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IRTRODUCTION

From a practical stsnd point soil sclentists
ara interested in plaont nutrition in relstion to soil
coznpoaition,[ in order tc develop relationships botweon
the compesition of the soil as determined in the lgboras
tory and crop response obtained from added nutrients in
the ficlds Such re) ationships serve as the bhasis for
advising farmers concerning fertiliser gppiications.

A chemical mathod for determining avallable
phosphorus in zoils was suggested at the turn of this
cantury and 1t did gain wide acceptances Since then
much progress hag been mpde. But most of the soil
phosphorus avsilable to crops have been developed smpie
rically rather than from an estimation of the phosphorua
fractions which are actuplly reiated to availability.
any of these methods glves satisfactory results only
vithin restrieted groups of soilsy and is not applicable
in g gsneral way to all groups of solls. (3011 Test
Work Groupy, Naticnal Rasegrch Committae. Soil tests
compared with field, green houss and lgtoratory resul ts.
North Carolina Agr.Exp.Sta.Tech.,Bull. 121,1956).

In order that test valuas for avallable phogphorus
determined by various methods are useful to prediet tho
phosphorus needs of a ¢rop, 1t is essential to develop



relationships between the test valuos on different soils
and tho response of the crop from added phosphorus,

Another problom which has racelved very little
attention ip the effect of drying the soil prior to
sanpling and testing. Alr drying has shown markedly
to alter the avallability of nitrogen, phosphorus snd
potassium. There is considerable cvidence to show that
when solls are kept moist the avallable phosphorus ine
creases, Basgk and Ghattacharya (1961} hava shown that
there 1s an increase of 64 percent of available phosphorus -
in water-logged solls during the period from planting to
tiliering stage in the case of rice, a period of approxi-
mately twenty days to one month, Tor thesa reasons a
sgmple teated after drying, especinlly in the case of
riee solls, connot be ccnsidered as representative of
the field solls. This is an aspect that should be given
due conslderation in testing rice paddy soils for
avallable phosphorus.

The rice goils of Kerals include a wide range of
soll types, viz. laterite soils, found in Trivondrum,
Quilen, Trichur, Palghat, Kozhikode and Cannanore District;
Sandy soils (coastal alluvium) occurring in the Onattukara
region of Quilon and Alleppey Distriets; and Peat soils
(Kard) riverborne elluvium (Karspadom) snd leke bed soil
(kaysl) of the Kuttanad region comprising aAlleppey,
Kottoyam and Ernakulsam digtricts.



The Kuttanad region in wvhich the present study
is projected, covers an arsa of atout 400 sq. miles,
meinly devoted to the cultivation of rice. The golls
of this tract are submerged under water during the
greater part of the year and are subject to periodieal
inundation with sea water,

The goll test summaries prepared by the Soil
Testing Laboratory, Vellaysni in raspect of over 10,000
ssmples collected from Kutignad, using Braoy No. I
Roagent as extractant, show that about 80 percent of the
solls is low in available phosphorus, Studies condv=-
cted by Koshy md Brito Mutunayasgom (1964) revesl that
the fixation of phospha;_t;s in these soil; is primavily
a chamleagl pracipitation reaction invelving ivon and
aluninium rather than aon gpbsorption type of reaction.

Fleld experiments conducted over a number of
years by Agricultural Research Statlons located in
Kuttanad have given inconsistent results (Poti, 1564)
or low response to phosphatic fertilisers (A;nual reports
of the CHM.A. Scheme 1964). The need was, therefore,
felt for a resppraisa) of the phosphorus test methods
end related aspeots of the problem and henee the present
study was undertoken with following objectives:

(1) To evaluate some of the important extractants



for the datermination of avallable phosphorus,
/ on sirdried semples and on samples incubated
at water holding ecapacity.

(11) To study some of the iwportant chamleal
charactoristics of the soils of the area and
their influence on the availgble phosphorus

an dotermined by various extractents.

(111) To eorrelats the available phosphorus estimated
by chomicsl methods with that determined by
Neubauer test method and pot culture exzperiments,

(iv) 7To determine response of rice plants grown on
river borne alluvial soils (Koraspadom soils)
of Ruttanad having videly different tost
valuas for availalle phogsphorus, to graded
doses ¢f andded phosphorus.
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REVIEW OF LITERATURE

Liebig (1840) and Way (1880) demonstrated that
phosphorus might be retained in the soil in an unavailable
forme Since then soil chemists hgve attempted to estimate
the amount of avallable phosphorus in soils by wvarious
nethods. These methods include different chemical reagents
for extracting the soluble phosphorus. In many of these
methods attempts wore made to simulate conditions existing
in the roots or surfaces between root/:s and soil particle.
Insplte of this none of the methods so far suggested has
been proved as g suitable one for determining plant
availatle phosphorus in soils. Literature on this subject
1s rather voluminous and so only such works as are pertinent

to the present study are reviewed here.
[o] ut t £ 3

Various organic acids have been used by different
workers as exXtracting reagents for gvallable phosphorus.
One of the earliest methods vwhich is still in use 1s that
of Dyer (1894) who used one percent citric acld. Egner
(1241) and Rlehm (19242) suggested the use of lactate
buffer, while Hibbard (1931) employed acetic acld and Brown
(1240) used acetate buffer as extractants for determining
phosphate availability. Dilute mineral acids have been

used by several workers for the extraction of avallable



soil phosphorus. Von slgwond (1929) uged 0,1 W Nitrie
acld whereas 0.2 N nitric acld was used earlier by Fraps
(1904). Baver and Burner (1939) and Olsen (1949)
extracted available phosphorus with 0.3 ¥ hydrochlorie
acld and 0.7 ¥ hydrochloric acid mixed with gmmonium
molyhdate respsctivaely.

Truog (1950} used 0,002 ¥ sulphuric acid tuffered
at pH 3 with Armonium sulphate in a soil solvent ratio of
1200 whereas the same extractant in the ratio of 11100
vas used by Peech gt gl (1947). Morgan (1935) used
acetic ncid buffercd to pH 4.8 with sodium acetate for
estimation of available phosphorus. Beater (1949) used
K/22 sulphuric acid buffered with sodium borate at pH 1.5
for this purpoge. Gheni (1943) employed & hydroxy guino-
1line in scetic acld as an eztractsnt and reccmmended its
uge for acid solls containing higher proportions of active
geguioxides.

2s.0s0 of glkaljes as extractentss

Darke and Sheffer (1928) used cslcium bicartonate
and Das (1930) used 1 percent potassium caritonate for
dissolving availabke soll phosphorus. Lasstsch 1941)
employed potassium blcarbohate solution with advantage to
replace exchangasble phosphorus. Olsen (1954) proposed
the use of 0,5 N sodium hydroxide solution for tropleal



soils while Williams (1050) suggested 0.1 N sodium
hydroxide for btoth acldic and alkaline soils. Rubins
(1953) found extraction with 0,5 N sodium hydroxide
suitable for Qetermining avallable phosphorus in acid
goilse Saunders (1956) developed a method using hot
0.1 N sodium hydroxide snd obtained gsatisfaclory results
for some of the Fhodesign solls.

[») ond. A3 roact 2

Bray and Kurtz (1946) have developed a method for
the extraction of available phosphorus unging dllute acid
solutions of ammonium fluoride. The two reagents recom=
mended by these workers are 0.03 N gmmonium fluoride in
0,025 ¥ hydrochloric acidy and 0.08 N gmmonium fluoride
in 0.1 N hydrochloric acid. The former extracts only
the adsorbed fraction while EE lattor extracts a part of

tho acld solutle phosphorus.

