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III1l0I)UC!lOIl 

the 1IDponance .t aD a4ecJ.u&te eapplJ' of plant .. \rid. 

to 8Il8UH ott1c1ent crop p~~ 1a beiDa recogn1s. nov, 

_" thaD .... ". !he neC to. plItnpbo.8 and pcbs.!_ 111 

1 

8011 1s beuc 1ncr~ reaU.M4 bJ the cult.ivator. aDd. 

'h.~e e1_enta baY. 1"tlCe1ved. tile autt1e1en' att.ant1oll 111 !'lOU 

teet1.n& lOoratori.. ud NII..- 1MU.'loDft. Ch.aeal 8011 

'ettt,s an ne .... to cletend,ne ~ .. \1'1_' st.J.PPl.J'1IC power ot 
tbe soU aDd b.ttDOe the quant.1\7 of tert.il a •• \0 be appl.i.ed. to 

overoorae .... abono-lzJls. 

fhDepbo .... 18 oo1'l81d.w'" to be tbe _8\ cr1t1ca1 

_tr1_ aD10rlln the povt;h of ple.n\s. wi"' the po~td.bl. 

aeeptlol'lot 111\1'0&-. 0wJ..ng to 1ta oc.plez r.aeUOM and. 

tnn!ltonaatlo11S 111 11011, aa4 0eMu. .. ot ~U total ItIlOW:$ 

present. 111 so11, the pbo~JIU. pl'Obl. baa become YO.". Qr1ous. 

In term. of cpaantlt1ea tak_ up _ pl.eJ1tft ..,. the total. 8IDDUJlt 

in .... ~U~, ;lOta.IIl~1ta 18 a ".., 1IIportant nutrt .. cation. 

theretore pho~N!f al1d potasft\1l!l are ~ \we lmportall\ pl.ant 

I'dItrieta det~ b7 IIOU ta~. 

A',,,,. ts.. been .. e to 11_ ... CJbean1ea1 .. ns to 

r..w. \bose ~ of the soU , .. IJ011 K that aN 

... tlable to plaats. fhere D.re . ..., soU. \cst1n& D8tbo(le ... 

• ..... at deal. of vork has been 40De 1n the search tor the 

I be"" aeUlod.. 



carr1ed out by chem:1e&1. methods based on the principle that 

the amount ot plant nutrt.mts solub1l1sed or extra.eted by a 

chemical extractant may be correlated w1 th the amount ot 

nutr1Im.t~ taken u.p 11)'" p1a.'1ts 1.(:., to s1mul&tu plant teedins. 

A larGe fU:ll;or ot ctractant~ 1nv"lvina vater, alkal1es, 

strongly 1onis~1 to wuakJ.l' 1otd.sed. ~ds, buf1"ered solutions, 

neutral salt so.lut1on~ etc. have been suggested by vadous 

sCientists for utructir.16 e.va1lable F and avaUable K. At 

pre~ent the :'iCU testlni laboratories ot X'lrala oSAplo7 

2 

Bray :No.1 (C .03 b lJIlf,J.i' + C .025 .Ii Bel.) for utracti.ng available 

P and neutral oormal NH1J.OAc tor ext.ract~ing avallabl.e K, although 

numerous others tUlVe (,Q$Il used and are UDder 1nvest1&at1on. 

In the dtNel.opaent of UV' eztract1n& sol.ut1on, two criteria 

should be oousidurec1. I'bst, the extraction ot nutrients Lr!.L~t 

be fi."Um the ~abil.8 pool. that wpplles those nutrients to pl.ant 

roots. Secor.d, the soU test procedure should be rap1d, 

reproduc1bl.. and eoonol!i1cal. 

The large llUtibv ot extractant solut1on~ wb1ch hav_ been 

emplo7ecl in tl'71ng to measure the ava1labUit)r of 1nd1Y1aual 

nutrients put forth practical. c:l1ft1culUes in routine 8011 

test1.ng. Dlfferent extractants Z"soved d1tterent tract10ns and 

d1frerent proportions of the total. aaoUDt ot an element present 

in the soU. these difficulties _at ~ artse due to 

tbe tact that the wt1"1ent aTailab1l1ty to p~ants depends on the 

c0nd1t1on~ tmdal" wb.ich the plant is arow an4 nutrient require­

.ent of the crop. V017 of'ten, the most commonly used Brq No.1 
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and lJI40Ac methods could not perform very well in all situations. 

Because of the great variations that usually occur from place to 

place it 1s necessary to test considerable number of samples 

from a field. Since the number of soU samples tested annually 

in Kerala has been steadily increasing. extraction of individual 

nutrients with separate extractants has become laborious and 

time consuming. IIDreover t recent advances in computor 

controlled data processing and sophisticated laboratory 

instruments that are capable ot analysing a solution for many 

elements simultaneously, can be tully realised only if a single 

extracting solution can provide information on several soil 

nutrients. 

A few tests generally known as rapid tests have been 

devised, which employ a Single extraction and subsequent 

testing the extract obtained tor ~ elements. l-Drgan's 

'universal extractant t which is sodium acetate-acetic acid 

combination buffered to pH 4.8 was given much importance for 

many years. Several modifications of this extractant were 

made by several workers but none could give results which would 

correlate closely with the uptake ot phosphorus and potassium 

in a wide range of soUse Unlike nitrogen, secondary nutrients 

and micro-nutrients, phosphorus and potassium tollow certain 

unique pattern ot soU r8actions. f'JO it has become necessary 

to find out an extractant suitable for extracting phosphorus 

and potaSSium simul.taneously. h'venthough many extractants 

have been used and are tried tor extracting most of the 

important plant nutrients using a sL~le ~xtr.a~t1ng sOiu~ion, 



not enough work has be .. carr.1ecl out to decide whether a 

co.,.,n atractant can be ~7ed for estimating aTa.11able p 

alJd K alone. 

AJDoD& the ditferent types of chem1cal extractant S t 

mineral. acids in chelateel qstem can be preferred to other 

extractants. since the ac1d OODd1t1ons under which extraction 

takes pl.ace can be cons1dered sc.lWbat COIIparable to that of 

the field conditions under which P and K are taken up bf 

plants tram the ac1d latent. aoUs ot Kerala. 

Once an ex\.ractarlt is tOUDd su.1table both for P and Xt 

the 8.I'la4sis must be utendecl to other properties of the 9011, 

a demand vh1ch bas been made _re trequentl.:,y in recent years. 

In addition to the chemical eal1brat1on and detel'lD1nat1on of 

the rel.&tionsh1p betwee test Talue and. crop reflpon~., the 

tert1l1zer recommendation mu~t be Bade in the 11ght of a 

practical lalow~ed&e ot the crop to be grown, characteristics 

of the soU under 8tU~ and other snvUoramtaJ. conditions. 

The relationship between the ava1l.able nutrientfl obtWled. by 

chSlical ~sis and ph7s1co-Ch.aeal cbaraoter1sticf! ot the 

s011 sucb as pH, organ1c carbon content, wtr1ent f1xation, etc. 

will enable a better 1nterpretation of the Y8lues of 

conventional analysis. 

In view ot the above tact$;, the present study is theretore 

undertaken With the obJective of 8YOlving a s1ngle extractant 

suitable tor extracting both aTa1lable P and ava1labl.e X so as 



to s1JDp111) the PJ'O08S8 of utnct1D& the.8 avail able plant 

nutrients 1n soU test1n& vo*. 
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REVIEW OF LITERATURE 



1 iltt,pt.1gIA of &ujJabl.1 r iA' ~u. lLt .oh ... MibOJll 

The ch8D1cal t8Cbn1que that has rece1ved and 1s still 

rece1Y1rc the most attention tor estUlat1n& a:nUable P in 

B01l. 1s that ot extractiOn nth one OJ' !DOra solutions. 

D1tfcu'ent extractant. that have been !I\188Q8ted during the 

loast eeatur.r are .legion and cover the whol.. gamut between 

concantntGd SUlpbv1c acid. UJd 1)0111111 caustic alkal1. The 

pllbl1..-t1ons in Wb10h theso so~utlonfJ and their applications 

6 

are o1SQUS8e4 proba:bl¥ are the most 'YOl.wd.nouR. Sane ot the 

workers 1nYolveQ are Arlderson (1960). Hanna and !'l.ann.,. (1960), 

Hester (1960). Xalrprath and I;'1tte (1960), hl.son.&.I1. (1960). 

Scbrader (1960). Wolf (1960), Bense (1911), B1ngham (197,) and 

Chopra an3. Karr.:ar (1916). 

fhe princ1pl.e 1nvoJ:,_ 1n the extraction 1s that the 

atractant 1s capable of t\1s8Ol.y1n& that traction ot 90il P 

that 1s cons1deracl an1lable to plAnts. 

,&yentbough a large number or atractants baye been 

.. aluate4 utens1v~t 1t must be adIlitted that no one method 

18 ugeful. for all. types or seUs. 1"01' exampl... the National 

S01l. and Fert1l1ze Reseeu°ch COlilm1tt .. on noil fiest1ns (19%) 

compared a number or chesn1caJ. soU tests. using 9011s ot 

krw:nm P requirem.ent. In .~l, 11t- td.del..7 vary1ns SOils were 

1nvol.ved, the oommittee notecl that the chem1eal tests agreed 

better with 'l' •• Dbouse tests than with t1el4' trials. Th.,. also 

found. that weak atractants such aa vater IUVl carbonic &014 
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were .ore suitable tor aJkaline so11s than for a.cld so11s. The 

strong acid extJlaCtants were tound to be IW>re satlsfactory for 

testing acid so11s (Btngbaa. 1975). 

1.1 ~a QJLl gt.altWft lise ~ t.M 
Various Gtractants end concept!l bave been u~ed to assess 

the P suppJ.ytng power of loils. 'lb. c11splaced soU solut.ion vas 

tirst used as an iDdez ot f ava1lab1l1ty b7 1'1ere ancl Parke,. (1926). 

'lh.e7 touncl a poor correlation betV881l ooncentl'8t1on ot sol1 

solution P and pl.ant response to P tert1U.aat10n. In tact 1D none 

of the ear17 experiments s011 solution R lias successtu:l.l7 

correlated with plant growth (Adaas. 1974-). 

The extractants proposed so tar are l1sted in fable· 1 • 

fable 1 
Ltst of utractams tor aYa11able P 

1 water 

2 CO2 saturated water 

3 carbonic acid 

~ 1~ citric acid 

medrSnsop (19)8>, DuN. and 

Murptw (193~)t IltU'd (1948). 
B1n£bam (191+9), Hasbad .I.t. ..... (1951) 
thompson .u Al. (1960 >, 
V_ Diest (1963a). l'aauw and 

Slse1nlb (1968). Paauw (1971), 
S1ss1n&b (1971), Gibson (1916) 

Pari and Asghar (1936) 

He Georae (1939) t Stanberry (1949), 
Fen Gupta an4 Cornfield (1963 >. 
Abbott (1978) 
»Tel' (169lt-) 
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(Table 1 Contd •••• ) 

-------~--~-----~------~~--~~-----~--------~-~---~----------
Sl. 
50 • 

Extractant Proposed b)" 

.. ----_.- ... _ ... _-..... _ .. - ... _--------------.... _---------... -........... -.. -_ ...... -----
; 
6 

7 

8 

9 

10 

11 

12 

13 

14-

1; 

16 

17 

0.; j acetic acid 

Oxalic acid 

0.314- J HCl 

0.7 .l! Hel 

0.2 .B HN03 
o 01 N HNO 

• - 3 
0.01 j H2SOt., 

0.05 j H2S~ 

0.211 H2S~ 

0.5 N H}~'\. 

0.0, M Hel + 0.02; B 
H2,SOt.. 

0.1 j ECl. + 0.025 ]' 
H2SOt,. 

0.06 J H2S<>t., + 0.06 .y 
Hel + 0.0, li oxalic 
Reid 

Suetov (1968) 

Gachon (1966) 

Baver and Bruner (1939) 

Olsen (194-6) 

Fraps (1909) 

Von Sigmond (1929) 

Kerr and Von Ste1ghtz (1938) 

Beater (194-9) 

, BancL.""Oft (1952) 

Bittenoourt ~~. (1978) 

i'el.son.6 .IJ.. (1953>, Fitts (1956), 
Pr1tehett (1976) 

}1ehlich (1955> 

Mathew (1979) 

18 0.002 ~ H2So.., buffered Truog (1930) 
to pH 3 with(NH4->2so ... 

19 

20 

Acetic aeid at 
varying strengths 

Sodium acetate-acetic 
&cid 

Brown (1940), Ghani (19"'3), Peach 
and Engl1 sh ( 1941+ ) 

1>lorgan (1937) 

21 0.02 11 caJ.c1um lactage Egner (1941) 
in 0.01 j Hel (pH 3.5> 

---~----~~-~--~---~~----~-------~--~----~~-----~---~-~~~~----
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(fable 1 Oontd ••••• ) 

.. Extractant Proposed b7 10 • .. ---- ..... .,. ... -......... -................. ---.. ~- .................... -... -..... -................. ---.... --_ ..... -.. ..... 
22 O.1.t &ni.mOrdum lnct~e in 

O.~j acetic acid 
!Sgner .!1 Al. ( 1960 ) 

23 2.5% acetic aci4 containing Williams (1950) 
8~4roq qu1.nol1ne 

2lt 0.1 ~ eal.ei:wl! lact at e ar.d 
0.1 Jl calc:!'Wi! acetate in 
0.3 I acetic acid 

25 Eoric acid LUld borox 
butrered to pH 7.6 

26 O.fY/ Jj lSDTA and 0.00; l:I 
oxaJJ.c acld 

21 KD'lA 

28 0.2 ~ ammon1ua oxalate 

29 Calcium chloride 

30 Jiol"lLlal HCl 

31 O.5~ '2s~ + 0.5% 
ammonium molybdate 

32 Ammonium acetate 

Borlan and. Dorde1asu. (1968) 

Kamrar (1953) t Vll'O (195 5&, 
1955b), wallace ~.Il. (1955), 
Alexant!er and Hobertson (1972), 
tlnadi (, 975 ) t f.abravat (1971) 

Joret and Herbert (195,), 
Ovens (1977) 

Aslyrc (195*), AsIYDG (1964), 
a-echOll (1966) t I:8.k er a:'.Q. 

fIGll (1967), Wainwright and 
r-.owde'l (15'7/) 

.Pur! and nwe..rnakar (1969) 

G1ntJburg and Arta;nonava (1966) 

Brel.and and Ne~tb (1968), 
,uddu8 (1968). Ogot (1970) 
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(Table 1 COntd •••• ) 

fl. "&tractent 
No. 

33 Sod1ua acetate 

31t DUute stannous chloride 
solution 

3~ 0.5 lJ Bl\F and 0.1 li Bel 

36 0.03 Ji NHa.F all4 0.02; .I HCl 

31 NlIa.F 
38 HI\' and BaRCa.. 

39 Nl\F + HF 

1tO 0.03 Ii IlBt.F and. 1_ ED'l'A 

1t-1 1~ '2003 at pH 8.S 
1t-2 0.5 J.i KaHC03 adjusted. to 

pH 8.; 

"3 ~n1ua bicarbonate 

4lt- 1~ 8IDOn1uIl carbonate 

It~ 0.; .J 8Od1ua bJdrox1de 

ltO Hot 0.1 j ~ua b7drox1de 

"'7 Calc1. b1carbODat. 

a..a 0.3 JI laOS and 0.; Ji 
sodiua oxalate 

Proposed. b7 

Breland and Nesmitb (1968) 

Wc14t and. Corey (197") 

Br8J and Kurt. (19.;) 

Dapu1s (1950) 

Ur~o and Kes seba (1972) 

M1ll.er and Al~ (1956). 
f~bert8on (1962), 
Kacer .G Al. (1967) 

",boola and John (1980) 

Datta and Kaath (1959) 

Dae (1930) 

Olsen .Il Al. (1951+) t Webber and 

Mat t1ngl1' (1910) t Walmsley and 
CorntaUl (1973). Matar and. 
fe.an (197,) t Barrow and 

f:hav (1976&, 1976b) Bowman 
and Col.. (1978) 

DUke and Scheffer (1928) 

Bobru,. and lt1m (1969) 

Jones (191+9) 

Saunder (1956) 

Warren and. Cooke (1962) 

Al.-Abbas and Barber (1964) 

--- ............ -.. --~ .... ~~ ............... -........... -.... -.. ---.. --..... -----........ ----.............. ,...-........ ---
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1.2 iJal.yat~QD At the 1l.~h9S\j! 

Th, d1fferont axtractants fJ'U8geBted by so many workers 

hay. otten bu8n c..:)tlPUed to sae their perto.rtJ&llce in est1maUrc 

aYailabl.. P. ~he1r J"Olat1ve efficiency vas jUI!gOO by the 

degree at conel.at1on obtained with P uptake by plants in 

e1ther greenhouse or field trials. the l1terature on the 

aubject bas been r6'V1ewed by Brind (19~oa. 1950b), and 

Nelson n.a1.. (19~3). The popular-tt)" of this approach is due 

to tile fact t.hat coulpar1son of sou. test values with anaJ.y~1s 

ot plant. grovrl on the eoil ofters a 81mplo and l'c..p1d method of 

evaluat1rc the sol1 te!1ts under a w1d. "r'8r1et)" of conditions 

espec1al.'q where data on response to fertil1zer are lin.tt1ng or 

lack.1ng (t'ack a!ld Gomez, 1956). 

~m1th and Cook (1953) correlated the growth re~on~e ot 

vheat nth c~crJ1e&ll¥ mea~t.u~ed &va1.1,.abls }-' in !JoU, utll1a1ng 8 

cherr4.cal. methods ot axtrs.ct1I'ii 3.v3.1lnble 1'. The U8(J of :my or 
the methods ot JJrq provided a cons1derabl.y el.ear picture vi 

the F a'Ya1lab1l1ty. s1nce inclusion of fluor1de in the extracting 

solution enabled the adt;o.rbed P in the so11 to be r9f!JOVect. 

Catani n.."1d !~akat:lU.' (1971) found that ';oU solution rat10 

had a marked 1n1'luence on the .P axtraot1vn and a doc.rease or 
50 per c9nt or more in tho at!lOunt of P extracted l<1t1S noted when 

the ratio va. varied £rom 5.,00 to 20:100. 

Jo ~'e (1l)?2) compared sayoral aetboCls of tlGa9Ul"il1l avaUabl.e 

p in ~OUS of : iouth India ana reported that a:n1on excbar18e resin 

and isotopiC dilution te~J.ques sue valuea b.1ghl.y' con-elated 
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with P uptake 117 raa1 plants. Among the chemical extractants, 

Drq No.1 t Al.-Abba& and Baril .. and Olsen' 8 methods vere most 

8at181'acto17 and the P extracted. by these method.!'! were h1~ 

correlated with P UJltake by pl.ants. Water and anion aoh8llle 

resin utracted comparatively lover amounts ot F from 80118, 

whil.e acid utractants dissolved large amoum ot P espec1all.7 

from solls ot high pH. Brrq No.1 extractant though contained 

ac1d Pl"OTed ett1c1ent due to 1ts abU1ty to dissolve AJ.-phosphata, 

the torm ot P most closely correlatecl with P uptake b7 plants in 

the soils studied. Walmsley and Comtoth (1973) showed tbat 

. Olsen' s I (0., J NaliC03 ) meth04 laYa the best e~t1mates ot 

aY&1labla P and was also least sensitive to changes in soU 

properties (texture, pH, C.&;C and. peroentace base saturat10n). 

Amer's resin aeth04 vas almost .e good. axcept that 1t was 

UDSUccesst\ll nth s011s ot low b .... saturat1o:n. 

XothaD1n1D8n (191,) 111 his studies on the evaluation ot 

dirterent roethods tor est1matina • ..u.able P shoved. that Olsen, 

Brq 10.1, B~ No.2, Tl'UOlt WUUaas, Mebl.1ch and Frape wera 

most satistactor.y atld equally eftective 1n extract11l1 the plant 

a'Yallable p. when aJ.l the solls were cons1derocl together. The 

:resul.t s of the statistical anal.7S1s had. shown that most ot the 

'Yariationa in the P uptake bT plants and. Brq &.1 tegt values 

wen acOOUDted tor bJ Al-l'. The Fe-l' hacUon was the pr1lDe 

source of Olsen' s P and 1sotop1call7 axche.ngeaLl. P. Th. 

greatest contnbutlon in tbe variation ot Brq !Io.2 and Truog 

soU test 'Value. vas .ID81nlJ tl"om Ca-P 1'ol.l.ove4 by F ... I and Al-p. 

Budd. and French (1976) cOItparad 9 metbods ot measur1nl 
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a:raUabl. 8011 P in IOU. ot South Australia, ID8IJ7 ot which 

contained. large eJIOunts ot tree 11m.. For all soUs, 0.5» 

HallOO) extJ.-aetant was found to be the beet, HCl. in lIIt,.F was 

,004 tor noncal.canoU8 soils. 

Ol.sen and Brq No.1 solutionFJ were equa.J.q precis. in 

predicting percentase ot yields (Ens.,.,. t 1977). 

Maida (1918) round th.t the aJlC)unts ot soU P extracted. 

b1 the methOds ot Olsen, B:ra7. WUl1 •• aJld Stew.-t, Morgan, 

Asqna, amon ach.an8e resin, 8auDder. Dr- and North ~roUna 

vel'. s1gn1t1can~ inter-related. fhe extracUon C?t U-P b7 

chemical soll tests vas in the deer_.inI oJ'der ot Dy.r> North 

CoI'011_> 0.1 Jf .NaOB extractable> O.S J:1 ~COOH>Ols.n> Brq> 

&Dion ezcbange resin. F...., was the second most 1IwL-'O rt.ant 

yar1able eontribut1J1i to the total. 'Y8.J1.ation in 0.1 J:: NaOB 

extractable p. Ols_ P, liorth Caltol1na P t resin extractable P 

a:a4 DT- il vaJ.ues. 

Mathew (1979) revealed that Bn7 No.1 could not est1llate 

'Ra-yaJ,ue' ot the sol1 i.e.. total. &'Y81lable phosphate r.~e". 

ot soU. ne found tbat re80rpt,10D ot P hom the sol.ution can be 

efiec:t1vel3" prwented by anp1o)t1.rw orlanic acids and thus the 

• amount or P extracted by the JD1:naral. ac:14 could be increased. 

b1 the presence ot organic ac.1ds, notabl7 oxallc acid. He 

reoOlDDcmded. an extractant cons18t1.na or 0.06 Jj H2S,\. 0.06.1 HCl 

aJ'ld. 0.05 J oxalic aCid, vi th all eq,u1l.1brat1on period. of 30 min 

and a sou aol.u.tion or 1.10 tor est1ating the 'Ba-yalue' of the 

soU s ot Ke.rala. 



Ollken.& .... (1980) tou4 \bat BmA proce4ure resulted. 

ill better p.reUcta»1l1t7 ot p tenU1aer need. than 81ther the 

rm..,OA.C or BaJiC03 GtracUOI1 procedures. 

Boltord. (1980) Shoved that 1ft a 8UOce •• tul. 8011 'e9t, 

1ncnal1Di butte c..,ao1ty could _re •• the extraction ot 
p 

lab11e P 1Il the ... Vft/I as 1t UpNSs_AUPtatte by plants. He 

ebsVYtMl tbat extnctl0D ot 1ab11e p" .. d.epr .... bJ 1ncnas1nl 

btltt. cap •• most 111 tbe ...,. test. followed. bT the 01 •• 

ten aI1d. 1.n ill the Colwell. teart. The 01 .. te~t &!'Pf'are4 to 

be oorrectll' s.m.t1.e to butteft.rll. 

01.en'" .nnctazrt was oapabl.e of exthOtl~ \he 1norganio 

teas ot P vb1eh were considered. to be read' ~ aYa1labJ.. to rioe 

crop under tloode4 80U cond1tlone and. th1s method. vas promisect 

to be a rel.1abl.. 8011 test method m tbe 8Y8l.ua.t10n ot p 

requireellt of ric. crop in tl.oo4ecl 8011. (Biddappa all4 

SarkulJan. 1981). 

De'bnath an4 Handel (1982) nlatecl the d1tferent 1noraan10 

P tractions to _.'labJ.e P deteJ"Jd.necl b7 yarlous chem1cal and 

blolol1oal Mthoc:lS. It vas indicated that Al-P vaa the major 

source ot labile J? datend.ned b7 Dr., Do.1 and Tl'OUC·. rathoda 

vbereal Fe-I va. the JDa1n source as secured b7 01.8en and N_bauer 

proc.au.r... From the stand poiDt of 81ad len t7 with Ifeubauer 

.ethoc1 1n _tracUnc P doJd nan~ from a common fract10n ot 

phosphate, Olsen'. P appeared to be the best tor soU. un4er studT 

espeo1alll' tor rice crop. The vlder ruse appl.1oabU1ty of 

01981'1' •• ethod 111 Indian soUs 8sptlO1al.l7 te low land r1ce hae 

be. e.ta))llshe4 b7 Datta u4 ,_ttl (19S8>. Lqesse and 



Tr1patb1 and Verma (1982) determined. the phosphate 

availab1l1 t 7 1ndit as and. 1nOrgamc p traet10ns in 12 Alf1so18 

of H:1JDachal Pradesh on a11' dr.y and vaterlolged soU 8amples • 

the stepwise regression arw.lys1s indicated that Fe-P va.s the 

most 1IIIportent variable contrtbut11l1 to the total v=u"1at1on 

in the regres810n ot Olsen, :Brfq' 11, Brrq P2, Peech and 

Morgan'" extractants and Ca-P in the regression of North 

Carol1.na extractants both in a1r d17 aDd waterlogged soils. 
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Al .. P vas the second important variable oont.r1but1n,g to the 

variation in t.he regren810n ot Olnen, Bra7 P1, Brq P2, and 

North carolina utractants and C .. P in the regression or Peech 

an4 Morgan's utractants. With the exception ot Trueg'. 

extractant t six other extractant. _tnated P from the same 

1norgamc phosphate fractions· under both &1r dl7 and waterlogged. 

81 tuat10ns ind1cat11'l1 the1r A1m1lari t7 UDder the tuo pi tuat10ns • 

The same workers in the same year round that Fe-P was the most 

important inorganic P traction contribut1ng to P nutrit10n ot 

r1ce and that Al-P val' next 1n importance. The Drq P2 ~1l. 

extractant vas the most e1"fect1ve 111 extract1ng P from l·'e and 

Al-f tractions or soll P in both a1r dJ7 and. vatel"l.ogged soUs. 

this method correlated well with all the growth parameters of 

plants grown under vater~ogged COndition. 

S1bbet:l!on (1983) eyaluated the su1tabU1ty of some s011 P 

tests to assess the P status ot contrast1nl sol1s and the 

evaluation ral'lked the i' tests in-to three Sl'OUps, viz. t best group _ 



anion uoballle res1n metbo4l U1t81"lled1ate S1'O\lP - vater ani. 

sod1U1l bicarbonate method, worst Il"OVP - all acid methods, 

acetate butt... l.actate butter, citric acid, Bnv 1, Truol 

and. Bandrott'l methods. 
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!be relationship between extractable phosphate ancl 

mobile phosphate vaS more oomplex than rdaht be assumecl ant 

dependSon the sorption character.LstJ.ea of the fJOU. It va. 

theretore not po~eibl. to accurately est1mate labUe phosphate 

slJnP17 from Brq F1 extractable phospha.te. ., 811lple ". 

conventional methods could replace the need tor isotopiC 

exchange ._sur_ents (Proben and w1llett, 1983). 

Holtord. (1983) reported that phosphate sorpt1Y1t.)r ha4 

no e!'tf:ct on the er1tical. levels ot &IV' so11 te~ts on the "'err 
acid soUs and sodium b1earbonate tests were the most errect1y. 

and Meblich test vas tile lec.st effective, on all. soils 

regardl.8s!t ot sorpt1'Y1t7 or pH. The results suagested. that 

major eouree of plant ava:1.l.able f in moderate.q add to alkaJ.1ne 

soU. 1s excbangeabl.e P whereas 111 very acid soils 1t 1s non­

ucb.all&_ble mineral P aSSOciated with It'. and Al. 

l4ack.q .&...... (1984) reported that Bra,- procedure 

appeared to 'be the most effective fJoU test-illg procedure 1J1 

8ituations vhere unreacted phoephate rock contributed 

81ill1..ficant.l¥ to plant ava.uab~. 1) 1n soU. the better 

pred1ct1"le abUity of tho Br~" t3st resulted from the ab1llt7 

ot this proeeduro to extract unraacte4 phoSpba.t.e rock which i. 

likely ~ disvolv. 1n the sbort tel'll and sorbed. 
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Dalal (198;> correlated the P desorbed .from 18 South 

Australian soU s by anion axcbUlSe resin (AER) and cation 

anion _chanae resin (CJJm) J( at ditferent periods with yield 

response and P uptake by wheat. 'lhe relationship between the 

quantit)' ot P det'lor:bed by both res1n systems and P uptake 

and grain y1eld vas toum to improve sign1f1can~ as the 

period ot desorption increased upto about 10 hour!!, atter 

that improved onl.y sllght~. %he ~p was better correlated 

with f uptake and grain y1eld aIld predicted yield re!'lpOli~e 

more clo s~ than AEl1.P. CA.l:al. desorted more P fran soU than 

Urt due to its capaCity to take up cations as vell as P from 

the so11 solut1on, thus better s1mulattns cation and P uptake 

by plants. 

Wolt and Delter (198;) had undertaken a stUdy to "eluate 

the &gre_ant among d1fferent \Jn1verslty laboratories perforBd.ns 

the Olsen, Jlrq l'1, Hehl1ch I and. Mehl1ch III \.e~ts tor P on a 

d1 verse group ot non-oal.careous agricultural solls. The Brq PI 

and Mehl1ch III were hiShl1 correlated and siru1lar quantities 

ot P wore extracted by the tvo te~ts. 

2. ~r"tut S )lsS tqr 1!bg esYma~u>n gt.. 8&1 ;l.JbJ.. jt 

AvaUable It 1n noll is consisted ot 1tJned1atel.1' available r 
which i~ the vater soJ.uble and exchangeable. and. potentially 

available or 'fixed' K. It has been t1rD1l.y estal.:l1r~hed that 

plant s are a.bJ.e to take up more K £rom a soU than is p.l'esent 

in water ~olul'J e and exchangeable form. the relea~. ot noD-' 

exchangeable K fran nonexehangeaLle sources may be appreciable. 
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Bw __ , \he rel..se a'. ,. _ .... ~ t.oe slow to pl'O'f14. 

a k ~ tba\ 1s ........ hiP yl4t1ds (GriJDe, 191"'). 

!he -.1Jl tnDI t. \he d ...... Nt1oD o~ avallabl.e :l 

"., tor .. pi4 ae\bo4s, anA the seuob went GIl lOr aVaetu.\ts 

1fh1ob VO\l1d. cI18so1 ... the ))lant aYldlable traction with the 

1 .... po.Ana .,..u.ture of u.. .... l.abow (Abme'" ..... ,1913). 

A 81'- .. ber of d1tt...... _traot1orl procedures haVe bee .... 

with vat'71D& success, st1ll there 1$ 1aek of a aatis' __ ", 

_1i.rae*-' wb10b can. be posQllatad UD1 ... 1J&l1,. tor deteratn1IW 

"'811u18 I.. 

the dJ.t1'81'ent extract.ant.s SUCieste4 b7 various waara 

to.. esUu.t1Di available .I are ClveJl 1D the kbl.e below. 

fabl.e 2 

l4.ft of avactaats ,.. avaUabl. K 

.... - .......... ,.... ....... __ .......... _ .................. J .... ______ ....... ___ ........-. ........ __ _ 

Sl.Ro. ... of eztn.ctd Proposed 'b7 ...... . ............ ----.................................. -... -----. ............ -.,.--....... ~ 
.. 

2 

3 
... 
S 
6 

'I 

BCl (dUute) 

0.7 J HCl 

HCl. under ret'lm: 

1.38 J ~so,.. 

6 J HaS<\. 
0.0,. .I Bel + O.02S.l 

Ba~ 

Jiel.soa (1tS9), Svud. .. 
W (1970) 

au-a (1'S1), Harada .. 

S1noha:ra (1968). M18hra.li Alt. 
(1910) 

.... aNn .. am Barbier (19S6) 

SUsh ...... (1983) 

amt .. .,. Pratt (19S7) 

fltmter aDd. hUt (1957) 

.-•• - ........... - __ ............................ k ................ _ ••• ______ • _ ••• 
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-- ... -... -............ ~--- ... ----.. ------....... --...... --.. -...... -..... .-. ..... -............. -....... --........ ...-.. 
Sl.Jo. Name of _tractan' Froposed b7 -_ ......................... --..... ..----... ................ --_ ......... .., ...... --.... --_ ............................. --.... _-

8 0.5 .Ii nitric aci4 (boilina) 

9 o.S Ji nitric acid (shak1na) 

10 Bolling normal nitric ac1d 

11 llOrmal. n1 tric acid 

12 1% citric acid 

13 'O.S J acetic acid 

15 1 J sodiua acetate (pH 7.5) 

16 1 ~ aodium acetate added to 
3% acetic ac14 

11 AaIDor.d.ua l.actate and 
acetio acid 

18 NHa,.Cl 10% 

19 0.; .l1 NHt.Cl and 0.025 .ll lleL 

00IL'8Jl and ISWaraD (1962) t 
}!d.rchaeY (1966) 

00IDl. en and Isvaran (1962) t 
Weber and Cal.dwell (1965) 

Eagl.e (1961) 
Nelson (1959), royd ~'1d 
E'racter (1967) 
Wood and. De Turk (191+1) 

Dyer (18911-), f.en..G jJ.. (191t9) 

Sen .J.l Al. (191+9). husr-ell. 
(1967 ) 

Hanw.,. and. He1dal. (1962), 

Van Liest (19630), Datta and 
Kalbande (1967), Mtshra.& AJ.. 
(1970), Ch1r1ac (1961f.) 

S1nCh and Ghosh (1982) 

~rpn (1~1) t Swami and 
LaJ. (1910) 

Van Diest (1963b) 

WheRlnc (1930) 

Be1son (1959) 

20 Sod1ta acetate + acetic ac14 + Carpentezo (1953) 
~dl'OChlor1c acid. 

21 It-3.6S1' f1Od1ura acetate anti Bray (1932) 
1S~ mW3 

22 6~ 1m3 so~ut1on and 1% Datta and Kalbande (1967) 
acetic acid (pH .... 8) 

23 1 Jf )W0Ac (pH 1.;) Courer. and. He Lean (1969) -----......... -.. -~ ... -..-----... ---~'-........... ~~ .... --......... --~-.... -.............. 



(table 2 COntd •••• ) 

--~~~~~~-~~-~~~~~~-~-~~~-~~~~~~--~--~~-~~-----------~ 
81.10. Nae o~ ctractant Fropoeec1 by 

Ol.sen t. bioarbonate 
~l.ution 

liq1l'l and i 1e1genbaua (1962), 

l?eigenbaura aud raaiD (1967), 
Russell (196~ J 

i.baohtsababel and 

Dei DeIDaD (197"') I G1'1Jzae ald 
Uemeth (1976a, 1916b) 

z.~ Collaib¥ and. l:C Alli~,ter (1967), 
Singh and GhOAh (1982) 

2.2 If.Ia.M1tiI,9D At au mW.SI~1 
Qms1derabl.. ~ of work haY. been earned od in tbe 

la.boratol7 am ,nadlouse to 4etend.ne the rel.at1'Ye 8i1101...,. 

or vu-ious so11 test p.teeedures tOI' K. 

WIle.tiDg (1930) 1nd1cated that lleubauer test ertdentq 

d.etected quite accurately the K det1c1elO1e. of soils. or the 

several solvents used Ni:lt..Cl. sol.uUon most closel3" ~ated 

plant act! vi cy 11'1 rerJ.iO'Y'ing available K. 

Re,pl.ace&b~e K WaS generalll' cons1cered to oe a 811R1rCe of 

I. tor Ule soU solu.1on and. therefore to '08 more w ~es. 

available tor pl.ant gJlOWth (Brrq. 1932). 

Watv so~ubl.. K bao given a better measure of K supp41n1 

power of a soU t"hall the 1n1t1a.l uchan&eabla level of K as 

report. by lioocl .. Al.. (1956) 

Bat_ 8D4 ~t (19~) suuested that sulpbur10 aa14 
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wold. be a .. ...,1_ ..... tUa 1 J BBa.0A0 ard bo111111 

1 .I IDrOl dDc. en aaot cpmU" of b_' --&7 va- f\rnd. .... 

to \he Mil. ctraeU.on syst_ which theont1oellJ turD1t1b.ect a 

Dlea.m: or releasirlC a const.ant .-unt of u:m..excbarJc_ble It 

due to bl'~ of P1"1llal7' e:nd seeol'l4aJ7 mtnera1. 8.8 well as 

excbaal.able J{ trcmI a part1C\ll.t1.r ..u. 

