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INTRODUCTION



INTRODUOCTION

Phosphorus is considered to de the nmost critieal
and important element among the major plant nutrients,
next to nitrogen. Apart frem the vital role played by
phosphorus in moot of the metabolic funntions of the
plant, the profound influsnce en the proper and offieiont
utilization of other nutrients confors on phosphorus a
pivotal position and special status in the chemistry of
plant mutrients.

Much emphasis en the ghsmistry of phosphorus in
s0ils arises from the variety and semplexity of soil
reaotion associated with its transformatiens in soils.
Estimation of that fraotion of soil phosphorus whioch
oan be oonsidered available to plant has been a matter
of controversy even mcz; the agoumulation ef voluminous
literature on this subjest, This is due to the faot
that phosphorus availability to plants depends upon tho
oonditions under whigh the plant is grown. This cannot
be pregisely reproduced in another occoasion. Even the
moot sophistiocated isotopiec dilution techniquesfail to
neasure aocurately the total amownt of available
phosphate reserve of the soil. Ihis is becsuse the
amowmnt of soil phosphorus that oan be taken uy‘hy a plant



or that oomes into equilibriuvm with the applied phoephorus
is a funoction of soil properties and the power of the
test orop to take up soil phosphorus, whioh considerably
vary depending upon the population dsnsity or the root
pressure on the soil, the duration of the orop, contimuity
of oropping etc. In otherwerds, the term available
phosphorus refers to that frastion of phosphorus
available to a orop wnder speoified soil and plant
conditions. Obviously, it is rather difficult to make
an estimate of available phosphorus each time by
growing plants and studying the uptake. Therefore
laboratory indices of phosphate availability are made
use of in evaluating tho phospherus status of the soil
for the purpese of advisory works., The most popular
indices are chemioal extraotmmts, the Bray No.lI
extractant being the one employed in the soil testing
laboratories in the State. These exiractants ave
employed on the assumption that phosphorus extracted

by them are correlated with the phosphorus uptake

of a test orop grown in the s0il. Very often the
phosphorus determined by thase extrastante, though
correlated with phosphorus uptake by plants, is not
useful in assessing ths need of phosphorus application
or the possibility of skipping phosphorus appliocation



to a orop grown in the eeil. This is because these
methods are selected simply based on the correlation
between phosphorus extracted by them and uptake eof
phosphorus by the test orop. Then again the

phosphorus uptake ef a teot orop does not necessarily
refleot the total availadble phosphate reserve of the
soil and as a result the correlationh estadlished is

of no use in assessing the phosphate supplying power

of the soil on a long term basis. Pisharody st al.(1977)
observed that, in tho soils of Rice Ressarch Station,
Pattambi, phosphate application te rioce has no response
in terms of yleld, but when the appliocation of phosphate
wvas skipped for a few scasons pleats d4id respond te

the applioation of phosphorus. They also ebserved

that phosphorus estimated by Bray No.! extractaat

could not give any indigation on the possidbility of
skipping of phosphorus sppliocstion in the soil. The
situation therefore warrsnts evelving a method of
estimation of soil phosphorus which will be oorrelated
with the total available phosphate reserve of the

s0il rather than the uptake of phoaphorus in the test
orop immediately grown. For this purpose plants should
be grown in the soil oontinususly till a stage is reached



that the soil can supply me more phosphorus to mest
the ainimum requirement of the orop as reflected by
the defieiency level of phesphorus in the plants.

The total amount of phosphorus removed from the seoil
by the plants contimmwusly grown till this stage will
then be the total available phosphate reserve of the
soil. It is with this valus of available phosphate
reserve, aorrelations to be established with the
amount of pheosphorus extragted by the chemiocal methods.

Among the different {ypee of chemical
extragtants, mineral aoids in chelated sysiem can be
preferred to other extrastants, singe ths acid
conditions under whioh ths extraction takes place can
be considered some what comparable to that of the field
condition wnder which phosphorus is taken up by plants
from the acid laterite soils of the State.

Onee a suitable extrastant is found out in
estimating the available phosphats reserve of the
soil, it will be then possible t0 predict the extent
of skipping of phosphorus application posaible in the
soil, making use of the regression equation establighed



between the amownt of phosphorus extraoted and the
available phosphate resexrve of the solil.

The present study was therefore wndertaken with
the following objectives in view:

1« To evolve a suitalle chemical extraotant
for the estimation of available phosphate
reserve of the soil; and

2. To examine the possibility of skipping of
phosphorus application in soil aaking use
of ths relationship established between
phosphorus extragsted by the extractante
newly evolved and the availeble phosphate
reserve of the soil.

The results of this investigation are presented
and desoribed in the following pages.



REVIEW OF LITERATURE



A large mumber of ghemical techniquss for

measuring the so-cdalled mtlnb}o soil phosphorus

have been suggested during the last oentury and
inmumerable review articles have been published by

80 many workers., Some of them are Anderson (1960),
Hanna snd Flamery (1960), Hester (1960), Kramprath
and Pitts (1960), Nelson g§ ak.(1960), Sehrader (1960),
wolf (1960), Hesse (1971), Bingham (1975) and Chopra
and Kenwar (1976).

Eventhough sevaeral methods have been evaluated
extensively, the problem of sslescoting an appropriate
method is not always solved easily. For exaaple, the
National 8S6il and Fertiliser Rssearch Committee omn soil
testing (1956) oompared a number of chemical soil tests,
using soils of known phosphate requirement. In all, 74
widely varying soils were invelved, the committes noted
that the chemiocal tests agreed detier with green-house
tests than with field trials:. They alse found that veak
cﬁtmtants such as water snd carbonie acid wvere more
suitable for alkaline soils than for ascid soils. The



strong acid extrastants ware found to be more
satisfaotory for testing acid soils (Bingham, 1975).

Out of a lﬁn number of laboratory indices of
absorption of soil phosphorus by plants, the ghealoal
technique has received much attention, whioch is the
extraotion of phosphorus with ons or more solution.
The prineiple involved is that the extractant is
capable of dissolving that fraotion of soil phosphorus
which is oonsidered available to plants., The
extrastanta recommended ocover the whole gamut between
oonoentrated acid and ooncentrated alkall.

Yarious extrastants and oonospts have been used
to assess the phosphorus supplying power of soils. The
displaced soil solution was first used as an index of
phosphorus availability by Pierre snd Parker (1926).
They found a poor correlation between concentration of
soil-solution phosphorus and plant response to phosphorus
fertilisation. In faot in none of the early experiments
soll-solution phosphorus vas successfully correlated
with plant grewth (Adams, 1974).



Water has been proposed as sn extrastant for
available seil phesphorus. Blenkinsep (1938), Burd
and Murphy (1939), Burd (1948), Bingham (1949),
Hashad gt al. (1957), Thompson g% al. (1960),

VYen Dest (1963), Pasuw and Sissingh (1968),

Paauw (1971), Slosingh (1971) and Gibaon (1976) used
water for extraoting, on the assumption that the
quantity of phosphorus soluble in an equilibriwm
water extraot of soils is indieative of aveiladle
phosphorus. Martin and Buohsnan (1950) evaluated
this method and found that the method works equally
wvell on acid and alkaline soils. Martin and
Mikkolsern (1960) observed that the water soluble
and bicarbonate soluble phospherus values in
Califeornia soils agreed well with plant response.

Carbon diexide saturated water was used as an
extragtant by Puri and Asghar in 1936, Me Geoxrge (1939),
Stanberry (1949) and Sen Gupta sad Cornfield (1963) found
that the phosphorus extracted by carbonioc aoid was well
correlated with plant response. At wider seil : solution
ratios, distilled water vas as efficient as carbomio
acld (Porsee, 1945). Abbott (1978) proposed oarbemis scid



as an extractant for organic phosphorus in caleareous
soil.

Dyer (1894) used 1 per cent oitric acid
solution as an extrsotant for the utmuéa of
evailable phoaphorus. Dyer's method has been adopted
with slight modifications by a large nunber of workers
(Jones, 19493 Paauw, 19563 Thompson gt al. 1960;
Balasubramsnian, 19665 Ahmed g% 3l. 19673 Keddy 19673
Misra and Ojha,1969; John, 1970 and Weaver, 1974).

Mineral acids like hydrechloric acid, nitrie
a0id and sulphuric acid have also used. Baver and
Bruner (1939) reported that 0.314 N hydrochlorio acid
is a better extractant for soil svailable phospherus.
Olsen (1946) suggestad 0.7 N hydrochlorio acid as an
extractant. PFrape (1909) used 0.2 N nitric acid and
Von Sigmond (1929) used C.01 W nitric acid. Truog (1930)
extracted soil with 0002 N sulphurio ascid dbuffered to
pH 3 with smmoniwm sulphate for 30 minutes using a soil
solution ratio of 1 1 200, Peech g% gl. (1947) modified
Trung’s method by employing a 1 ¢ 100 soil : solution ratio.
Kerr and Von stieghts (1938), Beater (1949) and (
Bandroff (1952) uaed sulphuries acid at the stremgths of
0,01 K, 0,05 N and 0,20 N respectively. PFitts (1956)
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reported a olose gorrelation between phosphorus
extraoted with 0,05 N hydrochleric ecid in 0,025 N
sulphuric aoid md phosphorus estimated dy 'A' value
teohniqus., Pritchett (1976) concluded that the above
extrasctant was the best for predioting responses over
a period of 5 to 10 years or more.

Another important type of axtractant used is a
weak £0id buffered salt solution. Morgan (1937) and
Hester et al. (1937) used acetio =oid in sediua ascetate
solution; Egner (1941) used 0.02 K oaloiun lactate in
0,01 ¥ hydroshlorio acid (pH 3.5) and Egner gt al.(1960)
used 0.1 M pmmoniun laoctate in 0.4 M asetio asid.
Suetov (1968) employed 0.5 N agetio acid (Chirkov's method)
to axtract avallable phosphorus from soil. Acetio aoid
of varying strength bas been recommended by Brown (1940),
Ghani (1943) end Peech and Buglish (1944). Willisms (1950)
used 2,5 per ocent asetic asid oontaining 8-hydroxyquinoline
to prevent readsorpiion of phesphorus by iron and
sluminive, Sik (1964) desoribed a method of extraoting
phosphorus from soil using a salution of bdorio acid and
borax buffersed to pd T.6. Sehuller (1959) suggested
0.1 M oaloiun laciate and O.1 M caloium acetate in
0.3 M agetic acid. Gachon (1966) extractod the soil with
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oxslic aoid, DBorlan and Berdeiasu (1968) used a solution
of 0,07 K EDTA and 0.005 N ¢xalic acid as the extractant
for the estimation of available phosphorus.

The ohelating action of EDPTA has been used to
extraot soll phosphorus by Kanwar (1953), Vire (1955a, 1955b),
Wallance gt al. (1955), Alexander and Robertson {1972),
Fnadi (1975) and Sahrawat (1977).

Salt solutions were also employed as an extractant
for available phosphorus. They are 0.2 M ammonium
oxalate (Joret and Herbert, 19553 Owens, 1977),
ocaloium chloride (Aslyng, 19543 Aslyng, 1964;

Gaghon, 1966; Baker and Hall, 1967; Walnwright and
Sowden, 1977), normal potassium chloride (Puri mmd
Swarnakar, 1969), 0.5 per eant potassinn sulphate and

0.5 per cent ammonium melyhdate (Ginsburg snd

Astemonova, 1966), ammonium acetate (Breland emd

Nesmith, 1968; Ouwddus, 1968; Ogos, 1970), eodium acetate
(Breland and Nesmith, 1963), sad dllute stammus chloride
solution (Wendt and Corney, 1974). |

Rapidly soluble and sdsorbed phoephorus has beem
extraoted with flusride containing solutions. Bray
and Kurts (1945) vhile attempting to extract available
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phosphorus from different soils by different meihods
removed acid soluble phosphorus with 0.1 M hydrochlorie
aoid, edsorbed phosphorus with 0.5 M ammonivm flueride
and aocid soludle plus sdsorbed phosphorus by first
shaking with 4ilute acid and then shaking egain after
adding solid ammenium fluoride. Dupuis (i1950) modified
the Bray and Kuris procedure by shaking 1 g eoll wiwa

8 ni of 0,03 ¥ aanonium fluworide solution in 0.025 N
hydrechlerio asid and the method was modirfied further

by Smith ot al. (1957) by using a 1 s 50 soil : solution
ratio, The three Bray snd Kuris reagents now in use

are 0,0% N smmonivm flueride in 0,025 F hydrochlorie moid
(Bray Fo,1), 0,03 N emnoniwm fluoride in 0.1 K
hydroohloric a0id (Bray No.2) and 0.5 § asumonium
fluoride in O.1 ¥ hydrochlorio aoid (Bray No.4).
Ammoniva flueride has be2n used as a seleotive exiractant
by Uriyo and Kesseba (1972). Aigboola and Corxey (1975)
used Bray No.1 solution as an extrsotant and got guod
oorrelation with yieid of meise and the soil test values.
Miller amd Alexy (1956), Roberison (1962) and

Kager ¢t gi. (1967) estimated availsble phosphorus

using sulphuric aocid snd aanoniuk fluworide. Datta and
Kamath (1559) exiracted soil with a solution of 0.03 N
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ammonivm fluoride oontaining 1.0 per cemt EDIA.

Alkaline extractants were also tried for
sxtraoting svailable phosphorus from soil. Des (1930)
suggested 1.0 per ocent potassium oarbenate (pH 8.5).
Sodium bicarbonats as sn extractant wvas used by
Webber and Mattingly (1970), Welmaley and
Cornforth (1975), Matar and Semasn (1975), Barrow
and Shaw (1976a, 1976b) and Bowman ::nd Cole (1378).

Other extraotants recozmended are ammonium
bicarbonate (Dirks and Soheffer, 1928), 0.5 N
sodivm hydroxide (Jones, 1949), hot 0.1 N sodium
hydroxide (Semder, 1956), and ealoium bicarbonate
(Warren and Cooks, 1962). Al-Abbes and Barber (1964)
suggeated extrecotion with 17 ml of 0.3 ml of 0,3 ¥
sodiuwe hydroxide and 3 ml of 0.5 ¥ sodiun oxalate
using a soil : selution ratioc of 1 ¢ 20, Ammonium
oarbonate at 1.0 per cent conosntration was used as
an extraotant by Bobrus and Xim (1969) and Redov and
PMlippova (1970).

The performance of different extrasting solutions
in estimating available phosphorus has often been compared.



Their relative effiociency was judged by the degres
of correlation obtained with phosphorus uptake by
plants in either green-house or field trials. The
literature on this subject has been reviewed by
Brind (1950a, 1950b) and Nelson gt gl. (1953). The
popularity of this approach is dus to the faot that
comparison of soil test valuss with analyses of
plant grown on the soil offers a simple and rapid
method of evaluating the soil tests wnder a wide
variety of conditions especially where data on
response to fertiliser are limiting or lacking
(Pack and Gomes, 1956).

Semb et al. (1965) found that in soils of pH
less than 6.3 the ocorrelations between "I~ wvalue”
and phosphorus extrascted by different extragtants

14

were in the deoreasing order of 0,01 N caloium lactate
in 0.1 N hydrochlorie eold, 0.1 M ammonium lastate in

0.4 M agetio a0id, Bray No.! resgent ani Olsen's

extractant. Samonte and Mamaril (1966) reported that

available phosphorus extracted dy Bray No.2 gave the
highest correlation with rice yield and seemed best

suited for phosphorus analysis in paddy soils.
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Layese and Tilo (1970) compared Bray, Olsen and
Ayres~Hagiharas mathods of phosphorus determination and
evaluated against rice response to phosphorus addition
in 14 widely different seils. They found that Olsen
method has a wider range of applicability to low land
rice sells and it vas not affected by soil pH or olay
oontent.

Oke (1970) extrasted 15 seils with 17 different
acid, base and salt soclutions and determined phnphom
in the extraoct as an index of its awvallability. He
found that 0,01 ¥ sulphuric acid vas the bPest extraoctant
and gave significant oorrelations with the soluble
phosphorus content of maise leaves.

Catani and Nakamura (1971) extrseted several
soil samples with 4 solutions in gonjunotion with 35 soil
solution ratios as 5 ¢ 100, 10 1 100 and 20 3 100 keeping
oonstant the length of extrasction peried for 15 mimutes.
They found that soil : solution ratio had a marked
influsnce on the phoaphorus extrastiion and a decreass of
50 per cent or more in the amount of P extracted was
noted when the ratio was varied from 5 : 100 to 20 3 100,
In solils of pH 5.7 or loso and sesquioxides less than
17 per cent, 0,05 N sulphurie asid in 0,025 N asmonium



fluoride solution extracted more phosphorus than

0.05 N sulphurie acid in 0,025 K ammoniua flworide
solution extraeoted more phosphorus than 0,05 N
nxl;plmrio acid and 0.05 N hydrochloric acid in 0,025 N
sulphurio acid.

Walmsley and Coraforth (1973) tried and
oompared 9 methods of mesasuring available soil
phosphorus using dry matter yield response and
phosphorus uptake data from maise growm in 155 West
Indian soils in a green~houss experiment. Olssis
(0.5 ¥ laKUQ,) method gave ths best estimate of avallable
phosphorus and was also least sensitive to changes in
soil properties like texture, pH, C.E.C., percentege
base saturation. Amer's resin method was also a¥ good
except that it was wsuocesaful with soil of low base

saturation.

Ksnapathy gt gl (1973) with 7 soils having 3
levels of phosphate tried to ocorrelate plant uptake of
phosphates with soil analysis. Three ocrops of Eleusine
vers grown and before the seoond smd third orops the
seils were analysed for phosphate by 12 different methods.
Almost all methods showed good aerrelation but Bray and
Kurts No.2 extracteant and Olsen's method appeared to de
the best.
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Marguslash Vili and Chitishvili (1974) compared
various methods for determining available phosphorxus in
oinmnamon forest soil. Available phosphorus content of
100 samples of fisld soil to which wvarious amounts of
superphosphate had been applied was deterained by
extraotion with 1 per cent ammonium carbonate
(Bobrus & kim), 0.5 N sodium biocarbonate (Olsen),
oaleium carbonats, magnesium oarbonate & sulphurie asid
in 0,000% N ammonium flucride (Bray and Kurts as modified
by Miller snd Axel) or 1.0 per oent ammonium sulphate in
0,25 per cent ammonium molybdate (Ginsburg and Artamonova).
The ooeffioient of correlation betwsen the rate of
application of superphosphate and the inorease in the
oontent of available phosphorus in the soil was 0,98 for
the third method mnd 0.95 for the fifth,

Titterington and Varsa (1974) compared phosphorus
extrastion methods using 5 soil series of Rio Grande do sul,
Brasil in a greea-house experiment in wvhioh grain sorghum
wvas grown. Two levels of lime and four levels of
phosphorus were given. The phospherus was then extrasted
using N, Carolina (0.05 N HOL in 0.025 ¥ H, so‘) 1110
and 1 ¢ 20 for 16 h, modified Bray ¥o.2 (0.1 ¥ HCl in
O.1 X m‘r) 1 ¢ 10 for 1 minute, modified Bray Ko.1
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(0.05 X HOL in 0,05 ¥ NH,P) 1 3+ 30 for 16 h. The
result showed that lime had 1ittle influence on the
amount of phosphorus extraocted by each uthod. Bray
methods removed significantly greater phosphorus, but
lees highly oorrelated with phosphorus uptake., TYield
was highly oorrelated with these solutions in the
deoreasing order Bray No.2, modified Bray No.1,

N, Carolina 1 s 20 and N, Carolina 1 : 10,

Ballard and Pritehett (1975) evaluated soil
teoting methods for predisting growth and response of
Pinua slliotsi to phosphorus fertilieation using acid
ooastal plain soils, The amountsof phosphorus extracted
by water and NH,0AC (pH 4.8) were the most closely
oorrelated with height, growth and response to
phosphorus fertilization after one year of growth in
f£ield an well as green-house trials., The effeotivencas
of these methods declined after longer growth periods.
Methods which extracted larger amownts of phosphorus
were 0.5 M sodium bicarbonate, 0.05 N hydrochlorio scid
in 0,025 N sulphurio acid; 0,03 N ammonium fluoride
in 0,025 N hydrochlorio acid and were more sffeotive
prediotors of response to phosphorus fertilisation over
growth periods of 3 and 5 years in the field, Phosphorus



extrasted by Bray No.1 extragtsnt was the most closely
oorrelated with response regorded after 5 years.
Stronger extraotants wers suited to gresn-house grown
plants.

Ekpete (1976) extracted phosphorus from water-
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logged and air-dried samples obtained from unfertilised
traditional swvamp rice soils ueing Bray No.1, Bray ¥o.2,

Truog, EDTA and Olsen method., The data was correlated
vith percentage Ary matter yield, phosphorus uptake

from wnfertilised soil and avallable phosphorus obtained

for ricectope grown wnder water-logged conditions in
the green~house. It was found that all methods
extracted more phosphorus from water-logged soile than
air-dried soils, Olsen was found as the best and
correlated very highly with yield response of rice
grown wnder water-logged conditions.

Rudd and Prench (1976) compared 9 methods of
measuring available soil phesphorus in soils of South
Australis, many of which contained large amounts of
free lime, TFor all soils 0.5 ¥ Na BGO, extractant was
found to be the best, hydrochlerie acid in ammonium
flueride was good for non-calsareous solils.



Abdel sal of al. (1977) tested 14 slkaline soil
sanples of the Arab Republioc of Egypt. The results
obtained with the different extraotion methods were
compared with the uptake of alfalfa plants Mediosge sative
and the best extractant they obtained was anion exchange
resin and the next best was the water extrastant.

Eawesor (1977) compared 7 chemiecal extractants
for determining avallable seil phosphorus. Sedium
hydroxide at 0.1 N concentration extrasted larger amounis
of phosphorus but was the least precise in predioting
yields., Extraotion with dilute agids and an anion
exchange resin gave lowest values for avallable
phosphorus but resin extrastion was superior to dilute
acids in predieting the yield. Olsen and Bray No.1
solutions were equally presise in predioting percentage
of yields., Phosphorus sxtraoted with 0.03 N ammonium
fiuoride in 0,1 N hydrochloric acid gave the highest
correlation with percentage yleld.

Kadeba and Boyle (1978) evaluated 6 extrastion
methods for svailadble phosphorus. Extractants like
0.002 N sulphuric aoid (pHS), 0.025 N hydrochlorio soid
in amsonive fluworide, 0.5 N sodium biloarbonate (pH 8.5),
in ammonium scetate (pH 4;8), anion exohange resin



and water wvere tried vwith soils from a plantation of
red pine. Uptake of phosphorus by corn and Monterey
pine seedlings grown in green-house culture was
correlated with soll phosphorus axtraoted by the
different msthods, The most succsssful of the
extractantis for predioting phosphorus uptake was resin
extractable phosphorus. Fhosphorus uptake by pine
correlated sigaificsntly with 0.002 ¥ H, 80,-P,

| EH4 QAO-P, 820- ~P and Al-P and Pe-P, while phosphorus
uptake by oorn ocorrelated with 0.002 K Hz 30 ‘-P and
320~P and organio~-P. Perventage phoaphorus in pins
seadlings tops correlated significantly with 0,002 N

sulphuric acid, resin and ¥ m‘ew extractable P.

