
EVALUATION OF AVAILABLE PHOSPHATE 

RESERVE OF SOIL BY CHEMICAL 

METHODS

BY
m a t h e w  j a c o b , k .

T H E S IS

Submitted in partial fulfilment o f  the 

requirements for the degree of  

M A S T E R  O F S C I E N C E  IN A G R I C U L T U R E  

Faculty o f  Agriculture 

Kerala  Agricultural University

Department o f  Soil Science and Agricultural Chemistry 

C O L L E G E  O F H O R T I C U L T U R E .  V E L L A N I K K A R A

1 9 7 9



u

D E O L A R A T I O H

I hereby dealers that this thesis entitled 
"Evaluation of available phosphate reserve of aoll 
by ohaaioal methods" la a boaafide reoord of 
reaearoh work done by aa dxirlxig the oouree of 
reaearoh and that the thaala haa not previously 
formed the baaia for the award to aa of any degree, 
diploma, aaaoolatoahlp, fellowship or other similar 
title of any other tftilversity or Soolaty.

Tfl 1 ,w( lr>r,y ,
lx September, 1979

(MA2HEW JACOB K.)



Ill

O S S T I f I O A T B

Certified that this theais la a raoord of reaearoh 
work done by Shrl* Mathew Jacob C.« onder ay guidaaoe 
and supervision and that it haa not prevloualy forand 
the baala for the award of any degree, fellowship or 
aaaoolateahlp to him*

College of Horticulture,Veil anlickara,^September, 1979*

Aaaooiate Professor & Head, Department of Soil Solenoe and Agricultural Chealatry.



1*

Approved by i 

Chairman»

Madiera t
/- cc <-$7^

L . l_±. -■
1. D r. B. VEBAMAN *A Ifi

2. Smt. a. DBOUPAIHI D1YI

3. Shrl. P.Y. PRABHAXARAH



A O K K O M L J B S E M B H  1 3

It is a real pleasure to thank and express ay deep aanae of gratitude to lr„ A.I. JOSE, Aaeoolate Professor and lead* Department of Sell Selenoe and Agricultural Chemistry and Chairman of the Advisory 
Committee for suggesting the present Investigation* for his taifalllng help* fruitful dissuasions* helpful consents and friendly criticisms during the course of 
the Investigation.

I an thankful to Dr. P.O. SIYARAMAH HUB* 
Associate Dean* College of Horticulture for providing necessary facilities for conducting the research project.

It Is ay privilege to thank Bhrl.P.Y. PRABHAXARAH, Associate Professor of Agricultural Statistics for his useful and pertinent ooasente* suggestions and help in the statistical analysis of the data.
Sinsarcat thanks are also due te Dr.R.YIKRAMAH HAIR* Associate Professor of Agronomy* Sat. a. DROUPATHI BSYZ* Assistant Professor of SoH Soienoe and Agricultural Chenlstry and Sat. K. LEKLA, Aaaoelata Profaaaor* Sell Selenoe and Agricultural Ohealstxy, Agronomic Research Station, Ohalakkudy for tholr meaningful auggestiena during the oouree of the study.
Special thanks are due te ell the members of staff of the Department of Soil Selenee end Agricultural Chemistry for their co-operation rendered in the successful completion of the work.

Z would like tc acknowledge ay Indebtedness and gratitude te ay student friends for their valuable assistance and help which heme materially elded la the ooapletlon of the manuscript.
Finally I thank Kerala Agricultural university for awarding mo the K.A.U. Merit Scholarship.

T.l 1 anl 1rlrnr»f*t
September, 1979 (MATHEW JACOB K.)



ri

O O I f B I T S

IITROBOCTIOH • *

REVIEW OF LITERATURE *. 

MATERIALS AHD METHODS .. 

BESUL© AND DISCUSSIOH 

SUMMART

REFERENCE ••

APFEHDICES

Pa«e

1 - 5 

6 - 3 0  

3 1 - 4 2  

43 -146 

147 -151 

152 -170 

172 -177



▼ U

LIST OF TABLBS

Table
Ho.
1* Seneral chemical properties of the soil 47
2. Properties relating to the behaviour of phosphorus

in soils 48
5. P extracted by 0£4 IT HC1, ppm 54
4* P extracted by 0*06 H SOI, ppa 55
5. P extracted by 0*08 H HC1, ppa 56
6* P extracted by 0.10 H HOI, ppm 57
7. P extraoted by 0,02 N HgSO^ ppa 59
8* P extraoted by 0*04 H HgSO^, ppm 60
9* P extraoted by 0.06 II HgSO^t ppa 61
10. P extraoted by 0*08 If HgSO^, ppa 62
11* P extraoted by 0.10 IT HgSQ^, ppm 65
12* P extraoted by 0,02 N HgSO^ in 0.04 If HOI, ppa 67
15* ? extraoted by 0*02 H H^SQ^ in 0.06 If HOI, ppa 68
14. P extraoted by 0.02 N H^SO^ in 0.08 N HOI, ppm 69

15. P extraoted by 0.02 V HgS04 in 0.10 If HC1, ppa 70
16. P extraoted by 0.04 H HgS04 in 0.04 If HC1, ppa 71
17* P extraoted by 0.04 H H2304 in 0.06 If HC1, ppa 72
18. P extraoted by 0,04 H H2304 in 0.08 If HOI, ppa 75
19* P extraoted by 0.04 H H2S04 in 0.10 If HOI, ppa 74
20. P extraoted by 0.06 If H2304 in 0.04 H HC1, ppa 75



▼Hi

21. P extraoted by 0.06 9 HgSO^ la 0.06 9 HOI, pm 76
22. P extraoted by 0.06 9 H2304 la 0.08 9 HOI, ppa 77
23* P extraoted by 0*06 9 H^SO^ la 0.10 9 HC1, ppa 78
24. P extracted by 0*06 9 S^30^ la 0*04 9 HC1, ppa 79
23* P extracted by 0*08 9 HgSO^ la 0.06 9 HOI, ppa 80
26* P extraoted by 0.08 9 HgSO^ la 0.08 9 HOI, ppa 81
27. ? extraoted by 0.03 9 HgSO^ la 0.10 9 HOI, ppa 82
28. P extraoted by 0.10 9 H2S04 la 0*04 9 HOI, ppa 33
29* P extraoted by 0.10 9 H^SO^ la 0.06 9 HOI, ppa 84
30* P extraoted by 0*10 9 H2SQ4 la 0*08 9 HOX, ppa 83
31* P extraoted by 0.10 9 H^O^ la 0.10 9 HOI, ppa 86
32* P extraoted by extraotaate involving organic soldo,ppa (Soil 9o.2) 91
33* P extraoted by extraotaate Involving organlo acids,ppa (Sell 9o.8) 93
34. P extraoted by extraotaate Involving organlo aside,

ppa (Soil 9o.13) 93
33. P extraoted by 0.06 9 HOI la 0.05 9 oxallo add,ppa 102
36. P extraoted by 0.08 9 E d  In 0.03 9 oxalic acid,ppm 103
37. P extracted by 0.02 9 HgSO^ In 0.03 9 oxallo acid,ppa 104
38* P extraoted by 0.04 9 H^SO^ la 0.03 9 oxallo add,ppa 103
39* P oxtraetod by 0.06 9 la 0.03 9 oxalic add,ppa 106
40. P oxtraetod by 0.08 9 HgSO^ la 0.03 9 oxallo acid,ppm 107
41. P extraoted by 0.10 9 H2S04 la 0.03 9 oxallo add,ppa 108
42. P oxtraetod by 0.02 9 Ĥ SO.ft 0.06 9 HOI la 0.03 9 

oxallo add, ppa * * 109



Is

43* P sxtraotsd by 0*04 V H«SOA ft 0*06 V HOI is
0.05 9 oxallo sold*ppa * 4

44* P oxtraetod by 0.06 9 HJ30. ft 0*06 9 HOI la
0.05 V oxallo sold,ppa

45* P oxtraetod bp 0*08 V SL30. ft 0*06 V HOI la0.05 H oxallo aold»ppa 4

46* P oxtraetod bp 0*10 I H*S0. ft 0*06 V HOI la
0.05 H oxallo aoldtppa * 4

47* P oxtraetod bp 0.02 9 H*S0. ft 0*08 9 HOI la
0*05 9 oxallo aoldtppa

48* P oxtraetod bp 0*04 9 8980. ft 0*08 9 HOI la0*05 9 oxallo aoldtppa 4

49* P oxtraetod bp 0*08 9 H*S0. ft 0*08 9 HOI la
0*05 9 oxallo aoldt PP* 4

50* P oxtraetod bp 0*08 9 H^SO. ft 0*06 9 HOI la
0*05 9 oxallo aoldtppa

51* P oxtraetod bp 0*10 9 ELSO. ft 0*08 9 HOI la 
0*05 9 oxallo aold(ppa

52* Mean percentage of P la successive orope of 
rloo grom la the oollo

55* Mesa P uptake In suoossslvo orope of rloo grown In the oollo
54* CKiauIative p uptake by sueeosaivo cropping, ppa
55* Coefficients of correlation between P extraoted bp ooloetod extractant# and P uptake bp successive 

eropo of rice (Bxtraotaat SOs.1 , 2 ft 3 )
58* Coefficients of oorrolotloa between P oxtraetod bp eeleoted extractant# maA P uptake by successive 

eropo of rloo (Extractant 80s* 4# 5 ft 6)
57* Coefficients of oorrolotloa between P extraoted 

bp ooloetod oxtraotaato sad P uptake bp ouoooosivo 
oropo of rice (Extractant 90s* 7. 8 ft 9)

111

112

113

114

115 

118

117

118

121

122
123

125

126 

127

110



X

58. Coefficients of correlation between P extraoted by seleotsd extractants and P uptake by srucoessive orops of rloo (Bxtractant loo.10, 11 A 12}
59* Coefficients of correlation between P extraoted by oeloolod extractants and P uptake by suecesslve 

oropo of rloo (Extractant Ho a. 13. H  & 15)
60. Coefficients of oorrolatlon between P extraoted 

by eeleeted extractants and P uptake bp eueoeasiva orops if rloo (Extractant Noa. 16, 17, Bray So.1, Bray Ho.2, Bray No.4, Qlaan A Smog)
61 • CoeffIolanta of oorrolatlon between P extraoted by selected extractants and P uptake by rise (In groups baaed on the Hi in leaves, oth oropi 

extractant Noe. t, 2 & 3)
62, Coefficients of correlation between P extraoted 

by eeleeted extraetante aad P uptake by rloa (In groups baaed on the Hi In leares, 6th oropi extrastant Bob. 4, 5 A 6)
63* Coefficients of correlation between P extraoted 

by b elected extractants end P uptake by rloe (In groups based on the Hi In leares, 6th oropi extractant Nos. 7, 8 A 9)
64. Ooeffloisnts of correlation between P extraoted by eeleeted extractants and P uptake by rloe (In groupa based on the Hi in leaves, 6th oropi extractant Bos. 10, 11 A 12)
65. Oosffloisnts of oorrolatlon between P sxtraotsd by seleoted extractants and P uptake by rice (in groups based on the Hi in leaves, 6th oropi 

extractant Bos. 13, 14 A 15)
66. Coefficients of oorrolatlon between P extraoted by selected extractants and P uptake by rloe (in groups based on the Hi In leaves, 6th crops extractant Bos. 16, 17, Bray Bo,1, Bray Bo.2,Bray No.4, Olsen A Truog)

129

130

135

136

137

138

139

140 •

128



xi

LIST 07 ILLOS TRATI08S

Ttguro Vo*

1. Deaorption ot «oU 7 in 0*06 V ELSO, and 
0*06 N HOI in 0*06 V oxallo eoid* 4

2* Doaorption of aoil 7 la Bray Vo«1 oolution

5, flalationahlp botvoon Ra-ralue and 7 oxtraetod by Bray Ho.1 oolution

4* Halationoaip botvoon Bo-raltw and P extraoted by 0.06 V HLSO. and 0*06 H HCd in 0.09 W oxalic aoid



INTRODUCTION



1

I H T R O D U O T I O *

Phoephoru* la considered te be the meet aritioal 
and important element among the major plant nut riant a* 
next to nitrogen. Apart from the vital relo played by 
phosphorus In moot of tho metsbollo functions of tho 
plant* tho profound influsnos on tho proper and offioiont 
utilisation of othor nutrionta oonfora on phoaphorua a 
pivotal position and apooial status In tho ohemiatry of 
plant nutrionta*

Much omphaaia on tho ehenietry of phosphorus in 
soils arises from tho variety and complexity of soil 
roaotion assooiatod with its transformations in soils* 
Estimation of that fraction of soil phosphorus whioh 
oen ho oonsldorsd available te plant has hosn a matter 
of controversy oven after the aooumulation of voluminous 
literature on this suhjoet* This is duo to the faot 
that phosphorus availability to plants depends upon tho 
conditions under whioh the plant is grown* Zhis osnnot 
bo pmeeisely reproduced in another oooaoion* Even the 
noot sophisticated lootopie dilution techniques fail to 
measure aoouratoly tho total amount of available 
phosphate reserve of tho oen* Shis is bseauss the 
amount of soil phosphorus that oan be taken up by a plant



or that oomes into equilibrium with the applied phoephorue 
ia a function of soil proportieo and the power of the 
teet orop to take up soil phosphorus, whioh considerably 
vary depending upon tho population density or tho root 
pressure on the soil* tho duration of the orop* continuity 
of cropping eto* 2h otherwords* tho torn available 
phosphorus refers to that fraction of phoophorus 
available to a orop under specified soil and plant 
conditions* Obviously* it is rather difficult to aake 
m  estimate of available phosphorus eaoh time by 
growing plants and studying tho uptake* Therefore 
laboratory indices of phosphate availability are made 
use of in evaluating tho phosphorus status of the soil 
for the purpose of advisory works* The most popular 
indices are ehenioal extractants* the Bray Ho*I 
extractant being the one employed in tho soil testing 
laboratories in the Stats* those extractants are 
employed on tho assumption that phosphorus extraoted 
by then are correlated with tho phosphorus uptake 
of a test orop grown in the soil* Tery often the 
phosphorus determined by these extract ante* though 
correlated with phosphorus uptake by plants, is not 
useful in assessing the need of phosphorus application 
or the possibility of skipping phosphorus application



to a orop grown in tho soil* Zhie la because those 
methods are selected a imply baaed on tho correlation 
between phosphorus oxtraetod by then and uptake of 
phosphorus by the toot orop* Then again tho 
phosphorus uptake of a toot orop does net neoesaarily 
reflect the total available phosphate reserve of tho 
soil and aa a result the oorrolatlon^ established io 
of no use in assessing tho phosphate supplying power 
of the Mil on a long term basis* Pisharody §£ a&*0977) 
observed that, in tho soils of Rloe Reaearoh Station, 
Pattaabl, phosphate application to rloe hao no response 
in terms of yield, but when tho application of phosphate 
was skipped for a few seasons plants did respond te 
the application of phosphorus* They also observed 
that phosphorus estimated by Bray Ko*1 extract ant 
could not give any indication on tho possibility of 
skipping of phosphorus application in tits soil. The 
situation therefore warranto evolving a method of 
estimation of soil phosphorus which will bo oorrelated 
with the total available phosphate reserve of the 
soil rather than the uptake of phosphorus in the test 
orop immediately grown* Bor this purpose plants should 
be grown in the soil continuously till a stage is reached
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that tha soil oan supply aa nere phosphorus to nest 
tha minimum requirement of tha orop aa rofleeted by 
tha defioienoy level of phoophorus in tha plants.
The total amount of phosphorus rsaovad from the soil 
by tha plants continuously groan till thlo stags will 
than ba tha total available phosphate reserve of tha 
soil. It is with this value of available phosphate 
reservet correlations to ba established with tha 
aneunt of phosphorus extraoted by the oheaioal methods.

Among the different types of ohaaioal 
axtraotants, mineral aoids in ohelatad system oan ba 
preferred to other extraotants* sinoe tha aoid 
conditions under whioh tha extraotion takes plaoe oan 
be oonsidered sens what oomparable to that of the field 
condition under whioh phosphorus is taken up by plants 
from the aoid laterite sails of the state*

Ones a suitable extraotant is found out in 
estimating the available phosphate reserve of the 
soil* it will be then possible to predict the extent 
of skipping of phosphorus application possible in the 
soil* asking use of the regression equation established
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between the aaount of phosphorus extracted and the 
available phosphate reserve of the soil*

The present study was therefore 'undertaken with 
the following objectives in views

1* To evolve a suitable ohanioal extraotant 
for the estivation of available phosphate 
reserve of the soili and

2* To oxsnias tha possibility of shipping of 
phosphorus application in soil waking use 
of the relationship established between 
phosphorus extracted bp the extractants 
newly evolved and the available phosphate 
reserve of the soil*

Tho results of this investigation are presented 
and described in the following pages.
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Bsraw or u h b u o b

1. af » «" <■«» 1 *«tha<>‘

A largo number of ohoaloal teohniques for 
measuring tha so-called available sell phosphorua 
haw been suggostad during tha last oentury aad 
imsunerabie review articles haw hsoa published bp 
so many workers. Seas of than are Anderson (1960),
Hanna and Flannery (1960), Hester (i960), Kraaprath 
and Fitts (1960), Helson Si si.(1960). Sohrader (1960), 
wolf (1960), Hesse (1971), Btngtian (1975) and Ghopra 
and Kanwsr (1976).

Bwafthough several asthsds have been evaluated 
ontonoively, tho problaa of aoloeting an appropriate 
nethod is not always solved easily* For example, tho 
National Soil and Fertiliser Beseareh Committee on soil 
testing (1956) oonpored a number of ohonieal soil tests, 
using soils of known phosphate requirement. Zn all, 74 
widely varying soils wow involved, the ooanittoo noted 
that tho ohemioal tests agreed better with green-house
teats than with field trials* They also found that weak
%epitnetants suoh as water and oarbonio aoid ware asro 

suitable for alkaline sails than far aoid soils* The



strong aoid extractants ware found to be more 
satisfactory for testing aoid soils (Bingham, 1975).

Out of a large msabsr of laboratory indioea of 
absorption of soil phoaphorua toy plants, the oheaioal 
teohniqus haa reeeivad much attention, whioh ia the 
axtraotlan of 'phospbMms with one or more solution.
The principle involved ie that tha axtraetant la 
capable of dissolving that fraction of soil phosphorus 
whioh lo oonsidered available to plants. Tho 
extraotants recommended oover the whole gamut between 
oonoentrated aoid and oenoantrated alkali.

1.1 SSmtexl.

Various extraotants and oonospts bare been used 
to assoss the phoaphorua supplying power of soils. Tho 
displaoed aoil solution was first ussd aa an indax of 
phosphoruo availability by Harra and Parker (1926).
They found a poor oorrolation between concentration of 
aoll-eolution phoephorue and plant response to phosphoruo 
fertilisation. In foot in none of tho early experiments 
aoil-eolutlon phosphorus was suooaaafully correlated 
with plant growth (Adams, 1974).
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Water bi« been proposed so aa extrastent for 
available soil phosphorus. Hlenkinsop (1933), Burd 
and Murphy (1939)# lord (1948)# Biaghaa (1949)#
Hashed si si* (195?)# Thompson si tk» (1960),
Ton SUst (1963), Bssuw sad Slsslxigh (1963),
Paauw (1971), Sloalagh (1971) sad aibssa (1976) used 
water for ext meting, on tho assumption that the 
quantity of phosphorus soluble In sa equilibrium 
water extraot of soils is indicative of available 
phosphorus. Martin and Buohsnaa (1930) evaluated 
this method and fsuad that the method works equally 
well ea sold and alkaline soils* Martin aad 
MUckelsen (I960) observed that the water soluble 
end bieaxboaats soluble phosphorus values la 
California soils agreed well with plant response.

Carbon dioxide saturated water was used as aa 
extmsUat by Puri sad Asghar la 1936* Mo George (1939)# 
Stomberry (1949) end 3ml Gupta and Cornfield (1963) found 
that the phosphorus extraoted by eaxbeale aoid was well 
correlated with plant response* it wider soil 1 solution 
ratios, distilled water wee ee effloieat aa osxbeaio 
aoid (Borneo, 1943), Abbott (1973) proposed oarbonio sold
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as an extractant for organic phosphorus in ealoaroous 
soil.

Dyer (1894) usad 1 psr seat oitrl© aoid 
solution as aa extraotant for tho estiaatlon of 
available phosphorus* Dyer’s method has beaa adopted 
vith slight aodifioatioas by a largo number of workers 
(Jones, 19491 Paaaw, 1956) Thompson ai* 1960) 
Balasubraaanian, 1966) Ahned si &• 1967i tteddy 1967) 
Klsra aad Ojha, 1969) John, 1970 aad Weaver, 1974)*

Mineral aoida Hits hydroohlorio aoid, aitrle 
aoid aad aulpfcurio aoid have also used. Barer and 
Bruner (1939) reported that 0*314 V hydroohlorio aoid 
io a hotter extraotant tor toil available phosphorus.
Oleen (1946) suggested 0*7 W hydroohlorio aoid as aa 
axtraotant* Praps (1909) used 0*2 I nitric aoid and 
Ton Slgaoad (1929) vmed 0*01 V nltrie aoid. Truog (1930) 
extracted soil with 0P02 V sulphurio aoid buffered to 
pH 3 vith ammonium sulphate for 30 minutes using a toil 
solution ratio of 1 t 200. Fseoh §1 *1. (1947) Modified 
Truog* e Method by eaploying a 1 t 100 soil t solution ratio* 
Kerr aad Ton otioghts (1938), Boater (1949) and 
Baadroff (1932) used nrulphuriQ aoid at tho strengths of 
0*01 I, 0*05 V and 0*20 V respectively, iltto (1956)



reported a olose oorrelation between phosphorus 
extraoted with 0,05 B hydroohlorlo aoid in 0,025 B 
sulphuric aoid mid phoophorus eatiaated by *A* value 
teohniqua, Pritohett (1976) concluded that the above 
extraotant was the best for pradloting rasponeea over 
a period of 5 to 10 years or sore.

Another important type of extraotant used is a 
weak aoid buffered salt solution, Morgan (1937) and 
Hester g& pi,* (1937) used aoetio aoid in sodium aoetate 
solution) Bgner (1941) used 0,02 B oaloium lactate in 
0,01 K hydroohlorlo aoid (pH 3*5) end $gner fi al,(I960) 
used 0*1 H etmaonium lactate in 0,4 M aoetio aoid,
Suetov (1963) employed 0,5 B aoetio aoid (Chirkov's nethod) 
to extract available phosphorus fron soil, Aoetio aoid 
of varying strength has boon reooaaonded by Brown (1940), 
Ghani (1943) and Peach and &agUsh (1944), William* (1950) 
used 2,5 per sent aoetio aoid containing 8-hydroxyqui noline 
to prevent readssrpiion of phosphorus by Iran and 
aluminium, 3ik (1964) dooorlbsd a method of extracting 
phosphorus fron soil using a solution of boric aoid and 
borax buffered to pH 7,6, Schuller (1969) suggested 
0,1 M oaloium laoiate and 0*1 If oaloium aootato In 
0,3 M aoetio aoid, Gashom (1966) oxtraetod tho soil with



oxallo aoid, Borlan and Berdeiaeu (1968) used a solution 
of 0,07 B EDTA mi  0*909 B oxallo aoid aa the extrastsnt 
for the estimation of available phosphorus*

The ohelating motion of BBTA has beam used to 
extrast soil phoephorua by Kanwar (1939)# Tiro (1933a, 1933b), 
Wallanoe §1, g^* (1935), Alexander and Robertson (1972),
Bhadi (1975) and Sahrawat (1977).

Salt solutiona ware also employed aa an extraotant 
for arsilabl* phosphorus. They art 0*2 M ammonium 
oxalate (Joret and Herbert, 1955| Owens, 1977), 
oaloium chloride (Aslyng, 1954) Aslyng, 1964)
Oeshon, 1966) Baker and Hall, 1967) Walnvright and 
Sowden, 1977), normal potaasiun chloride (Puri and 
Swarnakar, 1969)* 0*5 per oant potassium sulphate and 
0*5 per oent ammonium melybdate (Ginsburg and 
Astamenova, 1966), ammonium aoetate (Ireland and 
Beenlth, 1968) Quddum, 1968) Ogot, 1970), eodiun aoetate 
(Breland and Basal th, 1963), and dilute stannuo chloride 
solution (Wendt and Oorney, 1974).

Rapidly soluble and adsorbed phoephorua has been 
extraoted with fluoride containing solutions* Bray 
end Burts (1945) while attempting te extract available



phospbons* from different soils by different methods 
removed sold soluble phosphorus with 0*1 M hydrochloric 
aoid, adsorbed phosphorus witb 0.5 M ammonium fluoride 
and aoid soluble plus adsorbed phosphorus by first 
shaking with dilute aoid and then shaking again after 
adding solid sanonius fluoride* Dupuis (1930) modified 
the Srsy sad Kurts proeedure by shaking 1 g soil with 
8 ml of 0*03 I ammonium fluoride solution ia 0*023 H 
bydroohlorio eold and the astbod was modified further 
by Smith g^. (1937) by using a 1 « 50 soil i solution 
ratio* The three Bray end Hurts reagents now in use 
are 0*03 X aaaonim fluoride in 0.025 X hydroohlorie aoid 
(Bray Xo*1), 0*03 X eamonium fluoride ia 0*1 s 
bydroohlorio aoid (Bray Xo*2) and 0*5 X aamonium 
fluoride in 0.1 X bydroohlorio aoid (Bray Xo*4)*
Ammonium fluoride has been uosd as a ssieotire extractant 
by TuEriyo and Kesaeb* (1972). Agboola and Corey (1975) 
used Bray No*1 solution as an oxtraotant and got good 
oorrolation with yield of naise and the aoil test value#* 
Miller mad Aleoty (1956), Robertson (1962) and 
Kaoer $£ gg. (1967) estinated available phosphorus 
using sulphuric aoid and oaaeaiin fluoride. Dmttn and 
Kamath (1959) sxtraotod soil with m solution of 0*03 X



ammonium fluorite containing 1.0 par cent SB2A.

Alkaline extraotants were alee tried for 
extracting available phosphorus fron soil* Bee (1950) 
suggested 1*0 per cent potaesiun carbonate (pH 3*5)* 
Sodlun bicarbonate am an extractant was used by 
Webber and Mattingly (1970), Wilnaley a&d 
Coraforth (1973)* Matar and 3naman (1975)* Barrow 
and Shaw (1976a, 1976b) and Bowman and Oole (1978).

e

Other extractants reoomaended are aaaenium 
bicarbonate (D&rfcs and Schaffer, 1928), 0*5 N 
sodium hydroxide (Jones, 1949)# hot 0*1 H sodium 
hydroxide (Sounder, 1956), and calcium bicarbonate 
(Warren and Cooke, 1962). Al-Abbas and Barber (1964) 
suggested extraction with 17 ml of 0*3 ml of 0,3 S 
sodium hydroxide and 3 mi of 0.5 W sodium oxalate 
using a soil t solution ratio of 1 t 20* Ammonium 
oarbonato at 1.0 per cent concentration was used as 
an extractant by Bobrue and Kim (1969) and Hadov and 
Filippova (1970).

2* wmkmtimM, Ms, mste&L

The performance of different extracting solutions 
in estimating available phosphorus has often been ecmpared*
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Iheir relative efficiency was judged by the degree 
of correlation obtained with phosphorus uptake by 
plants in either green-house or field trials. The 
literature on this subject has been reviewed by 
Brlnd (1950a, 1950b) and Nelson ti (1953). The 
popularity of this approach is due to the feet that 
comparison of eoil test values with analyses of 
plant grown on tha soil offers a simple and rapid 
method of evaluating the soil teste under a wide 
variety of conditions especially where data on 
response to fertiliser are Uniting or lacking 
(Pack and Gomes, 1956).

