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IRTRODUCTICH

The importance of an adequate supply of plamt mutrients
to ensure efficient crop procuction is being recognised now,
pore than ever, The need for phosphorus and potassium in
goil ie Leing increasingly realised by the cultivators and
there elements have received tne sufficient attention in =oll
teeting laborstories and resesrch institutions, Chenicel soil
teuts arev needed to determine the mtriant supplying power of
the 20ll and hence the quantity of fertilizer to be applied to
overcone ary shorteomings.

Fhosphome 1s consridered to be the most critical
nutrient anion in the growth of plants, with the po=sible
exception of mitrogen, Owing to its complex reactions and
transfornations in soil, and becmice of small total mum
present in =oil, the phosphorus protlsm has become very sericus,
In terme of quantities teken up by plents and the total amount
in many =oils, potassium is a very important mutrient cetion,
Thersafore phorphorus and potassium are the two important plant
nutrients detarmined Ly roil tosting.

Atteupts have been made to £find sowe chemical means to
renove those portions of the soll P aad soil K that are
available to plm&z,?. There are mmy eoil testing methods and
a great deel of vork has boen done in the search for the
‘bert' method,

Bstization of ¥ and K available to plants is often



carried out by chemieal methods based on the principle that
the amount of plant nutrients solubilised or extracted by a
chenical extractant mey be correlated with the amount of
nutrierte taken up by plants i.¢,, W0 simulute plant feeding.

A large mmber of axtractants invoiving water, alkailies,
strongly ionised to weakly ionised ecids, buffered solutions,
neutral sslt csolutiony etc. have beexr suggested by variocus
scientists for extraocting evailable P and available K, At
presant the scil tesliling laborstories of K2prala euploy
Bray No.1 (C.03 } MiF + C.025 [ HCQL) for extracting available
F and neutral normal m“()&c for extracting avallable K, although

numerous others have been used and are under investigation,

In the duvelopment of any extracting sclution, two criteria
should Ve cousidered, First, the extraction of mutriente st
be {rum the labile pool that suppiies those rutrients to plant
roots, Secord, the soil test procedure should be repid,
reproducible and economical.

The large muber of extractant solutions which have been
employed in trying to measure the avallability of individual
nutrients put forth practical difficulties in routine soil
testing. Different extractants removed different fractions and
different proportions of the total asmount of an element present
in the scil. These difficulties most ecommonly arise due to
the fuct that the mutrient availability to plants depends on the
eonditions upder which the plant is grown and mutrient requiree
went of the crop. Very often, the most commonly used Bray No.1



and HHuOAc methods could not perform very well in all situations.
Because of the great variations that usually occur from place to
place it is necessary to test considerable rmumber of samples
from a field. Since the number of soil samples tested annually
in Kerala has been steadily increasing, extraction of individual
mitrients with separate extractants has become laborious and
time consuming., Moreover, recent advances in computor
controlled data processing and sophisticated laboratory
instruments that are capable of analysing a solution for many
elements simultaneously, can be fully realised only if a single
extracting solution can provide information on several soil

nutrients.

A few testis generally known &s rapid tests have been
devised, which employ a single extraction and subsequent
testing the extract obtained for many elements, DMorgan's
‘universal extractant! which is sodium acetate-acetic acid
combination buffered to pH 4.8 was given much importance for
many years. oSeveral modifications of this extractant were
made by several workers but none could give results which would
correlate closely with the uptake of phosphorus and potassium
in a wide range of soils, Unlike nitrogen, secondary nutrients
and micro-nutrients, phosphorus and potassium follow certain
unique pattern of soil rcactions. So it has become necessary
to find out an extractant suitable for extracting phosphorus
and potassium simultaneously. Eventhough many extractants
have been used and are tried for extracting most of the

important plant nutrients using a single extracting soruvion,



not enough work has been carried out to decide whether a
common extractant can be employed for estimating available P
and K alone,