Maida (1978) found that the amownts of seil
phosphorus extrastsd by the methods of (lsen, Bray,
Williams and Stewart, Morgan, Aslyng, anion exchangs
resin, Samder, Dyer and North Carolina were sigunificantly
interrelated. A high proportion of the inorganic
phosphorus was sccounted for by Yo bound and redustant
soluble phosphorus frasctions. The extraction of Al-P
by the chsmical soil testis was in the decresasing order
of Dyer)> North Carolina> 0.1 M NaOH exiracteble >

0.5 M oa.,coem Olsen> Bray > anion sxchange resin.
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Fe-P was the second most important wariedle contributing
to ths total variation in 0.1 M sodium hydroxide
extractable~-P, Olsen~P, North Carolina-P, resin
extrastable~P end Dyer-P wvalues,

Thus, though extenalve work has been done in
selecting the best extractant atlesat for a type of
soil, though not for all soils, ihe results ohtained
by varicus workers are quite contradiotory. GSone of
the workers in this field are Sherrell (1970), Alban
(1972), Habidi o% al. (1974) in oaloavesus forest soil,
Amhed and Islam (1975) in hmid tropical soils, Hernando
and Dieg (1975) in spanish eoll froum differant climatée

Aresas.

Demolon (1968) stated that from an agronomia
stand point, each field presents a phosphate level of
its own related to its cropping history much more than
to its inherent soil type. This dullt up and varying
phosphorus status result from the repeated application
of phosphates over a sufficlently long period, at rates
exceeding both removals by the ¢rops and other loases
of different kinds,
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Devine and Holmes (1964) found that soils with
high phosphorus levels gave higher ylields than soils
with low levels even after heavy fertiliser application.
Tisdale and Nelson (1967) found that to produce top
yields by row applieation of phosphorus fertiliser is
difficult on soils low in phosphorus dbut thers is sonme
advantage in buildinghp seil fertility in a long tera
fertiliser prograome.

Russel (1960), Young ¢t ak. (1960), Djokoto
and Stephens (1961) and Kanwar and Prihar (1962)
reported that oontimous applicatioen of phosphatic
fortiliser resulted in the dbuilt up of soil phosphorus.
Oooke (1967) by analysing the resulis of long term
experiment in Agdell and at Coekle Park found the built wp
of phosphate reserves in seil. Gashon (1976) reported
that dus t0 regular nitrient application, PO 4 ions are
fixed in soil by strong bonds which ultimately makes a
very large nutrient pool to bring suffieient PO, ioms in
oontast with roots. Werner and Wieohmann (1972) and
Barbarina (1978) also reported the duilt up of phosphate
reserves in sofil.

In 1976, Gladko va using >°P dotermined available
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as well as soluble reserve phoaphorus in USSR soils.
The result showed that 22,6 per cent fertiliser
phosphorus had besn accumilated in soils in available
forms. The ocorrelation and regression coefficients

for the relationships betwesen the pool of available
phosphorus and the pool of labile phosphorus of soils
have been oaloulated. Ihe data indiocated a high degres
of agreement with the solubility of soil phosphorus.

Result of a long term field experiment proved
that the more positive the phosphorus balance of a
soil, the more its phosphorus supplying power and less
fresh phosphorus addition is needed te reach a maximum
orop yield (Sarkedi ¢t al., 1976).

G"Rbushey (1977) reported that the built wp
of optimm phosphate levels is an efficient method of
regulating the phosphorus supply to the plants snd of
inoreasing the coefficient of phesphorus utilisation.

Hbhbott and Tuoker (1973) studied the
persistence of manure phosphorus savallablility in
galgareous soil. Research workers wvho studied
residual phosphorus snd uss of chemioal and hiologloeal
methods te evaluate phosphorus svailability include



Gisken g% al. (1972), Jomston gt gl. (1973), Sadler

and Stewart (1975), Bailey g% al. (1977), Resd g%.al.(1977)
end Sparrow and Russel (1977)s In all the adove

mentioned studies, suscessive eropping wvas not used to
desorb the total plant avallable phosphorus from the

soil.

Brams (1973) studied residual phosphorus using
sontinuous oropping for 3 years in tropical West Africa.
Read gt al. (1973) did an exesllent jJeb of studying the
residual value of phosphatic fertiliser on chernosemio
soils in Manitoba and Saskatchewan, Canada. Five to 19
erops were removed vith addition ef 100~400 kg P/ha.

In all instances the soil available phosphorus (Olsen-P)
deoreased to approximately 10 ppa. Total plant
phospherus uptaks, howvever, was not assessed.

Interastion between phospherus fertiliser
residues and fresh phosphorus dressings in chernosem
80il was studied by Sarksdi and Kadar (1974). The
more phosphorus residuss that were present in the seil,
the less was the marginal effisciency of new phosphorus
dressings.

Sadler and Stewart (1975) studied the changes
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with time in form and availability of residual
fertiliser phosphorus in a catenary sequsnoe of
chernosemio s0ils. Results indicated that an
appreciable portion of residual fortiliser phosphorus
in chernosemio soils may persist for years in readily
available forms. Soll pH strongly influsnced residual
phosphorus form and availsbility. In a long term
experiment at Rothamsted and Woburn Johnsten (1976)
reported the acoumulation of wrused residus of added
phosphorus in the soll. Similar results were reported
by Watanabe and Olsen (1974) and Bowman gt gl. (1978).

Olsen sand Flowerday (1971) in a review article
emphasised that intensity is the main fester gontrolling
uptake of phesphorus by plants dbut that capacity and
diffusion are determining fastors as well.

Moat experimentis on the use of extraction
methods in plant phosphorus uptake studies have deen
conserned mostly with predictive correlations between
those methods and plant yleld or phesphoxrus desorbed
by one particular orop, Thus, Gupta and Singh (1975)
80% positive correlation with low land rice paddies,
Sarangamath ¢t al. (1975) got sigaifiocsnt positive
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sorrelation with grain yield and phoaphorus uptake in
lateritio, red and black soils in which rice was grown
and Rastogi gt al. (1976) got positive eorrelation with
sorghur grain yield in field phosphorus fertility
studies with great suocess using Olsen extraotion
method. On the other hand Butegwa gt gl. (1975) found
that Bray extraction method was well correlated with
plant yield and extracted more phosphorus than ammenium
lactate/soetic acid solution with & pH of 3,75 and hot
0.1 N sodium hydroxide eolution with a pH of 12,18 in
some Bast African soils.

Dusngpatra and Kosmtong (1973) found that strav
yield, phosphorus content of straw and total phosphorus
uptake in strav ohowed highly significant oorrelation
with the available phosphorus contemt of the soil as
deternined by Bray No.1 and Olsen methods.

Levels of soil phosphorus in 24 Hong Kong seils
were dstermined using 7 4ifferent methods, The levels
of phosphorus extracted were significantly correlated
with total uptake by 4 sucoessive oreps. Soil phesphorus
levels determined by Truog's, Mehlioh's and an anion
exchangs resin technique wers substantially oorrelated



with dm yields, the degres of relationship inoreasing
a8 the numbersof orope taken into agoount were
increased., Relationships were poor in reapest of
modified Bray No.1 and 2, Glsen’s and the total
phosphorus methods (Stephem and Lin, 1974).

Khan and Zende (1976) reported that avallable
pmsphoriu as estimated with Olsen extraotant in the
medium bleck soil and Bray P extraotant in the
lateritioc soil was highly cerrelated with dm yield
and the oontent and uptake of phosphorus in maize as
wvell as dry matter yield in the subsequent serghum,

Dalal and Hallsworth (1976) evaluated the
paraaster of soil phosphorus avallabllity in predicting
yield response and phosphorus uptake. They found
that carbonate (soil phosphorus extrsoted fer 16 h
with 0,25 M NaOH in 0,1 M ¥, W3 at a soll : solution
ratio of 1 1 100) was foumd to be ths beat parameter
of the quantity factor when the goils oontaining high
amounts of hasmatite-goethite ( > 204) wers exoluded.
The parsmeters of the intensity ‘futor (0.0t M Otmz
soludble phosphorus, 3821’04 and phosphate potential)
were significantly correlated with phesphorus uptake



at early growth (35 days) vhereas the parameters of
the eapaoity fasctors were better correlated with
pheephorus uptake at tha later stage (150 days).

In scid organic soils dilute anid (0.05 ¥ HOL in
0,025 N H, 804) extractadble phosphorus was the best
indioator of potential phosphorus supply
(Daughtrey gt gl., 1973).

Tin gt gl. (1977) studied grain yisld end
phosphorus uptake of rice as related to the
phosphorus frastion in the soils of omtral Taiwvan,
They found that, correlations between soil phosphorus
contents snd uptake of phosphorus by rice, (Fe~P was
the main source ef phosphorus adserbed by the plant)
the fastors like Ca~P, soil organic P content,
soil pi, sodl clay and orgenio matter oontent were
negatively oorrelated with yptake.

Pixen and Carson (1977) studied relationship
between soil test and smal) grain response to
phosphorus fertilisstion in South Dakota field
experimenta, Yield data from 74 small grain field
experiments over 1% year period were used to evaluate
the relationship betwesn various soil tests and

<Y



phosphorus response., The highest correlation detween
s0il test valus and yleld response to phosphorus
fertilisation was found with the Bray No.1, 1 3 50

soll water ratio.

NHovais and Kamprath (1978) showed that
extragtable phosphorus valuss obtained with the
North Carelina, Bray No.! and Olsen exiractants,after
oasch arop wvas plotted as fungtions of ascoumulative
amounts of phosphorus removed by orxopping ,wers linsar
and ocorrelation coefficients were all significant at
5 per gent level,



MATERIALS AND METHODS
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MATERIALS AND METHODS

1. Golleotion of seil samplen

A large number of soll samples from various
paddy fields in the midland of Kerala which are
lateritic in nature, were oolleoted., The main idea
was to get soil samples differing widely in
phosphorus status, and properties associated with
P fixation and availability.

Semples were collescted to a depth of six
inches from the surface of the soil making a 'V'
shaped out, with one side porpuﬁtoular‘ to the
surface, and soraped out soil froa the perpendioular
s8ide with the help of a spade. Eight to ten kg of
well mixed soil was collested 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 ma sieve., Approximately six kg
of the sieved sample was kept for the pot oulture
experiment. One kg of the sample was further pmécleed
to pass through a | mm sieve and used for chemiocal

Wi‘ .



From these soils, 18 s0ils were finally
sslected for the study assuring maximus variationm in
total phosphorus content and properties relating to
P fixation and availability. Details of the location
and texture of the soils seleotsd for the study are
given in Appendix I.

2.

The soils were analysed for total phosphorus,
phosphorus fixing ecapasity, pH, electrioal condustivity
and organic carbon. Available phosphorus waa determined

by employing w No.1, Bray No.2, Bray No.4, Olasenbk
and Truog's extractants.

Ten g of soil was digested with HCl having
constant boiling peint for two howurs on a rose head
flame, filtered, washed free of acld, snd filirate
made up to 250 ml,

2.2 Jo%al phosphorus

An aliquot of the HCl extract of the soil was
evaporated to dryness., Ths reaidus wes roasted on a



rose head flame t0 dshydrate the silica. The ohocolate
brown colured residus left bekind was treated with

1 ¢t 1 nitric a0id and kept over night, The content
was filtered and washed with 1 : 1 nitrie asid. To

the filtrate, added dilute ammonia to make the medium
distinotly alkaline. Phosphorus was precipitated in
this solution as smoniumpheosphomelybdate in E!iﬂ)3 medius,
Dissolved the yellovw precipitate in kmown excess of
standard alkali and bdask titrated with standard apid.
The phosphorus content was oaleulated from the volume
of alkali consuwsed.

Fve g of soll, passed through a 0.2 mm sievs,
vas placed in a 100 ml oemirifuge tube., Added 50 ml
of 0.01 M exmoniua dihydrogen phesphate solution
adjusted to pH 7.0, The content was shaken for 24
hours. The suspension was oentrifuged and phosphorus
ocontent in the olear filtered supernatant solution
was determined by vansdomelybdophosphorie yellow
colour method in nitric acid system (Jaskson, 1958).
The decrease in consentration was taken as the amount
of phosphorus fixed.
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pH of the eoll was determined in a Systronios,
model 322 needle type pH meter using a seil s water
ratio of 1 & 2,5. The electrical oonduotivity of the ! 215
saturation extract was measured in an Elico seil bridge,
model OM-84,

2.5 Organle garbon

Organio cardon was determined by the method of
Walkley snd Black desoribed by Piper (1942). The soil
was digested with standard potassium diochromate and
sulphuric socid. The excess ohromiec aclid was back
titrated against standaxrd ferrous sulphate in the
presenge of orthophosphorie scid using diphenylamine

indicator.

2.6 Avallable phesphorug

Por the determination ef awvailabls phosphorus
the soils were extrasted with Bray No.1, Bray No.2,
Bray No.4, Olsen's and Trucg'e extrastants. Phosphorus
in the extract was determined by the ghlorestanncus
reduced molybdophosphorie blus oelour method in
hydroohloric acid system in the oase of Bray No.1,



ce
an

Bray Fo.2, Bray Ko.4, and Olsen's methods and in
sulphuric acid syetem in the oase of Truog's method
(Jacbon. 1958)0

30 GRS f .

The total plant removable P content (Ra-value)
of the soils was determined by growing rice orope
continuously in soils takem in pots, till the content
of P in plents decams below the oritiecal or deficlenoy
levels. The cumulative P uplake by successive orops
was then found out. The pot oculture experiment was
80 planned that maximum removal of phosphorus from
soils was effected in a ahort period of time. The
experiment vas laid out in O0.R.D. The detalls of iha

lay out were as fellowst

i8

Total number of treatments (soils)
Number of repliocations st 3

Total number 9f treatment pots s 54
Pot sise (volume) $ 572 sg om>
Number of plants per pots

for the first and second orop 1 75

for the rest four orops t 25
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500 g of soil was taken in 600 nl corning glass
beaker. The soils were treated with nuirient solution
proposed by Hewitt (1963) which was modified to the
extent that it oontained mo phesphorus. For
comparison, a control pot was maintained for each soil,
in which the Hewitt solutien oontaining all the
matrients was added., Por sash erop, 200 ml of the
nutrient solution was givem, 100 ml before planting
and the rest 30 days after sowing or 20 days after
transplanting. The mediwm duretion, fast growing,
high yielding rice variety "IR-8" was used as the test
orop. Six crops were raised succeassively, the details
of which are ziven in Appendix I1I.

For the first and second orop, germinated
seedlings wers used as ths meed material, while for the
rest of the crops seedlings raised on acid-washed sand
vwere used in order %o aveid the influsnce of seed
phosphorus on the phosphorus uptake by plant., Under
each arop, the plants were grown only for & period of
45 to 60 days, sinos the rate of growth and the P
acousulation in plants thereafter become slow (Mandal, 1976).
The plaents were cut at the ground level by uaing a sharp
rasor and the wet weight was regorded immediately. The
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harvested plant material was dried in s eleotric
oven for 3 days at 105°C. It was then weighed and
4dry weight recorded.

5.1 P uptake by plents

0.5 g of the powdered material was tranaferred
into 2 100 ml volumetric flask, Digested the content
in triple acid mixturs consisting of perchlorio,
sulphuric and nitrie aoids in the ratioof ¥ ¢t 2 1 9,
1111 the sontent turned colourless., The extrastant
was diluted with water, the volume made up, kept aaide
for one 3y, and filtered when the vhole silica was
settled down., Phoaphorus in an aliquot of the extract
was determined by vamadomolybdophesphorio yellow
colour method in nitrie acid system (Jackson, 1358).

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

To evolve a suitable laboratory chemical
extraotant for the estimation of soll puosphate

reserve the following extrastants were tried.



Hydrochloris and sulpimris scids were tried
independently snd in combination at the strengths
glven delov as extrastants

201 _gongentrations (4 non)

1, 0.04 ¥ 2, 0,06 ¥

% 0,08 N 4 0,10 N

H,_S0, gongmatrations (5 nos)

5. 0.,02 ¥ 6. 0,04 N

7. 0,06 ¥ 8. 0,08 N

9. 0.10 N
© B,.80, and HCl combinstieus (20 mes)

12, 0,02 ¥ in 0.08 ¥ 13, 0,02 ¥ in 0,10 N
14, 0,04 N in 0.04 ¥ 15, 0,04 ¥ in 0,06 ¥
16. 0.04 ¥ in 0.08 ¥ 17, 0.04 ¥ in 0,10 X
18, 0,06 ¥ in 0,04 ¥ 19. 0.06 X in 0.06 X
20, 0.06 X in 0.08 X 21, 0.06 X in 0.10 ¥
22, 0,08 N in 0.04 X 23. 0,08 X in 0,06 ¥
24, 0,08 ¥ in 0,08 N 25, 0,08 ¥ in 0,10 ¥
26, 0,10 N in 0.04 ¥ 27. 0,10 N in 0,06 ¥
28, 0.10 ¥ in 0,08 X 29, 0.10 ¥ in 0,10 N

‘Thus, 29 mineral ascid extrastants were used for
the preliminary soreening of the agsid oonocentrations.



The periods ef qutmuan smployed with esch
extractant were 5, 10, 15, 30, 45 and 60 minutes., Only
a single seil selution ratio ef 1 3 10 was tried.

Pive g of soil was taken in s 250 ml conical
flask and 50 ml ef extrastant solution was added. The
content was shaken for different periods as mentioned
earlier in a mechanical shaker. Immediately after
shaking, the content was filtered through Whatman No.42
filter paper. Phosphorus in filtrate wes determined
oolorimeirically by the ehlorostammous reduced
molybdophesphorio blue colour method in hydrochloriec
aocid system (Jackson, 1958).

Graphs were plotted taking period of equilibration
in the X-exis and phosphorus values in the Y-axis for
each extractant solutions. Similarly graphs vere
drawn plotting conoentration of reagents on the
X-axis and phosphorus values on the Y-axis. From the
nature of the ourves obtained, s few soid concentratiomns
vers selected for chelated system ef extraction using
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organic agids. They are:

HCl_cegaenireiiens

1« 0,06 X 2. 0,08 X
§,.80, conomirptions

% 0,02 N 4, 0.04 ¥
5« 0.06 W 6. 0.08 ¥
7. 0,10 KX

8, 0,08 Fin. 0,06 ¥ 9. 0,04 X in 0,06 X
10. ©C.06 ¥ 4n 0,06 ¥ 11. 0,08 ¥ in 0.06 K
12, 0.0 ¥ in 0,06 ¥ 1% 0.02 X in 0,08 N
14, 0,04 ¥ in 0,08 ¥ 15. 0,06 ¥ in 0,08 K
16, 0,08 X in 0,08 N 17 O0¢10 N in 0,08 X

4.3

4

AN
oo S

Belegtion of ors
for ohelated sya

The organio acids used for chelation were oxalie,
agetic and ocitrio acids, For the seleotion of the bost
orgmnie acid snd its conosntration, the follewing
procedure was adopted. The three organio acids esch at
two strengths of 0,05 N and 0,10 N were tried in
combination with three selected mineral acid extractants,
0.06 N hydroohlerio aoid, 0.06 N sulpbhurieo acid, and
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0.06 N sulphurie asid in 0,06 X hydrechloric soid, as
a pilot study. Only three representative soeilo were
used for this purpese, dut all the six periods of
equilibration were fellowed. Thus the mineral
acid~organio scid ocomdinations employed were.

1. 0,06 ¥ HO1 in 0.05 N oxalic aosid.
2, 0,06 XN HOL in 0.10 X oxalio socid.
Be 0,06 N HOl1 in 0.05 X sootic acid.
4, 0,06 N 01 in 0.10 N scetic acid.
5 0,06 K HCL in 0.05 N oitric aoid.
6, 0,06 N HOL in 0,10 N eitrio ssia.
7. 0,06 N B2 30‘ in 0,05 N oxalic aoid.

8. 0,06 N H, SO‘ in 0.10 N oxalio asecid,
9, 0.06 X H, 80‘ in 0,05 N agetic soid.
10, 0.6 N 32 304 in 0,10 ¥ sootio aoid,
1% 0,06 N Ha SO‘ in 0.05 N aitrio acid.
12, 0,06 X ﬁz 80‘ in 0.10 ¥ oitrig acid.

13. 0,06 ¥ Hz 80‘ & 0,06 ¥ EO1 in 0,05 N oxalio acid.
14. 0.06 N H, 30‘ & 0,06 ¥ HOL in 0.10 N oxalic aocid.
15, 0.06 X H, 80‘ & 0,06 ¥ HOL in 0.05 N acotio acid.
16, 0.06 X 32 804 & 0.06 N HC1 in 0,10 N agotio moid.
17. 0.06 N Hz 80‘ & 0,06 ¥ HOL in 0,05 N eitric acid.
18, 0.06 W H2 SO‘ & 0,06 N HOL in 0.10 N oitrio acid.

Graphs were drmwm plotting periods of squilidretion
en X-axis snd phosphorus congcentrations on Y-axis and
based on their performance oxalic acid at the etrength
of 0,05 N was seleoted as the best chelating agent for
enploying with all the 17 mineral acid ocombinations selested,
in all the soils at all tho six perleods of equilibration.



Thus the finally selected 17 mineral acid -
organio ascid chelated extrastants were

1« 0.06 ¥ HOL in 0,05 N oxalic acid.

2, 0,08 ¥ HC1 in 0,05 X oxalia acid.

3. 0,02 K Kz 80‘ in 0,05 N oxalio aoid.

4. 0.04 N H, 80‘ in 0,05 N oxalic acid.

S5 0.06 N H, 80‘ in 0.05 N oxalio acid.

6. 0.08 N ﬁz 80‘ in 0,05 N oxalic aacid,

7. O0.10 N 32 80‘ in 0,05 N oxalio anid.

8, 0,02 K 32 804 & 0,06 X EO1 in 0.05 N oxalioc acid.
9. 0.04 W H, 804 & 0,06 ¥ HC1 in 0.05 N oxalio =cid.
10. 0,06 ¥ Hz SO‘ % 0,06 X HC1 in 0.05 N oxalio =oid.
11« 0.08 K Rz 304 & 0,06 ¥ HC1 in 0.05 N exalio acid.
t2, 0.10.¥ H, 804 & 0,06 N HC1 in 0.05 N oxalioc acid.
1% 0.02 N 82 80‘ & 0,08 N HOL in 0,05 N oxalio acid.
14, 0,04 N Hz SO‘_ & 0,08 X HOL in 0.05 N oxaliec acid.
15. 0,06 XN 32 '.304 & 0,08 ¥ BCL in 0.05 N oxalic acid.
16. 0.08 N Hz 304 & 0.08 ¥ HO1 in 0.05 N oxalio aoid.
17. 0,10 N 82 804 & 0,08 N HC1 in 0.05 N oxelio scid.

The performasnce of ths above 17 extractants wan
studied using the 18 gsoils at 6 periods of equilibration.
Phosphorus in solution was estimated ooclorimetrioally
by the ohlorstamnous reduced molybdophosphoric blus
oolour method in hydrechloris socid systea (Jacksom, 1958).



RESULTS AND DISCUSSION



43

RESULIS AND DISCUSS ION

Response of orops t0 applications of phoaphorus
%0 the goils of the state whioh are mainly lateritioc in
asture, wvas highly inconsistent, Very often the
available phosphorus in soil extracted by chemioal
methods does not eorrelate with the plant response.
One of the reasons for the poor response of the orops
to phosphorus fertilisation is that the soil oontains
sufficient quantity of phosphate required te maintain
the orop at a phosphate level above the oritical range.
Even skipping of phosphate application for a definite
peried in seils containing a good bulld up of reserve
phosphates has been thought of. But at present there
is no easy and quick method to estimate precisely the
total phosphate reserve of the soil thatican be modilised
aa availsble phosphorus under a oontinwous orepping
system. Oontimwus raising of ereps in a seil till all
its avallable phosphate reserve is exhaustoed as
indicated either by phosphate deficliency symptoms or the
oritioal level of phoaphate in ths plant cannot be
resorted to as a regular analytical procedure for
sdvisory work dus to ths ocumbersone and time taking
nature of the experiment invelved in the study. Thorefore
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ewolving a quiak chemical method for the estimation
of the total available phosphorus reeerve of the »0il
called as “Ra~valus” is highly warrsated.