Saab at al. (1965) found that in soils of pH 
less than 6*3 the oorrelations between "L- value** 
and phosphorus extracted by different extraotants 
were in the decreasing order of 0*01 IT calcium lactate 
in 0.1 I hydroohlorlo sold, 0,1 M ammonium lactate in 
0.4 M aoetio aoid, Bray No.1 reagent aa* Olsen's 
extractant, Samemte and Mamaril (1966) reported that 
available phosphorus extracted by Bray Bo,2 gave the 
highest correlation with rice yield aad seemed best 
suited for phosphorus analysis in paddy soils.
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layeee and Ule (1970) ooapared Bray, Olsen sad 
4yree~Haglhara netheds of phosphorus determination and 
evaluated against riee response te phosphorus addition 
in 14 widely different soils* Ihoy found that Olsen 
method has a wider range of applicability to low land 
rloo sells and It was net affected by soil pH or day 
content*

Ok* (1970) entreated 19 sells with 17 different 
acid, base and salt solutions and determined phoophorus 
in the entrant as on inder of ite availability. So 
found that 0*01 V sulphuric aoid was the host extraotant 
and gave significant oorrolatlon* with tho soluble 
phoephorue content of aalse leaves.

Oataai and Nakanora (1971) extracted several 
sell samples with 4 solutions in oonjunotion with 5 soil 
solution ratios as 5 i 100, 10 t 100 and 20 t 100 keeping 
constant the length of extraction period for 13 ainutos. 
Ihey found that soil t solution ratio had a narked 
influence on the phoephorue extraction end a deoreae# of 
30 per cent or nore in tho aneunt of B oxtraetod wae 
noted when tho ratio wae varied from 9 » 100 to 20 t 100* 
In soils of pH 3*7 or loeo and eeefoiexidee loss then 
17 per eent, 0*03 I sulphuric sold In 0*023 V tmumkm



fluoride solution extracted nors phosphorus then 
0*05 N eulphurio aoid in 0.025 N aaaonlua fluoride 
solution extraoted more phosphorus than 0.05 N 
eulphurio aoid and 0.05 H hydroohlorlo aoid in 0.025 H 
sulphurio aoid.

Walnsley and Comferth (1973) tried and 
ooapared 9 aethode of measuring available soil 
phosphorus using dry natter yield responae and 
phosphorus uptake data from Miss grown in 159 West 
Indian soils in a green-house sxperiasnt. Olseds 
(0.3 I HsHCO^) method gave ths bast eetiaate of availabls 
phosphorus and was also Issst ssnsltive te ehsnges in 
eeil properties liks texture, pa, C.S.C., peroentage 
bass saturation* Amor*a resin method wss also aaS good 
exoept that it was unsuccessful with soil of low base 
saturation*

Kanapathy SX &k« <1973) with 7 soils having 3 
levels of phosphate tried te correlate plant uptake of 
pheephates with soil analysis* Thres crops of gjcnalnc 
were grown and before the seoond and third oropa the 
aeile were analysed for phosphate by 12 different netheds. 
Almost all methods showed good correlation but Bray and 
Kurts Ho*2 extractant and Olson's msthod appearsd tc be 
the best*



Marguelaah TUi and Ohltisbvlli (1974) ooapared 
various methods for determining available phosphorus in 
olnaamen forest sail. Available phosphorus content of 
100 saaples of fisld Mil to whioh various amounts of 
superphosphate had been applied was determined by 
extraction with 1 per esnt smmeaium oarbonats 
(Bebrus & fcia), 0.5 V sodium bioarbonate (Olsen), 
oaloium oarbonats, magnesium oarbonats & sulphurie sold 
in 0,0003 V oamsnium fluoride (Bray end Curts as modified 
by Miller « d  Axel) or 1,0 par esnt ammonium sulphate in 
0,25 par esnt maneniixi molybdate (dinsburg and Artsmenova). 
The eesffleisat of correlation between the rate of 
application of superphoaphato and the inorease in the 
oontent of available phosphorus in the soil wee 0*90 for 
the third method » d  0,95 for tbs fifth,

Tittertngten and Tsrsa (1974) compared phosphorus 
sxtraotien methods using 5 sell series of Bio Grande do sul, 
Brasil in a green-house experiment in whioh grain sorghum 
was grown. Two levels of lime sad four levels of 
phosphorus wars given, Zhe phosphorus was then sxtraotsd 
using I. Carolina (0,05 N HOI in 0,025 * Hg S04) 1 t 10 
and 1 « 20 for Id h, modified Bnqr *b.2 (0.1 W BOX in 
0,1 V IH4I*) 1 i 10 for 1 minute, modified 1ray Ho.1
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(0.05 W H d  in 0.05 I *S4*) t i 50 for 16 h. The 
result shewed that line had little influence on tha 
aaount of phosphorua extracted by saoh asthod. Bray 
asthoda raaorad significantly graatar phosphorus. hut 
laaa highly oorralatad vith phosphorus uptaks. Tiald 
waa highly oorrslated with thaaa solutions in tha 
dsoreasing ordar Bray Bo.2* aodifisd Bray Ho.1,
B. Oaroliaa 1 i 20 and V. Carolina 1 * 10.

Ballard aad Pritehstt (1975) sraluatsd sou 
tooting asthoda for prediating growth aad rasponaa of 
Pinna aiiiatti to phoaphoroa fsrtiliaation using aoid 
ooaatal plain aoila. Tha aaomtsof phoaphoroa extracted 
by vatar and SH^OAO (pH 4.8) wars tha ndst oloaaly 
oorralatad with height, growth aad raaponsa to 
ptoaphoruo fertilisation aftar ona yaar of growth in 
fiald aa wall as greon-houee trials. Tha affaotiranaaa 
of thaso nathoda daolined after loagar growth pariod*. 
Kathode whioh extracted larger anounts of phoaphoroa 
vert 0.5 N aodiun bicarbonate, 0.05 H hydroohlorio aoid 
in 0.025 I sulpfanrio aoidt 0.05 8 a— onion fluoride 
in 0.025 V hydrodhlorio aoid aad wars aors affaotira 
pradiotors of response to phoaphoroa fsrtiliaation ewer 
growth periods of 5 and 5 years in tha field. Phosphorus
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extracted by Bray Ho.1 extraotant wae the aoet olosely 
oorrelated with reepense recorded after 5 yeare.
Stronger extraotants were suited te green-house grown 
plants.

Bkpete (1976) extraoted phosphorus from water- 
Xogged and air-dried sanpXee obtained from unfertilised 
traditional swaap rloe soils using Bray Xo.1* Bray ifo.2, 
Truog* KD1A and Olsen method. She data was correlated 
with peroentage djy natter yield* phosphorus uptake 
fron unfertilised soil and available phoephorua obtained 
for riee ctope grown under water-logged conditions in 
tho green-house. It wae found that all methods 
extraoted mere phoephorue from water-logged eoile then 
air-dried eoile* Olsen wae found ae the boat and 
correlated very highly with yield response of rise 
grown under water-logged conditions.

Rudd and French (1976) compared 9 methods of 
measuring available soil phoephorua in aoila of South 
Australia* many of whioh contained large amounts of 
free lime* For all aoila 0*9 H Xa HOO^ extraotant waa 
found to ho the best*hydroehlerle aoid in ammonium 
fluoride waa good for non-oaleareous aoila*
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Abdel sal filil* (1977) tasted 14 allaaiIns soil 
samples of the Arab Bspublio of Egypt. Th» results 
obtained with the different extraction netheds vers 
ooapared with the uptake of alfalfa plants Medloage aatlvn 
and tho boat extraotant they obtained waa anion exohangs 
rosin and the next bast was tha water extraotant*

Enwesor (1977) compared 7 ehesloal extraotants 
for determining available eoil phosphorus* Sodium 
hydroxide at 0*1 ff oonoentration extraoted larger amounts 
of phosphorus but was tha least premise in predieting 
yields* Extraction with dilute soids and an anion 
exehange rsaln gave lowest values for available 
phosphorus but rssin extraction was superior to dilute 
acids in predieting tho yield* Olsen and Bray 9o*1 
solutions wars squally preeise in predieting poreentago 
of yields* Phosphorus sxtraotsd with 0*09 9 ammonium 
fluoride in 0.1 N hydrochloric aoid gave the highest 
oorrslatien with psroentags yield*

Kadeba and Boyle (1978) evaluated 6 extraction 
methods for available phosphorus* Extraotants like 
0*002 £ sulphuric aoid (pH3), 0*025 9 hydroohlorlo sold 
in ammonium fluoride, 0*5 9 sodium bicarbonate (pH 8*5)* 
in smmoniua aoetate (pH 4*8), anion exchange resin



and water were tried with soils from a plantation of 
red pint. Uptake of phoophorus by corn and Hontsrsy 
pins seedlings grown in green-house culture waa 
oorrelatad with soil phosphorus sxtraotsd by the 
different methods* She most successful of tho 
extraotants for predicting phosphorus uptake wae resin 
extractable phoophorus* Phosphorus uptake by pine 
correlated significantly with 0.002 9 Hg SO^-P,
9 HH^ QAC-P, HgO -P and Al-P and PS-P* while phosphorus 
uptake by oora oorrelatsd with 0*002 9 Hg 30^-P and 
HgO-P and organlo*?* Percentage phosphorus in pine 
seedlings tope correlated significantly with 0.002 9 
sulphuric acid, rosin and 9 HH^OAO extrastable P*

Mai da (1978) found that tho anomts of soil 
phosphorus sxtraotsd by the netheds of Cdeon, Bray, 
williams end Stewart, Morgan, Aelyng, anion exchange 
resin* Sanader, Dyer and forth Carolina wars significantly 
interrelated. A high proportion of the inorganio 
phosphorus was accounted far by Is bound and roduotant 
soluble phosphorus fraotiono. She extraction of Al-P 
by the ehemloal soil tests was in the decreasing order 
of Byer> north Carolina > 0*1 M KaOH exxractable >

0*5 M GHjC00H> Olson> Bray > anion oxehangs resin*



Fe-P was the second moat important variable contributing 
to the total variation in 0,1 M sodium hydroxide 
extractable-P, Olsen-P, lorth Carolina-?* rosin 
sxtraotabls-P end lyer-P values.

Thus, though extensive work has been dons in 
sslsoting the best extraotant atleaat for a type of 
soil, though not for all soils, the results obtained 
by various workers are quite contradictory. Some of 
the workers in this field are Sherrell (1970), Alban 
(1972), Habibi si & •  (1974) in oaloareous forest soil, 
Anhed and Islam (1975) in humid tropical soils, Hernando 
and Dies (1975) in Spanish soil from different climatic 
areas,

3. sgu, toLMkUk

Dsaolon 0968) stated that from an agronomic 
stand point, cash field presents a phosphate level of 
Its own related to its cropping history much more than 
to its inherent soil type. This built up and varying 
phosphorus status result from the repeated application 
of phosphates ever a sufficiently long period, at rates 
exceeding both removals by the orops and other losses 
of different kinds.
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Berlne and Holasa (1964) found that aoila with 
high phoaphorua levels gave higher yields than aoila 
with lev lavala even after heavy fartiliaar applioation. 
Tiadale and ffslson (1967) found that to produce top 
yields by row applioation of phoaphorua fertilimer ia 
diffioult on aoila low la phoaphorua but there ia soma 
advantage in buildingtap aoil fertility in a long tore 
fertiliser programme.

Russel (1960), Young ft (1960), Bjokote 
and Stephana (1961) and Kaztwar and Prlhar (1962) 
reported that oontinuoua application of phoaphatio 
fartiliaar resulted in tha built up of aoil phoaphorua. 
Qooke (1967) by analysing tho results of long tera 
axperiaent in Agdell and at Ooefcle Par* found the built up 
of phaaphate reserves in aoil* Oeehon (1976) reported 
that dua to regular nitrient applioation, PO. lone are 
fixed ia eeil by etreag bonds whioh ultimately aakee a 
very large nutrient pool to bring suffieioat PO^ ions in 
eontaot with roots. Vemer and Wleobnawn (1972) and 
Barbarina (1978) alas reported the built up of phosphate 
reserves in soil.

Jh 1976, Oladko n  using dotorainod availablo



as well as soluble reserve phosphorus In USSR soils*
The result showed that 22*6 par oent fertiliser 
phosphorus had been aoouaulated in soils in available 
foxes* The correlation and ragroeelon ooeffioiente 
for the relationshipe bstwssn tho pool of available 
phosphorus and tha pool of labile phosphorus of soils 
hove been calculated. She data iadioated a high degree 
of agreement with the solubility of soil phosphorus*

Result of a long tom field experiment proved 
that tho aere positive the phosphorus bslaaes of a 
soil, the aere its phosphorus supplying power and less 
fresh phosphorus addition is needed te ntaoh a maximum 
orop yield (Sarkadi &  al*. 1976)*

CTBbushev (1977) reported that the built up 
of options phosphate levels is an efficient method of 
regulating the phosphorus supply to the plants and of 
increasing the eeeffleleat of phosphorus utilisation*

Hbbott and Tusker (1973) studied the 
pereietenoe of manure phoephorue availability in 
ealosrsous soil* .Research workers who studied 
residual phosphorus mid use of ohsniosL and biological 
methods te evaluate phoephorus availability include



Olskan ti (1972)* Johnston §£ gi.. (1975)* Sadler 
end Stewart (1975), Ball*? & & •  (1977), Bead H*,A#(1977) 
and Sparrow aad Russel (1977)* In all the above 
mentioned a todies, successive cropping wae not used to 
desorb tho total plant available phosphorus fron tbs 
sell*

Brans (1973) studied residual phosphorus using 
continuous cropping for 3 years in trepisal west Africa* 
Bead tl & «  (1973) did an snsOUsnt Job of studying the 
residual value of
soils in Manitoba aad Saskatchewan, Canada, five to 19 
eropo wars removed with addition of 100-400 kg P/las.
In all instances the soil available phoephorua (Olssn-P) 
decreased te ^proxinatsly 10 ppa# Total plant 
phosphorus uptake, however* wee not assessed.

Interaction between phosphorus fertiliser 
residues and fresh phosphorus dressings in ohemesen 
soil was studied by Sarkadl and Radar (1974)# She 
acre phosphorus residues that wars present in the sail* 
the less was the marginal efficiency of new phosphorus 
dressings#

Sadler and Stewart (1979) studied the changes



with tims in tom and availability of rseidual 
fertiliser phosphorus in a eataaaxy sequence of 
ehemosoaio aoila* Results indicated that aa 
appreciable portion of residual fortillaor phosphorus 
in ohsraossaio soils aay persist for yoars in roadily 
available forae* Soil pH strongly influenced residual 
phosphorus fora aad availability* Xn a long tern 
experiment at Rothaastod and Woburn Johnston (1976) 
reported the accumulation of unused residue of added 
phosphorus in the son* Similar results were reported 
by Vatanabe and Olsen (1974) mA Bowman tl ll* (1978).

Olsen end Howerdsy (1971) la a review article 
emphasised that intensity is the aala faster controlling 
uptake of phosphorus by pleats but that capacity and 
diffusion arc determining factors as well*

Most experiments on the use of extraction 
methods in plant phosphorus uptake studies have been 
concerned mostly with predictive correlation* between 
these methods aad plant yield sr phosphorus desorbed 
by eae particular orop* Thus* dupta aad Singh (1979) 
got positive correlation with lev lend rioa paddies* 
Saraagsnath g$, (1979) got aigaifleant positive



correlation with grain yield end phosphorus uptake in 
lateritio9 red and blaok aoila in whioh rioo waa grown 
and Baetogi t£ ai.* (1976) got positive oorrolation with 
sorghum grain yield in field phosphorus fertility 
studios with great auooeaa uaing Olaen extraotion 
method. On the other hand Butcgwa §1, (197$) found
that Bray extraotion method waa well correlated with 
plant yield and extraoted none phoaphorua than aanoaiu* 
lac tate/ace tic acid solution with a pH of 3*75 and hot 
0*1 N sodium hydroxide eolation with a pH of 12.18 in 
eone East African aoila.

Duaagpatra and XOanteng (1979) found that atraw 
yield* phoaphorua content of atraw and total phoaphorua 
uptake in otraw ohowod highly significant oorrelation 
with the available phosphorus content of the coil as 
determined by Bray No.1 and Olaen nethods.

Levels of soil phosphorus in 24 HOng. Xiong, sells 
wore deteznined using 7 different methods. 2he levels 
of phoaphorua extraoted were significantly correlated 
with total uptake by 4 successive eropa* Soil phosphorus 
levels determined by Smog's* Mahlloh'a and an anion 
exchange roain technique wore substantially correlated



I 28

with da yields, the degree of relationship increasing 
aa tha numbers of orope taken into aooowt war* 
increased. aelationships war* poor in raepaot of 
codified Bray Ro,1 and 2, Olsen*a and tho total 
phosphorus methods (Stephan and Ma, 1974)*

Khan and Zendo (1976) reported that available 
phosphorus as estimated with Qlaen extraotant in tha 
medium black soil and Bray P aartraataat In tha 
lateritlo soil was highly correlated with dn yield 
and the oontent and uptake of phaaphorua in nalso as 
well as dry natter yield In tha subsequent sorghum.

Dalai and Hallsworth (1976) evaluated the 
paraneter of soil phosphorus availability la predicting 
yield response and phoephorue uptake* They found 
that o&rbonate (toll phoophorus extraoted for 16 h 
with 0*25 M HaOH In 0*1 M *a2 00? at a soil t aolutioa 
ratio of 1 i 100) was found to bo tbs boat paraneter 
of the quantity factor when the soils ouatalning high 
amounts of haematlte-goethits ( > 204) were excluded.
The parameters of the intensity factor (0.01 M 0aC12 
soluble phoephorua, • V 0* —  phosphate potential) 
were slgnifloantly eorrdated with phosphorus uptake



at early growth (35 days) vhoraaa tho paraaotors of 
tho oapaeity factors woro hotter eorrolatod with 
phoephorue uptake at the later stage (150 days).
In said organlo aoila dilute aoid (0.05 9 HOI in 
0.025 H Hg SO^) extraotable Bosphorus waa the beet 
indieator of potential phosphorus supply 
(Daugfatrey §i gJL., 1973).

Lin g^. (1977) studied grain yield and 
phosphorus uptake of rieo aa related to the 
phoephorua fraction in tho soilo of central Taiwan. 
They found that, correlations between soil phoophorus 
contents and uptake of phosphorus ley rloe, (Pe~P waa 
tha aain source of phosphorus adsorbed by the plant) 
the faster* like Oa-P, soil organlo P content, 
coil pH, coil olay and organlo natter oontent worn 
negatively correlated with uptake.

Platen and O&reon (1977) studied relationship 
between sail test and snail grain response to 
phosphorus fertilisation in South Dakota field 
experiments, Hold data fron 74 snail grain field 
experlaente over 13 year period woro used to evaluate 
tho relationship between various soil tests sad



30

phosphorus response. The highest correlation between 
soil tost Talus and yield response to phosphorus 
fertilisation waa found with tho Bray No.1, 1 t $0 
soil water ratio*

BOrals and Kosprath (1978) showod that 
extraotable phosphorus values obtained with tho 
North Carolina, Bray No.1 and Olson extraotants^ after 
oaoh orop was plotted as funotlona of aoouaulatire 
aaounts of phosphorus reaoved by cropping^were linear 
and oorrolation coefficients were all significant at 
5 per oent leyel*



MATERIALS AND METHODS
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MATERIALS AND METHODS

!• Qollsotlon of — 11 u b I—

A Large number of soil samples from variola 
paddy fields in the midland of Kerala whioh are 
later!tie la nature, were oolleoted. The mala idea 
was to get soil samples differing widely in 
phosphorus status, and properties associated with 
P fixation and availability*

Samples were oolleoted to a depth of six 
inches from the surface of the soil making a 'V* 
shaped out, with one side perpendicular to the 
surface, and scraped out soil from the perpendicular 
side with the help of a spade* light to ten kg of 
well mixed soil was oolleoted out of 20 to 25 pits 
from a plot representing a soil type*

The samples were dried in shade, powdered the 
large aggregates using a mortar and pestle, and 
sieved through a 2 mm sieve* Approximately six kg 
of the sieved sample was kept for the pet oulture 
experiment. One kg of the sample waa further processed 
te pees through a 1 am sieve and used for ohemioal 
analysis.



9xom these soils, 18 sells were finally 
eeleeted for the study assuring sexism variation in 
total phosphorus content end properties relating te 
P fixation and availability* Details of the looation 
and texture of the soils eeleeted for the study are 
given in Appendix X*

2* Analytical procedures

The sells were analysed for total phoephorua, 
phoephorue fixing capacity, pH, elsetrleal conductivity 
and organlo oarbon. Available phosphorus was detsrained 
by employing Bray Hb*1, Bray Be* 2, Bray Ho*4, Olsanb 
and Trueg*e extraotants*

2*1 a a a E i M

Ten g of soil was digested with HOI having 
constant boiling point for two hours on a rose head 
flans, filtered, washed free of aoid, end filtrate 
made up to 250 ml*

2*2 M a i

Aa aliquot of the H01 extract of the soil wae 
evaporated to dryness* The residue was roasted on a



rose head flame te dehydrate the elllea* The ehooolate 
brown colored reeidne left behind was treated with 
1 t 1 nitrio aoid and kept ever night* The content 
waa filtered and washed with 1 t 1 nitrio aoid. TO 
the filtrate, added dilute ammonia to make the medium 
distinctly alkaline* Phosphorus was precipitated in 
this solution ee nmion I mplia epftfiaol ybdate in HHO^ medium. 
Dissolved the yellow precipitate in known excess of 
standard alkali and beck titrated with standard aoid*
The phosphorus content waa calculated from the volume 
of alkali consumed*

2 .5 ftwwiHhtf flifrw, ftaaadite

five g ef sell, passed through a 0*2 am sieve, 
wee plaoed in a 100 al osmtrifuge tube* Added 50 ml 
of 0*01 M ammonium dihydrsgem phosphate solution 
adjusted te pH 7*0* The content waa shaken for 24 
hours* The suspension waa centrifuged and phoephorue 
ooatent in the oleer filtered supernatant solution 
was determined by vanadomolybdophoaphorlo yellow 
colour method in nitrio acid system (Jackson, 1953)*
The doorcase in concentration was taken ae the amount 
ef phosphorus fixed*
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gLart latfrtoel watertiMtr

pH of- the eoll was determined In a Systronios, 
model 322 needle type pH meter using a sell t water 
ratio of 1 t 2*5* The aleotrioal conductivity of the t ■. l-6“ 
eafexra&lea sxtraot was measured In an KLloo sell bridge* 
model OM-84.

2*5

Organlo earbon wae determined by the method ef 
Walklsy and Blank described by Piper (1942). The soil 
waa digested with standard potassium diohremate and 
aulphurlo aoid* The exoess ohromlo aoid waa baok 
titrated against standard ferrous sulphate in the 
presence of orthephoapherie aoid using dlphanylamine 
indioator.

2*6

POr the determination ef available phoephorua 
the soils were axtraeted with Bray No.1, Bray No,2,
Bray No.4* Olsen* e and Zruo£*e extraotants. Phoaphenui 
in the extraot waa determined by tha ehloroetannous 
reduced molybdophoephorio blue oeleur method in 
hydroohlorlo aoid system in the case of Bray No.1*



Bray No.2, Bray No*4* and Olsen*a methods and la 
sulphurio sold eye tern in the ease of Truog'e method 
(Jaekaon, 1998)*

3* jagOTf 91, hhU a .&z
ffWMtffffftTl groppfetf? (SfTTSftml

The total plant removable P content (Ra-value) 
of the aoila was determined by growing rice eropo 
continuously in aoila taken in pots, till the content 
of P in plants became below the critical or deficiency 
levele. The cumulative P uptake by successive orops 
was then found out. The pot oulture experiment was 
so planned that maximum removal of phosphorus from 
soils was effected in a short period of time. The 
experiment was laid out in G.H.D. The details of the 
ley out were as fellowst

Total number of treatments (soils) t 18
Number of replications t 3

Total number pf treatment pots t 54
Pot else (volume) < 572 wq on3
Number of plants per pott

for the first and second orop t 75
for the rest four orope i 25



500 g of ceil was taken in 600 ml coming glass 
beaker. The soils woro treated with nutrient solution 
proposed by Hewitt (1965) whioh was modified to the 
extent that it contained no phosphorus, for 
comparison, a control pot was maintained for each soil, 
in whioh the Hewitt selutlen containing all the 
nutrients was added, for eeoh crop, 200 ml of the 
nutrient solution wee given, 100 ml before planting 
and tho root 30 days after sowing or 20 days after 
transplanting* The medium duration, fast growing, 
high yielding rloe variety "13-6“ waa used as the test 
orop. Six orops were raised successively, the details 
of whioh are given in Appendix 11*

for the first aad second crop, geminated 
seedlings vers ussd ss the need material, while for the 
rest of the orope seedlings raised on aoid-washed sand 
were used in order te avoid the influence of eood 
phosphorus on the phosphorus uptake by plant* tftider 
each orop, the plants wore grown only for a period of 
45 to 60 days, sines the rate of growth and the F 
accumulation in plants thereafter become slow (Hasdai, 1976)* 
Tha plants woro out at the grand level by using a sharp 
raser and the wet weight was recorded iamsdlately. The
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harvested plant material wae dried in m  alaotrie 
oven for 3 days at 105*0. It was thsn walked and
dry weight reoorded.

0*5 s of tha powdered ■atarial waa tranafarrad 
into a 100 al volumetric flask. Blgeated the content 
in triple aoid mixture consisting of perohlorio, 
sulphuric and nitrio aoids in the ratio of 1 » 2 t 9» 
till the oontent turned colourless. The extraotant 
waa diluted with, water, the volume made up, kept aside 
for one d'ly, and filtered whan the whole silica was 
settled down. Phosphorus in aa aliquot of the extract 
waa determined by vasw&eaolyMophoaphorlo yellow 
colour method in nitrio aoid system (Jookson, 1959).

The percentage of phosphorus in plant material 
and phosphorus uptake by plants were then calculated.

total xwpxta..&£..ggU, llftrrabiel

To evolve a suitable laboratory chemical 
extraotant for the estimation of soil phosphate 
reserve the following extraotants were tried.



ftsUatoair dMljrtxliiiftx

Hydroohlorlo and rulpixttrio aeldo wars tried 
independently end la ooafeination at tho strengths 
given below as erfcraotante

Halt ooaoftttratlfQ̂is 14 jaoo)

1* 0.04 V
3. 0.08 V

2. 0.06 V 
4. 0.10 I

5. 0.02 V
7. 0.06 V
9. 0.10 X

6. 0.04 V 
8. 0,08 IT

10. 0.02 I la 0.04 X 11. 0.02 X in 0.0$ X
12. 0.02 V la 0.06 X 13. 0.02 X in IBo.o

14. 0.04 X in 0.04 X 15. 0.04 X in 0,06 X
16. 0.04 IT in 0.06 X 17. 0.04 X in o . -

* o IB

18. 0.06 V in 0.04 X 19. 0.06 X in 0.06 X
20. 0.0$ V in 0.06 X 21. 0.06 X in 0.10 X
22. 0.08 I in 0.04 X 23. 0.08 X in 0.0$ X
24. 0.08 V in 0.08 X 25. 0.08 X in o • BB

h o m

26. 0,10 N in 0.04 X 27. 0.10 X in 0.06 X
28. 0.10 X in 0.08 X 29. 0.10 X in 0.10 X

Thus, 29 mineral aoid estraeta&ts woro wood for 
tho prelinlnaxy oorosalag of tho aoid ooaooatratlona.



m e  periods ef equilibration onployod with esoh 
extraotant were 5* 10, 15* 30, 45 and 60 minutes. Only 
a single soil solution ratio ef 1 t 10 was tried.