Sia I18tJ»ds or ~'1on 't1.&., l1oJ'aan, Peech and 

& .. 11" _:s'M, Jolwt.h Coal1na, AIlberl1te 1.R..20. 'boilS,. 

_JIIIal &0
3 

aarl ~ NBa.QA.o baY. 'beal aapared _ Ealo.m 

abd. Sad.ta (19,1). H4J reported Vat. the use 01 cchanSe redll 

al.tbouIA \00 l,"nato¥ t_ ~1cl soU test1lli app ......... more 

offeoU •• 1D est1raUlli orop respollSa t.ban 41el the butf' .... 

... tat. eolutlon. 

AS pouted ou.\ '" ButtoD aJld Se.,. ('9SO) I. -.vaetefl _ 

o. t .I ~G' ... 1 .I ..... 0&0 h'Gm aV dJ.7 soU sat£pl.es all4 the I 

.al'_t ... or 1.38.1i 1:12SOa. trw &1I01st saIlpl,e:; have &i-.en the best 

1-nd1ces for waluat.~ the i.. 8Uj,.iply1r~ ;power of so1.1s. 

Iielaon (19S9) earapared the total. It r.GYecl • 8Wltlover 

pl.ala to r .... aJ. _ 6 cbGcal 8&Vactallta us1nc 17 SOUsa !he 

ben oornlatSmu,vere obtained. With tl'1ose methods 14eaSUl'UlC 

uchaD&eable K. He tOUlld that uptake of It b7 suntJ.ower 

correlated 8ql,A] 11' well. w1.th K extracted. b7 normal. JWa.0Ac .. 
MUiDl normal Ultr1e ad.u. 

0..,. (1962) correlated. 80il test 'Values for 1<. and crop 

"."'.8 to X fe,111 ... b;r paddF .,. vb_ 111 lbdlaa SOU •• 

S.a-_aal. 111'1'10 acids (30 Id.n Bbak1fl8 and 1 h beat.112a) aw-reC 
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. 
to b. su.1tabl.. extractantll tor deteJlD1n1Il1 K fertil1ze, need. 

in the red. loam Raeawar Block (Bibu) solls. and coastal 

all.u'Y1al Ma:ngUol"e so11s respecUveq for padctY. S1m1larq 

Morgan' 8 extractant appeared to be !=lu1table t07 pred1cUna K 

fertil1zer needs for wheat crop. Por S1al.a (ll.P) submontane 

torost soUs, D.Yer'. 1!' 01t1"1c ae14 appeared to be a su1table 

utractant tor pred1ct1ns the K tertillzer needs tor wheat 

crop. AnI' single Gtraetant was not round sultabJ.e tor 311d11D8 

the nee4s of 1{ rert1l1zer tor all. \7pe~ 01: lndian ~oUs studt". 

Stanton and Orchard (1963) contiJ'Md that exchangeable J( 

would be the imed1ate source on wh1ch pl.8l'1ts draw .... the1l' 

requirement 9 and that dopletion was followe4 b7 replen1sbmen~ 

from other categ01"1es Qf so11 K, the so called !lYtep K, vae 

found to be the JD&1n secondary qaurce. He ~~:e~ted tbat tor 

a bet tar prediction ot the K Sll.Pljly1ng power of a ~oU both 

tbe exchangeable and ctep K wst be determined. 

Datta. and. .Kelband.G (1961) reported that HUftter-i'ratt 

.ethod us1n8 6 J HaSOq. appeared. to be the best extractant 

under present set ot condit1o!~!l. In the soilS hanna 1ll1te 

ae tbe dom1nent eJ.Iq' td.neral e.nd the sol1s conta1l'ltr~ les8 thaD 

20% cllq. dete.nn1nation of Ucl"..angeable K b7 Barbier and Morcan 

as vell as Harar.,. ancl Heidel method. gave prom181ng re8Ults. 

Bubier and ~l"gan'" method was found suitable in ooUs cont.2n1rc 

exchanseable J{ less than 0.2 me/100 g ot soU whereas the method 

developed. by lianwa.,v and lle1dal was better in soU. bay1ng more 

than tb18 level of Gcba.J1seable K. 
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S..-i and Ial (1910) OOIIpU'ed 6 extractants on the bas1. 

ot • r' 'Y8l.ues and he arrahl_ the methods 1n the tollov11l1 

order 1n terms ot It extraction ab1l1ty i.e. t 1 J nN03 solubl.e> 

non-exehallleable> ealhangee.ble >1.38 .ti RaSa.. 8Olubl. > 2.5~ 
acetic ac1d solubl.. > Morgan t s > vater 8Ol.uble. 

Nambiar (1912) noted the follov1ng decreasing order ot 

ezVactlon efficiency of extractants and methods when he 

measured the a'Ya1lable K b7 en1mat1n& the uptake ot :K bJ' rag1 

seedl1n&t!I grovn accord1ng to a J8Od1t1ed Neubauer technique. 

Normal mID3 {Wood. al).d De Turk}, 6 ~ H2S<\ (Hu.~er and 

Pratt :No.2), O.~ J H,N03 with heat1nS (Oollmen and Isvaran), 

1.)8 li l~SOa. (Hunter and Pratt No.1), neutral normftJ. W\OAc 

(.t1anva, and Iie1dal.), 0.5 Ji Hf103 nth sbaklll& (OoDnen and 

Isvaran). 1~ citr1c acid (Dyer), 1l' ammontwa carbonate, .... 3.6;~ 

sodium acetate and 15" HNO) (B.rq), 0.05 J! Bel + 0.025 j ~SOa. 

(North Carol.1na), Neubauer method. (mod1t1edJ, 0.1 l: El"f£A, 10% 

sod1ua acetate and. 3% acet1c acid (}k)1'Ian), 0.5 II t~aClt 

0.05 .Ii 1ID.rA and vater. Correlation vas obte.1ned be~EhJn 

avallable K ~racte4 by the COIID011 used 1il40Ac or Neubauer 

value 8l'ld. each ot the extractants used. 

HH..,OAc (excbanseable K) and cold H2SO .. have bean fowl! to 

ba the most successful. methods and least sens1t1'Ye to chanae. 

in 8011 properues. fhe acetic acid extract 1n general was the 

lean affective (Abad .& .IJ.., 1973). 

Grimme and r;emeth (1916a, 19?6b) reported that extraction 

with 0.025 j caC~ apveared to be a prom1A1n& method. This 



mdh04 took into accoun\ the clq cont,8Ilt of so11s and 

ext:racte4 a deueas1.ng propol'Uon ot the exch.anSeabl.. K with 

1ncruasins cl.q content. the results were closely correlated. 

with K concentration and K d1ttua1on. 

lial.8'Q' (1977) vas or op1nioll that extraction w1th C&Cl.2 
solut1on (0.01 .1) vouJ.d 'be a better method tor est1llat1on ot 

ava1labl.. K. S1nce it .. enacted changes in tree enel'g and 

vas -Sf to operate. 
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Normal nitr1c acid has been Iound to be the most suitable 

o%tractant tor predicting the K uptuke by J:ilants trom the ~U 

groups of So~h India (Ramanathan, 1978). The correlation 

coeffic1ents obta:1ned. betwoen l.a.boratoq est,.-ten ot K and K 

uptake b7 Neubauer crops we1'e in the tollov1ng order: 

l! 1UJQ3'> non-exchangeable K (b¥ difference) >- 11 Nlllt-OAc.> 

0.5 j Del'> 611 H2SC\ > 0.01 it ~ > vater so~uble. 

Grewal and Sharma (1980) reported that soU K extracted 

1tI'1tn neutral Ji Nlla..OAo or l-brg8ll" axVactant was higill7 

correl.a ted with yield and K uptake ot potato 1n aCidic brovn 

bill soUs ot B1mla. region. 

Singh and. Ghosh {1982} GYalwated the efficiency of ~9 

soil t~st proeedUre~ tor mea~~~1ng the K aTa11abl~1ty through 

correlation with dt7 matter yield. total K uptake, the 

percentage of K concentration in maize, cowpea and wheet crops 

g.rovD 1.n g~eenhoUs. using 10 Soils ot alluv1al. origin baving 

widely dJ.tterent pb7s1.co-cham.1eal. cha.racter1st1cs" %hq 
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rtrYeal.e4 the extractable It 1ft tbe soUs as released with Var1OU8 

!loil. te~ts in t.he tollov.1na deorea81n& order. Bo1J.J.Jl8 NlI03 > 
non-excbanC-W.e K > Hu.r.m.- and frat" ... h04 2> Hunter and 

Pratt t s metbod. 1 > .-om.- ace\at ... acet1c aciel> Mehl1ch new 

reasent> 804iUll acetate> ... nita acetate> Olsen's reagent> 

aJIIIOniua bicarbonate + DfPA> «'ICh8IlCeable K > l18bl1ch's d1acid > 
)lorgall's reagent> OaCla> Ms aceta'~vater. Tbe 8SO\Ult ot K 

extracted b7 1 Jj MaOAcsoJ.utlon (pR 7.5') was ol.oe~ correlated 

vith plant ut111sab1e K. Ols8Jl" reagent, modified Ol.sen's 

reagent and Mebl , ch t. 41ac1t1 extractant r! proved quite rel.1.able 

in ~cr1t7 of' eases. However,~. t.st~ measur1q: the 

non-ezehana_bl.e It did not live h1Sh correlation with crop 

respon!!., bah_lour. No sir'..gl .• soU tegt vas found to be 

ideal loT su1ted. tor all the three erop~ 111 respect ot the pl.ant 

growth par ... tiers an4 1evelB of K appl1ed during both rears 

o t croppins. 

Singh.u AL., (1983) reponed tbat H}(03 e.xtl'act1ons ot 

Haylock aDd. ltac Lean, electro ultI'at1ltrat1on (Nemeth) 1976) 

and • new procedure us1ng extraction b7 Bel under renux IaYe 

siln1t1081lt correl.at1ons w1th K balance of solls, and the 71eld 

elld/o. K uptake of v1nter vbeat grown on the plot ~. The n_ 

HCl retlux suscested by than gaTe the closest correl.at1on •• 

the aaount and rate ot reJ.ease of t1xed K (a'ft1lable but 

non-ezchanaeable) estimated b7 HCl re.EJ..ux vas al.$() correlated 

with y1eld and uptake. 



exchUtgeabla K .nn.ctecl with BaCl or NHa. C1 were rela.Uvel,J' 

h1&h. but veH not oorrel.&te4 nt.h It uptake bJ' papa •• 

3 ~§t1 .. 'W1 At. AIl' ]'l';)" l JIM\ 15; aDs A. SAIIIItA gtruJ;.N& 

Hap14 8011 tefCts whlch epl.OJ a coamoD extractant tor 

est1atat1ng several llUtr1ent eJ._nts, as aide in determ1n1JW 

t.:rt1l.1t7 :requ1rcents ot pluta have aroused conslderabl.. 

lnterest in recunt rears .UDtonwately t onJ.7 ycry 1\~ of 
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the 1noraan1c or orsanlc re8&8J1ts emp107e4 in analJrt1cal 

chem1str,y possess a eutflclent degree of spec1fic!t7 to permit 

the1r use 1n the presence ot diverse 10n. (Peach and Engllm. 

19~). In COtJlar.Leon w1th the DmDber ot extractant!; evolved 

tor determ1n1nc 1nd.1Y1dual nu\r1ents, relatively fewer llWDber 

ot extractants have been evo1ved as OOPaOD extra.ctants. Most 

of these extractant! were abl.e to deterJD1ne s89eral. of the 

1Jlpol'tant plant IIIlv1ents. 0nl7 a ve17 t_ extractant. ~. 

be. suggested tor est1mt1ng both ayallable P and K. 

The following table showe the coamoll extractants 

proposed by 'YVious sclentists. 

Table 3 

148t ot ut.t·actants tor available P and K 

-_ ........... --.-. ...... ---............ .-..................... _.-. ....,.-....... _-_ ........ -.-................ -_ ....... ... 

1 

2 

0.028 j acetlc acid 

~od1W1l hYdroxide and acetic 
aCid, pH ,.0 (0.25 11 for 
8OCl1ua and 0.33 J1 tor 
acetate ton) 

S pt11'V8ip' (1933) 

1-lerkle (1934) 

-....... --... --.... .-... -.... -........ -... .. ,~ ........ -----..... -.. ----....... -....... -.... -----.. -----........... 
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(tab1. 3. contd •.•• ) 

3 f'odiwa acetate and acetic 
b~J.(,j., pH .... 8 (pereo1at1011) 

It- 0.135 Ji HCl. 

Morgan (1931) 

8pUl'Vfq (193S) 

f~od1_ h7d:rox1de 8I1d &oet1. Hester (1934) 

aciel, pH ~ (0 .12S Ji t~ Ie. anti 
0.161 ] tor acetate ion) 

6 

1 

25% sod1U1l perchlcrate 9Ol.U\1on Bray (1936) 

Godiwn acetate aaGUe ac1d 
(sbald.rll vi tb charcoal) 

8 0.13 Ji sod1la acetate am 
0.52 j acet1c ac1d 

9 0.05 .H .tIDTA 

10 0.3 Ji HCl 

11 1:£ oitric acid 

12 Water 

13 Aalon1ua lact.ate &cetlc &014 

1'" 1.tl lllia,.lIC03 and O.OOS J:! D'lPA 
(pH 1.6) 

15 Olson's extractant (0.5 ~ 
BaHC03 adjusted to pH 8.S> 

16 Heb11cb II 0.2 J h~Cl ... 
0.015 j lilia,.,F' ... 0.2 l! 
Ci.cct1c acid i- 0.012 Ji IICl 

11 Iil"lV Ik,.2 (0.03 Jl IUia..F + 
0.1 J:i Cl) 

Feech and EIcl1 sh (19lt4) 

Wo1t arx1 Ich1saka (19"'1) 

Viro (1955., 19~5b) 
Warren and Cooke (1962) 

Warrell and Cooke (19(2) 

Warren and Cooke (1962) 

}'r1ed and Broeshart l1961) 

Sol.tal1pour and Schwab (1917) 

Bar and Akin (1978) 

Mebl.1ch (1918) 

Eallard (1978) 



(fable 3 eontd •••• ) 

~: 1J_ ot extraotant. 

18 0.5 J:l Iii .. !' + 0.005 JJ MPA Reo and Ghoab (1981) 

19 fod1ua acetate acetic ad.4 ot Wolt (1982) 
f·B lto.8 an4 0.0001 l:! D'lPA 

20 Brq and Kurt. No.1 (0.03 J'1 n_ and Prasad (1963) 

NHa.F + 0.025 J Mel.) 

21 Mebl1ch III (0.2 j aeoUo Meh12,ch (1964) 

acicl + 0.025 ] :NH..,l103 + 
1 Ji lUlq.HC03 + o.O~ .I MfA) 

;r,H 7.6 

3.1 ~91iAl m~' . 
Only a t~N atteapts have be_ made to aeasure 
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quantitatively, the dlfferences between various Dethode ot soU 

tests empl071nC a single extractioD tor the 8~t1mat1on ot 

readilY so1uble so1l con~tituent~. 

Through the action of alar,. IImlber of .r,ye seudl.ings. 

grown on a sraall amount ot soll, the !ieribauer method made 

po s~1ble the s1mu1tsneous extraction ot both ava1l.able P and K 

(Thomton 1935). 

Morlan (1935) noted a cJ.ose correlation between bi. 

method and that ot iiestor event.hou&h ttl. qu.antity extractod 

vari8C1 consiuerably. he noted further that the results of hi8 

method. correlated ol.oeer to tile pl.ant respur~3e than arI¥ of the 

other methods studied.. 
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Brq (1936) reponed. the relati'Ye ett10181lO7 o~ var10us 

procedures tor eztract1rC K, concl.ud1 Jl& tbat, ot the .... ealt 

and acid oomb1nat.1ons u.seel, • 2S~ sol.ution ot sod1U1l 

perohlorat_ vas the 8)8\ eft::Lo1ent to extract achanieabl.e X. 

Gose and. Owes (1931) -,plo7ed Morgan, BrIq tHeater, 

Merll. and SpUIW. methods 1n order to t1Jld out the relati v • 

• fficienc1es ot the soU test extracting reag8llts to release 

8011 con~ltuents. It was found that the acid. leachtna 

solution proposed by Brar' remove4 lA.rcer quantities ot P and 

K than that of the other proposed procedural'!. It vas also 

observed that considerable orcan1c mater1als were r.tIt'e4 bJ' 

th1s solution Vb1ch intertered nth the estimat10n ot P, l~, 

and MIl. The percolation p.rocecJ:Qre of era-etion as adopted. 

by Morgan fa1led to give nsuliul wbich voul.d correlate olos~ 

in all oases with appUoatloll of tertil1zers and lim1ns 
aaterlals. The shak1ng procedure of extract1ng soU saaples, 

on the other hand liberated quantities ot soil. constituents 

which correlated quite ol.osel.l" with the soU pH 'Yalue, the 

tert1lizer and 11m1ng mater1al appUcation and crop 71_1d. 

The ..,unts ot :nu.tr1ents l1beratec1 bJ the so.lution 

proposed bT Rester correlated 'Yart closel,J' with that 01 th. 

lBod1t1ed Morlan's procedure (Sbaklna 15 m1n). lhe Hester 

801u.t1011 taUed. to release P in ocaparable amount!; to that 

mocU.t1e4 Morgan's procedure part1cularlJ' 1D acid soUse The 

"unt.?ersal extract1.ns sol.ution" releas .. sr • .re, .Al anti MIl 

phosphates than that 01 the Hester rea&8Ilt.; The Pbrgan t 8 
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pJ"Ocadure as md:1t1ed vas lIOn reliable tor d181J1Oaina soU 

tertility problems tor a vide&" l'8PIe of crops, s1nce some 

plants ha •• the power of ut1l1s1D1 oonsiderable quantitle. ot 

phosphat.e when applied as Ii' •• Al an:l Mn phosphates. The 

quantities ot soil constituents resDYed by d1l.ute acid. 

extraction ot Spurvar l1Il1te4 the use ot tb.1s tttst1ng procedure 

as .. criterion of making ferUl1s. UJ4 11m1n& _ter1al 

recommendations tor f1el4 crQp8 in New Jers.,. 

HUe!! (1931) rGJX)rted that the use of the buttered 

perchl.or1c acid 1!Ol.ut10n 1n the rap14 ~11 te~t gave a 1004 

p1cture ot the tertUiaer needs ot I!!Ol1them SOils ot Mls81f'S1ppi 

of the tour extractants used, viz_, Moraan, spu.l"WIO". Bra7 aDd 

!ruOth 

Correlat1cm ot 9011 test tor available F and & vith crop 

71814 response to tertU1sat10n 8,9 worked out by lDng and 

f{eatz (1953) u~ing W sodium perchlorate 1n )1/10 perchl.onc 

ac1d and qhown that correlat1on eoetfie1ent (1') va~ not 

~1gn1flcantt v1th re~eet to P 011 alV' crop viz., corn, cotton, 

saall. grains, legume haJ'tt and per.nent pasture~. It W8.S 

s1gn1t1c~ with respect to K onll' OIl corn. 

EDTA would be a more etfecti'Y8 extra.ctant tor the adsorbed. 

ions th&a:!. J!l\OAc and it coul.d be reoo=ended. tor determining the 

conter~t of exchangeable nutrient ':! in acid SOil. On the othen­

band, th1~ aethod Wft~ hardly ru1table for ealcareou~ SOU~. 

e1nce KD!A dissol.ve vater 1nsol.ubl.e carbonates that are not part 

of the exchange compJ.ex (Virat 1955&) 
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Warrell and Cooke (1962) anade a comparison between _thod­

of measuring soluble P UCl .It in sous used. to%' tertil1s ... 

exper:lment.s on sugar beet. the best method used a rap1d 

extraction with dilutel:1Cl., at atractins with water (CaHC03 
was ueed tor calceNOt1! ffOil8) oa- nth citr10 acid vas near:q 

as etfective. !bee. three ..thode were more Uftetul than 

methods usinS larger 'Yo1waee of d1lute BaSOa., dilute acetic 

&014 and a lactate solution. 

nub~an (1968) vorked out t.h.t; corrw.aticn coett1c1ente 

catwean the vw.~:lous wethods 101" K dete,u;4.uation and conCluded 

tl.1at .E.rajy aIJG .KlU't£ 1'0.2 alld O~sell' s mctthods m1ght be used tor 

tbe detQrm1nation 01' available K aDi both the extractant! vere 

suitaDle fur F and K. Both w\r181ltos Gould be est1l1ated 1n a 

single Gltcract;1on thus sa.~ con1U(lerable time !;I}OlIt. on 

ex tr~;,ct1oJl. 

LakQr (1973) developed a nat a.PPl'Oach ~ soil. tO flt1rc in 

.. 'rden the equ.1l1uratins 01" test.1~ a solu1on conta1.ned each 

elvlUent 1.,'or wh10h the soU iRiS bai.JV tested.. .In 1913, he 

re}.lOr-te&l ... hat altJ!oUih the adsorption equU1br1a soil test 

could be U3ed 8UCCt3SS~ to test tor ~8Varal elements and to 

1ndcate soll d1.i'fel"tinCeS, a4d1t1onal caJ.1brat1011 data would be 

required prior to routine use of the method. 

f~U organic carbon as a common index ot ava1J.ab1l1't7 ot 

both f a.nd K to pota.toes in a.c1d1c brown hill sells of f:1mla 

ha. been reported by f,ha.nna e~ ~. (1961). 



D'lPA mult1-el .. , extraction soluUons with the more 

conventional. Brq aDd Kurt. tor P determ1nat1on aIld with 1 j 

neutral NB. ... CAe tor K and Mg deterad.Datlo1'lS. All solut1ons 

vere h1ghlT correlated to Brq 8l1d Kurt. and 1 j Hia..OAc 

extractant tor Oklabama s011s. He showed that NBt..HC03 + 
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DTPA (A1J/D) could extract mttr1ds from neutral and acid 1'011. 

also although 1t vas or1g1.naJ4r deyelopecl for basic solle. 

When considering the ~eed of ~s1.s BftIl' and Kurta No.1. 

Mehlicb III an! 1 J 8eUtral. N'l!t.0Ae proeoduro~ were found to 

be 9Uper1or to AB/D procedure. AJl/D was rolat1vely unstable 

with respect to pl:i and the £dxture telldocl to hctve stronger 1m3 
odour. 

The AB/D te!rt procedure with anaJ.yf':f.!'! by an inc,uctl .. ely 

coupled pl.asma spectrometer for s1all.taneou.e determination ot 

elements, made soU and overburd. test1ng very efficient 

(goltanpour, 1985). 



MATERIALS AND M~ETHODS 
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1. 9911..~OD 0' IAU '.1" 
B1IbtJ' swen surtace I01l sapl..' (0-15 CID) were 

collected hom all oyer the st.at., GOYering all the distr1ct. 

tor aS8urins wide yariation in the content ot aYa1labJ.e P, Jt 

and p!V's1aoch.w:al character18t1.cs ot the 8011. 

S8II1pJ.ee were collected to a depth ot 15 em from the 

""rtace ot the IOU with the help ot a spade, making a 'V' 

shaped cut, with one 81de perpendicular to the surtace. About 

2 k& ot well mixed IOU (COJDpOI1tecl) vas collected out ot .... to 

6 pita tram a plot represent1ns a 8011 type. 

'lbe lample, were dried 1n 8bad., powdered using a ""81' 
and pestle and sieved through a 2 _ 81eve. Approx1matel7 1 q 

ot the uwed sample was kept for the pot cul.ture experiment. 

ane kg ot the sample was further processed to pass throuah • 

0.5 IDIl a1 .... and used tor chemical. aaal7s1s. DetaUa ot the 

looat10n ot the so118 selected t~ the study are given 111 

Appen41x I. 

2 • AM' xtJ,Cal PrpCId'IJ:IJ 

the soU, were anal1'led tor moilture, pH, iSC, or,an1e 

carbon, CJ1;C, total P t total K, _ailable Pt available X and P 

t1x11l1 capac1 ty • 

2.1. *' st.\1D 
1·'1ve ,. ot s011 was weigh .. 1Dto a sqat torm bottle and. 

then dried. to constant weight in an . electric O'9'erl at 1 OS .. 11 Ooc • 



Atter coolina in a desiccator, the loss in weight wal!' 

4eterm1ned. and the reaul\ V&8 expressed. on dr7 basis. 

2.2. WI AD4 alagtpcal AODi'&lAN.YUz 
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pH of the soU was determ1ned with an Ellco combined 

electrode, t)'Pe CJ..,.~1 pH meter usirlg a so11 water ratio of 

1'2.~. The electrical conduct,ln. ot the supernatant liquid 

vas measured in a d1.l"ect read1 I'll conduct1v1t7 meter. 

2.3. 9mwc O'rbQp 
The chrom1c acid method. ot Walkl., and Black as 

described b7 Jackson (19~8) basad on spontaneous heat of 

dllut10n ot ~SOa.. was used for the determ1.nat1on ot organic 

carbon. The sol1 vas d1gestec1 nth standard potassita 

dichromate and concentrated sulphur1c ac1d,. The excess 

chromic acid was back titrated aga1nst standard ferrous 

sulphate us1ng fer1"01n as the indicator (Jackson, 19~8). 

2.4. QaSiJ,gn ustwwe AlPAc1j;z 

The CKC was deterrn1ned b7 saturating the uch8llle s1te 

with K. F1ve, ot 1011 was veighed out into a 1~ ml 

centr1tuae tube. Potass1um saturat10n was obtained 'b7 5' 

washing s vi til '! j ICCl solution, 10 ml at a t1me. R8lOVal ot 

excess salt vas done by vash1.ng once with d1stllled vater and 

twlce with 95'% ethanol 10 ml each and once with 10 ml acetone. 

To the sample, 10 mJ. of 1 Jl Mit. C1 solution was added and. the 

suspens10n was centr1fuged. This was done 5' times and each 

time supernatant liquid was quant1tat1vely transferred to 

100 ml volumetric 1'laRk. The volU1ll8 vas diluted to the 



lBelt v1th O.~ J Nl\.Cl and K vas est1aated 1n the solution 

u s1ng a name photomoter (J ack~n. 1969). 

2.,.1. Digestion v1t.h pCl"chl.ox·1c-nltr1c acid. 

About 1 g 01" air dry 0.5 _ soU vas weighed into a 

beaker. 20 ml or cor~antrated nitr1c acid va!: added, covered 

the beaker and caut1ou.~ heated to oxidise orsanic matter. 

Added 10 ml of 60 per cent perchlor1c acid, and digested the 

.n.1xtw-. untU the content 1n the beeker vas white and cl.ear. 

The digestee content w~~ filtered and made upto 100 m1 

(Iies3o, 1971). 

2.5.2. Total phosphorus 
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An ali'luot of tho soU digest was taken and phosphorus 

war determ11jeC! color1metr1caJ.J.y b)" the V'&ll8domolybdophosphor1c 

yell01l col{;·Ul" methoc11n nitric acid system (Jackson, 1958). 

2.5.3. Total. potass1UID 

.rotassium in the s011 Cl-1gopt was determined name 
photometrically (Jackson. 1958). 

2.6. AXlilNi~' 'QposRbPNI 

for thE; detom1.nat1on of avaUable it the 8011 Wall 

extrac:t~ with Brtq 140.1 extractant (0.03 Mla\F + 0.02, j liCl, 

using 1.10 soU nc1ut1on ratio and ell equ1lJ.bration period ot 

5 min) and phospho:rus 1n the extract vas determined b7 the 

ehloroP.tannous blue oo1our method 1r.t b74rocblor1c acid vat_ 

u~1''1[' ~eetron1c 20 spectrophotoaete .. (Jackson, 195'8). 
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2.7 • 'YN .,,", miasm-. 
Th. fJOU vas extracted with normal neutral ammon1um 

acetate (us1ng a sol1 solution ratio 1 s 5 and an equil1bration 

period ot 5 min) and potass1um in solut10n was determined 

us1ng an ~L name photometozo. 

2.8. !1JQGAlH DDDB oaplW.U 

li'1ve , of sol1 that passed through a 0.2 rom sieve was 

placed in a 100 t1l centrifuge tube and ,0 ml of 0.01 jj 

8liJDOn1u~ d1hyd.rogen phosphate eolut10n adjust<:;cl to pH '7.0 vas 

added. The content was ~baken tor 2It. hours in a mechanical. 

shaker. The suspension vas centnfu.gec1 and the phosphorus 

content in ~he clear supernatant solution was determined b,y 

the vanadomoqbdopbo sphenc yellow colour method in n1 tric 

acid system described b7 Jackso~ (1958). TiJ.e decrease in 

COIl centro. t10n vas taken as the amount ot pho spOOrue .fixed. 

3. Es:t11It i,Pl1 at f IDA i lUIHAa tJ:9rA spJJ.s us;Lr;.g rig. A§ 

jihe t!sf, s:nm 
The total uptake of P and K from the solls was 

determined 1>7 growing rice crop 1n so11s taken in small. plast1c 

containers following the l~eubauer seedling technique 

(Kanvar. 1976) v1th some modif1cations. This experiment 

was ~o planned. that me"" mum removal ot 1'110 sphorus from soils 

vas effected in a shoz·t pel-iod ot time bJ' growing a large 

number of plants in a small quantity of soil. 

One hundred g of so11 was taken in small plastic 

container ot 12 em diameter and 5 CIII depth and mixed w1th 



50 g ot sand. A contro~ pot was ron11~tainad. ill which nc ~{)U 

was taken. The ~hort duration bigh y.1.elding v&l'icty of rice 
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viz., Annapoorna was used a::; U,.0 tc~~ crc;r. i~Q.n.il:;,atod ~":8,J<'S 

we,re u~ed as t.ba ~eed materl.al and 100 ~1t:;Gc.U1q,; - \!ere gI'O'In 

coq.lete~ re.c.oved. 

3.1 k. ru¥l. K )llJttY:.~.i..lJ:L ~W+G s 

Xhe whole :plant baterin.l was 1-l()wderedt dried ruld ~-;.~ g 

sulphur1c and perchl.oric aci,l!:! in the ratio 01' 10,1,4 till 

vater t the volumo made UJi, l~ept uaicie for or~e dt\;/ ,:11K; fi'::"t-i. ad 

',ihen the whole silica was (-~ett.1C:ld dovn. f'hcs.i~hcru~ int!H3 

dicc:t 'WaS detenninoo by vanadooolybdo,lJhoSI;ho.rir; y02.1c1i {~olour 

method .i.n nitric aci<.. syntew U~;1.l16 ~lll-Jctrou1c 20 " oc'vrcphotometep 

frOZrl Lotal dry weight:::,. 

4 • ~ ~.l' gfil&& 0:' S;Ct§.i.1&Lt extl'as:ltAI4s as JJWJ.Q9f' Qf ~J,D.lJ,1 

F All¢_l"oc. £Qj~t~llt (Jf soU 

1'0 evolv~ a COIL: JOll extractant both for avniL'1.i.·le J; ar.d 



4.1 lIQ,tj,AJ. sr.J'MJltPi Rt. GbN5IN ~!CWI 
To fix up e:nractant,g for Vl'eli,m1.n&l7' screening an 

1n1tial s't.u<.\y W&.~ taJten \lII, u8i.n& 1 soU. 1& extractants and 

2 equ.1l1brat1cn ~oriod.;j. :he utractauts were: 

1 0.1.li Mia...F "t 0.00' .:; J.jXl'.~ 

2 0.1 11 Mi..,F ... 0.00, l: 11'J:h\ 

3 0.1 J) lti .. .i of· 0.0, b D'l'~'A 

,. 0.5 ~ llliq.l-~ ... G.C01 J1 .fiX!'!. 

5 0., li Nil..,F -to 0.00, .H L':fIA 

6 0.5 It fJIltF ... (} .O!l ~ Dl'PA 

'1 1.00 il ~F + 0.001 ~ DtPA 

8 1.00 ~ NH1/' + 0.005 .lllY!PA 

9 1.00 ~ Nf\.F + O.~ Ji l1!PA 

10 0.06 ! H23~ + 0.06 j SCl + 0.0, ~ oxalio ac1d 

11 0.03 l1 lll!{.li' + 0.02, il HCl (Brq No.1) 

12 o.C3 .,:j !lh4.F T (l.OS' Jj ~l1-\0Ae .. 0.025.11 IICl. 

13 o.o~ ..t; !a-! .. ? + 0.0, iJ lili40Ac ... O.02~ Ji. Hel 

1!t. o.~ .» NHa..F + O.O~ ji acetic acid. 

1; D.03 ~ ~4F + 0.05 ~ acetic actd 

16 0.03 It ~F + O.02~ j HCl + 0.001 Jl DTPA 

17 0.03 ~ NH4F + 0.02, j Hal + O.~ ~ DTFA 

18 1 J neutral ~0Ac 

l"1ve , of soU wae taken 111 a 250 LJl con1oal nask and 

38 

50 ml. or ext:ract.al:tc:;olnt1on was added. The CQutent was shalten 

tor tlttfel"ent pnr1X!1 (30 aud 60 min) 10 a 1Ii8Ohan1cal. Shaker. 
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lamad1ately atter sbak lns, the content was t1l.tered tbroulh 

Whatman !~ .. i tllter l*Pv. Phosphorus ill the fUtl-'ate vas 

determined coJ.oriJnetrLcalJ¥ b7 the chloroet~.nnoup roouced 

mo17bdopbosl),borie blue (!olour Llethod in bydrochk1r1c ~.c1.c.l syntam, 

and l~ litlS d\ltfJluil.ed usilJ~ an ill:Il. 1~ ph(>lN.lneter 

On the aasl-II ut' workabJ. .. COftf:entrat10n ranges of lJia..F and 

MfA ~1nation. and rate ot release ot of and K 1nto the sol1 

solut:i.on, Rome extractant,~ were ol1ldrsated and 9 combinations of 

Wia..i> + uri-A. were tried for thti nest. phase vt the ~tuCiy, viz., 

prel1mizJal7 screening of t.he tiXtract.ants. 

It..2 .b:W'I~llA£X.li'DctDl at. mrMbR~' 
In the prel1m.1nary screen1n&. n1rte 14\1' + DTl-A coab1r.t1oDs 

were tried at d1ff81"ent coneentrat1ons Within tho wrIta.ble l1m1ts. 

In add1t1.0n, Olsents ext.;;-aCt.CAI1t was iii.lsc 1nt.ro<lUCOO. Thus 

prel1JD1nary screening consisted of 1, extractallt!: e.\;. 5" periods 

ot equ1libratiun viz., 't 10, 1" 30 arJ4 60 min w1th 9 sOUs, 

and a S1ngJ.e soU solution ratio ot 1.10. Selected extractants 

tor prel.1Jn1nary screen1ng are l1~ted beJ.ov. 

1 0.1 ~ lii-..li' + 0.001 l1 1J1:l'A 

2 0.1 b 1m. .. }' + 0.003 l1 D'lJ:A 

3-- 0.1 j! l.:I\.)' ... U. 00, J:i 111' iA. 

a.. 0.3 iJ NH ... lt + 0.001 .tJ rt.L'l'A 

~ 0.3 M ~~F + 0.003 ~ Uir& 

(, 0.3 .iJ lil ... F + 0.005 )J D'l'lA 
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7 0., l.\ ~F .... 0.001 .ti D'll'A 

8 O.~ ~ NH4F + 0.003 II I1lfA 

9 0., l! NHq.F + 0.00, .II MFA 

10 0.06 Ji H2SC\. .... 0.06 j Bel. + 0.05 li oxallc a.cid. 

11 0.03 J;11illt..F + 0,,02, l! HCl. (BrB7 No.1) 

12 0.03 ~ Nl{lf.~· .... 0.02, II HCl + 0.005.ti lJXl'A 

13 0.0, II U1la..J.t' + 0.0, J! acetio ac1d 

14- 0.5 Jj ImHC03t pH 8., (Olsen) 

15 f,;ormal neutrl4l iJ140Ac (st4) 

Graphs were plotted taking period ot equilibration en 

the X ax1~ and P values on the Y axis for each extractant 

solution" From the nature ot the curves ob'Gained a fw 

extractants with !;u1tabl.e equilibration pe1":lod~ Wflre nftl.ectt~d. 

for stuq1.ng their perto.rmanee in all the 67 soil s ft'1' the 

final selection. 

:rhus the selected 10 extractant s and their equilibration 

per10ds are given below: 

f 1.00 • !iame or extractalrt 

1 0.1 l1 Ml ... F + 0.001 II MFA 

2 0.1 .11 tm...,l'· + 0.003 .ll .u1:.f'A 

3 0.3 ~ l~F + 0.001 ~ ~TPA 

1+ 0.5 ~ lf~I;' + 0.00, }i lirfA 

,. 0.06 j II2f'Oq. .... 0.06 .u HCl + 

0.05 ~ oxal1c acid 

6 0.03 .b 1J1lt-l<' + 0.025 li HCl. 
(Dray 110.1) 

7 0.03 ~ KB~ + 0.025 b llCl + 

0.005 1:1 l1lPA. 

