ,.thu (1969) who 

obeU"ncl • ..-«.P/or,.S "'\1. of 1.0. !he ... r.r low "1.0 of 

'Ulle ra1,10 18 obylov..l.r d •• '\0 the larp accaaulat,loD of 

OI'Iaa1o nlpllur ant tbe 11.0,1111.,1. oontent of organio 



phoapllOl"1le in til ... eol1.. .A.. a .Naill". _. or,.-./or&.8 

RUO of til ••• 801la ,.. •• " of poper"l_ a •• _pare4 '\0 

ft.l".. for tAl. J"Il Uo nporwd ., • \Ur vo.rkve. 

• < J i ~ 

Or,.C/or,.s rat.10 of 'th •• 01le .W1.4 raap4 tr_ 

2.1 ~ 44.4 v1'Ul a •• an .. lu. of 19.". Por no.rtb .a." 

lD41an .01la 1'1I'Ua1 aDfl Iaavar (1911) .r.ported a O/orl.S 

""10 of 66.1. Al •• , S1qb !1 11- (1980) ",oried a 0%" •• 0/ 

or •• S ra'\10 of 61.4' '\0 152.5 for Vt.tar "'nd •• Mlle. 

lIIaJdlopa.,.1lJ' .. A.l" (1919) .repor.. 8 0/orl.8 ra"10 of 

59.4 "- 164.0 f.r ID41aa .. 11.. !b. "18'\1 .... 13' lov 0/_,.8 

ratio olt .. ned 1Jl -. pre ... ' •• 4.r 1 .... to ill. 800_1a,\1_ 

of _pa1o nlp_ in .. 11. Ike .... -1 •• xpl8lla'\lou tor 

Ul. a._la'l_ of 1A1a .... 11 ••• ,\ .f wPD10 .. t.'v ... 

alreaq MG .1 ....... . 

_/or,.8 .rat!o of tae .. 1ft .. 11 •• "'41M nnp4 t.r_ 

0.14 t.o 10.42 v1t1a _ .... 'YBl1ae .f 2.91. M ...... ,..,.., ... 

'.1' (1919) .reporte4 a _/-..8 nt.1o of 5.6 t.o 11.9 for Ia41aa 

.. lla. !he r.latl .... l.r low C/ ..... 8 ra"10 oD1a1ae4 va. 4u '\0 

hiP _oouaulaUoll .f .tll.pbUl' ill ..... 011.. !h. ru .... 

tor ao_l.aUoa of .u,.. baa _)..rea'" .en ,1ven. VUu 

oODd! tlOA • • f lov plI ealphar oaida"! ... f aivola1al .O"!T! V 

vov.l4 haft .en 8u,," ... 4 re.1IlUDa 1a - ana'\U a •• _laU. 

of wphar, .... q ... U8 lovv.bal .f _/01' •• 8 aUo. 



Ll.v 

!b .... val ••• tor O/or,.1. .... _/or,.1t v.,.. 94.1 

an4 9.77 re., •• '\l .... l.r. !h ... rati •• a"eared 'k be r.la-

t1 .... 18 h1lb clv.e '\0 the tao" 1iha'\ ,o ••• .t.ua .o.nt.ent of 8011 

orpn1o _t"-r va .... 11I1bll' lov. lbe 80US r.l1s"en4 

'Yvr low or,."I/orl.X aa4 _'.X/WI.R rau.. N ..... ot lev 

oon'\en" of pho.,ho.r\1.,/ potasel. 8Il4 hiP eon'\ent. ot nlpllU' 

ill orC8lUo -,~. 
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SUDDY 

Surt.o •• 011 ... ,1 •• ,...490 .1~a repreaenttag 

upland ar •• s or '\he d1fterent 4Iavic". of X.rela vere 

analT". in order 10 •• tab118h preele. relatlon8blpe 

betN.en organio .oarbon Qd ~_l aa veil a. 8Y811able 

nltrol«D in the.e Bolle. ~ ••••• 1la were .. tel.rl ••• 

1D"- 41ffaNll'\ ...... , .... 4 _ .. 11 .sian aIlC1 0011"-'\ of 

o.rpaUo .. t. ......... t.o p.r .... t. tA. nriat.1oa 11\ 'U1. 