Firs g of soil was taken in a 250 al oenieal 
flask and 50 ml ef extraotant solution was added, m e  
content was shaken for different periods as mentioned 
earlier in a aeohanioal shaker. Immediately after 
shaking* the oontent was filtered through Whatman fo.42 
filter paper* Phoephorue la filtrate was determined 
oolorlmetrleally by the ehlorostsanous reduced 
molybdophesphorio blue oolsur method in hydrochloric 
aoid system (Jaokaon* 1958)*

*•2 Selected mineral said aanaatttratlona for chelated

Graphs were plotted taking period of equilibration 
in the X-axis and phosphorus values in the Y-axis for 
each extraotant solutions* Similarly graphs were 
drawn plotting eosssntratien of reagents on the 
X-axis and phosphorus values on the Y-axis, from the 
nature of the eurves obtained* a few asid concentrations 
were selected for chelated system ef extrastien using
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organlo acids. Thoy aroi

1. 0*06 9 2. 0.06 V

Bg 30^ oonosntratloqo

3. 0.02 9 4. 0.04 2
3* 0.06 V 6. 0.06 9
7. 0,10 9

8, 0,02 9 in 0,06 9 9. 0.04 9 in 0.06 9
10. 0,06 9 la 0.06 9 1 1 . 0.06 9 In 0,06 9
1 2 , 0 .10 9 la 0,06 9 15. ©*o 9 In 0,06 9
14, 0,04 9 la 0.06 9 15. 0,06 9 In 0.06 9
16. 0,06 9 In 0.06 9 17. o.o 9 In 0,06 9

4 * 3  t f f O T iili..

satim
Tim organlo soldo wood for aholatlon wars oxallo* 

aootlo and oitrio aoldo* 9»r tho solaotion of tho hoot 
orgttlo aoid and its conoontratlon, tho following 
procedure was adopted. Tho throo organic aoldo oaoh at 
two strengths of 0.05 V and 0 .10 9 woro triad In 
ooabinatlon with throo oolootod nlnoral aoid sxtractants, 
0,06 9 hydroohlorlo aoid* 0,06 9 sulphuric aoid* and



0.06 9 ouLphurio aoid la 0*06 9 hydroohlorlo sold* aa 
a pilot study* Only throo representative oollo woro 
used for this purpose* hot all tho six periods of 
equilibration woro followed* Thao tho mineral 
aoid-orgaaio sold oombin&tiona employed wore*

1 * 0*06 9 SOI la 0*05 9 oxallo aoid*
2. 0*06 9 SOI la 0*10 9 oxallo aoid*5* 0*06 9 801 la 0.05 9 aootlo aoid*
4* 0*06 9 H01 la 0*10 9 aootlo aoid.5. 0.06 9 HOI in 0.05 9 oltrio aoid*
6* 0.06 9 HOI In 0*10 9 eitrlo aoid.7. 0.06 9 Hg 30^ In 0.05 9 oxallo aoid.
3. 0.06 9 Hg 30^ la 0*10 9 oxallo aoid.
9* 0.06 9 Hg 30^ la 0*05 9 aootlo aoid.
10. 0.06 9 Hg S04 la 0,10 9 aootlo aoid.
11. 0.06 9 Hg S04 In 0*05 9 oltrio aoid.
12. 0.06 9 Hg 304 la 0*10 9 oltrio aoid.
15. 0.06 9 Hg S04 & 0*06 9 HOI in 0,05 9 oxallo aoid*
14. 0.06 9 Hg S0£ & 0,06 9 HOI in 0.10 9 oxallo aoid.
15. 0.06 9 Hg S04 & 0*06 9 HOI In 0*05 9 aootlo aoid.
16* 0.06 9 Hg S04 & 0.06 9 HOI in 0.10 9 aootlo aoid.
17. 0.06 N Hg 3G4 A 0.06 9 HOI In 0*05 9 oltrio aoid.
18. 0.06 9 Hg S04 A 0.06 9 HOI In 0.10 9 oltrio aoid.

Graphs woro drawn plotting periods of equilibration 
on X-axie aad phosphorus ooneentrationa on T~axia aad 
bastd on their performance oxallo aoid at the etraagth 
of 0.05 9 was aaleotad as tho hoot oholatlng agont for 
employing with all tho 17 mineral aoid oombinatione ooloetod* 
in all tha soils at all tho six porlodo of equilibration.
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Thus the filially seleeted 17 mineral aoid - 
orgaaio aoid ohelatad extraotants vara

1. 0*06 1 HOI in 0,05 9 oxalic aoid.
2. 0*08 9 HOI ia 0.05 I ©xolio aoid,
3* 0,02 9 Hg 30^ ia 0.05 9 oxalio aoid*
4. 0.04 9 Hg SQ4 ia 0.05 9 oxalio aoid.
5* 0.06 9 Hg 80^ la 0*05 9 oxalio aoid*
6, 0.08 9 Hg 80^ ia 0.05 9 oxalio aoid.
7, 0.10 9 Hg S0| ia 0.05 9 oxaUo aoid.
8, 0.02 9 h so4 ft 0.06 9 ECU ia 0.05 9 oxalio aoid.
9* o . o 9 H2 S04 ft 0.06 9 HOI in 0.05 9 oxalio aoid.

10, 0.06 9 *2 so4 ft 0.0$ 9 Hca ia 0.05 9 oxallo aoid.
1 1 . 0.08 9 “ a S04 ft 0.06 9 HC1 ia 0.05 9 oxalio aoid.
1 2. 0.10 9 H2 so4 ft 0.06 9 HC1 ia 0.05 9 oxalio aoid.
13. 0.02 9 H2 804 ft 0.08 9 HOI ia 0.05 9 oxalio aoid.
14. 0.04 9 *2 304 ft 0.08 9 HOI in 0.05 9 oxalio aoid.
15. 0.06 9 4 S04 ft 0.08 9 HOI ia 0.05 9 oxalio aoid.
16. 0.08 9 *2 304 ft 0.08 9 HOI in 0.05 9 oxalio aoid.
17. 0 .10 9 4 SO. ft 0.08 9 HOI in 0.05 9 oxalio aoid.

Tha performance of tha above 17 extraotants vao 
studied using the 18 aoila at 6 periods of equilibration. 
Phosphorus in solution was sstiaatsd ooloriastrioally 
by tha ohlorstannous reduced solybdophosphorie blue 
oolour aathod in hydraehLario aoid ays tea (Jaokson, 1958).



RESULTS AND DISCUSSION



KE9BL2S W  BZSOtBSZOV

B M p n M  of orope to applications of phosphorus 
to the soils of ths stats whioh are nainly lateritio in 
nature, was highly inconsistent* Taxy often tha 
availahla phoephorua in sail sxtraotsd by ohsmioal 
mathoda doaa not oorrelata with tho plant response*
One of tho roasons for the poor rosponso of tho orops 
ta phosphorus fertilisation ia that tha sail oontalns 
auffioiant quantity of phosphate required ta maintain 
tha orep at a phosphate level above tho oritloal range* 
Bvan shipping of phosphate applioation for a dofinito 
period in sails containing a good built up of roeorve 
phoaphatoo has bean thought of* But at prsasat there 
la aa easy and quieh method to ostlaato praoiaely tha 
total phosphate reserve of the soil thatjean ba mobilised 
aa availahla phosphorus under a ooatinuous oropping 
system* Oontisuouo raising of oropo in a soil till all 
its available phosphate reserve is sxhaustad as 
indioated either by phosphate dafloianoy symptoms or tha 
oritloal level of phosphate In tha plant oannot ba 
resorted to as a regular analytical procedure for 
advisory work due to tha oumbersoiae and time taking 
nature of tho experiment involved in tha study* Therefore



evolving a qulok ohenloal method for tho estimation 
of the total available phoophorus roeerve of tho eoil 
called as MRa-value" la highly warranted*

Tha ohamioal method employed for tho estimation 
of available phosphorus in soil by tha soil tasting 
laboratories of tha State la extraction of ooH by 
0.03 9 aamonlua fluoride in 0.025 9 hydroohlorlo aoid 
aa originally suggested by 1ray and Kurt* (1945)*
This extraotant was suggested baaed on tha oorrolatlon 
between the enemt of phoephorue extraoted by tha 
reagent and tha total phosphorus uptake by plants*
But tha efficiency of thle extraotant in eatlm&ting 
that fraction of soil phosphorus whioh will ba made 
available to orope whan grown sneeesslvmly (Ha-value) 
has not bean examined. When we consider the possibility 
of skipping phosphorus applioation it la not sufficient 
te know only tha availability ef phoephorua te a orop 
immediately grown in that soil. But we should assess 
tha tetal phosphorus reserve ef tha sell whioh oan be 
made available te successive orope ao ae te predict 
the number of orope that oan be grown in the sail 
without the addition of phosphorus fertilisers*
Pisharody §£ al.(1977) reported that applioation of phosphates
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to rloo grown la fattaabi oollo hod no roopoaoo la 
tsxns of yield and whipping of phosphate applioation 
for a doflalto period of tlao did not affect tho 
plant perforaaaoe till the phosphorus content of tho 
plant hoeano oritloal* Tĥ r alao reported that available 
phosphorus oxtraetod by Bray 80*1 had no value in 
prodioting tha possibility of skipping phosphorus 
application.

Tha present investigation was therefore planned 
to evolve a ohenloal method whioh will extract a 
fraction of phosphorus fron the soil which will bo 
Mill oorrolatod with that fraction of phosphorus aado 
available te plants when cropped continuously and after 
the release of whioh tho orop will run deficient of 
phosphorus* The investigation was therefore oriented 
to estlnate tho *Ha~valusN by continuous cropping till 
tho phosphate level of tho plant beoaae oritloal and 
to correlate tho "Ra-value" with tho saount of 
phoophorus oxtraetod fron the soil by different 
ehenioale employed at varying concentrations and 
varying period of tins*

Sell eaaples wore oolleoted fron rloe fields 
rspresenting different parts of the State* from whioh 
18 soils woro finally ooloetod for tho study assuring
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maxima possible variation in *0 11 properties relating 
to phosphorus fixation and availability*

Tha general ohemioal properties of eeile 
selected for the study are presented in Table 1 and 
the properties relating to tha behaviour of phosphorus 
in Table 2* The eoeffieienta of oerrelation with the 
total uptake ef phosphorus by suoosssivs orope of rioe 
grown in the eeil and tha properties of aoila ara given 
in Appendix XXX aad XT* Tha pH of the aoila ranged fron 
3*8 to 3*8. All the soils seleeted were non-saline, 
the SO ef the saturation extract ranging fron 0*03 to 
0*80 amhos/em* Tho organic oaxfeea oontent ranged fron 
0*3 to 1*36 per oeat* The mean 0 i V ratio of tho 
soils seleeted was 9*8 i 1 *

The soils highly varied in their phosphorus fixing 
oapaoity* the range being 21*1 to 161*8 ag P/100 g soil* 
Similarly maximal variation was also obtained in the total 
phosphorus oontent ef the eeil* Soil Ho*16 registered 
a value of 2046 ppm phosphorus while the phosphorus 
oontent of soil Ho* 17 was as lew es 360 ppm* Similarly 
sells varied very much in their status of available 
phosphorus estimated using Bray Ne*1» Bray H©*2» Bray Ho.4, 
Olsen and Xruog methods* The mean values for available



Table 1 General oheaioal propertiea ef tho son

Sell•aaple
Vo* Meletnre otitai pH la altngn voter

SO et r. *-s
ertraot(aahoe/ea)

1 . 1.3 0.69 0.058 3.8 0,4
2. 5.6 1.23 0.141 4.2 0.2

3. 5*3 1.19 0.133 4.1 0.25
4. 5.7 1.16 0.113 4.2 0,2

5. 2 .8 1.19 0.104 4.3 0.15
6. 4.2 1.17 0.123 4.2 0.2

7. 8 .1 1.43 0.167 4.1 0.005
8. 4.3 1.56 0,142 4.7 0.2

9* 2.7 0.99 0.100 3.9 0 .2

to* 5.3 1.05 0 ,110 5.7 0 .1

1 1 . 4.1 0.66 0.059 4.6 0 .1

1 2* 2 .2 0.30 0.029 5.0 0.2

13. 4.1 0.41 0.050 4.3 0.2

14. 5.3 0.47 0.058 4.4 0.15
15. 6.0 0.89 0.091 5.8 0.6

16. 4.2 0.87 0.088 4.6 0.3
17. 5.1 1.37 0.140 4.8 0.05
18* 6 .2 0.99 0.103 4.1 0.25
Mean 4.58 0.98 0.100 4.5 0,21



Table 2. Propertiee M atin g  to tho M un iow  of phoophorqa in aoila

Total P 
Soil fixing ample oapaolty,
Sb. mg/iOOg soil

Total P content,
fSSl oxtraot)

Available phoepborue, ppm

Bray-1 Baragr*2 B n g K Oleim Txrog
1 . 100.7 722 4.48 1 1 .2 1 14.57 15.69 2.53
2* 97.8 1804 7.84 18.49 24.48 8.96 1.35
3. 97.8 601 9.52 17.93 14.01 14.57 7.40
4* 67*3 108J 11*20 37.62 25.77 6.72 3.88
5. 97.8 765 1 1 .2 0 32.49 17.28 14.57 2.53
6. 96.9 1043 1 1 .2 0 25.77 12.33 5.6 7.40
7* 79.0 922 7.84 10*08 22.41 10.64 2*53
8* 80.4 1685 53.78 6 6 .11 58.27 64.43 3.12
9* 16 1 .8 1725 23.53 22.97 33.61 7.28 9.77

to. 64.9 521 12.24 17.93 15.69 9.52 8.56
tf. 2 1 .1 481 20.17 31.93 25.69 14.01 8.56
1 2 . 71.0 481 21*29 22.41 21.4 6 21.29 8.56
t3. 61.6 802 19 .6 1 34.18 28.01 1 1 .2 1 12.3
14* 49*8 441 22.41 28.57 22.97 13.45 3.80
13* 84.7 1925 50.98 85.72 76.75 50.42 10.94
16. 72.9 2046 40.34 79.56 72.83 36.42 8.18
17. 80.0 360 8.96 11.77 12.33 3.36 12*29

... 80.4 1123 22.40 31.97 39.22 11.77 „ 9*40 ____
Mom 81.4 1029 19.94 32.60 29.90 17.77 6.80
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phosphorus extracted by Bray Ho*2 and Bray Vo*4 woro
relatively higher than the Been values ef phoephorue
extraoted by Olsen and Bray Ro«1 extractants* Shis is
obviously beoauae of the hi^sr strength of the
reagents employed in Bray Vo*2 and Bray Vo*4 as
compared to Bray Vo.1* Phosphorus extraoted by
0.002 V sulphurlo aoid (Iruog) was considerably loir
with a mean value of 5,3 ppra. It was interesting to
note that the asmilable phosphorus expressed m

kpercentage to the total phoephorue was ssaredly low.
The nean values being 1*94* 3*17* 2 * 9 6 , 1*73 and 0 * 6 6  

per cent for Bray No.1 * Bray No.2, Bray No.4* Olsen 
and Truog methods respectively*

Ths chemical extraotants employed in thia study 
were mineral aside at different strengths at a constant 
soil i solution ratio. The aoida were seleoted on 
the assumption that they will suit the aoid laterits 
soils in their ability to extract 30il phosphorus 
without drastically affecting the ohamio&L nature of 
the soil* Different mineral aside and their combinations 
were soreensd in seleoting a chemical index of phosphorus 
availability by different uorfcere (Truog* 1930* 3err and 
Ton Stieghts, 1958* Bandroff* 1952). Hehlioh (1953)



•■ployed a combination ef hydreohlorio aeid and 
sulpfcnrio aoid aa aa extraotant for available 
phoephorue ia osrtaln aoid aoila of tha Ifaltsd States 
Bat all this*workers gars importance to the 
relationship between phoophorus extraoted and the 
phosphorus uptake by plants without referring to 
the total available phosphate reserve, the "Ra-valueH

It is often noticed that the quantum of 
phosphorus extracted by fruogt Olsen and Bray No.1 
extraotants, in soils oontaining relatively email 
amount of phosphorus is so snail that the error 
involved in the analytical procedures is relatively 
high. The strength of soids employed in the present 
study was so determined that they should invariably 
extract a fraction of soil phosphorus which will be 
always higher than that extracted by Bray No.1, 
the moat oonaon method adopted in the State. 
Hydroahlorio said at the strength of 0.04 N, 0.06 I, 
0,08 N and 0.10 V aad sulphuric aoid at the strength 
of 0.02 N, 0.04 N, 0.06 N, 0.06 N and 0 .10 N were 
employed as extraotants. Also, combinations of these 
two soids at all the strengths noted were tried as 
extraotants*



While studying the pattern of phosphorus 
release fron soil* Joss (19 7 2) observed that during 
the initial period of equilibration the release of 
phosphorus into solution would be at a rapid rate, the rate 
of release being logarithmic in nature* After this 
initial release of phosphorus at a faster rate, the rate 
of release then became slow aad linear with respeot to 
the increased period of equilibration* This linear 
release continued indefinitely or for a longer period 
of time* He observed that only the amount of phosphorus 
released during the initial period of equilibration vhich 
represented the curved region of the graphs, when 
phosphorus values wars plotted on T-axls end period of 
equilibration on X-axis, need be considered in estimating 
the phosphorus availability of the soil* Since the 
release of phosphorus after this initial period will be 
at a constant rate with, a linear function and continues 
for a longer period of time, this part of the graph 
does not decisively affeot the estimate of available 
phosphorus in soil, for most of the soils the major part 
of the phosphorus that can be extracted by a solution 
will be released within the initial period of equilibration* 
In the present study the soils wsrs equilibrated with each 
extraotant employed for varying periods of time so as to
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seleet the optimal equilibration pariod suited to that 
particular axtraotant. She optima* equilibration pariod 
will be tha one by whioh tha release of phoaphoroa 
into tha axtraotant solution will be alaoat complete 
and after whioh further releaee of phoaphoroa will 
taka plane at a constant rata with a linear function* 
Equilibration periods vls.» 5* 10, 1$ 9 30, 43 & 60 ainutaa 
ware employed with aaoh axtraotant with a view to 
aaleating tha beat equilibration period auited to that 
axtraotant* Equilibration periods sore than 60 ainutaa 
wore not employed sinoo suoh longer periods nay not 
suit analytloal prooedurea oriented to advisory works* 
Moreover, from tho initial studios it was understood 
that with these oxtraotanto tha linearity of the graph 
is established in most of the oases within a period ef 
60 minutes*

Tha amount of phosphorus extraoted by various 
strengths and combinations of aeids is presented in 
Tables 3 to 31*

i*i o-mkt.jm
asHydroohlorio aoid was employed extraotant at 

0*04 9, 0*06 9, 0*08 9 and 0*10 9 strengths* As regards
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the effieieney ef hydroohlorie aoid la ertraoting the 
eoil*Pt it was seen that 0.06 V hydroohlorlo aoid 
extraoted the highest quantity ef phosphorus when, the 
effeete ef eeils and periods of equilibration were 
peeled. She values for phosphorus extraoted bp 0.048#
0.06R, 0.06 V and 0 .10 8 hydroohlorlo aoid were 9.5#
15*7# 15.3 and 7*4 ppa ? respectively. This shows 
that the increase ia strength of hydroohlorlo aoid 
employed has little effect on the ansmt of phoephorue 
extraoted from the soil. It should be peiated out that 
hydroohlorlo aoid at these eonoeatratieas was a peer 
extraotant of soil*? and extraoted only snaller quantities 
of phosphorus as ooapared to that ef Bragr 8o.1. This 
is obviously because Bray Bo*1 eaploya aanoniua fluoride 
which is a selective extraotant for 41*?.

The coefficients of correlation between the 
phoephorue extraoted by different osnoeatratieas of 
hydreohlerie aoid and uptake of phosphorus by rise were 
not stetlstioslly signifioant. Bogsrding the influonoo 
of period ef equilibration on tho reloaso of phosphorus 
into solution# it was sbssrvad that equilibration for a 
period of 30 minutes was sufficient to extraot the aajor 
portion of phosphorus that oan be released into the
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Table %  P extraeted by 0*04 9 181, ppm 

Sell Parted of equilibration, aim
*b. 5 10 15 3° 45 60

1 . 10 .1 9.0 9.0 8 .8 8.4 7.8
2. 9.0 10.6 7.8 7.8 9.0 12.5
3. 8.4 8*4 10 .1 7.8 8.4 9.0
4. 9.0 10.6 7.8 8.4 8.4 8.4
5. 12.3 8.4 9.0 9.0 8.4 8.4
6. 9.5 8.4 7.8 8.4 9.5 10 .1

7. 9.0 10.6 7.8 8.4 9.0 9.0
8. 10.6 14.6 9.5 8.4 9.5 10.6

94 9.5 6.7 7.8 7.3 9.0 9.0
10* 9.0 9.5 9.0 9.5 1 1 . 2 9.5
1 1 . 9.5 8.4 9.0 8.4 9.0 7.8
1 2. 9*0 8*4 1 1 .0 13.5 15.7 20.7
13. 9.0 10 .1 9.0 10 .6 10 .6 12.5
14. 9.0 12.3 10 .1 9.5 1 1 . 2 12.3
15. 10 .1 10 .1 10 .1 10 .1 1 1 . 2 1 1 . 2

16. 9.0 10 .1 7.8 9.5 1 1 . 2 9.0
17. 2.4 8*4 8.4 7.8 8.4 9.0
18. 8.4 9.0 9.0 8.4 9.0 10 .1

Nltt 9*0 9.6 8.9 9.0 9.8 10.4



Table 4. P extracted by 0*06 V HOI, ppa

3*11 Period of equilibration, nln
eaapleHo. 5 10 15 30 45 60

1 * 10 .1 6.7 1 1 .2 7.8 1 1 . 2 1 1 .2

2. 7.8 6.2 10 .1 10 .6 13.5 17.9
3. 10.3 14.6 14.0 28*0 42.0 25.2
4. 10 .8 12.9 6.7 17*9 14.9 15.7
5. 9.0 9.0 10 .1 13.5 1 1 .8 7.8
6. 9.0 9.0 1 1 . 2 13.5 1 1 . 2 24.7
7. 7.8 6.7 14.0 12.3 12,3 14.6
8. 13.5 9.5 14.0 13.5 18.0 22.4
9* 6.7 7.3 8.4 1 1 . 2 20.1 17.4
to. 7.8 12.9 10 .1 26.9 12.3 8.4
1 1 . 1 1 .2 10 .1 13b 1 1 .8 21.3 14.6
1 2. 12.5 14.0 9.0 17.9 19 .6 20.1

13. 7.3 10 .1 15*7 14.6 19.1 17.4
14. 19.1 13.5 15.7 16*8 20.2 23.0
15. 13.5 12.3 13*5 18.0 16,3 19.6
16. 23.5 10.6 13.5 12.9 12.9 17.4
17. 8*4 7.3 7.8 1 1 . 2 1 1 .8 14.6
18. 14.6 9.5 10 .1 1 1 . 2 14.0 15.1
Mean 11.3 10 .1 1 1 .6 15 .0 16 .8 17.1



Table 5. *  extracted by 0,06 V m «  ppa

Sell Period ef equilibration* nlneaaple — -------------------------------
Ho. 5 10 15 50 45 60

1 , 4.5 12.3
2. 9.0 10 .1

3. 14.6 14.6
4. 19.1 19*1
5, 19.1 14.6
6, 2 .2 19.1
7. 6.7 10 .1

8, 20.2 1 1 .2

9. 4.5 2 .2

10. 4.5 7.3
1 1 . 10 .1 13.5
12. 10 .1 18.0
13. 14.6 29.1
14, 4.5 12,3
15. 16.8 13.5
16. 10 ,1 6 .2

17. 6.7 19.1

10 .1 3.4 12.3 15.7
3.5 3.4 5.6 14.1
3.4 2 .2 18.0 14.6
5.6 4.5 15.7 13.5

1 1 .2 16,8 12.3 19.1
2 .2 1 1 . 2 14.6 1 1 .2

6.7 1 1* 8 2 .2 19.1
14.6 18.0 16.8 21.3
1.7 18.0 3.4 1 1 .2

1 . 1 6.7 13.5 12.3
4.5 14*6 15.1 15.7
12,3 29.1 15.7 29.1
19.1 16.8 21.3 25.8
6.7 17.9 23.5 23.5
16.3 20.2 34.7 20.2

12,3 18.0 21.3 19.1
4.5 20.2 12.9 1 1 .2

16 .8 16.8 19.1 18.518, 14,6 16.8
Mean 10,7 13,8 8,5 13.9 15*4 17*5



Table 6 P extracted by 0*10 V HOI, ppa

Soil Period ef equilibration, nln
5 10 15 30   45 60

1 . 6 .7  1.1 1.1 7 .8  7 .8  7 .8

2 . 5 .4  1.1 2 .2  2 .2  4 .5  2 .2

3 . 6 .2  1.1 3 .4  4 .5  3 .4  1.1

4 . 3 .4  1*1 2 .8  7 .8  6 .7  3 .4

5 . 6 .7  6 .2  8 .4  4 .5  9 .0  5 .6

6 . 3*4 1.7 3*4 1.1 3 .4  1.1

7 . 2 .8  1,1 2 .8  5 .6  4 .5  5 .4

8 . 11.8 12.3 15.7 16 ,8  22.4 24.7

9* 6 .7  1.1 1.1 2 .2  4 .5  3 .9

10. 3 .4  1*1 1*7 2*2 5.1 1.1

11. 5*6 1.1 5*6 5*6 7 .3  22.4

12. 12.3 10.1 12.3 17 .4  15.4 22.4

13. 7 .8  12.3 7 .3  14.6 20 .2  19.1

14. 9*0  6 .7  9*0 12.3 15.7 14.6

15. 10.8 9*0 14.0 15*7 17 .0  22.4

16. 10.8 7 .8  11.2 14 .0  13.5 11.8

17* 3 .9  1*1 1*1 1*1 1*7 1.1

18. 5 .0  5 .0  5.0  6 .7  11.8 7 .8

Mean" £T? X i  *515* 7 .9  9 .7  9 .8
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extraotant solution. However, equilibrium between 
aoil-P and aolution-P was not established within a 
period of 60 ninutss employed in the experiment. Hie 
pattern of phosphorus release into the solution when 
examined as a funetion of period of equilibration 
revealed that in many soils the rate ef release waa 
▼ery mash fluotumtlng probably due to the sorption and 
desorption of phosphorus taking plaoe simultaneously.