The chemioal method employed for tho estimation
of avalilable phosphorus in soll by the soil testing
1aboratories of the B8tate is axtraction of soil by
0.0% ¥ ammonium fluoride in 0,025 K hydrechloric acid
 as originally suggested by Bray and Kurts (1945).

This extractant was suggested based on the ocorrelation
between the smount of phosphorus extrasted by the
reagent and the total phosphorus uptake by plants.

But the effiociensy of this extrastent in estimating

that fraction of soil phosphorus vhich will be nmade
available to orops vhen grown swgoessively (Ra~value)
has not been examined. When we consider the possibility
of skipping phosphorus applicstion it is not sufficient
t0 now only ths availability of phoephorus to a orep
imsediately grown in that soil. But we should assess
the total phosphorus reserve of the soil which can he
made availadble t9 suoccessive ocrops so as to predioct

the mumber of orops that can be growm in the soil
without the addition of phospherus fertilisers.
Pisharody et al.(1977) reported that application of phosphates



to rice grown in Pattambi soils had no response in
terms of yield and skipping of phosphate application
for a definite period of time did not affeot the

plant performance till the phosphorus eontent ef the
plant became oritieal. They also reported that available
phosphorus extresoted by Bray No,! had no value in
predicting the possibility of skipping phosphorus
appliocation.

The present investigaiion was therefore planned
10 evolve a chemical method which will extract a
fraction of phosphorus from the seil whioch will be
well correlated with that frasstion of phosphorus made
avallable 10 plants vhen oroppsd continuwously and after
the release of whioh the orop will run deficient of
phosphorus. The investigation was therefore oriemtad
to estimate the “Ra-valus™ by continuous orepping till
the phosphate level of the plant beosame oritlioal and
to correlate ths "Ha~valus” with the smount of
phosphorus extrasted from the soll by different
ohemiocals employed st varying ocencentrations and
varying period of time.

Soil samples were collected irom rice fields
representing different pasxris of the State, Lrom which
18 soils were finally eelscoted for ths siuvdy assuring
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maximum posaible variation in soil properties relating
to phosphorus fixation and availability.

The general obsmicsl properties of soile
selected for the study are presented in Table 1 and
the properties relating to the behaviour of phosphorus
in Iable 2. Ihe ooeffisients of correlation with the
total uptake of phosphorus by successive crops of rice
grown in the 80il and ths properties of soils are givea
in Appendix III and IV. The pH of the soils ranged from
3.8 t0 5.8, ALL the soils seleoted were non-saline,
the EC ef the saturation extrast renging from 0,05 to
0,60 mmhos/em. The organic carbon content ranged from
0.3 t0 1,56 per oent., The mean O t N ratio of the
soils selected was 9.8 1 1.

The soils highly varied in thelr phosphorus fixing
oapacity, the rangs dbeing 21.1 to 161.8 mg P/100 g soil.
Similarly maximm variation wes alse obtalned in the total
phosphorus oontent ef the seil, 8oil No.16 registered
a valus of 2046 ppm phosphorus while the phosphorus
content of soil No.17 was as low as 360 pym. Similarly
80ils varied very mwh in their status of avallsble

phosphorus estimated uasing Brasy Ne.1, Bray No.2, Bray No.4,
Olsen and Trwog methods. The mean values for avallable
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Table 1. Gensral chemioal properties of the soil

EC of 1125
Seil ages Boisture g4 satorasbien
sample organie Total PH in  extraot
Fo. Moisture oarben ait wvater (mmhos/em)
1. 1.3 0.69 0,058 3.8 0.4
2. 5¢6 1.2% 0.141 4.2 0.2
3 53  1.19 0.133 4.1 0.25
4. 57 1.16 0.112 4.2 0.2
Se 2.8 1.19 0.104 4.3 0.15
6 4.2 1.7 0.12% 4.2 0.2
7. 8.1 143 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
10. 5% 1.05 0,110 5¢7 0.1
1. 4.1 0.66 0.059 4.6 0.1
12, 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. 561 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.

Properties relating to the behaviour of phosphorus in solls

Set.  fixing 5:3&5, Available phosphorus, ppm
sample oa ty,
¥o. fﬁl extraot) Bray-1 Bray-2 Bray-4 Olsen Traog
%. 100.7 722 4.48 11.21 14.57 15.69 2.53%
2e 97.8 1804 7.84 18.49 24.48 8.96 1.35
b 97.8 601 9.52 17.93 14.01 14.57 7.40
4. 67.3 1083 11.20 37.62 25.77 6.72 3.88
S5 97.8 763 11.20 32.49 17.28 1457 253
6. 96.9 1049 11.20 25.T7 12.33 5.6 T.40
7‘ 79'-0 922 703‘ 10.@ 22.‘1 10.54 205’
8. 80.4 1685 53.78 66.11 58.27 64.43 3e12
9% 161.8 1725 23.53 22.97 33.61 T.28 9.77
10. 64.9 521 12.24 17.93% 15.69 9.52 8.56
11. 2%1.1 481 20.17 31.93 25.69 14.01 8.56
12. 71.0 481 21.29 22.41 21.46 21.29 8.56
13. 61.6 802 19.61 34.18 28.01 1121 12.3
14. 49.8 441 22.41 28.57 22,97 13.45 3.80
15. 84.7 192% 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 1.77 12,33 3.36 12.29
18. 80.4 1123 22,40 31.97 39,22 1,77 9.40
Maan 81.4 1029 19.94 32.60 29.90 17.77 6.80

0%
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phosphorus extracted by Bray No,2 and Bray No.4 were
relatively higher than the mesn values of phosphorus
sxtraoted by Olsen and Bray No.1 extregtants. This is
obviously beoause of the higher strength of the
reagents employed in Bray No.2 and Bray No.4 as
compared to Bray No,1. Fhosphorus extracted by
0.002 N gulphurio acid (Truog) wes considerably low
with a mean value of 5.8 ppm. It was interesting to
note that the srailable phosphorus expressed aa
peraentege to the total phosphorus was mr'&dly low.
The mean values being 1.94, 3.17, 2.96, 1.73 and 0,65
per cent for Bray No.1, Bray No.2, Bray No.4, Olsen
and Truog methods respectively.

The chemical extraotants employed in thie siudy
were mineral agide at diilerent strengths at a consiant
s0il : solution ratio. 1he agids were seleoted on
the assumption that they will suit the acid laterite
soils in their ability to extrast soil phosphorus
without drastiocally affeciing the chemiosl nature of
the soil. Different minsral solds and iheir combinations
were screened in seleoting = chemical index of phosphorue
avallability by different wrkers ({ruog, 1930; Xerr and
Von Stieghts, 1938; Dandroff, 1952). Mehlioh (1953)



employed a cembination of hydrechloric aeid and
sulphnrio aoid as an extraoctant for available
phosphorus in certain aeid soils of the United States.
But all thiseworkers gave importance to the
relationship detween phosphorus extracted and the
phosphorus uptake by plants without referring to

the total available phosphate reserve, the "Ra-value".

It is often noticed that the quantum of
phosphorus extractsd by Truog, Olsen and Bray No.1
extraotants, in solls ocontaining relatiwely small
amount of phosphorus is 80 small that the error
involved in the analytical progsedures is relatively
high. The strength of soclids employed in the present
study vas so determined that they should invariably
extract a fraotion of soil phosphorus which will be
alvays higher than that extragted by Bray No.t,
the most oommon method adopted in the State.
Hydrochloric acid at the stromgth of 0.04 N, 0.06 N,
0.08 N and 0.10 ¥ and sulphuric asid at the strength
of 0,02 N, 0,04 N, 0,06 N, 0,08 ¥ emnd 0,10 N were
employsd as extractants. Alago, ocombinations of these
two acids at all the atréugths noted were tried as
extraotants.



Wwhile studying the pattern of phosphorus
releass from soil, Joss (1972) observed that during
the initial periocd of equilibration the relesse of
phosphorus into solution would be at a rapid rate, the rate
of relesse being logarithmic in nature, After this
initial release of phosphorus at a faater rate, the rate
of release then became alow and linsar with respeot to
the inoreased 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 infitial period of equilibration vhich
represented the curved region of the graphs, when
phosphorus valuss were plotted on Y-axis and period of
equilibration on X~axis, need be oconsidered in estimating
the phosphorus availability of the soil. Since the
release of phosphorus after this initial periocd will e
at & oonstant rate with a linear function aud continues
for a longer period of time, this part of the graph
doee not decisively affsot ihe estimate of aveilasble
phosphorus in soil, for mostv of the soils the major part
of the phesphorus that cen be exirascted by a solutlion
will be released within the inliial pecriod of equilibration.
In the present study tne soils wers equilibrated with esach
extrastant employed for varying periods of time sc as to
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seleat the optimm equilibration period suited to that
particular extrastant. The optimum equilibration perioed
will be the one by which the release of phosphorus

into the extrastant solution will be almost complete
and after whioch further release of phosphorus will

take place at a constant rate with a linear funotion.
Equilibration periods vis., 5, 10, 15, 30, 45 & 60 minutes
were employed with sach extractant with a view to
selesting the best equilibration period suited to that
extragtant. Equilibraticn pesriods more than 60 minutes
were not employed since such longer periods may not

sult analytical proocedures eriented to advisory works.
Morsover, from the initial studies it was understood
that with these extraotants the linsarity of the graph
is established in most of the cases within a pericd ef
60 minutes.

The amowmnt of phosphorus extracted by wvarious
strengths and oombinations of agids is presented in
Tables 3 to 31.

Hydrochlorie soid was employed extractant at
0.04 N, 0,06 N, 0.08 N and 0,10 N strengths. As regerds

N



the effieiency eof hydreechleris asid in extraoting the
soil~P, it was seen that 0.06 N hydrechlorio acid
extracted the highest quantity ef phesphorus when the
effects of soils end periodsof equilibration were
pooled. The values for phesphorus exiraoted by O0,04K,
0,068, 0.08 ¥ and 0.10 N hydrochlorie acid were 9.5,
13.7, 13.% and 7.4 ppm P respectively. This shows

that the inorease in strength of hydrochloris acid
employed has little effect on the amount of phoephorus
extraoted from the soil. It should be pointed out that
hydroahloric acid at these concentrations was a poor
extrastant of soil-P and extracted only smaller quantities
of phosphorus as oompared to that ef Bray No.1. This
is obviously because Bray No.! empleys ssmonium fluoride
vhich is a selective extraotant for Al-P,

The ooefficients of correlation between the
phesphorus extracted by different congentrations of
hydrochloerie acid and uptake of phesphorus by rice wers
not statistiocally significant. Regarding the influsnce
of period of equilibration on the release of phosphorus
into solution, it wvas observed that equilibration for a
period of 30 minutes was sufficient to extrast the major
portion of phosphorus that cam be released into the



Table 3. P extracted by 0.04 ¥ HOl, ppm

Soil Period of equilibration, min
RourLe 5 0 15 30 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 12,3
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 3.0 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 95 8.4 9.5  10.6
94 9.5 6.7 7.8 7.3 9.0 9.0
10. 9.0 9e5 9.0 9.5 1.2 9.5
1, 9.5 8.4 9.0 8.4 9.0 7.8
12, 9.0 8.4 1.0 135  15.7  20.7
13. 9.0  10.1 9.0 10,6 10,6  12.3
14. 9.0  12.3 10,1 9.5 1.2 12,3
15. 10.1 10,1 101 10,1 1.2 11,2
16. 9.0  10.1 7.8 9.5 1.2 9.0
17. 2.4 8.4 8.4 1.8 8.4 9.0
18. 8.4 9.0 9.0 8.4 9.0  10.1

Mean 940 9.6 8.9 9.0 9.8 10.4




DA
<

11.3

Table 4. P extraoted by 0,06 ¥ ROL, ppm
Soil Period of equilibration, min
e 10 15 30 45 60
1. 10.1 6.7 11,2 7.8  11.2 1.2
2. 7.8 642 10,1 10.6  13.5  17.9
3, 10.3 14,6 14.0 28,0 42,0  25.2
4e 10.8 129 6.7 17.9  14.9  15.7
5. 9.0 9.0 10,1 13.5 11,8 7.8
6. 9.0 9.0 1.2 13,5 1.2 2.7
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 11,2 20.1 17.4
10, 7.8 12,9 10,1 26,9  12.3 8.4
1". 11.2 1.1 1305  11.8 21.3 14.6
12. 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
4. 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, 23.5 106 13.5 12,9 12,9  17.4
7. 8.4 7.3 T8 1142 11,8 14,6
18. 1446 9.5 10.1 1.2 14,0 15,9
Mean 10.1 11,6 15,0 16,8  17.1




Table 5. P extracted by 0,08 X ECl, ppm
Aélll Period of equilibration, min
sample _

No. 5 10 15 50 45 60
1. 4.5 12.3 10,1 3.4 12.3 15.7
2. 9.0 10.1 Be5 Se4 546 14.1
B 14.6 14.6 3.4 2.2 18.0 14.6
4 19.1 19.1 546 4.5 15.7 13.5
Se 19.1 14,6 11.2 16.8 12.3 1941
6. 2.2 19.1 2.2 11.2 14.6 172
T 6.7 0.1 6.7 11.8 2.2 19.1
8. 20,2 11.2 14.6 18.0 16.8 21.3
9. 4.5 2.2 1.7 18.0 3.4 11.2

10. 4.5 T3 1.1 6.7 1345 12,3
11. 10,1 13.5 4.5 14.6 15.1 15.7
12. 10.1 18,0 12,3 29.1 157 29,1
13. 14.6 29.1 19,1 16.8 21.3 25.8
14, 4.5 12.3 6.7 17.9 23.5 23.5
15. 16.8 13.5 16.3 20.2 347 20,2
16. 10.1 6.2 12,3 18.0 21.3 19.1
17. 6.7 19.1 45 20.2 12.9 11.2
18. 14.6 16.8 16.8 16.8 19.1 18.5

Mean 10.7 13.8 8.5 13.9 15.4 17.5




Tadle 6. P extreoted by 0,10 ¥ HOL, pm

Soil Period of equilibration, min
s 10 15 30 5 60

1o 607 1.9 .4 7.8 7.8 1.8
2, 3.4 1.1 2.2 2.2 4.5 2.2
3. 6.2 141 34 445 3.4 1.1
‘. 34 109 2.8 7.8 6.7 3ud
5 6.7 6.2 3b 445 940 5.6
6. 304 1.7 34 14 3.4 1.1
7. 2.8 141 2.8 5.6 4.5 3.4
8. 1.8 12,3 15,7 16,8 22,4 4.7
9. 6.7 1.4 1.1 2.2 4.5 3.9
10. 304 1.1 1.7 2.2 51 1.9
1. 56 1.1 5.6 5.6 7.3 22.4
12. 12,3 10.9 12,3 17.4  15.4  22.4
13. 7.8  12.3 7.3 146 202 19.9
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
6. 10.8 7.8 1.2 140 13.5 1.8
1. 3.9 1.9 'REEEER 1.7 1.1
18. 5.0 5.0 5.0 6.7 11,8 Te8

Mesn 647 4.5 6.0 7.9 9.7 9.8
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extragtant solution. However, equilibrium between
s0i1-P and solution~P was not established within a
period of 60 mimites employed in the experiment. The
pattern of phosphorus release into the solution when
examined as a funotion of period of equilibration
revealed that in nany soils the rate ef release was
very such fluotuating probably due to the sorption and
desorption of phosphorus taking plase simultaneously.

Sulphurie acid at strengths of 0,02 N, 0,04 N,
0,06 N, 0,08 N and 0,10 K was employed as extractanis.
It vas observed that inoreasing omeentirstions of
sulphuric acid resulted in inoreasing amounts of
phosphorus extraoted from the sofl. The mean values
of phosphorus extraocted by 0.02 N, 0.04 N, 0,06 X, 0,08 N
and 0,10 N aeid were 11,8, 17.5, 33%.3, 28.8 and 40,9 ppm P
respsotively wvhen the effects of soils end periods of
equilidration were pooled., When the amounts of phosphorus
extrasted by hydrochloriec 20id and sulphuric aoid at equal
oconcentrations were compared, the waluss of phosphorus
extracted dy sulphurio acid were invariably higher showing
that sulphuric acid was a stronger extractant of soil-P
than hydrochloriec acid.



Table 7. P extrasted by 0.02 ¥ H,80,, prm
-ﬁ:;&. © reried of equilibration, min
Mlo. 5 10 15 30 45 60
1. 3.4 45 12,3 9.0 18.0  10.6
2. 2.2 3e4 34 10,1 15.1 9.0
3. 546 6.7 1.2 9.0 12.3 9.5
4. 3.4 45 3.9 4.5 9.5  10.1
56 9.0 12,3 1547 9.5 10.1 12.3
6. 3.4 45 1.2 3.9 9.0  10.6
Te 3.9 4.5 14.6 o3 10.1 9.0
8. 1.2 146 15. 14.6 15.7  16.8
9. 10.1 10,1 14.6 4.5 13.5 11,2
10, 10,1 10,1 14.6 7.3 13.5 11,2
1. 10.1 11,2 12,3 9.0 13.5  12.9
12, 14.6  15.7 13,5 16.8 20.1 22.4
13, 546 647 15.7 13.5 14.6  14.6
14. 12,3 13.5 15.1 15.8 16.3 18,5
15, 20,1 21,3 11.2 19.1 34,2 19.1
16. 14,6  15.7 17.9 179 9.0  16.8
17, 13.5  15.1 1641 11.2 10,6  10.9
18, 9.0 940 16,8 7.8 17.4 151

Mesn 9,0  10.2 13.1 10.6 14.6 13.4
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Table 8. P extraoted by 0.04 ¥ H, ao‘, ppm
Asoil Period of eguilibration, min
semple ,

No. 5 10 15 %0 45 60
Te 75 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 Te5 9.9 6.6
4, 10,1 29.2 29.7 10,1 9.9 12,5
5. 10.8 20,3 1.5 13.9 18,6 1545
6. T3 10.1 6.8 5.9 Te5 6.8
7. 5.9 26,1 6.8 Tet 11.5 12.7
8. 26.4 46.6 256 25.9 20,5 28.7
9. 15.1 15.5 12.5 11.8 16.9 12,9

10. 10.4 22,8 7.8 5.4 1501 10.4
1. 16.0 26.1 10.6 4.4 27.8 13.2
12, 15.3 20,2 18.1 23.5 28,7 28,2
13. 139 25.4 1545 19.5 20.5 24.0
1. 9.9 48,2 19.5 19.1 10.4 22,1
15. 52.7 61.2 32.3 32.5 3649 32.5
16. 30,6 38.6 29.7 27.8 14.2 18,6
17. 6.1 18.4 6.6 18.4 1144 11.5
18. 1.3 41.7 14.8 17.7 17.2 17.4
Mean 13.7 28,4 152 16.4 16,6

14.9
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Teble 9. P extracted by 0.06 ¥ H, 80,, ppm
Soll T Period of sequilibration, min
saaple -
» 5 10 15 30 43 60
1o 13.9 12.7 9.5 10.1 16.8 11.2
2. 13.2 12,2 1547 1547 17.9 3ok
s, 3.9 T3 15.9 15.7 1000 157
4. 15,5 16.0 21.3 12.9 18.5 12,3
5e 20,7 21,2 25.8 17.4 24,1 11.8
6. 8.9 12,0 7.8 16.6 12.3 1547
To 13.4 4.1 10.6 12,3 15.1 9.0
8. 44.0 43.7 52.0 $2.7 5241 42.6
9 1545 17.4 17.4 21,3 26,3 17.9
10, 13,2 15.1 14.0 10.6 17.4  -16.8
", 17.2 13.7 26.9 25.8 25.2 16.3
12. 20,7 25.4 29,1 31.4 41.5 34,7
13, 22.1 25,7 29.7 1.4 38,1 43,1
"%. 18.8 25,2 29.1 31.4 16.8 26.9
15. 5044 58, 1 49.3 56.6 41.5 48.2
16. 49.4 51.8 5145 331 51.5 34,7
17, 8.9 9.4 19.6 12.3 10.1 10.6
18. 19.8 20,9 3341 22,9 30.8 14.6
Memn 211 22,3 254 25.9 214




Table 10, P extracted by 0.08 ¥ H, 80, , pya
Sel) Period of equilibratien, min
- el 10 15 30 45 60
1. 6.7 11,2 21,3 24.1 151 13,5
2, 10.1 14,6 20,2 21,3 1.2 12,2
3. 6.7  13.5 16.8 20,7 6.8  11.8
4 19.1  16.8 5.6 20.2 6.8  15.4
5, 2.7 241 29.7 37.0 3001 34e7
6, 9.0 10,1 11.8 19.6 14.6  18.0
7. 1.2 20,7 22.4 25.2 23.5 146
8. 56,6 61,1 5540 743 605 5742
9. 20,2  25.8 13.5 $4e7 35.9 342
10, 14,0 12,3 4.5 2345 25.8  23.0
1. 16,3 20,2 22.4 24,7 213 37.0
12, 20,2 23.5 38,1 40.3 42.6 28,0
13, 20,1 26.6 38,9 40.3 32,5 504
14. 20.2 20,2 24.7 3104 16,8 2649
15, 59.4  67.2  70.6 8.4 1T 759
16. 56.0 60,5 147 57.2 63.3  59.4
1. 3o4 9.0 3.9 15.1 8.4  16.8
18. 25,2  25.2 38,7 9.8 344 37.0
Meen 22,2 25,7 28,3 35.0 20,9  31.6
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Table 11. P extracted by 0,10 ¥ H, 80,, pm
Sedil - Period of equilibration, min
“-tg{'. 5 10 15 30 45 60
1. 29.1 20,2 2%.0 252 30.8 303
2, 29.1 2%.5 13¢5 29.1 21,9 26.9
3 21.3 235 24.1 26.9 28,6 26.3
4. 26,9 29.1 29.7 30.3% 33.1 32,5
Se 45.9 40.9 8.1 44.8 34.7 37.0
6. 17.9 19.6 20.7 19.1 19.1 25.8
Te 24.7 24.6 27.5 347 3.4 27.5
8. 75.1 52.7 90.8 104.2 97.5 95.2
9. 30.3 4.3 38.7 38.1 44,8 39.2
10. 29.1 2345 25.8 24.7 25.2 26.9
11. 3.3 32.5 32.5 39.2 37.0 43.7
12, 26.9 39.2 31.4 43.7 43.7 49.%
13. 370 50.4 35.9 5640 17.9 5%.2
14. 359 247 29.7 39. 2 7.0 37.0
15. 86,8 9.1 751 100.9 T4.1 100.9
16. 87.4 80.7 38,5 89.6 93.6 94.1
17. 1.2 14.6 21.9 14.6 13.5 11.2
18, 8.1 41.5 28.3 49.% 19.1 50.4
Mean 379 37.8 40.9 45.0 39.1 44.9
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Values of phosphorus extracted by sulphurie soid
st all the ooncentrations employed eorrelated with the
saounts of total phosphorus remeved from the soils by
slx successive orops of rice in the pot culture
experinent., The patternpf pheosphorus releass during
varying period of equilibration showed that the major
part of the phosphorus that can be extraoted by the
reagent wae released within 30 minutes, the rate of
relsase being very slov thersafter as in the case of
hydroohloric acid, Equilibrium between soil-P and
solution-P was not established even aftar a period of
60 minutes. Also the values for phosphorus at different
periods were fluctuating in many cases probably due to
the release and resorpiiom of phnnham taking place
simultansously during equilibration,

The date furnished in VYables 12 t0 31 show that
oombinations of sulphuric agid and hydrochloric scid
could extract higher amounts of phospherus from soil than
that extracted by individual acids. Inaressing
conoentrations of hydrochlorio seid could not exirasct
higher ooncentrations of phosphorus from the soil when



employed individually but inoreasing concentration of
hydrochlorio asid in the presence of sulphuriec acid
inoressed the emownt of phosphorus extrasted from the
soil. This influence was more profownd at lower
conoentrations of sulphuric asid, The wvalues for
phosphorus extraoted by 0.04 K, 0,06 N, 0.08 N and
0,10 N hydreohlorio acid in 0;02 N sulphuric acid were
18.8, 2%.2, 28.5 and 36.4 ppm respectively, showing the
innucnoé of inoreasing congentrations of hydrochlorio
acid in extracting inoreasing smounts of phosphorus in
the presence of sulphuric sscid. Similarly the amounts
of phosphorus extraoted by 0.04 N, 0.06 K, 0.08 N and
0.10 N hydrochlorio acid in 0.04 ¥ sulphuric acid were
40.5, 71.3, 87.8 and 120.7 ppm respectively. Thua
comdinations of the two acids oxtraotod conaiderably
higher smounts of soil~P than that extracted by ths
acids when employed indepsndently at comparable
oongentrations. It was inceresiing to observe that the
amount of phosphorus extrasted from the soil inoreased
with insressing conoentration of sulphurio acid only
upto a strength of 0.06 ¥ when employed in combination
with hydrochlorio acid. Thus the infiuence of sulphurie
aoid and hydrechloric acid on the release of soil phoophorus
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appears te be different wvhen employed independently

and in combination. The highest amount of phosphorus
(120.7 ppm) was extracted by the combination of 0,04 W
sulphuric acid in 0.10 N hydroohlorie acid. The pattemn
of phosphorus release during varying periods of
equilibration showved that major part of the phosphorus
that oould be mobilised came into solution within e
period of 30 minutes though egquilibriwm vas not established
even after a period of 60 minutes. The pattern of release
wvhen examined as a fwmotion of period of equilibration,
the values for phosphorus were still fluptuating dus to
the sxpecied release and resorption of phosphorus taking
plase during equilibration. However the degree of
flustuation was oonsidersbly smaller as compared to

the patiern of release observed wvhen ths acids wers
eaployed independently. 7This is mainly bwmgd the
total amount of phosphezrus brought into solution by

tho combinations of the mineral asids was much larger
than that extraoted by the individual acide., As a regult,
the degree of fluotuation dus to the resorption ef
phosphorus into the soil becans smaller when expressed

in relation to the total phosphorus extracted.