Hla"10JU1b.l, lit."" .......... &lid Jl1 ""_ in 41ftveat. 

... prl •• ot .. 11. !vel ..... 11. vere iIlD .. leo ... an. 
81l~.ot.e4 t.o t.not.ioUUoa of .. palo .. ,'\v. Di. 41avl

lMtUo». of .1--._1 ooapoaent.. of oraa&Uo aat.t.er va. alao 

."IM4. 2b.. re8\ll "a .f ihe a~ are _arl" •• a 

f.llows. 

1. !b. ..11. ill ..... al ¥We •• 1410 111 re.oUo.. A. 

ao141 V lnena... th •• oa'\ent. of ... pa10 oar .. , ~.l 

MUO" .. trnJ.lalt1. JI1Vopa 1Jl .. .u. .1M .taor •••••• 

2. All 'tile .011a weft __ liM. In ........ .17 

of •• 11 .l.ovloal oOll4uU.,.l. ia ...... vltA •• or .. .. 

in pH. !b. loaa/oJ.a.r oa • ..". of eoll reoord.. 8!p.r 

el •• trloal OODd~ot.l~l~ ooa,...4 to eaa4 sroup. 

,. The OOIlWnt. of 0l"pn10 8&I''ben ill .. 11 vaa toUllA \0 

be a1&n1tloant.lr anct poel t.l,"l.r ...... la'Md vl1b tb.. olal' 
• oon~t. (~.1282 ). 



--cant 001"1"81&\1OZl vltb _1&1 JUvopn <ra O.7966 ) an .. 
• anilabl. nitrogen (.1'-0.4008 ) of •• 11. :r.e·./olaT ,rOllP 

of 80il vaa capable of r.~1DJDi larger qMAn\1~1 •• ot 

available nitro..,. ooapar.d 1.0 &and oateprr of 801le. 

1180, anile}.)l. n1 t.rocen ooateat .f .oi1 eon.la .... poai-
•• t.1 ..... l.r v1th to-.1 DiV.C. (r-O.4"' ). 

5. lD. _enl 14. ell raUo r_cl tna 4.11 "-

25.44 vitA a ...... nlae ot 9.2,. !h. __ 0/11 aU. to' 

love •• diu aIl4 111ih OI"pai. oar ..... 11a ven 8.19. 9 •• 

and 11.26 .re.,.o'U,"'.l.r. S,iapl. l1aear .,_U_ t. _1_
lst.1A& toial. Divo,, __ Mel OIl orpa1o oar ..... teat. .f 

•• il vaa vork.d Oll' •• --'aO.08aJ ~ + 0.0'J8. A _'-1. of 

n1 tro_ value. and C;' .ra t108 va. pre..... tor 4Ut ... " 

lit) 

"'81 ••• of .rpn1o oarDon 111 .011 ... 4 __ • a ••••• lfteetea 

.,v.ation. 

6. ttl ..... O,d rat.i0 va. 81.68 au "1a va. 8.849 

tta •• IIOre 'tAu. t.ba .aan CIB nt.ie .f aol1. !ha 0' .. raU. 

iDon ••• d vi14 1aor.a1Da OOD:*t. .f -lD1o .. ,.. •• 

r."10a tor low, ae41_ ... b.J.&Il ....... 1. oar1lcta eo1la vu-e 

60.87, 94.' aDd ,,1.87 r •• pa.Unl.r. WA1l.e 1b. 0, .. nU. 

had po.it.1 ... azul 8Sp1t1eaa1. oernlau..a v1a ............ .. .. 
(ra O.6128 ) aDd t.etal I11vo_ (...0.,", )~. _a .... -

•• t.1vo13 oorrelated vi1b. ..... 11&)1. aivo, .. (I'IiO.011 ). 



7. On an ......... 10.81 per •• " of ~"-lll1v.", 

111 8011 va ..... 1ae4 sa .... 1la-l. toa. Th ..... I/d 

""loa 111 low, •• 41_ ... lUIIl _PlUo O8I'Don aol1a ve .. . 

7.14, 11.17 and 12.52 Nap •• U ... lI'. !he rat.l0 111 ...... 4 

vlta 1I1orea .. 1n orpa1. _"W.r oOl1ien" bat., not. 1n 1.lD.ear 

preporUOIl vl'Ul J.aon_ 1a Npnie oar ... 