Among the different types of chemical extractants,
mineral acids in chelated system can bLe preferred to other
extractants, since the acid econditions under which extraction
takes place can be considered scmewhat comparable to that of
the field conditions under which P and K are taken up by
plants from the acid laterite smoils of Kerala,

Once an extractant is found suitable both for P and X,
the analysis must be extended to other properties of the soil,
a demanéd which has been made more frequently in recent years,
In addition to the chemical calibration and determination of
the relationship between test value and crop response, the
fertilizer recommendation must be made in the light of a
practical knowledge of the crop to be grown, characteristics
of the scil under study and other envirommental conditions.
The relationship between the avallable mutrients obtained by
chemical analysis and physico-chemical characteristics of the
soil such as pH, organic carbon content, mtrient fixation, etec.
will enable a better interpretation of the wvalues of
conventional analyesis,

In view of the sbove facts, the present study is therefore
undertaken with the objective of evolving a single extractant
suitable for extracting both available F and available K so as



to simplify the process of extracting these avallable plant
nutrients in =0il testing work.
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REVIEW OF LITEGALUHS

1 Estimation of syailsble i in soil by chemios

The chemical technique thut has received and is still
receiving the most attention for estimating available F in
goil is that of extruction with one or more solutions.
Different extruetants that have been suggested during the
last century are legion and cover the whole gamut between
concentrated sulphuric acid and boiling caustic alkeli. The
publications in which these solutions and their applications
are oiscusged probably are the most voluminous. Some of the
vorkers involved are Anderson (1960), Hanna and Flennery (1960),
Hester (1960), Kamprath and Fitts (1960), Nelson gt al . (1960),
Schrader (1960), Wolf (1960), Hesse (1971), Bingham (1975) and
Chopra and Kamway (1976),

The principle invelved in the extraction is that the
extractant is capable of dissolving that fraction of soil P
that iz considered avallable to plants.

Eventhough a large number of axtractants have been
evaluated extensively, it must be sdmitted that nc one method
is useful for all types of soils. For example, the National
foil and Fertilizer Research Comxdttee on Soll Testing (1956)
compared a number of chemical soil tests, using soils of
known P requirezent. In all, 7% widely varying soile were
involved, the commdttee noted that the chemical tests agreed
better with greenhouse tests than with field trials, They also
found that weak extractantc such a® water and carbonic acid



were more suitable for alkaline soils than for scid soils, The
strong acid extractants were found tc be more satisfactory fopr
testing acid soils (Bingham, 1975).

Various axtractants end concepts have been used to assess
the P supplying power of soils. The displaced soil solution was
first used as an index of P availability by kierre and Farker (1926).
They found a poor correlation between ¢oncentration of soil
solution P and plant response tc F fertiligation. In fact in none
of the sarly experiments soll sclution F was successfully
correlated with plant growth (Adams, 1974),

The extractants proposed so far are listed in Table 1.

Table 1 '
Idst of extractants for availabie P

A G e QU AR A S G Y G W BB OGN T By e ST - L - ‘u--nh-;----””“‘m

o, Extractent Proposed by

A e S S B A B (P rn WO e gy W A SO gy B W WY

1 Water Blerkinsop (1938), DBurd and
Murphy (1939), Iurd (1948),
Binghan (1949), Hashad gt al. (1957)
Thempson gt al. (1960),
Van Diest (1963a), lasuw and
Sissingh (1968), Fasuw (1971),
Sissingh (1971), Gibson (1976)

2 CC, saturated water Puri and Asghar (1936)
3 Carbonic acid Mc George (1939), Stanberry (1949),
fen Gupta and Cornfield (1963),

Abbott (1978)
b 1% citric acid Dyer (1894)
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(Table 1 Contd....)