~qld.librat1on period 

5 min 

10 win 

, w.1n 

30 ruin 

to min 



('l.No • 

8 

9 

10 

Name of uvact.ant 

0.05 ~ i~F + 0.0; J acetic 
ac1a 

0.5 li lJaHC03, pH 8.S (Ol.sen) 

Normal neutral. l11lt. 0Ac (std) 

41 

Equ1libration period 

5 min 

30 min 

30 min 

'rhe pertorwance ot the ten .tractants sel.ected from the 

prelim1na17 screening was Frtud1ec1 using the 81 soUe with the 

sel.ected equilibration period. tor each e.xtracta.nt. fho~ho1'US 

in oolut1on was e~~t1l1ated color1metr1call7 by ~he chl.orostannous 

reduced moll'bdoPbospbol"1c blue col.o\lr method 1n hydrochloric 

acid STstem and. potassium was determ1ned tlam. photoaetr1c~. 



~~ .. ~ ~ ~~ .. ~ .---,~------

RESULTS AND DISCUSSION 
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usuurs AID DJSCUSSIO. 

A1:tT soU test that measuree the aY811abl.e quantltJ' of 

phosphorus 8114 potassium vUl provide C'JOush 1ntomat1on to 

support atJ.east an appl"OEJmatton of the ClUAlltltr' of the!';. 

nutrients to be suppl1ecl to 8011 tor COI'T.uaa the det101enq. 

HovtJYer. all B01l tests 80 tar used could not predict tb. 

correctlY. treatment tor a wide rare- of S011.8 and em1:ronaental 

cond1t.101'1s. Very otten the 8IIOunt of nutrient ext.ractecl b1 the 

v14~ accepted and. presently ue1ng connon .ethods vis •• 

Br&7 50.1 tor ava1labl. P 8Z1d. neutral JlOnaal MIa..0Ac for 

avallable X ~arr in their oorrel.at1oD with the plant .,.ef'!ponse. 

when d11'tarent flOUt! and ... ary'1ng cl1_t1.c oonditiontl war. 

considered. 

:for p:rscUcal. l'Out11'le soU test1nc the use of separate 

8011 extractants tor each nutrJ,ent woul4 be c:R1tnbwsome and 

cost prohibit1 .... , especially when the lIU!lber of soU samp] es 

to b. handled in a soU tastir" labonto17' 1$ ver:y large. In 

this respect, the us. of a COIlInOll extractant both for P and X 

recei ... es greater attentiOn than the classical conventional 

l1ethod~. Unl1ke the claSSical. methods ot 1nvolYiJl8 ind1vidual 

extractanttlT to .. P and K, the extnet10n uSina a OOI1it'OD 

extract.ant w1ll make the process simpler and rapid. and. ~.e 

1nd1'9'1dUal 80ll tests can be carr1ed. out on separate aliquot. 

of a fIlIingl.. extract by means of colortm.trj,O method and flame 

photometri0 method tor P 3JId K, respeotively. The uee ot 



SOphisticated. laborato1'7 un..-.- tbat are capable of 

ana17s1n1 a solut1on tor .... eli_as 81Dll.taneous17 1n 8011 

testing l.abol'ator1es 1s becoId.rJ& vid • ..,re.... The aClvantac •• 

ot such modern equipment can be 1'Ul.q Nellsed o~ 1t a 

s1nal. soU avact1nS IOlut1on can prori.de intonation OD 

9"'81'81 so11 mtr1ents. 

On the c1'101ce ot the extracting solution best suited tor 

the deterrainat10n of P and K .1multaneouB~t -.qy restrict10ns 

must be imposed necessarUy. !he Gtract.1nI solution must 

remove • port1on of the elfJtIDE:nt UDder conSideration thai; can 

be related to pl.aDt uptake 111 the t1el4 and the results ot the 

teft Est nee.9~ correlate with known crop responsea to 

t.rtill .... 

A aat18tactor,r .atraet1ns 8Olution Sbould effect complete 

or proport.iotaL removal of the portion ot pl.an.t mtr1ent I that 

w1l.1 be ree]l~ aal1.able to the crop UD4er tield. conditions. 

%he extractant should 71eld a clear tilterate with m1n1Jralm 

interference due to organic matt_. The e:nractant solution 

shoul.4 not contain 10ns that w1ll interfere with the proper 

execution ot the 1nd1v1dual tests. The ooncentration ot the 

reagents must be v1th1n l1m1te ot acceptable senslt1v1ty ot the 

l'e~8Ct1Y. tests (Peech and Ensl1sh, 1944> 

UDtortunat~. only V817 ffJtl of the cb..a.cals used 11'1 

s011 ar.:l1's1s pos~eSf! a suffiCient decree or sPec1t1c1t7 to 

permit tbair direct use in the pres..,. ot 41'9v8. ions. In 



addition to the chem1eal. int • ., ...... the,.. are so .", 

b1olog:1cal and env1.Jonaental te.oto ... 1nYOl:t'ad in the 

interpretaUon and 111 the praot:1oal use ot tbe soU teats. 

Beo_aa ot the &boY. reasons, the reeults ot a chem1cal 

s011 test 11'1Vol~1ng a common extractant haVe provided o~ a 

part ot the 1nformation DecQSS8.l7 fOr aD 1nt,elllsent; tert1l18" 

l'8COIIIendat10ll. Nevertheles., the.e ch.s.cal IIOU tests when 

properll' correlated with plant uptake on different soUs, can 

turn1sh 'hluable information that can serY. a very usefUl. 

purpose 111 tvUllz .. recomrnem\ation providecl that the tests 

can be relied upon to give a cons1stentlJ' accurate and reliable 

analytlcal :results. !bus, the adoption ot & OOBlOn atractant 

must be baSed OIl successfUl statewide coU test calibration". 

Dunne the ear~ Tears ot the pre sent centUZ7, Morgan t s 

extractant (lOd1ua acetate-acetic ac1d, pH 4..8) vas used. as an 

urd:yersa1 atractant solution. A., pointed out 117 HorSaIl (1935) 

it ls well \uttered at a pH value that ls olosel7 1q)p1'Oz1aated 

b7 that ot the 8011 8Ol.utlOll 111 equ.1l1br1_ with the part1al 

pressure ot carbon dioxid. DOrmal~ tound 1Jl the 8011 air and. 

1ts solvent actlon 18 rel.atlvel.J' unchanged. .. en upoD prolonsed 

contllet With & soU oont,a1n1ng meterat. 8IIOUIlts or caC0
3

• 

this solutlon has been found capable 01' rep1aolnc a ra1r~ 

hip proponlon ot the excharJBeable bases 1n most soU" bT a 

s1nel. atractlon us1nc 1.S soU eol.ut.1on ratio. Despite 1ts 

&ol41\J't Morlan til solut10n vas tOUDd. to br1nl suft1clent 
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orsan1c matter 1nto IfOlutloll to interfere ser:Lou~t with P 

tests. The pos81b111t7 of reIIO'Y1nc 41sso1v84 organio _tter 

by means ot act1~ated carbon was then 1JWest1gated b7 Feeeb aDd 

.&ncllm (19lflt.). In the 1'8I'aO'9al ot ol'lan1c matter :from soU 

solutions u8illi carbon, appreciable reduction in the 

concentration of l18li7 iona vas found out b7 1le1t.a1r (19lt-1). 

Interference v1.th orsan1c .. tt .. 18 pos8ible in the Olsen'" 

extractant (Oleen.G .... 1954), lI\HC03- I1lPA (f)()lt8l1J>C)llr an4 

Sohwab, 1m) and l4ehl.ich III <Mahlich, 1984-) because of their 

alkaJ ine nature, although these extractant 9 were cOllsidered. to 

be ~tabl. tor estlmating both P and K. therefore, ayol'9'i.nl a 

cOIaIIOn extractant wh10h can estimate both P and K w1thout &IV 

analyt1cal d.1tt1culty is b1g~ 1I8l'1Wlted. 

!fb.. present etudJ' was therefore planned to 8V'Olv. an 

utractant. vh1ah will extract both P and K 8iJAultaneouslT, wh10h 

w1l1 be ooFrelated nth pl.ant uptake. !h. 1nYest1gatlon was 

oriented to est1mate , and K using a OODnon extractant without 

the iDYes t1Satlon fOR a eomJ'«)n atractant va!! carried out 

t.hrouah three stages ot evaluat1on. The t1rst stage was an 

init.ial studT, in order to fix \9 approziaate range in 

CtonceDtrat101'1 ot reae;ents. The second stqe vas a preJ.1m1nar.r 

S01"een1ng ot extractant. usina 9 so11s, 15 auactanta and. 

5' ~braUon periods Tiz. t 5 JD1n, 10 min, 15 m1nt 30 min 

and 60 a1n. the opt1mua equ1l1bnt1on period. to" eacb 
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utractaa\ vas nnaJ i.eel in this at .. _. b1 ocmduct1111 an 

plant upt~. stuOJ' using NeubauU' seed] 1 ns techn1que an4 

oorrelat1n& the wt.r1ent uptake with the 8IX)unt ot nut,rients 

extracted b7 various extractants at different equ1l1brat1on 

periods. The selected extractant.s .from th1s prel.1m1nal7 

8creen1JlS with suita.ble equil1bration periods were then 

used tor the final stage which consisted of a large l'JUIlber 

ot soUfJ (81) and the ult1mate selection ot the extractant 

vas ade. 

the a:ta1labUtt7 ot Dltneme to plants in !IOUS 1. 

decided. upon b7 a lIlIIber ot factors 1Ih1oh an intluence4 .. 

s011 pb7s1eal and ch.em1cal characteristics. Therefor., 

estimation of general characteristics or the soU related to 

f and I ava1lab1l1t)" vas made prior to the evaluation ot 

extractant~ • 

B1ghtJ swen soU samples were collected frail all oyer 

the State and the leneraJ. properties of the 8011 via. t texture, 

ao1stur., orsan1o carbon, pH. Be, CBC t total P t F t1z1ns 

capacity, Brq No.1 P (avaUable P). total I. and neutral 

normal ",0Ac It (avaUable K) were 88t1ll&tad. Considerable 

"anatioJUt in 8011 plOpez-ties relating to the aft1lable P ant 

ava1.1.able K were obt&1.ned between the ROUe. 

!he general properties ot the !KIlls selected tor the 

etuq are presented in the Table ... and. S. the location of 

80ils is g1ven 1n Append1x I. 



fabla 1t 

General chem1cal ~roperties ot the soils 

.................. -....... -............. -...... ~ .. -~ .... --.................. ~ ......... ",." --~~~-~--~~~~~~~-~~~~-~~-~~~~~-~~~~~~--~-

8011 Oztlall1c (amo~) cae 
SaJDpla Moisture % carbon % pli in vater (me!100 g 'f extural class 

liO. ~U) 

... -............ --..... ~ ... -.. -............... .,. .... --.......... -~ ..... ' ..... -- .. -..... ----..... -~ ........ ---.............. .-.-.. .................... ...,-- ...... -~ ........ --... -.. 

1 1 .11 O.rq 5.10 0.11 3.12 el.q 

a 0.81 0.98 5.1f() o.3~ 1.56 loaq' .~ 

':l, 2.0l+ 0.23 ). 70 0.09 It..66 10M! - .,.. 
it 1.83 0.11 4.6; 0.08 6.16 loa 

5 2.2~ 0.35 • &::'f) ~ .... 0.15 3.6l+ loan. 

6 CJ.1t-O 0.05' '.tiO 0.12 1.0li- 'l8.l'1d7 loam 

'1 1.32 0.34- 6.10 O.rT/ 1.82 lo~ ,':"~ 

8 2.~ 0.32 1+.2.0 0.12 5.98 ].0.: 

9 3.73 2.34 6.00 0.33 10.66 "1f.'U)(iy ::.0_ 

10 1.84 G.38 4.50 0.10 2.86 '~W"i'7 .. :"08ll 

11 3.52 0.29 4.10 O.2e 3.64 cl~ lc'8IIl 

1" (;. 1.63 O.lf6 5'.90 0.13 3.12 clS\! lr.&m 

13 3.09 0.86 ~.25 O.2lt 7.02 cla~' loam -....... -..-.-.... --~- ............... -......, ... -..... ...--~ ... ---,.... .. -..................... -................. ---~ ................. -........................ -... -_ ........... ----... .." ........... _,... ... ........ 



table ~ OOntd •••••• 
............ ____ ......... _ ... ~__.._._. ................................................................. ___ .... _._..._._ ............... .., __ ...,..-._.._ ....... __ ............ _ ........... .-...... ___ F.,· .. 

SoU CEe 
Organ1.c lW {ae/100 & Textural Clan @aiIP1. Mol!1ltve % c~bon ii:. ,pll in vater (tmaho/.-3 ) soU) 10. -...... --..................... ---... -....,-.-.... ~ ...... -----....... .-........ .............. --.......... -.....,... ...................... ----.... --............. .....,.----- ........ .."., ........ 

1- 3.9'- 0.51 5.80 om 9.10 clay 

1~ .... 17 1.88 6.50 0.15 6.S0 ol<:i)" loam 

16 1.~ 0.12 ,.60 0.13 0.·18 loWIJ ~and 

11 1.21 0.20 6.90 0.(1/ o.7C lD~ sand. 

18 1.01 0.12 H.80 0.11 1.04 loeJl1l' ~ .... 

19 5.37 2:17 5.30 o.t4- 0.06 c1ay lOG 

20 0...20 0.12 5.10 r' 1f.7 v. 0.52 lDf.,. sand. 

21 2.35 0.29 8.60 0.69 5.1t6 10_ 

22 4.38 0.51 4-.80 O.C1l 5.96 cl.ny loa.m 

23 0..20 0.001 6.80 0.11 0.26 lD<'Ur::/ ~aa4 

2la. 1.9lt- 1.33 ).60 0.10 1.otl- lo~ saoi 

2S 0.91 O.1~ 6.00 0.90 0.52 1o£i.llJ,J sam 
26 S.1t9 0.02 It-.90 C.1lt- 13·..26 cJ.ay 

:Q 9.17 O.lta 6.80 0 .. 12 15.311- elq -.. -- .............. --............ -- .......... ------....................... -.. -............. -....".-............. -..... ~---................. -....... ~ .............. ~ ............. 