4. Comparisop of different mothods tged for extracting
available vhogphorug,

In caleareous soils Das (1926) found that extraction
with potassium carbonate yielded more satisfactory rasults
than wvhen dllute acids were used as extractants. Hoeken
end Smith (1933) comparsd dlfferent soil testing methods
in czleareous solls ané found that phosphorus sxtracted



by potassium carbongte showed high correlation with

crop yiclds. Anderson and Notle (1937) compared
different reggents on neutral snd acid soils gnd found
that 'phosphates extracted by acids gave generally
better correlations with erop ylelds, Olson (3945)
used 0.7 R hydrechloric acid as an extractant and corre-
lation with yicld of cotton was found to bo erratic.
Rubins end Dean {1946) compared Truogs, Morgens, Egner's
and Neubauer's methods and found that there is a high
degrea of correlation between the different chemieal

methodse But the dagree of correlation between neubauer

mnethod and different chemleal methods was not cloge. Datta

and Kamath (1959) compared pine different methods and
evaluated them using percentage yield response gnd 'A’
veluese They found that the performance of sodium bi=
carbonagte method to be the bost. Bouyer (1959) ecompared
different mothods and obtained high correlaetion among the
amovnts of gvailable phosphate determined by Bray and
Kurtz (1946), Olsen (1954) =nd Ssunder (1956) and total
phosphoric acld content. MHiller (1960) found that
extraction with sulphuric acid aomonium fluoride reagent
(both Dal and 0.03 N) gave the most satisfactory values
for available phosphorus as determined by crop response.
He also observed that soll type detemmined to a large
extent the correlation between yleld of the crop and
phosphorug extracted by the different methods.



Swaninathen (1960) compared the amounts of phosphorus
extracted from 14 potato s0ils by nine rapid chemiesl
test methods and found that the reagents suggested by
Troug, Spurway =G Bray as well as 2.5 ¥ acetic acid
and 1 percant citric acid had similer capaclties for
oxtracting availabie phosphoruss Though the phosphorus
index obtained from each test was positively correlated
though not significantly with the aversge percentsge
yiold valuses in each case, Olsen's method gave maximum
dograe of correlation with erop responge in these solls.
Eleven rapid methods for phosphorus were evaluated as to
their desirability for predicting response to amdded
phosphorus in two reddish brown laterite soils of Oregon
by Alban et gl (1964),

Avallable phosphorus in relation to soll
rhosphorus fractionse

A s0il phosphorus test should provide a quaenti-
tative measure of the degree to which guantities of
rlant gvailable phosphorug are related to the various
gsoll phosphorus fractions, Since total gwount of soil
phosphorug ean be accurately determined, its relaticnship
to plant phosphorus availabllity mey be utilized for
improving the rapid phosphorus scil test techniques in

TOpUue,
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KATER&ALS AND METHODS
I
h
S0}l _samplos and ghepdonl apnalysogt
I

34 samplkes of surface soils (0-6"), typical of
the three soil :i!:y;:es in Kutienad viz. river torne
alluvium (Eax_'m:Pgm). peat (Xar{)and lake bed soil (Xaval)
woere collected ][for the present study. Of these 8 samples
wore of the kgrl type, 22 represented the kargpnadop region
end 4 wvere i‘mm[} the kayal landse The soils showed wide
variation in d'x:faracteristies, the pH values ranging from
&2 to 5.9 and the organlic carbon content from 0.,9% to
16, 63%. [;

A conplc?l:te rocord of the past fertilisation that
thege soils re?;eived was compiled from the loeal cultis
vatorsy The d_{ata show that 12 fields had not resceived
any phosphaticjffartinser though all the fields were under
l:s:l.rigll.o crop paddy lands for several years.

b
The ssmp[les wors air dried, passed through a 2 mm

cultivation as

sleve and stored in wide-mouthed glass btottles with screw

eaps prior to a{nalysis. The results of chemical analysis
are given in T%ble 1.
i
The pH off the soils was measured in the fregh

l
samples and after drying using a glass electrode in 1:2.5

!
Alution with rfust:llled water,

|
I
¥



il
!
Exdwnaeable sluminium, hydrogen and iron, were

determined by the methods of Yuan (1959) snd Coleman et
81 (1959) as modi tied by Cate and Sukhal (1964), Yater
goluble aluminiun; and iron wore dstermined by the methods
described by Cate and Sukhel (1964). Organic esrbon was
estimated bty the Walkley and Black methed (Piper, 1950)
and eation oxchax}:ge capacity and gnion exchange cspacity
by the method outlined in Piper (1950) s Conductivity
of 116 oxtracts ‘;as determined using the Solu-bridge
(U.S+D.Ae Hand book Ho.€0),

Total phosrborus wags determined by wet ashing
one gram of soil ;!w:lth 10 ml. of sulphuric anecidy 20 ml. of
nitric pcld gnd ﬁina:lly two or three ml. of perchloric
acie to give a clear sclution. The golution was made
to 100 ml. and the phosphorus determined colorimetrieally
using stannous cl"llors.de a8 reducing agent. (Jackson, 1958).

Four soll test methods were used to svaluate the
avallable phoaphérus status in these soile. The methods
employed vith details of the constituents of the extracting
golution, soil bo solution ratio and time of shaking are
given belowt i
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b Soil to Time
Hethod Extraeting solution solution of
:l ratio shaking
I
1. Bray No. 1 0L03 K smmontus
fluoride in 0,025 ¥ 1310 10 minutes
hydrochloric acid.
|
2. Bray Fo.2 0%3 N gomopium
filuoride 0.1 N 1256 10 winutes
hydrochlorie aclid.
|
3. Olsen 046 M sodium
bl carbongte adjusted
to pR 8.6 with sodium 1150 30 winuteas
h%dro:d.de.
|
4, 3aunder Oil H sodium hydroxide 1350 €0 pinutes

(feated on steam bath)

|\
ii

The phoapl;‘tomr. concentration in all the extracts
was determined bty|the molybdenum blue method of Dickmen

and Bray (1940). l} Stannous chloride was used as the re-
dueing agent acmxiz'dms to procedures deacribed by Jackson
(1958). Boric a¢ld was added to Bray No.I end No. II

extracts prior togkcolour development to reduce the intar=

|
faerence of the fl\:}oride iron.

|
In 8;unde:§{'a method (Saunder, 1956) in which 0,1

prorual hot aikalilis used as extractant, clear extracts
were obtained by adding a pinch of aetivated charcoal
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(Darco. G.60) to'the soils prior to extraction and
coagulation of the organic matter by acidifieation of
the extract. In fact, a combination of Wth these
nethods gave clear extracts despite the fact that many
of the soils used in the pressnt study were high in

:

organic matter,

lncuhation exporiment.

i
'

It is wo:l[.:l. known that continuous subtmergence of
30ils roleases moTe of wvallable phosphorus, When soils
collected fyom rice fields are dried prior to soil test,
there is a poasll’iility of the reverze change taking place.
To study this as;;ect 100 ge of each s30ll was moistened with
distilled water to water bolding capscity and incubated
for 15 days at 392 1°C in plastic containers. Giving due
consideration for moisture status, sufficient quentity of
soils was oxtracéed with the various extractants 1isted

in the previous page.
]
]

W

Plant growth experimentas
% i
Exporiment 1,

The avgilable phosphorus in 311 the thirty four
sasples was determined by the stendard Neoubauer technigue.
100 gu of the soil was mixed with 50 g. of acid washed
quartz send and ﬁ?.acod in a plastic dish 11 am. in digmeter

I
t

|
i
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and 7 em. in haigh\:.! W0 good quality {germination
100 percent) Swiss smeer rye seeds were sown uniforsly
in each dish and 50 g. of quartz sand was uniformly
spread on top of thi][s to cover the seeds. Enough
water was added perloeﬁ cally. The dlishas were placed
under flourescent laer for 10 hours dally. A replie
eation was kept for eada soile Controls were run side
by side. Swerxtem' days after sowing the plants were
harvested. Shoots pnd rools wore separately éried,
welghed and saved for chenlosl anslysis.
M t d ]k £