1*2 MategAg...a«4t m  .M&saa&Mk

Sulphnrio aoid at strengths of 0.02 V, 0.04 V,
0.06 Ht 0.08 V and 0 .10 V was employed as extractants.
It was observed that inoreaslng ooneentratione of 
sulphuric aoid resulted in inoreaslng amounts of 
phosphorus extraoted from the soil* Hie mean values 
of phosphorus sxtraotsd by 0.02 9, 0.04 9, 0.06 I, 0*08 V 
and 0.10 9 aoid wore 11.8, 17*5* 53*3. 28.3 and 40.9 ppm P 
respectively when the effeote of soils and periods ef 
equilibration were pooled. When the amounts of phosphorus 
extraoted by hydroohlorio sold and sulphuric aoid at oqual 
concentrations were compared, the values of phosphorua 
extraoted by auLphurio aoid were invariably higher showing 
that suLphurlo aoid waa a atrongor axtraotant of eoil-P 
than hydroohlorio aoid.
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Sable 7. f eactraatad by 0.02 V HgSO^, ppm

Soil failed ef etgullibratleii, a±naaaple .
Ho. 5 10 15 30 45 60

1 . 3.4 4.5 12.3 9.0 18.0 10.6

2. 2 ,2 3.4 3.4 10 ,1 15.1 9.0
3. 5.6 6.7 1 1 .2 9.0 12.3 9.5
4. 3.4 4.5 3.9 4.5 9.5 10 .1

5. 9.0 12.3 15.7 9.5 10 .1 12.3
6. 3.4 4.5 1 1 .2 3.9 9.0 10.6

7. 3.9 4.5 14.6 7.3 10 .1 9.0
3. 1 1 ,2 14.6 15.1

*
14.6 15.7 16.8

9. 10 ,1 10 .1 14*6 4.5 13.5 1 1 .2

10, 10 .1 10 .1 14.6 7.3 13.5 1 1 .2

1 1 . 10 .1 1 1 .2 12.3 9.0 13.5 12.9
12, 14.6 15.7 13.5 16.3 20.1 22.4
13# 5.6 6.7 15.7 13.5 14.6 14.6
14# 12.3 13.5 15.1 15.3 16.3 18.5
15. 20.1 21.3 1 1 .2 19.1 34.2 19.1
16. 14.6 15.7 17*9 17.9 9.0 16 .8

17# 13.5 15.1 16.1 1 1 . 2 10.6 10.9
18. 9.0 9.0 16.3 7.8 17.4 15.1
Hearn 9.0 10 .2 13.1 10 .6 14.6 13.4
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Soil Period ef equilibration, alneaaple

Table 8. P extraoted bp 0*04 V Hg 80^« ppa

Vo. 5 10 15 30 45 60

1 * 7.5 9.9 8.5 5.7 4.2 14.6
2. 8.7 38.6 5.9 7.5 14.6 9.9
3. 9.4 12.3 6.4 7.5 9.9 6.6

4. 10 .1 29.2 29.7 10 ,1 9.9 12.5
5* 10 .8 20.3 11.5 13.9 18.6 15.5
6. 7.3 10 .1 6 .8 5.9 7.5 6.8

7. 5.9 26.1 6.8 7.1 11.5 12.7
8. 26.4 46.6 25.6 25.9 20.5 28.7
9. 15.1 15.5 12.5 1 1 . 8 16.9 12.9

10. 10.4 22.8 7.8 5.4 15.1 10.4
1 1 . 16 .0 26.1 10.6 14.4 27.8 13.2
12. 15.3 20.2 18.1 23.5 28.7 28.2
13. 13.9 25.4 15.5 19.5 20.5 24.0
14. 9.9 48.2 19.5 19.1 10.4 22.1

15. 32.7 61.2 32.3 32.5 36.9 32.5
16. 30.6 38.6 29.7 27.8 14.2 18,6
17. 6 .1 18.4 6.6 18.4 1 1 . 1 11.5
18. 11.3 41.7 14.8 17.7 17.2 17.4
Mean 1%7 28.4 14.9 15.2 16.4 16.6



Table 9. P extracted bp 0*0$ V Eg 80^, ppa

Ball Period of aqullibratioa, ain
8a?fe»* *3 10 15 30 45 60

1 . 13*9 1 2 .7 9 .5 10 .1 16 .8 1 1 .2

2. 13.2 12.2 15.7 15.7 17.9 3.4
3* 13.9 7.3 15.1 15.7 10 .1 15.7
4. 15.5 16 .0 21.3 12.9 18.5 12.3
5. 20.7 21.2 25.8 17.4 24.1 11.8
6. 8.9 12 .0 7.8 16*8 12.3 15.7
7. 13*4 14.1 10.6 12.3 15.1 9.0
8. 44.0 43.7 52.0 52.7 52.1 42.6
9. 15.5 17.4 17.4 21,5 26.5 17.9
10. 13.2 15.1 14.0 10 .6 17.4 -16.8
11. 17.2 13.7 26*9 25.8 25.2 16.5
12. 20.7 25*4 29.1 51.4 41.5 34.7
13. 2 2 .1 25.7 29*7 31.4 38 .1 45.1
14. 18.8 25.2 29.1 31.4 16.8 26.9
15. 50.4 58.1 49.5 56.6 41*5 48.2
16. 49.4 51.8 51.5 33.1 51.5 34.7
17. 8.9 9.4 19.6 12.3 10 .1 10.6

18. 19.8 20.f 55,1 22.9 30.8 14.6
2 1 .1 22.3 25.4 23.9 25*9 21.4
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bfcl* 10. r u t n t t M  tgr 0.0S ■ Hj S0+ , ppa

souoaaplo
80. 5

Period
~~10

of ofoillfcratlen, Bin
~ i T ~  30 45 60

1* 6.7 11.2 2 1 .3 24.1 15.1 13.5
2. 10.1 14.6 20.2 21.3 11.2 12.2
3. 6.7 13.5 16.8 20.7 16.8 11.8
4* 19.1 16.8 5.6 20.2 16.8 19.4
5. 24.7 24.1 29.7 37.0 30.1 34.7
6. 9.0 10.1 11.8 19.6 14.6 18.0
7. 11.2 20.7 22.4 25.2 23.5 14.6
8. 56.6 61.1 55*0 77.3 60.5 57.2
9* 20.2 25.8 13.5 34.7 35.9 34.2
10. 14.0 12.3 4.5 23.5 25.8 23.0
11. 16.3 20.2 22.4 24.7 21.3 37.0
12. 20.2 23.5 38.1 40.3 42.6 28.0
13. 20.1 26.6 38.1 40.3 32.5 50.4
14. 20.2 20.2 24.7 31*4 16*8 26.9
15. 59.4 67.2 70.6 78.4 71.7 75.1
16. 56.0 60.5 71.7 57.2 63.3 59*4
17. 3.4 9.0 3.9 15.1 8.4 16.8
18. 25.2 25.2 38.7 39.8 31.4 37.0
Mm a 22.2 25T7 28.3 Jm > 29.9 3 1 .6



W t  11* f ostrootod 0*10 V Hg S0^« pp»

soil■aapleVo.
Period of aqnillbratioii, *in

5 10 15 30 45 60

1 . 29.1 20.2 23.0 25.2 30.8 30.3
2. 29.1 23.5 13.5 29.1 21.9 26.9
3. 21.3 23.5 24.1 26.9 28.6 26.3
4. 26.9 29.1 29.7 30.3 33*1 32.5
5. 45.9 40.9 3 8 .1 44*8 34.7 37.0
6* 17.9 19 .6 20.7 19.1 19.1 25.3
7. 24.7 24.6 27.5 54.7 31.4 27.5
8. 75.1 52.7 90.8 104.2 97.5 95.2
9* 30.3 44.3 38.7 38.1 44.8 39.2

10. 29.1 23.5 25.8 24.7 25.2 26.9
1 1 . 30.3 32.5 32.5 39.2 37.0 43.7
12* 26.9 39.2 31.4 43.7 43.7 49.3
13. 37.0 50.4 35.9 56*0 17.9 53.2
14. 35.9 24.7 29.7 39.2 37.0 37.0
15. 36.8 94.1 75*1 100.9 74.1 100.9
16. 87.4 80.7 88.5 89.6 93.6 94.1
17. 1 1 .2 14.6 21.9 14.6 13.5 1 1 .2

18. 38.1 41.5 28.3 49.3 19.1 50.4
Mean 37.9 37.8 40.9 45.0 39.1 44.9
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Values of phosphorus extraoted by sulphuric aoid 
at all tha oonoentratlons enployed correlated with tha 
•aounts of total phosphorus rsooved from tha aoila by 
aix sueeasalve orope of rioa la tha pet culture 
experiment. The patterahf phosphorus raleaaa during 
varying period of equilibration aheved that tha aajor 
part of tha phosphorus that oaa ha extraoted by tha 
reagent waa released within 30 minutes, tha rata of 
release being very alow thereafter aa in tha ease of 
hydroohlorlo aoid* Equilibrium between aoil-P and 
solution*? was not established even after a period of 
60 minutes. Also tha values for phoophorus at different 
periods were fluotuating in may eases probably due to 
the release and resorption of phoephorua taking place 
simultaneously during equilibration.

1*3 ffonfrlnatiora Af jsalafrKylQ told eh4 JMrdrgghlorlP aoid

The data furnished in libles 12 to 31 show that 
oonbinatlana of eulphurio aoid aad hydroohlorlo aoid 
oould extraot higher aaounte of phosphorus fron soil than 
that extraoted by individual aside. Inoreasing 
oonoentrations of hydroohlorlo aoid oould net extraot 
higher ooaoeatnations of phoophorus from tho aoU whoa
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employed individually but increasing concentration of 
hydroohlorio aoid in tha presence of sulphuric aoid 
inoraaaad tha amount of phoaphoroa extraotsd froa tha 
aoil* IMa influenos was moro prof ©rod at lowar 
oonoentrations of sulphuric aoid* Ihs values for 
phosphorua oxtreoted by 0.04 If, 0.06 N, 0*08 * and 
0 .10  N hydroohlorio aoid in 0*02 H sulphuric aoid wars 
18 .8 , 25*2* 28.5 aad 3$*4 ppm respootivaly* showing tha 
influence of inoreaslng oonoantrations of hydroohlorio 
aoid in extracting inoreaslng amounts of phosphorua in 
the presence of sulphurlo aoid* Similarly tho amounts 
of phosphorus extracted by 0.04 If, 0.06 N, 0.08  H and 
0 .10  IF hydroohlorio aoid in 0.04 H sulphorio aoid ware 
40.5* 71 .5* 87 .8  and 120.7 ppm respectively. Thus 
combinations of tha two aoida oxtraotod considerably 
higher amounts of aoH-P than that extracted by tha 
aoida whan employed independently at oonparahle 
oonoantrations• It was interesting to observe that tha 
amount of phosphorua extracted from the soil increased 
with increasing concentration of sulphuric aoid only 
upto a strength ef 0.06 V idem employed in combination 
with hydroohlorio aoid. fhuo tho influsaoo of sulphuric 
aoid and hydroohlorio aoid on tho release of soil pheopherue
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appears te be different when employed independently 
and In combination* She highest amount ef pboepherus 
(120*7 ppa) was extraoted by the combination of 0*04 V 
sulphuric aoid in 0*10 V hydroohlorlo aoid* The pattern 
of phosphorus release during varying periods of 
equilibration showed that major part of the phosphorus 
that oould be Mobilised oaae into solution within a 
period of 30 minutes though equilibrium was not established 
even after a period of 60 nixnstes* The pattern of release 
when examined as a fototlon of period of equilibration* 
the values for phosphorus were still fluotuating due to 
the expected release and resorption of phosphorus taking 
place during equilibration. However the degree of 
fluctuation waa considerably email or aa ooapared to 
the pattern of release obeerved when the aeids were 
employed independently* This le mainly beoauaa^ ef the 
total amount of phosphorus brought into solution by 
tho combinations of the alnsrbl soids woe much larger 
than that extraoted by the individual aoids. As a result, 
the degree of fluctuation duo to the resorption ef 
phosphorus into the soil became smaller when expressed 
in relation to the total phosphorus extraoted.

The coefficients of eorrelstiem between phosphorus
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Xfcfel* 12. P oxtraotod by 0.02 II Eg 80^ ii 0.04 V HOX, ppa 

Soil Period of oqtdJUbration, aiaaaaplo
fo. 5 10 15 30 45 60

1* 6.7 5.6 13.5 7.8 16.8 19.1
2. 5.6 25.8 16.8 6.7 12.3 14.6
5* 7.3 7.8 19.1 2.8 16.8 16.8
4. 6*7 9.0 20.2 10.1 22.4 17.9
5. 14.6 15.7 22.4 15.7 25.8 22.4
6. 1.7 3.9 16.8 5.6 16.8 19.1
7. 7.8 6.7 9.0 7.8 16.8 15.7
a. 7.8 6.7 9.0 7.8 16.8 15.7
9* 12.3 13.5 13.5 9.0 25.8 19*1
10. 7.3 6.7 9.5 8.4 13.5 25.8
11. 14.0 11.8 22.4 14.0 47.1 23.5
12. 13.4 17.9 30.3 24.7 37.0 41.5
13. 19.0 16.8 28.0 23.5 37.0 33.6
14. 14.0 13.5 28.0 21.9 28.0 23.6
15. 37.5 37.0 44.8 38.1 51.5 47.1
16. 31.4 35.9 35.9 33.6 40.3 45.9
17. 3.4 1.7 14.6 4.5 12.3 17.9
18. 14.6 16.8 28.0 17.9 23.5 33.6
Moan 12.5 14.0 21.2 14.4 25.6 25.2



Table %% P extraoted by 0.02 I Hg SO^ in 0.06 H H(31t ppa

Soil Period of equilibration.* Bin•aaple
Ho. 5 to 15 30 45 60

1. 10.1 10.6 10.6 12.3 13.5 15.6
2. 7.8 7.8 14.9 12.3 11.8 10.1
5. 9.0 11.8 9.0 12.3 13.5 11.2
4. 15.7 12.5 15.7 15.7 16.8 16.8
5. 21.3 22.4 23.5 24.7 22.4 23.0
6. 7.8 9*0 10.1 10.1 9.5 9-5
7. 12.3 13.5 13.5 15.5 14.6 14.6
8* 43.7 51.0 53.8 58.3 56.6 60.5
9. 16.8 16.8 17.9 19.1 19.1 24.7
10. 10.6 10.6 12.3 11.2 13.5 12.9
11. 15.7 15.7 20.2 21.2 20.2 21.3
12. 17.9 21.3 26.3 29.1 32.5 35.9
13. 20.2 24.7 28.0 39.2 37.5 38.1
14. 16.8 19.1 25.0 26.9 29.1 26.9

15. 49.3 54.9 56.0 57.1 54.9 54.9
16. 50.4 50.4 52*1 48.2 48.2 52.1
17. 3.4 5.6 5.6 5.6 6.7 6.2
18. 21.3 25.2 26.9 25.8 26.9 28.0

Mean 19.5 21.3 23.3 24.6 24.9 i5Tr
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Soli Period of otttilibratiaa* ata•Staple
5b. 5 10 15 50 45 00

Table 14* P extraoted by 0*02 V Hg S04 in 0.08 I  HOI* ppa

1. 10.1 10.6 10.6 12,3 13.5 15.6
2. 7.8 7.8 14.9 12.3 11.8 10,1
5. 14.6 14.3 13.5 13.5 15.7 13.4
4# 15.7 14.6 15.1 17.9 21,3 22.4
5. 26.9 29.7 28.0 29.1 31,4 30.3
6. 11.2 9.0 12.3 9.0 12.3 13.5
7. 14.6 18.0 16.3 19.1 17.4 20.7
9* 54.9 61.6 65.0 71.2 69.5 82.9
9* 21.3 22.4 19.1 21.3 23.5 25.8
10. 13.5 21.3 12.9 16.8 15.7 16.8
lit 22*4 25.6 20.1 28.0 24.7 28.0
12. 24.7 23.5 22.4 33.6 38.1 49.3
13. 26.9 25.8 28.0 42.6 49.3 60.5
14. 22.4 25.8 22,4 32.3 29.1 30.8

15. 61.6 67.2 67.2 69.5 76,2 82.9
16. 57.1 62,8 60.5 65.0 69.2 65.0
17# 5.6 9.0 7.3 6.7 9.0 6.7
18, 28.0 23.5 30.3 31.9 29.1 32.5
Mean 24.4 26.3 25.9 29*6 30.9 33*7
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Tabla 15, P oactoraotod by 0*02 H 80^ ia 0.10 H HOI, ppm

Soil Period of •quilibratioa, Mia
sample«b. 5 10 15 30 45 60

1# 16.8 19.1 20.2 14.6 16.8 28.0
2. 30.8 14.6 10,1 16.8 16.8 15.7
5. 12.9 38.1 26.9 12.3 17.9 35.9
4. 21.3 22.4 19.1 13.7 19.1 19.1
5. 33.6 39.2 32.5 33.6 38.1 33.6
6. 12.3 25.7 19*1 26,9 6.7 24.7
7. 17.9 20,2 22,4 17.9 32.5 32.5
8. 71.7 109.8 74,0 99.7 104.2 98.6
9. 26.9 32.5 22.4 28.0 20.2 31.9
10. 23.5 24.7 15.7 16.8 21.3 25.8
11. 33.6 31.4 31.9 25*8 42.6 30.3
12. 23.5 39.2 32.5 25*8 32.5 45.9
13. 35.9 33.6 39.2 43.7 45.9 56,0
14. 17.9 38.1 19.1 31.4 29.1 41.5
15. 79.6 72.8 78,4 85.2 121.6 90.8

16. 75.1 78.4 76,2 78.4 77.3 98.6
17. 9.0 14.6 4,5 7.8 9.0 ' 7.8
18. 32.5 33.6 43.1 34.7 47.6 49.9
Mean 31.9 38.2 32.6 34.2 38*8 42.6
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Table 16. ? extracted by 0.04 W ^  S04 la  0.04 V H0X« pp«

Solieaaple
86.

1.
2.
3#

4*

5 .

6. 
7 . 

a.
9.

10.
11.
12.
13.

14.

15.

16.

17.

18.

Period of equilibration, ai& 
l a  15 30 45

44 .8

52.7 

30.3

39.2

23.5

30.3 

5 .6

87.4

86.3

43.7

42.6

58.3

50.4 

44*8

25.8 

86.3

9 .0

58.3

22.4

7 .8

21.3 

34.7

33.6

22.4

22.4

63.9

33.6

32.5

26.9 

30.3

37.0

24.7

72 .8

63.9 

5.6

37.0

20*2

20.2

16.3 
26.9
32.5

14.6 
25*5
74.0
38.1

38.1

29.7
30.3

66.1 
38.1

94.1
66.1 

2.8

34.7

20.2

24.7

21.3

22.4 

42.6

14.6

22.4 

100.3

29.7 

19.6 

28.0

32.5

51.5

33.6 

85.2 

75.1

6 .7

42.6

11.2

48.2

39.2

21.3

33.6

43.7 

11.2

112.1

11.2

47.1

62.8

72.8

76 .8

39.2 

121.6

81.1

7 .8

71.7

60

23.5

21.3

21.3

31.4

34.7 

17.9

23.5

85.2 

31.4 

20.1

34.7

43.7

53.8

35.9 

90.8

79.6 

9 .0

43.2

Mean 45.5 32.9 37.1 37.4 50.7 39.2
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Table 17. ? extras ted bj 0*04 V H2 30  ̂ in 0.06 V HOI, ppaa

Soil Bariod of equilibration, ainempleVo. 5 10 15 30 45 60

1. 55.8 44.8 25.8 23.5 26.9 61.6
2. 86*3 37.0 33.6 58.3 51.5 61.6
3. 51.5 60.5 37.0 61.6 43.2 45.8
4* 50.4 87.4 41.5 32.5 39.2 50.4
5. 57.2 67.2 49.3 53.8 49.3 47.1
6. 51.5 50.4 30.3 53.8 50.4 32.5
7. 34.7 50.4 37.0 42.6 50.4 42,6
8. 120.00 125.2 94.1 145.7 116*5 135.6
9* 145.7 57.2 60.5 47.1 39.2 49.3
10. 55.8 50*4 66.1 45.9 70.6 80.7
11. 61.6 48.2 74.0 46.0 69.3 80.7
12. 68.4 62.8 49.3 51.5 76.2 84.0
13. 69.5 62.9 72.8 72.8 91.9 67.2
14. 58.3 50.4 44.8 43.7 65.0 72.9
15. 78.4 109.8 110.9 128.9 124.4 136.7
16. 104.2 90,3 89.6 97.5 102.0 127.7
17. 85.7 162,3 80.7 81.8 82.9 78.4
13* 116.8 113.2 115.5 126*6 131.1 136.7

Mam 75.0 75.0 61.9 67.4 71.4 77.3
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T*bl« 18* f ertreoted toy 0*04 V Hg so4 ia 0.08 I PDA

Soil
•aapleMb*

ferled ef eqniiitomtlen, Ain
5 10 15 30 45 60

1. 62*8 66.1 50.4 52.7 48.2 106.5
2* 131.1 66.1 48.2 104.2 54.9 105.3
3* 71.7 87.4 48.2 47.1 55.5 83.5
4* 72.8 117.7 56.0 99.7 57.2 69.5
5. 98.6 100.9 67.2 69.0 65.0 69.5
6. 73*4 85.2 44.8 44.8 90.8 47*1
7* 62.8 77.9 59.4 59.3 90.8 63.3
8* 152.4 183.6 116.5 187.1 122.1 184.9
9* 81.3 79.0 79.6 67.2 67.2 67.2
10. 63.3 63.4 50.4 44.5 47.1 77.3
11. 79.6 31.8 95.2 62.8 75.7 126.6
12* 79.6 94.1 68.4 75.1 30.1 126.6
13. 84.6 135*6 78.4 96.1 107.6 79.6
14. 75.1 76.2 51.5 53.8 89.6 109.8
15. 130.5 153.5 137.1 183.2 130.0 189*4
16* 118.8 114.3 112.6 116.5 123.5 177.0
17. 71.7 53.2 52.1 42.6 30.3 116.5
13. 86.3 86.3 80.7 72.3 86.3 141.7
Mean 88.7 96.0 71*7 82*2 80.0 107*9



Tabla 19* ? oaEtraated by 0*041 Hg 30^ ia 0*1 1 HOI, ppm

Soil Hrlod of equilibration, ain•aapls
lb. 5 10 15 30 45 60

1. 92*4 97.5 109.3 127.7 121.6 121.0
2. 136.1 97.5 88.5 87.4 81.8 113.2
3. 134.7 138.9 216.9 100.9 105.9 104.2
4* 99.7 100.9 115.4 93.0 119.3 103*1
5. 135.0 109.8 110.9 126.6 113.2 119*9
6. 95.2 102.0 86.3 102*0 95.2 95*2
7* 87.4 114.5 117.7 95.8 95.8 115.4
8* 149.0 167.0 193.9 202.8 191.6 215.1
9. 109.8 102.0 107.6 120.0 106.5 115.4
10. 82.9 100.9 116.5 65.3 106.5 100.9
11. 116.5 112.1 106,5 105.3 121.0 160.2
12. 106.5 99.7 103.1 119.9 108.7 116.5
13. 117.7 115.4 130.0 124.4 109*8 133.3
14. 92.4 105.3 97.6 100.9 108.7 107.5
15. 161.4 171.4 160.2 183.8 172.6 193.9
16. 187.1 168.6 117.0 150.2 169.0 186.0
17* 85*7 162.5 80.7 81.8 82.9 78.4
18. 118.8 115.2 116.5 126.7 131*1 136.7
Moan 117*r 121.1 120.8 ""*117.5 119.0 128.7
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Tabla 20* P iximttl 0*06 V Hj 30^ ia 0*04 * HOI* ppa

3*11 ParieA *t ffsaiUfcratiea* aiaaaaplaWo. 5 10 15 30 45 60

1. 35.3 55.3 107.1 51.8 43.5 58.8
2. 44.7 67.1 40.0 42.4 37.7 29.4
3. 63.5 49.4 56.5 40.0 37.7 37.7
4* 48.2 51.8 1S>»3 55.3 47.1 40,1
5. 80.0 69.4 36.5 56.5 51.8 38.8
6* 56.5 51.8 40.0 36.5 50.6 37.7
7. 47.1 51.8 44.7 47.1 47.1 49.4
8# 101.2 115.3 78.8 120.0 110.6 96.5
9. 87.1 69.4 51.8 56.5 54.1 57.7
10. 63.5 49.4 44.7 95.5 54.1 36.5
11. 56.5 56.5 55.5 63.5 50.6 58.9
12. 80.0 80.0 51.8 65.5 51.8 37.7
13. 69.4 87.1 63.5 71.8 70.6 62.4
14. 49.4 54.1 49.1 51.8 44.7 35.3
15. 108,2 154.1 81.2 103.5 115.3 90.6
16. 92.9 127.1 101.2 120.0 101.2 82.4
17. 45.9 40.0 50.6 47.1 30.6 37.7

•CD S4.7 72.9 54.1 44.7 45.9 82.4

Maaa 66.5 72.4 sila 64.9 58.1 55.9



Period of equilibration. sin

Table 21* P extracted bj 0.06 I 30^ In 0.06 If HGi, pp»

SoU sample 3o* 5 10 15 30 45 60

1. 61*2 49.4 54*1 115.3 65.9 70.6
2# 40.0 23.5 22.4 50.6 45.9 51.8
3# 35.3 51.8 115.3 91.8 74.1 124.7
4* 44.7 63.5 158.8 34.1 51.8 5 1 .8

5. 52.9 49.4 131.8 123.5 64.7 41.2
6. 40.0 44.7 61*2 91.8 129.4 117.7
7. 72.9 51.8 82*4 43.5 47.1 80.0
8* 115.3 135.3 94.1 169*4 130.6 195.3
9. 24.7 48.2 112*9 177.7 63.5 71.8
10* 49.4 50.6 87.1 98.8 63.5 56.5
It. 36.5 37.7 101*1 103.5 68.2 61.2
12. 50.6 40.0 30.6 152.9 58.8 38.8
13. 51.8 64.7 116.5 40.0 80.0 141.2
14. 63.5 54.1 171.8 112.9 52.9 61.2
15. 89.4 145.9 122*4 147.1 202.4 150.6
16. 105.9 134.1 98*8 129.4 122.4 103.5
17. 30.6 38.8 28*2 34.1 61.2 25.9
18. 52.9 56.5 37*7 110.6 68.2 134.1

Mean 56.5 63.3 90.4 100.4 80.6 87.7
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table 22. P axtraotad by Q.06 M 30  ̂ la  0.08 V 801, pp«

Skill•aaple
80. 5

Pariod
~~10

of equilibration,
~  “  ~ ~ ~

min

45 60

1. ♦9.9 51.2 52.4 84.9 62,4 64.9
2. ♦9.9 44.7 31.2 49.9 51.2 43.7
3. 87*4 53,7 74.9 77.4 62.4 87.4
4. ♦9.9 52.4 107.4 57.4 56*2 54.9
5. 94.9 53.7 99.9 94.9 64,9 54.9
6. 67.4 39.9 52.4 74.9 87.3 92.4
7. 67.4 49.9 67.4 72.4 53.7 69.9
8. 132.3 153.5 124.8 167.3 159.8 139.8
9* 42.4 99.9 87.4 119.8 66.2 94.9
10. 69.9 49.9 67*4 77,4 57.4 57.4
11. 47.4 44.9 82.4 82.4 64.9 67.4
12. 51.2 41.2 41.2 97.4 59.9 62.4
13. 67.4 64.9 94.9 52.4 69.9 124.8
14. 69.9 71.2 117.3 87.4 62.4 64.9
15. 127.3 154.8 132.2 157*3 204.7 164.7
16. 122,3 134.8 114.8 142,3 139.8 149.8
17. 30.0 31.2 31.2 35.7 47.4 26*2
18, 69.9 69.9 52.4 89,8 77.4 117.3
Moon 72.0 70.1 79.5 89.9 80,4 85.4



Tablo 23. P oxtraotad by 0.06 V Hg S0^ la 0*10 V HOI, ppa

Soil Bsriod of equilibration, t*ia
i M f t B l #  t u o m a w i i i M  in nr—i i  mm noonmii o w w a w  w m a w i  w a w i w a M f i « «a w T ir - m n - i i - n T

to. 5 tO 15 30 45 60

1. 31.8 45.9 42*4 47.1 51.8 51.8
2. 54.1 60.0 35.3 40.0 37.7 42.3
3* 127.1 49.4 38.3 54.1 38.8 40.0
4# 47.1 37.7 42.4 72.9 52.9 51.8
5. 124.7 54.1 56.5 58.8 53.8 61.2
6. 89.4 30.6 37.7 49*4 37.7 54.1
7. 54.1 40.0 44.7 9U8 54.1 54.1
8. 134.1 153.0 141.2 138.8 117.7 129.4
9. 54.1 138.8 52.9 49.4 61.2 112.9
10. 44.7 42.4 41.2 47.1 44.7 51.8
11* 54.1 44.7 54.1 51.8 52.9 65.9
12. 44.7 37.7 47.1 49.4 54.1 78.8
13* 75.3 56.5 63.5 58.8 74.1 91.8
14. 63.2 51.8 49.4 49.4 64.7 61.2
15. 148.2 145.9 127.1 148.2 183.5 160,0
16. 124.7 121.2 141*2 138.8 138.8 170.6

17* 22.4 18.8 29.4 28.2 28.2 23.5
16. 75.5 77.7 58.8 65.9 75.3 83.3
Moan 76.3 67.0 61.3 68.9 63.2 79.8
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TatiL# 24. F axtfaftta* tgr 0.08 V Hg 80  ̂ la  0*04 V H01f ppa

Saila«apl« Farlod of equilibration, mln
608o. 5 10 15 30 45

1. 35.3 23.5 23.5 40.0 58.8 49.4
2# 30.6 37.7 35.3 40.0 57.7 42.4
3. 30.6 23.5 37.7 23.5 38.8 40.0
4. 25.9 28*2 42.4 50.6 40.0 52.9
5. 49*4 51.8 70.6 72.9 56,5 56.5
6. 27.1 42.4 37.7 32.9 42.4 35.3
7. 36.5 25.9 37,7 37.7 54.1 49.4
8* 112.9 101.1 141.2 138*8 117,7 129.4
9* 43.5 51.8 75.3 54.1 51.8 61.2
10. 31.8 21.2 30.6 28.2 35.5 30.6
11. 44.7 47.1 61.2 56.5 61,2 54.1
12. 37.7 30.6 32.9 54.1 49.4 61.2
13. 48.2 61.2 67.1 70.6 70.6 68.2
14. 32.9 48.2 30.6 42.4 49.4 54.1
15. 115.3 105.9 115.3 131.8 122,4 147.1
18. 108.2 98.8 105.3 122.4 112.9 141.2
17. 28.2 13.8 23.5 16.5 11.8 23.2
18. 30.6 58,8 36.5 51.8 92.4 70.6
Mean 48.3 48.7 55.7 59,2 60.7 65.1



e*u6*699*996H96*669*65

♦*296*686*666*696*996*99*81
0*620*020*020*626*220*62*2,1
6*2618*m8*96*8*6216*2116*221*91
8*6916*2,916*2616*2616*2.216*261*61
♦*1*6$*♦66*696*2.66*695*2.6*91
6*92.9*2.2,♦*U9*2.99*296*69*61
9*2,6♦*26♦ •266*665*2,66*66*21
6*66♦*296*666*666*699*2.9•u
6*2,66*666*2.66*2.65U20*66*01
9*22,♦*299*299*2,66*969*2.9*6
6*2618*6H6U612*2,618*9U6*601*8
6*696*969*296*996*666*66*1

9*296*n6*2.66U66*665*26#9
♦*29♦*296*92,6*699*2.66*95*6
6*959*2.99*269*2,96*666*66*9
t*2t♦*gt0*660*660*666*66*6
9*066*996*996*666*2£2. *66*2
$*♦66*669*2.90*666*260*96U

0969066i0*6*<« •Td«B«
vps TT®6

wld *108 H 90*0 «T ^08 *H II 90*0 A *•**»***• € *62 »TW

09
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Xoblo 26. ? extracted by 0*08 I Eg 80^ in 0.08 IT 101, ppa

Soil aanplo
no. 5

Periou or equilibration, nin 
10 15 5® 45 60

1. 36.2 37.5 39.9 52.4 57.4 57.4
2. 35.0 31.5 39.9 47.4 49.9 52.4
3. 42.4 39.9 37.5 39.9 42*4 42.4
4* 49.9 49.9 49.9 54.9 52*4 5^.9
5. 59.9 62.4 67.4 72.4 62.4 62.4
6. 35.0 39.9 37.5 37.5 47.7 47.4
7* 44.9 42.4 49.4 47.4 54.9 34.9
8. 104.9 t22*3 162.3 162.3 162.3 164.3
9. 52.4 54.9 52.4 64.9 72.4 32.4
10. 35.0 35.0 39.9 42.4 42.4 42.4
1 1 . 49.9 49.9 49.9 59.3 64.3 62.4
12. 42.4 39.9 39.9 52.4 52.4 57.4
13. 49.9 62.4 67.4 79.9 82.4 32.4
14. 44.9 47.4 44.9 52.4 57.4 59.9
15. 139.8 147.3 157.3 172.3 159.8 169.8
16. 129.6 132.3 144.3 152.3 169.8 174.8
17. 27.5 22.5 22.5 22.5 20.00 22.5
18. 54.9 67.4 72.4 74.9 92.4 87.4
Kean 57.5 60.3 55.3 71.5 74.6 76.6



fable 27. P extraeted by 0.08 ff Hg 30^ in 0*10 V HOI, ppa

Soil
sample

He.