8. !be h_l0 .014 .. co_ie4 for 28.28 per 0." .t 
orpalo .. ".r. B1a1o .014 va. f .... 10 be .1pa1tlO811"lI' 

*. uad. ,..1\1.,.l.r oorrelated vlth .... palo oarboa (raO.8520 >, 
.* .-~~ a1t.ro_ ( .. .0 • .,,91 >. olal' ....... " ( .. -0.1199 ) aa4 .. 

tulTl0 .014 (r.o.9082 ). Jla10 •• 14 ... t1alT10 ao14 "111-

ta1M' .... 1.aa" proporUoa lITe.p .. "l .... of tile nriaUon 

1Il ooatent. of o.rpn1o as"". 
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B.raa •• lan10 a014 t 'lao .le •• l •• labl. tno"l011 ot 

halo ao14 aoooUll't.e4 for 0IllI' 9.6 per ... " of _palo _"tar 
vhlle _. alo_o1 iaaolllltle tn."l_ va. 18.68 per GeIlt.. 

9. falTl0 ao14 ..... 1 ........ a ftl ••• f ,6.51 per o.t. 

of _ul o.rpa1o aat.t.er. Slplt1"''' an4 po.1U .... o ... rela'" 

"lOll va •• "m4 _ween tal.T.t.O .014 aU o.rpnio oarboJl .- .-(reO.,618 ) •• w.ll •• w.t._ total al1n.- (reO.891, >, 
•• •• h_l0 .014 ( .. .0.9082 ) aIl4 olal' OOIlWn" ( .... 0.8552 ). 

10. !he HAllA rat.l0 of .. 11 o.rpnto .. "ie .. ftDIe4 

t.roa 0." t.o 1.06 vl til ..... _lao of 0.78. 



11. 1_111 t.noUea ..... ie4 for '5.21 per 0.:' of 

8011 orpnio as ,,~. ..ill .. '\ent va. tollllCl 10 be 10.1-

11'Y01l" aDd .1p1tleaa-u, eon.laied. vlth t.ot.l n1 'Utoge. -. .. 
(.reO. 7'74 ) &ad OI'pa.1o oarboll (rllC).6455 ). 

12. Tho .e .. pho.phon., .alphur an4 potaa.J.a oon

Mat of 8011 _pa1o u1w.r wan 0.051. 6.96 an4 0.,2 

III 

pu ooat. r •• ,..'1 .... 1I". CGaparod 10 'th. t1n41qe ot oUlor 

vOJ'lte.re 1b.o ph.ophoru aIUl , •••• 1_ OOIlWA1a ot .011 orpalo 

.. 1 ... were YU7 low vh.Ue til. nl •• • f orpnJ.. aalpb.v va. 

appnoJa'Dl¥ :td,p. 

All ... 0 nU •• 'De __ • olea_tal ocmet1 tuenta of 

orpalo _t.'\or 1 •• to/-a.', -/or,.'1 aa4 C/ora.I. .ra1,l •• VOI'O 

t .... '\0 De 'YVT hiCll v1U.le _,.'11.,.8 aIl4 _/o.rs.8 ra'10. 

vuo rola'1 .... l.r lov J.a _parl .. vl11l .roport.. .. 801entl.ta 

m lb. ,aa1. 
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Lars. D1IIIDv ot .. tao. .011. re" •• c:t.1Dc t.h. 

41ft •• ni 41.Vlo". of t.h ••• _ vue -1-1 .. 4 111 or •• r io 

work 0"" pr.o1 .. r.la't.10J18tlip. HW ... orpa.1o oarlloa, 

_t.al Di'\ropa aIl4 .... l18bl. DiVe_ .ill t.a ••• aol1.. !h • 

• oila were o •• .-leecl .1nio • .t.t.t .... 't. sro.,. laaH4 OD. 8011 

.x'\aN 8D4 0."''' of orpn1o ",,'tv. ..la't.ioD8b.lp. "~

w.en 41f.t.rea't. .. 11 propartl •••• ,11 .. bl. 10 tb. 'lft.en" 

eoU OJ"pzUo ""w.r va. oar.rl.d. oa" ill • l1a1ta4 mabe.r .f 

.. 11.. .lao til. 41a'k'llMaUoa .t •• ea.l ooapOMll_ ot 

.. 11 orpJ11o aai_r va •• -.1 •• ill .. 118 .. leo,," tu _. 

fnoil .... ilea of earPlUG ",,'t.v. 
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ObllU'fti1ona on 'Ul ........ 1 oIlaraow.rleU •• of .. 11 

",,"le4 t.b.ai 'th. OGllDAi ot wpn10 OU'Mn. __ 1 al:t.ro" 

8D4 ..... 11&D1. aiVoPD MOW" .. 1DeNu1D& '\rend. vl. 