SN]tS . Extractant Proposed by
5 0.5 N acetic acid Suetov (1968)
6 Oxalic acid Gachon (1966)
7 0.314% § HQ Baver and Bruner (1939)
8 0.7 N HCL Olsen (1946)
9 0.2 J HNO, Fraps (1909)
10 0.01 X iNO, Von Sigmond (1929%)
11 0.01 X H,50, Kerr and Von Steightz (1938)
12 0.05 N 1,50, Beater (1049)
13 0.2 N H2SD’+ . Bandroff (1952)
1 0.5 ¥ H,89, Bittencourt gt al. (1978)
15 0.05 ji HCl + 0.025 N Welson et al. (1953), Fitts (1956),
HzS())0 \ Pritchett (1976)
HZS% .
17 0.06 N Hy50, + 0.06 N yoiy 0w (1979)
HCl + 0.0% N oxalic
acid
to pH 3 with(l&ik)280l+
19  Acetic acid at Brown (19%0), Ghani (1943), Peech
varying strengths and &nglish (1944%)
S - K
20 odium acetate-acetic Morgan (1937)
acid
21 0.02 ¥ calcium lactage Egner (1941)

in 0.01 N ECl (pH 3.5)

-
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(Table 1 Contde.». ‘)
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No.

Extractant

Proposed by
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22

23

2k

25

26

28

29

30
3

32

GC.1 } srnmonium lactafe in

O.% ¥ meetic ecid

2.5% acetic acid containing

8-hydroxy quinoline

0.1 ¥ caleium lectate and
Cel i ealciuz acetate in

0.3 M acetic acid

Boric aeid and bLorax

buffered to pl 7.6

0.07 i KDTA and C.005

oxaiic acid
EDTA

0.2 }i srmonium oxalate

Caleium chloride

Bornal HQL

0.5% K 50, + 0.5%
anconium molybdate

Ammoniun acetate

W W B U T e A iy B W NS e e W - s e o,

-

EBgnar et al. (1960)

Williams (1950)

“chuller (196%)

Sik (1964)

Borlan and Bordeiasu {1968)

Kamwrar (1953), Viro (195%a,
1955b), wallace ot al. (1955),
Alexander and lovertson (1972),
Hnadi (1975), Cahrawat (1977)
Joret snd Hervert (1955},
Owens (1977)

Aslyng (195%), Aslyng (196%),
Gachon (196€), Zaker s
Hgll (19€7}, Wainvright and
Sowden (1¢77)

Puri and ‘wernakar (196¢9)

Gingburg and Artamonava {1966 )

breland and Nesmith (1968),
waddus (1968), Ogot (1970)

o A B S W G g
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33
3%

35
36
37
38

39

1
12

43
Lidy
b5
W6
47
L8
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Sodium acetate

Dilute stannous chloride
gsolution

0.5 i NiyF and 0,1 § HCL
0.03 Ji i F and 0.025 J HQL
M, F

NE,F and H,50,

NKI‘F-«-HF

0.03 }f M, F and 1% EDTA
1% K00, at pH 8.5

0.5 X K&HCO3 adjusted to
pH 805

Ammoniua bicarbonate

1% ammonium csrbonate

0.5 N sodium hydroxide

Hot 0.1 i sodium hydroxide
Caleium bicarbonate

0.3 E RaOH and 0,5 }i
sodium oxalate

Breland and Nesmith (1968)
Wwendt and Corey (197%4%)

Bray and Kurtg (1945)
Dupuis (1950)
Uriyo and Kesseba (1972)

Miller and Alexy (1956),
Foberteson (1962),
Kacer ﬁ ﬂo (1967)

Agboola and John (1980)
Datta and Kamath (1959)
Das (1930)

Olsen gt al. (195%), Webber and
Mattingly (1970), Walmsley and

Cornfakh (1973), Matar and
fampan (1975), Barrow and

“haw (19768, 1976b) Bowman
and Cols (1978)

birks and Scheffer (1928)
Bobrus and Kim (1969)
Jones (1949)

Saunder (1956)

Warren and Cooke (1962)
Al-Abbas and Barber (1964)

£ A K

A G e T U g
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The different extractants suggested by so many workers
have often buen cotpered to see their perforuance in estimating
available F. Their relative efficiency was juigzed by the
degree of currelation obtained with P uptake by plants in
either greenhouse or field trials. The literature on the
subject has been reviewed by Brind (1950a, 1950b), and
Relson at al. (1953). The popularity of this approach is due
tc the fact that cosparison of soil test values with analysis
of plent grown on the coil offers a simple and rapid method of
evaluating the soil terts under a wide variety of conditions
especially where data on response to fertilizer are liniting or
lacking (rack and Gomez, 1956).