Period of equilibration, mis.
5 10 15 30 45 60

1* 36.2 39.9 44.9 54.9 57.4 62.4

2 , 35.0 37.5 39.9 49.9 34.9 57.4

5* 47.4 44*9 37.5 44.9 42,4 42.4

4 . 59-9 54.9 49.9 57.4 34*9 34.9
5 . 62.4 64.9 68.7 69.9 64.9 62.4

6* 34.5 57.5 36.2 59.9 47.4 49.9

7 . 4T.4 49.9 53.7 52.4 54.9 57.4

8 . 107.4 127.3 167.3 172.3 174.8 177.9

9 . 56.2 54.9 54.9 68.7 32.4 92 .4

10. 35.0 39.9 42 .4 44.9 44.9 42.4

11. 49.9 49.9 52.4 59.9 62.4 62.4

12. 42.4 44.9 44.9 52.4 54.9 57.4

13. 49*9 59-9 64.9 82 .4 84 .9 87.4

14. 47.4 47.4 48.7 54.9 57 .4 59.9

15. 144.8 157.3 164.8 182.2 187.2 1S2.2

16. 134.8 147.8 168.5 172.3 182.2 194.7

17. 25.0 22.5 22.5 25.0 25.0 22,5

18. 264.9 69.9 74.9 39.9 94.9 92.4

Ham /1.1 64*0 68*7 76.3 79.3 81.5



oo

Zablo 28* P axtraatad Iqr 0.10 M Sg S04 in 0.04 N HOI, p p a

SoU■aaploNo.
foiled of oq-uilibration, Bin

5 10 15 30 45 60

1* 43*7 51*2 47.4 47.4 53.7 49.9
2. 41.2 54*9 44.9 49*9 47.4 54.9
3. 49.9 49.9 46.2 46.2 52.4 52.4
4* 44.9 57.4 58.7 49.9 56.2 74.9
5# 62*4 77.4 66.2 67.4 81.1 74.9
6. 37.4 57.4 41*2 47.4 43.7 48.7
7. 54.9 54.9 57.4 61.2 54.9 59.9
8. 126*1 157.3 154.8 137.3 161*0 169.8
9. 64*9 72*4 61.2 67.4 73.7 72.4
10, 44.9 59.9 42.4 42.4 64.9 54.9
11. 62*4 58*5 54.9 58.7 74.9 69.9
12. 54.9 71.2 49.9 54.9 68.7 62.4
13. 54*9 74.9 68.7 69.9 77.4 87.4
14. 49.9 53.7 47.4 57.4 54.9 54.9
15. 126.1 172.3 154.8 156.0 166.0 164.8
16. 128.7 156.0 139.8 132.3 164.8 177.3
17. 126.1 172.3 154.8 156.0 166.0 164.8
18* 128.7 156.0 139.8 132.3 164.8 177.3
Moan 72.3 89.3 79.5 79.7 90.4 92.9



X«fcl« 29* * •xtrwUd fcy 0*10 I Hg 80^ in 0*06 V HC1, ppa

Soli ?«ri«d If i|BlUtetU«M ito
"*»£* 5 10 y> «  60

1 ,  35.0  37.6 42 .4  47 .4  54.9 59.9

2 .  33*7 37*5 42*4 42*4 43*7 44*9

3* 35*0 37*5 39*9 42.4 44.9 47.4

4 .  42 .4  44.9 32*4 32.4 34.9 54.9

5 . 62.4 64*9 69*9 64.9 67.4 67.4

6.  25.0 32.5 41.2 39.9 37*5 37.5

7 . 44 .9  47.4 49 .9  49 .9  52.4 52.4

8 . 129.8 139.# 149.8 154.8 162.3 167*3

9 * 59.9 62.4 64.9 69.9 74.9 77.4

10 .  35*0 37.5 39*9 42.4 47.4 49.9

1 1 . 44.9 49*9 52 .4  52.4 49.9 54*9

12 .  43*7 42*4 42 .4  43*7 39 .9  19*9

13. 43 .7  52*4 62 .4  64*9 62 .4  67.4

14 .  43.7 49.9 54.9 52.4 47.4 49.9

15. 142.3 157.3 167.3 174.8 182.2 184.7

16. 139*8 144.8 153.5 157.5 162.3  169.8

17* 25*7 22.5 22.5 22*5 25 .0  25 .0

18. 72*4_______ 72*4_______73 .7________77.4 79.9 84.9

M m  58.7 63 .0  S 7 . r  69.5 7H 6 tJ T T



Toblt 29* P •xtrmoted toy 0*10 V Hg 80^ ia 0*06 V HC1, ppa 

Soil Porlod of ofollibr&tion, aiaoaaploHo. 5 10 15 30 45 60

1# 35.0 37.6 42.4 47.4 54.9 59.9
2* 33*7 37.5 42.4 42.4 43.7 44.9
3. 35.0 37.5 39.9 42.4 44.9 47.4
4* 42.4 44.9 52.4 32.4 54.9 54.9
5* 62.4 64.9 69.9 54.9 67.4 67.4
6. 25.0 32.5 41.2 39.9 37.5 37.5
7. 44.9 47.4 49.9 49.9 52.4 52.4
8. 129.8 139.8 149.8 154.8 162.3 167.3
9* 59.9 62.4 64.9 69.9 74.9 77.4
10, 35.0 37.5 39.9 42.4 47.4 49.9
11. 44.9 49.9 52*4 52.4 49.9 54.9
12. 43.7 42.4 42.4 43*7 39.9 39.9
13. 43.7 52.4 62.4 64*9 62.4 67.4
14. 43.7 49.9 54.9 52.4 47.4 49.9
15. 142.3 157.3 167.3 174.8 182.2 184.7
16. 139.8 144.8 153.5 157.5 162.3 169.8
17. 23.7 22.5 22.5 22.5 25*0 25.0
18. 72.4 72.4 73.7 77.4 79.9 34.9
Ho an 58*7 63.0 57*9 71.6 74.2
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Toblo 30. P oxtrsotod by 0.10 ff Hg S04 ia 0.08 IT Hd, pp« 

Soil Poriod of equilibration, minoaopleWo. 5 10 15 30 45 60

1. • 57.5 39.9 44 .9 52.4 49.9 54.9

2* 35.9 42.4 47.4 52.4 59.9 52.4

3. 37.5 42.4 44.9 19.9 44.9 52.4

4 . 47.4 47.4 49.9 54.9 59.9 54.9

5. 64.9 67.4 69.9 72.4 87 .4 74.9

6 . 35.0 37.5 42 .4 44.9 52.4 37.5

7 . 49.9 52.4 52.4 54.9 57.4 59.9

a . 139.3 159.8 159.8 169.8 177.3 182.2

9* 62.4 67.4 67.4 74 .9 77.4 82 .4

10. 37.5 39.9 44.9 44.9 62.4 62 .4

11. 49.9 52.4 57.4 62.4 52.4 57 .4

12. 42.4 44.9 44.9 49.9 54.9 54.9

13. 42.4 54.9 67.4 72 .4 82 .4 74.9

14. 42.4 49.9 54.9 49.9 62.4 59.9

15. 159.8 164.8 174.8 187.2 219.7 224.7

16. 149-8 157.3 162.3 179.8 184.7 192.2

17. 25.0 27.5 25.0 30.0 25.0 27.5

18. 69.9 72.4 73.7 77 .4 79.9 89.9

Moan “ST? 67*8 71.4 7677 82 .8 83.1



ou

fable 31. * extracted by 0.10 Y Hj S04 in 0.10 Y BOX, pja

S o li  P e riod  o f  e q u ilib r a t io n , a laOMiplO
Yo. 5 10 15 30 45 60

1. 38.7 42.4 48.7 58,7 47.4 49.9

2# 39.9 44.9 51.2 59.9 67.4 58.7

3* 43.7 46.2 49.9 52.4 44.9 59.9

1 . 51.2 49.9 47.4 62.4 71.2 74.9

5. 71.2 72.4 72.4 77.4 102,4 79*9

6 . 36.2 39.9 42 .4 47.4 62,4 39.9

7 . 52.4 54.9 54.9 58.7 59.9 66.2

8 . 149.8 174.8 197.2 192.2 194.7 208*5

9 . 64.9 69.9 72.4 81.1 79.9 89.9

10. 42*4 44.9 47.4 47.4 72.4 68.7

11. 57.4 58.7 59.9 67 .4 58.7 62.4

12. 41.2 46.2 51 .2 58.7 67.4 59.9

13. 42.4 57.4 73.7 81.1 106.1 77.4

14. 39.9 49.9 54.9 47.4 72.4 64.9

15. 173.5 182.2 191*0 199.7 249.7 264.6

16. 162.3 164.8 169.8 202.2 209.7 208.5

17. 30.0 30.0 28.7 35.0 25.0 31.2

18. 69.9 72.4 74 .9 79.9 78.6 96.1

Moan 67.1 72.3 33 .8 92 .8 92 .3



extracted by easy of the combinations of the two 
aoide and phoephorue amoved by crops in pot culture 
experiments were found etatietleelly significant.
She hlgheet correlations were obtained In the oeee 
of the extraetante 0.06 H aulphurlo aoid in 
0.06 H hydro chlorio aoid and 0.06 I ouLpnurio aoid 
in 0.08 II hydrochloric aoid.

The pattern of releaee of soil~P in various 
extractants during varying periods of equilibration 
shoved that the values of phosphorus recorded at 
different periods were fluctuating probably due to 
the sinultaneouB releaee m d  resorption taking place 
during extraction. it was therefore felt neeeseary 
that unless the resorption of the extraoted phoephorue 
is effectively cheeked* the reproduoeability of the 
results obtained would be very much affeoted. if 
resorption of the extraoted phosphorus takes plaoe 
then the amount of phoephorua finally regaining in 
the solution* nay become a fraction of the period of 
shaking* tine takra for centrifuging er filtering



the soil water suspension aad A m  the tino takm  
for tha associated dispoasiag procedures of tha 
extraotaut employed# It is possible to atandardiaa 
tha pariod of equilibration and to raoeansnd apseifis 
parioda of extraction required under each analytical 
procedure# But variability la tha amount of 
phoaphoroa in solution dua to variation in tha pariod 
of oontaot between seiX and extraotant solution aftar 
tha equilibration, will Xaad to irregular raauLts. 
Standardisation of tha pariod of oontaot between 
seiX and tha extraotant soXution viXX bo diffiouXt 
undar normal conditions* This difficulty oan bo 
ovorooao by anploying ohaXataa along with tho 
art rent ant so that soil phosphorus onoo brought into 
tha solution will not bo rosorbod by tho soil* ioatato, 
oxalate and eitrato aro wall known ohslating organic 
anions whioh oan bo anpXoyad to prevent tho rosorptlan 
of phosphorus from tha soXution*

In tha prosant study varying ooneentratione of 
aeotie aoid, oxallo aoid aad ottrio aoid wars anpXoyad 
in combination with diffarant ooneentratione of 
hydroohiorio aoid and oulphurle odd,* Out of tho 29 
mineral aoid axtraotants employed mad disousaad earlier.
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three extraotants were selected far trying their 
performances in ooablnatlon with tha three organlo 
acids, aa a pilot study* Thus 0*06 9 hydroohlorlo 
aoid, 0,06 H sulphurio aoid and 0.06 V hydroohlorlo 
aoid In 0*06 V sulphurio aoid wara employed aa 
extraotants in tha pmaanoa of organic acids. Each 
organlo aoid waa triad at two oonoantratloas nanaly 
0,09 V aad 0.10 N. Xha influanoa of thaao 18 
combinations of aoida in tha extraotlon of soil 
phosphorus waa studied only in three selected aoila 
(aoil nunbera 2, 8 and 15),

Data on the phosphorua extraoted by 13 
ooi&inatlone of aoida invoicing oxallo sold, aoetio 
aoid m d  oltrio aoid at tho ooaeentratioas of 0.0$ 9 
and 0.10 9 art proaoatod in fables 32, 33 and 34* 
Observations revealed that tha aaouat of phosphorus 
brought into solution by tha ainaral aolds waa 
markedly inoraaaed by 1he preeenoe of organlo aoida, 
the effect of oxalio aoid being much sore dominant aa 
compared to that of othar organlo aoida. When 0.06 9 
hydroohlorlo aoid extraoted only 13*4 ppm phosphorus 
when employed independently, the corresponding value



for the ooabination of 0.06 V hydroohlorio aoid in 
0.05 Y oxalio aoid vaa 105.3* This drastic effect 
of oxalic aoid in releasing phosphorus into solution 
oan bo assigned to (1) the oholating of foot of 
oxalato anion on the phosphorus release into the 
soil thereby avoiding the possible resorption of 
phosphorus on the soil surfaoe. This oholating 
offset of oxalato ion eon bo oeafimed by the pattom 
of roloaso of pheapherna observed over increasing 
periods of equilibration, ihssphorus extracted in 
the presenoe of organic aoida continuously increased 
with period of equilibration. This shows that 
phosphorus onoe released into the solution haa been 
offootively controlled froa resorption by the soil.
(2) Qxalio aoid itself is m  extractant for soil 
phosphorus vhioh whan in eoahination with a mineral 
acid extraots considerably higher mounts of phosphorus 
froa the soil as compared to the mineral acids alone. 
Presenoe of aoetio aoid end oitrio aoid also inoreasod 
the phosphorus extracted by the mineral acids though 
their effeots were not as significant as that of oxalie 
aoid. The moan value of phosphorus extracted by the 
throe mineral aoid extractants was 43.9 ppm when the



fable 32* P extraoted by extraotante involring organlo aoida, ppa (Soil Ho.2)

SI* Period of equilibration* nln
2 IS ___12-____ 22_____ &2____ -12.

t. 0.06 H 161 7.8 6.2 10.1 10.6 13.5 17.9
2* 0.06 N SOI In 0.03 H OA 25.0 30.0 35.0 37.5 40.0 40.0
3. 0.06 H H d  in 0.10 H OA 16.5 21.0 26.9 35.7 42.8 48.7
4. 0.06 N HCGL la 0.05 H AA 20.1 21*0 23.0 27.0 30.0 31.0
5* 0.06 N SOI in 0.10 H AA 18.1 21.3 23.2 26*2 29.0 32.0
6. 0.06 H SOI In 0.05 N CA 24.0 26.0 31.3 34.0 34.0 35.0
7. 0.06 H SOI In 0.10 W OA 18.0 20.1 22.5 23.0 25*0 25.5
8. 0.06 H s2 so4 13.2 12.2 15.7 15.7 17.9 3*4
9« 0.06 H H- SO. in 0.05 1 OA 39.9 44.9 47.4 52.4 52.4 54*9
10* 0,06 H s2 so4 In 0.10 I OA 42.0 51.0 63.7 65.3 66.1 69.2
11* 0.06 H Hg S04 In 0.05 1 AA 22.5 24.9 27.4 57.5 37.5 39.9
12. 0.06 H HgS04 In 0.10 H AA 22.5 24.9 32.5 37.5 42.4 47.4
13* 0.06 H Hg S04 In 0.05 S OA 29.9 35.0 42.4 47.4 47.4 47.4
14* 0.06 H HgS04 In 0.10 H GA 52.5 34.9 42.4 47.4 47*4 48.0
15. 0.06 H h2 so4 in 0.06 S HOI 40.0 23.5 22.4 50.6 45.9 51.8
16. 0.06 H HgS04 ft 0.06 I SOI In

0.05 H OA 47.4 49.9 54.9 62.4 62.4 62.4

(oontd...) CD



(Table 32 oontd..)

SI*Sc* Bxtraotent 5
Period of equilibration, ain

10 15 30 45 60

17. 0.06 S H0 SO* A 0*06 S HOI la 0.10 S OA 4 47.4 49.0 53.8 61.3 66.4 73.1
18* 0.06 S H- SO. A 0.06 H HC1 in 0.05 S AA2 4 37.5 37.5 44.9 57.4 59.9 64.9
19. 0.06 H H0 SO. & 0.06 S HC1 in 0.10 5 AA 4 39.9 44.9 49.9 64*9 67.4 67.4
20* 0.06 N EL SO. A 0.06 H HOI in 

0.05 S Ox 4 42.4 47.4 52.4 59.9 62,4 67.4
21* 0.06 S H0 SO. & 0.06 V 809. la O.tfO 1 OA 4 35.0 47.4 59.9 59.9 62.4 69.9

OA - Oxalio aoid.
kk - Aoetlo sold.
OA - Citric acid.



Table 33* P estreated by extractants InrolTiog argenlo aside. ppn (Sell So*8)
SI* Period ot equilibration, ainSo. Extractant 5 tO 15 30 45 60

1. 0*06 S H d 13.5 9.5 14.0 13*5 17.9 22.4
2* 0.06 S H d la 0.05 S 04 187*2 192.2 194.7 232.2 237.2 239.7
3. 0*06 S H d in 0*10 S 04 29*7 69*2 106.3 227.4 264*5 304.0
4* 0*06 S H d la 0.05 S 44 24.7 39*5 49*4 69*2 76.6 81.6
5* &0•0 S H d in 0.10 S 44 37.1 51.9 61*8 76.6 76.6 81.6
6* 0.06 S H d in 0*05 S 04 39*5 54.4 69.2 89.0 89.0 94*0
7. 0*06 H H d la 0 .10 H 04 32.1 51*9 71.7 79.1 89.0 98.9
8* 0*06 * “2 S04 44*0 44*8 52.1 52.7 52.1 47.6
9* 0.06 ■ h2 S04 la 0*05 1 04 234.7 239.7 244.7 274.6 284.6 292.1
10* 0*06 S Hg S04 in 0.10 S 04 215.0 259.5 308.9 311.4 308.9 311.4
11* 0.06 I Hg S04 in 0*05 S 44 69*2 76.6 86.5 113*7 111.2 128.5
12* 0.06 S Hg S04 in 0*10 H 44 69.2 31*6 98*9 118.6 116.2 116.2
15. 0*06 I Hg S04 in 0.05 N 04 91.5 111*2 131.0 148.3 148.3 148.3
14. 0.06 S Hg S04 in 0.10 S 04 101*3 106.3 111.2 128.5 133.5 145.8

(oontd***) CDCO



(Table 33 oontd..)

81*Ho. Extractant 5
Pariod

10
of equilibration,

15 30
atw
45 60

15. 0.06 I H2 804 lit 0.06 H H d 115.3 135.3 94.1 169.4 130.6 195.3
16* 0.06 I H2 so4 & 0.06 V H d la 0.05 I 04 254*6 264.6 279.6 309.6 319.6 337.0
17* 0.06 V *2 S04 A 0.06 N HOI la 0.10 H 04 214.4 253.9 259.5 265.2 296.2 544.2
18* 0.06 s *2 S04 & 0.06 N H d In 0.05 w 44 118.5 121.3 149.5 183.5 197.5 211.6
19* 0,06 s *2 S04 A 0.06 H H d In 0.10 H 44 126.9 146.7 166.4 211.6 211.6 211.6
20* 0.06 H H2 S04 A 0.06 V H d In 0.05 H 04 135.4 152.3 172.1 191.8 203.1 214.4
21* 0.06 I «2 S04 & 0.06 K H d la 0.10 8 04 112.8 152.8 194.7 194.7 205.9 222.9

AA - Acetic aoid*
OA - Oxalio aoid.
CA * Oitrlo aoid.

CD



Table 34* P extracted by extractants inrolTing organic acids* ppm (Soil Ho. 13)

31.
Ho* Extractant 5

Period of equilibration, ain10 15 30 45 60

1. 0.06 H H d 7.3 10.1 15.7 14.6 19.1 17.4
2. 0.06 H H d in 0.05 H 04 44.9 49.9 52.4 74.9 87.4 94.9
3* 0.06 H H d in 0.10 H 04 9.3 22.1 34.0 73.0 84.9 96*8
4. 0.06 N H d in 0.05 H 44 7.6 12.7 16.1 22.1 24.6 23.0
5* 0.06 H H d in 0.10 H 44 11.9 17.0 19.5 24.6 25.5 28.0
6. 0.06 H H d in 0.05 H 04 12.7 17.8 22.1 28.9 29.7 29*7
7. 0*06 H H d in 0.10 H 04 10.2 17.0 23.0 25.5 28.9 32.3
8* 0.06 H “2 sg 4 22.1 25.7 29.7 31.4 38.1 43.1
9. 0.06 N »2 S04 in 0.05 H 04 64*9 67.4 69.9 82.4 102.4 117.3
10. 0.06 H ■a 304 in 0.10 H 04 76.8 93.0 116.5 110.5 110.5 111.9
11. 0.06 H *2 S04 in 0.05 H 4 4 24.3 27.0 31.0 40.5 43.1 45.8
12. 0.C6 H ■a S04 in 0.10 H 44 24.3 28.3 33.7 41.8 43.1 45.8
13* 0.06 N Hg S04 in 0.05 H 04 32.3 39.1 47.2 52.6 53.9 53.9
14. 0*06 H S04 in 0.10 H 04 36.4 37.8 39.1 45.8 47.2 52.6

cS
(oantd...)



(Table 34 oontd.•)

SI.lo. Extraotant 5 ?«riod of ejpiilibratioa. nin
45 60

15. 0.06 I “ z so4 in o .o6  n Hca 51.8 64.7 116.5 40 .0 8 0 .0 141.2

16. 0.06 s “z ao* & 0.06 W HCOL in 0 .0§ V 04 67.4 74 .9 82 .4 97 .4 102.4 109*9

17. 0.06 V ®z so .4 it VOo•© IT 881 in o .to II 04 64.7 7 6 .8 79*5 80.9 90 .3 105*2

18. 0.06 V ®z S04 & 0.06 I 881 in 0*05 8 44 36.4 37 .8 45 .8 55.3 60 .7 64 .7

19* 0.06 I Hz so4 & 0.06 S 881 in 0.10 V 44 39*1 44.5 51*2 64.7 66.1 67*4

20* 0.06 I so4 & 0.06 V 881 In 0.05 8 84 41*8 43*8 52.6 58 .0 62 .0 64 .7

21. 0 .06 I “ z S04 8 0.06 w881 in 0 .10 8 84 33*7 45 .8 59*3 60.7 63 .4 67 .4

AA - Acetic aoid*
04 - Oxallo acid*
GA * Citric acid.



effects of soils end periods of equilibration were 
pooledf wiiereas in the presenoe of oxalie aoid, 
aoetio aoid end oitrio aoid the yaluss were 1248,
61*4 and 67.8 ppa P, respectively. She pattern of 
phosphoms release oyer varying periods of 
equilibration in the presenoe ef aoetio aoid and 
oitrio aoid was elnilar to that of oxalie aoid. The 
ralues of pheephome oonelstently inoreaaed with 
increasing periods of sqnillbratien showing that 
roaorption of ths phosphorus ones brought into 
solution on to the solid phaso has been sffsotiyely 
controlled by ths presenoe ef acetic sold and oitrio 
aoid also. This indicates that the ability ef oxalic 
aoid to extract exceedingly higher moisita of 
phosphorus in oonblnation with ninsral aolds is not 
because of its ability to extract s portion of oeil 
phosphorus but it lo nalnly duo to its ohslatlon sffsot.

When ths aaomts of phosphorus sxtraotod in ths 
prsssnos of 0.05 I oxalio sold and 0*10 S oxalic aoid 
wore oonpared, it was seen that the higher oonoentration 
ef exalle aeld would not increase the anount of 
phosphorus brought into solution, probably beeauae
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oxalio aoid at the strength of 0.09 V was sufficient 
to ohelate all the phosphorus brought into solution. 
Similarly higher esnsentratieas of aoetio Mid and 
oitrio Mid would act inoreMe the aaocnte of 
phosphorus extraoted as eompared to phesphorM 
extraoted by the lower ooneeatration of these aeids*

The pilot study thus brought to light the 
following fasts i

1) by employing organic aside resorption of 
phosphorus from solution oaa bo offootiroly 
prevented einoo phosphorus values at 
inoraasiag periods of equilibration increase 
oonsistently

2) the amounts of phosphorus extraoted by the 
mineral Mids emu bo imoraassd by tho 
prMsnoo of organie aoids notably oxalio aoid

3) organic Midsat tha strength of 0*03 » is as 
good m  0*10 V in their effeote on the 
extraetion ef soil phosphorus mentioned abort

Based on these observations only oxslio aoid at 
tho strength of 0*03 If was employed along with 17 
mineral aoid extroetanta seleoted from the 29 mineral 
aoid extraotante already studied and disoussed.