& pot amlture experiment was conducted te study
the effect of aifrer}ant doses of phosphatic fertiliser
(single super pnosph%to) on the growth and yield of rice
plants. Goils fmm'r&amaggm lands having widely dif-
feront soil test vali%es for avallable phosphorus (Table II)

were selected for thi‘s study.
i

Appro:d.matelé' 850 kg. of s0il collected at o
depth of 0~=6% fyon mﬁe raospective localities was transe
ported to dried, cruz-.?hed and passed through g 1/4%
sleve. TRarthenwarejpots to hola 10 kg. soils were
used to grow the plar;a[ts.

|
The experiment was conducted in randomised block

ii



|
|
|

dogign with four treﬂ\men'cs of phosphorus gt the rate
of G, 20, 40 gnd 60 klg. of B per acre and replicated

five times. Nitrogeﬂx and potash (Kg 0) at the rate of

|
€0 kg. poT acre were i':;;;:pl.‘l.ed in the form of emmonium
sulphate and muriate of potash respectively. A minimal

dose of micronntrientﬂs was also added lest gny one of

i

|
them bocomes a 1imit1:ng factor. Sprouted seeds of rice
{(PTE. 10 of 8¢ days' iﬁuration) were gown in the pota and
only three seedlings 1rnsre allowed to establish in each

pot, Sowing wes done on 14w 10= 1064,
|

The pota wre1 arrenged In a £ield adlacent to the
$oil Solenco and Agrilfeul tural Chemistry Division and not
in g green house, sin"ce similarly conducted *field pot
cul ture experiments’ Lave been found te conform to field
condition to a ‘:watef extent than green house oxperie

mente. (M1ller and A:?.ay 1956) o

The plante wa}lre irrigated with rain water nsing
a rose can and g level of about 1™ of water shove the
stil surface was maintained till 1S days prior to hare
vesting,. The grsin jand straw from each pot were
harvested separately on 12-1-31965 dried, walghed and
savad for chenicgl anglysis.

i hornss

The total phasphorus content of the plants from
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|
I
¥
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(Darco. G.60) to'the soils prior to extraction and
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the extract. In fact, a combination of Wth these
nethods gave clear extracts despite the fact that many
of the soils used in the pressnt study were high in

:

organic matter,

lncuhation exporiment.

i
'

It is wo:l[.:l. known that continuous subtmergence of
30ils roleases moTe of wvallable phosphorus, When soils
collected fyom rice fields are dried prior to soil test,
there is a poasll’iility of the reverze change taking place.
To study this as;;ect 100 ge of each s30ll was moistened with
distilled water to water bolding capscity and incubated
for 15 days at 392 1°C in plastic containers. Giving due
consideration for moisture status, sufficient quentity of
soils was oxtracéed with the various extractants 1isted

in the previous page.
]
]

W

Plant growth experimentas
% i
Exporiment 1,

The avgilable phosphorus in 311 the thirty four
sasples was determined by the stendard Neoubauer technigue.
100 gu of the soil was mixed with 50 g. of acid washed
quartz send and ﬁ?.acod in a plastic dish 11 am. in digmeter

I
t

|
i
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and 7 em. in haigh\:.! W0 good quality {germination
100 percent) Swiss smeer rye seeds were sown uniforsly
in each dish and 50 g. of quartz sand was uniformly
spread on top of thi][s to cover the seeds. Enough
water was added perloeﬁ cally. The dlishas were placed
under flourescent laer for 10 hours dally. A replie
eation was kept for eada soile Controls were run side
by side. Swerxtem' days after sowing the plants were
harvested. Shoots pnd rools wore separately éried,
welghed and saved for chenlosl anslysis.
M t d ]k £

& pot amlture experiment was conducted te study
the effect of aifrer}ant doses of phosphatic fertiliser
(single super pnosph%to) on the growth and yield of rice
plants. Goils fmm'r&amaggm lands having widely dif-
feront soil test vali%es for avallable phosphorus (Table II)

were selected for thi‘s study.
i

Appro:d.matelé' 850 kg. of s0il collected at o
depth of 0~=6% fyon mﬁe raospective localities was transe
ported to dried, cruz-.?hed and passed through g 1/4%
sleve. TRarthenwarejpots to hola 10 kg. soils were
used to grow the plar;a[ts.

|
The experiment was conducted in randomised block

ii



|
|
|

dogign with four treﬂ\men'cs of phosphorus at the rate
of G, 20, 40 gnd 60 klg. of B per acre and replicated

five times. Nitrogeﬂx and potash (Kg 0) at the rate of

|
€0 kg. por acre were i':;;;:pl.‘l.ed in the form of emmonium
sulphate and muriate of potash respectively. A minimal

dose of micronntrientﬂs was also added lest gny one of

i

|
them becomes a 1imit1:ng factor. Sprouted seeds of rice
{(PTE. 10 of 8¢ days' icfim-ed::lon) were gown in the pota and
only three seedlings 1rlere allowed to establish in each

pot, Sowing was done on 14w 10m 1064,
|

The pota wre1 arrenged in a £ield adlacent to the
$oil Solenco and Agrilfeul tural Chemistry Division and not
in o green house, sin"ce similarly conducted *fisld pot
culture experiments’ Lave been found te conform to field
condition to a (:raatelr oxtent than green house oxperie

mente. (M1ller and A:?.ay 1956) o

The plante wal"z'e irrigated with rain water nsing
a rose can and g level of about 1™ of water shove the
stil surface was maintained till 15 days prior to hare
voasting,. The grsin jand straw from each pot were
harvested separately on 12-1-1965 dried, walghed and
savad for chenicgl anglysis.

i hornss

The total phasphorus content of the plants from




ezperiment I and II was determined by wet ashing method.
The dried and ground plant material (tops and roota from
experiment 1 and graln snd straw Crom experiment II)

was wet ashed with 20/ml. niiric meid, 10 ml. sulphurie
acid and finally ﬁigaﬁta& to a clear colour with 2 ml.
or moya of perchlori ci acids The solubion was made to
100 ml. =nd the phosphorus determined colorimatrically
as phosphomolybdateo.

fatist

Linear eermliatien coefficlents weore worked out
for ralgtionghips batween the avallable phosphorus detere
mined by various metniads in the dried and sampled zolls
and as determined aftitar incubeting the soils at water
ho%ding capacity for 115 days with the phogphorus talten
up by plants in the ni ubauer experiment (EBxperiment I)
and in the pot acultmr'e sxperiment with rice plants

{Bxperiment I1I),

Sinee pH, orgeonic matter content, soluble snd

exeha;geame aluminiusim soluble and exchangesxble iron ote.,
influence phosphorus hvallabliity, o multiple regression
was worked out with i‘:%wse 80l characteristics as
independent variablesz end available phosphorus values as
determined by extractfmts wich showed a significant

leniar correlation wiith neubsuer techniaue as dependent
varipbles. i

4

i
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Response curves were €itted on the guadratic
L
|

on the four solls. Bguations were worked out for the
grain welght and totc&. dry matter for the four goils.

model ¥ = ax2 + by + o for the pot culture experiment

Correlation eLetﬁeiant for soil test values by

li

various mothods and percentage ylold response were
saparately worked ouiJ to fing out the most satisfactory

method for determining available phosphorus.