Smith and Cook (1953) correlated the growth respenc-e of
wvhent with chenieally ueasured syailabls F in scil, villizing 8
cherdeal metheds of exirzcting awvallavle Y. The uze of zny of
the methods of Bray provided a considersbly clear picture of
the F availability, since inclusion of fluoride in the extracting
solution enabled the adsorbed F in the soil to be removed.

Catanl snd Nakarmra (1971) found that -oil solution ratio
had a marked influsnce on the P axtraction amdi a docrease of
50 per cent or mors in tho zmount of P extrocted was noted when
the ratic was varied from 531100 to 20:100,

Jore (1972) compared several methods of meamsuring aveilable
F in soils of ‘outh Indie anc reported that anion exchange resin
and isotopic dilution techriques gave values highly correlated
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with P uptake by ragi plants, Among the chemical extractants,
Bray No.1, Ale-Abbas and Barber and Olsen's methods were most
gsatisfactory and the P extracted by these methods were highly
correlated with P uptake by plants, Water and anion exchange
resin extracted comparatively lower amounts of P from soils,
vhile acid extractants dissolved large amount of P especially
from soils of high pli. Ersy No.1 extractant though contained
acid proved efficient due to its ability to dissolve Al-phosphate,
the form of P most closely correlated with P uptake by plants in
the soils studied, welmsley and Cornfoth (1973) showed that
‘Olsen's P (0.5 M Nati003) method gave the best estimates of
available F and was also least sensitive to changes in soil
properties (texture, pH, CEC and percentage base saturation).
Amer's resin method was almost as good except that it was
unsuceessful with soils of low base saturation.

Kothandraman (1975) in his studies on the evaluation of
different methods for estimating available F showed that Olsen,
Brey No.1, Bray No.2, Truog, Williams, Mehlich and Fraps wvere
most satisfactory and equally effective in extracting the plant
available F, when all the soils were considered together. The
results of the statistical analysis had shown that most of the
- variations in the P uptake by plants and Bray lo.1 test values
vere acoounted for by Al-F. The Fe-F fraction was the prime
source of Olsen's P and isotopically exchengeaule F. The
greatest contribution in the variation of Bray lo.2 and Truog
soll test values was mainly from Ce-FP followed by Fe~F and Al-F,

Rudd and French (1976) compared 9 methods of moasuring
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aveilable soil P in soils of South Australia, many of which
contained large smounte of free lime, For all soils, 0.5 4
Naﬁw3 extractant was found to be the best, HCl in %F vas
good for noncalcarecus soils.

Olsen and Bray Fo.1 solutions were equally precise in
predicting percentage of yields (Enzewar, 1977).

Maida (1978) found thut thé amounts of soil P extracted
by the methods of Olsen, Bray, Williams and Stewart Morgan,
Aslyng, anion exchange resin, Saunder, Dyer and North Corolina
were significantly inter-related. The extraction of 4l-F by
chemical soil tests was in the decreasing order of Dyer> Horth
Coroline> 0.1 } NelH extractable> 0.5 M &3COOH>Olsen> Bray >
anion exchange resin, Fe~F was the second most ingortant
variable contributing to the total variation in 0.1 }i NaOH
extractable P, Olsen F, liorth Cerolina P, resin extractable F
and Dyer » values,

Methew (1979) revealed that Bray No.! could not estimate
'Raevalue’ of the soil i.e., total available phosphate reserve
of soil. He found that resorption of P from the solution can be
effectively prevented by employing organic acids and thus the
amount of P extracted by the minersl acid could be increased
by the presence of organic aclds, notably oxalic acid. He
recomuended an extractant consisting of 0.06 N H,S0,, 0.06 Ji HC1
and 0.05 } oxalic acid, with an equilibration period of 30 min
and a soil solution of 13110 for estimating the 'HRaevalue' of the
solls of Kerala,



Onken g al. (1980) found that EDTA procedure resulted
in better predictability of P fertilizer needs than either the
KB,’OAC or wlco3 extraction procedures.