table It- COntd ••••••• 

~~~~-~-~~-~~~~~--~-~-~-~~~~~~~-~-~~-.~~-~-~~~~~~~-~~~~~~-~~~~~-~~~--~--~ 

So11 Organic ~c 
eKC 

sample lb1!1ture % carbon % pllin vater ( lIIIIho/em3~ (me/100, Textural clams 
Ro. soll 

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

28 10.62 0.98 1.ltO 0.53 21.06 cl.aJ' 

29 2.1t6 1.,0 1+.20 0.09 9.88 cl.tQ' loam 

30 2.88 0.1+1 6.lto 0.10 6.21t- 10_ 

31 5.37 1.65 ;.1,.0 0.10 3.12 loam 

32 2.56 O.ltO 1.20 0.13 2.60 10_ 

33 2.1t6 0.36 6.30 0.09 1.()lt. salldT l.oaa 

31t- 11.1t8 0 .... 7 9.20 0.20 13.00 cla7 
3S 3.fPt. 0.83 8.80 0.3lt- 3.12 10_ 

36 3.09 O.2lt. 1.55 0.18 1.56 loaa 

37 .... 95 0.85 It..20 0.18 0.,2 l.ou\Y sand 

38 13.6l,. 0.18 4..70 O.w 1.30 cay loam 

39 3.09 0.85 t,..30 0.05 2.08 sa.ndy loam 

1+0 0.81 0.30 6.60 O.w 0.52 lo8JlG" sand 

t,.1 0.81 0.30 6.60 o.m 0.52 lo~ sand 
~-~~~--~-~~~~~~~~~~~~~~~-~-~~~~~-~~-~~--~~~-~~~~~~--~~~-~-~~~-~-~~-~--~-~~~ 

~ 
c..o 



Table 4 Corlt •.••••• 

SOil 
gampl.e 1,x,1sture'~ 

No • 
vrsan1c 
carbon ;, pH 111 watd! 

.............. -............ -.. _ .... -.. __ ...... _- ....... _-... ---------- ... -... -------_ .. _---.......... --..... -... _ ....... -_ ...... ---- ... _--....- ....... -...... ..., .... 
42 4.82 0.53 6.00 O.w 2.08 clny loam 

43 0.60 0.22 6.60 O.w 1 .ott- ~rmdy loam 

44 2.67 1.25 5' .SlO o.?, 1.82 nandy loam 

tl-5 4.71 0.0'1 6.70 0.10 0.26 r:and 

46 0.40 0.19 6.00 0.09 0.26 ~tU4 

47 0.10 0.31 ,.70 0.08 0.26 ~an4 

48 ,.49 0.61 ,.4-0 0.10 1.82 clay loam 

l+9 2.04 0.26 4.60 0.0; 0.78 '":an.dy loam 

,0 3.20 0.72 5.70 0.05 '1 00 
(',>, • clay loam 

51 ')01. 
e_ .' 0.69 5.20 0.06 1.04 loUllq f;tUld 

52 2.03 0.40 5.10 0.12 1.04 .l U fJJJ.;;71 ~tand 

53 1.21 o.y4 [J 40 :I. 0.03 0.52 loar,1Y £'and 

54 7.30 0.15 6.10 (j.2~ 3.'12 clny loruu 

55 3.73 0.78 ~ .20 0.11 1.04 l\..lo.tl 
.... - ........... - ______ ....... _ ....... ___ ... __ - ... ______ • ___ .... 0 _______ .... __________ ......... __ ... _-___ --_ •• _- ...... __ ... _____ ... _____ ..... 



Table 4 Con~L ••••••• 

,.--..- ................ '~-- .... - .... --..... ----.............................. - ... <ep- ........... -- ........... - .......... -,.....--... - ..... ---..... -.-........... --....... --- ...... ----...... - ..... --... ~-W<_ .. 
Soil Organic Be C~ 

98l!lPle l':0111Jt,ure ).; pfi in Yatl~r (I;Eho/cm3 ) (me/100 g '.r c"xtural clasp; 
No. carlion % soil) 

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

56 , .01 0.74 5.60 0.09 0.52 loat'.G' srU.14 

57 2.77 0.47 ~.80 0.09 1.56 sauiy loaxn 

58 16.5, 1.0<) 4.60 0.45 2.08 loam 

59 1.32 0.59 ,.25 0.09 0.52 lo~ ~und 

60 3.20 0.48 5.50 o.oH 1.30 sundy loam 

61 4.1'7 1.57 ,.70 0.11 1.56 ~and7 loam 

62 ,.1t-9 0.96 ;.10 0.06 1.04 ~anc:l1' loam 

63 5.¥'; 0.5'7 .... 70 0.14 1.,6 loam 

6J+ 4.60 0.88 l.t..?0 0.09- 1.82 sandy loam 

65 1.21 0.47 5.50 0.93 0.62 loru:W r"ruxl 

66 3.41 1.31 6.70 0.31 2.34 ~lIr:~d:y loa.c 

67 2.04 0.63 7.60 0.31 1.56 r:tl.mly loam 

68 4.82 1.00 6.60 0.20 ~2 .60 ·~wd.y loam 

69 0.81 0.90 6.15 0.14- 0.52 lO/?.\l.;ar '~und 

.............. ---------.. --_ .... _-.. ------_ .... ,'-_ ...... _------- ------... _-------- ------..... .,.--..... -..... -..... ~-... -- ... -- ................... .. 



Table 4- Collt(1 ••• " .... 

So1~ 
S!lX.~p~e ~.c1r.t.Ul·a % 

IJo. 
U::'O/1 00 ~ '1 c:;~tuI'cl cJ.as!t 

!;G11 
~"'''-~''''' ... -.. --.. ,-... -----........ -- ... -- .. --..... -......... --.---- .... ----... ---.... -----------.............. ~-.... ---..... -...... -........ -.............. 

70 3.73 1.09 1+.60 0.(11 1.30 lo~ sand 

71 4.28 1.~ 4.95 0.09 2.08 !'li.r"dy l(;wn 

72 4.b2 1.56 4.75 0.14- 1.30 10ru:.y sand 

73 0.70 1.11 'l.bO 0.18 1.04- loamy ~an4 

74 4-.71 1.80 7.1 .. 0 0.06 0.78 loamy !Janel 

75 5.04 1.(.9 4.1'5 0.10 2.60 88J1.d¥ loam 

,6 0.60 0.3& 5.15 0.08 0.52 lo~ ?a:nti 

77 1.21 0.30 .... 40 0.05 0 .. 26 ~on.t;Y sand 

78 1.42 0.75 7.,0 0.16 1.56 J.oru:.~ sand 

79 It.B2 1.78 6.00 0.10 1.30 lcawy ~e"l.Id 

80 4.93 1 .19 6.25 0.08 2.08 loom 

-....... ~ ... --.. ~ ...... -... ---- ...... _- -... --.. ---_._---- --_ .... ,- ----- ......... ------.-- .... ,..- .... ..". ... _-.. _--------... -.. ---....... - ....................... _ .... 



table... COnte!. ••••••• 

SoU 
saJDPl.e Mo1sture % 

No. 

81 .... 60 

82 0.81 

83 2.67 

sa. 2.2S 

8S 2.lt6 

86 2.0lI-

81 1.1t-2 

Qrsan1c EO 
carbon % pH in water (wabtJ/e.3 ) 

1.42 6.10 0.06 

O.2lt. 7.90 0.09 

0.38 5.30 o.oa. 
o.i.t4 ".35 0.0$ 

0.78 8.85 0.11t. 

0.2" 5.60 o.~ 

0.22 ,.70 O.alt 

CEC 
(me/100 I Textural. class 

soU) 

2.06 l.oaJD 

1.at. sanq 10_ 

0.52 J.o8Jll' saD4 

0.18 l.oaJDT santl 

2.60 sandT 10_ 

1.0lf. sand7 lou 

0.78 sanq loam 

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

c:.n 
Co.) 
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tabl.. S 
fl'Opart.1 •• rel.at1n& to the bebaY10ur ot pboepboN8 aDd 

pot_i_ in 8011. 

-.............. --------.... -...... -~-.... ---... -,-~ ....... ------.... -.. --.... --.. .....,....., 
total P 

Sol1 tix1:f,. total Anilel. Total Ava1l.able 
sample eap~ P, ppm P, ppm At ppm K, ppm 

10. (III '~ so11 
----~-----~-----~---~~~----~~-~~.~-~~--~~~~-~--

1 153.81 220.00 :22.60 100.0 32.'0 

2 18.10 220.00 21.91 500.0 107.5'0 

3 125.S0 332.,0 6.,. 1500.0 14.00 
... 103.60 l+lto.OO 19.15 2000.0 550.00 
.... 10).60 110.00 ... .2'" "00.0 15.00 ) 

6 51.20 55.00 16.10 500.0 20.,0 

7 119.;0 220.00 85.21 1000.0 1+2.50 
8 79.20 220.00 22.60 1250.0 10.,0 

9 11.60 795.00 38.91 32,,0.0 165.00 
10 131.30 ~7.50 17.6If. 1000.0 20.00 

11 '9.60 276.25 66.78 1000.0 10.00 
12 91.00 %2.50 38.91 1000.0 "',.00 
13 106.90 110.00 17.33 1250.0 45.00 
1it 11.60 1095.00 18.90 2500.0 220.00 
15 103.60 562.;0 '5.29 1500.0 82.50 
16 86.50 332.50 30.79 1000.0 20.00 

11 11.60 562.50 It-9.''tO 7'0.0 17.;0 
18 90.00 562.;0 100.91 750.0 60.00 

-.-.., ......................... ~- ... ---... -...... ------................... ----............ _ ...................... -.-.-... -- ...... 
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Table 5 Contd ••••••• 

.. _-_ ..... ---------................ _-... -----_ ... --..................................... _--
Total P 

SoU t1x1f~ Total Available Total Ava1lable .aaple oape:c1 7 it ppm " PPlA K. PPl1 K. ppll 
10. hC/10Qs 

1011) 
--~~~~~.~~-~~~-~---~~~~~~~~--~--~~~~~~--.-~--~~-~--~~ 

19 106.90 332.;0 '+.2lt- 3000.0 90.00 

20 71.60 5'5.00 30.)6 2$0.0 15.00 

21 '11.60 441.50 13.'/1 22;0.0 12.;0 
22 93.;0 91;.00 2·33 1500.0 15.00 

23 97.00 110.00 13.21 250.0 5.00 
21t- 86.50 1095'.00 58.2S 1;00.0 320.00 

25 55.So 890.00 ;It..96 ;00.0 ~5.00 

26 Btl.;O 115;.00 • .2- 3;00.0 125.00 

27 79.20 220.00 ;.60 ltt'OO.O 107.,0 
28 42.50 795.00 5'2.6; ;500.0 1000.00 

29 51.20 332.;0 13.21 2'0.0 70.00 

30 28.60 795.00 2;.15 3000.0 142.;0 
31 33.lt-O 115.00 2.92 1000.0 10.00 

32 38.00 2198.7; 198.31 1000.0 c:oo.oo 
33 91.00 1527.;0 32 .. ;6 1+2;0.0 200.00 

31t- 18.80 55.00 ... .2lt. 5000.0 1(.',] .,0 

35 5.12 2171.50 338.?lt- It-ooo.O 1300.00 

36 7; .It-o 110.00 2.92 1000.0 65.00 

37 93.;0 Z/6.25 1).1t-9 1000.0 65.00 
38 131.30 677.,0 5.60 3500.0 17.5'0 
39 51.20 110.00 8.1+7 1000.0 25.00 

.-----~----~-~~~~~~-~~---~~--~~--~~-~~~~~~~-~~--~-~~---
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Ta.ble 5' Coutd ••••.... 

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

S Total P 
Total. Available oM fixing Tota.l Available 

s~ e capacity 1:', ppm 1:', ppm Kt ppm K, ppm 
1'0. (mg/100g 

soU) 
_ ...... ___ ..... ~_ ................ _ .. __ ...... _ ... _ .......... ,.. __ .. _ .......... _.-.. ____ ... ___ ...... __ "'r • .... _ ........... _ 

It-o 128.40 210.00 61+.13 32,0.0 110.00 

41 93.,0 110.00 1+8."2 500.0 35.00 

4-2 86.;0 55.00 24.41 225.0 13.50 

43 103.60 55.00 11.rp 250.0 12.50 

44- 90.00 103,.00 26.69 500.0 12.50 

1t-5 59.60 r'C: 00 
/.-'9 6.30 250.0 15.00 

46 110.10 55.00 4-5.20 500.0 15 .. 00 

47 It.2.50 55.00 31.67 500.0 Zl.,O 
48 110.10 55.00 10.35 1000.0 17.50 

If.9 113.31) 55.00 15.29 1000.0 20.l't 

50 75.40 2631.25 51.19 2500.0 147.50 

51 59.au 390.00 6.51+ 1000 .. 0 30.00 

52 79.20 39C.OO 14.93 1000.0 62.50 
~ .. 
.... j 23.80 10.00 1 .... 96 500.0 4-0.00 

54 'l9~20 ;i!J.OO 1lf..0lt 2000.(; 82.5U 

55 103.60 Z/G.25 13.71 2500.0 250.01) 

56 103.60 1;.47.50 4.3.58 500.0 20.00 

57 131.30 620.00 31.22 1500.C 55.00 
58 59.60 562.;0 11.57 3S00.0 82.,0 

59 125.50 620.00 35.8S ~oo.o 35.00 
-~-~~~--~~~~--~~-~~-~~~~-~~_~_w_~~ _____ ~_~~~~ __ ~~~ __ ~~~~_~ 
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Table 5 COntd ••••••••••• 

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

'rotal. P 

'!:ti t121i1 Total Available Tot.al A..uable • • capac1 ~ P, ppa P, ppm Xt Pl* Xt PI* 10. (mg/10Qg 
8011) 

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

60 55.,0 505.00 36.20 2750.0 210.00 

61 100.40 216.25 13.21 750 .. 0 175.00 

62 97.00 620.00 17.61+ 1750.0 20.00 

63 82.50 ,05.00 23.32 2500.0 11+5' .00 

64 110.10 ltl+7.50 r;.37 3250.0 30.00 

65 119.r;0 110.00 It.2.22 750.0 385.00 
tt 1'+7.5C 79,.00 3r;.85 2250.0 185.00 

67 5!i.'O ltli·7.50 5B.2.' 150.0 165.00 

68 36.00 915.00 36.85 2,)00.0 90.00 
69 71.60 55.00 23.32 250.0 42.50 
70 13lf..20 915.00 6.fI/ It-ooo.o 110.00 
71 106.90 41t-7.,O 5.83 3500.0 2,32.,0 

72 119.r;0 50r;.00 4.46 2000.0 130.00 
73 90.rlO 332.,0 70.11 ;00.0 r;o.oo 
7lf. 2& .. 60 110.00 21.56 ~OO.O 2,.00 

7~ 128.lt-o 677.50 15.81 2250.0 120~OO 

76 97.00 55.00 13.21 250.0 20.00 

?1 38.00 110.00 19.88 r;00.0 10.00 
18 79.20 332.50 80.,6 2r;0.0 60.00 
79 116.40 220.00 6.(fl 2750.0 52.~O 

80 67.70 915.00 36.85 1500.0 4-,.00 
............... -... _-----'_ ................. _--,... . .-._-_.......--....... _-................. _- ........ __ ........ _-



fable 5 COntd •••••••••••• 

fotal P 
Soil t1x1n& 

sample cap~c1 t7 
No • (mg/10Qa 

sol1) 

Total AvaUable Total Ava1labl.e 
P, ppm '. ppm K, ppm K, ppm 

............ -.......................... -~ ...... -.. -~ .............. ------...... --... .-. ..... -..... -........... -.... ---.,. 

81 93.,0 ~7.50 7.25 2,00.0 170.00 

82 59.60 110.00 28.69 2;0.0 20.00 

83 23.80 5,.00 6.Ul ,00.0 10.00 

Sa.. 38.00 110.00 2.92 750.0 25.00 

8, 46.90 330.00 38.91 1250,0 3-.0.00 

86 137.00 550.00 ;.60 ;00.0 25.00 

87 38.00 110.00 6.(11 soo.O 15.00 
.,_ ............. __ ........ _ ....... ______ .. fIIrooo ... _ ........... ~ .... '" .................... _ .... _ ....... ___ ... _ ...... _._. ...... ....... _ 
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1 
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1 

1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



fbe 90118 nrted 111 their teztun trom sand to cla7. 

But. -.1or1t7 ot the 8OU. vere sand7 10_ or l.ou(r sand 1n 

texture. 

the pH 01 the lI011s selected. for the stud7 showed that. 

theT are ma1nl1' acidic to neutral 1ncbaraeter thouah there 

were a few alkal' ne so11s. Theretore, the mractant that 

would b. selected. I1Ust be suited to JDOst17 acidic to neutral 

80il.8. The EC of the soUs was in the ranee or 0.03 to 

0.93 .... /.-3 1Dd1cat1ng that. all the 8011s vere non-saUna. 

Soll No.9 registered the h1ihen organic carbon cont.ent 

(2 .3lt-~) ani 80U No.2) registered the lowest ",alUG (O.OO1~) 

which sbowecl that the organic carbon content of the soU. u.rad.u 

stuOJ' vas extremel:y 'YU71ni. The eRC of the aoUs vas vary1nC, 

the nrJIe be111i 0.26 to 21.06 •• /100 I of soU. The phosphorus 

t1x1ll1 capac!\7 ransed. from 5.12 (so11 Be .3S) to 11+7.S iii P 

per 100 , ot soU (Sol1 10.66) • 

.Mu;Im_ 'far1at1on was obtained in t.he case of total. P aIld. 

t.otal K content of the soU. tot.al P cont.ent ot the s011 No.SO 

vas the highest (2831.25 ppm) ahd ~ lovest. value was obsone4 

1n soU Nos .6, 20, It.2, 43, 4" 1t6, "1 t 48, "9, Slt, 69. 16 and 

83 (5S ppm). Total. K content vaned .f."ran 1 00 ppm (noll 1~o.1) 

to 7000 ppm (soil. No.32). Sind l ar~ Boils varied verr much 1n 

their statut:'4 ot aTldlable P est1Jaated b7 Brq No.1 and 

avaUable K estimated bT neutral. llOrmal HHa.0Ac. Vnr18,t1ona 

from 2.33 ,PpIIl (fio.U liQ,.22) to 338 .. 1'" ppa (11011 lic.3;) 111 
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ay.11able P vere reo~ 1>7 the so11s. 

Accord1ng to Hath_ (1919) the sorption of P into the 

801l. t.rcm the solution oan be etr_t1v~ pr_ented by empl.oy1,. 

oraan1e ac1d!' and the 8JIIOWIt ot P extractecl bT the mineral acids 

can be iDcreased by the presence of o~an1Q acid IlOta~ oxal1o 

acid. 

Chel.atlnc acents such a8 D'lPA, Kl>TA, NTA etc. haye been 

found to be effective as reported. b7 ID1U\f sc1ent1sts. 

Wel.t (1982) observed a tar bet tv relationship betwecm the 

nu.tri.6nt~ extracted b7 Horban'S tIOlutJ.on ... 0.0001 jJ L1:1'A arld 

leat cations thar.l d.1d the lbrgan's so1ut1on tdth e1th~r I~a.Um!A 

or N'tA. 

Sinc~ J&D'IA d1saolvQS water insoJ.uble carbonates that are 

not part ot the _cbana_ complex, and it 1s hardl.1' suitable tor 

C~8 so1ls, JJlli,A 1s found more etfective than l'IDTA 

(V1rot 195~a). 

the cbe1cal e:R"ctants ema>lo7ed in this study vere 

lBa1nl7 JIIa.' and. I1lPA C01Ib1natlons. These extractants vere 

ampleyecl based 011 the tolloVins 89...,t10n8. 

(1) liJJ\li' v1l1 ~ec1ftoa]17 rel_se Al and Fe phosphate. 

wb1ch are the ..,ft predOll1nant source. of P in ao1d so11s ot 

Xerua. IffPA vb_ adeled to Nl\F, can prevent the r.~rpt1on 

of P into the 9Oll. 

(11) .... ~ iOIl 1s the most. su1table tor rel.eas1ns 
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+ aehaDaeabl.. It, 81nce .... hol4a Id&blI' ehu&ed l.eJ'ers \osether 
+ 

~ust as It , tbe release ot JIII)IlIItacbans_ble K to flXChanSeable 

tona can be ret.ude4. 

the .vaet.ant SUSieste4 b7 Math_ (1919) vas 11lCl.u.c1ed in 

the present stud7. the theoret1cal basis tor the seleeu'on ot 

.nractant 'b7 Mathew (1979) vas .s tollows. 

Vart otten, poor oorl"81at1oa 'betwe. llnJ' Jlo.1 P and. uptake 

ot p __ plants baa been obse"". fb1s can be atV1bu\ed to (i) 

lov acid stJI'eJ'llth ot the extractant vh10h does not extract lillJor 

port.lon hom pl.ant ava1l.abl.e p (11) the tOl"Mt10n ot Cal' and 

llU1Ob1l1sat1on of P as reported. b7 SId]11. 8D4 57.rs (1912). 

According to Mathew (1979) 1noI'eas1JlS concentrat1on of Bel 

ooul4 not extJ'llet higher ooncentratloa ot P fJ'OJD the 8011 when 

emplo7ed 1nd1Y14ualq. Balt 1Dcreaa1J3l OODCer~trat1on ot Bel 1n 

t.he presence of ~SOa,. 1noreased the IIJ01.1JS ot P extracted troa 

the so11. aid when the pat tern ot release vas exam ned as a 

fUnction ot perlod of equ1l1bratlon, the dear .. ot nuctuatlon 

vas connclerabll' saller as oompared. to the pattern ot Nl.ea.e 

obs.n_ wben the acids wen anpl.o7ed. 1Ildependentll". Tbis va. 

Ilalnq because ot the total ..,un' ot P blOUlht into solution 

'b7 ~. combination of m1neral acids vas aueh larger than tbat 

extracte4 b7 the 1nd1v1duaJ. ac1.ds. .u a result. the d-sree ot 

nuctuauOll due to the 4esorpt1oD of P 1nto tbe 8011 b __ 

saaller. vb. apressed in relation to the tot-a! P extracted. 

It vas tel., neceas..,. ttbat 'tUlles. the N80l'J)tlo11 of mracted P 
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1s etfeeUY4tl.l' cheekedt the repJOduc1b111t7 of the resul.\ 

obtained would be .... ". mch affected.. It retfOrpt1o!l ot the 

extract.ed. P 'take. place then the 8IIOUJlt ot P f'1nall7 rema:1D1D1 

in the soluUon, .., b800lle a fUJ1ct1OD ot the period of 

,bald rc t t1M taken tor cent:r1tuau. or t1l.teJl'1na and. also 

t1me taken tor the associated d1sp.-1Il8 procedure of the 

extractant amplo7ed. It 1s possible to standardi •• the 

per1oc1 ot equ1l1braUon and to recommend specit1c penods of 

aVection requ1rec1 under each ~t1ca1 procedure. Bu.t 

yar1ab111t7 111 the eaount of P 1D solution due to variation 

in the pe:r1ocl ot contact betwe. ao11 ar.d extractant l1Olution 

attar the equW,bratlOD v:Ul lead. 1;0 1rresu.J.ar re~ts. 

Standard1sation ot the period ot contact between JIJOU and the 

.xtractant so1ut1on w1ll be. d1tt1cu.lt WIder normal eond.1 t10ns • 

fhis dlf'f1culty oan be overcome b7 ~ chelates alona 

wi th the atractinl solution so that 8011 Ponce brouaht into 

the soJ.ut1on wUl not be resorbed lIT the ~1l.. Acetate, 

o1tata, ancl oxalate are well known chelat1ng orgi'":m1c anions 

vb1ch can be _~ed to prevet* the re8Ol'pUon ot P from the 

solution .• The 8IIO'UDt ot p b:roUSht 1nto 8Ol.u.t1on by the m1neral 

ae1dlt vas Jlel'kedl7 increased bJ' tbe presence of oZSan1o acids 

tbe affeet ot oxa110 acid be1Jl& IIIOh _re doairlant as compared 

to that of other orpn1o acids. 

the drastic effect of oxal1o acid in releasing P into 

t.he soJ.ut1oJl can be assigned to (1) the chelatinl effect of 

oxalate won on the P release into the eoU talereby CYOld.1DS 
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, •• pesan. ~ 01 , .. tbe tI01l 1IUfM. (11) os&1S. 

_4 1\seU 1- aD ~ for so1l P wb:I.Gh .... in eoIlbiaaUoa 

with ald.Denl ae1d. ........ t. eomd.4e~ bSaher ...... of :r 
tJ'OIl ... 8011 as eompared to the ~ ae1ds alona. !he 

atr_'-' 0.G6. Base,. + 0.06 J Hal + O.Of J o:xal1. ao1I. Vb1,. 

1. lIUIIene4 _ lfatbw (1m) ."..reel to be .... 17 proad.81DI 

tor the .eJlld.na&101l of ani 1 able , in soU.fI. Bowner. tbe 

atfeR of tb1s at.racknt on X N1.ease haa not yet be_ touD4 

Rt. It 1s possibl. t.b.at tb18 ..... c\arl\ Call est1aate ...... J .. le 

:l 1B soU '*'--" .. 1 •. by .... s.... pJWt1.de4 by th1s 801t&t1.oa 
+ 

Gall err8O\1". _eI:WtIe with I: 1_ oo.",us 011 the acbaD&. 

ooapl._ or the tJ01l. 

It is ottserY_ tbd the ..... , ot I aDd. X eatractecl by 

BHl' •• 1 8DIl &a.0A0 .. espeot.1,,~ :b1 soUs oonta1n1lJa l"8l.at1velr' 

... ,1 ___ of P aIld It 18 so • ." that the UTOr 1rttol; .... 1D 

the ana1.7t.1oal PJOOed.un 1s .nlatiYW h1&b. The Bn7' 8 !IOd.1 .. 

p.Nble .... pentblono ao1d ... .urc solution used in __ 

.tud1es d1.fte.nnt1a~ the l.w' Is.. \he b1&h phosphate S0118. 

Bow __ • tbe M1ial>111t.7 ot preUftton of response at the low 

1..ve1.1 of , vas tar troa eat1etaotol7. The oone1aUoa of IOU 

te.' tor ava1labJ.. J( arid CJ'OI) "spoils. to X tert1l1zaUon al. 

vas UDsaUshotOl7 01'eI" a v:14. nDJe 01 X 1wel.s 111 the 9011 

(lolli aDd Seata, 19'3). 

the conan .rraluat101l of the K etatu ot .us and. t!ut 



eoneet ad~u."eD.t ot I: t...uu.at1oD ..,pe ... to be nth .. 

compl1oated. Because.t thAt eornlat,loJl be.een It 

eonc_trat1oa and X satura.t1on, 1t w11l be cpU. t. aooapta'bl. 

in rou'1ne a4ri8017 wolks to use acb. ... eab1. It ecmt .... 

ol.q eon'ant vben aBee.gna the It status (GJ"J.Iae. 1980). 

6~ 

With t.hes. two p ........ ers lt 18 po.slble to maJ.te aJ'l .staat. 
of the 4 .. ,... ot _aUab1lJ.t7 _ \he required K tlPpl1oat1on • 

.. .,- 50.1 vas alt!lO lndl._ 1Jl th. n. s1nce 1t. bas 

be. to\1Jld. to be PI'OI4a1ni tor e8t:laatlll1 P aDd K 

.1IIJJ.taneou.~ a8 shown b7' n. _ '-sa4 (1983). The aa1n 

reacUon 1Il8Obu:1_ of :en, Bo.1 1- the tonaatlon of stable 

eoord1nat1oll compJ..a. of the ,. 10ll v1th F,}+ ard All' aM 
+ -

the toft1&\1on of 1DeolubJ.. Cal'2 aut ea20 'file" ion be1n& 

YV7 e1'tGCUve 1n compl.a1rJC.u3 :Lons wU.l rel.eas. P trca 
+ 

Al .. P aDd with the precipitation of ea2 as ear2 ext1'8CtIJ P 

present all Ca H.P<\. !he HCl ,JIOY1dea ~t101ent hl'drogfdl lon 

activit, toO die8OlV8 ea.P and. to • leeser Al-P and :re-F. 

Both to"droI- lons aDd ~ lou ar. su1tabl.. tor 

rel ... 1rlI the acbanseabl.e potes.i_ fl"CIn the excbanCe oomplez 

of t.he 8011. 

Bel,on arxl .Tobnson (198'.) lUAeeted that .....m.. 
b1eanollat ... D'lP.l pl'Oeedure 1Jtbodueed .. Soltqou and 

Sobvab in 1m, eoul.4 bet used to, .14 8011.8 also altboup 

oft&1,""'- 1t vas '_eloped. for alk&12M 11011.. But \hie 

atrae\ant. was unstable with r.trpec\ \0 pH. 



01s_'. a:Vactant (01 •• .& ..... 195"'> IId.Sht be used 

tor eeUlaatUc an11able , aid 8h11able It ae nported b7 

Su~ __ (1968). ftd,. aUactant vas but'tered to pH 8.5. -the pr1aa:r1 purpose ot 1ncl.u4:1ng nco3 in the extraet.1nc 

solution le to a:Vact pbospbol'U.l. A.. c~ ca. avolft'" 

during extraction With BaRCO,!, caC03 prec1pitates wh1cb 

Uv 

+ 
lowers ea2 aot1nt7 and. allows the labUe phases of cale.1_ 

phosphates \0 cl1sso1'Y. re8UlUni 1n an 1Dcr_S8 in solution p. 

tb. exVaetion of P .. Olsen's method can be oonsidered to be 

a two.., process. 1.e., one 1nYol."t'1llc competitive 4eaorpt1on 

of P trail the soU particle. by .- aut BOO) and the other 

lmolv1n& 1Dh1b1t1.on of seeoDlal7 naorptlon of P by au- aDd 

HC0i' 011 8011 pa.rt1cl.es. fhe sod_ ion. of the BaRC03 sery •• 

to release I into tbe BOlu\1on. a...4 on the.e a.~t1one 

Olsen'. axtra~ was ~l07acl in till. ft'aluaUOIl nu.d7. 

Cal'bon bl.ack used in the AB-DIPA test should be 

eliminated not o.nlT beeause of it. ata1.rd.Dl an4 8OJIleUae. 

oontaJdnatl". properties but J&a1Ji1J' because 1t II4sorbs lIletal 

ohelates and w11l 1nUoduc. rathV l.arse 8r1"OrS 1t 1ts 

part1cl.e sl_ 1s no,It." conn .. (Sol.tllDpOUr, 1985). fh1s 

tact. bold. 1004 tor Olsen' II extractant also. Therefore, 1t 

vas decided. not. to US8 carbon bl.ack with &IV' extractant _copt 

tor 01s8l'1. With 01sel1)carbon black vas used s1nce it vas the 

standard. procedure propos_ 'bJ 018_" .11. (19S4) 

WbU. oons1dcr1nl the rela\1.... ett1clClC'G" or yar1oU8 

,enractants tor cle't8l'l'l1n1nC _aUable X,I18UVal. normal BHa. 0A.c 



vas 1'0UI1d to be eupeJl10Jl .. 0\11 .. 1ft relea81J1& t.he 

achaDleable X. To ... ~ -..0Ae 0_ Nlease;P, thi­

was al.so 1ncl.u4e4 111 the ilWeniaaU.on. 

'fbe 1'801; that an exVaoUnI aol.ut101l tails to reoye 
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all the &h1labl.e P or aYaS1abl. X, 18 bovever. relat1veq 

urdaponant. the nl.ue. obta1necl bJ' U'7 ch.ncal. Ilethod., 

should. be cons1dered as indice. ot the rel.atlTe 8011 auppl.Jina 

power rather thaD absoJ.ute .,.1;114. !he 41tteret extractant. 

1D'f01.ed 111 the present. Itud1' va •• cte'end.necl tbat th., 

should 1DYar1ablT a.\rac\ • t.rao\1cm of sol1 , .s well. .. 

soll I. which wlll be a1wa;ys hlp_ \haJl that extracted by 

Bray :No.1 and NHt.. OM • 

!he resul.te of ttl. 1n1u.a1 at1IdJ'. pnlSm1Dal7 screeld.J'c 

and the final ,-,election aTe d18C'tUJ .... below. 

1. 1PJt;t.aJ. $" 
the 1n1tUl. stuq vas OOl1dwited M1l'll7' to fix aD 

approxlllat.e range in coneetat.icD or nacents. Ea." wu 

t.neclat 0.1 A o.~ JJ and 1 J ~1on. in ood>:1Jlat.1on 

with 0.001 & 0.005 JJ an4 o.o~ JI ooneeat,rat1ons 01' D':PA. 

The extractant PJIOPOse4 b7 Mathew. Br.,. Bo.1 t ~ No.1 + 
• F t> ..... 8Oft.t. at different eoncentr.Uons, Brq Ho.1 + Dll'A 

at 'Y8I7l na concentrat1ons and ~ eoncentrat1ons ot lG\J' 
and acetie acid were also 1nclu4ed 111 tee init1al. stuq. 

While 9tudy1n& the pattern or I' Hl. .. S8, JOS8 (1912) observed. 

that 4ur1nC the 1D1t1al. period. of "Q.Ut1t:bztat1Oft the rel.ease 

ot p into solut101l WUlc1 be at a 1'8P14 J'&~.. Ule rat. of 



r~.a •• be1Ps loam"'. 1D..an. Ather \1118 1D1t1a1 

1'.1 .... of P at a fa.ter rat., the at. of release bee_ 

.loY an4 11near vlt.h resp.'" \0 the u.r_lJed. per104 ot 

.~bft.tloD. This l1ne .. release eon\1JIle4 1ndetud.telT 

or tor a 10111" period. ot Ume. ae peened tba\ cml.7 the 

amount ot P ra1_sed during the 1n1t1al. per10d ot 

equ1l1braUon which represented the CUft'ed region of the 

graphs. when P Ta1ue. vere pl.ot ted. Oil Y axis and period. ot 

equ1l1bnt1on on X ms, need b. eonS1dered. in estimating 
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the P .fd,lab1l1V ot the 8011. 61De. the release ot P att. 

thil1! 1n1t1el poriod will be at a ect'lS$ant rate with a l.1neu 

function and v.Ul cKmtlru8 tor a loIIger period ot time, th18 

part ot the graph doett DOt dec1e1 ... ~ artect. the estimate ot 

8'f'nUable , in soU. For most ot the soUs, the major pa.n 
of the P that can be extraoted. bJ a lOlutlO1'1 wUl be releaaed. 

wi thin the 1n1 t1al. period ot equUtbrat1on. Accord1n& to 

Mathew (1979) tor the JD1neral and organie acid canb1naUon a 

period ot equ1l1bration not less thaa 30 min at a so11 

.olution ratio of 1.10 vae con81.da"", cr1t1cal. and opt:l..mla 

tor P. For K not mu.ah work bas bee d~ on t1X1na opt1Jaull 

eqU1l1bration period. Bqu1llbnt1on periods IIOre than 60 m1Il 

may IlOt be eu.1t.a4 tor ana]7tj.cel. procedures oriented. to 

ad'ri.!:'o1'7 works. In the 1n1t1al stud;J equilibration periods 

of 30 m1r1 and. 60 JId.n were employed 1n order to conf1ra tl'lat 

whether 60 I11n _at be included 111 the prel1m1D8l7 sereenine. 

A soU soJ.utiOJl ratio ot 1.10 was aaplo7ed. 



The relftllt. of the Ud.t1al st~ 1s presented in 

fa.ble 6. 
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'-"rd.la fl.uoride ... employed at 0.1 lJ, O.~.J and 1 If 

concentrations in OOI'1bu.t10D nth 0.001 11, o.ooS JJ and. O.O~~ 

I1.rPA. It was f'ound that 1ncreas1tJ1 eoncen'trations o~ NHt..F 

d.ecreased ttl. , release. Maxi .. P and .K release ¥as obtained 

at 0.1 .I _tboUt ecau1Ubn\1oD pel'1ods. With 0.1 JI 

oozwentrat1on ot l4\,F and 0.001 Jf J.JlfA laraest amount of 1 

vas ~.'e4 an4 it vas _xl •• at 60 m1n. In tne caS8 ot P 

also the samet.ren4 was noticed but. the aIIDUJ1t ot P extracted 

vas ........ at, uv a1u U1U¥ wtum .~ hl.&he.r cone oritrat1un ot 
Dt~A was _pluyeu. Uith u., JS 14\..1' J&.Ore J. vas extracted 'b7 

0.001 Jj mPA but P concentration in the soil. sOl.utl011 lid 

1~pJOved when the CQncent~1on of l1lPA vas 1ncreased, tram 

0.001 JJ to o.OO~ 11. ~b. reSUlt suggests that l1.fPA 1!1f a 

stroll8 ohelMins agent.. tbe UIOUIl't ot J.{ aztrncted was more 

at 60 M1.n t.ball at 30 m1n, but 1n the ease ot P the NV'orse 

happenecl. 

file acUon ot MFA 18 as toUovs. Chelates such as DtPA 

when added to the soU 8Olut1on. t01'll stable sol.uble COlaplex •• 

with the "'arion. metal cat1oIls. !l!h.a b1rld.1D8 stNllgttl ot a 

chelate roZ' a metu cation dependS upon tbe staLU1t7 constant 

ot the •• tal chelate oompJ.cc. tbe b1&her the stabU1t" const.ant, 

the stron&6.J' 1s the metal chelate c~ex. As free metal cations 

..... remGyc4 from solution throuah this ~uat1on, labUe 



'IaLle (, 

It:Op;.JlOru~ a.nd potu:;~liUL ctl~n.(!t(;d (I,l;i.:) by the Val'iull£.; o'xtl'ac'Ct:.rH;'~ us~d at d1f'fererlt 

period ~ (Ld.n) of c ~u.UiLl'ut':'cn 1r; tL(j initiul "~tl..l.(iy 

__ .. __ • __ ... _ ......... ..", __ .............. __ .." __ ...... _ ..... _ .... "'Jt ______ ..... __ ....... ~ .... .,.. __ ... __ ..... ~- .. ___ - ______ .... _ ............. _. __ .... ___ ..... ____ .. ____ .. ....,. .. 

.... _---_ ..... -....... --_ ... ' .... ----..... -_ ..... __ ... -........................ .. 
81.Nc. Name of extractant ier10d l'er5..od --... --_ ..... ----- .... _----...... ---_ .... - .... - .... -- -----................ 

30 60 30 60 

........ -~--...... --... --...... ------..... -~-... ---- ~ .. ----~- .... --.... _----,... ................. --_ .... _ ................ -- ...... -- ..... _-- ......... .., ....................... ~ ... 
1. 0.1 j, M141t' + 0.001 . , l.·-.L l·t~ 1.51 1.27 2eO.O 290.0 - -
2 0.1 ). HE41'~ + 0.005 .L if;'!J., 1.~1 2.56 210.0 290.0 ,:;.. 

3 o.S L Im4lt .. + 0.001 Jj j)'l'l'A 0.56 0.44 240.0 260.0 

It. 0.; .t; 1ll\J1' + 0.005 .il D1P;1. 0.79 0.41.- 160.0 230.0 , 1.0 II M14F ... 0.001 ~ 111:1A 0.11 0.22 170.0 160.0 

6 1.0 jj ;.;IV' ... 0.005' i.:; [': ... '1 A 0.17 0.33 100.0 60.0 

7 o 06 l'. li2;f\ ... 0.06 L W. + 0.0;; 1 4.19 2.29 ')30 0 310.0 • J..; - ., c,.. • 

oxalic acid 

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



Tab~e 6 Conte •••• 

....... "'. -_ ..... --_ .... _-_. ------ ...... -.... ~ -~ ... ~:'''~ .. ~ ... ~-, -_ .. ..,._ .. ""._--_._ ..... _ ......... _--------- --- ...... _-.., .... _-- -- -- _ .. - ... --- .... _--... -.......... -................. -
J:, ppm 

... --... -.. --------------.---------~- .......... ---.. ,....--.. 
(~'l '", .,. ... ~v. .tcri(:4 feriod 

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

30 60 30 60 
... -..... -_ .. -.. -... _ ....... -.----------.... __ ... _-_._-- .......... _' ...... -.- ... --.... --,.,- -.. ,~ ....... ~ -- ............ -_ ... --",._-------- .... ----------

8 

9 

10 

11 

12 

13 

C.03.L l'lhq.r' ... 0.025 11 ~rCl (Bray lo.1) 3.2'/ 

(1.03 ,.!.; L "41" ..... G .o!,; l. ld.i.4 ()AC ... 0 .~.z'.1. o.l;4 

l~Cl 

0.0., J:! Hht.,F ... C.O, 11 !J~40AC + 0.025 1,; 
ftC! 

0.0, L liU ... l' + 0.05 .L acetic acid -
C.03 '(1 t.:H,i;' -t . 0.05 t {i.e \.~tic acid .:.; 

_. 
0.03 ? ' 1;11, F + 0"')(/ L i.e). + O.{}O1 ~ "I- .'t-' J;.i 

D'.rl.lA 

O "'3 ..... l' ".,; ... : "',' ") to' '1 .u ~ 04"'41 ... (..i.::~) J:.,;. 4"j· 

WlA 

0.11 

1.27 

0.67 

( .G7 

15 :Jray lit;.l (~td) l' 1.30 l)pIl 

0.11 

0.44 

3.12 

0.6'1 

0.(;7 

2/C.O 

23:; .0 

220.0 

~,?o.o 

240.0 

260.0 

230.0 

23G.O 

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



sol14 phase Useol.,..s ,. sort ... cat10DS desorb to I'eplem.sb 

tbe solld1on. 
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It 1s seen that 0.001 JI »If A. is emuch to complex the 

various cations and. therefore to release .P into the solution 

at 0.1 .II concentration ot -..'. It. 18 also obserYed that DfPA 

ha4 no etteet 111 comple:11na K. to PreTont the resorpt1on ot 

P t O.OOs I Drl.iA i8 l'equ1recl 111 cc.bi.Dat1on vi t.h 0.1 JI :Bl\F. 

A. bS.gher .. un' ot P vas extracted. when the equ1llbraUon 

peri04 was 1ncreasad to 60 Jdn Vb1le the concentration ot DTPA 

va. increased. to 0.005.1. S1mt.l..al'17 with b1ghm' concentration 

of Nl\F t a high concentration ot I1lPA vas required. S1nce 

W",F release. 1arge quanti t1 ot P t in ofter to prevent the 

re80rption greater q,uant1t7 ot l1.rPA would be required. 

With 0.11$ cOllcaltrat1on ot ,,. ant! C'.001 lJ MFA, the 

amount ot P eztracted at 30 min was 1 .,1 pra whil.e at 1 » 
coneentrat1.on of lIl\F the ~UI1t ot P exVacted waE on17 

0.11 ppm. tbis r.hows that 1.J:lcrea~ st1"qth 0: UI\.P ernplo7ecl 

has no effect on the atJ)unt 01 P extracted trotl the soU. 

tlj,JD11 ar resuJ.ts were obtaJ.Ji.ed in the case of K also. the 

pr1.:lar7 purpose ot incl.ud1rc ...... 1n the extracting solution 

was w extract Al-.P since it 18 established b7 several work ... 

that tb18 is a selective extract .. tv Al-.f. nuonde ion 

complexes with Al and Fe (to a las .. extent) vb1cb. are the 

torea:>st asents in the t1xat1on ot phosphate 1n ao1d soU. 

vb .. a Al. anc11'. a:N h1Il'lll' mob1l1sed. at low pH. 11( 1O11 OaD 

uchaale wiih the K ot the soU 0011014 •• 
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It vas oWtous trca the 1Jd:tlal study tbat Nl\P' at hiSb8l' 

cOllCctrat1ons v1U ra_ the aUact10n ot phosphorus as well. 

as potas81ua and th. aDnoted au.cb -alle ... quant1tie. ot P 

and. I. as compared to that of ~ lIo.1 and. NHa.0Ac. I1.\:fA is 

solubl.e 111 water onl7 upto a ocmcetration of 0.00, Ji. Hence 

It 18 visualised that DTi'A should. be tried 01117 upto a 

concentration of 0.005 M. 
When Brfq' No.1 was used as the extractant tor P it vaS 

observed tbat 1nereasing the equ1l1bratioD pec).od. iw.d 

oon~darabl. effects in the extraction o.t~ P. mt due to the 

absence ot a cQlat~ aaent the eft1.ci8ll.Cy of ~actioll 

va~ decreased wilen the period ot equilibrat10n was increased 

troll 30 to 60 JI1n. The 8IDO\.tM of K Gtra.eted b7 ,ijray Be.1 

vas higher thaD that of neut.ral nonaal l~OAc (std). !lhi" 

result lDd.1cate~ that both 'tHt." fIDd liel ar8 goO<1 agents ot X 

extraction. Both M(. and 11+ baY. tbe power ot replac1va 

uchangeable K. nut the amoum of k atracted waD lesA than 

that of 0.1 J: l-lft.F ... 0.001 ,l1l1lPA CQIlb1nat1on. It may be due 

t.o the l.ower coneentratiQn of 1m;. 1ft Bray lfo.1. 

Use ot neutral noraal U'ImOll1\III acetate along )11th 

Br~ 1io.1 1Dh1b1ted the rel.easo of P dJ;'ast1eally t evunt.h(;ugh 

it has not retarded. tne amount of K release. bray i.o.1 of (Sid) 

value vas 1 .30 ppm wbU. tn. combU1atioli. (If Bray I'k>.1 {u.:d 

&JUlOD1WD acetate l"egiste.l"6Q a val.ue 01" D. '-1,- j,;,PIJt. lUol'f4ltt:illl 

the ooncentration of l<1.t\.F bun 0.03 .. to 0.0, Ji haD, oot l .. uch 

ettect on ttl. P ~ract1on pattera. 



Mathew's a\raot.aD\ "f1a., 0.06 J BaSe.. + 0.06 I Hel + 

0.05 Jj oxalic 1Md.4 rel .... luS • ..,unt;$ of P and K. It 18 

a Soo4 _t.ra.ct~ t. 1C 81th. b_au~. ot 1t8 abil1ty to 

solub1l1se K oonta1n1nC ldD8J'altt 01' due to the replac1n& 

pOYV of bydrogen ions. !b.18 a\J'aCtant extractecl large 

amounts ot P due to tho tact that it i8 a cOlDb1natlon of 

ll1neral ac.1ds and. organic ac1c1. Oomb1Jlat1on of m1neral acids 

atracted l.ars- quantitios of , trca so11 thall the 1nd1vidual. 

acids ab4 the resorption of P from solution 18 .rfect1v~ 

preyente4 b7 empl.oy1ns organ1e Mida and the amount ot P 

extracted ~ the mineral acid eoulcl be inorG8Sed b¥ the 

pr.~onc. of orsanic ac1d a9 re,port.ed b7 Hathew (1979). 
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MaZS .. quantity of P was relea8ed when the equU1brat1on 

period was 30 min. but the 8IIlOUl'lt ot P extracted even at 60 min 

(2.29 ppm) wae greater than \he aIIOUIlt extracted by Bnor No.1 

at 1.,0 soU sol.ut1on ratio and S Jdn equ1l1bratlon period. 

(1.30 ppa). fbe lIIIOunt ot J[ eara.cted. was cons1derabl.7 

1ncl"8ased wb. the per10d ot equ1l1brat1on was lncrease4 tree 

30 to 60 min. Wb11e conS1dw1n& the relati". effic1ency of 

uUact1on, ~ Be.1 + DTPA vas ftD\ • 1004 combination. 

With BJIaT No.1 the two concentrat1on. of I1lPA, viz., 0.001 .I 

and o.oOS • vere on par in the1r ettJ.ciOl1CY of rel.eas1rl8 .P .fI wen as x. 

~h8 DI\" + acetic acid vu a ,004 at.ractant for P 8114 

x. rbe coab1nat,1oll, O.O;.If 1Ilt.. .. + O.os ~ acetic acid cdraotect 

IlOre P aDd It than 0.03.J lDIt.l1 + 0.05' .I acetic &c14. Jibr. 



quant1t1 of P was ext.rac\ecl by 0.05 J:J l'IDt,.F ... 0.05 lJ acetic 

acid eyen at 60 min (3.12 PlWl) than Brq No.1 (std) (1.30 ppm). 

This result shows the obelat1ng action ot acet1c acid. The 

amounts ot K extracted. at 30 and. 60 m1n were 2,0.0 ppm and 

260.0 ppm respect1vel,y, wb1la it vas 230.0 Pllm for lil~OAc (~td). 

In mo~t of the extractantl' er:lployed in the initial ~tu~, 

the amounts of both F and K extract(,~ at 30 Fin and 60 tin were 

not 011 par. The K extraction atr1c1ency waA h1ghel~ at 60 min 

that at 30 min for the extractant!:!, viz., 0.1 lJ Ll~l1; in 

comb1nation w1th 0.001 .u and O.OO~ l: MPA, 0., li I1li4F in 

combination with 0.001 b and. 0.00, lJ DTFA, ~tha,,' ~ tr1ae1d, 

the two comt1nar,ion~ ot Brcy .No.1 ... l~ GAe, the hro creb1natlons 

ot Nl\1i' and acetic acid, and the tlllO eoubinat1ons of Br~ No.1 

and D'l'PA. rut} extraction by h1iher concentration~ of lllElt.l" 

viz., 0.5 J:j a:-.Id 1.0 ii shoHed var;y1t~ pattern". In the Car-e ot 

0.06 l! li;{Oq. ... 0.06 11 HCl ... 0.05.i oDlic acid, the amount of :P 

extra.ct.ed wa~r decreased when the periOd of &qUilibrat1c,n lId 

1ncre~;.:·ed. Dut the amount or K extracted was oucb lnOl". at 

60 Llin (31 0.0 ppm) that at 30 m1n (230.0 ppm). Bray 1,,0.1 

8xtruc:"Jd more l- and K when the period ot equll1brat1on was 

30 min than at 60 min. 

It was ~een that the ar.tJO'mt of K extract.ed tw neutral 

nornau. aa:monium acetate in the in1tial ~tud1' va~ higher 

when the ooU so~ut1on ratio was 1. 10 as cCJm):)ared to 1 t 5 • 

'Ew hundred. and thirty ppm K wa~ extracted by 1: 5 s011 

solution ratiO wb1.le 280.0 ppm was extracted. by ,,10 soil 



solution ratio at both ...utbrat10n periods. The 1'ol.1.ov1rc 

are the h1&bl1gbts of the 1Jd.t1al stud7& 
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1. In lml+F an&! DTPA OOJDb1DaUons. iDCreas1ng concentration 01' 

NHt..F deer_sed the P aDCl K release. D'l'FA at 0.001 J:! 

sveqth released .. »mum BIDOunt ot phosphorus and 

potass1um with ~F. 

2. D'lFA is not sol.ubl.e in water at concantrat10ns higher than 

o .00s .Ji. 
3 • A larser uzount ot P vas utract.ed when tho equilibration 

pel'104 was 1ncrea~ed to 60 II1n and. when the concentration 

ot D1PA vas 1Jlcreased to 0.005 .I. 

4-. Increae1nc equilibration pe.r104 haA COlls1derable eft act. 

on the extraction ot P b7 -. No .1. The erfic1encr of 

extraction was decreased when the pened ot equilibration 

was invease(} tl'"Ol1 30 to 60 min, possibly due to the 

absonce of' a chel.atlIlg agent 1n 01'101' to prevent resorption 

of pbosphorus on to the s011. 

5. The amount ot K extracted b7 BJ.-q Jo.1 was higher than 

that ot neutral normal ammol'l1ua acetate (stci). 

6. Use of neutral. normal ammom_ acetate along with Bray No.1 

11'lh1b1ted the release of P drastical.l1'. thougb this etfect 

was not noticed on K extract1oft. 

7. .r.t.hew' 9 v1acid extractant released l.ar,. amounts of .i' and 

K. 

8 • In comb1nat1oD w1th B1'B7 Be.1 t ,OX}. at the strength ot 



0.001 l! vas as good .s 0 .OO~ J.f 1n its etfeets on P and 

K extraction. 
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9. The mitF + acetic acid vas tound to be a good corab1nation 

in estimating avaUable P and available K. )Jore 

quanti ty of P vas exvaote4 b7 0.0; b NHlto F + 0.0; Jj 

acetic acid evell at 60 JId.n tban BraJ No.1 showing the 

chelating action of acettc acid. 

10. The aDlunt ot K ex:t.racte4 bJ neutral normal. am&YI)niWD 

acetate was h1,gber when tho soU solution ratio was 1.10 

as compared to 1.5. 

2. l'rtJ,;&m DIEt: arUDW 91. IDJ:I&tdtAU 

)'or the prel1m1nal7 sereeD1tt&, o~ 9 soU~ vere chosen. 

The ain criteria tor seleotlnl these 8011s were the nutr1d 

~tatus (ava1lab~. P and available K) and texture ot the M>U. 

Based on the observations fltOII the in1t1al stud7. Nl1a..F at 

concentrations 0.1, 0.3 and 0.5 M vere emplo.yed along with 

0.001 b, 0.003 ~ and. 0.005 It MPA. Hath..,' s ext:-.fl.ctant 

(0.06 Ji Bel. ':" 0.06 j ~SOt.. + o.OS Jj oxalio ac1d), Bray No.1 

hrar lio.1 + 0.005 J:j D'.i:}:lA, 0.05 ~ lil.\.F + 0.00; II acetic aCid, 

neutral normal. 1m". CAe and Olsen'" extractant (o.5! llaHC03 t 

pH 8.5) vere also 1ncl.w1ed in the prellm1naJ7 S01"..u.nc. Five 

equil1braticln penods were selecMd viz., S, 10, 15. 30 and 

60 min and on.l¥ a s1:ngle soU solution ratio ot 1.10 vas 

e.ployed. 

Tbe relat10nsh1p between P and K extracted by these 

atractant.. and the uptake of these nutrients by rice crop in 
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the sell! were stw.tLed. ... peroent-ee ar.d uptake or i .. 

K of rice lrown 1n the soUs aM Fesen'~e4 1n Ap~ II. 

The eoarf1c1ent!J ot correla~1on (r) b~veen th4ll wtr1ents 

extraotod .. i.ho ctract.ants at W;ere.nt equU1bration 

periods and uu.tr1.ant upt~. bJ' rice are 8ivan in Table 37 

ah4 Tahl. 38. 

2 .1 90aW lA&~Q.7)1t ltV J1ti\Q m:r. 
~F at 0.1 b. 0.3 ~ and 0.5 j were comb11~ with 0.001 ~t 

0.003 j and 0.005 J1 cOT.t.Cuntrations of DTl.l~. !he a.mounts of P 

arid K extracted by tho cUtl'erilllt ocwb1nat.1ons of hl\}I' anci. lJrfA 

are presented in Tab~e '1 to tabl.. a&+. As J'ti{&lU'CS the ett1c1eIlC7 

of ttl.we combinations in ctract1n& Roll f t it W&fI! ~een that 

0.3 .ti 1m.., ... 0.003.t DfPA at 60 1I111 ut.raetecl the higbeat. 

qu.antlt)" ot l' \rhen the etteet« of t!IOil.s vere pooled. An ~ 

.r 115.11., ppa f va'"' extraeted by tb1F. extra<.'tant within El. 

perioC- of 60 min when the er:rect~ 01 ~Ut'il wertl pooleC!. 

)f.-xi .. quant1ty of F w.~ ext~Jlte(l froll soil 1~.35' <502 .92 ppa) 

which recorded P. ?eluc of 338.74- ppm tor BraT Hc.1 and when 

ocn~1d~r1ns the K extract1.cn it \lould be seen that c.s 1 + 

0.001 J;; combinat1c>n extracted 1!'la7~'" quantity ct l' -vrhen the 

.fteet. of 1!J011~ were poclc.-d t the a:YaUable r. oxti'actl'id ~r1th1n 

a ,.1'104 of 5' min be1rt{! 261.7 w=. ~oll lio.35 reg1rtered the 

maxi •• Yfllue which wa~ 164, ppt'l. When individual !ltoU~' vere 

•• 1'l!IJideHd 1Iteparately 0.5 .11 + 0.00'- is combinat1on res:tstel'ed 

!he patt .. n of f a.n4 K ~ea!!. 1.nto the aolut:J.on vben 

...... Wleth.. ..s .. fwsct10n of peJ'104 of equ1lJ.brat1on 
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~abl. 7 

F extracted by 0.1 J.l 1l1\,F + 0.001 J:i D'lFA, ppm 

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

~:l. fi)U 
}leriOd of equUlbrat1on, min 

No. sam,Pl. -~~-~~~~---~--~~~---~----~~~-~~~~~--~-------
No. 5 10 15 30 60 

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

1 !f.9 11 .76 11.76 11.76 11.76 !f..55 

2 Its 10.52 9.31 11.76 11.1lt- 9.31 

3 22 1.69 2.26 2.26 ,.71 1t-.5l+ 

It- ~ 26.ltS 25.05 26.»+8 23.6l+ 19.52 

5 15 5.95 105.60 19.16 10'1.15 89.69 

6 It- Zl.91 1lt-.29 1t-3.62 29.38 9.31 

7 60 3B.6lt- 33.91 ltS.81t- 1+0.29 37.05 

8 35 195.81 2olt-.lt8 169.81 188.67 195.81 

9 32 121.88 110.31 95.31 Slt-.69 68.it-1 
-~~-~~-~~~-~------~--~~-~---~--~-~~--~~~--~~~-----~-~--~--
Mean 49.63 57.33 67.15 55.83 48.69 

.,-.. - .. - .. ______ .... ____ et_ .. _ .... __ .... _____ ..... __ ..... _ ........ ____ ... ____ ..... __ .. _ 
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fable 8 

K extracted by 0.1 li .... F + 0.001 .D D'lPA, ppm 

~~-~--~---~---~----~--~-~~--~------~~----~-~---~-----~~-~ 
'~o11 

.teriod of equil1bration, min cl ;,.) • sampl.e --~~-~-~~~~-~~-~-~~~~---~------~--~~-~--~----1.0, 
l~. 5 10 15 30 60 

---~-~-~~~-~-~-~--~~------~~~-----~-~~~~--~---~----------~ 
1 It-9 15 15 15 15 15 

2 48 5 10 15 15 15 

3 22 , 10 15 15 15 

It 5lt. 55 55 55 60 It; , 15 25 a.5 It, a.5 "'5 

6 a. It.; 50 ,0 55 It; 

7 60 16; 175 175 18, 1;5 

8 3; 1070 1070 1070 1aa..; 1011-5 

9 32 1;5 18; 185 185 175 

-----------~~----~~----~~-~~~-------~~----~~~-~-~~~~--~--
Mean 171.1 189.q. 180.6 180.0 172.8 

-~~~~--~---~~-~~---~-~-~~---~-~-~---~~----~~~-~~-~-~---~~ 
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Tabl.. 9 

P extracted. __ 0.1 j W ... F + 0.003 M mfA, ppm 

.--~~---~-~~-~---~-~~---~-~~-~~~~----~-~--~~-~~-----~-~-~ 

noll 
l"er1od of equilibration, m1n 

~3l. • 
iC. 

sample _~~ ___ ~~_~_~~~~ __ ~ __ ~ __ ~~~~ __ ~~_~~ ____ ~~ ___ ~ 
lio. 5 10 1, 30 60 

-~--~~-------.~~--~~--~--~~~-~~---~--.--~-~-~~~-~~~---~-~~-

1 1t9 8.00 '.6~ 9.19 9.19 14.12 

2 a.a 1lt-.12 13.lt-9 16.67 16.67 19.30 

3 22 1.67 2.23 1.12 1.12 2.79 

... ,... 36.65 36.65 33.56 38.26 38.26 

~ 15 53.81 21.60 55.70 29.C1l 30.~ 

6 ... 16.67 15.lt<l 1 .... 12 1lt- .12 23.37 

7 60 39.86 36.65 38.26 39.86 38.26 

8 35 224-.14 193.90 24-6.,1 23lt-.61 23lt-.61 

9 32 190.16 183.19 186.70 170.;6 156.72 

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

l-iean 65.00 57.20 66.86 61.;0 62.00 
-~-~--~-~~~-~--~~-~-~--~--~~~~~~~--~-~~~~--~-~~~~~--~~ 
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Table 10 

K extracted by 0.1 Ji ~F + 0.003 .H lYl!PA, ppm 

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

So11 ~eriod of equ1libration, ldn 
;:1. 
l~. sampl.e 

~---~~-----~~~-~-~~--~---~-~~-~~~-~~-----1,0. 
5 10 15 30 60 

~-~~~~---~~~~-~~~~--~-~~-~~~~.-~~~-~~-~~---~-~~~~--~~--~~ 

1 1+9 10 15 35 20 15 

2 48 1; 15 15 10 10 

3 22 5 10 10 10 10 

It- sa. ~ .. ,. 50 '+!i ~ 

;; 1; 1,.; 50 ,"0 ;0 50 

6 ... ;; ;0 50 60 80 

7 60 155 160 160 160 160 

8 35 980 95; 980 980 100; 

9 32 1;5 160 180 180 180 
~~~-~~~~-~---~~~~~~~~~-~~~~~------------~~~~~~~~--~-~~--