26
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LT3

Tatle. I pres?nts the data on some of the
important chemlenl characteristics ¢f the 34 soil samples

used for experiment I
phosphorus determinat:

These data have a bea:
Usugl

of phosphorus.
phorue content ia hi

parcent.

|

The soil rgactd.on 1s definltely acidle the
value of pH ranging ﬁom 369 to HeQe

{Neubaer technique) wnd avallable
on vith chemiesl extractants.

ng on the gvallability and fixation
L1y in these solls the total phoge
ranging from Q.05 pereent to 0.57

The soil contains

a high percentage of omanic matter ns evidenced by the
contont of organic earbon which ranges from 0.9 to 16,63

percent.
per cm. Exchangeabl
algo usually high mat
goils, The exchange

to 38.5 pepetie while

0u0 pepems to 20 p.p.r’n.

from 0.0 to 6.5 milil
hydregen also varies
per 100 g.

Table II give
chomical characterist.
(pot culture experimer

The conductivity ranges from 0.0 to 20 m. whos

2 iron snd water soluble iron are
found to be varying in different

able iron ranges from 7.1 pepelte

ythe vater soluble iron varies from
Eschangesble aluminium ranges
equivalents per 100 g. Exchangeable
from 0.0 to 18.7 milll equivalents

g the machgnical eomposition and
les of soil used in experiment IX

2t with rice plants)s It could be
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CHEHICAYL AND MBCEARICAL CPAARACTERISTICS OF THR SOILS USED FOR POT CULTURZ EXPERIMENT
WITE EICR PLANTS

™ @ w woeaw £y

- - W
Available Polg by Mochnulcal sunlysis
Iocation Total Clenn*s method pH Coidu= Crpanie Nitrogeu Fotcssiwm Clay
PO, % ctivity carbon % % Coarse  rine  Silt
Bry Iscubstod sund snd
i e ! - oo e

1. Mndar Xorl 0,147 2 128 9 S.2 3.9 0,312 08 Ml 1.8 21eS GO
2+ Thakaghi OOM 59 150 5.8 D.9 0498 0,078 0052 773 19,84 14,52 7.6
8. Yollsrkonom  0.075% .1 % i Eed 0.9 0.97 04051 0,054 €7D 13.84 13.8% 68,6

4. Palokudukike  0.06% 5.2 25 Se2 0.8 097 0085 0.046 8432 20,00 16,50 56.10

= e s —




CHOWIDAT, CEAEACTERISTION OF THE SOXLS USED IN TES sPuY {Contd,.)

30

@) (@ (%) (8) ) (8 ) @ (9 @ )
e - .
3 Thakashi Clay loom $e288 N 4 205 15.1 Geb 4.2 4.0 1%.1 ¢,
2L randor Eard cley Del48 .9 T8 B1.3 30 28 B2 128 .4
32  Thokashi Glay loon D313 7% D HGE 14,3 Dold D5 DeQ Be? 0 o
ax Vollorkonom " D078 Bel DT 1.4 Geld e 33 D% Sk o O
34 Polokadukio Cisy D080 Be2 JUFG 10.2 00 Ged Gel T8 v D
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CHEMICAL CHARACTERISTICS OF THE SOILS USED IN THE STUDY (Contd..)

o e e

(1) (2) (%) (% ) (8 (7) (8) (9) (10) (11)
is5 Chonnsnkari 8ilt clsy 0590 5.8 13,15 280 4B 10,8 4,8 2.1~ .,
18 Choxpakulan Clay losm 0335 a8 10,88 18,6 1.0 1.0 1.0 840 0. =,
17 o @ D.128 Se2 8.74 88,5 4.5 12.8 540 12.4 ) o
iz id bt 0,515 7% % 252 20.4 3% 12.7 GeD 130 %
19 " ol D356 8.0 1.37 25,0 3.0 12.0 3.8 180 | o
20 FKauniipadam b (4358 Beb 4488 385 1.0 (a8 1.2 2O 2 )
22 B ad 0370 Ged 2465 15.6 4¢3 5y 5.0 648 7 o
a8 i ool D375 Se1 5460 15.4 248 Ze2 Sed Tl 1+ o
23 # - 0375 5.0 13.18 18,0 2.0 68 1.8 8ok »
24 Polekudukke  Clevoy soil__ D.400 (9] 2,0 23,14 . 0,0 Oe2 o =LaBeme 1448
25 " d DETD 5.3 1.9 12,0 0.0 Qeb Ged Gol
% " hd 0125 5.8 10.86 12.5 25 443 1.8 B8 +:
a7 . e 04100 7% 3 16,63 i2.8 G Db 5el . 7% X 2y
28 Thokozhi Cloy loom 0.276 el %30 13.5 1.4 03 3.0 T3 Tenn

28 hd " 0,280 4.6 1.4 35.8 23 1.2 4.5 5.0 »

=




CHEMICAL CHARACTERISTICS OF THE SOILS USED IN THE STUDY

TARLE X

28

SL. 5031 Total Crgenie Excwz;’m Exchoipuoble Exchanso- Vater §
tio, Location Pesturs phogphwsous pH  corboiz  eblo dvon  Aluminium ig able Couductivity eslublo
in g Zz PeDekie mo. ogui. Hydrogon fvorx 3
W (@ ® () ® () (® (®) (10) (1)
1  Eesen Kardi Clayey 0,408 Bel 3,98 19.2 1.1 8.0 Geb 30 .
2 . " 04325 545 2,86 1048 D8 Db 3.8 a7
3 . . D530 Bs7  Bad5 346 0e3 ek £e8 B0
4 * - 04550 Gel 5403 23.8 Dol 10.8 2.3 50
5 Vattapoiem Cloyey Joam  Dl315 Se0 2480 Tel D40 0.7 4.0 1.8
8 » o D285 5.4 B34 D8 1.4 0e6 2.8 1.8
7 » . 04235 Ge2 10451 5.5 2.6 Ge %0 G0~
8 w . 04200 S.1 0428 16.6 640 19.2 4.0 B8 -
& » g 04350 5.9 15,51 10.5 $e2 840 Gad T
19  Choonsukert Silt cley 04265 5.0 2410 2540 4ol 18.7 8.5 .07
1t » " 04286 4.9  Z.8% 25,7 345 045 3.0 3.8 O
12 s " 04085 46 11426 17.2 30 De8 8.6 1,9
13 . " D500 542 168 St 48 1.7 5.0 1.9 O
14 o . 04850 5.9 11,26 20.8 0.0 D25 3.9 340 |
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from the results that the clay content varies from 56 to
€2 percent. From the data on total nitrogen, total
phosphorus, and total potagsium, it could be geen that
goll No, I appears to be well suppiied with these
nutrients. But, hoyever, from the values obtained for
available phosphorus it 15 seen that soil No. I is low
in avallable phosphorus.

Table III summarises the data on the avgllghle
phosphorus determined in the 34 ssmples of that were pra=
conditioned by drying in air. It also presents the
available phosphorus in these golls as determined by
Neubauer technique. The avallable phosphorus content
in the same seils that have been incubated for 15 days at
water holdlng capacity at 90°C, has been datermined snd
is given in Table IV. From the results 1t could bhe seen
that the reagents Bray No. I and Bray No. 2 extrsct only
very low gmounts of phesphorus while Olsen and Saunderts
reagents sxtraet larger smounts of phospheorug. On
incubstion of the solls Olsen and Ssunder's reagents extract
increased smounts of phosphorus while Bray No. 1 and Bray
Ho. I axtract lesser amounts than those obtalned with dry
soils,

Data on the ylald of grain in the pot culture
experiment with »ice plants are presented in Table V.