Holford (1980) showed that in a successful soil test,
increasing btuffer cepacity could depress the extraction of
labile P in the same vay as it d.eprﬁsxsdfuptako bty plants., He
observed that extraction of labile P was depressed by increasing
burfer capacity most in the Bray test, followed by the Olsen
test and least in the Colwell test. The Olsen test arpeared to
be correctly sensitive to btuffering.

Olsen's extrsctant was capable of extracting the inorganie
forms of P vhich vere considered to be resdily available to rice
erop under flooded soil conditions and this method was promised
to be a relisble soil test method for the evaluation of F
requirement of rice crop in flooded soils (Eiddappa and
Sarkuman, 1961),

Debnath end Mandal (1982) related the different inorganic
P fractions to svailable F determined by various chemical and
blologieal methods, It was indicated that Al-F was the major
source of labile P determined by Iray No.1 and Troug's methods
vhereas Fe-F was the main source as secured by Olsen and Neubauer
procedures, From the stand point of similarity with leubauer
method in extracting P dominantly from a common fraction of
phosphate, Clsen's P appeared to be the best for soils under study
especlially for rice crop., The wider range applicability of
Olsen's method in Indian solls especially for low land rice has
been established by Datta and Kamath (1958), layesse and
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Tilo (1970), Miruiki and Barber (1983).

Tripathi and Verma (1982) determined the phosphate
availability indices and inorganic P fractions in 12 Alfisols
of Himachal Pradesh on air dry and waterlogged soll samples.
The stepwise regression anslysis indicated that Fe-F was the
most important variable contributing to the total variation
in the regression of Olsen, Brey P1, Dray P2, Peech and
Morgan's extractants and Cae~F in the regression cf Forth
Carolina extractants both in alr dry and waterlogged soils.
Al-P was the second important varisble contributing to the
variation in the regression of Olsen, Bray P1, Dray F2, and
North Carolina extractants and Ca=~F in the regression of Peech
and Morgan's extractants. With the exception of Truog's
extractant, six other extractants extracted F fron the sane
inorganic phosphate fractions under both air dry and waterlogged
situations indicating their similarity under the tuvo situations.
The same workers in the same year found that Fee! was the most
important inorganic P fraction contributing to ¥ mutrition of
rice and that Al-P wa® next in importance. The Bray P2 soil
extractant was the most effective in extracting P from e and
Al-FP fractions of soil P in both air dry and waterlogged soils,
This method correclated well with all the growth parameters of
plants grown under waterlogged condition.

Sibbe=on (1983) evaluated the suitability of some =oil P
test§ to assess the P status of contrasting soils and the
evaluation rarkedthe F tests into three groups, viz., best group -
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anion exchange resin method; intermediate group - vater ard
sodium bicarbonate method; worst group -~ all acid methods,

acetate buffer, lactate buffer, citric acid, Brey 1, Truog

and Bandroff's methods.

The relationship between extractable phosphate and
mobile phosphate wae more eccmplex than xight be assumed and
dependSon the sorption characteristics of the soil. It was
therefore not pocssible to accurately estimate labile phosphate
gsixply from Bray F1 extractable phosphate. Ko simple wwy
conventionsl methods could replace the need for isotopile
exchange measurements (Probert and willett, 1983).

Holford (1983) reported that phosphate sorptivity had
no effect on the critical levels of any soill tests on the very
acid soils and sodium bicarbonate testc were the most effective
and Mehlich test was the leust effective, on all soils
regardless of sorptivity or pi. The results suggested that
major source of plant available P in moderately acid to alkaeline
soils 1is exchangeable I whereas in very acld soils it i 1non-
exchangeable minersel P assoeciated with ¥e and Al.