Mean 163.3 163.3 170.0 169.lt- 172.8 
--~~~~.~-~~~~-~-~-~-~~~~--~~-~~----~~~-~-~~---~--~-~--
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'.£abJ.e 11 

F extracted bf 0.1 J:l l"l<' + 0.005 .ti l>Tl-'A, ppm 

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

(' U Period of equU1brat1on, m1n 
r;l. "0 
Ito • sa:rn.ple -.., ......... -.,---........... ---.... - ........ -... --................ ------....... --

bo. 5 10 15 30 60 
-~-~--~-~~-~~-~~-~~~~~~~--~~-~--~~--~~~----~~~~--~~~~~-~~~~ 

1 1+9 15.79 11t-.39 13.00 11.63 14-.39 

2 lH3 13.00 21.58 21.58 26.13 26.13 

3 22 3.76 3.76 3.76 5.03 '.03 

a.. ~ 52.00 62.13 37.4-7 3a...97 34-.9'i , 1, 61+.26 61+.26 S2.00 44.53 it-o.95 

6 4- 31t-.13 37.4-7 29.26 18.66 26.13 

7 60 57.97 lto.95 57.9'l 66.4, 60.03 

6 35 280.lt.o 280.lto 2l+9 .... a 313.16 293.11 

9 32 137.19 187.69 280.a.o 295.63 359.46 
--~-~-~-~-~~-~~~~-~-~-~~~--~-~-~--~--~~----~-~~--~-~-~~~-~ 

... .ean 73.17 79.18 82.76 90.69 106.,8 
~-~--~~---~-~~-~~~-~~~--~~~~-~---~~~--~~-~~~~~~-~~~--
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~abl.. 12 

It extracted by 0.1 J:l l.i8a..i ' + 0.005 J:J DTFA, ppm 

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

[;1. ~~ou k'er1od ot equilibration, td.n 

1.0 • 8amp~. ~-~~~-~~-~~--~~~-.. ----~-~~-~~--~-~-~~~ 
.No. r' 10 15 30 60 ;; 

~-~~-~----.---~--~~-----~-~---~~~~~~-~--~~---~~~--~-~-~~ 

1 1+9 15 20 1; 15 " 
2 lt8 15 15 15 20 15 

3 22 10 15 15 15 15' 

If. S1t- 55 60 60 60 60 

5 15 65 55 55 55 a., 
6 a.- 55 55 55 25' 30 

7 60 18, 190 180 170 11+0 

8 35 104; 1oa.5 1070 1070 10lt-S 

9 32 190 200 170 180 185 
~~~~--~-~~~~--~~~-~~---~~~~~~---~-~~~~-~~----~--~~--~--

)~ean 181.7 183.7 181.7 178.9 172.2 
--~~~~--~---~---~~~~-~-~~~~~-~~-~~-~~~~--~~~---~~---~~ 
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Table 13 

1- extracted bJ 0.3 j 111..,1' ... 0.001 .ti DTl'A, PPII 

-~~~~~~~-~----~----.~~--------~----~~~--~~-~~--~-~~----

Soil ler104 of equil1brat1on, Jn1n 
~;l. 

1.0. sample -~-~~---~----~~~---~--~-------~~~-~~~--~-~ 
lJo • f' 10 15 30 60 ;; 

~-~~-~~~-.-~~~--~~~~~~---~-~-~~-~~~-~~----~-~~-~-~~~----~ 

1 "'9 &.26 9.03 9.03 10.59 12.17 

2 -.a 7 ..... 7 18.7'" 25.65 18.7'" 31.09 

3 22 9.03 2.21 2.9'" 5.9lt- It. ....... 

.. ,It. 34 .82 32.9i+ lt2.71 38.71 32 .91t-

5 1, 57.1'" lfo8.91 60.03 72.21 64.77 

6 ... 11+.65 18.71t. 15."1 27 .... 1 23.68 

7 60 lKl.68 53.27 1t8.91 6lt-.77 0+.77 

8 3, 3lt4 .12 It-29.it-1 366.18 394.71 483.2'" 

9 32 171 .1,.1 217.77 277.80 23".63 323.2" 
-~~--~~-~-~-~--~---~----~-~~~~--~~----~~~-~-~~~~~--~-~~~-

Hean Blf..69 92.3 .... ".30 96."3 115.62 

~-~~~~-~~~~~~---~--~~-~---~~~--~~---~~~-------~~~----
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ta'bl.. 1" 
K extracted by 0.3 j .... F + 0.001 }j DTl'A, PPI 

--~~~----~~~-~----~--~-------~---~~----~-----~~-~--~~ 
« U ten04 of aq,u1l1brat1on, rd.n 

::1. ,'0 

No. 8.,p1e ~~~~~~~~--~-~--~-~-~-~~~~~-~~~-~~~-~--~-
No. 5' 10 15 30 60 

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

1 1+9 15 15 10 10 10 

2 lt8 10 10 10 10 10 

3 22 5 5 10 5 0 

a. 5l+ 10 70 It-5 70 50 

5' 15 30 30 35 25 10 

6 4 1t.5 ,0 SO 35 30 

'7 60 135 135 125 1'5 100 

8 35 1095 1220 12-'5 11lt5 1120 

9 32 205 205 215 200 225 --...... ------_ ........... --.............. --_ ............. ------............ -- ......... -- ... -- - ~ .............. ---
l'lean 178.9 193.3 193.9 179.1t. 172.8 

- ................ - ......... ----..... ., .. - ........... - ... -- ____ ............... ..,.., ... __ .... _'If .. _ ... -.. ..... --. ...... ~ .. _ _., 
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fable 15 

.. extracted by 0.3 J:i 1,F + 0.003 Jl D'li'A, ppm 

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

, 1. foU Period ot equil1bration, min 

No. sample ~~--~-~~~~----~~~-~--~----~-----~~~~~~----~ 
No. 5 10 15 30 60 

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

1 "'9 3.85 7.,}0 5.10 5.10 ,.10 

2 1t-8 7.70 21.20 25.20 27.10 15.70 

3 22 2.55 3.8S 5.10 5.10 ,.10 

... 5lf. 28.30 29.70 29.70 25.20 38.60 , 15 71.05' 57.50 ')7.;0 'Jl.50 6If..15 

6 ... 15.70 13.00 18.lt5 5.10 18.i+, 

'1 60 i+1.60 1,.1.60 "'".60 "'7.85 85.55 

s 35 365.20 316.75 277.15 1t90.1; 502.92 

9 32 1'17.35 189.10 171.35 189.10 306.15 
-~-~~~-~----~~-~~~~~~~-~~~--~~-~~~-~~~~-~~~---~~--~~~~-~--

Mean 72.26 '15.60 70.79 95.80 115.7'" 
-~~-~~~~~~~~---~~--~-~~~---~-------~-~~~~---~-~-~-~--~~~-~ 
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Tabl.. 16 

t. extracted. by 0.3 It Mia.F + 0.003 b DT J; At ppm 

-~~-~-~--~~~---~~~--~--~~~--~--.----~~--.---~---~-~ 

<'ll Period or equ1l.1brat,1on t min 
::1. ,0 

lJo. sampl.e -~~~~---~------~~~~---~-~-------~~--~-~ lito. 5' 10 15 30 60 

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

1 49 10 0 0 0 0 

2 48 10 0 0 0 0 

3 22 5' 0 0 0 0 

If. 5lf. 70 60 50 25 25 

5 15 10 .,.-, 0 0 5' 

6 l,. 40 2; 5' , 15 

1 60 145 95 65 lto 35 

8 35 108, 1010 1035 1035 1010 

9 32 195 1B5 195 175 175 

-~~~-~--~~.-~~~~-~--~----~~~~~~~~~~~~--~-~~~~~~~~--~ 

Mean 114-." 153.3 150.0 1lt-2.2 140.6 
----~~~~~-~-~~~-~-----~~--~~-~-~---~-~~----.~~~~--~~-~~~ 
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Xable 11 

p extracted b7 0.3 Ii ~J' + o.oo~ ~ D'.frA, ppm 

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

f)l. SoU Period of eqU1l.1brat1oD, min 

llO • sample --~~~-~--~~-~~~~~---~~---~--~~-~~~~--~-~~~ 
No. , 10 15 30 60 

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

1 1+9 12.31 9.19 9.19 6.06 18.69 

2 a.8 21.9lt- 21.94 15.50 35.38 15.;0 

3 22 3.00 12.31 3.00 6.06 3.00 

.... 5It- 88.31 
~ 

.... 9.411- It-2.31 It-2.31 60.56 

5 15 92.;0 53.13 76.06 81+.19 88.31 

6 .... 15.50 21.9&t 6.06 18.69 21.9 .... 

7 60 56.81 92.50 53.13 64.31 64.31 

a 35 .... 52.38 505.06 It-)6.81 468.61 .... 36.81 

9 32 289.25 358.75 382.38 370.31 2»+8.69 
............ -.. -.. -~.., ..... --..... --... -. .... ,-......... -..... -...... " ... -......... --................. -............ 

".&11 114.67 121t-.92 113.03 121.79 106.lt-2 
~--~~--~--~-~~~~~---~~-~-~---~-~~~~~W_~~~~_~_~~~~_~~~~~_~ 

\ 



!abl.. 18 

K extracted by 0.3 J'j .NHa,.F + 0.005 .ti D'll-' At :ppm 

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

~:o11 ~er1od of equ1l1brat1oD. min 
Fl. 
lie. sample ~-~~--~~~~~--~~----~~~~~~~~~~~~~~-~--~~~~ 

lio. , 10 15 30 60 

~-~~~.~----~~~~~-~~--~~---~~-~-~---~--~--~--~~-~~--~~--

1 lt9 0 0 0 0 0 

2 1t.8 0 0 0 0 0 

3 22 0 0 0 0 0 

1t- 5lt- 25 20 20 10 20 

5 15 5 10 5 5' ~ 

6 It- 25 15 5 ; ; 

7 60 10~ 85 30 3, 30 

8 35 1060 1035 1035 1085 1035 

9 32 19; 190 190 110 90 
~---..... -..... --..... --... -... -... --.-...--.. ~------.. -........... ---... --........ ., .. --........ ----

.Mean 157.2 150.6 11t2.8 138.9 131.7 
-.... ---.., ..... ~". -., .. --............ -----.... ----.. -..... --... --..... -~ ..... --.-.-..... ---..... -
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Tabl.. 19 

P extracted by 0.5 .D liB.a.F + 0.001 .ti l1.CFA. PPIl 

-~~~~~~-~---~~~-~---~~---__ ~--~.,~.~ ___ --~---~-~~~-~-~-
~.'l. ::oll 1-'eriod of equil1bration, m1n 

Ilo. sample -..... -.. -.. --.. ----........... ..,..--...... -... ---, .......... -............ ~--...... 
}~. , 10 15 30 60 

-..... ----....... ~-...... ,..-....... -----.. ,.--------... ---... -.---...... --,.. ...... -----......... 
1 1+9 3.81 3.81 3.81 3.81 9.1+9 

2 a.s 10.91t- 10.9'" 12.~ 12.'}8 16.96 

3 22 6.62 9.lt9 10.9lt 8.01+ 12.lt-2 

1+ 5lt- 6,}.'l6 6'l.'}6 67.,}6 72.,0 80.06 , 15 70.06 46.1+, 1 .... 95 '}2.'O 72.,0 

6 ... 37.02 7 .... 95 "-.55 ~.52 65.»+6 

'} 60 63.18 70.06 71t-.95 ~.52 80.06 

8 35 301.06 386.57 )86.57 386.51 386.57 

9 32 1,}6.26 201.00 165.,)'} 19lf..32 160.37 

-~~-~~-~-~----~--~~~~~~~~-~--~---.~.----~--~~~~-~~~-~--~--
l-1ean 81.86 96.78 93.,)0 95.51 98.21 

~~-~~~~~~.---~~-~~-~~~~-~~~~~~~---~~-~~~---~~-~-~--~--
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'fable 20 

K extracted by O.S J1 1" + 0.001 At DTl'A t ppm 

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

("< 1 8011 1'.,.104 of equ1l1brat1on, m1n 
" . 

san~pl. --~~~~~~-~~-~~~~--~-~~---~-~---~--~~-~--~~~ llo • 
No. S 10 15 30 60 

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

1 49 10 10 10 10 10 

2 It-8 25 15 10 10 0 

3 22 15 10 10 0 0 

.. ,»+ 75 95 90 60 5, 

5 15 10 25 10 20 0 

6 »+ 50 It.o 30 a.o 20 

7 60 170 145 80 70 95 

8 35 101+5 16lt-5 1620 1570 1520 

9 32 355 300 265 260 250 ---... _---_ .. ---- .... -................................................. -........................ -.................... 
Mean 261.7 253.9 236.1 226.1 215.6 

~-~~~~-~~---~---~~-~-~----~-~-~----~~--~---~-~---~-~~~~~-
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Tabl..21 

1-' extracted by 0.5 J! lma.,:r + 0.003 b DTl-'A t PPil 

.............. -_ ...... ., .. ~ ...... ---.... -----.. ,., ..... -.. -.................. -......... ---.... ----.............. 
('1 ('11 Fer10d ot equ1l.1brat1on, m1n 
,. . "0 
llo • sample --~~-~~-~~-~~-~-------~~-~~~~~.~-~-~--~~--~ 

No .; 10 1; 30 60 

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

1 It-9 10.lt-2 10.lt2 11.99 11.99 11.99 

2 l.a 16.77 20.OS 15.1a. 16.77 21.74 

3 22 21.7a. 23.1t.2 20.~ 30.ltlf. 20.0; 

It- 51t- 67.54 72.38 66.31 67.5lt- 71t-.86 

S 15 '17.a., 82.62 82.62 82.62 82.62 

6 a. 32.25 1t.1.69 a.,.68 28.63 58.34-

1 60 74-.86 68.17 82.62 58.31t 67.51t. 

8 35 310.93 310.93 310.93 326.61 326.61 

9 32 191.9It 191.~ 191.,at. 191 .9lt- 20lf..75 
-----~-~~----~ .. ~-----~~~--~~~--------~----~-~~-~--

Hean 89.32 91.29 91.93 90.51+ 96.50 
-~~-~~~-~-~~-~-~~-~~~-~~~~--.---------~~~~~---~~~~--
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rabl..22 

1 extracted b7 v.~ .At .... 1' + 0.003 j DTPA, ppm 

c· .. 'I fi1 ·,0 ..... 
ho • 8_p18 ----------------.... -----------------

• & • 5 10 1S 30 60 

l'enod of equ1l1brat1on, min 

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

1 lt9 0 0 0 0 0 

2 lt8 0 0 0 0 0 

3 22 0 0 0 0 0 

... 5lt- 10 10 20 20 50 

5 15 0 0 0 0 (1 

6 ... 0 5 10 20 20 

" 60 55 60 50 90 SO 

8 35 16lf.5 1ltlt? 1ltlt-S 15lt-, 151e.5' 

9 32 19S 170 1'" 11, 225 

--~--~-~-~~~~~-~~~~~~---~-~~.~-~~--~~-~-~~--~~~----
Jilean 211.7 187.8 185.6 198.9 210.0 

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



tablA 23 

p atftCted b7 O.S.l -..' + 0.005 J:I mPA, ppm 

----~-~~~~~--.. --.-... ---.--..... --~--------~~~-
SoU l?er104 of *I,U1l1brat1on, m1n 

81. 
10. ·az~ ~--~~--~--~~.--------~~~~-~-~~--~----, 10 1S 30 60 

-~--~-~---------~~~~~-.~~~-~-~~-~~~-~~--~~~~~~------

1 lt9 8.86 1.oJt 8.86 1.71 3.&t6 

2 a.a 18.2S 28.25 32.lt6 20.21 10.68 

3 22 26.21 22.18 22.18 20.21 1.11 

... 5lt- 52.86 ;2.86 lt8.11 ... ,.75 ;2.86 

; 1; 60.32 ~.86 ;0.'" ;o.1t6 51.79 

6 .. 16.32 16.32 'I.ott. 1 ...... 3 18.2; 

'1 60 "3.1t6 18.25 20.21 22.18 l+3.lt-6 

8 35 ltltB.29 315.39 326.00 288.60 527.,2 

9 32 192.51 198.68 218.;0 186.71 218.~0 

--~~-----~~~-~~~~~~----~~~--~-~~-------~~-~~~~~--~~-~~~ 
Mean 96.35 85.76 81.sa. 12.25 103.80 

---~-~-----~~~~-~-------~--~--~~~-~------~~--~~--~~-~-~~--
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tale 2'" 
I. atracte4 b7 0.' .I .... F + 0.005 .Ii MfA. ppl 

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

81. SoU 
ferloG of equ1l1bratlon, m1D 

No. I-Z:. -.~~--~----~~--------~~~----~----~-~-----, 10 1~ 30 60 

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

1 lt9 0 0 0 0 0 

2 118 0 0 0 0 0 

3 22 2~ 0 0 0 0 

.. ,... ~S 20 20 20 10 

) 1, 0 0 0 0 0 

6 a. 20 10 10 0 10 

1 60 8, 60 50 50 3S 

8 3, 1120 1120 1120 11lt, 11lt5 

9 32 210 170 130 130 130 
.............. ...-.......... ----......... -....... -........... _--....... ., ... ----..... -......... _---

Mean 168.3 153.3 1"1.8 1~.lt- 1.1.8 
.. -... ----.. ------... .... -........ -.......... ----.... ,.---..... .-.~--..... -., .... --------.. ----.... 
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nnaled. that the M. of -.. ... va8 ft.I'I'1IW at 41tt .... 

..,111 __ 1011 pwiod.8 tor aft._ -'r_tants. The opU .. 

equ1l1bntloll per.l.o4 will -. \.be OM __ vb1c:b the rel.ease of , 

.. X 1Jlto tbe _~ eola\ioa w1l1 be alIDost OCIIDPlth al1d 

after vb1ob. turtbeJt nlea .. ., tb._ raltl'1ents v1l1 take pl.aoe 

at a .. ad .. ,.te with • 1'-. ,....10n. WheD tbe "AM of 

e,u1l1bat.1OD vas plot'" _tp., p aD1l It eoneanUatJ.OD, it lIU 

... that 0.1 .I JHs.F + O.COS JI DIP .... 0.3 J -..1' + 0.003 JI I1l'A, 

0.3 Jt , ... O.OOS .I ttliAt O.S .I ",F + 0.001 ..It r.~PA. aDd. 0.5 11 

BBt.J' + 0.003..ti MfA co\&l4 DOt nl .... both P aDd. K 111 dldl ... 

pat"ms. Por tile eorab1nau.oa of 0.1 .. + 0.001 11 an 

equ:111brat1on pen04 of J Ilia was toud to be suttabl.e 1'W 

br1Da1n& .. reaSODabl.. flUUlUt,' of 'both P U1d X into the aoU 

solut1cm. the II88ft ftl.Iles of :I eDracte4 by 0.1 .ti 1Ilt.' + 

0.001 JJ DTPA COIIbt ... loa at S. 10, 15, 30 and 60 min vere 

49.63, 51.33, 61.15, ,'.83 UIIItI.69 ppa. For X. the val.u •• 

weN 111.1. 189.l+, 180.6, 180.0 .. "2.8 PIG reapeotlYel1'. 

Tbe -- yal.ues of , eDracted ... 0.1 Ji B8t.1' + 0.003 It milA. 

va8 111 the OKU' of 6S' .00, YI..ao, 66.86, 61 .SO, 62.00 p~ end 

extraction of X tollove4 t,he oN_ ot 163.3, 163.3, 110.0, 

169." an4 172.8 ppm tor S, 10, ",, 30 aDtl 60 Ida respeoUveq. 

In the case ot O.lli 'aJi,.J' + 0.001 .I D'lPA 00Iib1nat,101l. the 

phOspboJlV,8 aDd potass1.t8 Y&lues wei'" ea..? 92.3, 91+.3, 96 .... 

aDd 11S.6 PJ8 ani 178.9, 193-3, 193.', 179.4 and 172.8 ppm 

•• speotj.y&b' • 

fhe OOJt1b1.aaUoll 0.,. JJ 1i\F + O.oos M DTP.&. .vao~ .. 
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phC!~IjhoruF :Ln the G.cdor %.3S, 85.76, 81.:) .. , ,?2.2~ Ell.d 

103.(jO FPti and lJOt:::!. c'siUl!l \las cxtrr·.ctl..'ti in tho oI'(:~·r 16L.3, 

1;3.3, 14-7 .U, 14~.4 u.nd 1lt7.8 PI;tl. It \in"· !"8!J,;;p_L'Vd that 

.h1l4ii· .", .LiliA coI:;blnation~ of 0.1 ~ .... 0.001 ~, U.1 jj oj" 0.003.L 

and ()., .i: + 0.005 .h l~equire only? tin fer rolcn!1ing I and l( 

in rea:--:()natle a2lX)Wlt~. But, tor the COr:J.,ilwticn cf n.3 i: + 

0.001 .E a period of 10 tn1n lIOuld be required fOl~ attaining 

an equilibration value. 'fbe extrac tlon of 1 and 1 by Q.1 .D +-

u .0\,.'1 .I.; cc:.!;.;inutioll slightly illcrea~ed frot! 5' tin to 15 min 

alld LL e.!·oaft"~r both dccra&?ood. The cotnbination of 0.1 i: +-

0.003 1 ~b.o~!cd u ~L:all incroase in K value and varying 

:pa.I..l;,ern~~ of .t: value after 5 min. For 0.5.L ... 0.00, .u 
cOi.J..:1m.l.t1cn, (,oth :P ~;.!ld f. extract1on~ were highly retarded, 

"'c;'i'.:.hLI: a ~"',_,l'ic(;' L·f ~ to 1~ 14iin 1r.l the ca<:e or h. arii upto 30 tdn 

'.l.'llO coofficiunta oi" correlation worked out Letw(;cn J 

extl'acted Ly dif'f()l·ent cOtlb1nat1ons cfliHt.,}' and .,:~·!A Elnd .t 

uptah.e by rice were ~iiJl'..1i·1caIlt for all the e;~t:.:-a;:;tantr: ,. t. ,',11 

tb.e equilibreti<.ill perioti~:. li1gher.t corralut.ion ,ia" ottni.Led 

with C.1,L + o.C)(n.i;; cou.ti:r.aticn ot lmq,F and L'i;lA nt an 

equilibration l)oricd or 10 d.n (O.951~t Ta.ble 37). 

In the ca '~e of K also all the values at aJ..J. the per:i.G~~ 

of equilibration were s1gn11'1cantly correlated \-Ii til plant uptake 
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.f K. 1M hlIheat aerrel.&t1oil _- .... \aSned tor 0.1 .u lfit.,P' ... 
• * 

0.00' J nlPA a& aD 8Q\d.l1.bftt1oll peI'lo4 of 10 a1n (I' • O.958lt-) 

2.2 PM*t,.u. pC IaS9a...i. _:t _alii Ma. 

fhe perrOftlUCe ., Vll8 -...t.ant on the at.raet1on ot 

, and X 8l"8 ,J.vu in table as ... 16 respect1vaJ.y. ~b.1 • 

.snctut at.rut-ed yerr l.aJ'ce __ ot P from all the soUa. 

the .-un' ot X exVacte4 _- OOIIIIpU"aU'Yell' l.IIlal.ler bUt 

aVBct.loa pattam was a.l.aIOst unUorm at all the equ1l1brat1on 

p.noels. Ttle 0CIAp08it1on of the eztnotant is 0.06 .E H2SOt,. + 

0.06 Jl liCl + 0 •. 0; J oDl1c ac1ct. ftI.e aounts ot P _tract_ by 

this extractant at dU'terent periods (S, 10, 1~t 30 and 60 Id.n) 

vue 130.1S. 139.90, 1lto.93, 133.90 aM 17 .... 01 ppa r.spect1'Y~. 

fUl'e1"oH, an equ.1l1bratlon peJ'104 ot 1 S II1n was to\llld to be 

ad_qua'. tor e8t1llat1r~ J? Bat, tor It all eq,u1l1bn.t1on period. 

or 30 m1n would. be required tor exVact1nl .. rasonahle UIOurS 

ot I.. Dur1ns this pe.r1od P eztraoUon vas also found to be 

"$allOaabJ.e. 'fhe data turm.shed 8hW that this axtractant 111 

p.Nll1s1ni tor est1ltat1nC P and .K aSaulteneously, thouab ori.g1nallT 

4we1opeci b;y Ma.th., (1979) tor p. '1"- pattem of rel_~. vb_ 

aut ned. as a function of period. ot .. u111bratlon. the 

eflt.l1.UbriUll } and K values were not seen established ..,. an .. 
60 Id.n due to 1;he az;pectaCl rel.ease and resorption of P aad. It 

tak1Da pJ.aoa during equ1lj.brat1oJl. I' laT8 h1gb:q s1in11'1e:ant 

eolT8l.&U.on with f and X cone entraUoft toJt all. the periods. 

%he h1&hest correlation va~ obt.a1ned at 1 S IIin (fable 31) 1D ~ 

.a.S8 ot f (O.90t~ > a.D4 at ,30 min (fUle 38) :l:n the ease of It .-<O.9S6?). the reJ.aUonsb.1p between the _DUIlts or IIltrlebts (I' ... 

X) auacted. by th1s extractant 8Jl(\ the ... 11." uptake b7 dee crop 

are ..". •• __ b7 ft.c 1 and. F1c 2· 



Tab~e 2; 

f extl"aCted IV 0.06 j H200at, + 0.06 J aQ. + 0.0; li oxalic 

acid, ppm 

1 

2 

3 

it-

5 

6 

1 

8 

9 

Per10d ot eQ,u1J.1brat1on, min 
ioU 
e~l. --~-~~~-~--~----~~-----~-~-~~~-~~-~-~-~~~-~-

iio. 5 10 1!1 30 60 

lt9 22.1+1 22.lt-7 22.lt-? 28.44 28.lt.S 

1t8 ~.'3 1ot..6? ;1.66 64.89 101.81 

22 28."', 26.92 2S.4.2 28.44 3lf..69 

54 93.61 110.53 91.08 59.64 101.81 

15 80.06 86.06 99.03 61.81 101.56 

... "'1.31 4.1.31 At8.31 1+6.53 59.6If. 

60 101.81 1CJlt..67 91.08 116.12 153.S6 

3, ~71.9lf. "'71.9'" "'71.94 It-71.9''' ,,5.56 

32 290.!t9 290.49 361.1to 320.81 423.03 
- - .... - ... --.. ~--.. -. .. - ............ - ..... ------.............. 411!11 ____ ........ _ ................. _ .... _ .. _ ..... 

Mean 130.75 139.90 1 "'().93 133.9G 174.01 

~-~--------~---------~~-----~~--~~-----~---~-~~~~------
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table 26 

K ext.racted b7 0.06 Jj NHaSc;.. ... O.06.1i ilCl ... 0.0; 11 oxalic 

acid, PPD 

81. 
No. 

1 

2 

3 

It-

5' 

6 

7 

8 

9 

So11 Period of equ1l1brat1on. min 

.ample --~~----~-~-~---~---~-~~---~-~~--~~~~~~ No. 5 10 15 60 

It-9 10 10 10 10 10 

lKS 15 25 20 10 15 

22 10 10 10 10 10 

;a.. 75 70 70 70 65 

1; 55 55 ;0 50 5; 

... ltO Ito a..~ It., 4-0 

60 175 180 18, 20; 220 

3; 1200 1200 1225 12;0 1350 

32 190 160 210 230 2'+5 

~.~-.~--~--~~-~~~-~-~--~--~~~-~~----------~~-~~~-~~~--~-
.kean 194 .... 195.0 202.8 208.9 22).3 

~-.~~~~~~~~--~~--~~~~-~-~~-~~~-~~-.. ~~~~-~----~~~~-~ 

100 



--r-
I 
I 
I 

I 
I 
I 

r-
0 
0. 

'-----
cS<> 

w 
~ 
4. 
r 
0.. 
::J 

[L 

1=1<3: 1 R.!:.L..ATIONSHJP BE.TN£EN P E.xTRACTED BY 

o .06 ~ H:2 504 + 0. 06 ti Hct + 0.05 N OXALIC 

ACID (TRJACID) AND P UPTAKE. 

o.6°

l /. 
/ 

0.5°1 / 
/ 

o.40J 
I 
I 

O.30J 
I 

I 
I t'J = 9 

0.201 
1<* 

'1'=0.8783 

y= 0.OO07X+O.21 

0,1O~ 

o,oo __ +-______ -, ________ -. ________ .-______ ~~------~ 
I -r I I 1 

o 100 800 300 400 500 



2.20 

2 .00 

i.80 

1.60 

1. 40 

~ 1.20 
0 
ll.. 

-------0" 
"-

UJ of.OO 

:s: 
~ 
Q. 
:J 

0·60 

':{. 

0.60 

0·40 

0.20 

0.00 

o 

1='/'3:.2 RELATIONSHIP BETWEE.N K EXTRACTE.D BY 

0.06!::! H2S04 + 0.0<0 ~ HcL + 0.05 ~ OXALIC 

ACID (TRIAC/D) AND K UPTAKE / 

.. 4 
,. = 0·9567 

'( = o. 0 a 14 x + O. 384 

200 ...qoo 600 800 1000 ~200 1400 

----------------------------------------------------.--------.---------------------------~ 



171161 

2.3 S:JX If£ ,1 (0.03 Jj ,NU.l" + 0.025' .k HCl.) 

Bray lio.1 WiU'I OOlln1dered to be ms1tabl.e for extract1rw 

both 1- and K tram soU a~~: l'orol"tecl b7 SeyO,t'f.u. workel"(~ (Baa 

and Prar;ad, 1983, Singh and Gho8h. 1982). The effect s of 
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tbi s extractant on P and K rel .. se are pre~enterl in ~abl. 2:l 

and 2ti. The pattern of release ot soU P and K durtng vary1nc 

periodrt of equiJ.1brat1on ~ed. that tho values of r- and K 

were nuctuatil!£; prol,ahly due to the similar 1'9103 .. -:;9 wAi 

reaorpt1on takir~ place during tllda'act1on. lo'aximwn l' and 1. 

relea~ed within 15 lin bUt the relea~. vas retarded tha:reaftar 

and uttairled an equi11i)1~ltID value at 30 min. 

·'£ho 1 vn:..~· rcD.eased dul'il.\g "f'ar;y1ng perto<..O' in t.Le or00r 

12.10, 69.3(;, '13.55, 72.3t,. 1::;Jx2 13.19 :ppm at 5, 10, 15, ,30 and 

60 Lin ro~ l;,;cLi":, .J1y. The om0unt~ of X relea~ed vc:re 189."", 

192.8, 201.1, 1'~;2.2 W;.{~ 196.7 PPlI durtns the l'ei~I;ect:1v. 

equ11i1,raticn 1.01'::.0(:..... 1'11.a vfl~ues obtained at 30 nin and 5 min 

"'ere !'l:inila.r. ILu~ it \'faS o11Y1ous that an eqw.libretion period 

of ; min 1~ ~mff1c1ent to bring ava.1lable fOrJn~ of thr;~~e 

nutr1~I~c~ into ':lolut1on. The correlation eoeff'1c1cntf! 

between 1 ,~l;d K uptake am. the amoUl$ of P and K 

extracted dt all the equilibration l>eriocl s (Table 37 

and 36) l-fe i·a higJ:1.1.y ~ignificant. rtf.ghe~t eorreJ.at1on 

Wu~ olltain.ed ,,;1th sri equilibration period ot 5 lI;in for .K 

•• •• (0.9535. ;l'able 3Z) and 10 win tor P (0.8916, Table 37) 
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!fab1. :tl 

p ex\.l.~acte(l b7 0.03.kJ NH.a.' ... 0.025.1i Bel (Drq No.1), Pl* 

--... --_ ............... .." .......... _--............. -............ --....... __ ...... --.......... _-_ ........... 
~.~. 

ferioG 01 equ1l1bN't1on. min 

---~~---~~-~~~~---~----~-----~~~-~~----• Be. , 10 1S ,30 60 

.-~~---~~--~~--~~--~~~~~~--~---~--------~-~~~~~---

1 1t.9 15.29 16.56 16.56 16.,6 16.56 

2 48 10.3, 11.S7 12.79 "'.1+8 6.80 

3 22 2.23 2.23 3.3!i 1.10 2.23 

1+ :,'It. 1lt.0lf. 14.01+ 16.56 11.r;l 16.56 

S 15 15.29 2;.93 11.86 15.29 21.82 

6 ~ 19.1; 25.93 25.93 33.15 23.17 

? 60 36.20 34.66 2It-.5lt- 2 .... ;1. 28.71 

8 35 338.74 2r1~' "8 
I '; ." 

338.14- 338.74 338.74 

9 32 198 .. 31 213 .. ~3 205.6; 20,.65 204.02 
--_ .......... _--_ ................ -.. ...-... -................................................... -. .. , ...................... -_ ................ ~ 
J.1eal1 72.18 69.30 73.fS 12.31,. 7,3.19 
--~~~~------~~-~~~-~-~--~~~~~-~~---~----~~~~~~~~~--~-
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Tabl..28 

K a.uacted bJ 0.03 .11 mit-' + 0.025 .I Bel (Brv No.1), ppm 

--~-.~~-----~--------~~--~~~--~--~~--~~~~~-~-~---

81. SoU Period of equilibration, min 

10. ...,1. 
lb. ---------------------------------------------

5' 10 15 30 60 

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

1 ~ 3() 30 30 30 ';0 

2 ItS 2~ 30 10 30 30 

3 22 25 25 30 25 20 

.. 51t- 80 10 10 1$ 15 

S 15' 60 6; " 70 60 

6 It 65 6; ,\) 
60 65 

'I 60 180 185 200 175' 190 

8 35 1050 10'10 1125 112; 1125' 

9 32 190 190 190 1 Ito 115 

---~~~~-~~-~~-~~~~------.. -.----~~-----~----~~~-
Ii .. 189.1t- 192.8 201.1 192.2 196.7 -----..... --.............. -.................. -.. ,-....... -------........... ~-,.. ...... -....... -..... 



2 .It- ~1nat'gn Rt. Pl:mr_, ;'~.1 AlJ.d l1l PA 
A~ obsened by fntl1ew (1979) the pa~ tern of r re18nc 

over varying per1od~ of equilibration \:r(c~' CO!~~1!"teli.tly 

that ro~rpt1on of 1 once brought into ~olv t,~~U~ (,ii to a ~olld 

pha~(; na~Jo 1.0 eflctlvcl.y controlled in t\~c ll:~: --.3'nce of 

chelntiI:r,& aGSI.t::l like acetic, citric or oxalic ncitlf". lJi'PA 

Waf! round to iie ;.:;. :~ood chelatir..g agent. for I) a~ vIall a~ 

<, (LJ...,.1f 1 \...-) cr. ... c:;.on~ R\oI....., ~;\..:G. In the present study, Dray ~;0.1 we!'{ 

comb1ned \-ii~h lJii-A at varyi.ng eqU1l.1bration l)U~·iod<":. 'J:he.i­

and K exti'action~ have atta1ned an equ1l1br1Utl level within a 

period of 30 lil1n according to the regu1t~ pre~cnted in 

'fable 29 and 30. But the values were s1l:d.lar in IJag:itucle 

at 10 min al~;ot eventhough there vnr; a sUght decrC'n~e at 

10 min in the ca~e of F. 

the 1- value~ for the variou" equU11lrat1cn J;c1"1cds were 

,$ • 77 t -"7 .88. :.;, .28, 51.59 a.nd 53.25 ppm and :r va.1.u.c~ lJOre 

173.9, 193.3, 198.3, 1&9.4 and 192.2 PlilU at 5, 10, 15, 30 aud 

60 min re~pect1vely. ''£he correlation betwoen F and 1: UIJtn}::o 

and F and K con,:entration (Table 37 and 38) at vo.rying 

equilibration per-loti!: were all highJ.¥ ~1gn1f1ca.nt. r1xty t::1n 
~* . .* for K (O.96otS) and 10 min tor f (0.8880) gave the hi;"~'~!it 

coefr.ic1ent of correlation. 

lO~ 
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Table 29 

I' mracted by 0.03 J:l lallt-F + 0.02' Jl BCl + O.OO~ l:! D'lFA, ppm 

. .,. ............. ----------........................... '-... ....................... -----.. ................ -.., ... 
81. Sol1 Fel'1od ot equU1brat1on, m1n 

No. hIlpl.e .~~-----~~-~~~-~~--~---------~-~ .. --~~ !foe 5 10 15 30 60 

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

1 It-9 12.00 12.00 12.00 10.61 7.86 

2 48 12.00 7.86 13.lt2 5.19 6.53 

3 22 6.53 1.28 2.S6 1.28 1.28 

4 5le- 38.58 36.63 31.78 30.1lt. 3~ 1tJt. _. 
') 15 26.92 19.22 20.12 10.61 9.22 

6 .. 20.72 28.,0 Zl.12 1lt..83 31.78 

7 60 , It.2.11 1to.33 W.55 "'5.78 26.92 

8 35 222.66 171.11 200.66 19 .... 13 231.00 

9 32 120.~ 113.7; 14,1.11 151.75 131.25 

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

MeaD 5~.'l1 1t.7.88 ".a8 51.59 53.2; 
----~~~~~--~-~~~~~~~~--~~~~~--~~~~~~~~-~--~~~~ .. -~~ 
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fable 30 

K extracted 1>7 0.03 Ji If\F + 0.025 Ji lie1 + 0.00; ~ D'J:I'A, Pl8 

--~~-~~~-~--~--.. --~-~~~-----~--------~---~-~~-~--~~ 
81. So11 Period of equU1bratlon. rn1n 

No. ·az~· ~~~---~--~~~~~-~~-------~~~-~------------~ 
5' 10 1, 30 60 

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

1 lt9 10 l,.() 20 15 15 

2 ItS 5 10 25 15 15 

3 22 5 10 15 15 1; 

.. 5lt- 55 75 6; 6; 65 

; 1; At? 55 a.., 6,- 60 

6 ... ~ 60 SO 60 60 

" 60 155 185 200 185 2~ 

8 35 1060 1110 1115 108, 108; 

9 32 185 195 190 200 210 

---~~~~-~~~~----~~.-----------~-~-~----~~-~~--~~~~~ 
)teen 173.9 193.3 196.3 189 .... 192.2 

~~~-~-~-~~-~~------~-~~-~----~-~--~----~~~~~~-~--~~~--
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combination (0.0, ~ Nl\F + O.as J:J acetic acid). Tho amounts of 

phosphol"U~ extracted at " 10, 15, 30 and 601d.n were 65.38 , 

68.0;, 65.93, 64.6; and 61+.41 ppmre':1poc't.ively O:a.ble 31). The 

Talue~ at K e()rre~ond1r16 to these periocr' were 173.3, 174 .4, 17S.J,. j 

169.4 and 170.0 ppm (Tab~e 32). :.ehis cou.b1nation did not ~how 

much fluctuation in the extraction of .P and K at different 

period~ which 1n(l1cate~ that acetic acid i~ fl. good chelati1li 

e.g snt both for f and .K. r:ignif1cant cOl'relation~ were obtained 

between K uptake and K axtrac:tcd by the extrlictant at all 

equilibration periods (Table 38). .Hax1wUfl correlation wa.~ 
•• ob--,-;rved at 5' min <O.9Lrt)9). fhoepborus extracted 1:>7 th1s 

extractant (;J.l~o~howed s1g!liflcant positive correlation with P 

uptake at all the perioc~ of equilibration. Mlx1rmJD eorrelat1on 
•• was obtained at 10 min (r ::: 0.[;:896). The C()eft1c1ent e of 

** correlation for 30 m:.Ul (0.8879) vas aloo h1ghl7 si{~n1£1cnnt and 

f extracted at 5 min lias almo~t equal to that ot 30 m1n. 