TABLE XXX

COMPARKSUN OF AVATLABLZ PHOSPHOTUS DIRL-MINID
BY WFFLCLOP HEDLODS TOR DRY S0ILS

{¥igures given are in parts per million)

Holl Bray Bray {ileen's Saunder's Heubsuer

Humber Nl Noe2 reagent reagent techuique
1 20 33 52 19 11.5
2 20 45 30 110 23.5
3 15 37 53 149 1.4
4 2 14 27 112 22.5
5 T 10 62 181 11.25
] 2 9 25 166 9e5
T 2 7 2% 198 244
&8 2 2 2 95 645
9 2 4 2 121 9.4

10 2 2 17 112 9.5
" T 30 2 110 11.0
1z 7 15 19 98 11.5
i3 8 9 2 125 55
14 6 42 13 161 Ged
15 2 15 2 172 3.4
16 0 2 2 156 17.5
17 2 60 15 145 18.5
18 2 10 24 161 11.0
19 2 2 2 163 5.5
20 2 2 2 128 2345
21 2 2 2 112 22.5
22 2 2 3 98 17.5
a3 13 2 2 85 1€.5
24 20 2 4 Ki:] 139
25 2 2 3 119 13.4
26 2 2 e 124 446
27 2 2 2 127 545
28 2 2 2 132 5.6
29 2 2 2 161 6.6
30 2 5 3 94 6.6
31 2 2 2 238 55
32 10 30 50 268 145
33 2 37 37 181 11.5
34 2 26 18 238 10.5




TABLE IV

COMPARLSOR OF AVAILABLE PHOSPHOMUS EXTRACRE
BY DIFPCGENT MSUHODS WOR IHCUBATED SDILS

(The figures are given in parts per million)

Sodld Bray Bray Gleen's Saunder's
Bumber Hodl Hoe2 reagent reagent
1 100 28 250 682
2 46 | 500 833
3 100 36 27 150
£ 50 28 500 882
5 25 28 250 750
6 2 14 200 341
i 2 33 28 150
8 14 kX4 167 300
9 11 16 200 350
10 2 15 200 352
1 11 17 250 645
12 28 25 250 690
13 22 41 125 321
14 250 40 125 342
15 125 17 15 112
16 17 33 334 500
17 83 14 330 721
i8 28 13 328 718
19 a8 11 250 650
20 63 11 125 345
21 1 " 500 852
22 28 20 500 841
23 28 13 354 500
24 27 17 324 496
25 30 11 167 300
26 2 11 165 284
27 2 28 100 321
28 6% 11 125 348
29 2 13 125 344
30 26 12 125 346
31 2 11 125 253
32 28 23 100 300
33 2 16 100 320

34 25 20 25 140




YLD 0¥ GRAZHS FoR POD CULTURD ZXPENIMING ON

TABLE V

RLCx QROP
{ime Tigures are in gme/pot and are the

average of five replications)

501l Number

Zreatment of phosphorus in 1lbs/acre

and
name 0 a0 40 60
31 undar Kard 9.5 18.6 16.2 18,46
%2 ‘Thekasghi soil 23.4 3246 23.4 2365
3% Vellarkonam
g0il  18.46 20.9 21.0 20.3
34 TFulakkudukke 18.3€ 2246 21.18 25.2

35
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It could be seen from thig table and appendix I

(Akalysie of variance Table) that phosphorus fertilisation
results in significant incresses in grain yield. An
interesting finding 1g that the higher levels of phos~
phorus ppplication (40 and 60 pounds per acre) decresse
the grain yleld as compared with the lower dose of 20
pounds per acre. A quadratic equation, y = ax®
has been fitted for the graln yield data from whiech optimue

dose for maximum yield is worked cut. The response curves

+ bx + e

are given in figures V, VI, VII and VIII, Optimus doses
caleulated from the egquations ave 44, 26, 45 and 99 1b./

acre regpectively.

Table VI presents data on the total dry matter in
grans per pot in the pot culture experiment with rice.
In general it eould be sasn that addition of graded doses
of phosphorus significantly increase the total dry mattar
production, though with higher levels the response is
elther stationary or shows a decraasing trend. The
resulte have bacn fitted into a gquadratic model y = ax® +
bx + co» The optimum dose to give = maximum yield has
alse beenr worked out. The responge curves are given in
figures IX, Xy XI and XIX. Optimum doses calculated
from the equations are 85, 20, 40 gnd 65 1b./acre
respectively.



TABLE VI
YIZLD OF 2OTAL DRYMATTIUR PUR POT CULTURE
EXPERIKENT ON RICE ChOP

{The figures are in gno/pot snd are the
average of five replications)

37

Soil number Treatment of phosphorus in 1lbs/acre
pgnage ¢ 20 40 60

31 Hundar Eard 21.48 3647 28.32 30.5
32 Thakaghi spoil 20.5 54.88 27.26 42.6
3% Vellaxkonanm 36418 395 43.2 40,2
34 Pulakudukka 37.86 41.2 41.32 49:5




TABLE VIX

UPTAKE OF PHOSPHORIS BY GRAIN AND STRAYW
(Sxpressed in m.g./pot)

Uptake by grain Uptake by straw
Serial Soil Preatuent Treatment
Hanber
0 20 40 60 4 a0 40 60
1 Hungdar kori 19.0 38 36.8 32.0 11.0 16.0 9,0 10.4
2 ZThakaghl soil 23.4 3946 43.7 43.7 14.5 16.5 20,5 17.0
3 Vellarkonam 20i) 36.1 52,5 46.4 5040 14.5 17.0 14.5 17.0
4 Pulaidkudukka 570 57«5 48.3 75 12,5 17.6 2040 18.0
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Table VII presents the uptake of phosphorus by
grain snd straw in mg. per pote It could be seen from
the reaults that there is an incraazing trend in uptake
of_ phogphorus by the grain and straw with increasing
dt;ses of phesphorus the rate of inerease being greater

in the ease of the grain than in the case of the straw,



DISCUSSION
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PISCUSSIONR

Seversl criteria were wsed to evgluate four
different soll test methods to determine avellable
phosphorug in the typical scid rice msolls of Xerala.

The major criteria employed were the smount of phos=-
phorus extracted by various extractents and the corre-
lation of the secme with the actual phosphorus tasken up

by plants in the Neubaner experiment. The influence of
varicus soil chemical characteristics that affect the
amount of phospherus extracted by the extracting reagents,
as well as their influence on the gquantities of phosphorus
taken up by plants in Nasubauer experiments were also
employed as criteria for finglly choosing the method.
Ancther important aspect investigated wes the precondie
tioning that is to be given to soil samples prior to
testing them for available phosphorus. The present
mathod of testing soils in moat pf the labtoratories in
Indlg and abread except probably that et JTowa (Hanway,
1984) 1s to air dry them prior to testing. But at the
801l Testing Laboratory at Yowa, o slurry is made from
the moist samples collected from the fleld, and sliquots
of this are used for getermination of availsble nutrients.
In the present study the rice solls were incubated for

15 days at water holding capacity to assesa the increage
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in awvailable phosphorus. The resultis of these investi-
gationg are discussed in the following rages.

The avellable phosphorus extracted hy the four
extractants viz. Olsen’s, Bray's No. 1, Bray's No. 2, and
Saunder!s, from 34 samples of the waterlogged rice soils,
conditioned by alr drying in the laboratory were corre.
lated with the actual plant avallable phosphorus as
determined by the Noubausr technique with rye as indieator
plants (Table JI). The correlation coefficiente are
given in (Table VIII}).

IATLE. VIIL

Linear correlatiocn coefficiants for the relgtion-
ship for availsble phosphorus as determined by four
different soil test nethods in air dried solls with the
avallabl e phosphorus as determined by the Neubauer methoed.