The aaln criterion la selecting these 
extractants was the oonaiatsnoy la the pattern of 
phosphorus release by these extraotaats at 
increasing periods of equilibration. Ths pattsra 
of phosphorns release by these 17 aslsoted 
extraotaats in the presenoe of 0.05 R oxalic aoid 
was observed at varying periods of equilibration with 
all the 18 soils employed in the study. The 
rslationship between the phosphorus extracted by 
theee extractants and the uptake of phosphorus by 
successive crops of rice grow in the soils were 
studied# The 17 extractants selected wore comprised 
of bydroohlorlo aoid at the oonosatratlons of 0.06 N 
and 0.08 S and sulphuric sold at 0.02 N, 0.04 H,
0.06 H, 0.08 H and 0.10 H in the presenoe of 0.05 R 
oxalie aoid. Conbinations of sulphurlo aoid and 
hydroohlorio aoid at ths strengths mentioned above 
wars also tried. Ths results revealed that the 
aneunt of phosphorus brought Into solution was 
considerably increased by the presenoe of oxalie sold 
as already seen in ths pilot stady. The mean values 
ef phosphorus extracted by 0.06 V end 0.08 R 
hydroohlorio sold were 13.7 and 13*3 ppn respectively



wham the effeets of periods of equilibration and 
eoile were pooled, while values for phosphorus 
oxtraetod by then in the preeenoe of oxalio aoid were 
81*6 aad 83*4 ppa respectively* A similar effeot wae 
aleo notioed in the oaee of phoephorue extraoted by 
eulphurio aoid aa well ae combinations of eulphurio 
aoid aad hydroohlorlo aoid in the preeenoe of oxalio 
aoid. When the percentage of inerease in the amount 
of phoephorue extraoted due to the preeenoe of 
oxalio sold waa observed it was eeen that the 
inflames wae more pronounoed at the lower 
ooneentratione of mineral aolde, 3hie io obvioualy 
because at higher oenoentratlone of mineral aoida 
larger amounts of phosphorus were brought into 
solution as a result the degree ef phoephorue 
resorbed by the eeH expressed as the peroentage of 
total phoephorue in solution will bo smaller.

Observations on the pattern of release of 
phosphorus into solution during varying periods of 
equilibration presented in Tables 35 to 51 showed 
that in the oaeo of all tho 17 extractants employed 
in the preeenoe of oxalio aoid, the major part of the



phosphorus extraction w i  completed within a period 
of 30 minutes end only n clew rate of release 
oontinuod thoroaftor. As a result, mgr period of 
equilibration not looser then 30 nimutes oan bo 
eonaidorod aatlefaotory in tho oxtraotion of 
phosphorus using the extraotants employed. This 
observation is of muoh praotioal significance sinoe 
equilibration for mors than 30 minutes will be 
usually inconvenient fbr adopting tho procedure in 
advisory works. The pattern of release of phosphorus 
by ell the 17 extraotants finally studied was mueh 
superior to the pattern of release observed with 
ammonium fluoride and hydroohlorlo aoid (Bray Bb.1) 
solution* The amount of phosphorus extraoted by 
0*03 8 aaaoaiun fluoride in 0*023 V hydroohlorlo aoid 
at varying periods of equilibration fluctuated vary 
much, the mean values for 3§ 10, 15, 30, 45 aad 60 
minutes oxtraotion being 19*67, 17*22, 13*22, 17*58, 
15*02 and 13*65 ppm P respectively* This shows that 
resorption of phosphorus takas plaoe when the period 
of contract between coil and solution is lover in this 
method.



1 0 2

S o il  P e riod  o f  « tB iU te »U s ft|  * in

Io «  9 10 15 30 45 60

1. 22.5 27.5 32*5 35 .0  37.5 37.5

2 . 25.0 30.0 55*0 37.5 *0 .0  40 .0

3 . 27.5 32.5 37.5 42 .4  45.0 47.4

4 . 27.5 35.0 57.5 39.9 42.4 42.4

5 . 47.4 32.4 54.9 79.9 92 .4  102.4

6 . 25.0 30.0 37.5 39.9 42 .4  44.9

7 . 25.0 30.0 55.0 37.5 39.9 39.9

8 . 187.2 192.2 194.7 232.2 237.2 239.7

9 . 52.4 59.9 62 .4  87 .4  102.4 112.5

10. 30.0 35.0 42 .4  44*9 47 .4  47.4

11. 44.9 49.9 49 .9  72 .4  84.9 69.9

12. 57.4 64.9 67 .4  97 .4  114.8 119.8

13. 44.9 49.9 52*4 74.9 87 .4  94.9

14. 72.4 79.9 84.9 119*8 139.8 152.3

15. 192.2 197.2 199.7 237.2 242.2 244.7

16. 184.7 189*7 189.7 224.7 232.2 232.2

17. 22.5 27.5 32.5 35 .0  37.5 39.9

18. 39.9 44.9 47.4 67 .4  77.4 84.9

Mtaa 62.7 68.2 71 .9  89 .2  96 .3  100.7

Ttbl« 35. 7 n t n o M  tgr 0.06 V SCO. la  0.05 W oxalio wjid.ppm
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2afe3.« 36. P extracted bjr 0*08 K HOI in 0.05 V oxalio aoid, ppm 

Soil Period of equilibration, nln
Ho. 5 10 15 30 45 60

1. 57.5 44.9 49*9 54.9 57.4 57.4
2. 30.0 55.0 39.9 42.4 42.4 42.4
3. 44.9 52.4 59.9 6?, 4 64.9 67,4
4* 49.9 59.9 67.4 72.4 72.4 72.4
5. 37.5 59.9 42.4 59.9 64.9 74.9
6. 39.9 47.4 52.4 57.4 57.4. 59.9
7. 23.0 27.5 52.5 35.0 37.5 37.5
8. 197.2 193.5 224.7 239.7 244.7 247.2
9. 33.0 39.9 42.4 49.9 57.4 62.4
10. 30.0 53.0 37.5 39.9 42.4 42.4
11. 44.9 49.9 52.4 74.9 82.4 87.4
12. 44.9 49.9 54.9 79.9 74.9 82.4
13. 49.9 54.9 57.4 79.9 89.9 102.4
14. 42.4 44.9 47.4 52.4 34.9 54.9
15. 237.2 237.2 264.6 294.6 292.6 294.6
16. 162.8 169.8 194.7 207.2 209.7 212.2
17. 49.9 57.4 67.4 69.9 72.4 74.9

•18«• 39.9 44.9 47.4 64.9 72.4 82.4
Mean 67.0 71.6 79.7 90.4 93.9 97.5



Table 57* P otVMtii by ©.Of V H„ 30. in 0*05 V oxitlle aoid, pg«

Soilsample
Ho*

Period of equilibration. bIb
605 10 15 30 45

1. 30.0 32.5 35.0 42.4 44.9 44.9
2* 35.0 37.5 59.9 47.4 52.4 52.4
3. 27.5 30.0 31.2 37.5 39.9 42.4
4. 32.5 35.0 37.5 42.4 44.9 44.9
5. 52.4 54.9 57.4 82.4 97.4 112.3
6. 39.9 42.4 44.9 52.4 59.9 62.4
7. 39.9 42.4 47.4 54.9 59.9 62.4
8. 219.7 220.9 222.2 224.7 229.7 237.2
9. 47.4 49.9 52.4 72.4 84.9 99.9
10. 54.9 57.4 62.4 74.9 82.4 84.9
11. 52.4 53.7 57.4 77.4 92.4 97.4
12. 77.4 79.9 34.9 117.3 137.3 154.9
13. 52.4 54.9 57.4 79.9 94.9 109.9
14. 62.4 64.9 67.4 94.9 112.3 129.0
15. 312.1 314.6 >14*6 319.6 327.0 537.0
16. 229.9 232.2 232.2 237.2 242.2 249.7
17. 62.4 67.4 72.4 84.9 94.9 97.4
18. 54.9 57.4 39.9 84.9 99.3 104.9
Mean 82.4 84*9 87.6 101.5 111.0 118.0
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Table 38. P estreated bjr 0.04 V H* 80. ia 0.03 V
esalio aoid, ppm * *

Soil Period of equilibration, ainaasipia
Vo. 5 10 15 30 45 60

1 . 22.5 27.5 27.5 30.0 32.5 32.5
2. 37.5 44.9 47.4 52.4 52.4 52.4
3. 25.0 3 1 .2 32.5 57.5 57.5 35.9
4. 44.9 52.4 47.4 62.4 64.9 64.9
5. 47.4 47.4 49*9 59.9 72.4 84.9
6. 20.0 22.5 25*0 27.5 27.5 30.0

7. 30.0 37.5 39*9 42.4 44.9 44.9
8. 234.7 237.2 239.7 262.1 274.6 287.1
9* 44.9 44.9 47.4 57.4 67.4 79.9

10. 32.5 37.5 39*9 44.9 44.9 44.9
1 1 . 57.4 57.4 59*9 72*4 87.4 102.4
1 2. 69.9 72.4 72.4 89.9 107.4 127.3
13. 62.4 62.4 64.9 79.9 94.9 112.3
H. 54.9 57.4 69*9 87.4 102.4 122.3
15. 307.1 312.1 3H.6 344.5 359.1 377.0
16. 2.7.2 219.7 222.2 242.2 254.6 264.6
17. 32.5 37.5 39*9 44.9 47.4 47.4
18. 62.4 62.4 64*9 79.9 97.4 112.3
Mean 78.0 81.3 83*6 95.4

mmm* mm mm m»+m *i* *•«

103.9 11 2 .6



fotole 39. P attracted toy 0*06 H HL SO. in 0.05 I oxalic* aoid, ppm * *

SoU Period of aqpdXlbratiozi, iqt;p
Ho. 5 10 15 30 45 60

1. 37.5 42.4 44*9 49.9 52.4 52.4
2. 39.9 44.9 47.4 52.4 52,4 54.9
3. 42.4 47.4 54.9 54.9 57.4 59.9
4. 49.9 59.9 62.4 64.9 67.4 67.4
5* 42*4 42.4 44.9 52.4 64*9 74.9
6. 37.5 42*4 44.9 49.9 49.9 32.4
7. 37.5 42.4 44.9 49.9 52.4 52.4
8. 234.7 239.7 244.7 274.6 284.6 292.1

9. 39.9 39.9 42.4 49.9 62.4 72.4
10. 44.9 49*9 52.4 57.4 59.9 59*9
11. 42.4 44.9 44.9 54.9 67.4 77.4
12. 62*4 64.9 67.4 77.4 94.9 104.9
13. 64.9 67.4 69.9 82.4 102.4 117.3
14. 52.4 54.9 54.9 64*9 82.4 94.9
15. 244.7 249.7 254.6 284.6 297.1 304.6
16. 252.2 257.1 262.1 294.6 304.6 312.1
17. 35.0 39.9 42*4 47.4 49.9 49.9
13. 47.4 4 j# *9 52*4 62.4 74.3 82.4

Maaa 78*2 82.2 85*1 93.8 104*3 110.1
<»^ w w w w a ia iw <>* i ^ « >^ * » M ^ ^ « »w*i » ^ a iw<a )a a iWw aNaaNaaHaaw)w>i i*.»<>i<i w> w a a «  — ——— i  — lei—
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X ab lt 40, P oxtrootod ft?  0*0® V SL SO. i a  0*05 I  oxallo aoid, ppm * %

3oil Porlod of oqutllbration» min
So. 3 10 15 •50 45 60

1. 44.9 49.9 54.9 57.4 59.9 59-9
2. 42.4 47.4 52.4 54.9 54.9 57.4
3. 44. ■? 47.4 49.9 52.4 54.9 54.9
4* 44*9 49*9 54.3 59.9 59.9 39.9
5. 57.4 59.9 62.4 74.9 97.4 117.3
6. 39.5 44.9 47.4 40.9 49.9 52.4
7. 54.9 62. 4 69.9 72.4 74.9 74.9
8. 237.2 244.7 254. 8 297.1 297.1 299.6
9* 52.* 54.9 57.4 69.9 87.4 107.4

10. 49.9 54.9 53.9 62.4 64.9 67.4
1 1 . 44.5 47.4 43.9 59.9 77.4 92.4
1 2. 62.4 63.7 67.4 79.9 104.9 127.3
1% 67.4 69.9 72.4 87.4 112.3 137.5
H. 44.9 47.4 48.7 57.4 74.9 92.3
13. 272.1 282.1 292.1 542.0 343.3 344.5
16. 237.2 242.2 254.6 297.1 299.6 299.6
17. 27.9 30.0 32.5 35.0 35.0 37.5
18. 62.4 64.9 67.4 32.4 104*9 129.8
Moan. 82.6 86.9 9US 193.1 114.1 122.9
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ZaftU  41* P tx tr a o to *  *jr 0*10 V 80, in  0*05 V 
o x a llo  aoid, ppm

Soil Period of tqalliferatlon, ainsaaple   —■»..............   „Ho. 5 10 15 50 45 60

1. 44*9 49.9 52.4 62.4 62.4 64.9
2* 39.9 44.9 47.4 56.2 57.4 57.4
3. 42.4 47.4 49.9 57.4 59.9 62.4
4* 49*9 57.4 59.9 69.9 7 2.4 72.4
5• 72.4 74.9 77.4 82.4 os. 2 99,9

6. 33.7 37.5 39.9 47.4 47.4 49«9
7. 47.4 52.4 52.9 66.2 67.4 67.4
8* 249.7 264.6 279.6 297.1 314.6 329.5
9* 69.9 72.4 72.4 79.9 87.4 117.4

10. 42.4 47.4 52.4 59.9 62.4 62.4
1 1 . 64.9 67.4 69.9 72.4 79.9 99.9
1 2. 69.9 71.2 72.4 79.9 87.4 114.8
13. 74.9 74.9 77.4 84.S 92.4 124.8
14. 59.9 62.4 64.9 69.9 74.9 102.4
15. 257.1 272.1 287-1 507.1 324*6 339.5
16. 259.6 274.6 239.6 309.6 337.0 342.0
17. 25.0 27.5 27,5 55.0 35.0 37.3
18. 67.4 67.4 69.9 77.4 82.4 112.3
Mean 87.5 96.8 106.4 113.0 125.4
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Table 42* P estreated Sr 0.02 V L  SO. & 0*06 V HC1 
la 0*05 W oxallo sold, ppa *

Sail Period ef equilibration, aiaeaaple *>— ■»■■■■— — ■m w
Wo. 5 10 15 30 45 60

1. 44.9 47.4 49.9 54.9 62.4 62.4
2. 39.9 42.4 44.9 49.9 54.9 56.2
3. 39.9 44.9 46.2 52.2 57.4 57.4
4. 57.4 59.9 64.9 72.4 79.9 79.9
5. 42.4 47.4 52.4 59.9 77.4 99.9
6. 42.4 44.9 47*4 52.4 57.4 57.4
7. 64.9 69.9 74.9 82.4 89.9 92.4
8. 227.2 234.7 242.2 279.6 289.6 299.6
9* 69.9 74.9 79.9 87.4 97.4 99.9
10. 44.9 47.4 49.9 54.9 59.9 62.4
11. 35.0 39.9 44.9 49.9 64.9 84.9
12. 49.9 57.4 62.4 72.4 92.4 119.8
13. 57.4 64.9 72.4 82.4 107.4 137.3
14. 42.4 49.9 54.9 62.4 82.4 104.9
15. 229.7 237.2 244.7 282.1 292.1 30 2.1

16. 212.2 219.7 227.2 262.1 269.6 279.6
17. 20.0 22.5 22.5 25.0 27.5 30.0

18. 47.4 52.4 59.9 67.4 87.4 109.9
*eaa 76,0 81.0 85.6 108.3 ~ 118.7



1 1 0

fafeio 43* P oxtvaotod 0.04 V BL SO. 4 0*06 X SCO. la <>•05 V aaiaifo aoid, ppar *

Soil Bariad of aqnlllbra'llea, ainaaapla ,— ~ ~Xo. 5 10 15 30 45 60

1. 30.0 32.5 35.0 37.5 42.4 44.9
2. 42.4 44.9 47.4 52.4 59.9 59.9
3. 39.9 42.4 43.7 47.4 54.9 54.9
4. 38.7 41.2 42.4 47.4 54.9 54.9
5. 42.4 44.9 47.4 49.9 52.4 52.4
6* 35.0 37.5 38*7 42.4 49.9 49.9
7# 37.5 37.5 39.9 39.9 39.9 39.9
8. 252.2 257.1 259.6 304.6 304.6 304.6
9. 52.4 59.9 69.9 72*4 79.9 94.9
10. 47.4 49*9 52.4 59.9 67.4 67.4
11. 49.9 57.4 67.4 68.7 77.4 87.4
12. 52.4 59.9 67.4 69.9 79.9 92.4
13. 59.9 §9.9 79.9 82.4 92.4 109.9
14. 44.9 52.4 59.9 59.9 67.4 79.9
15. 234.7 239.7 242.2 279.6 284.6 284.6
1$. 209.7 214.7 217.2 252.2 254.6 284.6
17. 27.5 30.0 31.2 35.0 39.9 39.9
18. 47.4 54.9 62.4 64.9 72.4 74.9
Moan 74.7 79.3 83.6 92.6 98.6 104.3
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TafcXo 44. * ixtnoid tp 0*04 I Hg SO. & 0*06 V HOI in 0*05 * oxallo aoid, ppr *

Soli Parlod of aqullibratlon, llaaaapl* — — — * 
Vo. 5 10 15 50 45 60

1. 79.9 84.9 89.7 97.4 107.4 112.3
2* 44.9 47.4 49*9 54.9 59.9 62.4
9. 94.9 99.9 104.9 114.3 124.8 129.8
4. 77.4 82.4 87*4 94.7 104.9 107.4
5. 57.4 64.9 74.9 84.9 89.9 104.9
6. 92.4 97.4 102.4 112.3 122.3 127.3
7. 89.9 94.9 99.9 109.9 119.3 124.8
8. 292.2 257.1 264.6 307.1 314.6 324.6
9* 62.4 69.9 79*9 89.9 94.9 94.9
10. 77.4 82.4 87.4 94.9 104.9 107.4
11. 49.9 57*4 64*9 74*9 77.4 94.9
12. 44.9 49.9 57*4 64.9 67.4 79.9
19. 62.4 69.9 79.9 89.9 94.9 114.8
14. 64.9 72.4 84.9 94*9 99.9 119.8
15. 247.2 252.2 259.6 302.1 309.6 317.1
16. 207.2 212.2 219.7 249.7 254.6 267.1
17. 99.9 42.4 47.4 51*2 54.9 57.4
18. 57.4 64.4 74*9 84.9 87.4 99*9

Moon 94*6 100.1 107.2 120.7 127.2 195.9
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Tabl* 45. P extracted by 0.08 I BL 0.03 V oxolio acid, pjmr
S04 8 0.06 N H01 in

SOUsoariLo ~
Period 01  equilibration, aia

60lib. 5 15 30 45

1. 49.9 52.4 57.4 64.9 64.9 66.2
2. 47.4 49.9 54.9 62.4 62.4 62.4
3. 42.4 44.9 49.9 57.4 57.4 58.7
4. 52.4 54.9 62.4 69.9 69.9 72.4
5. 62.4 69.9 77.4 89.9 94.9 102.4
6. 43.7 46.2 52.4 57.4 58.7 59.9
7. 51.2 54.9 59.9 67.4 68.7 69.9
8. 254.6 264.6 279.6 309.6 319.6 337.0
9. 57.4 64.9 72.4 82.4 88.6 92.4
10. 39.9 42.4 47.4 52.4 53.7 53.7
11. 54.9 62.4 67.4 79.9 84.9 89.9
12. 44.9 52.4 56.2 64.9 69.9 74.9
13. 67.4 74.9 82.4 97.4 102.4 109.9
14. 47.3 52.4 57.4 67.4 72.4 77.4
15. 254.6 262.1 277.1 307.1 317.1 324.6
IS. 239.7 249.7 264.6 292*1 302.1 317.1
17. 25.0 27.5 30.0 35.0 35.0 36.2
18. 63.7 59.9 69.9 92.4 97.4 104.9
Moan 83.3 88*1 99*5 108.3 112.2 117.2
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fablo 46. P oxtrootod by 0.10 B HL SO. It 0.06 V BOX la
6*05 V oxallo said, pja2 *

S o il Period of otoiXibrotiea* aia■oaple Bo*

1. 52*4
2. 47*4
3. 47.4
4. 57.4
5. 107.4
6* 41.2
7. 57.4
8. 274.6
9. 112.3
10. 48.7
11. 84.9
12. 69.9
13. 69.9
14. 82.4
15. 307.1
16. 282.1
17. 27.5
18. 127.3

Mom 105.4

10 15 30 45 60

57.4 57.4 69.9 76.1 81.1
49.9 49.9 62.4 67.4 72.4
49.9 49.9 62.4 67.4 72.4
62.4 63.7 76.1 82.4 88*6
112.3 117.4 132.3 152.3 162.3
42.4 43.7 47.4 49.9 51.2
59.9 62.4 74.9 82*4 87.4
282.1 292*1 332.0 337.0 342.0
117.3 122.3 137.3 157.3 169*3
51.2 52.4 54.9 57.4 57.4
87.4 89.9 102.4 117.3 124*8
72.4 74.9 79.9 82*4 84.9
72.4 74.9 84.9 97.4 104.9
84.9 87.4 99.9 114.8 122.3
317.1 327.0 372.0 377.0 382.0
289.6 299.6 339.5 344.5 382.0
28.7 30.0 35.0 38.7 42.4
132.5 137.3 154.8 177.3 192.2

109*4 112.9 123.8 137.7 145.6
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fofelft 47* ? oxtxootod Iff 0*02 I BL SO. & 0.08 V HOI ia 0*05 V oxalio aoid* pj» 4
«» ■ »«»«»«» — <o «*«» «» a » — a o a x i ia o oo ^ oooooa.w f lo o o o n — ^ « itw < o < o t t> i i» « a o w i» « i« » t tMOMtt« o  — w o w o ^ io o i » # i >t

Soil Period of oquilibration, minoaaplo
Vo* 5 to 15 30 45 n  ̂ ^ 60

1* 49*9 51.2 52*4 53.7 54.9 34.9

2* 42*4 42*4 44.9 44.9 47.4 47.4

3 . 44*9 44.9 47.4 48.7 49.9 49.9

4* 57*4 59.9 62*4 63.7 63.7 63.7

5 . 56*2 57.4 59*9 64.9 82.4 94 .9

6* 35*2 39.5 39*9 39.9 41.2 41.2

7 . 57.4 57.4 51.9 51.9 62.4 62,4

8 . 234.7 252.2 269*6 292.1 294.6 299.6

9* 42.4 44*9 44.9 48.7 62.4 72.4

to . 52*4 52.4 54.9 54.9 57.4 53.7

11* 47.4 49.9 52.4 54.9 69.9 81.1

12* 61,2 62.4 64*9 68.7 89.9 102.4

13* 76.1 77.4 79.9 84 .9 109.9 127.3

14* 52.4 53.7 54.9 57.4 77 .4 88.6

15. 247.2 264*6 282*1 307.1 309,6 284.6

16* 219.7 234.7 252*2 272.1 274.6 279.6

17. 22.5 23.7 24.9 25.0 27.5 28.7

18* 56.2 57.4 59.9 63.7 79.9 84.9

Mott 80.9 84.7 38*9 94 .3 103.1 106*8



115

fable 48* P extracted by 0.04 H EL SO, & 0.08 V HOI In
0.05 *  oxalio aoid, ppa

Soil Period of equilibration, iainsample  --—.-----------
Vo. 5 10 15 30 45 60

1. 35.0 37.5 42.4 44.9 47.4 47.4
2. 44.9 47.4 54.9 59.9 62.4 62.4
3. 37.5 39.9 42.4 44.9 44.9 44.9
4. 42.4 43.7 49.9 54.9 57.4 57.4
5. 56.2 57.4 59.9 59.9 79.9 82.4
6. 35.0 35.0 42.4 44.9 47.4 47.4
7. 47.4 49.9 57.4 62.4 63.7 63.7
8. 249.7 284.6 322.1 344.5 357.0 367.0
9. 52.4 54.9 57.4 57.4 76.4 84.9
10. 30.0 32.5 37.4 41.2 42.4 42.4
11. 62.4 64.9 67.4 67.4 89.9 107.4
12. 62.4 64.9 66.2 67.4 87.4 104.9
13. 69.9 72.4 74.4 74.4 99.9 124.8
14. 54.9 57.4 59.9 62.4 77.4 94.9
15. 297.1 377.5 384.5 409.4 39 9.6 436.9
16. 247.2 279.6 312.1 324.6 344.5 352.0
17. 32.5 35.0 39.9 42.4 44.9 44.9
18. 67.4 69.9 71.2 72.4 94.9 114.8

Mean 84.7 94.7 102.5 107.5 117.6 126.7
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Table 49. V extreeted tgr 0.06 V HL SO. & 0.06 V HOI 0.09 V oxalic mold, #pa *

Sell Varied e f  equilibration* ainample —
So. 5 10 15 30 45

1. 59.1 61.2 62 .4 64.9 82.4

2. 44.9 44.9 47.4 49.9 62.4

3. 73.7 74.4 77.4 82.4 102.4

4 . 62.4 64.9 6 t.4 69.9 87 .4

5 . 82.4 84.9 67.4 92*4 112.3

6 . 68.7 69.9 72.4 77.4 94.9

7 . 62.4 64.9 67.4 69.9 74 .4

8* 249.7 269.6 292.1 314.6 524.6

9 . 89.9 92.4 93.6 102.4 123.6

10. 54.9 62.4 64.9 67.9 72.4

11. 69.9 72.4 72.4 77.4 94.9

12. 57.4 59.9 62 .4 64*9 78.6

13. 74.9 74.9 77.4 84 .9 102.4

14. 84.9 87.4 84.9 94*9 114.8

15. 267.1 287.1 312.1 337.0 347.0

16. 229.7 247.2 267.1 289.6 297.1

17. 32.5 33.7 35.0 37.5 44*9

16. 62.4 63.7 64.9 69.9 32*4

Mem 95.9 100.9 106.0 127.7

la

60

99*9

74.4 

122.3 

104*9

142.3

112.3

79.9

337.0

149.6

77 .4

117.3

94.9

129.6

159.3 

359.5

307.1

49.9

99.9

144.4



Table 50* P extraoted lagr 0.08 S %  SO. & 0.08 W HC1 la 0.05 I oxalio aoid, ppa

Soil Period of equillbratioa, ala
eaaple ------Wo. 5 10 15 30 45 60

1. 49.9 54.9 57.4 59.9 64*9 66.2
2. 44*9 49.9 52.4 54.9 59.9 59.9
3. 42.4 47.4 49.9 52.4 57*4 57.4
4. 54.9 59.9 64.9 67.4 72.4 72.4
5. 74.9 77.4 79.9 87.4 102.4 119*8
6. 42.4 47.4 49.9 52.4 54.9 54*9
7. 49.9 52.4 57.4 59*9 59*9 59.9
8. 254.6 274.6 294.6 334.5 339.5 339*5
9. 69.9 72.4 77.4 84.9 99.9 112.3
10. 42.4 44.3 47.4 49.9 49*9 49*9
11. 64.9 67.4 69.9 74.9 89.9 99*9
12, 49.9 54.9 57.4 57.4 63.7 64.9
13. 82.4 84.9 87.4 94*9 112.3 134.8
14. 57.4 62.4 62.4 69*9 82.4 94.9
15. 274.6 297.1 317.1 362.0 367,0 367.0
16. 262.1 282.1 304.6 344.5 349*5 349.5
17. 25.0 27.5 27.5 30.0 32*5 32*5
18. 87.4 89.9 92.4 99-9 119.9 139*8

Mean 90.6 97.0 102.8 113.2 121.0 126.4
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Tafele 51 • P OXtrootod by 0*10 II HL SO. & 0*08 V HOI ia 0*0$ V 
oxalic acid, ppa

Soil ___________ Pariod of •quUibratloa, ain
5 10 15 50_________45 60

1, 42 .4  47*4 49*9 49*9 €4*9 87*4

2* 44.9 49*9 49*9 49*9 89*9 92*4

3* 39*9 44*9 47.7 49*9 62 .4  77.4

4 . 49.9 54.9 54.9 57.4 63 .7  77.4

5 . 79.9 82 .4  84.9 84 .9  99 .9  119.8

6 . 39.9 42.4 42.4 44.9 59.9 79.9

7 . 39.9 44.9 47.4 47 .4  59*9 82 ,4

8 . 259.6 294.7 312.1 322.1 339.5 362.0

9 . 99.9 102.4 102.4 107.4 124.8 149.8

10. 44.9 52.4 54.9 54.9 62,4 69.9

11. 72.4 74.9 77 .4  79*9 92 .4  112.3

12. 64.9 67.4 67.4 69.9 79.9 97 .4

13. 87.4 89.9 89.9 94.9 109.9 132.3

14. 69.9 72.4 74.9 77 .4  89.9 107.4

15. 297.1 537.0 357.0 367.0 387.0 411.9

16. 269.6 307.1 324.6 334.5 352,0 374.5

17. 24.9 27.5 27.5 30.0 37.5 49.9

18. 102.4 104.9 107.4 109,9 127.3 154.8

Moan 96.1 105.4 109.6 112.9 126.8 146.6
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lift w H fct $t f frr .PMtfMAyf s&flo m m i a
ths «oil

In order to satinets the total available 
phosphorus reserve (Ba-vslua) of the soil that oan ho 
taken up by oropa oontinuoualy p o m  in thorn* 
anooesalve oropa of rloa vara grown in tha son in 
pot oultura experiment. Six oropa vara raised during 
tha experimental period in eash soil and tha amount of 
phosphorua taken up from tha aoil by oaoh orop waa 
recorded. Tha emulative phosphorus uptake by 
auooeaeive oropa has boon tabulatad in fable 54* She 
psroasttaga of phosphorua in tha plant waa also recorded 
with raapeot to oaoh orop (Sttble 52). Tha ounulative 
phosphorus uptaka by tha and of oixth orop was groupod 
into 4 eatogorioa baaed on tha poreantaga phosphorua 
in plant. Shoao 4 oatogerioa rapraaant tha following 
4 groupa of soils*

1) in whioh tha paroantaga phoophoruo content in 
tha plants fallo below 0.029.