Hackay gk mal. (1984+) reported that Bray procedure
apreared to be the most cffective soil teszting procedure in
situations where unreacted phosphate rock contributed
significantly to plant available ¥ in soil. The better
predictive abllity of the Eray test resulted from the ability
of this proceduro Lo extract unrsacted phosphate rock which is
likely ¢o discolve in the short term and sorbed.



Dalal (1985) correlated the F desorbed from 18 South
Australian soils by anion exchange resin (AER) and cation
anion exchange resin (CAER) K at different periods with yield
response and P uptake by wheat. The relationship between the
' quantity of P desor:bed by both resin systems and P uptake
and grain yleld was found to irprove significantly as the
period of desorption increased upto sbout 10 hours, after
that improved only slightly. The CALR-P was better correlated
with P uptake and grain yield and predicted yicld response
rmore closely than AER.P, CALR desorted more P from soil than
AEx due to its capacity to take up cations as well as P from
the soil solution, thus bvetter simulating cation and F uptake
by plantse,

Wolf and Baker (1985) had undertaken a study to evaluate

the agreament among different University laboratories performing
the Olsen, Bray P1, Kehlich I and Mehlich III tects for F on a
diverse group of non~calcareous agricultural soils. The Bray P1
and Mehlich III were highly correlated and sirilar quantities
of P were extracted by the two tes=ts.

Avallable X in soil is consisted of iimediately available ¥
which is the water soluble and exchangealle, and potentially
available or 'fixed' K., It has been firmly estatliched that
plants are able to take up more K from a soil than is present
in water solutde and exchangeatle forme The release of non= °

exchangeable K from nonexchangeabile sources may be appreeciable,



Hovever, the release rate is universally too slov to provide
8 K supply that is adeguate for high yields (Grimme, 1974).

The main trend for the detsrmination of aveilable K
was for rapid methods, and the search went on for extractants
vhich would dissolve the plant available fraction vith the
least pessidble expenditure of time and labour (Ahmed gt al.,1973).
A great mmber of different extraction procedures have been used
with varying suecess, ctill there i lack of a satisfactory
sxtrectant which can be postulated universally for determining
available X,

The different extractants suggested by various workers
for estimating available K are given in the table belows

Table 2
4 st of extractants for available K

i G QU e B

£1,5o. HName of extractart Propesed by

1 Water Nelson (1959), Swemi and
lal (1970)

2 HCG1 (dilute) Garman (1957), Hareda and
Cinohara (1968), Mishra gt al.
(1970)

3 0.7 } ECL Baumgardner and Barbier (1956)

[ HCl under refimx Singh ot a8l. (1983)

5 1.38 J K80, Hunter and Pratt (1957)

6 6 } 550, Hunter and Pratt (1957)

7 0.05 B HCL + 0,025 J§

Wang and Tseng (1962)
B 80,

E ]
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(Table 2 Contdecoss)

045 X nitric acid (boiling)

0.5 Ji nitric acid (shaking)

Boiling normal nitric acid

Hormal nitric acid
1% citric acid
0.5 M acetic acid

Neutral normal quOAc

1 X sodium acetate (pH 7.5)

10% sodium acetate adced to
3% acetic acid

Ammonium lactate and
acetic acieg

N4, C1 105

0.5 Ji Ni,Cl and 0,025 Jj LQ

“odium acetate ¢ acetic acid +

hydrochloric acid
43.,65% sodium acetate and
15% HE&OB

6% HHB solution and 7%
acetic acid (pH 4.8)
1 N ¥gOAe (pH 7.5)

T 400 T G0y VU s O G A S W -
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Comzen and Iswaran (1962),
Hirchaev (1666)

Oom: en and Iswaran (1962),
Weber and Caldwell (1965)
Kagle (1967)

Nelson (1959 ), Zoyd und
Fracter (1967)

Wood and De Turk (1941)

Dyer (1894),

Sen gk al. (1949), kuscell
(1967)

Hanwey and Heidal (1962),
Van Liest (1963b), Datta and

Kalbande (1967), Mishra gt al.