Tht.refore equilibration l')eriod ot 5 m1n 18 considered sat1sf'actol7' 

to extr:,ct both P and K ~i.trultaneol.1?:q. 

2.6 OJ, !10n' 5. gt:cf!&Siilll't (0.5 II lW1C03) 

~hel'e are rel)Orts ~howi!,g that Ol.~ent~ extractant coul.4 be 

u~ed. 'for est.imat.ing l:' and Ii ~iWultaneousl1' (Me Conagl\Y a.n4 

J;~ All.1~tert 1967; Bar am Akin, 1978). This GXtractant 

showed alfuo~t ~tn~1e P value~ at different equilibration periods 

1.c., 52.87, 57.42, ,7.03, 59.30 ani 61.28 ppm of f at ;, 10, 1St 

30 and 60 lJin equilibration I;(?r1od.s l"erpeet1vel7 (fable 33) 

and 163.9, 155.0, 150.1, 158.3 and 161.7 ppm of X tor the 
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Table 31 

P utracted by o.o~ .I If\.F + o.O~ J1 acet:1c acid. ppm 

--~~~~~~~.--~~~~~~---~-~-~~-~~~-~~~~--~--~~----

81. 80U Period. of equ1.Ubration, JD1Jl 

aaznple ~~~~-~~~~~~--~~~~~~~~~~~.~~~~-~~~~-~~~~~ 

No. No. 
~ 10 1~ 30 60 

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

1 It-9 1lt-.20 1,.39 1~.39 14.20 14-.20 

2 4-8 16.60 1'7.80 19.02 11.89 17.80 

3 22 1.~1 1.41 1.1t.1 ,.23 ~ .1+0 

a.. ,.. 21.52 21.52 21.52 1S-.02 19.02 

S 1, 2 .... 09 25.39 2~.39 2~.39 2!).39 

6 .. 28.f1l 32.20 32.20 32.20 ,32.20 

7 60 39.,2 liQ.60 39.,2 q.1.o&. q.1 .Olf. 

8 3, 259.09 259.09 23".~ 234.5'+ 22kt-.z; 

9 32 177.88 191.C1/ 198.38 .198.38 198.38 

-~---~~--~-~--~~~---~--~-~-~~~--~~~--~~--~~-~~~~ 
}>1ean 6,.38 68.05 65.93 64.6~ 61+.41 

--~--....... ,.. ....... ---..... -....... .,.. ...... -.................. -........... -...... -......... ~- .. -.................. ~ ........ 
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fable 32 

K extracted by 0.05 I lilli' + 0.05 li acetic acid, PPll 

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

8011 }>eriOd of equ1l1bratlon, min 
81. sampl.. No. Bo. -....... -.. --.. -......................... ---~ ...... -.. ----..... -.... ~ .. .,...-- ................... 

,-
;> 10 1~ 30 60 

.................. _ ........................ ---..... _ ..... -.... ---_ ......... -....... _--.. -............ -.. -_ ..... _ ....... 
1 49 30 3S a.o 20 25 

2 lto8 2; 2; 25 10 10 

3 22 1; 15 20 10 5 

... 5't- 55 1to5 ~ 4, 3; 
; 1; 40 55 50 ~o 4-5 

6 ... 8; 85 7~ 5S 60 

7 60 180 160 180 13~ 1;5 

8 35 995 995 1020 1fJ4.~ 101+, 

9 32 135 15; 165 155 150 

---~--~~-~~--... ~~-~~--~------~-~~~-~~-~~--~~--~~-~---~~ 
J.iean 173.3 11· •• 4 179.lt. 169.4 170.0 
--~-~~~---~~-~~-~~~~~~~~--~~~~~~~-~~~~~--~~~~-~-~~~~~~~--
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Tabl.. 33 

}i extracted by 0., J:i 1~co3 (Ol.sen, pH B.,), ppm 

-~-~~-~~~~~-~-~-~~~---~~-~-~--~.~--~---~~~-~~~-~-~-~-~--

Period ot equUibratioD, !:lin 
81. Soil. 

No. sample ~-~-~-----~~~~~~~~~~-~~---~-~-~--~~-~~~--~ 
l.o. 5' 10 1, 30 60 

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

1 i+9 1lt-.06 10.06 12.72 11.39 11.39 

2 ..a 16.81 18.20 19.61 23.95 21.03 

~ 22 8.75 6.20 ' .... 06 8.75 6.20 .. 
.. 51t 2,.lt2 29.77 31.5'3 29.77 31.53 

5' 1, 28.lt-, 31.53 29.'17 29.77 29.77 

6 ' ... 11.39 15."'2 12.72 14.06 14.06 

7 60 31.,3 31.53 18.20 29.77 34.69 

8 3, 194.17 228.86 221.09 237.20 233.03 

9 32 1..., .25 1lt?.25 1~3.'6 153.,6 169.71 

----~~-~--~~~~~-~--~~~~-.~~~-~---~~~-~~-~~-~~~~~-~~~----
Mean 52.8? 57.4-2 '7.93 59.80 61.28 

-.... _--_ ..... _ ......................... ---............ - ... ,.. ........................... _ .. -.......... ....... _ .......... -............................. 
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.. rrespondlna .qU1l1bN.~lOll periods (fable 3lt.). the •• values 

were o~ta1.ned when the ett .. ,. 01 so1J.s were pool.ed. zero 

Tal-U.S were obta1ne4 in solls ot 1Gw & status (~abl. :/tt). 
S1!lce this _trac~ could bOt pred:1ct the K. ava1lab1l1'" 111 

soUs oonta1niDi low ~Wlt of K, 11; vas ob'v'1ou.8 that it ..,. 

DOt be -su.1ted. to aU soU.. ftle .,.tlable I. ftlues us1Dl 

actral nornll\l aIIDOmUil acekte (.tel) Sl1 soU 50.49, ItS and. 

22 wer. 20, 17.5 and. 1,.0 Pia .tU'Peot1T~ _1_ ,..1s' .... 
8UO YIllues when extr&et.ed with Qlsent • mractant. 

Iqu1llbrat1on period of 30 Jd.n was \be 'best au1t_ to \b1s 

atactd vb1cb bas been ~ establ1shed bT 018_ 

A Al. (19!9+). The correlaUoIl ooett1c1ets betv .. , ud E 

atract1t.1l and P and. lC uptake vere dan1t1oaDt at. au Ute 

eqUilibration periodS. 

2.1 baaN. IW'IIJ NBa.. 0Ac 

!he uaounts or P and K 8:'Itft.cted _ ,bt • ..uao ... are 

elTaIl in Table 35 and,36. .b.Iron1ua acetate _Uec'" t,H. lui .. 
..,unt 01 K in all. the soUs UJldezt stUdT. Wi .... 1...-.tdJ'W 

p .... 1od. of equU1brat1on It va1ue 1rtcr_Hd ..-It. 11 ••• ll'. 
Mu;I.J. vas recoJ'ded at 60 min. the .-.nt. • • , It .......... 

var;r1n& 8flu.1l1brat1on periodS <5. 10, 1St 30 aDI 60 Ida) ...... 

233.9, 25;.0, 263.9. 268.3 an4 aps.O ... "SPeeUYCJ' .... 

...... spcmd1118 r values were 17.11 t 32.23, ... Jtt/, lt6.n .. 
;;.02 PJ8. ~heD the effects of eoW .... pcao1_ .. .,... 

o~ , av..oted ll1U'_sed. with ~dJW per.I.ocI8 at 

equil1bJ'1 .... trom ; te 15 miD lft_a1l' ... ~ •• 11'.......,. .. 
.. ller 1ncrease vas observed. ... .. , ... K ......... 

was considered toptbV an equJ.UbJaUea ,.... .r SO ....... 
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7able 3a.,. 

K extracted Ly 0.5 ~ IfanC03 (Olsen, pH 8.5), ppm 

__ ........ _,. ......... -,_ ...... _ .. --4Iw ... _.-... ....... .-. ...... ---.. -.... -____ ......... __ -., .............. __ 

SoU Period of eqU1l1bration, min 
81. 
Do. .8J~:e ~~------~--~~~-~---~~~-- .. -----~----~~-~~~-~ 

5 10 15 30 60 
.... -.. - ... _--.. __ .... -...... --_ ..... _ ... ---......... -....... - .............. _---- ........ .-.. -... --_ ...... _ .... 

1 49 0 0 0 0 0 

2 1t8 0 0 5 5 5 

3 22 0 0 0 0 0 

4 ~ So ,0 50 55 60 

~ 1S 20 30 35 45 45 

6 4 20 30 30 25 35 
,. 
I 60 165 165 165 16, 165 

e 35 101+0 965 965 965 965 

9 32 180 155 155 165 180 
---~--~--~~-~~-~~-~~~~~~~~-~--~-~~~~--~ .. -~~-~~~~----~~~~-~ 

Mean 163.9 155.0 1%.1 158.3 161.7 

~~~~~---~~~---~~---~~---~~--------~~~~~-~--~~-~--~~---~~~-
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Table 3, 
F extracted by Jl neutral li!40Ac, ppm 

Sc11 l'erlod of equilibration, min 
81. 
No. s~ple ... .. --...... -.. ---~ ..... -... -........ -- ... --............... ,.. ~' ............... -- .... ----..... --Ho. 

5 10 15 30 60 
........... -............ _ ... -- .............. _ .. ., ............. ----..... -, ... -....... --_ .... _-, ~-- ............. ------..,-

1 "'9 4.lt-o 4.40 4.40 4.40 4.40 

2 48 4.4-0 8.90 It-.lt-o 4.1t-<> 8.90 

3 22 It.40 0 4.4-0 0 8.90 

4 , ... ....ltO 4.lt-O If..40 4.'+0 8.90 , 15 4.1f.o 18.10 22.'10 22.70 22.70 

6 It- 8.90 22.'70 22.70 22.70 22.70 

7 60 13.,0 1t .10 1£.10 18.10 27.40 

8 35 77.40 171.70 185.00 18,.00 21j.00 

i,j , 32 32 ~)" .,_ ... 1 t,.1 .[)o 116 .. 10 158.'70 178.30 

--.. ...... ---- .. -... -.. ---.. ----... --,.. ....... -., .... ~ ....... --.. - .. ~ ..... ---.... --- ~.-----.. -............ 
f.an 17.11 32.23 ~.4'i 46.71 55.02 -............. _--_ .... ----------- ..- _ .. ------ ... -----_ ..... ---..... - .......... _---.. _--.... -...... 
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Table 36 

K extract.ed bY' Jz neutral Nlilt,OAc, ppm 

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

~eriod ot equilibration, min 

81. Soil 
.ample -.... ~------- .. -....... -...... --... --.......... -.. ---......... -----...... --.. -No. iio. 5 10 15 30 60 

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

1 »+9 15 1~ 15 30 1t-O 

2 ~ 35 25 20 45 It.; 

3 22 25 2; 25 30 35 

it 5lt 95 115 90 85 115 

5 15 55 6; 55 80 95 

6 4- 4; 65 65 75 80 

'1 60 25, 21, 225 250 265 

8 35 13~5 1575 1675 1615 1715 

9 32 225 195 20; 205 265 

-.- ........ _ .......... -...... -- ...... _ ..... - .. "...,.. .... --.. -.----.,-----.......... - ... .-... ...... -----.. -....... ,., ..... 
¥.oan 233.9 255.0 263.9 268.3 295.0 

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



TaL~a 37 

Coefficients of correlation (r) between P QXtracted by the chetd.cal extractt1.nt~ al'd P 

uptake by rice 

-.. -. ..... .-.-.-... -... ---........ -.. -.... -........ __ ......... _ .. _ .. ---- .... _-- .......... -..... _-.. --_ ... _ ... --........ -~-.. -.... -.... -....... _-,_ ........ ---... -- ........ ~ 

liame otextractant -..... --.... -... -.-......... ----- ..... -............ -... _---------... --.. _---_ .... __ ............. , 10 15 30 60 
... _ ... ----".-... -.... ---- ......... --.. -..... ---.......... ----...... -... -.... -... _ ... - .......... _--.. -- .... _ ... -_ .... _ ... ' ...... --_ ............. --.... -...... -... ..-.- .. ..,. 1(,. . " •• *. lie • 

1 0.1 p 
,iJ lilI1 .. J? + 0.001 JJ lJ.fJ?A o.36,B 0.9;72 O.94H9 0.9341 o.S'O,S 

~. •• ** •• •• 2 0.1 1 Mi, F + 0.003 .H DTfA 0.91002 O.b762 O.92~ 0.89,1 0.9005 J;,: '+ 

** *. *. *. O.87~ 3 0.1 Jj lJ\lt' + 0.00, lJ D'i'l'A 0.91,6 0.9253 0.866<) 0.3760 

*'" ** ** •• .1l< 
lt- 0.3.b Nl\b' + 0.001 lJ DTl?A 0.908, o.b95e 0.9073 0.9170 0.90480 

•• •• •• •• .* 5 0.3 j;l l.a\.F + 0.003 M Ul'l'A 0.8022 0.91,5 0.9104 0.0703 0.9009 

0.B898 •• •• •• .* 6 0.3 11 l~F + o • 00, ~- lrJ.'}-A o.b884 0.9034 0.9060 ().9~~52 

** o.Una .* ** .* 7 0., b JlliltF + 0.001 .L Dl'iA O.B935 0.8868 0.9030 0.9252 

"'* ** .o;;cr *4< "'* B 0.5 D l;Ii41~ + 0.003 It n:d'!A C.9053 0.913-2 o n11r{l O.S'107 " fl1 t ;5 • .1 I. -)./ .; 

---------------------------------------------------------------_ .. _-- ._--------------



tabla 37 C;ontd ••••• 

... -_ .... _-_.-._----.... -_ .................. ---_ ... ' -- .... -_ ........ _ .. --_ ...... ----------.----.... -.. -~---,..------- .... ----..... ------_ ...... 
i'er1.od of equil:1.bratle;l1, ni.fi 

~~l.IJo. l'l8.Le of extractant -... ~ ... --........ -...... -..... -....... -... -----...-.... -.. --... -........... --.. --............................. ~ .. ... 
5 10 1, 30 60 

................ , ........ --.... --..... ~ .. , ................ -... ...... -..-- ......................... -........ ---- ... --.- .......... ---_ ..... ----........... -........................ ---.. -................... . 
~. ** .* ** ** 9 0., .ll Hl\,.F + 0.00, 1. l1fl:A 0.8764 0.8860 0.8891 O.L964 0.8347 

10 0.06 l! H (~O 
2" 1+ + o n6 lJ ........ 

hel ... 0.05 l:t oxnlic acid 

11 Bray lJo.1 

12 Bray 1~).1 + 0.00, ~ DTIA 

13 0.05 Jl Iala.F + 0.05 l! 
acetic acid 

14 Olsen's axtractarrt 

l~.rtaU neutral 14\ OAc 

•• *. •• •• O.8~761 O.B625 0.9016 0.87B3 

...,. •• •• ** 0.87,8 0.8976 0.8fl94 0.8917 

0.8800 •• •• •• 0.8880 0.88,0 0.8700 

0.8759 •• -. •• o.8b96 0.8830 0.8879 

•• •• .* ** 0.8828 0.9009 O.b~29 0.8924 

• *. ... ** 0.7230 0.8319 0.9060 0.89&2 

.. ~. 1isnificant at 5 per cent 16\.' cl 

.-. f~1gtd..r1c~;u~t at 1 per cent level 

0.87 Et 
•• 0.8968 

• • 0.8738 

• • 
0.8792 

.. * 0.8940 
• It; 

o.H836 



Table 38 

Coe.t.t1c1ents of correl.at1on (r) between K extracted by chfmi1caJ. extractant s and K uptake 

81. i'er1od of equilibration, min 

Bo. r:wno of the extractant -.... -....... -......... ~ ... -... -... --.... .". ....... -... --...... -............ _ .................... -_ .......... -... 
:> 10 15 30 60 

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

1 0.1 » l.a\,F + 0.001 M DTFA. 0.9512 •• 0.9543 ** 0.9536 •• 0.9572 •• * • 0.9lt88 

• * ---. 2 0.1 li }'iH4F ... 0.003 II IYl'~A 0.9:;::>.2 0·9536 0.9513 •• 0.9522 •• .-0.9500 

3 0.1 ~ ~F + 0.005!l MfA 0.951lt-•• •• O.958lt. 0.9539·· 0.9531t-•• O.9lt71 •• 
.... 0.3 .b I~F + 0.001 .ti DTl-A •• O.9!iC,O 0.9lt11 •• 0.9369 •• 0.9395 •• • • O.936it-

5 0.3 ~ ~F + 0.003~ Ul~A 0.9it91 •• 0.9399 •• 0.9395 ** 0.9208 •• 0.9188 
:.11. 

6 0.3 .b ~F + 0.00,5 J:l DTPA 0.9391+ •• 0.931t5 "". 0.9172·- O.~141 
... 

0.9122·· 

'I 0., .l:J NJi4F + 0.001 II MFA •• >1>* .... •• ** 0.939, 0.9361 0.9229 0.9209 0.9289 

8 0., 1:1 J4.b' + 0.003 t DTFA 0.9160 •• 1/,. .- •• ;,,,. 
0.9185 0.9'50 0.9198 0.9197 

9 (l.5' J! IBll+F + 0.005 J;; DTl'A •• •• 0.93067 0.921+7 0.9198 •• 0.9198 
.1<. 

0.91.2·· 
.... -..... ... --........ --.., .. - .... - ...... - ...... - ....... ~ ... -- .... - ... - ....... _ ............ - ... - ... _-.... " .......... .,.. ..... 4l" ......... _ ......... ____ .. ~_ .... _ ... _ ............. _ ............... 

... S1gn1f1cant at 1 per cent level 



Table 38 Contd •.... ' ..• 

... -- ... ,..-- .. - ....... - .. - .. --....... --,jfIOt-.. --..... - .... - .... --.. -----........... ,"~ ... -----..... -- .. -- ..... - .. ---... -.. - ........ - ... --... --~ ....... 

81. 
110. 

10 

11 

12 

13 

1'" 
15 

16 

riame of ~he extractant 
lier10d of equ1111:rat1on, L1in 

10 15 30 

0.06 J! ~;'<\ + 0.06 11 11Cl. + ** •• 
, 0.9500 0.9,01 

0.0; J oxalic acid 
•• 0.9,67 

Bray i'Jo .1 
..... ,,,. 

0.9535 ,0.9531 0.953, •• o.9lt48 •• 
Brq Ne.1 + 0.005 .ti MfA •• •• ~~* 0.9558·· 0.9513 0.9549 o. 

0.05 l:! Mi4I? 1- 0.0, D 
•• •• •• ... 

acetic acid o .9499 0 .94l+9 o.9lt-e9 0.911-16 

OJ.s,::n f:) ext. 'uctant O.95'l3 
¥* .... '1':)' 'i'. 

0.9591- 0.959J 0.9602 

NorrUll. neutral IlHlt-CAe 
. ., 

0.9445-· •• 4(;"** 0.9608 O.9li-)4 0.9 

nltro,i~ (std) O.~52'1 ** 

". Significant at 1 per C~T1t J.wel 

60 

- .. 
0.9562 

0.9519 
.. 

0.9608·· 

0.945·' ... • 

0.9607 *. 

0.9487"'· 
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found to be the bast. H:1ghl7 ngn1fiCaIlt correlation with F 

and K uptake were observed at all. the equilibrat1c,n periods • 

.In ~oil No.22 zero value~ ot }l wex'$ ob~erved at 10 and 30 min 

which may be due to the very low ava1l.able P Rtatu~ of the 

soil and the poor f extractina power ot this 0xtruct!>..nt. The 

avaUable } content in this l'toU is 2.33 fPl".... Thw~ it i~ 

geen that M.;"OAe is not a good extractant for preLictir"g 

available F in ~olls of low F status. 

F'rom the correlation coefficients e~taLll~hed between 

the nutri ~:;rlt~ extracted by the extractant~ w:rj;:loyed in tli,e 

~tudy a.nd the nutrient ul;t:.,~,ke by rice it wa.<": otlVicu~ that tL.e 

nutrientr- extract.ed by aU. the extra.l·tunt~were Lighly 

correlated with thcl.r uptake at ~lactec1 r)eriOt;~ of 

equilibration, r:;o~t of thaD Leif16 on par. :rhu~ it "ra~ very 

.' d1fficuJ.t tv sO~lJet an extractant ba~ ~it;1ly on the 

correlation coefficients. Then the main cr1terton vta~ to 

find an oxtractant which \"Ul extract (\tlount~ of .f and l~ 

which wUl ~ho'W' h1gh corTBlati~.m with l' f)XtX'act'Jd by 

Bray tlo.1 and K extracted by neutral nonaa.1 ftU.ftlOl'l1Ut1 acetate 

re~pectively t ~inca t,hese ruethods aro l:urt#&.(!y being adopted 

in the soil tef'i .. 1ng li"boratori sa of Kernl.a and rating arid 

f'orti1.1zer l'ooozum.sndat1on prooedures are all'Uady de'Vtllopoo. 

The prGJ.1cinary Rtu~ thus brought to light the 

folloWi:ng .fact s • 

1. 11It,.F' + DTFA oom.biuation~ vu., 0.1 J;;l ... O.oc; 1.:, 0.3 ~ + 
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0.003.1. 0.3 ~ + o.oo~.B, o.S.l + 0.001 M and. 0., .1i + 0.003 j 

were not suitable for tho est18at1oD ot phosphol'US and potassium 

s1JBul.taneousl¥ from 8011. The comb1llat10ns ot NUa.F + Dl'I-A 1.e., 

0.1 1 + 0.001 l:f. 0.1 JJ + 0.003.1t 0.3 J! + 0.001 lit ana 0.5 ~ + 

0.005 D were effect1ve a8 OONDOn extractants. 

2. fhe suitable equ1J.1bntlon period tor 0.1.!! NHa.F + 

0.001 J1 D'Xl'A, 0.1 J1I1\F + 0.003 .. DTJlA, 0.5' Jj lU\F + 0.005 ~ 

MfA, o.OS j :NI\.F + 0.05 J'i acet10 ac1d. and Brq lic.1 vas 5 m1n. 

For 0.3lJ ltlaI + 0.001 J1 D'lPA ooab1DaUon aI1d Brq No.1 + 

0.005' M DTiA, an equ.UlbraUoIl period ot 10 m1n was fOUDd to be 

the best;. An equU1bratlon per10d ot 30 ra1n was SUitable for 

0.06 .I D.2SOa. + 0.06 Jj HCl + 0.05" Ji oxal1c acid, Ol.sen' 8 

extractant and neutral normal aa.oaiua acetate. 

3. .DIlIJ. allMUU Qt a 1!APDAR skac;)ant fB. ay,*la~ R. A~ 
aYlAabl-- ,. 

For the last l'.'1817.Y years the soU te8t1ng laboratories ot 

the State bad aclopte4 Bray No.1 tor the extraction or .'Va1la.bl.e 

P aDd the neutral IlO1"m8l. UIDOn:1um acetate extractant for the 

esttat.1on ot ava1l.able K. Accordingly, soU test ratirlSs and 

fertility clas!Jltlcatlons ba'Ve ~eady been developed and __ 

eoll fertillty maps are under preparation. The initial 8lld 

prel1m1na.l7 studies conttucted now have e!l;tabl1shed the su1tab111t)" 

ot .Brq .00.1 tor avaUable l' and the neutral nomal. aunoni_ 

acetate tor avaUable K. Therefore, the final solection ot a 

CODlOn enr&ctant with 57 soUs vas oriented towards the highest 

correlat1.on ot the P and. J( 'Values ot the newlJ' selected. 
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ftle ~. v1t1l 8PPJIOpl'Uh equ1l.1bJ'&t1oll per1od.a 

.el ..... boa \be pre1WNJ7 tION8I11lJ1 vb., III ... !' + D!PA 

OOIIbiMt1ens 01 0.1 JJ + 0.001 .» (S Idn), 0.1 .I + 0.003 JI 

(S Idn). 0.3.1 + 0,001 ~ (10 Ida), O.S li + O.OOS J! <S miD), 

0.06 .I RaSa... + 0.06 ~ BQ1 + O.OS.l ODll0 aoi4 (30 Jd.n), 

BI"q •• 1 (5 Ida), BnF Jo.1 + O.oos .. DtPA (10 1I1n). 0.5' JS 

..... + O.os J •• tie _1.4 (S a1n), 0188D'S _tractut (30 1I1n). 

aM ....... (30 1I1Jl) ve" .-p1oJ'ell tor d.eteJ.'ll1n1ni their 

fdt1el.." or ctncu'lli _tit. , .. I. in aU the 8? sou. 
eel_t_ tor tale .t~ uatna a ~. sol1 tf01uUon ratie of 

1.,0. Conelatiou were _ • .s out battlee the P a.n4 It 

aVaote4 b7 the eel_ted .vade's and Bray .JIo.1 P ani. 

.... \nl. DOftIal 1fHa.0Ae K. !be' valUes obta1ned by variou 

.......... tI'Oa ffI 80Us ere peaetad 111 Table 39. 

Whc the ae&Il vaJ.ues ot P c.t.ractec1 bJ' t.he dltfe.ren' 

extractaJlts were CCDpared.. 1t was tound that 0.1 jj. + 0.003 .. 

eemb1nat.1on ot lOla! + MPA _ract_ the ... Xia. quanti .... 01 

I' (88.2'1 ppa), 1dli1. Drq' No.1 c.t.racted 111m smaller amowa 

of P (30.61 ppa) Neutral normal ..... 0Ae lfa~ the least eft1c1_ 

1n atract1rc , (7.16 ppa). 

the eD~l • .P in the fII .. Us whell COllUd._ 
alMiet.h_, the toll.o1r1n& order ~ cleerea81rc e.ttte1attq' w. 
ob8en", 0.1 11 ..... + 0.003", I1ZPA (88.21 ppa» 0.3 iJ .... 1' + 

0.001 JI Bf'A ("'3 ..... 3 PPI) > 0.1 .B -... ,.. 0.001 Jj 1>'lP. 



'.table 39 

neutral. 

.u 
m\.OAe 

.................... -... -- ..... ~- ... --.. -.. -.... -- ... -......... -............... -... -.. -..... -............. -.. --..,..-......... _ ........... _ .................. -...... -....................... ' .. -.......................... . 

1 

2 

3 

It-

5 
6 

'1 

8 

9 

37.45 

38.70 

9.35 

27.91 

6.90 

19.13 

50.90 

43.81 

62.CIl 

10 30.45 

11 96.77 

12 53.92 

20.78 3it-.80 

23.,0 ;'4.50 

10.17 15.90 

16.61 18.7'" 

7.61 11.30 

31.89 11.30 

132.56 44.,0 

58.89 54.,0 

40.56 49.50 

12.66 

30.78 

9.63 

16.32 

6.63 

15.78 

51.72 

18.97 

41.78 

40.56 20.50 18.~~ 

6B.61 30.00 36.19 

10.75 

14.15 

3.81 

46.53 

a.51 
8.,8 

28.60 

1i t.74-
11 .4<) 

4.1.1-7 

20.29 

13.00 

21.91 

6.5lt-
19.15 

It-.,2lt. 

16.10 

55.27 
22.60 

.... 6'1- 5.19 

14..58 16.23 

5.63 10.11 

28.~O 28.07 

2.12 6.02 

4.15 10.1+0 

46.76 27.00 

13.66 31.99 

7.70 13.Ba 

17.64 1.57 15.~ 

66.78 15.21 15.54. 

12.3it-

0.83 

30.93 

11t-.06 

3.87 
2.97 

32.26 

5.71 
3.64 

9.92 

0.00 

22.70 

0.26 

0.00 

0.00 

2 .• 15 
--_ ............. - ... --....... _- ........ -....... -- ............... -..... ---------- -.. ---- -,--. ----- -... __ ..... __ -. ... _--_ .... -_ ....... _ ............. -..... _--.... ...... ~ ..... ~ .. ~... ..... 

N 
N 



table 39 Contd •••••• 

.. ,.., ........... ~ ... ......,~ .... -...-........ ---....... ...--. .......... ---..... -........... -...... --...,-.. -......... -....... -..... -- ................ -............ ~ ..... -.-... -.... -............ -----
o .. 06,li r r,,\ o.O~ O.O~ o O$.H O.?i1 lleutra1 

Boil O.1i O.1i O.lIi O.5b '2;' i' .~ 
l:r~I" + N1;"!' + mIt.. i "lPl,CO lr ... hfft.,' ... l<Uit F ... lni4l" ... O.O6ll Le1 + •. .-- '1 

sample bh .. " - G.02~~ 0.0251 0.051:1 '11 8.~ llI~+ Me 
lio. 0.001.;..< o. ;j03,t O.OO1,L () 0" r:' O.05b oxe:.l1c t (;l~,,~n) • ,J:J.t.; I (,;1 liel ... a;;ot1c DTl',b. DTPA LTl'A !)r;.'lA acid 

\}:{l"~ O.OO,.!;j acid 
) ,() .1 D'Il-A 

......................... _ ... .-.. ... __ ... _ ....... ~ .... _ ..... fI ............. __ ... __ .. _ ... _ .. < ........ _ ... ............ _-_ .... --_ ............... ,...-............. -_ .. , -_ ......... -.......... __ ... -.............. _ .. _----.... 
13 16.33 34.72 Lf.!- .5'0 32.56 3.n1 1/ .33 () .l/·O 14.21 11.25 0.26 

14 24.05 89.2P 30.00 1~.78 1£).13 1L.90 26.BO 29.66 8.13 0.52 

15 5.95 53.81 4-&.91 60.32 67.81 1~.29 1<; .22 2~".09 29.77 22.70 

16 25.08 92.95 34.80 ?3.91 16.94 30.'79 1?82 37.56 12.62 O.~2 

17 30.4-5' 52.61 39.60 ')2 2C: 
( .-, 11.12 4S1.10 ;;:2.07 30.09 12.3'+ 1.61 

18 1B.18 185.34 }+9.50 3C.19 43.06 100.97 27.64 25.73 15.21 It-.12 

19 22.05 11.1-1 .3it- 59.60 ')( 03 1:."") • 3.~1 4-.24- 67.20 7.43 5.21t- 0.26 

20 17.25 46.50 30.00 1"j .. 13 13./'6 30.36 20.60 16.23 7.1lf. 1.06 

21 19.13 '~.72 25.20 1~.78 32.16 13./7 15.85 15.54 15.80 2.70 

22 1.69 1.67 2.21 2(J .21 2B.44 ... 33 '. 1.28 7.l i·1 B.?5 0.00 

23 11.03 26.28 2~: .20 12.6(; 24.76 13.;~1 23.84 18.71 4.55 1.06 

24- 28.25 150.4, 44.,0 53.7D r")' 7' <_lot. u 5P "t:;: , . ..:.;; 11.00 ~.46 125.49 (..7, 

25 25.08 6;;' .61 85.1)0 ~"9 .66 30.09 51, 96 r • I ,- 30 ....... .:.. 19.44 23.75 4.40 
.................... -... -.... ------... --- ... -....... --- .... ~--- ... --<--- .. ----.... -.. -... --.... ............ __ .. --------...... _-- --- ... .------........ -............. ~ ...... 

.... 
N 
c:...:> 



table 39 COntd ....... 
-

-~~~~~~~~~~~~~~~~~~~~~~-~~~-~--~~~.~~~~~~~~~~-~~~~-~~~-~~~~~~~,~~~~~~-~~~~~--

SoU 0.1i O.1ji o.~ o~ o.06li !~;.~+ o .Oli,;; o.o3Jj o.O~ ;!.~ ~_tral 
sample mit; + :NHlf,F + I'll!... + tui

l,.
' ... NH ... .r + NIl F + IIHlt-F ... J.ish 03 J o.o611 Hel ... It. 

No. O.OO1J;; o.oo3tJ, O.OO1,H o.oo5J;i O.05! oxalic O.025l! O.025l! O.05.,L fli 8.5 IJt OAe 
MI;A MFA li.U-A Dl'lA hC1 lIel ... acetic Ol.5en) 4 acid 

(Br~ ~ .(J05l1 A.'..1d 
1-10.1 I:f.tPA 

~-~~~~--~~~~~-~~~~~-----~~~--~-~~~~-~~~~------~-~---~~~-~~---~~-~~~--~~-~~~~~.-~~~~ 

26 15.42 1B.11 34.bO 37.11 ,.B1 4.24 9.32 14.88 10.18 0.00 

27 5.30 1b.11 6.70 6.63 11.12 
• 

5.60 6.65 3.84 2.54 0.00 

28 3~·9' 100.34 5'4.,0 It-?.66 23.39 ;2.6; 51.01 95.69 37.03 9.8,-

29 10.18 78.72 15.90 ,,25.59 6.49 13..21 7.70 12.,8 19.,8 0.00 

30 19.13 128.28 75.20 30.78 27.61 25.15 17.82 24.0'1 32.72 7.66 
31 9.35 20.78 20.,0 14.22 3.1~ 2.92 6.6; 5.41 ito.15 0.00 

32 127.88 190.16 217.77 192.57 320.81 19£1.31 113.1S' 177.B8 153.S6 158.70 

33 27.18 78.72 <Fr.'O 15.78 13. ;JO 32.56 39.37 3(\ 1(" ,'. ';I 26.79 3.26 

3~ 1.47 12.78 0.00 3.72 11.49 4.24 2.72 0.99 1.0. 0.00 

3, 195.81 224.14- lJ.29.41 44H.29 471.9'+ 33B.71+ 171.11 2,9.09 ? 3'7.20 1 as' .00 

36 4.52 34 .'12 6.70 6.63 5.14 2.92 9.06 3.58 4.55 0.00 

37 16.33 49.56 34 .80 30.78 7.1H 13.49 15.21 14.21 19.,8 0.26 

38 13.63 31.89 6.70 19.44 6.49 ,.60 Si.o6 9.79 B.13 0.00 
.. - .......... ..-... ----... -_ ........ ..,_ .. ...., ..... --.. -_ ... -.. .. ---- ... .- ....... -----_ ..... _------.... - .... -----... -----..... -.. -............. --............. -............. ~ ..... ..... 

N 
~ 



Tab1e 39 Con~c •••••• 

Soil O,-1i + 
samp.le lilla.: 

No. O.OOw 
DTIA 

_ ................. --... _,~ .... ____ ... _ .... __ -_ ... ~_ ... ___ ....... _ ............. ~ .. __ .. _ ... ~ ... _ ........... _ ... ___ ..,... ...... _ ............. ___ ............ ___ ..... ____ .. ~1Iit;- .... ...,_-.,. ......................... ~ 

39 11.01 

40 182.09 

18.97 
")e 0" ..)L,'. ..J 

4-2 31.57 't9.56 l.r? .;0 2~: .2, 
43 15.42 ;:.1.:-5.95 !;Pr.,O 17.3)4-

26.13 174.84- 30.00 

8.18 85.72 39.60 

10.52 14.12 1 f;; .74 

11.76 

50 35.05 337.01 3~.(JO 1,.34-

51 5' .30 6b .61 11 .30 1)\-.22 

5.14 

"""l93 ("~ .. ::.. -
22.93 
1;~ .24 

11.49 

16.9'" 

:,.88 

26.17 

64.89 

2.c4 

.• 18 

11.57 

6.30 

45.20 

31.67 

10.3~) 

15.29 

51 .19 

14.27 9.49 

49.55 4:i .66 

0.00 

1.06 

17.15 33.4l ;. 19.92 13.48 

31.20 3(3.63 19.34 0.00 

11.58 8.01 8.13 1.88 

1lt.,8 1+'1.00 26.79 2.15' 

6.14 8.60 

€~3.'9 1,,'-9.68 

25.57 ;>4.48 

7.86 16.60 

~'3.03 4.40 

1 3 .18 "; .79 

;) 3 .95 l~ .40 

11 .37 !:t .• 1rO 

--... ~-'-,. ............ ----.... ----- .... '--------,.~.~- .......... -... ~- .. --......... -..... ~--~-- ......... -............ ---.. -.- ......... --... --..-., .. ,.-...... --..... --........... -.................... -



Table 39 CoIled •••••• 