1. Correlation Regressions
tio. Method coefficiont equation
1 Bray No. 1 0,255 Not
significant
Bray No. 2 0,342 @
3 0lsen . 276 .
Bounder Ko "
eorrsl gtion

Hone of the =04l tost methods shows any significant
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correlation though Olsen ond Broy Fo. 1 indicate a
positive trand., This chows that the form of phosphorus
1‘:a‘.€en up by plants may be iren phosphates or gluminium
phosphates as these are the two inorganice forms predoe
minantly and respectively extracted bty the two resgenis.
This lack of signlficant correlation, vhen viewed in the
light of the works of Shapiro (1958) Islom and Rlahi

{1954) Koressteny (1853) and Basak and Bhattacharya (1962)
ravegls, that the amounts of these forms extracted may

be congldorslly less, whereas, the sane soils after sube
nergenae show considersble increase in avpilakle phosphorus
especially the sodium hydroxide soluble fraction {the irven
fraction) (Peul and Delong, 1949). In thig connection

it ig pertlnent to note a similar increase in available
phosphorus in soils observaed by Mack and Barber (19?)?2 ﬁ e
ineubation of goils with lesser amounts of moisture hragime
in the soils in the Neubauner exporiment of the present
study, corresponds nearly to the levels of moisture in

the experiments of Mack and Barber. It is mainly for
these reasong that Hanway (1964} ewphpsised the need for
testing the s0il for the "major trio® in plant nutrition
directly on samples collected from the field and prior o
drying in the laborstory. If sush a procedure is required
for upland sollg, the nead for the same for waterlogged
gand acldle soils where Tixation and availability of
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rhosphorus are wall known to be subtly controlled by the
relative amounts of iron and pluminium needs no emphasis.

To clarify this point the solls were incubated
at the water holding capacity for 15 dsys and avallstle
phosphorus deternined by four differant extractants
(Table I11) were correlated wiith the actual phosphorus
taken up in Neubauer experiments (Table IX).

IABLR.IE

Linear correlation coofficients for the relgticne
ship for available phogphorus as determined by four
differont soil test methods in incubated solls with the
availshle phosphorus as determined Ly Neubauer method,

o1 18 Correlation HRegression
Yo. Hethod coefficlonts equation
1 Bray o, 1 Yo ralation .e
2 Iray No. 2 ¥o relation .o
8 Olsents 0.753 ¥x16,84%420.76
4 Seunder' s 0.664 ** yo24.16x+192, 50

+ Bignificant at 5% level
++ significant at 1% level

If covld be seen that highly significant corre-
lations are obtalned for Olgen's mothod (0.5 ¥ Hodium
bicarbonate) cnd Seunderts (0.1 N %vot sodium hydroxide)
mathode This tegethor with the lack of corrslation in

$
the earlier experiment on air dried s=oils ahavﬁ that there
|
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is an increase in the alkall soluble phosphorus.  Again,
the form gnd amounts that are extracted by the mildly
alkpline extractant (sodium ticarbonate) and the 0.1 N
sodium hydroxide solution bear a close proportionality
with the form and gmounts taken up by the plant in the
Heubauer experiment., That this incregse in avallable
phosphorus is conslderable could be seen from table IX
and 1II. The fact that ferric phosphates are lass
soluble in mild alkalles vwhile faerrous phosphates are
more soluble suggesta that reducing conditions, typical
of waterlogeging, have been gimulated in the experiment
on incubation of the soils at waterholding eapacity,

Comparison of the amounts extraeted by Bray No. 1,
before and afte¥r incubation, with tho values for the
Olsen and Saunger method before gnd after incubation show
that 1t may even become necessary to radesignate some
of the waterlogged soils that are now classed as low in
available phosphorus as medium vhen evaluated by the
Olgen's method. However, thisg is an aspect which requires
further atudy.

A nupber of workers have repeatedly shown that
the alksll extractable portion is dominated by iren phose
phate. (Chi Moo Chu, (1959F Pratt ond Garber, (1964).

/
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Al=Abbas and Barber (19€4) from a multiple regression
analysis of different fractions of phosphorus of 24
s0ils as indspendant factors and the phosphorus taken
up by plants in three Neubauer type experiments as
dependant factorsy have shown that it ig the ivron
phosphate that is pradominantly taiten up by plants.

The results of the present investigation thus indirectly
support the above finding.

Correlation of the total phosphorus with t.ha
available phosphorus as determined by the four different
extractants btoth for alr dried soils end soils incubated
at wabter holding cuapaeity is significant only for the
incubated solls with alksline extractants vig., Olsen
(r = 0.414) Saunder (r = 0.437). The major fraction of
the total phosphorus in soils is present as inorganic
phosphorus both combined and occluded with sluminium,
iron and calcium, and also as soluble and exchangeable
phosphorus.  (Hesae (1962) found that on addition of soluhle
phosphate to this phosphate pool it 13 lmmedistely fixed
as aluminium phosphate which later changed to iron phose
phate on water logging the soil. This astahiighes the
fact that alkall extractable phogphorus is the one which
ig related to a greoater extent with total phosphorus,

Al~Abbas and Barber (1964) in their multiple
regression analysls used important soll cdiaracteristics

like organie matter and pE content as independsnt factors
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and could obtaln only low multiple correlation co-
officient on phosphorus uptske in three Neubauer type
experiments. In the present investigation this was
studted in greater detall by deterzmining on 24 samples
of goil a number of soil charscteristics like pH, organic
carbon, exchangeable iron, andé exchangeable hydrogen that
are known to have a vrelationship with phosphorus fixation
and availabilsity. Other soil properties which slso &ne
fluence phosphorus availabillty like conductivity of water
extract, water soluble iron and water soluble sluminium
were lncluded along with the earlier wmentioned ones, as
independant varlables in the multiple regressicn analysis
with phosphorus uptalte in Neubauer experiment. The

mul tiple regression anslyeis gave the eguation.

¥3 = 11.0235-m 1,3337 (x3 - 5.8294) -~ 0.0970
(xp = 3.5118) =~ 0.2040 (x5 = 6.180D) + 0,0176
(xg = 19.7412) ~ 0.8102 (x5 = 2.0824) + 0.0023
{Xg = 549362) + 048905 (xg7 = 6.6853) « 0.5454
{xg = 1.2559)

‘(dhero)ys 15 the phosphorus uptake in mgs. in the
Keubauer experiment.
*x; = pHj g = conductivity, Xg = Organic carton
x4 = exchangeable iron X5 = exchangealls alumipium
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Xg = oxchangeabls hydrogen  x; = water solulie iron
% = vater goluble sluminium,

(See table Ijitable II for values for xy to xg and ¥3
respectively)

It could be seen from the regression coefficient?
in the above egqustion that pH, and water scluble and
exchangeatle iron positively influence the uptake of phoge
phorug by plents. This positive influence, especially of
soluble and exchangeable iron, when studied in the context
of the findings of Al=Abbas and Barber (1964) and Blanchar
and Caldwell (1964) ahowithat in these soils also iren
phosphate 1s the predominant form of gvnilable phosphorus
and 45 the one that is actually taken up by plents. The
solls examined in the prasent study have a pH valuve lower
then 6.0 and in some cages as low ag 3,9. This would
adversely affect phosphorus aveilability and normgl crop
growth., The multiple rogression cvefficlenty obtained
in the pregent gstudy show’? that phosphorus availability
and uptoke increase with t;igher Pl vslues.