The cosfficients of correlation between phosphorus
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Iable 12, P extraoted by 0,02 W K, 80‘ in 0.04 ¥ ROL, ppm

Sedl Period of squilibration, min
aaaple . .

No. 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
3. 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
Se 14,6 15.7 22.4 15,7 25.8 2244
6, 1.7 3.9 16.8 506 16.8 19.1
7. 7.8 6.7 9.0 7.8 16.8 1547
8. 7.8 6.7 9.0 7.8 16.8 15.7
9 12,3 13.5 13,9 9.0 25.8 19.1

10. 7.3 6.7 9.5 8.4 13.5 25.8
", 14.0 11.8 22,4 14,0 471 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 3346
14, 14.0 13.5 280 21.9 28.0 23.6
15. 375 37.0 44,8 38,1 5145 47.1
16. 31.4 3549 35¢9 33,6 40,3 45.9
17. 3e4 1.7 14.6 4.5 12,3 17.9
18. 14.6 16.8 28,0  17.9 23,5 33.6

Mean 12.5 14,0 21.2 14.4 25.6 25.2




68

Table 15, P axtraoted by 0.02 N Hy 30, in 0,06 ¥ HOL, ppm
goil Period of equilibraiion, min
s 10 15 30 I 60
1. 10,4 10.6 10.6 123 13.5  15.6
2, 7.8 7.8 14.9 12,3 1.8 10.1
3 9.0  11.8 9.0 12.3 13.5 1.2
4. 15.7 12.3 15.7 15.7 16.8  16.8
Se 21,3 2244 235 24.7 22,4  23.0
6. 7.8 9.0 10.1 10,1 9.5 9.5
7o 123 13.5 13.5 13.5 14.6 14,6
8. 43.7 51,0 5348 58,3 56,6 60,5
9. 6.8 16,8 17.9 19.1 19,9 2447
10. 10.6  10.6 12,3 11.2 13.5 12,9
1", 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, 2002 247 28.0 39.2 37.5  38.1
14. 16.8 19,1 23.0 26.9 20.1 269
15 49.3 5449 56.0 57+ 54,9 54,9
16, 504  50.4 5241 48.2 48,2 52.1
17, 3ed 5.6 5.6 5.6 6.7 6.2
18, 21.3 25,2 26.9 25.8 26.9 28,0
Mean 19,5 213 23,3 24.6 24,9  25.7




69

Table 14, P extraoted by 0,02 ¥ H, 80, in 0,08 ¥ HOl, ppm

Soll

W o o o~

Periodﬁot equilibration, min -

sanple et .
. 5 10 15 30 45 60

1. 10.1  10.6 10.6 12.3 15.5  15.6

2, 7.8 7.8 149 12.3 1.8 10,1

s, 14.6  14.3 13.5 13.5 15,7 13.4

s 1547 1446 15.1 17.9 21,3 22.4

5¢ 26.9 29,7 28,0 29.1 1.4 303

6. 1.2 9.0 12.3 9.0 123 13.5

7e 4.6 18,0 16,3 19.1 17.4  20.7

8. 54,9  61.6 65.0 1.2 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
1, 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 22.4 325 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 3149 291 32,5
Mean 244 26,3 259 296 309  33.7




Table 15, P extracted by 0,02 N K, 804 in 0.10 N HOL, ppm

RIS D o B

So4l Period of equilibration, min
"53%’ 5 10 15 %0 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
. 12.9 38.1 26,9 12,3 17.9 3549
4, 2143 22.4 19.1 15.7 19.1 19.1
5e 3346 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. T1e7  109.8 740 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, 3549 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. 7541 78.4 76,2 78+4 T7.3 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
Mesn  31.9 32,6 34,2 38,8 42.6

38.2
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Table 16, P extracted by 0,04 ¥ B, 80‘ in 0,04 ¥ BOL, ppm

Seil Ferlod of equilibration, min
:':§f° 5 10 15 30 45 60
1. 4.8  22.4 20,2 20.2 112 23,5
2. 52,7 7.8 20,2 24,7 48.2 21,3
s. 30,3 21,3 16,3 21,3 39.2 21,3
4 39.2  34.7 26,9 22,4 21,3 3144
54 23,5 336 32,5 42.6 3306 34eT
6. 30,3  22.4 14,6 14.6 3.7 11.9
7. 5.6 2244 2545 22,4 1.2 23.5
8. 87.4  63.9 74,0  100,3 1121  85.2
9. 86.3 33.6 38,1 29.7 11.2 31.4
10, 43.7 325 38,1 19.6 4741 20.1
1", 42,6 26,9 29,7 28,0 62,8  34.7
12, 583  30.3 30,3 32,5 72.8 43,7
13, 50.4 370 6641 51.5 76,8  53.8
4. 448 24,7 38,1 33.6 3002 35,9
15. 25,8  72.8 94.1 85.2  121,6  90.8
16, 86,3 539 66.1 7501 81,1  79.6
17. 9.0 546 2.8 6.7 7.8 9.0
18, 58¢3 3740 3447 42.6 T1.T  48.2
Mean 4545 3249 371 37.4 5067 3942




Table 17. P extraoted by 0.04 N B, SO‘ in 0.06 ¥ HO1, ppa

“Soil | Toriod of equilibratien, min

N 0 13 % 5 60
1. 53.8 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 48.2  45.8
. 50,4  BT.4 41,5 32.5 39,2 50.4
5 57,2 5T.2 49.3 53.8 49.3 4T
6. 5165 50,4 30.3 53.8 50.4  32.5
7. 4.7 50.4 37.0 42,6 50.4  42.6
8, 120,00 123,2 94,1  145.7  115.5  135.6
9.  145.7  5T.2 60.5 471 39.2 49,3

10. 53.8  50.4 66.1 45.9 70,6  80.7

1. 1.5  48.2 74.0 46.0 69.5  80.7

12 68.4  62.8 49.3 51.5 76.2  84.0

13, 69.5  82.9 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 1244  136.7

16.  104,2 90,3 89.6 97.5  102,0  127.7

1. 85.7  162.5 80,7 81.8 82,9  78.4

18,  118.8  113.2  116.5  126.6 13141 136.7

Meany ?500 T5.0 61 9 6704 Ti.4 TT3
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Table 18, P extraocted by 0.04 X nzsa‘zaoooalm.m

Soil

Period of equilidbratien, min

-l 10 15 30 43 60
1. 62,8  66.1 5044 52,7 48.2  106.5
2. 131.1 66.1 48,2 104.2 54.9  105,3
3. T 8T.4 48,2 474 55¢5 8345
4. 72,8  17.7 5640 99.7 57.2 6945
50 98.6  100,9 67.2  65.0 65.0  69.5
6. T3e4 85,2 44,8 44,8 90.8  47.1
Te 62,86  T7.9 59,4 5943 90,8 633
8.  152.4  183.8  116.5  187.1  122,1 1849
9. 81.8  79.0 79.6 6742 67.2  67.2

10. 63.3  68.4 50,4 44,5 47,1 773

1. 79,6  81.8 95.2 62,8 T5.7  126.6

12. T9.6 9441 68.4 7501 80,1  126.6

13. 84.6  135.6 18.4 96.1  107.6  79.6

14. 7501 76.2 51,5 53.8 89.6  109.8

15, 1305  153,5 1311 188.2  130,0  189.4

16,  118.8 1143  112,6 16,5  123.3  177.0

17, Tl 532 521 42.6 30,3 11645

18. 86.8 86.3% 80,7 T2e3 86.3 141.7

Mean 887  96.0  TI7  82.2 80,0 1079
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Table 19. P extracted by 0.04¥ H, 50, in 0.1 ¥ HCL, ppm

So1l Feriod of equilibration, min
sample -
. 5 10 15 % s 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. 1347  138.9 216,83  100.9  105.9  104s2
‘ 99.7 10069 115.4  93.0 1193 10341
5,  195.0 109.8  110.9  126.6  113.2  119.9
6. 95.2  102,0 86,3  102,0  95.2  95.2
1. 87.4 1145  NT.T  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
M. 116.5 1121 106,55  105.3  121,0  160.2
12, 1065 99,7 1031  119.9  108.7  116.5
13 1177 115.4  130.0 1244  109.8  133.3
14. 92.4 1053  97.6  100.9 1087  107.5
15, 1614  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  7T8.4
18, 1188 1132 165 1267 1311 136.7
Mesn  117.1 1211 120.8  W17.5  119.0  128.7




Table 20, P extrasted ¥y 0.06 X H, so‘ in 0.04 ¥ HOCL, ppm

Sell Peried of equilidration, min

o s 10 15 30 45 60
1. 35.3 5543 107.1 51.8 435 58,8
2. 44.7 67.1 40.0 42,4 37.7 29.4
3. 6345 49.4 56,5 40,0 37.7 37.7
4. 48,2 51.8 5.3 55.3 47.1 A0, 1
54 80.0 69.4 36.9 56,5 51.8 38.8
6. 56.5 51.8 40,0 36,5 5046 377
Te 47.1 51.8 44.7 47.1 4741 49.4
8., 101.2 115.3 78.8 120,0  110.6 96.5
9 87.1 69.4 51.8 5645 5441 577

10. 63.5 49.4 4447 95.% S4e1 36.5

1. 5645 5645 55.% 63.5 5046 58,9

12, 80,0 80.0 5148 63¢5 51.8 37.7

13, 69.4 87.1 635 71.8 70.6 62.4

14, 49.4 Sk 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 30.6 4741 30.6 377

18. 64.7 72.9 S54e1 44,7 45.9 82.4

}_han B 5603 T2.4 56'»3 6409 5841 539
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Table 21. P extraoted " 0.0 X Kz 304 in 0,06 N BGl, ppm

aizgi. Period of equilibration, min
. No. 5 10 1% 30 45 60
1. 61.2 49.4 54,1 115.3 65.9  70.6
2, 40,0 23.5 22.4 5046 45.9 51.8
3. 3503 51.8 115.3 91,8  Tée1  124,7
4. 44,7 63.5 158.8 341 51,8 1.8
50 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
T. 72.9 51,8 82.4 43.5 A7.1 80,0
8.  115.3 135.3 94.1 169.4  130,6  195.3
9e 24,7 48,2 112,9 1777 635  T1.8
10, 49.4 5046 8701 98.8  63.5 5645
11. 36.5 37.7 101.14 103.5 63,2 61.2
12, 5046 40.0 30.6 132.9 58.8  38.8
13. 51.8 6447 116.5 40,0 80,0  141,2
14, 63,5 54,1 171.8 1129 52,9 61,2
15. 8944 145.9 122,64  147.1  202.4  150.6
16,  105.9 134.1 98.8 129.4  122.4  103.5
17. 30,6 8.8 28,2 3401 6142 25.9
18, 5249 5645 377 110,6  68.2  134.1

Mean 5515 6303 90;‘ 100.4 80.6 87.7
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Table 22, P extracted by 0.06 N H, 80, in 0,08 ¥ HAL, ppm

Seil Periocd of equilibration, amin
.‘=g%e 5 10 15 30 45 60
1. 49.9 51.2 52.4 84.9 62.4 64.9
2, 49.9 44.7 31.2 49.9 51e2 43.7
3. 87.4 53.7 T4.9 TT.4 62.4 87.4
4, 49.9 52.4 107.4 574 5642 54.9
5e 94.9 53.7 99.9 94.9 64.9 5449
6. 67.4 39.9 S52.4 74.9 873 92.4
7. 67.4 49.9 67.4 T2.4 537 69.9
8. 1352.3 153.5 124.8 167.3 159.8 139.8
9. 42.4 99.9 87.4 119.8 66.2 94.9
10. 69.9 49.9 67.4 T7.4 574 57.4
1. 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 7.2 117.3 87.4 62.4 64.9
15. 127.3 154.8 132,2 157.3 204.7 164.7
16. 122,3 134.8 114.8 142,93 139.8 149.8
17. 30,0 31.2 3t1.2 3%.7 4T7.4 26,2
18, 69.9 69.9 52.4 89.8 T4 117.3
Euun 72,0 70.1 89.9  80.4 85.4

79.5
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Teble 23. P extraoted by 0.06 ¥ H, 80, in 0.10 ¥ HOl, ppa

Soil Pariod of equilibration, min
. s 10 15 20 45 60
1. 31.8 45.9 42.4 474 51.8  51.8
2. 541 60,0 35.3 40,0 37T 42.3
5. 127.4 49.4 38.8 54,1  38.8  40.0
4, 7.1 37,7 42,4 72,9 5249 51.8
Se 1247 54.1 56,5 58,8  58.8  61.2
6. 8944 30,6 377 4944 3T 5441
To 5o 40,0 4447 91,8  34.1  S4a1
8. 134,  153.0  141.2  138,8  117.7  129.4
9. 541  138.8 5249 49.4  61.2  112.9
10. 44,7 42.4 41.2 AT 447 51.8
M. 54.1 4.7 54.1 51.8  52.9  55.9
12 44,7 3707 471 49,4 541  T8.8
3. 5.3 5645 6345 58,8  Thel  91.8
4.  68.2 5148 49.4 49.4 647 61.2
15,  148.2  145.9  127.1  148,2  183.5  160,0
6. 124.7  121.2  141.2  138.8 1368.8  170.6
17,  22.4 18.8 29.4 28.2  28.2 23,5
18,  75.3 777 58.8 65.9  75.3  8%.5
Mean 763 67,0 61,3 68,9 68.2  79.8




Table 24. P extrasted Wy 0.08 X l2 89‘ in 0,04 N HC1l, ppm

Seil Period of equilibration, min

ssaple '
¥o. 3 10 15 30 45 60
1. 353 235 235 40.0 58.8 49.4
2. 30.6 377 953 40.0 37.7 42.4
Se 30.6 23.5 37.7 2345 38.8 40.0
4e 25.9 28.2 42.4 50.6 40,0 5249
Se 49.4 21.8 70.6 72.9 56,5 5645
6. 27.1 42.4 3.7 32.9 4244 353
Te 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. 435 51.8 753 54.1 51.8 61.2
10, 31.8 21.2 30.6 28,2 353 30.6
1. 4.7 47.1 61.2 5645 61.2 54.1
12. 377 30,6 32.9 54.1 9.4 61.2
13, 48.2 61.2 67.1 70.6 70.6 68,2
14. 32,9 48.2 30.6 42.4 49.4 541
15. 115.3 105.9 115.3 131.8 122.4 147.1
16. 108, 2 98.8 10%.5 122.4 112.9 141.2
17. 28.2 13.8 23.5 16.5 11.8 28.2
18. 30,6 58.8 36.5 51.8 92.4 70.6

Mean 48,3 48.7 557 5202 60.7 65.1
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Table 25, P sxtrected by 0,08 N Ba 864 in 0,06 ¥ HOl, ppm

Seil Period of equilibration, min

o s 10 13 30 45 60
1 36,0 32,5 5.0 AT 5949 5449
2 33,7 3745 39.9 44,9 44,9 500
3. 39.9 35.0 35,0 35.0 42,4  42.4
& 30.9 39.9 4744 52,4  4T.4 54,9
50 5449 57.4 69.9 749 62,4  62.4
6s  32.5 39.9 3745 37.5 4449 424
T. %99 39.9 44.9 424 549  49.9
8. 109.9 114,.8 157.2 1573 149.8 152.%
9¢  4T.4 549 5Te4 6204 62,4  T2.4

10. 35,0 2745 3745 375 399  37.5

11s 4744 49,9 59,9 59,9  62.4  59.9

12, 399 3745 39.9  52.4 52,4  57.4

13, 49,9 6244 67.4 TTed  TT4 T4

4. 315 49.9 3745 49.9 54,9  57.4

15. 132,53 127.3 132.3 152.3 147.3 149.8
16, 122,35 112.3 129.8 134.8 144.8 152.3
17. 25,0 22.5 25.0 20,0 20,0 25.0
18. 44.9 64.9 49.9 39.9 89.9 82.4

Mean 53.8 55.9 51.3 6606 6969 T1.0
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Table 26. F extrapted by C.08 X By 80‘_ in 0.08 N HCl, ppa

ot Parioalct equilibration, min ] i
No. 5 10 15 0 5 - 60
1o 36,2 37.5 9.9 52,4  S5Teb 54
2.  35.0 31,5 3949 47.4 49,9  52.4
3. 42.4 39.9 37.5 39.9 4.4 42.4
4 49.9 49.9 49.9 5409 524 5469
5.  59.9 6244 6704 724 62,4  62.4
6.  35.0 39.9 3745 37.5  ATJT 4Tek
Te 4449 4244 49.4 474 5449 5449
8. 104.9  122,3  162.3  162.3  152.3  1G4.8
9. 52,4 5449 5244 64,9  T2.4  32.4
10.  35.0 35.0 39.9 42.4  42.4  42.4
M. 49,9 49.9 49.9 59.3  64.3  62.4
12. 42.4 3849 39.9 52.4 52.4  57.4
13,  49.9 62.4 67.4 79.9  82.4  82.4
14,  44.9 4704 44.9 52,4  57.4  59.9

15.  139.8 147.3 157.% 1723  159.8  169.8
16,  129.8 132,3 144.8 152,3  169.8 174.8
17. 275 22,5 22.5 22.5 20,00 22,5
18, 54.9 67.4 T2.4 74.9 92.4  87.4

La K ]

Mean  57.5  60.3 55.% 7145 74.6 76.6




Table 27. P extrasted by 0.08 ¥ H, 80, in 0.10 N HOl, ppm

Soil Perdod of equilibraticn, min
-yl 0 15 0 45 60
. 36.2 39.9 4449 54,9  5T.4  62.4
2. 35.0 3745 39.9 49.9 549  S5T.4
3, 4T.4 44.9 37.5 48.9  42.4  42.4
4 59.9 54.9 43.9 574 54,9 5449
5.  62.4 64.9 6847 69.9  64.9  62.4
6o 34.5 37.5 36,2 39.9  47.4  49.9
7. 47.4 49.9 53.7 52.4 549  57.4
8., 107.4 1213 167.3 1723 1748  17T.9
9.  56.2 549 549 68.7  82.4  92.4
10. 35.0 39.9 42,4 44,9 44.9 42.4
M.  43.9 49.9 52.4 599 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
e  47.4 AT.4 48.7 54,9  57.4  59.9

15.  144.8 157.3 164.8 182.2  187.2  192.2
16.  134.8 147.8 168.5 172.3 1822  194.7
17, 25.0 22.5 22.5 25.0 25,0 22,9
18,  254.9 69.9  T4.9 89.9 9449 92.4

Msan /%1 64,0 68,7 76,3 79,3  B1.8§
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Table 28, P extraoted by 0,10 N H, so‘ in 0,04 N HOL, ppm

Soil Period of equilibration, min
. S 10 15 30 45 60
1, 43.7 5142 47.4 47.4 537  49.9
2, 4.2 5449 4.9 49.9  47.4 549
3. 499 49.9 46.2 46,2  52.4  52.4
4 4449 57.4 5847 49.9  56.2 T
5. 62,4 TTed 66.2 67.4 81,0 T4.9
6. 3.4 574 41,2 AT 43T 48,7
Te 5449 54,9 57.4 61.2 549  59.9
8. 1261  157.3  154.8  137.3  161.0  169.8
9.  64.9 T2.4 61.2 67.4  T3.T  T2.4
10, 44,9 59.9 42,4 42.4 64,9 549
M. 62.4 58.5 5449 58,7  74.9  69.9
12 54.9 7102 49.9 54,9 68,7  62.4
13. 54.9 7449 68.7 69.9 TTed 87.4
14,  49.9 5%.7 474 57¢4 5449 5409
15, 1261 172,53  154.8  156,0  166,0  164.8
16,  128,7  156.0  139.8 132,53 1648  177.3
17, 126,1 1723  154.8  156.0  166.0  164.8
18. 128.7 156.0 139.8 132.3 164,8 1717.3
Mean 72,3 89.3 79.5 9.7 904 92,9