~~~~~~.~~~~~~~~~~~~~~~-~~-~~-~~~-~~~~~~~-~~--~~~~~~~~~-~-~~~~--~~~-~~~~~~~-

o ~ 0 ~ 0.31 O.5ll O.06}l ~!'0lt+ a.olL. o.o~ O.05jQ O.5ij neut.ral. 
SoU Klla,. ... lIDlt '< ... tilit! ... tmltF ... O.06ll hCJ. ... nlla,.F ... NHF ... Nl1.!' + 1;a1iC0

3 J! 
~aml'l.. o.oo'W O.OOlB O.025j 

it . 
a.oow O.OO5Jj c.o, 11 oxalic tiel o.025j O.05Jj I'll. b.; M\.OAc 

No DT1A I1J:1'A. lttl'A If.cl-A acid 
}:~ 

l1Cl ... acet1c (Ol~en) 
v.OO5l:! acid 
D'Xl:~ 

-~~~~~~~~~~~~~~~~~-~~~-~~~~~~~~~--~-~~~~~~~.~-~~~~~~~~~~-~~~~~--~~~~~~~-~--~--~ 

52 16.33 68.61 34.80 12.66 10.15 14.93 20.97 14.88 19.58 0.00 

53 42.53 6'.31t 3lf..BO 8.13 14.15 14.6lt- 17.82 14.21 5.24 0.00 

54 26.4-8 36.65 32 .1lt- 52.86 ,9.64- 1'+.04 36.B3 21.52 29.77 4.40 

,", 36.23 190.73 30.00 12.(;6 12.24 13.77 16.11 20.5'6 7.1lt- 0.00 

56 84.04 110.38 113.90 1lt-.22 ,32.68 i+3.,8 36.61.- 51.08 29.6~ 3.83 
,7 33.81 1;0 .... ' 34.80 11.13 1lt-.~ 31.22 24..91 lr5.11 26.00 0.00 

58 22.05 128.28 20.50 12.6(i 7.00 11.f}7 13.36 22.L8 7.63 0.0<) 

,9 43.<":11 ~9 .11 91.40 20.,9 20.29 35.8, 26.80 ~) t: 31 t:::.;/. 16.4-1 3.26 

60 )6.6lt 39.86 53.27 it-3.46 116.72 36.:~O 4').33 39.52 29.71 1b.10 

61 41.23 65.)4 4J-~ .,0 17.34- ,.14 13.2.1 10.72 11.63 6.18 0.00 

62 2().13 132.56 2;.20 14.22 7.88 17.64 19.;:~ :~:7 .00 1~.BO 0.00 

63 12.1, 92.~5 20.,0 20.59 4.47 '-'3 32 4. • 
'1 #') l.tlt 
L..L .•• 29.C6 3.87 0.00 

6lt- 11.8e 71.95 20.50 11.13 5.47 ,.37 11.58 16.,8 3.e7 0.00 
----------~~~~~~-~~~~~~~~~~-~~-~~~-~~~~~-~~~-~~~-~~- ., .............. -- .. -.............. -.... -.............. -...... -...................... ~ 



Table 39 Contrt ••••••• 

... - ..................................... .-....... ....--............ ........, ...... ,. .. - ...... _--... --......................................... - ...... - ..... =----.-.-.-..........., .. ...,~ .................................. 

o~ 0.', o~ o·~i O.06l! H2 ;'0t,,+ O.()~ O.O~ O.O~ a.;lI IJeutral 
Soil. NI\ ... Iilil+ ... l~ ... Ii1i4- ... o.06,h Hel + l~' + Hilt.,. + UUIt-· + l~OO 11 sampleO•OO1J;J O.OO3ti 0.00111 O.OO511 o.025.h 3 

0.05 j oxtu.ic o.o25L o.o5ll plI 8.; -No. D'tfA D'l'xA j)'tl'A ml'A liCl. 'lH OIl 
acid 

(Br~ 
il.Cl + acetic (Ol.een) 

... 1·'4 .0 

1':0 .1 O.OO5.!1 acid 
DTPA 

411t! ........ - ..... - ...................... ., ..... ~_ ... _ ............... _- -~--~~~~~~~--~~~~~~~~~~-~-~~-~~--~~~~~~~~~~~~~~~~~~~~~~~~--~ 

65 If.6.60 11.95 69.90 69.25 31.12 42.22 25.97 21.32 ,.71 1.06 

66 21.(1'/ 132.;6 49.,0 '.) .... 5 c;...L 17.76 35.85 23.98 3b.63 15.61 1.06 

67 5~.47 15:;.12 54.50 45.69 21.17 58.25 41.69 ¥).Oo 30.08 9.8; 

68 33.87 78.72 3lt-.80 15.78 10.01 36.85 16.49 66.90 40.7lt- 2.43 

69 35.05 75.28 )4.60 20.59 20.29 23.32 16.82 26.57 30.93 9.8~ 

70 21.01 92.95 2;.20 8.13 5.1lf. 6.07 6.lto It-.11 4.09 0.00 

71 22.05 It.11 Bt.70 32.;6 4.47 5.83 11.,8 21.32 ;.2q. 0.00 

12 10.18 96.61 30.00 23.91 9.6, 4.46 6.1"0 1().93 3.42 0.00 

73 36.23 406.40 (;). ... 70 60.19 35.39 70.11 52.53 37.56 20.25 15.23 

74 27.18 31.89 11.30 15.78 21.17 21.,6 15.85 14.21 4.32 0.00 

75 53.92 6?o6 j ... 50 
l"'(> * 29.03 '1 "'1 .uc.. 15.b1 3.19 17.63 19.58 0.00 

76 26.13 f? 61 ),.- ... , ;:!5.20 ;':5.,9 16.S'1+ 13.;;:1 18.50 24.lt8 23.39 4.40 

.. ---.. -... -.. -... -....... -............... --- ..... -----..... ---.-... ........ _ ........... -....... -...' ................ _---_ ... _-'-- .... ---...... ------.... __ .... ----............... --... -....... 



Table 39 Contd ••••••• 

-.......... -..... --....... ---... ~ .. -~ ... -...... ~ ........ --... -.............. ~ ... ---... -.......... --............. .-. ......................... ~' ... ' ............ ----..--~~--~ ...... -.,.. .. 0.1f 0.11 o.~ o.(i O .. 06Ji ~s,\'" 0.0, o.o~ o.cv:'#, + o.~ Neutral 
Soil. In.\: + 1,· ... Nllt.,·· + IU\." + O.06.L HCl. + I'll\, + fUl4 + ~ Nat. Jl s&mli le O.OC5D o.o5'lJ ~' ~ 3 Uo. 0.0011 o.OO3kl 0.001'" O.O~ oxali.c O.~5J. O.CY25J acetic pH 8., un CAe DTJ::A ~ D:rl'A lJrFA DTl-'A acid He1 i.ttl. ... 

acid (ulsen) ... 
(Brq O.OO512 
lk>.1 ) Ufl:JA 

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

'77 27.05 56.89 25.20 18.97 12.21+ 19.88 23.98 25.31 9.14 0.00 

78 65.58 164.78 "'9.5° 92.13 ;4.81 60.,6 61.08 7-' "'1 :;; • £. 38.58 43.81 

79 22.05 96.61 15.90 20.59 6.lt9 6.rn 12.', 19.08 5.19 0.52 

80 53.92 14S.Slt 91.l+0 30.78 'i8.~ 36.8; 34.59 l+? ..6l1 12.90 0.52 

81 i!9.35 11.95 39.60 29 ... 03 15.73 7.25 10.'+3 5.19 '4-.17 0.00 

82 21.01 96.61 39.60 )4.3" 35.~ 28.69 30.28 1.12- -10.71 1.0'-

83 18.18 31.89 0.00 6.63 3.81 6.rI/ 6.11+ 12.21 1.46 0.00 

8lt- 3.1, 7.61 0.00 3.72 0.61 2.92 5.36 1.50 0.83 0.00 

8S 42.53 174.filt. 193.80 23.91 16.53 38.91 4-6.76 2;.31 6.18 6.15 

86 8.,2 26.26 0.00 ;.16 4.81 ;.60 7.97 7.~3 3.87 0.52 

87 10.18 43.,0 6.70 6.63 '+.14 6.cQ 6.6, 6.30 2.97 0.52 
---- ................. -.--_ ........... -.. _ .. -............... ------.-.---- ......... -- .................. -... ... -._ ......... _ .... ---- -... _ ... _-- ... --_ ......... _ ........ -......... --................. -... -~ ... -
MeaJl 31.56 88.21 43.43 31.4, 27.31 30.67 22.67 28.% 19.7; 7.16 
-~~-~~~-~~~~-~~~-.. ---~--~~~~--~~~~~~~~-~~---~~~-~~~~-~~~~~~~~~~~~~~-~-~-~---~~~~~~~---



129 

(31.56 ppm) > o.~; ..t.. U;...l" + 0.005 ~ 1)1'1'1\ (31.45 ;[:}-w) > 
bray l.c.1 <3C.67 i;PC) > o.o'.L r~li}~.l" + o.o~ J..: acei;~c acid 

(28.56 lJl-'tlJ> 0.06 ~ i~;';G+ T' 0.06 11 iICl. + 0.05 1 o,X.r.l1c acid 

(2/.31 :ppln) > Lray 1:0.1 .. - O.CC;5 .u LTFA (22.67 p~Jt:) > (jl~en's 

extrD,ctil.lit {1~.'l~ Hjfj,d> lloutrru. nOrfaal lili40Ac {7.16 r;;I;raJ. 

The higher vruuc:: obtc.iLvd. l:y :ti1i4£ + ; ITA .IlJlV be at-'..;.ribut(.>(1 

to tho '~'LrOI~er cl1elntL:;; <lCt..i{;l'l of 1.ffl1io. which pruVt:nt~ the 

re!-"ol'pticn of J; into the ~oiJ.. 

that 0.06 1 ~~;:Ot.. + 0.06 li ;,Cl ... 0.05 11 oxeJ.lc acid wa~ 1';101"0 

ori 0ct;i,ve iI', reJ.ea.~lng l' lLtc tho ~olut1on 11~ ~oil 1.0.35 

which rG'girctored hlg}:u~::;t uvt:dla.Lle 1 value i .a., 471.94 ppm. 

while tho cOl'rc!'"pondirlg valu.e for Bray l~o.1 'W'U~ o:':J:y' 33L.74. 

different selected extr"ctcillt~' 1~ prt:!=!ented iIi l'aL:le 40. J.'h,e 

different extr<:,ctw;~t.::' extracted K 1n the followir.g dec):'ua <~lf;g 

order. 

UHIt-GAO (119.1 PIC') > Bray 11e.1 + 0.:)0, .l.1 D:'lA (111.0 ppm) > 
14athe'.i' ~ triacid (110.7 IJI:U) > riH4Q.ii.e std (107 .tj. Pl,n) > 
Bray 1~.1 (101.4 i_-I;!';'!) > Cll~on (1(:0.8 ppm) > 0.05 .L Lr'41' + 

0.05.u acetic acid <9t}.1 ,~)o» 0.111 L1I4F + 0.')03.L ~'J.ii4 

(88.4 l.iptd> 0.1 .L NH4F ... 0.001 J;l IYrlA (58.1 }1;jtl» 0.3 j.. I1i4Ii + 

0.001 ,;;; DTlA (83.6 l:prn) > 0.5" 11~,F + O.OOS.l,; vThl. (62.0 vpc). 

Comb1rat:'-on~ of hE)+l<' and D7I'A could not ral.e<~~e large amotUlt~ ot 
1: 6ViJllthOugh it could relon;;e :Large aIflOunt7:' or r. 



Table lto 

K extracted b.Y "'ar1ou~ extraetant~ t ppm 

-~ ....... -. ........ ~ ..... -..---........... "'''''''''''''--~'''''''''''''''''''''''''''''~-''''''-''''''''''''''''''''--'''''''''''''''''''''''''''''''''''''''~,,., ............................... 
SoU o.~ 0.1~ o.~ O.5~ o 06:N i~1~~+ o.o~ O.O5~ O.5l .Ii net1- f ne6-. -__ pl.lnI4 + m\. i' I~ , + 1~Ls.i' '*' H.2r~+ lUI.. i !.l~} + tral ral 
No. O.OO1j:J O.OO3l; O. Ou1j,; O.OO!).L O.04lj O.02;j! o.o25.E O.05.t 

NaHC03 tfI1],-OAe NHi..OJ~e 
~1 b.5 ml"A DTl'A DTPA DTPA Hel + IiCl HCl .... acetic Olsen) (std.) 

0.05,ti }~ O.OO;,D acid 
oxalic urI-A 
acid. 

~~~~~-.-~~~~~~~~-~-~~~-~~-~~~~-~-~~~~~~~~--~~-~~-~~-~~--~~-~~~-~-~-~~~~~~-~- .. --~~~ 
1 45.00 60.00 1,.00 40.00 40.00 60.cO 60.00 55.00 45.'0 ~.oo 32.,0 

2 65.uO 90.00 85.00 30.00 40.00 90.00 105.00 81( "'0 ' .I. d 1;.00 80.00 107.,0 

3 25.00 30.00 25.00 25".00 15.00 15.00 20.00 80.00 9" " 0 , .',,' 15.00 14.00 

... ....5.00 55.00 ;0.00 20.00 It-5.00 65.00 65.00 85.00 25.00 75.00 55.00 
5 25.00 30.00 25.00 15.00 15.00 Zl.oO 20.00 3;.00 '.00 1,.00 1S.00 

6 20.00 2~.OO 10.00 15.00 20.00 SO.OO 20.00 25'.00 20.00 20.00 20.50 

1 5'5·00 $0.00 25.00 20.00 ,0.00 65.00 65.00 60.00 ".00 50.00 1+2.;0 

8 35.00 30.00 10.00 10.00 1~.OO 10.00 20.00 30.00 1S.oo 1;.00 10.50 

9 110.00 110.00 ~,.oo 55.00 195.00 160.00 190.00 1;0.00 175.00 190.00 165.00 
10 35.00 ;0.00 20.00 15.00 30.00 30.00 40.00 50.00 5;.00 40.00 20.00 

11 25.00 35.00 15.00 20.00 20.00 20.00 25.00 25.00 25.c.o 25.00 10.00 

12 ,0.00 50.00 20.00 20.00 5(J.OO '+0.00 75.00 50.00 55.00 60.00 4-5.00 ..... 
13 so.oo 55.00 15.00 20.00 55.00 4-5.00 60.00 55.00 60.00 60.00 If.;.OO c:." ---....................................... -................. --.... -----.. -... -.......... --...... --.-. ........ --- ............... --~ ... --,..--- .... -... ~--... -----................... --.......... -......... ---.- Q 



Tabl.. lK) COneu ••••• 

.. - ....................... ----_ ....... --..................................... - ................... _---................ -............................ ---.. ~---- ............ -............. ~ ................. ~ ..... 
O.O6l! O.03l;.t O.Oll1 O.05J:i o.,.u fr=r- .Ii ne6-

SoU o.~ O.1-f a.3M o.5ll 1120<\.+ 1JHlt-F + Mi~F + 1~I-\11' + tral 
.amyle NHlto + lJI-1lt- + I~H4F ... J.!lllt-F i· 0.06# NaJi.CO~ rni40Ae ~mOAe 

0.025] 0.0251: 0.051;; l~. O.OO1,L o.OO3l:1 O.OO1J,1 o.oo;Jj IlCl + hCl BCl + acetic pH f>. (std) 
DT1)A DTIA Ill'FA Dl'!'A O.05Ji (Dr O.OO5J;J acid (Ol~cn) oxalic Ijo.~· 

ac.1d 
I1I.'fA -... -............... --...... -....... -............. -................ -........... ~- ........ ---........ -.. ., ................................ ..,. .............................. ----.... -... ---..,.------..... -........................... ~---

14 It-o.OO 160.00 195.uo 1K>.OO 18.00 175.00 180.00 16).00 195.00 235.00 220.00 

1; 25.00 4-5.00 30.00 0.00 ;0.00 60.00 ;,: no ;;. " 40.00 45.00 8'" 00 \.; . 82.;0 

16 50.00 60.00 20.00 20.00 11.00 4,.00 50.00 60.00 45.C{) 4.0.00 .20.00 

11 25.00 30.00 55.00 10.00 25.00 25.00 30.00 30.00 30.00 25.00 17.50 

18 55.00 35.00 15.uo 10.{){) 30.00 30.00 35.00 30.00 40.00 30.00 60.00 

19 65.00 80.00 95.00 15.00 &0.00 75.00 80.00 75.00 75.00 100.00 90.00 

20 20.00 30.00 t .. , .,;0 25.00 1,.00 15.00 20.00 25.00 2~.OO 15.00 1,.00 

21 5~.OO 55.00 75.00 35.00 100.00 60.00 80.00 65.00 85.00 85.00 72.~O 

22 ,.00 ,.00 5.00 2;.00 10.00 25.00 10.00 15.00 0.00 30.00 15.00 
r 

23 20.00 20.00 10.00 10.00 10.00 30.00 13,.00 30.00 15.00 10.00 5.00 

24 270.00 Z/5.o0 135.00 125.00 340.00 325:00 345.00 295.00 295.00 )20.00 320.00 

2; 55.00 60.00 30.00 35.00 lr;.OO 50.00 ,0.00 55.00 60.00 45.00 4~.OO 

26 95.00 100.00 120.00 35.00 120.00 110.00 110.00 90.00 105.00 140.00 125.00 
....................................................... _-- ... -.... --................... .,----..... -... ........................... , ...................... --....... --............. "... ...... , .................. --...... -.... ~~ ... ----,... 



Table 40 Cant-d ...... 

.... ___ ---.,. ..... --.................................... _ ....... _ .. _ .......... __ .. ......-..~ ....... _ .......................... --.............. _ .. __ ,.. .... __ ........................................ -............ -1Mt .... __ 

O~ O·'f O.~ O.5l; O.06lt O.03jj O.O~ O.O5!! O.511 .lI neu- b neu-S011 .11 h2r"0q,+ 
samr:lv llH.lt; + NH ...... Mia. + UIIItF ... !';D1/' + lJ\F + MJ.}/' 1- I~aHCO cral tral 

1io. O.OO1~ O.OOlD O.OOw o.oo5L 0.061 O.025li O.025JJ o.o,}} 3 mit.. 0Ac Jm 0Ae 
hCl. 1- fB B., . 4 

I1tfA DTl-A DTPA DTi:',A 
O.O;l;i 

11Cl ;- hCl. + acetic Ol!:'en) ( stdJ 
(Bray O.OO5lJ acid oxal:tc t:o.1 ) l1l'l-A acid .. -.. -............ -............ ---.... ---.. -.. ---......... -........ ~ ................... ,.. ....... .-.-.. , ..... --.. -........... _ ................................. -.......... -......... -................... _ ....... - .... -........... 

27 55.00 60.00 115.00 135'.00 90.00 80.00 8,.00 55.00 55.00 135.00 107.,0 
I 

28 590.00 600.00 780.00 755.00 850.00 '}00.00 710.00 ,80.00 625.00 1ooQ.00 1000.00 

29 65.00 70.00 60.00 1l.t-,.OO 90.00 70.00 80.00 75.00 75.00 80.00 70.00 

30 125'.00 11; .00 95.00 125.00 11t?OO 155.00 160.00 12, .. 00 14,.00 160.00 1lf.2.~O 

3:1 55.00 50.00 75.00 15.00 65.00 60.00 70.00 6,.00 70.00 7r::. (~O ,_ ... 10.00 

32 155.00 155.00 20, •. 0 210.00 230.00 190.00 195.00 135.00 16;.00 205.00 200.00 

33 185.00 175.00 150.00 115.00 200.00 200.00 210.00 180.00 230.00 205.00 200.00 

34 80.00 85.00 110.00 190.0() 150.00 10,.00 115.00 85.00 8,.00 215.00 187.,0 
3, 1070.00 980.00 1220.00 1120.001250.00 1050.00 1110.00 995.00 965.00 1615.00 1300.00 

/' 

36 50.00 50.00 35.00 40.00 55.00 ,0.00 65'.00 ,0.00 60.00 55.00 65.00 I 

'7 60.00 65.00 30.00 20.00 65.00 65.00 6C:; r;o 
, .' 65.00 75.00 70.00 65.00 I 

)8 15.00 20.00 15.00 20.00 25.00 20.00 25.00 20.00 25.00 25.00 17.50 
,,9 25.00 30.00 20.no 15.00 25.00 25.00 30.00 3;.00 35.00 30.00 25.00 

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



tabl.e 40 Cantd ....... 

--~~~~~~~~~--~-~~~~----------~~~-~-~~~---~~-~--~~~~~~~~~~--~~-~~~.~~~~~~~~~~--~~~~~-~ 

0.061 
o.o~ o.o¥' 0.0511 O.5~ 

~:-t:-S011 O.1~ 0.1, O.lt 0.5.L r ~o 
sasnpl.. rill.. ... mit.. ... lffilt-F t Ml lr" ... 

12' 4+ lIlt,. + Milt- .... mr4Ii 1- Nanco
3 If; o 06~ . ~ o.o25l!. 0.0251 0.051 pU e.; 1:1140Ae Miq. OAc No. O.OOw O.OOli! O.OO1.,£; O.OO5.b hel. + Hel. ... liCl. ... acetic DTl'A DTl'A llI1A IYrPA O.O,.m (Bray 0.0051 acid (Ol.se.n) (l!td) 

oxalic 1,;0.1 ) DTl.lA 
ac1.d 

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

It<i 80.00 80.00 ,0.00 30.00 110.00 100.00 110.00 90.00 10,.00 120.00 120.00 

41 4S.00 ·4;.00 20.00 20.00 40.00 35.00 210.00 40.00 l+-5.00 3~ ('O ,.,.; 35.00 

42 115.00 110.00 150.00 125.00 130.OC 125.00 120.00 115.00 120.00 1~O.OO 13.,0 

43 30.00 35.0l) 20.00 15.00 20.00 20.00 2~.OO 40.00 25.00 15.00 12.50 

44 100.00 10;.00 165.00 80.00 125.00 130.00 125.00 110.00 125.00 130.00 12.,0 

4, 25.00 30.00 6;.00 10.00 25.00 1;.00 20.00 35.00 25.00 15.00 15.00 

-"6 3,.00 lto.oo 25.00 15.00 25.00 20.00 30.00 30.00 25.00 20.00 15.00 

"" 
"'0.00 "".00 25.00 15.00 35.00 35.00 40.00 It-D.oo 70.00 30.00 27.50 

48 5.00 15.00 10.00 0.00 10.00 2,.00 10.00 2;.00 5.00 45.00 17.,0 .., 15.00 10.00 15.00 0.00 10.00 30.00 lto.oo 30.00 0.00 30.00 20.00 

SO 100.00 10;.00 55.00 35.00 14<>.00 135.00 280.00 110.00 14,.00 1;0.00 147.50 

'1 2;.00 2S.oo ".00 20.00 30.00 30.00 35.00 30.00 35.00 35'.00 30.00 

52 60.00 60.00 ,5.00 20.00 60.00 60.00 65.00 6,.00 '75.00 65.00 62.50 
.. --............... .., ..... -........ ,.. .. ---.......... --.. -... -.. -........... --...... -........... -... --... -.... ~ .... -.................. -................... ..." ................................................ -_ ................................ 

.... 
c,.. 
Col 



Table 40 COnc<l •••••• 

-... -......... --......... ~ ..... --------................................. --.............................. -... ~~ ...... ~ ........... -.................................... - ..... ~ ..... ~~-....... --......... 
0.06.1 O.03!;i o.o~ o.05~ o.5ll Ji neu- li. neu-s U o.~ O.1b o.~ o.!p·~ , '0 

!~1\1r 1;2' 4+ IJH41i' ... IHl4F ... la~F + Na.ll.OO
3 tral tral. 

• 0 !~F + ltHlti' ... 1;H~ .j- O .. 06J:~ r:1\0OO Nllt,.OAc sartlple - 0.025£ o.025,b O.O~ pH &.5 No. O.OO1.~ 0.0031 o. 1lJ O.OO5~ Eel·+ llCl. + liel + acetic (std) DTl:-'A VilA D'lllA DTrA O.05li 
~~~ O.OO5.,t; acid (Ol~en) 

o.xali.e 
aci4 .UTiA 

........... --------- .. _-.. --_ ........... -----,-.---_ .. .--_---............................ _-- ............... --.............. ~ ........ - ..... - ............ - ........ *"'"' ... - .. - ......... - .... --.. 

53 ~5.00 40.00 25.00 4-0.00 40.00 45.00 320.00 100.00 :;5.00 60.00 40.00 

5'lt 5,.00 50.00 70.00 55.00 70.00 80.;;0 75.00 55.00 55.CO 8r;' I() ~.r. 82.50 

5S 160.00 150.00 195.00 60.00 160.00 170.00 160.00 155.00 145.00 200.00 2;0.00 

,6 25.00 20.00 35.00 40.00 20.00 20.00 20.00 20.00 25.00 20.00 20.00 

,1 It.,.oo It-o.oo ,,·,.00 60.00 50.00 50.00 50.00 Ito.oo SO.OO 100..00 ;;.00 
,8 55.00 ,5.00 90.00 It-5.OO 75.00 10.00 75.00 60.00 8,.00 90.00 82.$0 

59 It?.oo It5.00 If.5.00 ;0.00 It.;.OO 4,.00 ,5.00 40.00 4;.00 lto.OO 3~.OO 

60 165.00 1;5.00 135.00 85.00 205.00 180.00 185.00 180.00 16,.00 2;0.00 210.00 

61 110.00 )5.00 20.00 20.00 ltG.DO '+0.00 40;.00 40.00 55.00 40.00 175.00 

62 20.00 20.00 ,.00 1,.00 25.00 20.00 2,.00 20.00 25.00 25.00 20.00 

63 120.00 120.00 100.00 85.00 130.00 130.00 140.00 135.00 135.00 1,0.00 14-;.00 

64 2;.00 25.00 5:'.00 25.co 30.00 30.00 30.00 35.00 30.00 35.00 30.00 

65' 355.00 3lto.oo 55.00 45.00 375.00 390.00 310.00 360.00 415.00 3EO.UO 38,.00 --........ _ ...................... _---................. .-. ......... ----_ .... _._-----..... _--_.-........ _---........ ----- .. --... -.... ----... -~-.... ----..... -.. -.... ---.............. .-. 
.... 
W 
t<l'-



Table 40 COntd ••••• 

--~~~~~--~~~~~~~~~.~~~~~~-~~-~-~~~~.~~~~-~~~~~~~~~~~~~-~~~~~~~~~~~~--~-~~~~ 

0.5, 
O.06Jj 

o.o~ O.OiP O_? o.5}j t:-fr~ SoU O.~, 0., O~ nro.., 
~,,:pl. 1:11,. + ml~ ... l~"~ .t- Im ;-

·2'; .... rmJ.,. ... IJ-14 1- nUlf ... IkLIICO 1+ O.06N O.02511 o.o25N 3 Ill\. 0Ac IJlIlt, OAe O.OO5J1 - O.O5~ pH D., l~o • 0.001£ o.oo~ o.oo1.h Hel ... . -Hel ... 1ICJ. -I-MFA DTl'A DTl'A DTFA o~~£t (Br O.OO~li acetic (Olsen) (std) 
o c r.c.~ acid 
acid DTl-A 

.. _ ..................... __ .......... _.., .... _ ....... _ .................. """" ...... _ .............. __ .................... _ ..... ~.,. __ ..................... l1li. ............ _ .. -_ ........ - ...... --- .................................................... _-....... 

66 135.00 120.00 It-o.OO ,0.00 190.00 185.DO 1(',(1.00 155.ov 170.00 190.no 185.00 

67 135.00 135.00 45.00 35.00 100.00 180.00 175.00 1,0.00 175.00 180.00 165.00 

68 65.00 70.00 55.00 75.00 120.00 90.00 100.00 75.00 95.00 105.00 90.00 

69 60.00 6,.no 35.00 25.00 60.00 65.00 65.00 60.00 55.CO 90.00 It.2.S0 

70 100.00 115.00 145.GO 60.00 230.00 95.00 110.00 135.00 100.00 190.00 110.00 

11 205.00 200.00 22,.00 60.00 235.00 205.00 220.00 205.00 215.;·::0 260.00 232.,0 
72 10,.00 100.00 135.00 1,.00 130.00 120.00 1lMl.OO 120.00 130.00 155.00 130.00 

13 6,.00 70.00 20.00 65.00 8,. 0 75.00 75.00 70.00 80.00 l~r.' 00 ;;:;. 50.00 

74 25.00 30.00 1~.OO 30.00 2;.00 20.00 3,.00 30.00 25.00 20.00 25.00 7, 95.00 100.00 125.00 3r. ,,~o ;;.u 130.00 115.00 115.00 11C.~)() 145.00 150.0C 120.00 

76 55.00 5~ 00 :,i •. 80.00 10.00 30.00 4.0.00 35.co 40.00 45 ;'c .t .... 30.00 20.00 

77 25.00 30.no 15.00 15.'::\0 25.00 20.;.10 3;.('0 2r..' riO , .1 .. 35.00 30.00 10.00 

78 95.00 10,.00 140.00 120.00 170.00 105.00 10(j .00 90.{) 10~.OO 80.00 60.00 ......... -.-....... -... -... _--.......... --- ............. -- ...... ---- ....... -,-_ .............. _ ................................. -................. -................................ --..... _.,.., ........ -........................................ 
..... 
w 
CJ. 



Table 40 Contd ••••• 

(1 l' O.1h 
·-~o.. Jill' + 
l'fample }f-

No. O.001h 
Dl'fA. 

o.o~ 
LH..,.F -+ 

0.025]. 
!:lC~ + 
(Dr~ 
No.1 ) 

O.5jJ ~ neu-
IJaHC03 tral 

pH 8.; lJl4 0Ac 
{Ol~ell} 

.r neu­
tral. 
lUI40Ac 

(std) 

-........ --.... --.--"' ............. -------.. --.... ~-... ---... -.. --.. ---.. ..... -.............. ,... ..... --- .......... ----..... - .......... --.. - ... -------....... ---..................... -.. 
79 

80 

B1 

82 

83 

8'+ 
85' 

86 

87 

55.00 60.00 6,.00 15.00 65.00 55.00 60.00 

40.00 

125.00 

45.00 

25.00 

25.00 

110.00 

;0.00 

2;.00 

30.00 

65.00 

15~'.OO 

10.00 

15.00 

,0.00 

260.00 26,.00 160.00 

1;.00 15.00 25.00 

20.uO 75.00 55.00 70.00 

20.00 205.00 1;0.00 165.00 

15.00 ;0.00 ;0.00 60.00 

10.00 20.00 20.00 20.00 

2;.00 25.(~ 20.00 25.00 

170.00 "'20.00 370.00 360.00 
10.00 1;.00 1,.Ci() 25.00 

5.00 10.00 15.00 *0.00 20.00 

60.00 55.00 

1lt-,.OO 150.00 

60.00 45.00 

2,.00 25.00 

20.00 140.00 

295.00 330.00 

15.00 20.00 

6;.00 45.00 

19,.00 170.00 

35'.00 20.00 

25.00 10.00 

40.00 2~.OO 

330.00 340.00 

20.00 25.00 

15.00 20.00 15.00 15.00 

... -..... -....................... -- ..... -...... -.......................... --........... ~- .... ~.~-- .......... -.... -~ .... ----- ------_ .......... -- ......... -... _ .. -.-. ................... _- ..... ' ---............ -.... 
He an 88.1 62.0 110.7 101 .11· 111.0 
- .. -,.,_ ... _--_ ...... _ ..... _ ... _ ...... -.......... --....,---_ ......... -------... --_ .. "' .. .. ".,~ ......... --.- ..... -..... ---------- ................ --'--............. ---............. -.. ---................. 
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va. t.he 1nd1.14ul ..us ¥ere oond.4ered 8epara'~ 

_It. QAe ua1n& ,.10 ao1l solu'Soa nt1e and 30 rd.D equU1brat.1on 

pe1cMl eou14 rel.eue tile -.t •• q11Ul\lty of It rroa eo1l No.3' 

(161S ppa). !he .... SOU •• _ the .., •• quant1.t7 of K nUl 

It.ADdartl lI\.OM procedure but the w1ue vas o~ 1300 ppm. 

Mat.hev's '1"1&014 _tractant also OO\Ild reJ.ease sut1'1cient 

,uanUty of }{ into the sol.ut1Ga (12,0 ppm). Olsents utractant 

va.s \be least ..rtio1Clt in th18 I'8speet (965 ppm). In sou. 

ot low K st.atus ea., 80:11 • .23 (; J)pa avaUabl.e liI:\,QAo K), 

BnF •• 1 + O.OO~ .I mPA oould rel._8. IUOh h.1aher quant1t7 

.t lC (13' ppm). 

Coett.1c1ents of correlat,iOn wJ'ked. out between the aJlDunt 

of nu.trlents extracted b7 the .ar1ou. _'",ctants an4 that b7 

the st8J'ld.e.rd streotants are fP.'Y-' 1n table It-1. Ooett1c1ent 8 

.f eorrel.at1on betvec the P atnoted b,J the difterent 

abad ... and the availabl.e P .vacted. b.r Bral' No.1 wv. 
examined. 7:he COl"l"e1at,1on eoettlcients vere s1&n1.f1cant with 

aU the atractants. The h1Ihe ... COft'el.at1.on was obta1ned vith 

•• 0.5 lllllt,.F + o.oo~ 11 DfiA COIIblaaUoon (0.9294) and the l.owest 

•• value was ,.lye b7 0.1 Ii W ... J' + 0.003 .ti l1.rFA (0.408;). Tbis 

..,. be due to 1nsufl1.elen' concelSrat101l ot zm...F when combined 

w1tll hieD CODCCltrat.1on of 11lPA. !be secOlld high oonel.at1on 

was obt.a1necl V1t1l. O.O~ J1 ltIl\,F ... o.OS .B acetle ac1d <0.9168). 
~b. conel.at1on ooefficients nUl B.rtQr 50.1 establiShed: t7 the 

• 
'Y1lI1.ous utractant:.~were in the tol.low'1nI orders, O.S.B Ni1a1 + 

o.OOS .Il1lPA (O.921lt-) > 0.05 .Ii 'l1l\I + O.os .J aeeUta ao14 
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'table .." 