On the other hanhd, water solulle aluminium, exchange-
able sluminium wid organic carbon negatively infiluence the
phosphorus uptske, in decreasing order. High water soluble
aluminium has direct toxic effects on plants and is known to
retard tha uptake of phosphorus (Cate and Sukhai, 1064).
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Prom the linear correlation coefficients for
Olson and Saunder (Table Ixi}ig. 1 snd 2) the former
is found to be superior provided/ the soils are teated in
the moigt conditions A number of chemiesl procosses
takm? place during extraction of avallable phosphorus
with chomical resgontse These processes are in turn
guided by varying soil chemical factors besides the
nature of the extraeting solution and soil to exiractant
ratio., These nltimately declde the phosphorus extracted.
The effectiveness of an extracting solution is glso
affacted by the tuffering capacity of the soil and the
readgsorption of phosphorus from the golution by other
ions especially iron and sluminium brought into solution.
‘i‘husfcooka (1951) found that dissolution of iron and
aluninium oxides during extraction causes readsorpticn,
Gmerally) the offect of soil Wuffering action is obviated
by increasing the extractant concentration or inecreasing
axtractant to seil ratioc. Agaln readsorption is minie
mised either by addition of compounds complexing the ions
responsible for readsorption or by using short extractsg&
periods. PFratt and Gasrber (1964) have discussed the ine
effectiveness of the Bray and Clsen reagents for clayey
20ilas attrituting it to ssccndsry reactions after dise
solution or from the exhaustion of the reagent by minerals
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other than phosphates. Fractionation of the soils

after extraction with the respective reagents in clayey
and sandy soills gave results to show that clay content
decreases the effectiveness of Olsen's reagent to extract
phosphorus from soils by exhaustion of the reagent and
secondary precipitation. Po o Hsu (1964) studying
fixation in sclid solls recogniges two reactions operating
at dlfferent rates. Of thegse the one which proceeds
more rapidly is believed to be due to surface adsorption
of phosphate on asmorphous sluminium hydroxide and iren
oxldes already present in the soil. The other, a much
slover reaction, is dus to surface adsorption on similar
hydroxides and oxides formed during the experiment.
There are possibilities for such new hydroxides and oxides
to be formed especially on extraction with alkaline ree-
agents 8o that a readsorption of extracted phosphate on
these newly fomed oxides and hydroxide cannot be ruled

out.

In the present study only two methods were
gsignificantly correlated with the actual phosphorus upteke
in Neubauer experiment. From linear correlation co-
sfficlents alone the superiority of one over the other
cannot be conclusively establicshed. Besides, for the
aforementioned reasons, a Number of soil factors affect%

the extent of extraction and readsorpticn of phosphorus.
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For this roason/a partial correlation anolysis was
condueted to nullify tho effoct of these independant
variables in the linesr correlation coefficiant already
obtatnad for the twe methods on one hand and the Neubauer
technique on the cther. It was glso expected that this
would reveal the more sultable method for soils with
widely differing chemleal characteristicse The partial
correlation coefficlents and the linear correlation co=-
afficients are given belows

Linenr Partial
Hethod correlation correlation
coefficient coefficient
Olsen 0,75 0.70
Saunder 0.66 0.78

it oenlg be sean that there iz greater degree of
closenass between the linear eorrelation coefficient gnd
partisl correlation coefficient for the Olsen's method.
In the cage of Saunder's reagent thore ias considerable
ingrease in the partial correlastion coefficient indicating
that soil factors adversaly or erraticslly affect the
extraction of phosphorus. From this 1t can be safely
concluded that the soil chemical characteristics do not mucl
influence the asxtraction of phosphorus by Olssn ns it
does for Szunder's. Thus the Olsen's method iz found to
be more tolerani cf soll factors and can be widely adefpted



to varying soil conditions. The universality of the
Olsen's reagant has been reported by other workers ae
woll though by different ressonings (Patel end Mehta,
1261).

The muliiple regrassion gnalysis to study the
comparative effects of waricus soil chemiegl factors
on the extraction of phosphorus by Olsen's aond Saunders
mothod gave the following aguations.

¥y - 214.0865 = 30,2642 (xq - 5.2204) + 18,1080
(xg = 2.5118) = 4.2474 (33 ~ 6,1800) ~ 1.5019
(x4 = 19.7412) + 0.8169 (x5 ~ 2,0824) « 1,111
(xg = 5.9282) + 5.6288 (x, - 6.6853)

there y, is the phogphorus extracted by the Olsen's
reagent.

Yo = 452,3829 = 211.€088 (x, ~ £.2204) + 60,5077
(x, = 3,6118) ~ 12.9701 (xg - 6.1800) + 2.,9744
(x, - 19.7412) + 3.50833 (x5 = 2.0824) + 1.79%0
(xg = 5.0382) + 7.0160 (xy ~ 6.6853) ~ 31.5044
(x; « 1.2680).

Where ¥ is the phosphorus extracted by the Saunderts
roagent.

51
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A study of the regression coefficienta shows
that the amount of availasble phosphorus extracted by
Olsan' s mathoed is positively influenced by pH, conduc~
tivity and water scluble iron in the decroasing order.
The lower the pH, the greater iz the sexhaustion of the
alkaline bicarbonate solution and hence lesser the
extraction. This is emphasised again by the fact that
exchangeable hydrogen and exchanzeable aluminium negatively
influence the asmounts of avallable phogphorus extracted.
Organic carbon and water soluble aluminium also negatively
affoet the extraction. These results show that they
probably play e significant role in exhausting the resgent
by secondary reactions with the slkali. These secondary
reactions provide conditions for readsorption of the
extracted phosphorus (Po Ho Hsu, 1964),

From the regression coefficients of equation ree
lating the phosphorus extracted by Saunder's reagent with
soil characteristics , it can be seen that the mmount
extracted 1s affected in a positive manner by pH, condue
ctivity and water soluble iron. Water soluble gluminium
and organic carbon negatively influence the extraction.
The reasonings given for Olsen's mathod with regard to
this aspect also holds good for the Saunder's method.

Though, in the multiple regression snalysis hoth
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the dlkeline extractants follow the ssme trend, Olsen
oxirastant 13 less affected by soil chemical factors

ag revealed by the partisl correlation coefficients and
£0 cah be safely rocommended for solls of widely varying
chamical characteristics.

Keraszteny and Perjamosi (1961) determined the
avallgble phosphorus by Dgner-Rlehm mathod on 44 soils
after ingubation with knowm amounts of phosphorus for
three weakss & multiple regression snplysis was worlted
out on the dlfference in tho avallables in the trested and
untreated soilss It was found that the amounts of phose
phorus not fixed by soll 1s significently ond positively
correlatod with pH and log of ovgmnie mabtere Thia study
was howover ) carried out vwith peid extractants on temperate
ealcareous goilas. The prosent investigation using glkaeline
extractants with acid soils rovesled the game trend.

Ragponse curves vere fitted for the yield of grain
and totsl drymatter production in rice plants in four solls
with graded doses of phosphiate (0.20, 40 and €0 1bs«/acre).
The quadratic model y = gx® + bx + o wae found to be the
best fit. Thoe model was flitted to the yield of grains and
total dry matter. The equations and the cgleulated optimum

AR

phosphorus for maximum yleld is given in the Table X.
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IARLE X
Soil c‘%ﬁag;d Equations
phosphorus
Crvawm Jald
1. Mundar kari 44 ¥= «0,43x24+1, 306x+13, 70
2. Thakazhi soll 26,2 . y= ~0,54x240,416x+28,3
3. Vellarkonsm soil 45 ¥= =0, 192550, 282x+21. 13
4, Pulakudukka 29.8 ¥ 0.06x240,857x+21.04
Rrymatter
| Mundar kard 38,3 ¥z =0.875x%40,832x408, 6
2 Thakezhi sofl 303 Y= =10252%40,09x+52,31
2 Vellarkonam 40.1 ¥= =0.30%240, 798x+41. 73
t  Pulakudukka 65,1 ¥= ~04x%40,701x421,94

The response curves are given in figures 5 to 12,

Fhosphate application usuglly enhances the yield of
grains, But the magnitude of response is generally much
lover than that for other nutrients. -Besides, "the complex
801l chemical characteristics agiwo affect the uptske of
phosphorus and yleld. This has already been digcugsed.