(1970), Chiriac (1964)
Singh and Ghosh (1982)

Horgan (19%1), “wari and
Lal (1970)

Van Diest (1963b)

Wheeating (1930)
Nel=on (1959)
Carpenter (1953)

Bray (1932)

Datta and Kalbande (1967)

Conyers and Me Lean (1969)

“en gt al. (1949)
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81,No, Name of extractant "Proposed by R .
2k 0.0t L Calld, Liagin and Feigembsum (1962),

Feigenbaur: and 'agim (1967),
hussell (1967 )

25 0.02% } 09,612 ehaght schabel and
Heineman (1974+), Grimme and
Nemeth (1976a, 1976b)

26 Olsen's bicarbonate ¥c Conaghy amd ic Allister (1967),
solution Singh and Ghosh (1982)
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Consideratle amount of work have been carried out in the
leboratory and greenhouse to determine the relative efficiency
of various soil test procedures for K,

Wheeting (1930) indicated that Neubaner test evidently
detectad quite accurately the i deficienaies of soils. OFf the
several solvents used Nﬂl*(n solution most closely simulated
plant sctivicy in removing svailable K.

Rgplaceable K was generally considered to ve a source of
K for the soil solution and therefore to he more or less
available for plant growth (Bray, 1932),

Water soluble K has given a better measure of K supplying
power of a =oll than the initial exchangealla level of i as
reported by licod gt al. (1956)

Hunter and Pratt (1957) suggested that sulphuric acid
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would be a much WMMM‘!E%MMWM
1§m3 since sn exsct quantity of heat enorgy was furnished
to the £0il sxtraction system which theoreticelly furnished a
means of releasing u constent amount of noneexchangesble K
due to brezkdown of primary and cecondary minerals as well as
exchangeable K from a particuler soll.

Six methoés of extrection viz., Morgan, Peech ard
Bnglish, Maine, lorth Corelina, Amberlits I.K.20, boilirng
mmm3mmm.,mhnammeﬁwsm
and Smith (1957). He reported that the use of exchange resin
although too lengthy for repid soil testing apresrsd more
effective in estimating crop responce than did the buffered

acetate solution.

a8 pointed out by Sutton and Sesy (1958) K extracted by
0::15523%“1&%&0&%&13&:?%11 saxples and the K
extragted by 1.38 J 1'1250,’ frou wmoist samples have given the best
indices for evaluaiing the r supplying pover of scils,

Helson (1959) compared the total X removed by sunflowey
plant to removal ty 6 chemical extractants using 17 soils, The
best eorrelations were obtained with those methods uweasuring
exchangeable K, He found that uptake of K by sunflover
correlated equally well with K extracted by normal b, OAc or
beiling normal nitric acid,

Oomuen (1962) correlated soil test velues fer K and crop
respanse to K fertiliser by paddy and wheat in Indian soils,
Semiepormal nmitric scids (30 min shaking and { h heating) appeared
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to be suitable utmﬁants for determining X fertilizer needs
in the red loam Rameewar Block (Bihar) soils, and coastal
alluvial Mangalore soils respectively for paddy. Similarly
Morgan's extractant appeered to be suitable for predicting K
fertilizer needs for wheat crop. For Simla (H.F) submontane
forest soils, Dyer's 1% citric acid appeared to be a suitable
extractant for predicting the K fertiliger needs for wheat
erop. Any single extractant was not found suitable for Judging
the needs of K fertilizer for all types of Indian coils studied.