Table 29. PMMWQ.?GI%BO‘MO.% K HOl, ppm

?crm of squilibration, min

wsou

iyl 10 15 30 a5 60
1. 35.0 37.6 42.4 47.4 54.9 59.9
2, 53,7 37.5 42.4 42.4 43.7 44.9
3. 3540 37.5 39.9 4244 44.9 47.4
4. 42,4 44.9 5204 52,4 5449 5449
54 62.4 6449 69.9 549 67.4 67.4
6o 25.0 32,5 41.2 39,9 37,5 37.5
7. 44.9 4744 49.9 49.9 5244 5244
8. 129.8 139.8 149.8 154,8 162,35  167.3
9. 59.9 62.4 54,9 63.9 74.9 TT+4
10. 35.0 37.8  39.9 4244 AT.4 4949
1. 44.9 49.9 52.4 5204 49.9 5449
12, 43.7 42.4 42.4 45,7 39.9 3949
13. 43.7 5244 62.4 6449 6204 67.4
14, 43,7 49.9 5449 524  AT4 49,9
15.  142.3 157.3 167.3 174.8  182.2  184,7
16.  139.8 144.8 153%.5 1573 162.3  169.8
17. 23,7 2.5 22.5 2245 5.0  25.0
18, 72.4 7244 73.7 b 79.9 84,9
Mesn  58.7 63.0 57.9 69,3 71.6 4.2
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Table 29, P extrasted by 0,10 X Ha 50‘ in 0,06 X HOl, ppm

liﬁéi. Period of equilibration, min
¥o. 5 0 15 30 45 60
1. 350 3746 A2.4 AT.4 549 59.9
2. 337 37.5 42.4 42,4 43.7 449
3. 3540 37.5 39.9 42.4 449  4T.4
4,  42.4 44,9 52.4 52,4  54.9 5449
56 62.4 6449 69.9 649  67.4  6T.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 6449 63.9  T4.9  TT.4
10, 35.0 37.5 39.9 424  AT4 4949
M. 449 49.9 5244 524 49,9 5449
t2,  43.7 42,4 42.4 43.7 399  39.9
13, 4347 5244 624 649 624  67.4
14, 43,7 49.9 5449 5204 474 4949

15. 142.3 157.3 167.3 174.8 182.2 184.7
16. 139.8 144.8 15345 157.3 162.3 169.8
17. 23.7 2245 22.5 22.5 25.0 25.0
18. 72.4 7244 3.7 TT.4 79.9 84.9

Mean 58.7 6300 5709 6905 7" .6 T4.2
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Table 30. P exirsoted by O, 10 N H: 804 in 0,08 N HCL, ppm

“Bofl Peried of squilibration, min

-l 10 s % 45 60
1.+ 37.5 9.9 44.9 52.4  49.9  54.9
2.  35.9 424 ATeb 5204 5949  52.4
3. 37.5 42.4 44.9 9.9  44.3  52.4
4, 47.4 4T.4 49.9 54.9 59.9 54.9
S5¢ 64,9 67.4 69.9 72,4  87.4  T4.9
6.  35.0 37.5 42.4 4.3 52,4 375
7.  49.9 524 5244 54,9  57.4  59.9

8, 139.8 159.8 159,.8 169.8 177.3 182.2
9. 62,4 67.4 67.4 74.9 7.4 82.4

10. 3.5 39.9 44,9 4.9  62.4  62.4
1. 49.9  52.4 5744 62.4 524 5T.4
12, 424 449 4449 9.9  54.9  54.9
13, 42.4 54.9 67.4 T2.4  82.4  TA.9
14, 424 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. 6949 T72.4 737 TT.4 79.9 89.9

M 62.7 6768 71 t"‘ 76¢7 BZ.’.& 8’01
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Table 31, P extracted by 0,10 X Kz 80‘ in 0.10 ¥ HOL, ppm

Seil ) Peried of equilibration, ‘nln
-yl 1 15 % 45 80
1. 38,7 42.4 48,7 58,7  4T.4  49.9
2. 39.9 4.9 51,2 59.9 6744  58.%
3. 43,7 46,2 49.9 52,4 44,9  59.9
4, 51,2 49.9 AT4 62.4 T2  T49
5¢  T1e2 7204 T2.4 77.4  102.4  179.9
6. 3642 3G9 42.4 47.4 62,4 39,9
Te 5244 5449 5449 58,7  59.9 66,2
8. 149.8  174.8  197.2 1922  194.7  208.5
9. 649 69.9 724 811 79.9  89.9
10.  42.4 4449 47.4 ATdA T2 6847
1.  57.4 5647 5949 67.4 58,7 624
12, 41,2 46,2 5142 58,7 67«4  59.9
13,  42.4 5704 737 81.1  106.1  TT.4
4. 39.9 49.9 5449 AT.4  T2.4 64,9
15,  173.5 1822  191.0  199.7  249.7  264.6
16,  162.3  164.8  169.8  202,2  209.7  208.5%
17.  30.0 0.0 28,7 35.0 25,0  31.2
18,  69.9 7204 T4e9 799  78.6  96.1
Mean  67.1 72,3 779 T 92.8 923

83.8




extracted by many of the combinations of the two
aolds and phosphorus removed by orops in pot oulture
experiments were found statietically signifiocant.
The highest ocorrelations were obtained in the oase
of the extraaotante 0.06 N sulphuric asid in

0.06 N hydrochlorio acid and 0,06 N sulphuric acid
in 0.08 ¥ hydroshloric acid.

The patterm of release of soil-P in variows
extrastants during varying periods of equilibration
showed that the values of phoaphorus rsaorded af
different periods were flustuating probadly due teo
the simul taneous release smd resorption taking place
during extrastion. It was therefors felt neceasary

or

that wnless the resorption of the exirsoted phosphorus

is effeotively checked, the reproducesbility of ths
results odtained would be very wuch affected. If
resorption of the extracted m-phom takes plaoce
then the amount of phosphorus finally remaining in
the solution, may become a fumotion of the period of
shaking, time taken for cemtrifuging or filtering
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the s0il water suspension and also the tims taken

for the assooliated dispensing proeedures of the
extrasctant employed. It is possible to standardise
the period of equilibration and to recommend specific
periods of extraction required under each analytical
progedure, DBut variadility in the smowunt of
phosphorus in selution dus to variation in the peried
of contact between soil and extractant selution after
the equilibration, will lead to irregular results.
Standardisation of ths period of oontast between

soil and the extrastant solution will be diffioult
under normal conditions, This difficulty osn be
overvome by employing chelatss aleng with the
extraotant so that soil phosphorus ¢enoe drought inte
the solution will not be resorbed by the seil. Acoetats,
oxalate and citrate are well known chelating orgmmie
anions which oan be employed 0 prevent the reserptien
of phosphorus from the solutiem.

In the present study varying congsmirations of
acetic agid, oxalio acid and eitrieo acid were employed
in cembination with different gconeentrations of
hydrechlorio acid and sulphuris asid,: Out of the 29
mineral acld extrastents empleyed wad diseussed earlier,
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three extractants wers selected for trying their
performanoces in oombination with the three organie
acids, as a pilot study, Thus 0.06 N hydrechlerie
acid, 0,06 ¥ sulphuric aoid and 0.06 N hydrechlorie
acid in 0.06 X sulphurio acid were employed as
extragtants in the presence of organic acids. Each
organic aoid was trisd at two oonosntrations namely
0,05 N and 0.10 K. Ths influence of these 18
combinations of acide in the extraotion of soil
phosphorus was cludied only in throe selected soils
(s0il numbers 2, 8 and 13).

Data on the phosphorus extrasted by 13
oocmbinations of agids involving oxalio aoid, acetic
aolid md oitrie acid at tho censentrations of 0.05 ¥
and 0.10 K are presented in Tables 32, 33 and 34.
Obaservations revealed that the amount of phosphorus
brought inte solution by the mineral acide wan
markadly inoreased by the presence of argunic acids,
the effect of oxalio noid being muoh more dominant as
compared to that of other organio moids. Wwhen 0.06 N
hydrochlorio acid extrasted only 13.4 ppm phosphorus
when employed independently, the corresponding waiue



for the combination of 0,06 N hydrechlorio acid in
0.05 N oxalic asid was 105,35, This drestic effeot

of oxalis moid in releasing phosphorus into solution
oan bte assigned to (1) the chelating offect of
oxalato anion on the phosphorus release into the

soil thereby avoiding the possidle resorption of
phosphorus on the soll surfase. This chelating
offesct of oxalato ion ¢can de confirmed by the pattern
of releaso of phosphorus observed over inoreasing
periods of equilibration., Fuosphorus extraoted in
ths presence of orgenio aoids consinvously increased
with period of equilibration, This sitwws that
phosphorus onse relessed intc the solution has been
oftnetlvély controlled from resorption dy the aeil,
(2) Oxalio aoid itself is an extraotant for soil
phosphorus which wvhen in combination with a mineral
acid extraotsconsiderably higher smounte cf phospherus
from the soil as compa~ed 10 the alneral seids slone.
Presence of spetio 20id und citrio aclid also inoreased
the phosphorus extracted by the mineral acids thaough
their effeots were not as significant as that of oxalde
wig. The mean value of phoophorus exiracted by tue
three mineral asid extrsotants was 43.9 ppm when the



Table 32. P extracted by extrastants inwvolving organio easids, ppm (Soil No.2)
%. Extractant Period of equilidration, ain
. 2 10 12 20 43 50
1. 0,06 N HC1 7.8 6.2 10. 1 10.6 13.5 17.9
2. 0,06 N BECl1 in 0.05 ¥ OA 25.0 130.0 35.0 375 40.0 40,0
3« 0,06 W HC1 in 0,10 N OA 16.5 21.0 26.9 357 42.8 48.7
4, 0,06 R HCL in 0,05 N AA 20,1 21.0 23.0 27.0 30.0 31.0
5¢ 0,06 N HC1 in 0.10 N AA 18.1 21.3 232 26.2 29.0 32,0
6. 0,06 N HC1 in 0.05 N CA 24,0 26.0 31.3 34.0 34.0 35.0
7. 0.06 N HC1 in 0.10 N CA 18.0 20.1 22.5 23.0 25.0 25.5
8. 0.06 ¥ H, 80, 13.2 12.2 15.7 15.7 17.9 3.4
9. 0.06 X 32 80‘ in 0,05 X OA 39.9 44.9 4T7.4 52.4 52+4 54.9
10. 0,06 ¥ BZ 30‘ in 0,10 ¥ OA 42.0 510 63.7 65.3 66.1 69.2
1t 0,06 N 52 304 in 0,05 ¥ AA 22,5 24.9 27.4 375 375 39.9
12. 0,06 ¥ Kz SO‘ in 0.10 N AA 22,5 24.9 32.5 375 42.4 4T .4
13. 0.06 K H, SO, in 0.05 N CA 29.9 35.0 42.4 47.4 47.4 47.4
14. 0,06 ¥ Hz SO‘ in 0,10 X CA 3245 34.9 42.4 47.4 47.4 48,0
15 0.06 X 32 SO‘ in 0,06 N XCl 40.0 23.5 22.4 50.6 45.9 51.8
16. 0,06 ¥ H, SO, & 0.06 ¥ HCL in |
0.05 N OA 47,4 49.9 54.9 62.4 62.4 62.4
(oontde..)
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(Table 32 contd..)

81. Period of equilibration, min
No. Extraotent 5 10 15 30 45 60
17. 0.06 ¥ H, S0, & 0.06 N HOl in
0.10 N OA 47.4 49.0 53.8 61.3 66.4 T3.1
18. 0,06 X H, 80, & 0.06 X HC1 in
0.05 N AA 375 37.5 44.9 57.4 59.9 64.9
19. 0.06 ¥ H, 80, & 0.06 X HO1 1in
0.10 ¥ AA 39,9 44,9 49.9 64.9 67.4 67.4
20. 0.06 u%so‘ & 0,06 ¥ HC1 in
0.05 ¥ 42.4 47.4 52.4 59.9 62.4 674
21. 0.06 ¥ nzso‘&e.osxxmu » |
0.70 ¥ CA 35.0 47.4 59.9 59.9 62.4 69.9

OA <« Oxalic acid.
AA -« Acetic aoid.
CA <« QCitric aciad.



Table 33.

P extracted by extractants involving organioc acids, ppm (Soil No.8)

S1. Period of squilibratiom, min
¥o. Extrastant 5 10 15 30 45 60
1. 0.06 ¥ RO 13.5 9.5 14.0 13.5 17.9 22.4
2. 0,06 W HO1 fn 0.05 N QA 187.2 192.2 194.7 232.2 237.2 239.7
3. 0,08 N HC) in 0,10 ¥ QA 29.7 69.2 106.3% 227.4 264.5 304.0
4 0,06 W HCl1 in 0.05 N AA 24.T 39.5 49.4 69.2 76.6 81.6
5. 0,06 N HC1 in 0,10 ¥ AA 37«1 51.9 61.8 76.6 76.6 81.6
6. 0.06 N HOL in 0.05 N OA 39.5 54.4 69.2 89.0 89.0 94.0
T 0,06 W HC1 sn 0.10 N OA 32.1 51.9 T1.7 79.1 89.0 98.9
8. 0,06 § 52 804 44.0 44.8 52.1 52.7 521 47.6
9. 0,06 % H2 SO‘ in 0.05 X OA 254.7 299.7 244.7T 274.6 284.6 29241
10. 0.06 W HZ 80‘ in O,10 X OA 215.0 259.5 308.9 311.4 308.9 311.4
1%« 0.06 K 32 SO‘ in 0,05 ¥ AA 69.2 76.6 86.5 113%.7 111.2 128.5
12. 0.06 X !12 304 in 0.10 N AA 69.2 81.6 98.9 118.6 116.2 116.2
1%. 0,06 N H2 804 in 0.05 N CA 91.5 111.2 131.0  148,3 148.3% 148.3
4. 0.06 XN 112 80“ in 0.10 ¥ CA 101.3 106.3 111.2 128.5 13%.5 145.8
(wntd..-)
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(me 33 ﬂmﬁ.-)

:%: Extractsat 5 Puri?g of cquilib;gtien, :gn. o

15. 0.06 X H, 80, in 0.06 ¥ HO1 1153  135.3  94.1 169.4 130.6 195.3
16. 0.06 ¥ H, 80, & 0,06 ¥ HOL in 0.05 ¥ OA 254.6 264.6 279.6 309.6 319.6 337.0
17. 0.06 ¥ H, 50, % 0.06 N HOL in 0,10 ¥ OA 214.4 253.9 259.5 265.2 296.2 344.2
18. 0.06 ¥ H, S0, & 0,06 K HCL in 0.05 N AA 118.5 121.3  149.5 183.5 197.5 211.6
19. 0.06 ¥ H, SO, & 0.06 N HCL 1in 0.10 ¥ AA 126.9 146.7 166.4 211.6 211.6 211.6
20, 0.06 ¥ H, 50, & 0.06 ¥ HOL in 0.05 ¥ OA 135.4 152.3  172.1 191.8 203.1 214.4
21. 0.06 ¥ H, 50, & 0.06 X HC1 in 0.10 W CA 112.8 152.8 194.7 194.7 205.9 222.9

AA -« Acetic acid.
OA =~ Oxalic aoid.
CA <« QCitrio aoid.

ve



Table 34. P extracted by extresotants involving organic acids, ppm (Seil No.13)

s1. Period of equilibration, min

No. Extragtant 5 10 15 30 45 60
1. 0,06 ¥ HQL 7.3  10.1 15.7 14.6  19.1 17.4
2. 0,06 ¥ HC1 in 0.05 N OA 44.9 49.9 52.4 74.9 87.4 94.9
3. 0.06 N HOL in 0.10 X O4 9.% 22.1 34.0 73.0 84.9 96.8
4. 0,06 N HCL im 0.05 N AA 7.6 12,7 16.1 22.1 24.6 28,0
5. 0.06 W HCL in 0.10 ¥ AA 1.9 17.0 19.5 24.6 25.5 28.0
6. 0,06 ¥ HCL in 0.05 N OA 12,7 17.8  22.1% 28.9  29.7  29.7
7+ 0,06 N HC1 in 0.10 N CA 10,2 17.0 23.0 25.5 28.9 32.3
8. 0,06 ¥ 32 804 22,1 25.7 29.7 31.4 38,1 43.1
9. 0.06 N H, 80, in 0,05 N OA 64,3 67.4 69.9 82.4 102.4 117.3
10. 0,06 ¥ H, S0, in 0.10 ¥ OA T6.8 93,0 116.5 110,5 110.5 111.9
11. 0.06 ¥ H, 80, in 0.05 N AA 24,3 27,0 31,0  40.5 43,1  45.8
12, 0.C6 ¥ H, 50, in 0,10 N AA 24.3 28,3 33.T7  41.8  43.1  45.8
13. 0.06 ¥ H, 30, in 0.05 N CA 32.3  39.1 47.2 52,6 53,9 53.9
14. 0,06 N 32 SO‘l in 0,10 N CA 36.4 37.8 39.1 45.8 47.2 52.6

(OontdQ 00)



(Table 34 contd..)

2: Extracsant 5 ?c%ud of ’gnﬂ.ihm on, -‘1‘3 60

15. 0.06 N H, 80, in 0.06 ¥ HA 51.8 64.7 116.5 40.0 80,0 141,2
16. 0.06 ¥ H, 80, & 0.06 N HC1 in 0,05 ¥ O 67.4 T4.9 82,4 9T.4 102.4 109.9
17. 0.06 ¥ H, 30, & C.06 N HOL in 0.10 N OA 64.7 T6.8 T9.5 80.9 90,3 105.2
18. 0.06 ¥ H, 80, & 0.06 ¥ HOL in 0.05 ¥ AA 36e4 378  45.8 55.3 60.7  64.7
19. 0.06 ¥ H, 50, & 0.06 N HOL in 0.10 N AA 39.1 44.5 51.2 64.7  66.1 67.4
20. 0,06 ¥ H, 80, & 0.06 ¥ HOL in 0.05 H GA 41.8 45.8 52,6 58.0 62,0 64.7
21. 0.06 ¥ H, 30, & 0.06 ¥ HOL in 0.10 N CA 33.7 45.8 59.3 60.7 63.4 67.4

AA - Acetio aoid.
OA - Oxslio anid,
CA - Gitrlo mma
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effects of soils and periodsof equilibration were
pooled, whereas in the presence of oxallc asid,
aocetio acid md oitrio acid the walues wvere 12¢8,
61.4 and 67.8 ppm P, respeotively. The pattern of
phosphorus release over varying periods of
equilibration in the presence ef asetic acid and
oitrio agid was eimilar to that of oxalic acid. The
values of phosphorus consistently inoreased with
inoreasing periods of equilibration showing that
resorpiion of the phosphorus ones brought into
solution on to the s0lid phase has been effectively
oontrolled by the presence ef acetic aoid amd oitrie
acid also. This indigates that the ability ef oxalie
acld to extrast exceedingly higher amounts of
phosphorus in combination with aineral acids is not
because of its ability to extrast a portion of soil
phosphorus but it is nmainly dus to its chelation sffect.

When the amounts of phosphorus extractod in the
presence of 0.05 N oxalic asid and 0,30 N oxalie agid
were oompared, it was seen that the higher oconcemtration
of exalie ssid would not ingerease the amount of
phosphorus brought into solution, probably because



oxalic aoid at the strength of 0,05 N was sufficient
to ohelats all the phosphorus brought into solution.
Similarly higher concentrations of acetic aoid and
citrio acid would not increase the amomts of
phoaphorus extragted as compared to phosphorus
extragted by the lower concentration of these acids.

The pilet study thus drought to light the
following faots:

1) by employing organie soids resorption of
phosphorus from solution can bdo offectively
prevented since phosphorus wvaluss at
inoreasing perieds of equilidbration increase
conaistently

2) the smownts of phosphorus extracted by the
aineral acids ssn be inoreased by the
presange of organic seids notably oxalie acid

3) organic acldsat the stremgth of 0.05 N is as
good as 0,10 ¥ {n their effects on the
extraction of soil phosphorus mentioned above

Based on these observations only oxalio asoid at

the strength of 0.05 N was employed along vith 17
aineral acid extrastants selegted from the 29 minsral
acid extraotants already studied and discussed.



The main eriterion in seleoting these
sxtrastants was the oongistency in the pattern of
phesphorus release by these sxtractants at
increasing periods of equilidbration. The pattem
of phosphorus relesse by these 17 selected
extractants in the presence of 0,05 N oxalio acia
was observed at varying periods of equilidration with
all the 18 soils smployed in the study. The
relationship Detwsen the phosphorus axiragted by
these extractants and the uptake of phosphorus by
successive orops of rice grown in ths solls wers
studied, The 17 extractants sslected were comprised
of hydroohlorio acid at the concentrations of 0.06 ¥
and 0,08 N and sulphuric acid at 0.02 N, 0.04 N,

0.06 ¥, 0.08 ¥ and 0.10 N in the presence of 0.05 N
oxalic acid. Combinations of sulphuric acid and
hydroohlorio acid at the strengths mentioned above
were also tried. The resulis revealed that the
amownt of phosphorus brought into selution was
considerably increased by the presence of oxalic acid
as already seen in the pilot study. The mean values
ef phosphorus extraoted by 0.06 ¥ and 0,08 ¥
hydrochloric aoid were 13.7 and 135.3 ppm respectively



vhen the effects of periods of equilibration and
soile were pooled, wvhile values for phosphorus

oxtrastod by them in the presence of oxalio acid were
81.6 and 83.4 ppm respeotively. A similar effect was

also noticed in the ocase of phoephorus extraoted by
sulphurio acid as well as combinations of sulphurio
aold and hydrochloric acid in the presence of oxalie
acid. When the percentsge of inorease in the amownt
of phosphorus extraoted due to the presence of
oxalio acid was obgerved it was eeen that the
influenoe was more pronownced at the lower
ooncentrations of mineral acids. Thie is obviously
beoause at higher concentrations of mineral acids
larger amounts of phoaphorus were brought into
solution as a result the degree of phosphorus
resorbed by the s0il expressed as the percentage of
total phoephorus in solution will be smaller.