8o any generalisation about phosphate response could be
m;ds 9n1y on the basis of a very large number of experiments,
be they, field experiments or grean<house experiments.
Sethi % sl (1952), Benigno and Talamison (1939) Bal (1950)
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Beacher (1962)’ Chang and Tsong (]953):§earpensol 8t al
(1956) reportflittlo or no response to phogphatic ferti.
ligers under differing soil conditions. With the above
back ground Y examining the equations cbtained give the
fellowing conclusions.

1. Vory low qugdratic coefficient in the equations ,
in generaly/suggests that the optimum dose is reached even
at a relatively low level of phosgphorus. Indireetly thig
suggests that the seils are rich in avallable phosphorus,
Low response could be attributed to the regeneration and
mobilisation of phosphorus during the growth period of the
rice crop (Basak and Bhattachorya, 1962).

2. From the equations) the optlmum doses for maximum
¥yiald of voth grain and total dry ma.ttex; for four dfferant
soils was found to range betwasn 26-390 lba. per acrs.

The correlations betwesn percentsge yleld response
with available phosphorns determinad after drying soil or
after incubation was not attempted as only 4 pairs of values
were availables More numbar of pot eulture experiments
have to be conducted before any general conclusions can

be drawn.



SUMMARY
AND
CONCLUSIONS
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BUMMARY AND CONWNCLUSION

The phosphorus extracted by four different chemicsl
extractants from 24 samples of paddy soils was studied in
raletion to the phogphorus uptake by plants as well as
oight of the important chemiasl charscteristics of the
soils that subtly control the fixation and availability
of phosphorus in them. The soil chemiesl characteristics
were also studied in relation to the uptake of phosphorus
by plents. Since/rico s0ils are gensrally waterlogged
during the cropping period, its effect on readily extrace
talle phosphorus was also studied in experiments under
simulated conditions in the laboratory. Pesides, on four
typleal solls graded doses of phosphorus was applied, rice
plants grown and the yleld response studied. The salient
features of the results and the conclusions made are
detailed below.

1. The availabla phosphorus extracted by the four
different resgents on samples preconditioned in the usual
manner, viz., after sir drying in the laboratory gave no
significant correlation with the actual phosphorus taken
up plants in Neubaver experiments. However Olsen and
Bray No. 1 showsd a trend towards significmnt correlstion.

/
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2. ¥Wnen the solls were incubated at water
holding eapaclty for 15 days in pn experiment to
simulate the reducing conditions, consldergble incraase
in readily axtractable phosphorus was noticede This
increase was marked in the cage of Olsen snd Saunder's
resgonts.

3, The readily axtrsctable phosphorus determined
after inaudbstion with vespect to Clsen and Saunder's
resgents, significantly correlated with the piant uptake
in Neubaver experiments.

%4+ Total phosphorua was found to be correlated
with the avallahle determined by Olsen's and Saunder's
after incubation.

He A number of soil characteristies like pH,
conduetivity, Orgenic carbon, exchangesble iron, aluminium
and hydrogen, water soluble firon and gluminium wvere studied.
The results show that there is considerable varistion in
these propertien in the 34 samples of soilj

6. The offect of these soll characteristics on
the officioncy of extraction by the two bighly corrslated
mothods viz., Olsen and Saunder was studled by partial
corralation and multiple regressicn. The efflciency of
axtraction of available phosphorug by Olsen's method, was



found to be less affected by the soil charscteristies.
The s0il characteristice that improve this efficlency
in both the methods are high pH, high exchengeable iron
low organic carbton, and low soluble and exchangeable
alusiniume.

7. The effect of soil charactevistics on the
uptake of phosphorus by plants as studled by multiple
regression anglysis, revesled, that phosphorus uptake
is fevourgbly influenced by higher pB values, moderate
amounts of exchangeable and water goluble iron, and high
conductivity of the soil solution. High amounts of water
soluble and exchangepble aluminlum congiderably decrease
the phosphorus uptake.

8, Application of phosphoris gave varied response
to grain yield and totel dry matfer production in rice
plants in four pot culture experiments condueted with
typical so0ils of Kuttanad.

9, The response was best fitted on a quadratie
model and the opiimum doses varied between 25 pounds to
100 pounds of phosphoric acid.

The present gtudy revesls that there is s need
to take up further gtudies, on the preconditioning to
be given to soils prior to testing them in the laborgtory
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for available phosphorug. 0Olsen's veggent appears to
be & better one for the acid rice soils of Kerala.
Studies based on the influence of soil chemieal charace
teristics on the smounts axtracted by Dlsen's reagent
shows that 1t 1s the orly resgont, with potentialities
for being adopted as s universal reagent for determining
available phosphorus.s A1l the expariments dlrectly and
indirectly show that iron phosphate is the predominant
form of phosphate in the solls studied and it is this
form that is plant avallable. It is note worthy that
the optimum dose for Kuttsnad solls vary batween 25 to
100 pounds. This oiniy raveals the need for further
work on the factors oo:;trouim; the availability and
fization of phosphorus in these soils.

Ko attempt has been made in the present investie
gatlon to work oul a rating chart for soil test data on
available phosphorus, since this is an aspect which
Teguires the results of a very large nusber of pot culture

sorrelation experiments and field experiments.
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APPENDIX I

goil Ros 31 Yield of grain
Anslysis.. of verlance Tgbie
Sum Degraes
Source of of P
squares freadom
Total 202,64 19 gy 16 **
Treatment 275.41 3 203, 1
Error 7.2 16

®«& F ratio highly significant
Tg Ty Ty Ty

T4 = 0 1bs. per acre phosphovus
Ty & &0 "

Ty = 40 "

Ty = €0 =



Soil Nos 32 Yield of grain

Anslygls of variance Toble
Sum Degreas i -
Source of of F
squares freedom
Totsl 324, )4 19
Treatment 275,09 3 Fay 16
g
Error 45,04 16 23,01
Ce D = 2,805
Ty T4T3 Ty
Soil Nos 33 Yield of grain
Analvgis of varisnce tabla
Sum Dagraes
Source of of
sguares fresdon
Total 82.31 i) Fay 16
"
Treagtnent 21.14 3 10.1
Error 11.17 16
Ce P L12



Soll Nos 34 Yield of grain

Apalysis of variance table
Sum Degreeos
Source of of ¥
squares Freedom
Total 113,67 19
Treatment 100.54 3 Fgy 367
Brror 13.12 6 40,84
C.D at 6 percent level = 1,213
Ty Tg Ty Ty
8011 No: 331 Total dry matter
Analysia of variance tahle
Sum Degraes
Solrrce of of F
squares freedom
Total 593.43 ]
Treatment 590.89 3 F3, 16
Error 2,64 16 B8.21
G.D = 3037/

Not significant.



Soil Nos 32 Total dry matter

Apalysiz of yarignce %able
Sum Dagrees
Sourcs of of F
squarss fresdomn
Total 823,95 0
Tregtnent 671032 3 Fa, 16
Brroy 152,13 16 3.21
CoD = 2,3
Tp Ty Ty Ty
Soil Nos 23 Totsl dry matter
Analygi= of varignge table
Sum Degrees
Source of of ¥
squares freedon
Potal 139,87 18
Prentmont 124,08 3 Fay 16
Error 14,89 16 3.21

Ce D = 0,4089

Tﬁ Tg Tp T1



S0il No: 24

Total dry matter

Anglysiz of variznge table
Sum Degrees
Sourece of of o
squares freedonm
Total 192044 » Fgy 16
Traatment 190417 3 3.2
Error 14.26 16
Ce b = 1,268

T4 Ty Tp Ty