2) in whioh tha paroantaga phosphorus content in 
the planta falls balow 0.09*
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♦
3) In whioh tho ponesntago phoephorua oontent ia 

tho plant® falls halov 0*10 and
4) in whioh tho percentage phoophorus oontont in 

the plants falls holow 0*20.

Shore woro only 7 soils in whioh tho poroaaitago 
phosphorus in plants by tho end of sixth orop ran 
below 0*025* In 11 soils tho oontont of phosphorus in 
plants fall* bolow 0*052. Shore wars 1$ soils tho plants 
of whioh contain loss than 0.10 par oont phosphorus, 
whllo tho plants in all 18 soils oaaas under tho fourth 
category with plant phosphorus poroontage loss than 
0*20* Successive cropping by rloo was effected in tho 
soil with tho idea of finding out the"Ra-valiis "or tho 
total aaouat of phosphorus that oan ba taken up by tho 
orop by growing continuously* Eton in tho sixth orop 
plaits removed phosphorus fron tho soil though the 
psrosntags of phoophorus in tho plant was considerably 
low* Sinoo the"Rarvalue"ie dofinod as tho total 
available reserve of tho soil that oan bo taken up by 
plants* it is praotioally diffloult to oxhauot the aoil 
by continuous cropping to an extent until no wore 
phosphorus oan bo taken up fron tho aoil by tho plants* 
It was therefore necessary to establish an and point at
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fable 52. H»aa pareeatage of P la nooMslft oropa of rioe growa in the sella

Sell Percentage of P la rlee ercpa, ppasample
3To. 1 2 5 4 5 6

1. 0.479 0.753 0.471 0.157 0.128 0.045
2* 0.462 0.838 0.462 0.248 0.171 0.040
3. 0.539 0.898 0.479 0.222 0.359 0.128
4. 0.616 0.821 0,409 0.240 0.385 0.171
5. 0.907 0.718 0,479 0.240 0.359 0.050
6. 0.889 0.873 0.454 0.214 0.308 0.100
7. 0.445 0.787 0.479 0.265 0.043 0.001
8. 0.838 0.873 0,590 0.411 0.043 0.020
9. 0.616 0,753 0.559 0.257 0.103 0.001
to. 0.779 0.744 0.419 0.225 0.051 0.012
11. 0.761 0,787 0.462 0.282 0.111 0.082
12. 0.787 0.958 0.497 0.503 0.179 0,020
13. 0.712 0.941 0.576 0.282 0.034 0.045
14. 1.181 0.850 0.642 0.291 0.120 0.065
15. 0.769 0.858 0.548 0.525 0.128 0.062
16. 0.393 0.804 0.445 0.576 0.180 0.091
17. 0.778 t.112 0.445 0.201 0.222 0.002
18. 0,565 0.702 0.551 0.240 0.154 0.020
Heaa 0.695 0.855 0.465

» «« m inn i i a M M w e

0,265
*«n»* *ri—■—>

0.171 0.054
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Table 53. Mesa P uptake in aucoseeire orops of rise grown la the soils

Soil P uptake of rloe orops« ppa
Vo* 1 2 3 4 5 6

1. 11.86 17.84 15.62 7.06 3.80 1.19
2. 10.76 20.66 13.70 10,62 5.10 2.29
3* 13.56 18.96 14.54 9.96 10.40 6.69
4. 16.90 18.06 12.84 11.48 11.80 10.89
3* 23.36 15.52 16.08 13.34 12.68 3*62
6. 22*28 18.26 14.22 8.20 8.10 4.87
7. 11.56 19.74 19.48 13.04 1.44 0.06
8* 18.76 18.70 19.42 19.64 3.70 1.15
9* 16.86 17.48 12.58 11.48 1.40 0.06
10. 20.08 14.80 16.02 10.28 3.04 0,53
11. 15.66 18.42 11.40 11.68 5.70 1.70
12. 16.32 18.50 14.26 13.44 0.94 0,72
13. 16.26 18.76 15.28 12.34 4.14 2.03
14. 24.80 16.20 21.44 11.24 4.78 3.59
15. 17.52 20.38 17,82 16.48 5.14 3.68
16. 9.54 17.04 15.78 18.78 7.82 5.33
17. 17.56 24.06 13.26 7.66 0.86 0.09
13. 13.40 15.18 11.60 11.10 4.32 0.99
Mesa 16.50 18.25 15.30 lilio""""5T29 2.79
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Tabl« 54. (hsaulativ* P uptakft fcy mwoooolvo cropping, ppm

soilaaapl#So*
Ofop 19.

1 1 & 2 1 - 3 1 - 4 1 - 5 1 - 6

1. 11.86 29.70 45.32 52.38 56.18 58.16
2* 10.76 31.42 45.12 55.74 60.84 63.13
3. 13.56 32.52 47*06 57.02 67.42 74.11
4. 16.90 34.96 47.80 59.28 71.08 81.97
5. 23.36 20 flO 70*00 54.96 65.04 77.72 81.34
6* 22.28 40.54 54.76 62.96 71.06 75.93
7. 11.56 31.30 50.78 63*82 65.26 65.32
8* 18.76 37.46 56.88 76.52 80,22 81.37
9. 16,86 34.34 46.92 58.40 59.80 59.86
10. 20.08 34.88 50.90 61.18 64.22 64.75
11. 15.66 34.08 51.58 63.26 68.96 70.66
12* 16.32 34.82 49.08 62.52 63.46 64.18
13. 16.26 35.02 45.94 58.28 62.42 64.45
14* 24.80 41.00 62.44 73.68 78.46 82.05
15. 17.52 37.90 55.72 72.20 77.34 81.02
16* 9.54 26.58 42.36 61.14 68.96 74.29
17. 17.56 41.62 54.88 62.54 63.40 63.49
18. 13.40 28.58 40.18 51.28 55.60 56.59
Moan 16.50 34.76 50,15 62.07 67.36 70,15
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whioh the removal of tho available phoephorua 
reserve of the soil oan be considered practically 
ooapleted by the plant based on the level of 
phosphorus in plants of the last orop. Aooording 
to Alyar (1946) a leaf phosphorus percentage in tho 
range 0.016 to 0.021 is considered deficient in the 
ease of rioa. In the present study phosphorus 
percentage in leaves of plants grown in 7 soils was 
less than 0.029 at the end of sixth orop and therefore 
these 7 soils were treated as group i>o*1 for the 
purpose of examining the relationship between 
"Rarvalues” and phosphorus extraoted by the methods. 
Values for phosphorus percentage in plant in the 
range of 0.036 to 0.046 are considered intermediate 
at whioh response to phosphorus applioation oan be 
expected. Soils in whioh plant phosphorus percentage 
was less than 0.05 per cent were therefore treated 
as another group in the present study so aa to 
separately examine the relationship between 
"Ba-values" and phoephorua extraoted by chemical 
extraotants in this group of soils. The grouping based 
on the plant phosphorus per oent 0.10 followed in the 
study was quits arbitrary* the value being in multiple
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Table 55* Ooafflolente of oerrelation between F extracted by eeleeted ntniiaAti and P uptake by rooMslif oMpi of rioo
Poriod of eeailibr*" 
tloa. sin

P uptake by orep»
_1 1^2 1 - 4 -.L.r-2~JLsJL.

1. 0.06 I HOI in 0.05 «allQ said
5 •0.016 -0.016 0.197 0.6?8 0.55$ 0.48$
10 -0.011 -0.012 0.200 0.6ft 0.563 0.48?
15 -0.001 -0.001 0.213 ##0.6$| 0.56$ 0.49$
30 0.043 0.018 0,229 0.642 0.561 0.48?
45 0.072 0*032 0.238 0.6$ 0.56$ 0,47$
60 0.103 0.052 0.251 0.6$$ 0.57? 0.47$

2. feguuuuft. 0.05 V osi^i aold
5 -0.053 0.031 0.197 0,57? 0.53$ 0.48?
10 -0.056 0.034 0.192 0.56$ 0.538 0.48$
15 -0.070 0.027 0,186 0.56$ 0.52$ 0.48?
30 *0.060 0.024 0.171 0.55$ 0.52? 0.47$
45 -0.058 0.022 0.165 0,55$ 0.51$ 0.466
60 -0.052 0.022 0,151 0*54? 0.50$ 0.455

5. 0.02 » S04 la 0.05 I oxalio said

5 -0.129 -0.097 0,086 0.52$ 0.49$ 0.449
10 -0.155 -0.099 0.095 0.52? 0.49$ 0.454
15 -0.141 -0.104 0.093 0.5ll 0.48? 0.453
30 -0.135 -0.102 0,087 0.52$ 0*48? 0.445
45 -0.113 -0.092 0.089 0,53? 0.49? 0.443
60 -0.096 -0.083 0.096 0.54$ 0.49? 0.444

* Significant at 5 por oeat level
** Significant at 1 por ooat level
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Table 56* Coefficient* of oorrelation between P extracted 
bjr ealeoted extractant* and P uptake by aneeeealve crop* of rlea

Period of P uptake by orope
t S ^ r S T  1 t U  1 * 3  1 - 4  1 - 5  1 - 6
4# 0.04 I Hg S04 In 0.05 H exalte aeld

5 -0.040 0.022 0.200 0.58t O.508 0.432
10 -0.040 0.024 0.200 0.5S§ 0.50| 0.430
15 -0.038 0.028 0.204 0. 58S O.50! 0.426
50 0.002 0.050 0.218 0.555 0.508 0.411
♦5 0.034 0,072 0.233 0.655 0.495 0.402
60 0.066 0.094 0.249 0,6il 0.50? 0.403

5* 0.06 8 Hg S04 in 0.05 V exalte aeid

5 -0.065 -0.017 0.160 0.578 0.318 0.446
10 -0.077 -0.021 0,160 0.565 0.308 0.449
15 -0,061 -0.008 0,179 0.5fl8 0.312 0.454
30 -0.045 -0.001 0.181 0,585 0.323 0.461
4$ -0.033 •0*002 0,179 0.585 0.336 0.452
60 -0.007 0.012 0.187 0.558 0.350 0.448

6* 0.08 * H2 S04 in 0.05 I exalte aeid
5 -0,126 -0.099 0,097 0.52? 0.314 0.428
10 -0.127 -0,099 0.101 0.52f 0.310 0.429
15 -0.139 -0.110 0.094 0.52i 0,303 0.425
50 -0.127 -0.103 0.094 0.524" 0.312 0.424
45 -0.105 -0.104 0.086 0.524" 0.332 0.410
60 -0,076 -0.096 0,078 0,51# 0.341 0.388

* Significant at 5 per east level
** Significant at 1 per east level
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Table 57. Ooeffieieate at Mmlatloa between P extraeted 
bt eeleoted extraetaate and P uptake bar itaotulTi erepe at rlea

Parted at 
eaailibrar —  tion, ain 1

P uptake bp erepe
1 & 2 1 - 3  1 - 4 1 - 5 1 - 6

7. 0.10 V Hg S0A la 0.05 V exallo aold

5 -0.115 —0.116 0.085 0.521 0.49# 0.439
10 -0.120 -0.117 0*088 0.53# 0.49# 0.447
15 -0.119 -0.118 0.09 0.53# 0.5 0# 0.450
30 -0.152 -0.125 0.082 0.52# 0.49# 0.444
♦5 -0.133 -0.152 0.074 0.51# 0.49# 0.411
$0 -0.104 -0.196 0.075 0.523 0.47# 0.415

8. 0.02 V H2 S04 & 0.06V HOI la 0.05 V exalte aeid

5 -0.137 -0.112 0.095 0.53# 0.48# 0.431
10 -0.133 -0*110 0.098 0.53# 0.48# 0.433
15 -0.132 -0.115 0.092 0.53# 0.48# 0.431
30 -0.128 -0.111 0.095 0.53# 0.48# 0.436
45 -0.108 -0.108 0.096 0.54# 0.492 0.437
60 -0.074 -0.094 0.104 0.55# 0.49 # 0.432

9* 0,04 I Hg S04 8 0.06 V m  la 0.05 V exalte aeid

5 -0.084 -0.051 0.145 0.57# 0.51# 0.447
10 -0*079 -0.051 0.141 0.57# 0.50# 0.439
15 -0.077 -0.055 0.135 0.57# 0.49# 0.425
30 -0.079 -0.053 0.136 0.56# 0.50# 0.431
45 -0.076 -0.051 0.130 0*56# 0.49# 0.428
60 -0.095 -0.081 0.098 0.54# 0.47# 0.406

* Significant at 5 par eaat level
** sifOfleaat at Y par eeat level



Table 58. Coefficients of correlation between P extracted bp selected extrastents and P uptake bp suooesaive orope of rise

Period of P uptake bp eropsequilibra-
tion, ain 1 1 & 2 1 - 3  1 * 4  1 * 5  1 - 6

10. 0,06 H H2 30a & 0.06 I HOI in 0,05 » oxalio sold

5 -0.077 -0.047 0,179 0.55# 0.542 0.50#
10 -0,069 -0.046 0.180 0.56# 0.54# 0.51#
15 -0.052 -0.040 0.188 0.57# 0.55# 0.51#
30 -0.046 -0.032 0.194 0.58# 0.56# 0.51#
45 -0.045 -0.031 0,196 0.57# 0.56# 0.519
60 -0.025 -0.025 0.209 0.5$ 0.58# 0.53#

0,08 H H2 S0i & 0.06 V Hca in 0.05 V oxalio asid

5 -0,123 -0.105 0.096 0.52# 0.50# 0.448
10 -0.114 -0.095 0.107 0.53# 0.51# 0.456
15 -0.114 -0.099 0.100 0.53# 0.50# 0.455
30 -0.117 -0.109 0.087 0.52# 0.49# 0.444
45 -0,110 -0,106 0.090 0.52# 0.49# 0.443
60 -0,105 -0.107 0.088 0.52# 0.50# 0.443

0,10 * SO- m8o Wit feeWJUL Ut 0.05 V oxalio asid
* *5 -0.083 -0.122 0.074 0.502 0.475 0.412

10 -0.085 -0.125 0.070 0.497 0.472 0.411
15 -0.082 -0.123 0.072 0.49% 0.473 0.411
30 -0.096 -0.131 0,067 0.495 0.473 0.414
45 -0.085 -0.135 0.060 0,484 0.466 0.405
60 -0.111 -0.170 0.025 0,453 0.445 0.390

* Significant at 5 per sent level
** Significant at 1 per sent level
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Table 59• Coefficients of eorrelaUtft between P extraeted 
Iqr eeleoted extrastents and p uptake by saeeessive erepe of rlee

Period of P uptake by erepe
t f S f S S  t 1 & 2 1 - 3  1 - 4  1 - 5  1 - 4

, 0,02 N Hg S04 It 0.08 m i a  0.05 » oxalio aeid

5 -0.115 -0.098 0.111 0.54# 0.50# 0.457
10 -0.112 -0,091 0.115 0,54f 0.51# 0.459
15 -0.108 —0,008 0.114 0.544 0.50# 0.462
30 -0.103 -0.003 0.116 0.54? 0.51# 0.462
♦5 -0,062 -0.076 0.122 0.55? 0.51# 0.454
60 -0.067 -0,081 0.115 0.56# 0.51# 0.448
, 0,04 V H2 S04 & 0.08 W HCGL in 0,05 V oxalio aeid

5 -0.112 -0.070 0,123 0.54# 0.49# 0.440
10 -0.114 -0.069 0.126 0.54# 0.49# 0.441
15 -0.113 -0.061 0.155 0.55# 0.50# 0.445
30 -0.110 -0.054 0,143 0.55# 0.50# 0.449
45 -0.132 -0.120 0.083 0.53# 0.48# 0.421
60 -0.091 -0.059 0.127 0.55# 0.49# 0.425
> 0,06 V H2 S04 & 0.08 v m i f t  0.05 v oxalio aeid

5 -0.028 -0.024 0.186 0.5U 0.57! 0.51#
10 -0.027 -0.024 0.190 0.5?§ 0.56# 0.51#
15 -0,039 -0.029 0.100 0.58# 0.56# 0.50#
30 -0.035 -0,026 0.183 0.58# 0.56# 0,50#
45 -0,016 -0.015 0.188 0,58# 0,57# 0.52#
60 0.014 -0*001 0.192 0.58# 0.5I8 0.54#

* Significant at 5 per eeat level
** Significant at 1 per eeat level
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Table 60* Coefficients of correlation between P extracted 
by eeleoted extraetante and P uptake by suooaseive orope of rioe

Ported of P uptake by oropa
tion^aS 1 1 & 2 1 - 3  1 - 4  1 - 5  1 - 6
16.

17.

0,08 S H 2 S04 & 0.08 V H a  in 0,05 B oxalio aoid

5 -0,122 -0.126 0.065 0.500 0.479 0,430
10 -0.123 -0.121 0.072 0.50# 0.48# 0.436
15 -0.130 -0.127 0.067 0.50# 0.48# 0.435
30 -0.122 -0,117 0.077 0.5 06 0.48# 0.439
45 -0,114 -0.121 0.067 0,50# 0.48# 0.432
60 -0,096 -0.120 0.059 0*49# 0.47# 0,423
0.10 i h2 so4 8 0.08 H s a  in 0.05 H oxalio aoid

5 -0.091 -0.107 0.067 0.50# 0.463 0.404
10 -0.101 -0.110 0.072 0.50# 0.436 0.411
15 -0.102 -0.110 0,077 0.50# 0.464 0.415
50 -0.101 -0.106 0,077 0,50# 0.471 0,415
45 -0.109 -0.114 0,068 0.49# 0.462 .0.405
60 -0.122 -0.129 0.054 0.48# 0.447 0.389

18. teay 8o.1
0.055 0.038 0.197 0.6l§ 0.503 0.4089̂. Bray Hfr.2 * « •-0.005 -0.037 0.093 0.499 0.562 0.559

20.
-5.234 0.051 -0.074 0,380 0.335 0,30321. 01 a<nW|
-0.037 -0.018 0.222 0.616 0.542 0.45022, Irena
0.026 0.122 -0.136 -0.104 -0.237 -0.265

* Significant at 5 par cent loyal
** Significant at 1 per ecat loyal
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of 0*02$ Is 0*03 ooneidered for oategorlslng the other 
groups of soil*

3 .1

BBilMfcfal fBfl 4lM.Ji4s6ttLJME8.B. 4ft ASHftJLft
nftiqh ,Hfr 4ft gjkaaii.jHBi
teaHat Qt9g5..iffjr jMai
Tha ooiftiQinti of correlation presented in 

Tables 61 to 66 shoved that phosphorus extracted by 
all the extractants gave elgnlfioant positive 
oorrelation with the emulative phosphorus uptake in 
this group of aoila exoept extractant number 12 
(0.10 V H2 S04 Is 0.06 H HOI in 0.09 2 oxalio aeid).
In tbo m m  of oxtraetaat ambers 1, 6, 16 and 17 
phosphorus extracted at the equilibration period of 
60 ainutea was not significantly correlated. with 
emulative uptake of phosphorus by plants. Similarly 
phosphorus axtraotad by oxtraotaat number 17 at the 
equilibration period of 5 minutes was not oorrelated 
with plant uptake. Iha ooeffiolenta of correlation 
between the phosphorus extracted by the oxtraotaat 
Ho.2 at the period of equilibration 5* 10 and 15 
nimteai extraotant *0 ,3 at 5. 10, 15, 30 and 45 
ainutea * extraotant Ho. 4 at 5, 10, 15 and 30 nlautssf
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oxtraotant No. 7 at 45 alzxatcsi axtraotant No.8 at 5 
and 10 nlnntcoi oxtraotant No.9 at 5* 10 and 30 
alxratasf oxtraotant No*10 at all the periods* 
•xtraotant No.11 at 10 minutest extractant No.13 
at 5» 10# 15 and 30 mlaatoot oxtraotant No. 14 at 15 
and 30 nixtatofli oxtraotant No. 15 at 15 minutea and 
phosphorus uptake by plants wars significantly 
correlated at 1 per oont level. The oooffloionto of 
correlation were comparatively higher in the oaso of 
oxtraotant numbers 3* 4« 10 and 13*

3*2 Bolatlonahlp bsttfoen Bhosphorao extracted lar the
aft <>& . a m  m..

wttt la wUigfr tfrs.miaaalsgfe..^ 
a*j»rn i m  m a x  smu

She amounts of phosphorus extracted toy all the 
oxtraotants employed except oxtraotant No. 12 and 17 
wore found to ho significantly correlated at 5 per oont 
level with the cumulative phosphorus uptake in this 
group of soils, aowever, phosphorus extracted at 
certain periods of equilibration in the case of some 
of the extraetante wore not correlated with phosphorus 
uptake. They are oxtraotant No*2 at period of 
equilibration 10 and 15 minutest oxtraotant No.3 at
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45 and 60 ninateef axtraotant Io,7 at 60 alsutisi 
axtraotant Vo*8 at all period* exoapt 60 alnutasi 
axtraotant V©*9 at aU. period* except 5 and 10 
minutest axtraotant So.10 at 5* 10 and 16 aisntasi 
axtraotant So. 11 at 10 alnutasi axtraotant So. 14 
at 10 alnutasi axtraotant No. 16 at 60 minutes. In 
no oaaa the ooeffioiente af correlation vara 
significant at 1 par oant level.

17 aeid extract an ta nnd cumulative nhoaiiiaorus
ra la fct *% ttM uart M  jaMik w U *  Ia  wMM

q* efegsti»m .m.

It is interesting to note that phosphorus 
extracted by all the extractants at all the periods 
of equilibration ŵas significantly and positively 
oorrelated with cumulative uptak* of pfceepherua by 
plants in this group af soila. The coefficients of 
oorrelation vara significant area at 1 par oant 
level in tha ease of extractant So*1 at periods of 
equilibration 30, 45 and 60 alnutes and extractant 
Vo* 15 at the period of equilibration 60 minutes.



mmsatem-st B**3gafr»m.ls jalffltf .ran 
Max..<^Q..jBar.jiiBl

This group represents all the 18 Mill selected 
for the study. Significant positive oorrelation were 
obtained between phosphorus extracted by extractant 
No.1, 2* 10 and 15* pifcoepherue axtraotod at all 
periods of equilibration was correlated with ownLatlve 
phosphorus uptake whereas phosphorus extracted by 
extractant No *2 at periods of equilibration. 45 and 60 
alnutea was not positively correlated with phosphorus 
uptake. Zt should be pointed out that only oxtraotant 
numbers 1, 2* 10 and 15 gave sigaLfioant oorrelation 
in all the 4 groups of soils. Among these 4 extraetante, 
No.10 (0.06 N Hg S04 ft 0.06 N SOI in 0.05 N oxalio aoid) 
and So. 15 (C.06 N HU S<>4 ft 0.08 N HOI in 0.05 N oxalio 
aoid) nay be considered superior to the other two in 
consideration of the higher values for the coefficients 
of correlation established between phosphorus uptake 
in different groups of coll find phosphorus extracted by 
these extractants at different periods of equilibration*
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Table 61* Ooeffieieate of correlation between P extracted
tar eeleoted extraeta&ta and P uptake by rloe
(In  groups baeed on the P% in leaves, Sth crop)

Period of Pt in leaveaeauilibration,
a L  <0,025 <0*050 <0,100 <0.200

i* f l d O J f l  4n Qi9? y
5 0,86? 0,655 0,6oS o.4aS

10 0*85? 0.649 O.608 0.489
15 0,861 0*658 0.61? 0.49?
30 0,30$ 0,64 0.6?? 0.40?
♦5 0.755 0,65! 0.658 0.475
60 0.726 0.628 0.65? 0,478

2* g i g g J M  .to, OfQ? I QMtAft m M
5 0.8§S 0,6 1? 0,56? 0.485

10 0,89$ 0.597 0.55$ 0,485
15 0,858 0.596 0,54? 0.48?
30 0.875 0,6l8 0.54? 0.475
45 0.85$ 0,60| 0,54? 0,466
60 0,83? 0*608 0.538 0,455

3. 0,02 H H2 S04 in 0,05 6 oxalio aeid

5 0.988 0,628 O.538 0.449
10 0.9$? 0*6l| 0,538 0.454
15 0.9ft 0.615 0.52S 0.453
30 0.98? 0*61? O.538 0.445
45 0 ,815 0.61? 0.53? 0.443
60 0.36? 0.6l| 0,54 0.444
a 7 1 1 16 18
n * lo, of paire of observation need for finding 

eorrelationa
* Significant at 5 per eesl level
** Significant at 1 per eent level
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Xabla 62. 9M£{l9l«iti of aarralation feetwaaa P axtraotad to aalaatad txtnotiBti aad P uptaka tar rioa (la groups feaaad on tks Pd ia laaraa, 6tii orop)
Pariod of P6 la lssrssUUbratien,

<0.025 <0.050 <0.100 <0.200
0*04 V H2 S04 ia 0.05 I oxalio aoid

5 o.955 0.64? 0.55? 0.432
10 0.9« 0.648 0.551 0.430
15 0.9« 0.638 0.55? 0.426
30 0.85? 0.638 0,568 0.411
45 0.8ll 0*62} 0,56? 0.402
60 0.77? 0.62? 0.57? 0.403

0*06 w h2 so4 ia 0.05 I oxalio aoid
5 0.85t O.6 18 0.54? 0.446

10 0.87! 0.61? 0.54? 0.449
15 0.87! 0*628 0.558 0.454
30 0.848 0.618 0.55? 0.461
45 o.ao8 0.598 0.558 0.452
60 0.76? 0.583 0.56? 0.448

5 0.38} 0.63? 0.52? 0.428
10 o.s?8 0.65? 0.528 0.429
15 0.898 0.63? 0.528 0.425
30 0.8?? 0.63? 0.52? 0.424
45 0.82? 0.63} 0.52} 0.410
60 0.753 0.60? 0.5l8 0.388
a 7 1 1 16 18

a a Bo* of pairs of observation. usad for finding oorrelatioaa
* Sigaifiaaat at 5 par oaat laval 
•• Sigaifioant at 1 par oaat laval
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Table 63. Caeffloientacf correlation between P axtraotad
by aalaatad extractants and ? uptake by rloa
(in  groups baoad m  tba P6 in leaves, oth orop)

Period of H  in leaves
s r ubCT,uoa’ < 0.025 <0.050 <0.100 <0.200
7. 0.10 H Hg S0t in 0.05 g oxalio aoid

8.