Observations on the pattern of release of
phosphorus into solution during varying periods of
squilibration presented in Tables 35 to 51 showed
that in the case of all the 17 extractents employed

in the presence of oxalio aeid, the major part of the

160
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phosphorus extrasction was eompleted within a period
of 30 minutes and only a slow rate of release
continued thereafter. As a result, any period of
equilibration not losser than 30 ainutes oan bde
considored satisfastory in the sxtraotion of
phosphorus using the extrastants employed. This
ohservation is of much preectical significance since
equilibration for more than 30 minutes will be
‘ususally inoconvenient for sdopting the procedure in
advisory works. The pattern of release of phospherus
by all the 17 extraotants finally studied was much
superior to the pattern of release observed with
smonium fluworide and hydreohloric acid (Bray No.1)
solutien. The smount of phosphorus extracted by
0,03 ¥ samonium fluoride in 0.025 ¥ hydrochlorio acid
at varying periods of equilibration fluotuated very
muoch, the mean values for 5, 10, 15, 30, 45 and 60
mimutes extraotion being 19.67, 17.22, 18.22, 17.58,
15,02 and 13.6% ppm P respectively. This shows that
resorption of phosphorus takes place when the perioed
of contract batwesn soil and solution is lower in this
method.
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Table 35, P extracted by 0,06 ¥ HCL in 0,05 N oxalie soid,ppm

Soil Period of equilibration, min
":ﬁ': 5 10 15 30 45 60
1. 22,5 27.5 32.5 350 37.5 375
2. 25.0 30,0 55.0 375 40,0 40,0
Be 27.5 32.5 375 42.4 45,0 47.4
4, 275 %9540 275 799 4244 42.4
5e 4704 5244 54.9 7949 92.4  102.4
6. 2540 30,0 3745 39.9 42.4 44.9
7. 25.0 30,0 3540 375 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.%
10. 30.0 35.0 42,4 449 47.4 47.4
1t. 44,9 49.9 49.9 T2.4 84.9 89.9
12, 57.4 64.9 67.4 97.4 114.8 119.8
13. 44.9 49.9 52.4 T4.9 87.4 94.9
14. T2.4 79.9 84.9 119.8  139.8 1523

15. 192.2 197.2 199.7 2%7.2 242.2 244.7
16, 184.7 189.7 189.7 224,7 232,2 232.2
17. 22,5 275 325 35.0 375 399
18, 399 44,9 47.4 67.4 7.4 84.9

- . A -

Meam  62.7 6842 7149 892  96.8  100,7
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Table 36. P extracted by 0,08 N 'HOL in 0.05 X oxalio seid, pprm

Soil Period of equilibration, min
S 5 10 15 30 45 60
1. 57.9 44,9 49.9 54¢9  S5T.4  5T.4
24 30,0 35,0 39.9 42.4  42.4  42.4
5. 44.9 5204 59,9 62.4 64,9 67,
4. 4949 5949 674 T2.4 2.4  T2.4
Se 3745 39.9 42.4 59.9 64,9  T4.9
6o 3949 47.4 524 5Ted  5Teh 5949
Te 2540 2745 32,5 35.0  37.5  37.5
8. 197.2  193.5 224.7  2%9.7 2447 24742
9. 3540 3949 42,4 49.9  5T.4 62,4
10. %040 3540 3745 39.9  42.4  42.4
1". 4449 4949 5204 74,9 82,4  8T.4
12, 4449 49,9 5449 T9.9 749  62.4
13, 4949 5449 57e4 79.9  €9.9  102.4
14, 42,4 4449 474 5204 3449 5449

15,  237.2  257.2  264.6 02846  292.6  294.6
16,  169.8  160.8  194.7  207.2  200.7  212.2
17 49,9 5744 67.4 6909  T2.4  T4e9
18, 39.9 4449 47.4 64,9  T2.4 824
Hean 67,0 7146 797 Q0.4 93,9  97.5
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Table 57. P extrasted by 0,02 N H, 50, in 0,05 ¥
oxalic anid, ppm
'2;;%‘ Perted of squilidration, min L
“No. 5 10 15 30 45 60
1. 30,0 32.5 35.0 42,4 84,9 4449
2.  35.0 37.5 39.9 AT4  52.4 52,4
3.  27.5 30.0 31.2 375 39,9 424
4e 325 35.0 37.% 42,4 44,9 44,9
5e  52.4 54,9 57.4 82.4 9744 112.3
6.  39.9 42.4 44.9 5204  59.8 6244
Te  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 84,3  99.9
10,  54.9 5704 62.4 74.9  82.4  84.9
1.  52.4 5347 57.4 7.4 92.4  97.4
12 TI.4 79.9 8.9  117.3  137.3 1549
13.  52.4 5449 57,4 79.9 94,9  108,9
14,  62.4 649 67.4 94.9 112,35  129.8
15. 312.1  314.6  314.6  319.6  327,0  337.0
16,  229.9  232.2  232,2  257.2  242.2  249.7
17. 62.4 67.4 T2.4 84,9 94.9  97.4
18. 5449 5704 59.9 84,9 99,3  104.9
Mean  82.4 8445 87.6  101.5  111.0  118.0

R
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Table 38, P extraoted by 0,04 ¥ 82 80‘ in 0,05 N
oxzlic nold, ppm

So0il Poriod of cq\mbmuon. nin
”‘§§%° 5 10 15 30 45 60
1. 22,5 275 27.5 30,0 32.5 32.5
2, 37.5 44,9 47.4 524 5244 5244
3. 25.0 31,2 32.5 375 375 35.9
4, 44,9 5244 47.4 62.4 64.9 64.9
5e AT.4 47.4 49.9 5945 T2.4 84.9
6. 20,0 2245 25.0 2745 2745 30.0
7. 30,0 37.5 3949 42.4 44.9 44.9
8.  234.7 237.2 239.7 262.1  274.6  287.%
9. 44.9 44.9 47.4 57.4 67.4 79.9
10, 32,5 3745 39,9 44.9 4449 4449
1. 5704 5704 5949 T2.4 87.4  102.4
12, 69.9 72.4 72.4 89.9 1074  127.3
13, 62.4 62.4 64.9 79.9 94,9  112,3
14. 5449 57.4 69.9 87.4  102.4  122,3

15. 307.1 312.1 3148 B44.5 359.1 ¥77.0
16, 217.2 219.7 222.2 242.2 254.6 264.6
17. 32.5 375 39.9 44.9 47.4 47.4
18. 62.4 62.4 64.9 79.9 97.4 112.3

R A WD s S e A R R - o o el NP

Mean  78.C 81.3 83,6 95.4 1039  112,6

g s B SR AR W N A 2




Table 39. I sxtraoted by O,
oxalic acid, pmm

06 N HE SG‘ in 0.05 ¥

106

Soil Period of equilidbration, min
N 15 % 45 60
1o 375 42,4 4449 49.9 52.4 52.4
2. 33.9 4449 47.4 52.4 524 54.9
Je 42.4 47.4 5449 54.9 274 9.9
4. 49,9 39,9 62.4 64.9 67.4 87.4
Se 42,4 42,4 44,9 52.4 64.9 T4.0
6. 375 42,4 44.9 49,9 49.9 52.4
T 3Te5 42.4 449 49.9 S<.4 52.4
8, 234.7 239.,7 244,7 274.6 284.6 292.1
9. 39.9 29.9 42.4 49.9 62.4 T2¢4
10. 44,9 49.9 5244 57.4 59.9 59.9
11. 4244 44.9 44.9 54.9 67.4 T7.4
12. 62,4 €4.9 67.4 7T.4 94.9 104.9
1%. 64.9 67.4 69.9 82.4 102.4 117.3
14, H2.4 54.9 5449 64.9 82.4 84.%
15. 244,7 249.7 254.6 284,6 297.1 30446
16. 252.2 257.1 26241 204.6 504,6 212.1
17. 350 39.9 $2.4 47.4 49,9 49.9
13. 4764 439 52e4 6244 742 82.4
Mean 78.2 82,2 85.1 95.8 104.3 110.1
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Table 40, P extrasted by 0,08 ¥ Hy 80, in 0.05 N
oxalio asid, ypm
Seil Period ef chlzﬁmt!.on, »m
sample Rt i
e« 5 10 13 30 43 60
1. 44.9 49.9 5449 57.4 5949 59.9
2. 42,4 AT.4 5244 5449 5449 574
3. 44,3 474 49.9 52.4 5449 5449
4o 44.5 455 54.9 5%¢9 5949 5949
5 57.4 5949 62.4 7449 97.4  117.3
6. 3949 44.9 47.4 4249 49.9 5244
Te 5449 62.4 9.3 72.4 T4.9 7449
8.  23T.Z 244.7 2545 297.1  297.1  299,6
9. 52,4 5449 57, 60.9 87.4  107.4
10. 49.3 5449 5349 62.4 64.9 67.4
1. 4449 47.4 43.9 52+9 77.4 92.4
12, 62.4 63.7 67.4 72.9  104.9  127.3
13. 67.4 6949 T2.4 B7.4  1M2,3 137.3
14, 44,9 47.4 4847 5744 74.9 92.3
15.  272.1 28z, 1 as2, 542, 3433  344.5
16,  23%7,2 242,2 254.6 297.%  299.6  299.6
17. 27.5 3640 3245 3540 35.0 3745
18, 62.4 64.9 6744 82.4  104.9  129.8
Memn 62,6 8649 91,6 195,%  tlhat 12049




Teble 41, P extraoted by 0,10 N

oxalioc acid, ppm

Hy 80, in 0.05 ¥

-

108

- e

Soil Period of Q@llibration. ain
sample o
No. 5 10 18 30 5 60
1. 44,9 49,9 5244 62.4 62.4 64,9
2. 39.9 44,9 4T.4 3642 574 57.4
3. 42,4 47,4 49,9 5744 5949 62.4
4. 49.9 57.4 59.9 69.5 724 T4 4
Se 72.4 T4.9 77.4 8244 35.3 99,0
6. 33.7 3745 9.9 47.4 47.4 49.5
Te AT.4 52,4 5249 6642 6744 67.4
8.  249.7 26446 279.6 297.1  314.6  329.5
9. 69,9 72,4 72.4 79.9 87.4  117.4
10. 42,4 ATe4 52,4 59.9 6244 62.4
11, 6449 6704 69.0 72.4 7949 99.9
12, 69,9 T1.2 72.4 79.9 87.4 114.8
13, 7449 74.2 T7:4 84,0 92.4  124.8
14. 59¢9 62,4 64.9 69.9 T4.9  102.4
15.  257.1 272.1 207. 1 307.1  324.6 3395
16.  259,6 274.6 239.6 309.6  337.0  342.0
17. 25.0 2705 27.5 $5.0 3540 3745
18. 67.4 67.4 65.9 TTe4 82.4  112.3
Mean 5 ga.C 06.8  106.4  113.0  125.4

875

W S D s S D W S G
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Table 42. P extrasted by 0.02 ¥ i 80, & 0,06 ¥ 5oL
in 0.05 N oxalie meid,

Sell Period of equilidration, min

sample

No. 5 10 13 30 45 60
1o 4449 AT.4 49.9 54,9  62.4  62.4
2. 39.9 42.4 4.9 49.9 549  56.2
3.  39.9 44.9 46.2 52,2  5T.4  57.4
4 574 59.9 64.9 72.4 799  79.9
5S¢ 4244 47.4 52.4 59¢9  TT.4 9949
6.  42.4 44.9 AT.4 52,4  5Teé 574
Te 649 69.9 74.9 82.4  89.9  92.4
8. 227.2  234.7  242.2  279.6  289.6  299.6
9. 6949 74.9 79.9 87.4  9T.4  99.9
10,  44.9 47.4 49.9 54,9 59,9  62.4
1. 35.0 9.9 4409 49.9 64,9 849
12, 49.9 57.4 62.4 72.4  92.4 119.8
13.  5T.4 64.9 72.4 82.4  107.4  137.3
14, 424 49.9 54.9 62.4 82,4 10449
15, 2297  237.2  244.T 282,21  292.1  302.9
16, 212.2  219.7  227.2  262.1  269.6  279.6
17. 200 22.5 22,5 25,0  27.5  30.0
18,  4T.4 5204 59.9 67.4  B7.4  109,9
Moan 76.0 8.0 85,6  97.2  108.3  118.7

-
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Takle 43. P extrasted by 0.04 XN H, 80‘ & 0,06 ¥ HOL in
0.05 N exalio acid, ppm

‘Befl Peried of equilibraticn, min
sample '

Bo. 5 10 15 30 45 60
1. 30.0 32.5 35.0 37.5  42.4 449
2.  42.4 44,9 4704 524 59,9 5949
3. 39.9 42.4 43.7 4T.4 54,9 549
4 387 4.2 42.4 ATe4 54,9 5449
5. 42,4 44,9 AT.4 49.9  52.4  52.4
6.  35.0 37.5 38,7 42,4 49.9  49.9

Te ’37.5 375 39.9 39.9 39.9 39.9
8. 25242 257&1 259.5 30"06 30‘96 504.6

9.  52.4 59.9 6949 72,4  T9.9 949
10, 4T.4 49.9 52.4 59,9  67.4  67.4
11.  49.9 574 67.4 68.7  TT.4  87.4
12,  52.4 59.9 67.4 69.9  79.9  92.4
13. 59.9 69.9 79.9 82.4 92.4  109.9
14, 449 52,4 5949 59.9  67.4  79.9

15.  234.7 239.7 242.2 279.6 284.6 284.6
16. 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 T2.4 T74.9

5“1 T4.7 79.3 83.6 92.6 98.6 104.3




Table 44. P extreasted by 0,06 X
0.05 N oxalis soid, pp=

5230‘&0.06!mm

Sei) Period of equilidbration, ain
sample -
¥o. 5 10 15 30 45 60
1. 79.9 84.9 89.7 97.4  107.4  112,3
2, 44.9 AT.4 49.9 54,9  59.9  62.4
3¢ 9449 99.9  104,9  114.8 1248 129.8
e TT4 82.4 87.4 94.7  104.9  107.4
5¢  5Te4 64,9 7449 84.9  89.9  104.9
6. 92.4 97.4  102.4  112,3 1223 127.3
Te 899 94.9 99.9  109.9 119.8  124.8
8. 252,2 2574 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 1049  107.4
11, 49.9 57.4 6449 T4.9  TTed4 9449
12, 4449 49.9 57,4 64.9  67.4  T9.9
13.  62.4 69.9 7949 899  94.9  114.8
4. 649 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  267.9
17. 3949 42.4 474 512  54:9  5T.4
18, 5T.4 64.4 T4e9 84,9  87.4  99.9
Mesn 94.6  100.1 107.2  120,7 127.2  135.9
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Table 45. P extracted by 0,08 ¥ H, S0, & 0,06 ¥ HOL in
0,05 X oxalio seid, pmm

Seil | Period of equilibration, min
sanple , —— '

Fo. 5 10 15 30 45 60
1. 49.9 5244 5T.4 64.9 64,9  66.2
2, 4T.4 49.9 549 62.4  62.4  62.4
3. 42.4 44,9 49.9 5Te4  5Teé 5847
4e 5244 54,9 62.4 69.9  69.9  T2.4
5o 6244 69.9 7.4 89.9 94,9  102.4
6.  43.7 46,2 524 5704 58,7 5949
7.  51.2 5449 59.9 674 68,7  69.9
8. 254,6 264.6 279.6 309.6 319.6 337.0
9. 574 64.9 T2.4 82.4  88.6  92.4

10, 39,9 42.4 AT.4 52,4 537 537
1. 54,9 62.4 67.4 799  84.9 89,9
12, 44.9 5244 56,2 64,9 699  T4.9
13.  67.4 74.9 82.4 97.4  102.4  109.9
14,  47.3 52,4 57.4 674  T2.4  TT.4

15, 254.6 262.1 277.1 307.1 317.1 324.6
16. 239.7 249.7 264.6 292.1 302.1 317.1
17. 25.0 27.5 30,0 350 35.0 36.2
18. 65.7 59.9 69.9 92.4 97.4 104.9
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Table 46. rmruudbyo.w:azso‘&o.os N HCL 4in
0.05 N oxalic asid, pp=
Seil Period of squilibration, min
semple - -
e+ 5 10 15 30 45 69_
1. 5244 57.4 57«4 69.9 7641 81.1
2. 47.4 49.9 49.9 62.4 67.4 T2.4
3. 47.4 49.9 49.9 62.4 67.4 T2.4
4. 57.4 62.4 63.7 76.1 82.4 68.6
5S¢ 107.4 112,3 117.4 132.3 1523 162.3
6. 41,2 42.4 43.7 47.4 49.9 51.2
7. 5T.4 59.9 62.4 74.9 82.4 87.4
8. 274.6 282,1 292.1 332.0 337.0  342.0
9. 112,3 117.3 122,% 137.3 157.3 169.8
10. 48.7 5142 52.4 54.9 57.4 57.4
11, 84.9 87.4 89.9 102.4 117.3 124,8
12, 69.9 T2.4 T4+9 79.9 82,4 84.9
1% 69.9 T2.4 T49 84.9 9T.4 104.9
14, 82.4 84.9 87.4 99.9 114.8 122,3
15. 307.1 317.1 - 327.0 372.0 377.0 382.0
16, 282,1 289.6 299.6 $39.5 344.5 382.0
17. 2745 28.7 30,0 35.0 38.7 42.4
18, 127.3 132,% 137.3 154.8 177.3 192.2
105.4 109.4 112.9 128,8 137.7 145.6

7
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Table 47, P extracted by 0,02 ¥ H, 50, & 0.08 ¥ HOL in
0,05 N oxalio ssid, ppa

Soil Period of equilibraticn, min

sample . - -

No. 5 10 15 30 45 60
1. 49.9 51,2 52,4 53.7  54.9 54,9
2.  42.4 42.4 44.9 4.9 4T 4Tk
3. 4449 44,9 AT.4 48,7 49,9  49.9
4o 5T.4 59,9 62.4 63.7  63.7  63.7
5¢ 5642 5704 59.9 64.9 82,4 949
6. 36,2 39.5 39.9 3.9  41.2 41,2
7 574 57.4 5149 51,9  62.4  62.4
8. 234.7  252.2  269.6  292.1  294.6  299.6
9.  42.4 4.9 449 48,7 62,4 T2.4

10,  52.4 52.4 54.9 54.9  57.4  53.7
1. 4T.4 49.9 52.4 54,9  69.9  B81.1
12, 61,2 62.4 64.9 68.7  89.9  102.4
13,  76.1 7.4 79.9 84.9  109.9  127.3
4.,  52.4 5307 5449 57.4  TT.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 2%.7 24.9 25,0  27.5  28.7
18. 56,2 5704 59.9 6%.7  T9.9 849
Mesn 80,9 84,7 88,9 94,3 1039 10655




Table 48. P extraoted by 0.04 N 52 804 & 0.08 N HOL in
0.05 N oxalic acid, ppm

Soil Period of equilibration, min

e s 10 15 30 45 60
1. 35.0 37.5 42.4 44.9 4T.4 47.4
2. 4449 AT.4 54.9 59.9 62.4 62.4
3. 37.5 39.9 42,4 44,9 4449 44.9
4. 42.4 43.7 49.9 54.9 574 5704
5¢ 5642 574 59.9 59.9 7949 82.4
6.  35.0 35.0 42.4 44.9 AT.4  4T.4
T.  4T.4 49.9 574 62.4 63.7  63.7
8. 249.7 284.6 322,1 344.5  357.0  367.0
9.  52.4 54.9 574 57.4  76.4  B4.9

10.  30.0 32.5 37.4 41,2 42.4  42.4

11.  62.4 64.9 67.4 67.4  89.9  10T.4

12,  62.4 64.9 66.2 67.4  87.4  104.9

13.  69.9 72,4 T4.4 Tded  99.9  124.8

14, 54.9 574 59,9 62.4  T7.4  94.9

15. 297.1 3775 384.5 409.4 399.6 436.9
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 T1.2 T2.4 94.9 114.8

Mean 84,7 94.7 102.% 107.5  117.6 126.7
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Table 49. P extrascted by 0,06 ¥ 82 301 % 0,08 ¥ HOL 4n
0.05 X oxslio acid, ppwm

Soil Period of equilibration, min
”:g}. 5 10 15 30 45“ 60
1. 59,1 61.2 = 62.4 64.9 82.4 99.9
2. 44.9 44,9 47.4 49.9 62.4 T4.4
Je T3.7 T4.4 TT.4 82.4 102.4 122.3
4, 62.4 64.9 67.4 69.9 87.4 1049
56 82.4 84.9 87.4 92.4 112.3 142.3
6. 68,7 69.9 T2.4 77.4 94, 112.3
Te 62.4 64.9 67.4 69.9 T4.4 799
8. 249.7 269.6  292.1 314.6 324.6 33%7.0
9. 89.9 92.4 93.6 102.4 123.6 149.8
10,  54.9 62.4 64.9 67.9  T2.4  TT.4
11. 69.9 T2.4 T2.4 T7.4 94.9 117.3%
12, 57.4 599 62.4 64.9 78.6 94.9
13. T4.9 T4.9 TT.4 84.9 102.4 129.8
14, 84.9 87.4 84.9 94.9 114.8 139.8

15. 267.1 287.1 312.1 337.0 347.0 35945
16.  229.7 247.2 267.1 289.6 297.1 307.1
17. J32.5 337 350 375 44.9 49.9
18. 62.4 63.7 64.9 69.9 82.4 99.9

Mesn 95,9 10009  106.0  M3.T  127.7 14k
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Table 50. P extraoted by 0,08 N H, 30‘ & 0,08 N HCL in
0.0% KX oxalic asid, pp=

Soil Period of equilidration, min

:u:gfo p 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
Je 42.4 47.4 49.9 52.4 57.4 5T.4
4. 54.9 59.9 64.9 67.4 T72.4 T72.4
Se 74.9 TT.4 79.9 87.4 102.4 119.8
6. 42.4 47.4 49.9 52,4 5449 5449
Te 49.9 52.4 57.4 59.9 59.9 59.9
8, 254.6 274.6 294,6 33445 3395 339.5
9. 69.9 T2.4 7.4 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 57.4 574 63.7 64.9

13. 82.4 8449 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 3517.1 362.0 367.0 367.0
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 99.9 119.8 139.8

Mean 9006 97.0 102.8 113.,2 121.0 126.4
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Table 51. P extracted dy 0,10 N Hé 804 & 0,08 ¥ HOL in 0,05 X
oxalie acid, ppm

Soil Period of equilibration, min

sample
%. 5 10 15 30 45 60
1. 42.4 4T.4 49.9 49.9 649  8T.4
2. 449 49.9 49.9 49.9  69.9  92.4
3. 3949 44,9 A7.7 49.9 624  T7.4
4 49.9 549 54+9 57.4 63,7  T1.4
5. 7949 82.4 84,9 84.9  99.9  119.8
6.  39.9 42.4 42.4 44,9  59.9  T9.9
To 399 44,90 4744 AT.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
1. T2.4 T4.9 TT.4 79.9 92.4 112.3
12, 64.9 67.4 67.4 §9.9 799 97.4
13. 87.4 89.9 39.9 94.5 109.9 132.3
14. 69.9 T2.4 T4.9 T7.4 89.6 107.4

15,  297.1 337.9 357.0 357.0 387.0 411.9
16. 269.6 307.1 324.6 334.5 352.0 374.5
17. 2449 2745 27.5 30.0 375 49.9
18. 102.4 104.9 107.4 109.9 127.3 154.8

Mean 96.1 105.4 109.6 112.9 126.8  146.6




119

S

In oxder to estimate the total avallable
phosphorus reserve (Ra-valus) of the soil that oan de
taken up by crops continususly grown in them,
successive oxops of rice were growm in the seil in
pot culture experiment. 8Six orops were raised during
the experimental period in eagh seil and the amount of
phosphorus taken up froa the s8il by caoh orop was
regorded. The cumulative phosphorus uptake by
susocessive crope has been tabulated in Table 54. The
peraentage of phosphorus in the plant wes alsc recorded
with respest t0 oach erop (Tible 52). The cumilative
phosphorus uptake by the end of aixth orop was grouped
into 4 catogoriocs based on the percentage phosphorus
in plant. These 4 oategories represent the following
4 groups of solils.

1) 4in whioh the percentage phosphorus content in

the plants falls below 0,023,

2) in whioh the peresntage phosphorus content in
the plants falls delow 0.05,
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*
3) 4n which the peromntage phesphorus oonteat in
the plants falls below 0,10 and

4) 4in which the percentage phosphorus content in
the plants falls below 0.20.