1no.Na.. ill •• 141 V of BOU. III ...... 1 aor. orpnJ.o earlton 

vae ••• n .in tln. .ziared .011.. !be ictal ... IITIlllab1. 

Diirop:a OOll'Mni of .. 11 J.nor ..... vi. 1nor •••• 111 OOl1WJl't. 

of orpnio aaiwr. !h. __ '-" fd .... 118b1. uvo ......... . 
• 1p1floaai ... ,..lil .... ooztrelai1ea with "oial Div .... . 

81nH 'the en raUo iDore .... vi .. .laore ... .in OOJlWllt of 

0.1' ... 10 oarlHm li vaa .oea..". to predi.t tA. w_l and 

nal1&b1e B1 vo", 0011"-" .f .. 11 .... oa preol ...... I" •• lon 



eq""loaa n'\her ........ pa.41q _ 8 OOJmtraloa fa.W. 

On an BY.rap 10.82 per _" of '\h. JU Vol" ill .. 11 vaa 

.aVeo_4 a. nailaltl. alvo... !h. Old ra"10 vaa ,oal

"lnl.r _d .1p1:tl .. ,l.r oo.rrelatef vl tb. orlenl0 oarbel1 

and totall11uooPA whl1. 1, va ..... t.lyel.r oorrelaie4 vlth 

8 ... 1181»1. 111 v .... 

On an a .... rap \b. pBroen_, • • f b._l. aold, tul'9'10 

a.14 8D4 h_in 111 8011 orpaJ. ... "1&1' vu. 28.28. ,6.51 

aDd '5.21 re.peoUftl.r. Of '\he 28.28 'v oel1' AUlll0 M14, 

9.60 per oen" (of o.rpnio .. ,t.er) va. "pre .. ie4 __ 

b¥U'\oaelal11o a01d an4 itl8 r_iDiD, 18.68 per .. at .., 'tAo 

iI1eolub1. fnoUon of b.-.10 a014. Baa10 ao14 va. fOuM ie 

be .1p1!ioan'Ul' and po.li1 .... l.r oorHla_4 vitb '\ota1 orpP.1o 

ouliloJl, toial 111 vo_. olaT ... f,,1'9'10 a01d. Of "". _1&1 

tu'9'io aold, 12.'5 per ... " (of erpl1iO utter) vaa rep.-
a __ 4 b.r beta AuaU aDd 1ft •••• ,SDID, .... '\he .olt.tltl. 

traotion of tulyio .. 14. hl'9'io a.i4 vaa poal ,1 ... 8l.r aD4 

'1II11Ii08l1'l.r oorrelaW vith .. pato oar __ • to,\&l 111"" .... 

h_l0 aold and olaT. Bualo a.i4 ... tal'9'10 aold .. in_1I1.4 

•• _1Im" proporii_ iITe.p .. U ..... f tAo Y8riaUOI1 111 0011-

WD" of to_l orpn1o .. "t.v. lIal1l vaa al.o p •• i tl .... l.r a4 

a1p1floan'ttl.r oorrela\e. vliA _pato OU'Mn aD.4 total 

n1vo .... 



The .ean pA08PAaru, aalpluar ad potaaal_ ooateat 

of orpnio _tt.r wen 0.051. 6.96 8D4 0.,2 per oent r •• -

peof,l"'.l¥. !he O/_a.P, O/VS.I., O/_S.S, l/org.P, -/orl.X, 

l/orl.8, Or,.P/org.X, Orc.l/orc.S aDd Org.l/cre.S ratio. 

vere 1612.8, 94.1, 19.2,. 205.81, 9.11. 2.91, 0.07. 0.008 

aDd 0.007' r •• ,eoU .... lI'. 
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