5 0.84? O.65I 0.54t 0.439
to 0.865

*ir\VO•0 0.54$ 0.447
15 0.86$ 0.65? 0.548 0.450
30 0.87? 0.649 0.538 0.444
43 0,8$$ O.65I 0.53$ 0.411
60 0.79J 0.595 0.52t 0.415

0.02 H Hg S04 cc 0.06 H HOI in 0.05 H oxalio aoid

5 0.885 0*585 0.50$ 0.431
10 0.87? 0.588 0.51? 0.433
15 0.86$ 0.584 0.513 0.431
30 0.36$ 0.593 O.5 1I 0.436
45 0.84? 0.593 0.52$ 0.437
60 0.80$ 0.602 0.545 0.432

m -i9 CO 0 & 0.06 W HOI in 0.05 I mealia acid
5 0.858 0.62} 0.548 0.447
10 o.aSS o .6o5 0.54? 0.439
15 0.86$ 0.589 0.53$ 0.425
30 0.8?? 0.598 0.53$ 0.431
45 0.86? 0.580 O.538 0.428
60 0.845 0.551 0.51$ 0,406
n 7 11 16 18

n • HO* of pairs of observation need far finding correlations
* Significant at 5 par esnt laval

** Significant at 1 per cant laval
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ter eeleoted extraotants and P uptake ter flee (in groups baaed <m t&e P6 in leaves, eta crop)
Period of 5$ la leaves

3 ? ’
10,

Table 64* Ooeffieieate of eerrelation between P extraoted

11.

12«

libratiea,

0.06 9 1^
< 0.025 

30i & 0.06
<0,050 

9 Hca in 0.05
CO. 100 

9 tfr aoid
<0.200

5 0.ttt 0.591 0.56? 0.50?
10

*
0.98? 0.594 0.57? 0.51?

15 0.098 0.599 0.58? 0«5li
30 0.858 0.60? 0.58? 0.51?
43 0.899 0.602 0.58? 0.51?
60 0.8§S 0.622 0.61? 0,53?

0.08 N \ S04 & 0.06 9 HOOL in 0.05 9 oxalio aeid

5 0,86? 0.65? 0.54$ 0.448
10 0.S?8 0.594 0.55? 0.456
15 0,86? 0.65$ 0.558 0.455
30 0.848 O.638 0.54? 0.444
45 0.83? 0*63? 0.54? 0.443
60 0,82? 0*641 0.548 0.443

0 .10 5 \ S04 & 0.06 9 S d  la 0.05 9 exslie aoid

5 0.686 0,589 0.52? 0.412
10 0.682 0.586 0.52? 0.411
15 0.680 0.589 0.52? 0.411
30 0.683 0.587 0.528 0.414
45 0.623 0.569 0,51? 0.405
60 0.588 0.551 0.49? 0.390
a

-
11 18

a * So. of pairs of observation need for finding correlations
* Significant at 5 per eeat larel** Slgaifioaat at 1 per eeat level
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Table 65 • Gosfficisats at correlation between P extracted
by selected extraetante and P uptake by ries
(la  groups baaed an the ?£ ia  leaves, oth crop)

Period ofequilibration,ain <0.025
P£ ia loaves

<0.050 <0.100 <0.200

1 3 . 0*02 I Hg S04 & 0.08 9 HCOL ia 0.05 9 oxalio aoid

5 0.981 0.64? 0.548 0.457
10 O.sSS 0.648 0.54 0.459
15 0.899 0.648 0.548 0.462
50 o.a?I 0.64? O.548 0.462
45 0.87! O.658 0.598 0.454
60 0.85? 0.65? 0.55? 0.448

14. 0.04 9 H2 S04 & 0.03 9 m  in 0.05 9 oxalio aoid
5 0,858 0.628 0.548 0.440

10 0,368 0.62? 0.541 0.441
15 0.883 0.62§ 0.548 0.445
30 o.a$8 0.628 0.54? 0.449
45 0.358 0.62? 0.538 0.421
60 0.32} 0.594 0.54? 0.425

15 . 0.06 9 H2 S04 & 0.08 9 HG1 in 0.05 9 oxalio aoid

5 0,855 0.664 0.618 0.51?
10 0.868 0.66? 0*609 0.514
15 0.8?? 0.668 0.60? 0.5o8
30 0.869 0.66? 0 • <y> 0 VJ»* 0.50?
45 0.84? 0.662 0.618 0.52?
60 0.80? 0.66? ##0.633 0.541
a 7 11 16 13

a • Xb» of pairs of observation used for finding correlations
* Significant at 5 per oeat level** Significant at 1 per oeat level
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fabla 66. Oaaffioiaata ftf oorralatioa between P cxtraatad
by aelaatad extractants and P uptake by rio «
(ia  graupa baaad <*a tha P# ia  la  ana, bib crop)

Period of H  la l w wequilibration,
■in <0.025 <0.050 <0.100 <0.200
16. 0.08 V H2 804 It 0.08 I HQi ia 0.05 V oxalio aeid

5 0.80? 0.61? 0.529 0.430
10 0,81? 0.61§ 0.533 0.436
15 0.32? O.61S 0.529 0.435
50 0.82$ 0.622 0.53§ 0.439
45 0.73? 0.60§ 0.532 0.432
60 0.731 0.597 0.53? 0.423

17. 0.10 V 804 4b 0.08 If SOX ia 0.05 V oxalio sold

5 0.727 0.570 O.5 1S 0.404
10 0.76? 0.584 0.5l8 0.411
15 0.77! 0.591 0.52? 0.415
30 0»77§ 0.585 0.52? 0.415
45 0.751 0.575 0.51? 0.405
60 0.727 0.552 O.508 0.389

18. ftagJgul 0.715 0.459 0.535 0.408
19. Brer Po.2 0.716 ^  » 0.653 0.609 0.559
20. Bray So.4 0.534 0.306 0.379 0.303
21. JSd8BI 0.85? 0.64? 0*558 0.430
22. Tromtr -0.648 -0.403 -0.219 -0.265

a 7 " ~~ 11 16 18
a * Wo• of pain of observation used for finding correlations
* Significant at 5 par oaat lorol

a* Significant at 1 par oaat level
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Regarding the o p U m  period of equilibration, 
a period of 30 minutes should bo considered superior 
einaa this la the minimus period by whioh the major 
part of the phosphorus ia brought into solution 
and thereafter there la ealy a alow releaae of 
phosphorus at a oonetant rata# Fixing the optimum 
pariod of equilibration aa 30 minutes, extractant 
Ho. 10 oan be oonalderad ellghtly superior to 
eztraotant Ho.15 oinae the ooaffieieat of oorrelatlon 
between phoaphoma extracted for the first group of 
soil and phosphorus uptake by plant la significant 
area at 1 par oaat level in the ease of oxtraotant 
Ho .10, whereas the oorrespoadlng ooeffioient of 
oorrelatlon for oxtraotant Ho. 15 la significant only 
at 5 par oeat level.

♦* Wft fit

the study.

Sinoe 0.03 H ammonium fluoride in 0*025 H 
hydrochloric aoid (Bray Ho*1) la a method adopted by
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tha Mil tasting laboratoriss at prasant in sstin&ting 
tha available phoapharua in soil, a comparison batwsan 
tha pattara of phoapharua rala&ss by Bray Bo.1 
axtraotant at diffsrant ptrloda af tins and that 
of tha axtraotant anplsysd la tha study had baaa 
alraady aada and diasuosad* Tha raXationahip batwsan 
phosphorus axtraotad by Bray Ba«t axtraotant and tha 
ousmlativs phoaphoroa uptaka by tha erop was axaalnad. 
Bata praaantad in fabla 66 shows that phoaphoma 
axtraotad by Bray No.1 fal3?ts aarraXata significantly 
with tha phoaphoroa uptake by oropa in aoiX groopa 
Ho*1« 2 and 4 showing that Bray lfe.1 ia not an 
affloiant axtraotant for tha ootinatian af tataX 
aralXabXa phaaphata raaarra (Ha-valua) of tha soil. 
Thus tha prasant atody raooaasndsths axtraotant
0.06 H sulphurio aoid and 0*06 V hydroahXarla aaid 
in 0.0$ I oxalio aoid with m  squllibration pariod of 
70 ninutsa and saiX solution ratio 1 s 10 as a bsttsr 
aatbad far aatinating tha total available phoaphoma 
reserve (Ra«valus) of tha sail.
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Regression equations were established 1»«t«i«i 
phosphrus extraoted by 0*06 V sulphurio aoid sad 
0*06 H hydreehlorle aoid la 0*09 V oxalio aoid for an 
equilibration pariod of 30 minutes and the auaulative 
phosphorus uptake at the and of sixth orop ia different 
groups of soils* Ttm linear regression equations were*

I » 0*08071 ♦ 93*82 for the first group of soils
7 « 0*0714X ♦ 98*36 for the seooud group of soils
7 m 0*06241 * 61*31 for the third group of soils and
7 ■ 0*09851 ♦ 63*09 for the fourth group of soils*

whs re 1 was the phosphorus extraoted by the triple aoid 
extractant in ppa and 7 was phosphorus taken up by 
plaits in ppm* In the ease of group No*1 soils a unit 
Increase in the phosphorus extraoted by the triple aoid 
results in 0*0807 unit insrease in the euaulative 
uptake of phosphorus by plants* Similar coefficients 
of regression in the esss of group No,2, No*3 and 
No.4 of soils ware 0*0714* 0*0624 and 0*0535* Though 
these regression equations msks the prediction of 
"Ha-valuas" possible* they do not satisfy the 
requirement for the determination of the extent of
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skipping phosphorus application possible. Considering 
the soil group lfo.1 for m  extracted phosphorus value 
of 307. t ppm whleh is the highest value reoorded ia 
the preeeat study, the oorrespoadiag "Bsrvalue" will 
he 80.60 ppm aad for am extracted phosphorus value of 
51.2 which is the lowest value reoorded la the study 
the oorrespoadiag "Ra-valus* will be 59*95 ppm. thus 
whsa the sxtrsotsd values varied froa 51.2 to 307.1 
the oalaulated "Ha-valuea’* varied froa 59*95 to 80.60 ppa. 
This ehows that the range of variation ia "B&~value” 
that oaa he oevered hy variation in the extracted 
phoephorue values is rather Halted. With the 
example footed the total variation ia "Bs-value" is only 
20.65 ppm whleh will correspond to 45.43 kg/ha vhioh 
is only to the tune of the recommendation of a rioe 
crop. 2a determining the possibility of skipping of 
phosphorus application this such variation may not 
he sufficient. This may be probably due to poor 
variation in the available phosphorus reserve (Ra-value) 
of soil present in the soil selected for analysis.
As per these regression equations, when the ourve is 
extrapolated, an extracted phosphorus value of 
0 ppm will correspond* to an "Barvalue" of 55.32 ppm 
ia the oaso of first group of soil which will mean
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122.80 kg/ha. Sane is the eese with regression 
aquation observed in the other groups of soils.
This shows that such a high Mount of reeerve 
phosphorus prasant in soil ia not raflaoted by tha 
values of phosphorus extraoted and as a result 
skipping of phosphorus applioation for aaking use 
of this phosphorus reserve (Ba-value) oannot be 
preoisaly pradiotad by extracted phosphorus values 
by tha method proposed. Though the triple aoid 
method proposed gave batter correlation its 
affioianoy in employing as a tool for tha prediction 
of skipping phosphorus applioation is not satisfactory 
probably because of the limited variation in the 
MRa-valuesH in the soils selected for study. It 
therefore appears necessary to teat the performanoe 
of this oxtraotant in a group of aoila whioh widely 
vary In their "Ba-valuea". However the triple acid 
method finally selected ia the study eat ba 
oonalderad ea a definite improvement ever the 
existing method (Bray No.1), since the triple aoid 
method gave better oorrelatlens with P uptake and 
"Ba-valuss? Regression equation established between 
Bray Ko.1 extraoted P and "Ra-valuea" also possessed 
the same draw baok that when extrapolated, a value ef







0 ppm extracted P correspondsto 57*42 pj»
(126.52 kg P/ha) vhloh la obviously not within 
the range of prediction for the purposes of 
skipping phosphorus applioatlon based on oaloulated 
"Re-values".



SUMMARY
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a U N M A B T

A pot culture experiment and in vitro studies 
were conducted in lateritio soils of midland Karels 
to evolve a suitable laboratory ohamioal method for 
the estimation of phosphate reserve (Ra-value) whioh 
will be available to the plants over a reasonably 
long period of time. The findings are summarised 
below i

1. Among the commonly used five extraotante 
for the estimation of available phosphorus (Bray No.1, 
Bray No.2, Bray No.4, Olsen's and Iruog'a) Bray No. 2 
and Bray No.4 extracted much higher quantities of 
phosphorus.

2. Inoreasing the strength of hydrochloric 
aold from 0.04 N to 0.10 N did not have any pronounced 
influence on the amount of phosphorus extracted.
Among the various concentrations of hydrochloric sold 
triad 0.06 N sold extracted the maximum amount of 
phosphorus from the soil. Gompared to Bray No. 1 the 
performance of hydroohlorio acid was very poor.

3* Sulphuric sold when employed at concentrations



to that of hy&roohlorlo aoid extraoted 
higher quantities of soil phosphorus* Phosphorus 
extraoted at various concentrations correlated with 
the cumulative phosphorus uptake value at the end 
of the sixth orop.

4* Xu the oase of both eulphurio and 
hydrochloric aoid extraetante, the major part of 
phosphorus was extraoted within 50 minutes of 
equilibration and thereafter the release was very 
slow, at a constant rate*

5* Combinations of sulphuric aoid and 
hydrochloric aoid, extraoted higher quantities of 
phosphorus from soil than the individual acids and 
the Influence was more profoixid at lover concentrations.

6. The pattern of release of phosphorus by 
mineral aolds during the varying periods of 
equilibration was highly fluctuating eapeoially 
when the acids were used individually. However the 
degree of fluctuation was considerably lees when the 
combinations of acids were employed.

7* Among the mineral aoid extrastants,



phosphorus; extract od by the combination of 0.06 N 
sulphuric acid in 0.06 H hydroohlorio acid and 
0*06 N sulphuric acid in 0*08 N hydrochloric aoid 
possessed the hipest degree of correlation with 
the "Ra-value**.

8. Based on the results of the preliminary 
screening trial of mineral aoid extractants, 17 of 
them were carried forward for further studies. 2he 
main criterion in selecting these extractants was 
the oonslatsnoy in the pattern of phosphorus released 
by those extractants at increasing periods of 
equilibration*

9* A pilot study for the aeleotion of 
organic acids and their concentration fbr chelated 
system revealed that resorption of phosphorus from 
solution earn be effectively prevented by employing 
organic acids and the amount of phosphorus extracted 
by the mineral acids oan be increased by the presence 
of organic acids* Oxalic acid was more effective 
than acetic and citric acids in this respect*
Organic acids at the strength of 0*09 * were as 
efficient as at 0*10 I in extracting end chelating
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phosphorus from the soil, therefore oxallo aoid at 
the strength of 0*03 V was employed along with tho 
1? Mineral aoid extraotante aelacted.

10. for the ni&erai m& orgaaio aoid 
ooabinations, a period of eqpilibratlen not leaa than 
30 ainotea waa ooaaiderad eritioal and optimum.

11« the coefficients of correlation obtained 
between phoaphorue extracted by the ohalated 
extraotanta and emaHmXty phosphorus uptake were 
significant in aoila in whioh the percentage of 
phosphorus in plant ran below 0.023. Fixing the 
optimum period of equilibration aa 30 minutes, 
extractant No.10 (0.06 I HgSO^ lb 0.06 N HOI in 0.03 N 
oxalio aoid) waa found to be superior to the 
remaining ooabinations.

12. Phosphorus estreated by Bray No.1 
failed to oorrelate sigaifieantly with phosphorua 
uptakes by orope in eoU groups in whioh the 
percentage phosphorua content of plants were below
0.025, 0.03 and 0.20 showing that Bray No.1 is not 
an effieisnt extractant fer the estimation of "Ba-Talue**



Of thfi bOU* 2hu« the present study xuoommcttds the 
extraotant 0*06 1? H^SO^ and 0*06 Jf HOI in 0*05 if 
oxalio aoid with an equilibration period of 30 minutes 
end soil solution ratio 1 t 10 as a better method for 
estimating the total available phosphorus (Ra-valus).

13* Though the triple aoid method proposed 
gave better oorrelatlon, ita effieiamoy in employing 
as a tool for the prediction of skippiiig phosphorus 
applioation is not satisfactory sinoe tha ragraaaLon 
equation established between phosphorus extraoted 
and "Ha-valnes" is valid only for a short range of 
"Ra-values". This was due to the limited variation 
observed in the "Rai-values" of the soils selected 
for the study* The performance of this extraction 
ia predicting the "Hac-valua" of soils and the 
possibility of aJdppiag phosphorus applioation can 
therefore be judged only after trying this method 
in a set of soils highly varying in their ”Ka~v&luesM*
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Appendix I. Loo&tion and tsxtur* of tha soil oalaotad 
for tha study.

soil80. Location Saxtural olass

1. &UNNKVU 0.P. sandy loan
2. Pattaabi R.R.3. slay loan
3. Pattaabi C.P. silt loan
4* Pattaabi B.R.S. olay loan
5. Pattaabi R.R.S. slay loan
6. Mazsnuthy B.B.S. loan
7* Koahinjanpara 0.?. silt loan
8. Msnxmthy R.B.S. loan
9. Pattaabi B.B.S* sandy slay
10* Pudukkad O.P. silt loan
11. Chittanjoor 0*P. sandy loan
12. Kutmaakulan C.P. sandy loan
13. Ohalakkndy A.R.S. olay loan
14. Chlttanjoor O.P. silt loan
15. Madakkathra O.P. sandy slay loan
16. Triohur C.P. silt lean
17. YellanJJckara C.H. silty Slay loan
18* Palghat C.P. loan

G*P* eultlT&tora field.
R.R.S. riss raaaaroh station* 
A.R.S. agronomic raaaaroh station* 
C*H* sollsge of horticulture*
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Append!* II* Details of rim erope grown

Cropffo. Date of 
aovtnf Sato of harvest

is* of
daysgrown

is* of plants per pot

Seedmaterialused

t 11-8-78 10-10-78 60 75 germinated
seeds

2 21-10-78 20-12-78 60 75 germinated
seeds

3 31-12-78 14-2-79 45 25 15 days eld seedlings
4 16-2-79 2-4-79 45 25 15 days old seedlings
5 5-4-79 20-5-79 45 25 15 days old seedlings
6 22-5-79 6-7-79 45 25 15 days old 

seedlings

Hioe variety g m a  * "is-e"
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Appendix h i

Helatioaehip between soil properties and 
P uptake by euoeeeeifo erepe of rioe 

(eeeifieiaate of oorrelaUoa)
P uptake by erope

|J* Soil properties 1 1 1 2  1 - 3  1 - 4

t. pH 0*262 0.259 -0.162 0.49§ 0.344

2. SO -0*180 -0*146 0*106 0.004 0.266

3 . Qrgaaie aarboa -0*054 0.073 0.105 0.106 0.174
4* Total P -0.350 -0.305 0*364 0.099 0.122

5. Aw»flafrla P
o .$ Va) Bray Be*1 0*055 0*038 0.197 0.503

b) Bray Bo.2 -0.005 -0.037 0.093 0.49? O ♦ $ MS
e ) Bray Bo*4 -0.234 0.051 -0.074 0.380 0.335

d) Olaea -0*037 -0.018 0*222 0.611 0.54?

e) Trmg 0.026 0*122 -0.136 -0.104 -0.237

* Signifioaat at 5 par oeat level 
*# Sigaifieaat at 1 per oeat level



Appendix iY Coefficients of correlation between P extras tad by mineral aeids and
P uptake by euooeeaive orope of rioe

P uptake by oropoSI*Ho. Extractanta 1 1 6b 2 1 - 3 1 - 4 1 - 5

1* 0.04 N HOI 0.205 0.168 0.250 0.436 0.269
2. 0*06 V H d 0.084 0.045 0.136 0.283 0.331
3. 0*08 V HOI 0.163 0.162 0.125 0.355 0.352
A* 0.10 V H d 0.103 0.062 0.205 0.55S 0.438
5* 0.02 Wh  S 04 0.172 0.1ft 0.288 0.55? 0.359
6. 0.04 V 0.029 0.031 0.176 0.57? 0.4al
7 . 0.06 V Hjj S04 0.008 —0.018 0.126 0.551 0.478
8* 0.08 If a2 so4 •0.062 -0.115 0.056 0.495 0.442
9. 0.10 H h  s04 -0.097 -0.141 0.057 0.5ll 0.48§
10. 0.02 If Hjj S04 in 0.04 If H d -0.085 -0.150 -0.075 0.219 0*226
11. 0.02 V Hj S04 in 0.06 If H d —0.026 -0.084 0.086 0.533 0.48?

(Contd...)



(Appendix iv oeat*...)

P uptake by oropaSI.Ho. Srtraotanta 1 1 & 2 1 - 5 1 - 4 1 - 5

12. 0.02 V “2 S04 in 0.08 * HOI -0.014 -0.060 0.112 0.55? 0.50$
15. 0.02 9 “2 s0* in 0.10 9 H d -0.065 0.115 0*084 0.55? 0.49$
H. 0.04 1 **2 so4 in 0.04 9 H d -0.045 -0.142 -0.004 0.447 0.401
15. 0.04 V S04 in 0.06 9 a d -0.092 -0*04-6 -0.055 0.271 0.134
16. 0.04 ■ “2 S04 in 0.08 8 H d -0.150 r6*114 0.024 0.457 0.425
17. 0*04 V “2 s o * ia 0.10 V H d -0.182 -0.192 0.001 0*450 0*451
18* 0.06 V “2 S°4 ia 0.04 9 ffffj -0.158 -0.185 -0.018 0*421 0.515
19. 0.06 V h »04 in 0.06 V H d 0.154 -0.095 0.225 0.57? 0.591
20. 0.06 V “2 S04 ia 0.08 9 H d 0.045 -0.002 0.216 0.65? 0.65?
21. 0.06 9 “2 so4 ia 0.10 1 a m -0.075 -0.159 0.016 0*446 0.456
22. 0.08 V «2 S04 ia 0.04 W H d -0.092 -0.095 0.066 0.50I 0.48$
25. 0.06 8 “2 so * ia 0.06 8 H d -0.008 -0.155 0.051 0.49? 0.43?

(Qoatd.•*)
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SI* ? nptnke by crops
Bxtraotanta —

l 0 * 1 t & 2 1 - 3  1 - 4  1 - 5

24. 0 .08 V ®2

<+
©03 in 0 .08 9 HOI -0 ,12 6 -0 .292 0.021 0.466 0.456

25* 0 .06 9 H2 so4 in 0 .10 IV HC1 -0 .155 -0 .19 6 -0 .0 0 8 0.441 0.434

26. 0.10 9 32 30^ in 0 .04 II HOI -0 .1 3 2 -0 .009 -0 .0 0 3 0.273 0.163

27. 0 .10 V *2 S0| In 0 ,06 9 HC1 -0 .1 2 3 -0 .1 6 2 0.032 0.466 0.454

28. 0 ,10 I *2 304 in 0 .0 8 I HOI -0 .1 1 4 -0 .14 2 0.050 0.485 0 «4 fl

29. 0 .10 I *2 so4 in 0 .1 0 9 HGCL -0 .1 0 4 -0 .1 2 0 0.068 0.50S 0.53^

* Significant at 5 par cent level
** Significant at 1 per oeat level
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A laboratory study including a pot culture 
experiment was carried out using 18 laterltie aoil 
to evolve a suitable laboratory ohaaioal method as 
an index for the estimation of available phosphate 
reserve (Ba-value). The total plant removable 
phoaphorua of tha soils was determined growing riot 
(variety IB-8) oontinuously in soils taken ia pots* 
till the content of phoaphorua ia plants beoaae below 
the orltloal level. The pot oulture experiment was 
designed la completely randomised design with 18 
treatments (soils) and 5 replications.

To evolve a suitable oxtraotant for the 
estimation of *Ra-value" H^SO^ and H(H at different 
oonoeatrations and combinations were tried. Oat of 
the 29 extractants employed, 17 were aeleoted based 
on their consistence in the pattern of phosphorus 
release and the anount of phosphorus extracted. Proa 
a pilot study, In which different organio aoida at 
different oonoentratloas were screened, oxalio sold 
at the strength of 0.05 8 was selected as the beat 
chelating agent to be employed with the 17 mineral 
aoid combinations.



The results shoved that eoapared to Sray No,1f 
the performance of SOI ves very poor and had only a 
little pxoaounoed influence m  the extraction of 
phosphorus •

Sulphuric aoid at analogous oonoentrations 
extracted higher quantities of phosphorus and 
obtained hotter correlations with phosphorua uptake 
values at the end of 6th crop*

Combinations of ninorsl acids sxtraotod 
higher quantities of phosphorus fron soil then tho 
individual acids, with a pronoxmosd lnfiuenos at 
lovsr concentrations.

The pattern of releaee of pheophorus 
fluctuated widely when the alneral soldo wars used 
individually, hut the degree of fluctuation was 
considerably less when eapioyed in combination. In 
all tho above oases the major part of phosphorus 
was extracted within 30 minutes and thereafter the 
release vas very slow.

a
The pilot study employed in the selection of 

organic aoide for chelated system# to prevent



tha resorption of phosphorus into tho aoil from the 
solution, revealed that resorption of phoaphorua from 
tha solution oaa ha effectively prevented by employing 
organic acids t tha amount of phoaphorua extracted by 
the mineral adds oaa be Increased by the presence 
of organic acids notably oxalic add and adds at 
the strengths of 0*05 V were ms good aa 0*10 N in 
their affeota on the extraction ef sell phosphorus*

A period of equilibration net less than 50 
minutes waa considered critical and optimum.

The extractant Vo, 10 (0,06 V H2$04 1 0,06 V H d  
in 0*05 H oxalio add) was found to be superior to 
the remaining combinations and gave better oorrolation 
withHRa-valueaM of the sell, Phosphorus extracted by 
Bray Vo*1 failed to correlate slgnlfiomtly with 
phosphorus uptake by orops In soil groups In which 
the percentage phosphorus content of plants were 
below 0,025, 0,05 and 0,2 shewing that Bray Ho«1 is 
not an affioient oxtraotant for the estimation of 
"Ba-value" of the soil, Thus the present study 
recommend the oxtraotant 0,06 V HgSO^ end 0,06 V H d  
in 0.05 V oxalio aoid with an equilibration period of



30 minutes end soil solution ratio 1 t 10 as a bettor 
method for estimating tbs "Ha-value**.

Regression equation between phosphorus sxtraoted 
by this method aad "Ha-value" was established. Sinoe 
variation in "Ra-valuesH of tho soils eeleoted was 
rather narrow, the application of this equation in 
predicting the possibility of skipping phosphorus 
application in soils appeared very much limited.