There were only 7 soils in whieh the psromtage
phosphorus in plants by the end of sixth orop ran
below 0,025, In 11 soils the oontent of phesphorus in
plants falls below 0.053. Thers wers 16 soils the plants
of whioh contain less than 0.10 per eent phosphorus,
vhile the plants in all 18 soils came under the fourth
category with plant phosphorus peroentage loss than
0,20, Successive oropping by rice was effeoted in the
soil with the idea of finding out the"Ra-value”or the
total amownt of phosphorus that can be taken up by the
erop by growving cantinwusly. Evem in the sixth orop
plants removed phosphorus frem the soil though the
percentage of phosphorus in the plant was oconsiderably
low. Sinco the"Ra~valus"is defined as the toial
available reserve of the soil that oan be taken up by
plants, it is practiosally diffioult to exhsust the soil
by continuous oropping to an extent until no more
phosphorus can b0 taken up from the moil by tho plants.
It vas therefore necessary 0 establish an end point at
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Table 52, Mesn parcentage of P in suocessive orops
of rioce grown in the soils

Boil Pergentags of P m rise srops, ppa
sanple '
X0, 1 2 h 4 5 6

1. 0.479 0.75% 0.4T1 0.137 0.128 0.045
2. 0,462 0.838 0.462 04248 0.171 C.040
3. 0.53%9 0.898 0.479 0.222 0.359 O.128
4 0.616 0.821 0,409 0,240 0385 0,17
Je 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
Te 0.445 0.787 0.479 0,265 0.043 0.001
8. 0.838 0.873 0,390 0.411 0.043 0,020
9. 0.616 0.753 0.359 0.257 0.103 0.001
10. 0.779 0.744 0.419 0.223 0.051 0,012
11. 0.761 0.787 0.462 0.282 0.111 0.082
12. 0.787 0.958 0.497 0.308 0,179 0.020
13, 0,712 0.941 0.376 0.282 0,034 0.045
14. 1.181 0.830 0.642 0.291 0.120 0.083
15. 0.769 0.8%8 0.548 0325 0.128 0.062
16, 0.393 0.804 0.445 0.376 0,180 0.091
17. 0.778 t.112 04443 0.201 0.222 0,002
18, 0,565 0.702 0.551 0,240 0.154 0,020

Mean 0:695 0.83%5 0.465 °¢265 0.17% 0,054
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Table 53. Mesan P uptake in successive grops of rice
grown in the soils

Soil P uptaks of rice orops, ppm

o 2 3 ‘ 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 6469
4 16,90  18.06 12,84 11,48 11.80 10,89
S5« 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
To 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  0.5%

1. 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 11,24 478 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 5033

7.  17.56  24.06 13,26 7.66  0.86  0.09

18. 13.40  15.18  11.60 1110 4.32  0.99

Mean 16.50 18.25 15.30 12,10 5.29 2.79
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Table 54. Cumulative P uptake by suoccessive oropping, ppm
Soil o;np No.
ot Ty 122 1-3 1~4 1-5 1-6
1.  11.86 29.70 45.92 52,38 56.18  58.16
2.  10.76 31.42 45.12 5574  60.84  63.13
5.  13.56 32,52 47,06 57,02  67.42 TN
4 16,90 34496 47.80 59.28  T1.08  81.97
5« 23436 38.88 54496 65.04  T7.72  81.34
6.  22.28 40.54 54.76 62,96 T1.06  75.93
7. 11,56 31,30 50478 63.82 65,26 65,32
B, 18.76 37.46 56488 76.52 80,22  81.37
9.  16.86 34,34 46,92 58,40  59.80  59.86
10. 20,08 34,88 50490 61,18  64.22 64,75
1.  15.66 34,08 51458 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 55472 72,20  TT.34 81,02
16. 9.54 26.58 42,36 61.14 68,96  T4.29
17.  17.56 41.62 54,88 62,54  63.40  63.49
18.  13.40 28,58 40,18 51428 55,60 56459
Mean 16,50 34,76 50,15 62,07 67.36 70,15




vhich the removal of the avallable phosphorus

reserve of the soil ocan be conmsidered praotically
oompleted by the plant based on the level of
phosphorus in plants of the lest orop. Acoording

to Alyar (1946) a leaf phosphorus percentage in the
range 0,016 to 0.02% is considered deficient in the
ease of rice. In the present study phosphorus
percentage in leaves of plants grown in 7 soils was
less than 0,025 at the end of sixth orvp and therefore
these 7 soila were treated as gxoup Fo.t for the
purpose of axanlnlna‘the relationship vetween
"Ra-values" and phosphorus exiracied by the metihods.
Values for phosphorus percventage in piamt in the

rangs of 0.036 to 0,046 are oonaidered interxrmediate

at vhioch response to phosphorus appliocation oan be
expscted. 3Soils in whioh plant phosphorus percentage
was less than 0,05 per cent wers therefore treated

as another group in the present study so aa to
separately examine the relationship detween
"Ra~valuea” and phosphorus extrscted by chemical
extractants in this group of soils. The grouping based
on the plant phosphorus per cent 0.10 followed in the
study was quits arbitirary, the valus being in multiple

1

4



Table 55, Ooafficients of cerrelation between P extrasted
by eclected extragtants and P uptaks by
susoessive orops of riece

Period of Pw’;mbycmpl
e uin 1. 182 1-3. 1-4 1-3_1-6._

" 0.618  0.558  o0.488

10 0,011 '=0.012 0,200 0,631 0.560 0.408
15 «0.001 ~0.,001 0,213 0.633 0.565 0.492
30 0,043 0,018 0,229 0.643 0.568 0,48}
45 0,072 0.032 0,238 0,688 0.563 0,479
60 0,103 0,052 0.251 0.653 0.57% 0.478
5 ~0,055 0,031 0,197 0,577 0.533 o0.499
10 -0.056 0.034 0,192 0.568 0.533 o0.488
15 -0.070 0.027 0,186 0.565 0.528 0,48}
30 -0.060 0,024 O0.17T% 0,558 0.527 0.473
45 -0,058 0,022 0,165 0,558 0.515 0.466
60 -0,052 0,022 0,151 0.541 0.508 0.455

3. 0,02 N H, 80, in 0.05 ¥ oxalie soid

5 ~0,129 ~0.097 0.086 0.528 0.492 0.449

10 -0,135 =-0.099 0,095 0.524 0,492  0.454
15 -0.141 =0.104 0,093 0,518 0.483 0.453
30 “0,135 =0,102 0,087 0.525 0.487 0.445
45 “0.113 =0.092 0.089 0.554 0,497 0.443

60 -0,096 =0.08% 0.096 0.543 0.497 0.444

Wy o

* Significant at 5 per eent level
*+ gignificant st | per cent level



Table 56. Cosfficisnts of gorrelation betwsen P extraoted
by ssleoted extrastants and P uptake by
suscessive oreps of rice

Period of P uptaks by orops
niunl.brr
tion, min 1 1&2 1=-% 1-4 1-5 1-6

5 «0,040 0,022 0,200 0,584 0,504 0,432
10 -0,040 0,024 0,200 0,585 0.508 0.430
15 -0.038 0,028 0,204 0,588 0.507 0,426
30 0.002 0.050 0,298 0,533 0.508 0.411
45 0.034 0,072 0,255 0.608 0.493 0.402
60 0.068 0.094 0.249 0,633 0.507 0.403

5 «0,085 ~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 0.585 0.312 0.454
%0 -0,045 <~0.001 0,181 0,583 0,323 0,461
T «0,035 0,002 0,179 0,585 0.336 0,452
60 <0,007 0,012 0.187 0,536 0,350 0.448

5 <0,126 =0.099 0.007 0,525 0.314 0.428
10 ~0,127 -0.099 0,101 0,527 0.310 0.429
15 ~0s139 0,110 0,094 0,522 0,303 0.425
30 ~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 0.519 0,341 0,388

* Significant at 5 per cent level
** Significant at 1 per cent level
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Table 57. Oocefficients of correlation bdetween P extrasted
by seslegted extrastants and P uptake by
successive areps of rice

Peried of P uptake by orops
ugumw . ' -
tdon, mdn 1 122 13 1-4 1-5 1-6

5 ~0.115 ~0,116 0,085 0.528 0.494 0,439
10 «0.120 =0,117 0,088 0,530 0,439 0.447
15 <0.119 =0,118 0,09 0,530 0,507 0.450
30 0,132 =0.125 0,082 0,523 0,493 0.444
45 ~0,133 =0,132 . 0,074 0,518 0.498 0.411
60 «0,104 «0,196 0,073 0,525 0.479 0.415

8, 0.02 N HK 804 & 0,06% HOL in 0.05 N oxalic acid

5 <0.137 -0.112 0,095 0,531 0.480  0.431
10 -0.133 =0.110 0.098 0.557 0.48{ 0.433
15 ~0,132 =0,115 0,092 0,533 0,483 0,431
30 <0,128 =0,111 0,095 0,533 0.487 0.436
45 <0,108 ~0.108 0.096 0,548 0,492 0,437

60 «0.074 ~0.094 0,104 0,557 0.498 0.432
9. 0,04 N H, 80, & 0,06 ¥ HQL 4n 0,05 ¥ oxalic seid

5 «0,084 =0.051 0,145 0,574 0,518  0.447
10 «0.079 ~0,051 0,141 0.57% 0.50 0.439
15 ~0.077 =0.055 0,138 0,57 0.49 0.425
30 «0,079 =0.053 0.136 0.56§ 0,507 0.431
45 «0,076 «0,051 0,130 0,564 0.496 0.428

60 «0,095 ~=0,081 0,098 0.543 0.477 0,406

* Significant at 5 per gent lewvel
& 3ignificant at 1 per oent level



Table 58. Cosffigients of correlation betwesn P extirscted
by selected extrastanis and P uptake by
suocoesaive arops of rice

Peried of : P uptake by orops

equilibra~ .

tion, min 1 1242 1«3 1«4 1«5 1-6

10, 0,06 N H, 50, & 0,06 ¥ HGL in 0.05 ¥ oxalic aoid
5 ~0.077 ~0.047 0,179 0.558 0.542 0,506
10 ~0,069 <~0.046 0.180 0,561 0.547 0.511
15 ~0,052 =0,040 0,188 0.571 0,556 0.516
30 <0.046 ~0.032 0,194 0.580 0.560 0.515
45  =0.045 =0.0351 0,196 0.57¢ 0.566 0.515
60  =0.,025 =0.025 0,209 0,535 0.583 0,537

1. 0.08 35330‘ & 0,06 N HCQL in 0,05 N oxaliec asid

5 “0.125 =0.105 0,096 o.sa{ 0,500 0.448
10 ~0.114  =0.,095 0,107 0.538 0,518  0.456
15 “0.114 =0,099 0,100 0.532 0,508  0.455

30 ~0.117 =0.109 0,087 0.522 o.49§ 0. 444
45 ~0,110 =0.106 0,090 0.528 0,499 0.443
60 «0,105 <=0,107 0.088 0.527 0.501 0.443

12, 0,10 N EZ 80‘ % 0,06 ¥ HQ in 0,05 N oxalic acid

5 0,083 0,122 0,074 0.502 0.475 0.412
10 ‘00%5 ‘0.‘25 90070 00492 00‘73 00‘11
15 -0,082 ~0.123 0,072 0.499 0. 473 0.4
45 «0,085 ~0,135 0,060 0.48& 0.466 0,405
60 «0. 111 «0,170 0,025 0,453 O0.445 0,390

* 8Significant at 5 per cent level
*% 8ignifioant at 1 per cent level



Table 59.

1

Coeffiacients of eorrelation between P extrascted
by selected extrastants and P uptake by

suocessive orops of rioe

?‘rﬁ.‘béf
tlmg rin

P upteke by orops

1

1262 13 1-4 1-5 1-6

5

10
15
30
45
60

=-0.115
-0.112
-0, 108
=0.103
-0.082
~0.067

~0,098
-~0.091
-0,068
«~0,083
~0,076
=0,081

0111
0.115
0.114
00115
O.t22
0.115

0.544
0,547
0.544
0.548
0,559

0.562

0.507
0,510
0,508
0.512
0.513
0.515

0.457
0.459
0.462
0.462
0.454
0.448

14, 0.04 K !{z:so4 & 0,08 N HUL im 0,05 N oxalioc aoid

5
10
15
30
45
60

=0.112
~0.114
“0.113
-~0.110
~0.132
'00@1

-0,070
*00069
=-0,061
-0.054
«0,120
=0.059

0,123
0.126
0,135
0.143
0.083
04127

0.54T
00545
0.552

0,557

0,533
0.55¢

0,498
0,499
0,503
0.507
0,489
0.492

0.440
0,441
0.445
0.449
0.421
0' 425

15« 04,06 3“52 50‘ & 0,08 ¥ HOL in 0,05 N oxallis asid

5
10
15
30
45
60

=-0.028
~0.027
«~0.,0%9
-~0.0%35
-0,016

0.014

~0.024

-0,024

~0,029
-00 026
-0.015
-0, 001

0,186
0.130
0.180
0,183
0.188
0.192

0,533
0.535
0.588
0,589

0,589
0.588

0,571
0,564
0,569
0,569
0, 516’
0»598

0,517
0.514
0,508
0.507
0.52%
0.544

* 8Signifigant at 5 per cent level
** Significant at 1 per eent level
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Table 60,

130

Coeffioients of correlation between P extracted

succeseive orops of rioce.

by selected extractants and P uptake by

Period of
equilibra~
tion, min

P uptake by orops

1 1242 1=-3 14 1-=5 1«68

16, 0,08 ¥ 52180& & 0,08 N HQL 4in 0,05 N oxalio acid

5
10
15
30
45
60

0,122 ~0.,126
~0.123 ~0.121
~0,130 =0.127
~0.122 =0.,117
-0.,114 =0.121%
-0,096 =0,120

0,065
0.072
0,067

0,077

0.067
0.059

0.500
0,504
00501
04508
0.500

0,491

0.479:
0.483
0.481
0,486
0.487
0.479

0,430
0.436
0.435
0.439
0.432
0.423

17. 0,10 x_ggjso‘ & 0,08 N HCOL in 0,05 N oxelio aocid

5 ~0,001 =0,107 0,067
10 «0,101  =0.110 0,072
15 «0,102 =0,110 0,077
30 ~0.101  =0,106 0,077
45 «0.109 =0.114 0.068
60 ~0.122 =0.129 0.054
18. Bray No.1
5 0,055 0.038 0.197
20. BoAY Ba20s 0,057 0.093
21' By M 0,051 0,074
’ "OO037 ’00018 0Q222

22.

0,026 0.122 ~0,136

0.500
0.504
0,508
0,509

0,499

0.489

0,615
0,499
0.380
0.618

«0,104

0,463
0.436
0.464
0,471
OC 462
0,447

0,503
0.562
0.335
0.543
-0,237

0.404
0,411
0.415
0e415

.0.405
0,389

0,408
0.553
0,303
0.450

0,265

* Significant at 5 per cent level
** Signifiocant at 1 per gent lewvel
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of 0,085 & 0,05 oonaidered for oategorising the other
groups of soil,

3.1

The coefficientis of correlation presented in

Tables 61 to 66 showed that phosphorus extracted by
all the extrastants gave signifiocant positive
oorrelation with the cumulative phosphorus upteks in
this group of solls exvept extractant number 12
(0,10 ¥ Ke 80‘ & 0,06 N HOL in 0,05 ¥ oxalioc scid).
In the case of extrastant mumbers 1, 6, 16 and 17
phoaphorus extracted at the equilibration period of
60 minutes was not signifiecantly gorrelated with
ouwmulative uptake of phosphorus by plantes., 3Similarly
phoaphorus extrected by extraotant number 17 at the
equilibration periocd of 5 minutes was not correlated
with plant$ uptake, The oceffioienis of correlation
between the phoaphorus sxtragted by the axiractant
No.2 at the period of equilibration 5, 10 and 15
mimutes; extrastant No.3 at 5, 10, 15, 30 =nd 45
ainutes; extragtant No.4 at 5, 10, 15 and 30 minutes;

~

it



extragtant No,7 at 45 mimutes; sxtraotant No.8 at 5
and 10 ainutes; extrastant No.9 at 5, 10 and 30
minutes; extrastant No,10 at all the periods;
extraotant No.11 at 10 minutes; extrastant No.13%

at 5, 10, 15 and 30 mimites; extragtant No.14 at 15
and 30 minutes; exiraotant No.15 at 15 minutes and
phosphorus uptake by plants were significantly
aorrelated at 1 per oent level. The ooeffiolients of
correlation were comparatively higher in the oass of
extractent mmbers 3, 4, 10 and 13,

The smownts of phosphorus exirasted by all the
extiractants employed exsoept extraotant No.12 and 17
wers foud to be signifioamtly correlated at 5 per eent
level with the cumilative phosphorus uptake in this
group of soils. dowever, phosphorus axtracted at
cextain periods of equilibration in the case of some
of the extirsotanis were not correlatesd with phosphorus
uptake. They are extragtant Ne.2 at period of
equilibration 10 and 15 minutes; oxtrastunt No.5 at



45 and 60 mimutes; extrastant Fo.7 at 60 minutes;
extractant No.8 at all periods except 60 minutes;
extractant No.9 at all periods empept 5 and 10
minutea; extrastant Ho,10 at 5, 10 and 15 minutes;
sxtragtant No.11 at 10 minutes; extrsotant No,14
at 10 minutes; extrastant No.16 at 50 minutes. In
no case the ooerficients of correlation vere
significsnt at 1 pexr cent laevel.
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It is interesting to note that phosphorus
extragted by all the extractents at all the periods
of equilidbration was significently and positively
correlated with oumulative wuptake of phosphorus by
plats ir this croup of soile. The coefficients of

correlation vare signifigant even at 1 per oent
level in ths case of extrastant No.! at periods of
equilibration 30, 45 and 60 minutes and extrastant
No.15 at the period of equilibration 60 minmutes.



This group represents all the 18 solls selected
for the study. Significant positive gorrelation were
obtained beiween phosphorus extrsated dy exirastant
No.1, 2, 10 eng 15, phosphorus extraated at all
periods of equilidbration was ¢orrelated with cumlative
phosphorus uptake wheress phospherus extragted by
extrastant No.2 at periods of squilibratien 45 and 60
ainutes was not poaitively eorrelated with vhosphorus
uptake. It shouid be pointed out that only extractant
numbers 1, 2, 10 and 15 gave signifiocaui correlation
in a1l the 4 groupe of soils. Among these 4 extraotante,
¥o.10 (0.06 N H, 50, & 0,06 ¥ BOL in 0.05 ¥ oxalio acid)
and No.15 (C.06 N 112 S()4 & 0,08 N HC1 in 0.05 N oxalio
asid) mzy be conslidered svperfer to the other two in
consideration of the higher valuea for the coefficients
of correlation suindlished detween phosphorus upiake
in 4ifferent growups of soil and phosphorus extragted by
thegse extrectanta at different periods of equilibration.



Table 61. OCoeffisients of correlation between P extyragted
b{nulnm extrastants and P uptake rioe
(in groups based en the P% in leaves, 6th erop)
Periocd of P$ 1n leaves
equilibration, .
ain <0,025 {0,050 0,100  <0.200
1. a 72 F V
5 0,867 0.655 0.608  0.488
10 0.858 0,648 0.608  0.48%
15 0,868 0,658 0.613 0.49%
30 0.80% 0.648 0,68  0.48%
45 0.75% 0.631 o.5§8 00478
60 0,726 0.628 0.63%  0.478
2.
5 0.858 0.618 0,563  0.483
10 0.851 0.597 0,553  0.483
15 0.898 0.596 0.543  o0.48%
30 0.878 0.618 0.547  0.473
45 0.85% 0.608 0,543 0.466
60 0.833 0,608 0.538 0.455
3. 0,02 ¥ Hy 50, in 0.05 ¥ oxalic aoid
5 0.958 0.62% 0,538  0.449
10 0.97% 0.618 0,535  0.454
15 0,918 0,613 0,528  0.45%
30 0.9%% 0.613 0,530  0.445
" 45 0.88% 0.613 0.557  0.443
60 0.868 0.613 0,548 0. 444
a 7 " 16 18
n = No, of pairs of observation used for £
L e
* Significuat at 5 per eemt level

st Significant at 1 per oent level
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Table 62, Coefficients of eorrelation between P extracted
\znuluted extyastants and P uptake rioe
(in groups based en the PL in leaves, 6th aorop).

Period of P$ in leaves
:z:luhrauen, e ‘
<0,025 <0,050  <0.100 0,200
4. 0.04 N H, B0, in 0,03 F exalio seid
5 0.908 0.647 0.558  0.432
10 0.938 0.648 0.558  0.430
15 0.913 0.638 0,558  0.426
30 0.85% 0.638 0.568  0.411
45 0.81% 0.628 0,567  0.402
60 0.77} 0.62} 0,578  0.40%
5. 0,06 N Hy 50, in 0,05 ¥ exalis aoid
5 0,854 0.618 0.545  0.446
10 0,871 0.61% 0.547  0.449
15 0,871 0.628 0.558  0.454
30 0.848 0.618 0.559  0.461
45 0.808 0.598 0.558 0,452
60 0,765 0.583 00563 0,448

6« 0,08 N Hy 80, in 0,05 ¥ oxslic sold

5 0,884 0.635% 0.52%  0.428
10 0. 0,638 0,528  0.429
15 0,838 0,633 0,520  0.425
30 0.8H 0.635 0,528  0.424
45 0.825 0.634 0,528 0,410
60 0,753 0.603 0.518  0.388
a 7 1) % 18

n = No, of pairs of observation used for finding correlations

* Significant at 5 per oont level
** gignificant at 1 per oent level
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Table 63, Coefficientsof correlation betwsen P extrasted
by saelecoted extragotants and P uptaks bg rice

(in groups based on the P4 in leaves, 6th orop)
Period of B P4 in leaves |
miubraum.
< 0,025 <0.,050 (0,100 < 0,200
7. 0.10 N Hy 80, in 0.05 ¥ oxalio soid
5 0.84% 0.651 0.541 0,439
10  0.868 0.658 0,545  0.447
15 0.865 0,65% 0.548 0.450
30 o.a7§ 0.643 0.538 0444
45 0.893 0.65% 0.535 0.411
60 0.794 04595 0.524 0,415
8. 0,02 N Ky 50, & 0,06 ¥ HOL in 0,05 ¥ oxalic acid
5 0m8§5 04585 0.508  0.431
10 0.8} 0.568 0,514  0.43%
15 0.865 0.584 o.s1§ 0.431
30 0.86% 04593 0,518  0.436
A5 0.847 04593 0.525 0.437
60 0.805 0,603 0.548  0.432

9. 0.04!&280‘&0.06!5011310.05 N oxalie aoid

5 0,898 0.624 0.548 0,447
10 0.883 0.608 0.542  0.439
15 0,865 0.589 0.558  0.425
30 0.8} 0.598 0.535  0.431
45 0.86% 0,580 0.55  0.428
60 0,845 04551 0,518 0,406
n 7 11 16 18

n = No. 0f pairs of observation used for finding correlations

¢ Sigaificant ai 5 per cent level
*% Significant at 1 per cent level
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Table 64. OCoefficients eof acorrelation between F extraoted
selecoted extrustents and P uptake rice
groups based on the P4 in leaves, 5th orop)

Peried of P4 in lesves
equilidbration, - ‘
ain < 0,025 0,050 (0.100 {0.200

10, 0,06 N Hﬁ 804 & 0,06 N HUL im 0.05 N oxalic scid

5 0.918 0591 0.565 0.508
10~ 0.908 0.594 0.577  o.51%
15 0.898 0599 o.58  0.518
30 0.835 0.60% 0.588  0.518
43 0.899 0,602 0.583 0,519
60 0.855 0.624 0,611  0.53%

11. 0,08 ¥ K, 50, & 0.06 ¥ HAL in 0.05 ¥ oxalic aoid

5 0,863 0.63% 0,542  0.448
10 0,878 0,594 0.55%  0.456
15 0,865 0,658 0,550  C.45%
30 0,843 0.638 0.54]  0.444
45 0.833 04633 0.54F  0.443
60 0.82% 0,643 0,545  0.443