Coefficient.s ot correlation (.r) betwoe the P and K extracted. 

b7 the selecteci atractante 8llc1 the P and K extracted b7 the 

standard P and K extractant. 

81. 
No. 

K 
Ji neutral 
~OAc 
(ntandard 
procedure) 

.... -.. -.... ---.. ------........... --' ....... -... -.......... ----..-.. ---..... -..... --., .......... ~ ... -..... ---... 
1 

2 

3 

.., 

5 

6 

1 

8 

9 

10 

0.1 .kJ mIa.F ... 0.001 J:J J1lPA 0.8046·· o. 1t-009 •• 

0.1 II Nli..,F ... 0.003 jJ urfA o.1t-08;·· 0.0317 

0.3 1J NHt,.F ... 0.001 JJ MfA 0.8868·· 0.0788 

o.s JJ l~ll4-F ... 0.005 J:j 11ljolA •• O.9~ .0.0171 

0.06 J1 11280.. + 0.06 j tiel. + *. 0.64-36*· 0.05 J oxalic acid 0.8913 

0.03 ~ NH~F ... 0.02; ~ Del •• 
(Bray No.1) 1.0000 O.1~ 

0.03 ~ l~F ... 0.02; ~ HCl + 
0.6887·· 

0.005' » DTVA 0.0668 

0.0; J ~i + 0.0; i &cetle acid ** 0.9168 -0.0080 

0.5 ~ lva}iOO3t pH 8.; (018_> 0.8977·· 0.2;03 * 

Ji neutral Mia..0Ac (modified) \ *. 
O.901~ .0.0153 

• Signif1cant at. , per cent level· 
•• Signif1cant; at , per cent level 
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,. ~.. .. 
(0.9106).> -..0A0 (0.901 ... ) > 11-. (0.8917) > Hathev'8 tr1ac14 

•• •• (0.8913» ~ 10.1 + O.OOS J MiA (0.888?» 0.3';; lIlt.J' + .. ~-~. 
0.001 .I I1lPA (0.8868) > 0.1 .I -..' + 0.001 -IS MPA (O.tKP+b)'> 

0.1 j -.." + 0.003 .I m'A (0"";). tbe _tnl normal NHq,0A0 

., _ ,,'I1UttnUcm pv104 of 30 Id.l1 With a sol1 9Olution ratio 

of ""0 eoul4 DOt atn.ct P, tfta all. the .,11s. It _~ u.ttect1". 

1n pnd1ot1Jll It aveilabU1'7 111 eoUs of .,.1nal to lew 

s1plt1OUlt poS1tl",. conelaUOIl baveeD the amount of , 

.va.ttld __ the atn.ctant. aD! ,be .. ~ or K extracted by 

O ... OAo. IepUye oorre1a:ti.olla .... obta1Jlecl Vita 0.5 JJ l'UV' + 

o.OOf .II MI. and 0.05' .u NBt.. + 0.05 .. aoet1.e ac14. ~he 

_'neUnta ~ 0.1 is ~J' + 0.003 Jj DTPA, 0.3 J:i liHt.F + 

0.001 JI Dt'At BrIO' •• 1 + O.OOSJI V:J>A .. Brar No.1 vere 

po-s1UYel7 conel.at_. but the COft'elation coe1"ftc1ents vere 

.'.Ust1C11':117 81&nU1oa.nt onl¥ w:l'b three extract-ants Viz., 

0.1 JI -.." + 0.001 • IYlPA, Matbawt • \r1&d4 .... Olsen' $ 

ext,.aotanl. High." OQft"elatioll was obta.1n«1 With "'thewts 
!, •• 

tJ1.ac14 (O.6lt-jO), Nlowed. by 0.1 JI .... 1' + 0.001 .u L'Tf'A (0.4009> 

• aDd 0l. •• '8 eanctaut (O.2S03> 

!he elt101eno;y ot axtractMts \0 .uact both I- and K 

.1mult.aneousll'. wen st\141ed, tOUftll that; Matbew' 8 tr.1ac14 

,..... bet t.el' corre].at1on(j wi th Dr.,. Do.1 i and MIlt. 0A0 K. 

the rela'.t.oMbip8 between the fIIIOUta or _l.rients (1' u4 X) 

_tract ___ the ext.ractants viz., 0.1 J1 111&;F + 0.001 le.Irr'P.l 

an4 Mathw'. triac1d and that b7 the RtandaJ'tti extractants 

are presented in Fig lkin. 3, 1t. S .... 6. As resards the 

speed ot ut.1 .... ction. 0.1 J;; l:a;..F + 0.001 JI. DTPA would be mor. 

COM'en1'- tor MY.I.SO.I'J works unce 1\ takes 0lllJ' , Id.a 
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RELATIOH6HIP Sa..WEILN P EXTRA.CTIE.D 8Y 0.1 ~ N ..... ~ .. O.OO1 ~ t:7T~ 

AND SA A'Y ""0. i 

•• 
o.80~_ 

i . O~. X -:i. 71 
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RELATIONSHIP BETWEEN P EXTRACTED BY 0.06 ~ H2S04 ~O.06 N ~ct-+ 

o O~ ~ OXALIC ACID ( TRIACID) AND BRAy No.1 

•• 
,.. 0.8913 

y. 0 ,,".:3~8 X ... 1~. 198 

UtO iJ70 300 480 



R£.L .... TION6WIP a£TWEILN K £XTRACTLD ~y O. f M NH04 F ~ 0.001 ~ D·,· PA. 

AND NH-4OAC (aTe) 

n. ,7 
, .. 

r.°40C'.') 

Y - 1.05&X - e."" 

1 o 

~.--. -- ------------·-------O.f ~ N~ .... +O'OO1 ~ or ..... K,~ 
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] FIG· 6 RELATIONSHIP aE.TWEEN K EXTRACTED BY / 
/ 

I 
1200 oo<c.N H2S04 + o. (O~ HCL + 0.05 ~ OXALIC ACID 

I 

I (TRIACID) AND NH4 OAe (STD) I 
! 
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to attain equ1l1briUll P and K values. Bu'. it was ob~erve4 

that this extractant couJ.d not &1~a cl.ear t1l.trates in all 

140 

the solls. Considerable amount of OJ'Ian1c matter was brought 

into solution by th1s extractant a.l.on& with the extraction of 

phosphorus and potass1um. S1r1ca phosphorus 1s u~ 

8!!Jt1lJated by the chlorostallllOUs reduced blue colour mathod, 

organ1c matter w1ll interfere with the blua colour development. 

When 0]. sen , s extractant 1s used, sh8k1ng w1th act1vated 

charcoal. has bean established as a standard procedure. In the 

!;U..,F-Dll-A comb1nation aJ.so activated chareoal ~d.ll. be essent1al. 

to el:hct1nate the 01"8an1c matter atract1on. 

In soUs containing relat1v~ ..,11 amounts of 1'. the 

amounts of P extracted by a cha.1cal enractant v111 be ~o ~ 

that the error involved in the ~cal. procedux'. is 

relat1ve17 high. It hat been reponed by several workers that 

activated charcoal. wou.ld not adsorb reasonable amount or the 

nutrient ionn. But still !!OtlG error l187 be expected. 

hat-hew' 9 tr1ac1d. 'though produced a Slight yel.low colour 

in the fUtrate 1t did not interfere with b~u. col.our met.h04 

of ep,t1mat1on of available 1'. "8 reported by Nathew (1979). 

the tr1acid proposed. by him would be a def'1n1te iuproVet10nt 

0"191' i:srq No.1 £or predicting avaUabl.e phoSl)Mte re~erve of 

lIoil. In the Pl·esent ct.uJyt it has shovn a high degree ot 

efficiency in extracting P as well as K. f)1nee hi~ extractant 

wa~ studied on 87 ~..oUs of different soil properties it can be 

selected for extracting both P and K ava1lab111t1 in 41fferent 

s011 t7pes at the rtate. 
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It. Int.,..zalHUlDIb'R bttna .11 PI'.RHD'. 
!b.e etn.o1ene,r of an _n.cHrlt in relea.s1ng rutrtertts 

t .... the soU into the 90lutua 4epends not onl7 OJ). the 

capae1" hotor lMt also on ..". other factors that are 

1ntl.uerlced b1' ptqs1.cal. e.nd chfld.cal chUacte1'1st1c8 of soUs. 

!be p}qd.co cb.:Lca1 cr..aractensUca th&t inO..uence the 

release of .P aDd 1t into the soU solution are moisture, texture, 

orga.n1c c6.rbon. :Ill.~C. C~C am :P t1x1n& capacity. 

Coe.f.f1cients ot correlation were worked out between the 

basic soil l)l'Operties such as total P, P fixing capacity l 

Bray No.1 v t Mathew's tnac1d P t total. I., HI\. 0Ae (std) K, 

J.latbewts triac14 It pH. Be, CBa t ol'Pllio carbon and lIlOisture 

percontqe. In :fable 4-2. ooett101ent& ot correlation (r) 

bet"een ~o1~ propert1er:; are presented. 

Mathevts t:r1Acld P a~ l!ell as .K, total L, Bray 1!c.1 .P 

and R'f:\.0Ae K ezh1b1ted ~1en1r1ce.nt po~1t1v. correl.at1on~ with 

\otal P. S1gn1t1cant poS"1t1ve eone1atio":"lr' ";12:::'? c:?tal)11 ~hod 

between total. K 8.!1d. other prope!'t1e~ except P :f'1Xi:-'.g CtJ.F\C1tl" t 

•• Ol",anic carbOl'l, pH and 1';0. H1ghe~t eorre.'_at!or'.:' (0.60;1) 

-­vas oltta1necl with lJOisture content :followel by' ~..ota1 !) (0.5"881t.) 

( 
.. 

With' f1x1na capac1t7 lln7 »0.1 -o.2S81) a:- Ha1J n!! !-h~:hr.n.rts 
'i-* 

tl'1M1d P (.0.2927) bad abown !d.p'd.t1cant nogat.j.\"e correlation •• 

lotal It, Mathew' s tr1ac1d K. pU, Be antl !lO1 rture were aloo 

negat1velT coJ"l'eJ.ated with l' f1x1na capac1ty. CEC was h1ghl7 

oorrelatec1 With moisture, total X ..... 0.&0 (stel) K, an well .a 

•• kthaw's tr1ac1d r~. 111&hest 00J"re.lat1oll (0.,168) was ootl.t1ned 



ratl.. 42 

eoernc1ents or correlation (r) between basic soU properties 

p n.x-
Total. inS BI'SY 

P cap&- No.1 
cj t;y p 

o 06 Ii . -
~n~ + 
0.06 j 
llCl. + 
0.0, li 
oxalic 
acld r 

1m. CAe 
Total.-'" (std) 

K K 

C.rts&Jtic Moisture 
carbon 

................. --.. -....... -........... ---....................... -.. -........ ~ ................. ...-.-~-- ...... --..................... -.. -...... -.. ...... -...... _ ... -..... _ ...... --.. .... -. ................. _ ...... .. .. *....* 
1 .0000 -0.0903 0.5831,. O.~28 0.5884-.. ... .. 

1.0000 -0.2581 -O.29ZJ -o.061f.9 
• * •• • 

1.0000 0.8913 0.2593 

.... .. 
O.~532 O.~3~ 0.1635 0.103~ O.1~18 

• • •• 0.2596 -0.2612 .0.3151 .. o.oB44 O.11t-64 
•• •• • • 0.6371 0.6700 O.lt\t.,32 0.1744--o.Q51B 
•• ... 

0.1155 0.1131 

0.0310 -0.0636 

o.~ 0.1353 

1.0000 C.35~7 0.6171 o. 6l+O9 O.351~ o. t05'" O.01lt-, -0.0'+28 -o.o)tt8 
•• 1.0000 

.. 
O.lt95S 

•• 1.0000 

o.~no 
0.611-36 

•• 1.0000 

0.11+86 
•• 

O.)66lI. 

•• 0.3926 
•• 1.0000 

... Significant at 5' per cent lErlel 
•• Significant at 1 per cent level. 

O.rJ+61 0.5168 0.1928 •• 0.6051 
•• • • • 0.2920 O.361t-5' 0.1812 0.2297 
• • •• 0.30&.9 0.3128 0.1890 0.1880 

0.1991 0.1283 .0.0308 -0.0031 
*t; 4 ... 

1.0000 0.1 '1 0.0217 O.C1lC11 
•• ~~ 

1.0000 O.1'~ 0.4508 
1.0000 0.2598 

1.0000 
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with total K. SoUs ba'n.IlI b1ab eKe would hay. high total K 

ref!e"G sinco large ~ of J( 1s tue" by h1ib c~c 801ls. 

6. IR>rorsumt....at").bI .. _~ alZ !;AI '" B~UJI 

RlPclSlJ&rU 

It v .... «! obYlous that thare mated a biih degree ot 

conelaUon between the new method and. the standard methods 

ot enractlon. The b2.gh correlation and rGpJ'Oduc1bll1t7 are 

most appreciated vbeD conSid8l'1.l:ll the pnet1cal ar;pects of 

the sol1 te~t. By using a s1J11le ... 11 extractant tor 

extracting both aya:Uable I' alJd K. SIlbnantial saving" in 

time and materials are now posll1ble .fJpec1~ for adv19017 

works. AJlotber ad'Yantage 111 u81nC 'his eztructant 18 1t. 

blah ... ernclenG7 in grading the" and K status or soUs ot 

low to arg1nal l.evel.s o~ these DIlV1ents. 



SUl\1MARY 
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SUJlIIA.:ar 

At PHS" -... Bo.1 ......... 18 u.ed tor the 

extraction of available' aD4 aatral nonaal .-om_ acetat. 

tor the extract1.on ot _ail able X in soU 1Jl the soU ,.etinS 

la'boatol'1.' of Kera1a. fhe Gtnotlon proctld.ure can be 

e1apl.1t1e4 and. \h. need. tor tiM, -.npovv and cha1cals oan 

b. NCluoec1 cons1derabl¥ 1£ a 81DClA e:r.Vacta.nt suitable tor: 

extracting both a'f'atlab1e P .... _11abl. Jt 18 toUD4 out. 

l&bofttoJ7 ft'aluat1on and. pl.art* ~. stwu.es were eani.ed. 

out tor ft'Olnna 8Il atractaM au1t.abl. tor e.xtract1nS both 

aTailable , and .at lab1e K. 

SoU 88lllPl.. (81 dUDbers) ot yal71nl ohare.cter1st1c8 

vere oollecte4 troD Utter_ pane ot tb. Stat. aIXl the stuq 

vas OOIlducted 1n 'three phases via., 

(f) .. 1D1t1a1 studT *:l. vas oond.ucted JDa1nl.7 to t1x 

up an approx1laate range in oonc-.U'&Uon ot the reagent ~. In 

this 1n1t1al stuq 19 e:r.Vactan'. were tned, ot which 9 were 

e..,J' - DfPA coab1tlations. The ...u1abl. p extractec1 b7 

Br.,. No.1 an4 aYa1lable .1 e:r.Vacte4 .. neutral DOl'IIal _Iliwn 

aeetat. were toUDd out ancl ttuv .en ooapare4 with that ot the 

ditterent ext:raotants. A 81,.1. IOU sol.u:t1on ratio ot 1.10 

and two equ1llbrat1on per1048 ot 30 ..... 60 min ven _lo7ed 

1n the 1D1t1al stud7 us1lli a s11181e 8011, 

(11) a pre11l1dn&17 screemltl eonld.st.1Jls ot 9 8011s, 15 

extractant. at !$ equ1l.1bratlon per10cls viz.. 5, 10, 15. 30 and 



60 Id.n nth .. !I1n&le .. 11 8O!utica ... t1o ot 1.10. Neubauer 

.eedljrc teehn1que was us .. to t.1Il4 out the uptake ot i and 

I b.r noe OJIOP tJrom the IOU.. CorNlatloD coe:tt1cld s 

.eJ"e VOI'ked. out between the ....... of P and It extracted b;r 

the various extractant. aD! the , and I. uptake b)" rice based 

OD Vh1ch avactants nth su1k'ble equ1lJ.brat1on periods were 

seleot.e4, and 

(1U) a final seleoUon of \be ftIa!Ml at~ant vh1ch 

vas based on the corralat1on belva_ the 8IIOU1'lt of P and X 

eztracted b7 \he various extrac .... aid \he aa>ur$ ot f aDd 

1~5 

X extracted. b7 the presen~ tol.l.ove4l etanclud procedures 

'Y1a., Brq 110.1 tor P and neu.Ve1 _aal .-.m1ua acetate tor 

It. B1ghtJ'-• .,.en soUe, 10 _tnatant- V1th SUitable 

equ1l1brat1on per10dl and a 1.10 soU. 8Ol.ution ratiO vere used 

in the t1nal selection. fhe resulu ot the stud;T are 

auJllllarised as follows. 

lD BBt.J' - D'lP' oomb1natiolUJ, 1DCr"'~1nI concentration ot 

0..7 mal'd.e4 the extraction ot Jbitspbon8 .s well .s pokes1a 

and theJ' extract_ IIJCh small_ CI,'WUlt1tl •• ot P and K as 

eoapared to tbat ot B,.,- lao.1 a.Ild Mlltral normal 81DJII)DiUll 

aoetate. 

lIaa •• release ot P aid .K vas obtained. b7 0.001 .I MPA. 

A bieber ....... ot P vaS ~ __ tI&e equ1l1brat1on 

per104 vas l1lVeased to 60 Id.n wbUe tile eoncentrat1on ot D'lPA 

was increased to 0.005' ;'1'. 
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IDonaaiDI apdJ.11:JJUiM pwJ.e4 ... GOIlsideable 

~t"'. ill ...... u.oa.f' '" BrIw 10.1. rae .tn.8! .... 
• , ....... 1oa 4 ......... til. pat.04 of ..u,11brat1oa Vd 

lnv •• " ~ 30 te 60 ... poa81b1T du. to the u .... fd 

• Ob~.tdJW .... .t.a oNer .. prw_ "80J'ptioD. T._~ 

.f It _Vaot-e4 bJ' Dr., 10.1 ... b1gher tbaa that of nctral 

aol'lUll ......m._ aNtate (stel). 

Usa of _______ a e.J.&ma nth Brq No.1 hid.bit_ 

, •• re1.as. of f .... Uc""", ' ....... QO erfeet was _tio" 

.. I at.nct1OJl. 

Mathw's 'rlao14 ~ ft ••• 0.06 ~ BaS' + 0.06.1 
JICl + o.os .I Galto ao14 nl ..... 1uce __ t .f P aDd. It. 

TIM 11\"- + aceUc acd.4 ... tcMIIIl to be a ,004 eomb1DatJ.oa 

18 •• tiat.bi ...-dlab1. P aM an.ila1>l. I.. ~F (0.0; JJ) + 

...u.. ao14 (O.OS.l1> atnete4 ... .-\1. of P ... at. 60 

Illrt __ BJ'q Ie .. " trlaow:I..It& ... eMl at1ac aeUoJl of aoeU.e aeU. 

~b. aount of a: extrecW '" MUtra1 ,.rsl NI\ 0Ae vu 

b.1&her thea u.. soU !fOl.uUoIl au. was 1.10 a8 ~ed to 

1.; (ftd.) 

lhe patt. .. or ., CId a: ftl_ 1I1t;o __ sol.ut.1on Vb •• 

....... 'etee'h- as a fuIIaUoa fII ~ of ... " 11b .... '101l ... -.1_ tbat the nte o~ rel_e8 .. ~ "* 
4S.tt .... equ111\l1'P1oa peftod.. tor d1.tf..a .... taAt •• 

...... DI,. ocab1Dat1.ona V1z., 0.1", + o.OOS.ti, 0.3 Jj + 

0.00,,, 0.,3.1 + o.coS.lt 0., JI + o.GOt.lt 0., JI + 0.003 J1 
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..... _, nttat:l1e ... " II I • ~ tor tile estiaaUOJl fd 

aYa11U1e pile ........ ,nuu.. 1D eoU. tile oaabtnat1011 

0' .... + DI' ............. 0.1 JI + 0.001 .... 0.1 .II + 

0.003 Jh 0.3 JI + 0.001 JlalI4 0.,.1 + 0.00' JI were ert_ti .... 

• e 1M nD~' te, .... x. 

!he .c.bl.e ecp;d.11bat:t.oa J*''1048 tor 0.1 lJ .... 1' + 

0.001 .. DIP., 0.1 Ji .... ., + 0.001.1 m' .... o.S.lt Ii\F + o.oos .ll 
DrRA. 0.05 JI 1Ift.. + o.OS.l _.u. ao14 .. Bl'a7 No.1 18 S 1I1D • 

•• 0 • .) JI .... + 0.001 .ti mi. OGMd._toa and 1ln9' 50.1 + 

o.OOS Jlmp. en .2.12, .... aa,....... of 10 Id.D 18 toan4 to be 

'be befJ'. .An ."Ii 1 :l.brat1oa per104 of 30 Id.n is applicable te 

_\hwt • V1ao14 edhctara. 01 .. -. m.ractant and nattral 

aollla1 _zwa .. at... 

%u CIMt.t:Le1'" of oone1au.oa writ_ out betwee the 

.... ., JRlVl_t • .vact .. by ... a.tncUnt ... raV1_ 

up"" _ nce ¥en b1 cbl7 siCJd.f1oaa, at aU the equ1Ubm1eD 

periocl8, .n of t.he bet.na .. pe. I .... it. vas • .". 41ft1eult 

\. Bel" _ axtractant b.... "19_ 0Jl \be ewre1aUAm betw •• 

the lIlV1eta at~ .. ... edhc'U.Dta aDd nutrient uptake 

_ 1'1e.. S1aoe ~ 1B1U81 aDd ... '.Id..,. studi_ eonduote' 

h.e enaJ)ll shed tile 8U1tabU1", ., ... JIo.1 tor ava1lab1e , 

...... _u.l. DN'Ul. 1Ilt.0A0 M aYaJl.'ble Kt \he t1-.l 

8eleou.aot • 00 I •• atJ'ac-" v:la ", 80Ua vas el'1anted 

~. V.e hi ..... oornl.aUoa 01 tile , .. X 't'81u •• ot the 

.el. .... e:dftCtute v1th that 01 ........ 1 , aDd Mt.IU&1 DOn'.eI 
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Dt.0Ae ""'.N.e X. ttl_ SlMse ~ _t.rac"s tare ~ 

'e:1»C UsM 1a 80U t •• uaa ~ •• ot the s, •• _s_ OIl 

vb10b 11011. feft.1lJ.tr .... are b........ pnpar •• 

\IIl_ aU \he ..us wen eons1d __ togeth_. the var.Lou 

extneb.r*s tJbove4 the tol..l.ov1rJl ""'-.a1rta ol'der 18 ~ 

.tfi.cd....,. to~ ~1nC f. 0.1 J.,." + 0.003 Jt DTPA 

(88.21 Pta) > 0.3 il ..... ,. 0.001 J MFA (It.3.1t-3 PJ8) > o.~ M 

D!tF + 0.001 JI I1liA. (31.56 PIlI) > 0., lJ mIt.F + 0.005 .I lYfP.l 

(31.a.s JPI) > .. .,. 10.1 (JO.61 ppa) > 0.05 j lfI\.F + o.os J 
aeet.1e acid. (28.;6 PIS) > )Jatb.ew's t:d.ae14 ~ 

(27.31 ppa» Bnr No.1 + o.OO'.If I1l~'" (22.61 PIS» 015811'. 

ex'ract,an' (".1,. PI*) > MtltAl normal 1l\0A0 (1.16 ppm). 

The ditteHllt ~ant.e .vactecl K 1.n the tol.l.ow.l.ni 

decreaSing order. DUt.0Ae (11,., ppa) > Bnr' No.1'" o.OOS .I D'lIA 

(111.0 ppm).> .tbew'a tr.1ao1cl mract-' (110.7 ppm) > Ea.0A0 

st. .. (101.4 ppm) > Bntl' Yo.1 (101." ppa) > O~sel1'8 ~ 
(100.8 ppm) > O.os JS NBa." ... 0 • ." JJ _.u.o ao14 <91+.1 ppal > 
0.1 ~ liil\jl + 0.003 Jl D'£liA (68.-. ".) > 0.1 Jt It\i' + 

0.001 .it Ul1>.6. (8S.1 ppa) > 0.1 .I lIIt.l" + 0.001 JJ rt.r}lA (83.6 PJ8) > 
o.s .I ..., + O.oaf .II DTrA (62.0 ppa). 

Jtathw' 8 \r1ac14 ....., ... ooul4 re1_se nlaUvell" 

lar .. .-unts ot , tl-ora 8011.8 ~ Ve17 lJ.tUe a8 well. 

as .. err larg. ~ts of P. 

WIle the 1Dd1'f1d.ua1 soUs".. OODaldere4 sepua,~ 

a_Val IlOJ'Ml -..0A0 usins 1. " ..u ..a'1oIl fttio ... 30 IId.Jl 

etpdlOm1oD per10d GOUld nl_ ..... _ CIJbIlt11;f' of I t.roa.\he 
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10118 of 1Ui_ •• ,lable K 8' .... 
!be oorre1atkm. ooett101_s nth IS..., 10.1 P anraeted 

bJ' the various .vactant8 were 1rl the tollow1na order 0., .I 
.* 1Btt1' + O.OOS JJ I1lPA (0.929lt» o.os JS .... 1' + o.os J; acetic acid 

•• •• •• (0.9168» BBs.0Ac (O.901lf.) > 018_ (0.8911» Mathew's tr1ac1d 
•• •• (0.8913» Brq No.1 + 0.00; Ji D!PA (0.8887» 0.3 J2 HBt.F + 

•• • •• 0.001 II l1'!l-'A (0.8868) > 0.1 .H JIla:P + 0.001 jJ DTl'A (o.8olt6) .> 
0.1 II NHa.F + 0.003 Ji MFA (o.a.oa~) 

Wi. th 1i\ 0Ac (std) K the OOJ'NlaUoIl eo.tHeisnt fir 

Gstabllahed b7 the 'Y8l'1OU8 mre.ctantF. were in the follow1ll1 
lItot 

decrea.sing order. Mathew·g triac14 (0 ..... 36) > 0.1 .t NHa..' + ... . 
0.001 JJ D'lPA (O.ItOQ9>'>Olsen (0.as03» BJ1Q" No.1 (0.19t9) > 
0.1 .II .... 1' + 0.003 jlUfPA (0.0811) > 0.3 JJ Ima1 + 0.001 .tl D'lPA 

(0.0'188» Bray No.1 + 0.00' J:J DIn <0.0668) > 0.~.1 NUt.,. + 

0.0; J:J acetJ.c aci4 (0.0080) > lIft.o.Ao (-0.0153» 0.5 .II Nl\P' + 

0.005 JJ MfA (-0.0111). lIot all the m:ract8llts could p1'Oduce 

s1anlt1caat positive correlation vith ",0Ac (stel) K. ODl7 

tbr .. extractant- ft •• , Mathew's tn.ac14, 0.1 J1 Nl\" + 

0.001 .I D'fPA _ Oleen" ezt;neta.l* ..... s16n1tloant poslt1 .... 

oorrelat1.oll with lI1a.OAo (8td) It. 

the ett1clencJ.e, or the atJ"Iletanta to atraet both P alIA 

I .1Iaa1traneou~ vber1 atud1e4. found tha\ Mathew·. tr1ae1d 

extractant lae bett.~ cornlatlomr vi. Br." No.1 P and 

IIf.at. GAo (nd.) K. Aa :resarda speed. 01 -.notioJl 0.1 .II W .. I' + 

0.001 .I D'lPA voul4 be aore COIlV'erd.ri tor 84'918017 vork., lI1Dce 
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"' takes .Bl7 S .. M attaill equ1l1b.r1ua F aIld K values. 

Bat OOJu44e.rUl. ...... • t .rprd..e at"- WOqht into tM 

~ '" t.b18 ~ 1I1t",er8. v1th the ~rie 

detend..Dat1on fd p. 

eo.tt1e1 .... f 00IT'81&'1oD. wen ....-ke4 out bG'weea tba 

_do soU P ..... rU. .. su,cb. .. s tMal it f ttdpc capac1_. 

BHT •• 1 't Jlathev t • WJ.aej4 Pt total. K, .... 0Ac (etcl) K. 

JifUh.'. \riae14 Xt pH, Ee. esc, orp;nlc carbon anl _i.tv •• 

.. tn..,t.. Ui.ac14 P apd At iotal K, JJrtq lb.1 Pt and Hilt. 0Ae (std) 

~ -.biDlt_ fd.&nU1cant po81t:1.n correlat.ions v."ith total p. 

Slp.1t1can' pes1ti.'Ye oornlaU.ons were estab11med b8tV~ 

total K ancI other properties such as total '. ava:.Uatlle i, 

a'f'&Uabl.. K. cae .. 1101s'ture. P :t1Jdns oapac1tJ was 

neaatiYe17 correlated \11th ~ 50.1 Pt Math_'s trtac14 it 

aD4 pH. ~C was s1gn1f1cantl1' .. po81Uvel7 correlated v1tb 

total. X. moisture, lma..OAc (sM.> X. .. Mathew's Viac1d. K. 

file ney proceO.\u'. (liatbevts tnac1Al extractant) 1s touD4 

to 1> •• 4ef1D1-. Uapro'V'euent 0'1_ the $tandard procodure~. :a,. 
u s i ... a s1D,1le ezt.n.ctirJ,g solu'UoD toZ' u:t.ract1ng both availabl.. 

i' ...... _aUa'bl.. It sabstant1al sa'91Jli8 1.11 time and mater1als an 

DOV posuble 8speo1a.1.17 for a4v1_17 works. The new extract ... 

lla4 sbeva a bi,b_ ett1.01f1%lf11' 1a ~tin& both P and K traa 

the so11s oonSaiD1zc .... en J.ov \0 au:atnall.evels or thes8 

_tn .. ". file fl_ aetbod can be recommended tor d1rrerent 



s011s of the State. since tb1e ext.ractant bas performed 

well in all the E1l 41.fferent eoUs collected fran Kerala 

State. 
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Afl'li.IXll II l1aan percentage arld uptake of f and E of rice 
gJ"OWll in the so11s 

~~~~~--.~~~~~~~~-~-~~--~~~~---.*.~~~~~.~~~~~~~~~~~~-~~~-~ 

$l.I~. 
8011 ltiean Mean 1-l8an Hean 

sample l-ercentage uptake o£ htrcentage uptake of 
liO ot P P, ,/pot of 1< K, g/lot 

_~_ ........ ___ ............ If 

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

1 Itt 0.34 0.25 0.2~ 0.21 

2 til 1.19 0.19 0.36 0.38 

3 • 0.23 0.16 0.29 0.20 

.. sa.. 0.42 0.24 1.00 0.5'7 

5 1S 0.55 0.36 0.65' 0.tfo3 

6 a. 0.38 0.25 0.56 0.36 

'1 60 0.26 D.2l,. 0.13 1.01+ 

8 35' 0.65 0.52 0.5'1 2.06 

9 l2 0.53 O.lt.2 1.08 0.8, 
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ABS!RACf 

A laborato1'7 e.aluat1on and an uptake studT usi11l 

Neubauer seedling techn1que was carried out tor nolviDC a 

.1ngl.. extractant au1table tor extracting both ava:Uab1e P 

and aY81lable K, 80 as to s1.mpl1J,) the process ot extractire 

these aY&1labl.e pl.ant wtrieDts 1n 8011 testing work •• 

Bigbty swan soU sacrples tram 41fterent parts ot the 

State were used to eYaluate the per1'o1'tDanCe ot the selecteel 

nu.aber ot extractants based on a 3 step evaluat10n i.e., 

(i) an in1Ual studT cODsist1ns one soU, 18 extractant!! at 

.. single 9011 solution rat10 (1.10) and two equilibration 

period!! (30 atl4 60 m1n), (U) a preliminary screen1l1C 

oonsisting ot 9 soils, 1; extractants at a single so11 

solution rat10 (1,10) 8D1 ; equU1bration periods (5'. 10 t 1;, 

30 and 60 lId.n). .In uptake stu. va. aleo conducted us1.nS 

Neubauer seedl.1ng tecbnique and COJ'T8l.ation coefticients 

vere worked out between the 8110=' of P extracted by the 

various extractants and the P aJ1d K uptake by nCGI (ii1) a 

final selection of the common extractant consisting ot 10 

extractants with m11tabl.e equU1brat1on per1od~, at 1.10 so11 

solution ratio and 87 sol1s. 

In combination ot ltit.F aIld D'lP.l, 1noreasinc 

ooncontration ot NSt.' retarded the extraction ot both F and. 

K and. tha;y extracted lJUeh ~ 1 er quanti tie s of: P and X as 

compared to that of Bra7 No.1 and neutral norm.e.l Nl\ 0Ae • 



il 

u •• of _n1tIa .... te a1o~ with BIt.,. No.1 1nb1blte4 

the release of It Uast1cel.1F. 

Mathw's tr1ac14 ~ rts., 0.06 JJ Ha~ + 0.06 J 
Bel + o.OS Jj osal1 c &014 .... W rel.at1vel7 large aJIIOun't. 

01 P ahIl I.. 

!he pattuD of I' and I re1.se when .udnet toIetbv 

a8 a tunetion 01 perl" 01 -.utl1bnUoD tourJd tbd the 

equ1l1bn.t.lon peri.04 tor dltt._ mJ"ac\aM" vas "8l71na. 
!he tN.1table equ:1l1bratlon per10d tor 0.1 Jf HBa.' + 0.001 li 

DTl:I., 0.1 JJ r".r + 0.003 JJ miA, O.S Jf Illft.,F + 0.00; .D I1lFA. 

0.05 Jl Nl\F + o.a, j aceUe ao1d .... Drq llo.1 is 5 min • 

.For 0.3 Jt -..,'<> + 0.001 1Il1lF .... ocablnaUon and Bnq' No.1 + 

o.ooS.II J)'lPA an equilibration period of 10 m1n 18 tOUDd to 

be the .,.,.. .An .11101'&t1011 period of 30 mil 19 

suitable tor Hathew'" tr1ac14 atract.ant. Olsen's extractant and 

neutral normal. unom.UIl acetate. 

Since the 1n1t1al am proliJldnu:r studies estab11shed 

the ~tabU1t7 of Brer' No.t tor ua:Uable F and the neutral 

aormal a.anmon:LlUD. acet.ate tor ava1lable K e.rld. because the 

ooetftclent 01 OOJ'l'elatiOll DefNe8ll the aIIOUllt of K extracted. 

by the extractants and. the I uptake b7 rice were h1ghq 

slan1t1cant at all the equ;1l1bratlon periods the i'1nal 

selection of the common enacUDt was bastMi on th. 

eorrelat101'1 of the P and 1C '9'81ue1l ot the selected extractant. 

with that of B.rq No.1 P and. nctral normal a,..udUlll acetate 

~ractable K. 
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t 

111 

The correlation coerflcient~ vith Bray No.1 l' 

establl ~hed by t.he various extractant~ have ~hown the tol.l.ow1ng 

decreasing oreer of efficiency. 0.5 11 lJI4-F + 0.00, .u l)TI'A > 
0.0; .i.J h'1Iq.Ii" + 0 .0, 11 acetic acid> :NIIttOAC > Ol.~en > l.:Sathew's 

triacid>Brq No.1 + O.OO;J;J lJrfA> 0.3 l:i 1~1;' + O.OO1,!t rt.rf'A> 

0.1 jj l~} + 0.001 li VIVA> 0.1 li NH4F ... 0.003 .t U£lA. 

All the oxtract~l!lt!ll were not nigrdficantly a'tld 

po ~1t1 vely correl.a too wi tb N1" 0A0 (std) K. The three 

extractants Vi3., Hatllew's tr1ae1d, 0.1 E U\.F + 0.001 l:l D':.'PA 

and Ol.~en· s extractant have lli'''on ~:tgnii·1c.:".Lt l;ositiYtt 

E1t:;her.t correlAtion was 

Thus 1t i~ conf1!'t1ed that l!c1.thL~t$ tria.cld ctrnctant 

1~ the be~t cotlIOOn extractant for avail.able P and ,~wa11t\ble K. 

1;0 annlytical d1fficultjr in tho detci'1,:1nat1on hoth l U!le K vas 

ol.i~arved while using thi~ oxtrnctallt. 

lathew'l; tr1acid extractrult viz ' 06 . 
-.. ! l~r 

0.05 .Ii oxalic acid Wi tIl iJ. sc:.i.l "'olutio q.. '* C.06 Ji IIcr 
of " 10 and 8Jl 
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1T 

equilibration period of 30 min 1- recommended as a common 

extractant for available J:' an4 ea1l.able K bJ the pre!1ent 

study t 8ince it ~a'Ye~ considerable time and materials in 

soil toC"t1ng. 
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