12, 0,10 3 2& SO‘ & 0,06 ¥ HCL 4n 0,05 ¥ oxalie acid

5 0,686 0,589 0,525  0.412
10 0,682 0.586 00523 0e411
15 0,680 0.589 0.528  0.411
30 0,683 04567 0e520 Oeb14
45 0,623 0.569 c.518 0.405
60 0,588 0,551 0.498 0,390
n 7 11 16 18

n = No, of pairs of observation used for findin; correlations

* Bigaificant at 5 par cent lovel
*% Sigaificant at 1 per cent level
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Table 65. Coeffioients of eorrelation detween P exirasted
by selected extragtants and P uptake rioe
(in groups based en the P4 in leaves, 6th orop)

Poriodbofu PL in leaves
anﬂ.l ration, - -
min | 0,025  <0.,050 {0,100  (0.200

13 0,02 W Kﬂa 804 & 0,08 N HOL in 0,05 ¥ oxalic aoid

5 0,902 0.641 0.54% 0,457
10 0,92 0,645 0.548  0.459
15 0,899 0,643 0,545 00462
30 0.994 0.64% 0.548  0.462
45 .87} 0,650 0,558  0.454
60 0,857 0.65% 0,550 0,448

14, 0.04 N H, 50, & 0.03 ¥ HOL in 0.05 N oxalio aoid

5 0,858 0.625 0.545 0,440
10 0,968 0,623 0.544 0,441
15 0.883% 0.628 0.545  0.445
30 0.859 0.628 0.54%  0.449
45 0.858 0.62% 0,533 0,421
60 0.824 0.594 0.542  0.425

15. 0.06 ¥ HLSO4 & 0,08 ¥ HCGL in 0.05 N oxalic acid

5 0,855 0.664 0,613  0.51%
10 0.860 0.665 - 0.609 0.514
15 0.8%5 0.668 0.60% 0.508
30 0.863 0.663% 0.608 0,50}
45 0.845 0.663 0,645  0.528
60 0.80% 0,665 0.653  0.54%

n 7 " 16 18

n = §o, of pairs of observation used for finding correlstions

* Bignificant at 5 per ocent level
*+ 8ignificant at 1 per osnt level



Table 66, Ooefficienis of correlation between P extraoted
selegted extraotants g& P uptake rice
(in groups based on the in leaves, 6th crop)

Period of P% in leaves
equilibration,
nin <0,025 (0.050 {0.100 <0200

16, 0.08 ¥ &80‘ & 0,08 ¥ BEQL in 0.05 N oxalic anid

5 0,803 0.61% 0,520 0,430
10 0.81%  0.618 0,535  0.436
15 0,82} 0,613 06520 04435
30 0.823 0.622 0,535 0,439
45 0.731 0.60) 0,532 0.432
60 04731 04597 0,531  0.423
17. 0.10 K H, 80, & 0.08 ¥ HOL in 0.05 N oxalic sold
5 0,727 06570 0,516 0,404
10 0.758 06564 0,518  0.411
15 0,778 04591 0.523 0,415
30 0,773 0,585 0.52  o0.415
45 0,758 0,575 0,517 0,405
60 0,727 0552 0.508 00389
18. Bray No.l 0,715 0.459 0.530 0,408
19. Bray No.2 0.716 0.65% 0,603 0,553
20. Bray Fo.4 0,534 0.306 0.379 0,303
21. Qlsen 04835 0,641 0,558  0.450
22. Trow -0,648 ~0.403 ~0.219  =0.265
n 7 11 16 18

R = No, of pairs of chaervation used for finding correlations

» Significent at 5 ner cent level
** Significant at 1 per cent level



Regarding the optimmm peried of equilidration,
& period of 30 ainutes should de considered superior
since this is the miniwum peried by which the major
part of the phosphorus is drought into selution
and thereafter there is only a slov release of
phosphorus at a constant rate. PFixing the optimum
period of equilibration as 30 mimtes, extraotant
No.10 oan be oonsidered slightly superior to
extragtant No.15 since the coeffieient of correlation
betwesn phosphorus extrasted for the first group of
s0il and phosphorus uptake by plant is significant
even at 1 per oent level in the case of extraotant
¥0.10, whereas the correspending coeffiscient of
ocorrelation for extraotant No.15 is significant enly
at 5 per oent level,

Since 0,03 N amsonium flworide in 0,025 N
hydrochloric acid (Bray No.1) is a method adopted by
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the soil testing laboratories at present in estimating
the avallable phosphorus in soil, a eomparison between
the patterm of phospherus releass by Bray No.1
extragstants at 4ifferent periods of time and that

of the extractant empleyed in the study had been
already made and discussed, The relationship dstween
phosphorus extraoted by Bray No.! extragtant and the
cumulative phosphorus uptaks by the orop was examined.
Data presented in Table 66 shows that phoaphorus
extragted by Bray No.1 falls 40 aorrelate signifioantly
with the phoephorus uptake by e¢rops in soil groups
No.1, 2 and 4 showing that Rray No.1 is not an
efficient extrastant for the estimation of total
available phosphate reserve (Ra-value) of the soil.,
Thus the present study recommends the sxiractant

0.06 N sulphuric agid and 0.06 ¥ hydroohlerioc aaid

in 0,05 ¥ oxalis soid wvith sn equilidration period of
30 minutes and soil selution ratio 1 3 10 as a better
method for estimating the total available phosphorus
reserve (Ra~valus) of the seil.
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Regression equations werse established between
phosphrus extraoted by 0,06 ¥ sulphurioc aoid and
0.06 N hydrochloric acid im 0.05 N oxalic acid for an
equilibration period of 30 minutes and the cumulative
phosphorus uptake at the end of aixth orop in different
groups of soils. The linear regression equations were:

Y = 0,0807X +» 55,82 for the first group of soils

Y = 0,0714X + 58,56 for the second group of soils

Y = 0,0624X + 61,51 for the third group of soils and

Y = 0,0585X + 63.09 for the fourth group of soils,
where X was the phosphorus extrascted by the triple aocid
extrastant in ppa and Y was phosphorus taken up by
plents in ppm. In the case of group No.! soils a unit
inorease in the phosphorus extracted by the triple soid
results in 0.0807 wnit inerease in the cumulative
uptake of phosphorus by plants. Similar coefficients
of regression in the oase of group No,2, No.3 and
Ko.4 of soils were 0.0714, 0.0624 and 0.0585. Though
these regression equations make the prediotion of
"Ra~values” possible, they do not satisfy the
requirenent for the determination of the extent of



skipping phosphorus spplication pessible., Oonsidering
the soil group No.1 for sm extracted phoaphorus wvalue
of 307.1 ppm which is the highsst value recorded in

the present study, the corresponding "Ra~valus” will

be 80.60 ppm and for an extrssted phosphorus value of
51.2 wvhich is the lowest wvalus recorded in the stwdy
the oorresponding “"Ra~value” will bs 59.95 ppm. Thus
vhen the extrasted values varied from 51.2 to 307.1

the oaloulated "Ha~valuss” varied from 59.95 to 80.60 ppm.
This shows that the range of variation in "Ra~value”
that ocan be covered by variation in the extracted
phosphorus values is rather limited. With the

exasmple quoted the total varistion in "Ra~value” is only
20,65 ppm whieh will oorrespond to 45.43 kg/ha which

is only to the tune of ths recommendation of = rioce
orop. In determining the poasibility of skipping of
phosphorus application this mush variation may not

be sufficient. This may de probably due to poor
variation in the available phospherus reserve (Ra-value)
of soil present in the soll seleotied for analysis.

As per these regression egquationa, wihen the ourve is
extrapolated, an extrasted phosphorus value of

0 ppm will correspondtto an "Ra~value” of 55.82 ppn

in the case of first group of soil which will mean
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122.80 kg/ha. Same is the case with regression
egquation observed in the other groups of éoﬂ.n.

This shows that such a high amount of reserve
phosphorus present in seil ia not reflected by the
values of phosphorus extracted and as a rosul;
skipping of phesphorus application for making use

of this phosphorus reserve (Ra-value) ocannot be
precissly predioted by extracted phosphorus values
by the method propesed. Though the triple acid
method proposed gave better correlation its
efficiensy in employing as a tool for the prediation
of skipping phosphorus applioation is not satisfactory
probably beosuse of the limited variation in the
"Ra~values™ in the soils selected for study. It
therefore appears nscessary 0 test the performance
of this extrastant in a group of soils whioh widely
vary in their "Ra-values”. However the triple scid
method finally selected in the study can be
oonsidered as a definite improvement cover the
existing method (Bray No.1), eince the triple soid
method gave better correlestions with P uptake and
“Ra=values: Regression equation established detween
Bray Ko.1 extrasted P and "Ra~valuss"” also possessed
the same drav back that when extrapolated, a valus of



e
v
.
- H
o
o~ T
.
I
[
- -

£
-
Ir.

e . —— e —— . — . —— ]

&0

20

s

40

20

20

18-

[

(22 of

oy




el ~ '

¢
.
551
i | ]
o 20 40 &
N 1 vyry
' vy
S L . T, \ o - BN ,
i e IR RSO RS I ] i R0 . ! N ‘
- - R, P E . s .
R T N 10 ; STy P AN N » Ty )




146

0 ppm extracted P ocorrespondsto 57.42 ppm

(126.32 kg P/ha) which ia obviously not within

the range of prediotion for the pwrposes of
skipping phesphorus appliocation based on caloulated
"Ra-values”.



SUMMARY



SUMMARY

A pot culture experiment and in vitro studlies
were condusted in lateritic soils of midland Kerals
to svolve & sultsble laboratory chemical method for
the estimation of phosphate reserve (Ra~value) which
will be available to the plants over a reasonably
long period of time. Ihe findings are summarised
below:

1+« Among the commonly used five extrastants
for the estimation of available phosphorus (Bray No.1,
Bray No.2, Bray No.4, Olsen's and Truog's) Bray No. 2
snd Bray No.4 extracted muoh higher quentities of
phoaphorus.

2. Inereasing the strength of hydrochlorie
aocid from 0,04 N to 0.10 ¥ 4414 not have any pronounded
infiuence on the amount of phosphorus extiraoted.

Among the warious conoentrations of hydroohlorie asid
tried 0,06 N aoid extrasted the maximum amownt of
phosphorus from the soil. Oempared to Bray No.! the
performance of hydrochloric acid was very poor.
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3. Sulphurie aoid when employed at oonocentrations



anslogous to that of hydreghloric acid extracted
higher quantities of soil phosphorus. Fhoaphorus
extraoted at varicus concentrations correlated with
the cwmulative phosphorus uptake value at the end
of the sixth orop.

4, In the case of both sulphurio and
hydrochlorie agid extrastanis, the major part of
phosphorus was extragted within 30 minutes of
equilibration and thereafter the relesse vas very

slow, at a constant rate.

5 OCombinations of sulphuric asid and
hydrechloric acid, extracted higher quantities of
phosphorus from soil than the individual acide and

the influence was more profowmd at lower conoentrations.

6, The pattern of release of phwsephorus dy
mineral eoids during the varying periods of
equilibration was highly fiuctuating eapsolally
whan the acids were used individually. However the
degree of flustuation was oonsiderably less when the
combinationsof aclis were employed.

7. Among the mineral acid extrastants,



phosphorus extracted by the eomdbination of 0,06 ¥
sulphuric acid in 0,06 ¥ hydroohloric agid and

" 0,06 N sulphuric asid in 0.08 N hydrochloric acid
possesgsad the higheat dagree of oorrelation with

the "“Ra~valus”.

8., Based on the resulta of the prelimiaary
sorsening trial of mineral soid extragtants, 17 of
them were carried forward for further studies. Ihe
main oriterion in selecting these extrsctants wass
the consistenoy in the pattern of phoaphorus released
by theae extractants at inoreasing periods of
equilibration.

9. A pilot study for the seleotion of
organioc acids and their concentration for ohelated
system revealed that resorptiion of phosphorus from
solution can be effectivaely prevented by employing
organic acids and the amount of phosphorus extrasted
by ths mineral asids can be inoreased by the presence
of organic a20ids. Oxalic acid was more effesotive
tasn acetic md eltric aclds in this respect.

Orgenic acids at the strength of 0.05 N were as
efficlient as at 0.10 ¥ in extraoting sad chelating
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phoaphorus from the soll. Therefore oxallo acid at
the strength of 0.05 ¥ was employed along with the
17 ainerzal acid extractanis selected.

10, For the mineral mmd organic acid
combinations, & period ef equilidbration not less than
30 minutes was oonsidered soritioal and optimm,

11, The coeffieients of correlation obtained
between phosphorus extirsated by the chelated
extraotants and cumlative phosphorus uptake ware
signiticant in soils in whioh the perocentage of
phosphorus in plant ran below 0,025, PMixing the
optimun period of equilibration as 30 minutes,
extrastant No.10 (0,06 X K280‘ & 0.06 ¥ HOL 4n 0.05 W
oxalie acid) was foumd te be superior to the
remaining oombinations.

12. Phosphorus extraeted by Bray Ko.1
falled to oorrelate significsatly with phosphorus
uptakes by orops in eoil grewps in whioch tae
percentage phosphorus contemnt ot’plants were below
0,025, 0.05 end 0.20 showing that Brmy No.1 is not
an effigient extragtant for the estimation of "“Ra-value™



of the soll, Thus the present study recommends tne
extragtant 9.06 ¥ H,S0, and 0,06 ¥ HOL {n 0.05 ¥
oxalic aoid with an squilibration perfod of 30 minutes
and soil sclution ratio 1 2 10 as & better method for
estimating the total avallable phosphorus (Ra~velus).

13, Though the triple soid method proposed
gave better correlation, its efficienoy in employing
as a tool for ﬁxs prediotion of skipping phosphorus
spplication is not satisfsotory sinoe the regresalon
equation established between nhosphorus extraoted
and “Ra-values” is valid only for a short range of
“Ra=values”. This was due to the limited variation
observed in the "Ra~values™ of ithe soils seleoted
for the study. The performance of this extract.nt
in predicting the "Ra~-valus” of solls and the
possibility of mypm phosphorus appiloation can
therefore de juiged only after trying this method
in a set of soils highly verying in their "Ra-valuea™,
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Appendix I. Ilocation and texture of the soil selected
for ths study.
ol Looation Textural clsss
1. Enssavu c.r. sandy loam
24 Pattambi R.R.8. elay loam
Be Pattambi C.F. silt loam
4. Pattambl R.R.8. oclay loam
Se Pattambi R.R.8. clay losm
6. Mannuthy R.R.S., loan
7. Koshinjampara O.F. silt losm
8. Msnnuathy ReR.8. loam
9. Pattambi R.R.8. sanldy elay
10, Pudukksd C.F. silt loam
11. Chittanjoor C.P. sandy loam
12, Ewmankul am C.P. sandy loam
13. Chal akkudy AJR.8, olay losm
14. Chittanjoor C.P, silt loam
15. Madakkathra CeP, sandy clay loan
16. Triobur C.P, silt losa
7. Vellanikkara C.H. silty alay loam
18. Palghat CePs loam
C.P, eultivators field.
R.Re8. rice researoh station,
A«R.3. agronomic research station.
C.H. oollege of horticulture,
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Appendix II. Details of rige erope growm
No. of No. of Seed
Crop Date of Date of days plants asterial
No. soving harvest grovn per pot used
1 11-8~-78 10-10-78 60 75 germinated
seeds
2 21-10-78 20-12-78 60 75 germinated
\ ecads
3 31-12=78  14-2~T9 45 25 15 eld
seedl
4 16-2-79 2-4-T79 45 25 15 days old
seedlings
5 5-4=T9 20-5-79 45 25 15 days old
seedl ings
6 22-5-79 6-T-79 45 25 15 old
seedl
Rioe variety gromm -~ “IR-8"



Appendix 7177

Relationship between 304l properties and
P uptake by suceessive erops of rige

(csefliciemts of correlation)

P uptake by erops

3.

¥o. Seil properties 1 1282 1-3 14 1-5
t. pH 0,262 0,299 -0,162 0,495 0.344
2, E0 <0,180 <0,146 0,106 0,004 0,266
3. Orgsnic earben =0.054 0,073 0.105 0.106 0.174
4. Total ? <0.350 =0,305 0,354 0,099 0.122
5 Avallable P
a) Bray No. 0.055 0,038 0,197 0.613 0.50%
) Bray No.2  =0,005 =0,0%7 0,093 0.493 0,563
0) Bray No.4  ~0,234 0,051 =0.074 0,330 0,335
d) Olsen ~0.037 0,018 0,222 0,618 0.543
e) Trueg 0,026 0,122 =0,136 =0,104 =0,237

* Significsnt at & per cent level

*» Significant at 1 per oent level



Appendix 1V

P uptake by successive orops of rios

Coeffiocients of correlation between P extrasted by minersl soids and

S1.

P uptake by crops
-

¥o. Extractants 1 12 1-3 1-4 1=5
1« 0.04 N HOL 0.205 0,168 0.250 0.436 0.269
2. 0,06 ¥ HOL 0.084 0,045  0.136  0.28% 04331
3. 0.08 N HQ1 0.163  0.162  0.125  0.355 0.352
4. 0.10 X HOL 0.103 0,062  0.205  0.553 0.4%8
5. 0.02 ¥ B, 50, 0.172 0,191  0.288  0.557 0.359
6. 0.04 X K, 80, 0.029 0,088  0.176  0.57% 0.48%
7. 0.06 ¥ H, 80, 0.008 ~0.018  0.126 0,558 0.478
8. 0.08 N H, 80, -0.062  ~0.115  0.056 0,493 0,442
9. 0.10 ¥ K, S0, -0,097 -0.141  0.057  0.513 0.485
10. 0.02 ¥ H, 30, in 0.04 ¥ HOL -0.085  =0.150  =0.075  0.219 0.226
1. 0.02 ¥ Hy 50, in 0.06 N HOL -0,026  -0.084  0.086  0.533 0.487
(Contd...)
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(w IV

oontdeee)

P uptake by orops

So. Extrastants 1 182 1-3 1-~4 1-5
12. 0.02 ¥ H, 80, in 0.08 ¥ HOL -0.014  -0,060 0,112  0.55% 0.508
13. 0.02 N H, SO, fn 0.10 X HQ 0,065 . 0.11% 0,084  0.53% 0.498
14. 0.04 ¥ H, S0, in 0.04 § HOL 0,045  =0.142  <0.004  0.447 0.401
15. 0.04 ¥ 5, 80, in 0.06 ¥ HQL 0,092  ~C.046° 0,053 0,271 0.134
16. 0.04 ¥ H, 50, in 0.08 N HOL 0,150 0,114 0,024  0.457 0.425
17. 0.04 N I, 50, tn 0.10 ¥ HQ 0,182  =0.192 0,001  0.430 0,451
18, 0.06 N i, 50, fn 0.04 ¥ KGL «0.138  =0.183  -0.018 0,421 0.353
19. 0.06 ¥ K, 30, in 0,06 ¥ HOL 0,138  =0.098  0.223  0.57% 0.53%
20. 0.06 ¥ H, 30, in 0.08 ¥ HQL 0.045 =0.002  0.216  0.638 .65
21. 0.06 K H, 80, in 0.10 N HOL 0,075  ~0.139 0.016 0.446 0.456
22. 0.08 ¥ H, 80, fn 0.04 ¥ HOL -0.002  -0.035  0.066 0,503 0.483
23. 0.08 N H, 80, in 0.06 ¥ Hl ~0.008  =0.135 0,051  0.493 0.48¥
(Contd...)
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(Appendix 1V ocontd...)

P nptake by srops

gﬁ’ Extractants » |

. 1 1&2 1=-3 1 -4 1-5
24. 0.08 N K, 80, in 0.08 ¥ HOL 0,126  =0.292 0.021 0.466 0.4356
25, 0.08 N H, 30, in 0,10 N HOL «0.155  =2,196 -0.008  0.441% 0.434
26. 0.10 W H, 50, in 0.04 ¥ HO1 -0.132  -0,008  ~0,003 0.273 0.163
27. 0.10 ¥ K, 80, in 0.06 N HQL ~0.123  =0.162 0,032 0.466 0. 454
28. 0,10 ¥ H, 80, in 0,08 ¥ HOL -0.114  -0.142 0,050  0.488 0,472
29. 0.10 N H, 80, in 0.10 N HQl ~0.104 =0.120  0.068 0,502 0.538

* Significent at 5 per cent level

** gignificsnt at 1 per cent level
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ABS8TRACOCT

A laboratory study including a pot oulture
experiment was carried out using 18 lateritie soil
to evolve a sultable laboratory chemical method as
an index for the estimation of available phosphate
reserve (Ra~value). The total plant removable
phosphorus of the s0ils was dete.mined growing rioce
(variety IR-8) continuously in soils taken in pots,
t11l the content of phosphorus in plants became dbelow
the oritioal level. The pot oculture experiment was
designed in eompletely randomised design with 18
treatments (soils) and 3 replioations.

To evolve a suitable extractant for the
estimation of “Ra-value” H,80, end HOl at different
oonoentrations and combinations were tried. Out of
the 29 extractants employed, 17 were selected dasecd
on their consigtence in the pattern of phesphorus
release and the amownt of phesphorus extraoted. From
2 pilot study, in vwhich different organic acids at
different oonsentrations were sareened, oxalic acid
at the strength of 0.05 N was seleocted as the best
- chelating agent to be employed with the 17 mineral

aoid combinations.



The results showed that compared to Bray No.t,
the performange of HCl was very poor amd had only a
little pronounced influmse on the extrasction of

phosphorus.

Sulphuric agid at saalegous oconsentrations
extracted higher quantities of phosphorus and
obtained dotter correlations with phosphorus uptake
values at the end of 6th orop.

Combinations of minersl acids extraoted
higher quantities of phosphorus from soil than the
individual acids, with a pronounged influence at

lower congentrations,

The pattern of release of phoophorus
fluotusted widely when the aineral soids were used
individually, but the degree of flustuation was
considersbly less when employed in oombination. In
all the above cases the major part of phosphorus
was extragted within 30 mimutes and thereafter the

release vas very slov.

The pilot study uployo:l in the selection of
organic acide for chelated system, to prevent



the reserption of phum into the soil from the
solution, revealed that resorption of phosphorus from
the solution oan be sffectively prevented by employing
organic acids; the amownt of phoaphorus extrasted by
the mineral acids oan be inoreased by the presence

of organic acids notably oxalie acid and acids at

the strengths of 0,05 N were as good as 0,10 N in
their effects on the extrastion of soil phosphorus.

A period of equilibration not less than 30
ainutes was oonsidered oritical amd optimum,

The extrastmt No,10 (0,06 ¥ 8280‘ & 0,06 ¥ HCL
in 0.05 ¥ oxalio acid) was found to be superior to
the remaining combinations and gave better correlation
with"Ra~values” of the soil. Phosphorus extrsoted by
Bray No.1 falled to correlate signifiommtly with
phosphorus uptake dy orops in seil groups in which
the percentage ~ phosphorus content of plants were
below 0,025, 0.05 and 0.2 shewing that Bray No.1 is
not an effioient extractant for ths estimation of
“Ra~valus” of the soil. Thus the present study
recosmend the oxtrastant 0,06 N Hy80, and 0,06 N HO1
in 0.05 ¥ oxalio acid with an equilibration period ef



30 minutes and soil solutien ratio 1 : 10 as a better
method fer estimating the "Ra~valune”,

Regression equation hnyun phosphorus extracted
by this method and "Ra-value” wss established. Singe
varistion in "Ra-valuss® of the soils seleoted was
rather narrow, ﬂ‘u application of this equation in
prediocting the possibility of skipping phosphorus
application in soils appeared very much limited.