Stanton and Orchard (1963) confirmed that exchangeable K
would be the immediate source on which plants draw Smam their
requirements and that depletimi was followed by replenishment
from other categories of soil K, the so called step K, was
found to be the main secondary source. e =u; ested that for
a better prediction of the K surplying power of a =oil both
the exchangeeble end step K must be determined.,

Datte and Kelbande (1967) reported that HuntereFratt
method using 6 B Hasoh appeared to be the best extractant
under present éet of conditions, In the soils having illite
a® the dominant clsy mineral and the soils contalning les= than
20% clay, determination of exchangeable K by Barbier and Morgan
as well as Hanway and Heidal method gave promising results.
Barblier and lMorgan's method was found suiteble in soilse containing
exchangeable K less than 0,2 me/100 g of soil whereas the method
devaloped by Hanway and Heidal was better in solls having more
than this level of exchangeable X,
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Swami and Ial (1970) compared 6 extractants on the basis
of 'r!' values and he arranged the methods in the following
order in terms of K extraction ability i.c., 1 } EROB soluble >

non-exchangesble > ex¢hangeable >1.38 X H, 80, soluble > 2.5%
acetic acid soluble > Morgan's > water soluble,

Nambiar (1972) noted the following decreasing order of
extraction efficiency of extractants and methods when he
measured the available K by estimating the uptake of K by ragl
seedlings grown according to e modified Neubasuer technique,
Normal N0, (Wood and De Turk), 6 I Hy50, (Huzter and
Pratt 1o.2), 0.5 I kN0, with heating (Commen and Iswaran),
1.38 3 112801, (Hunter and Fratt lio.1), neutral normel M OAc
(Hanvay end Haeldal), 0.5 Ji lili0y with shaking (Commen and
Isvaren), 1% citric aeid (Dyer), 1% ammordum carbonate, 43.65%
sodium acetate and 15% KNOB (Bray), 0.05 }i HC1 + 0,025 } HyP0,
(Eorth Carclina), Neubsuer method (modified), 0.1 ] HDTA, 10%
sodium acetate and 3% acetic acid (Morgan), 0,5 I raCl,

0.05 K EDTA and water. Correlation was obtained betweun
available K extracted by the common used HH) OAc or Neubauer
value and each of the extractants used.

N, OAc (exchangeable K) and cold 4,50, heve been fowd to
ba the most successful methods and least sensitive to changes
in soil properuiss. The acetic acid extract in genaral was the
least offective (Ahmed gt al., 1973).

Grimme and lemeth (1976a, 1976b) reported that extraction
with 0,029 X CaCl, appeared to be a promising method. This
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method took into account the elay content of soils and
extracted a decreasing proportion of the exchangeavble K with
increasing clay content, The results were closely correlated

with K concentration and K diffusion,

Halevy (1977) was of opinion that eitraction with CaQl,
solution (0,01 ) would be a better method for estimation of
available K, Since it reflected changes in free energy and
vas easy to operate.

Yormal pitric acid has been found to be the most suitable
cztractant for predieling the K uptoke by plents from the =zoil
groups of South Indie (Ramanathan, 1978). The correlation
coefficients obtained betwcen Jaboratory estimates of K and K
uptake by Neubauer crops were in the following order:

B 111%03> non~-exchangeable K (by difference) > XN Nk, OAc >
0.5 B UICL> 6 ) HZS% > 0,01 k CaCl, > water soluble.

Grewal and Sharma (1980) reported that soil X extracted
with neutral i Ni) OAe or Morgen's extractant was higily
correlated wvith yield and K uptake of potato in acldic brown
hill soils of Simia regilon.

Singh and Ghosh (1982) evaluated the efficiency of 19
goll tust procedures for measuring the K avallabllity through
corrclation with dry matter yield, totsl K uptake, the
percentage of K concentration in maize, cowpea and whest cropse
grown 1n greenhouse using 10 soils of alluvial origin heving
widely different physico~chemical characteristics. They
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rovealed the extractable K in the solls as= released with various
soil tests in the following decreasing order. Bolling NH!)B >
noneaexchangeable K > hunter and Fratt's method 2 > Hunter and
Fratt's pmethod 1> wmonium acetate-acetic acid > Mehlich new
reagent > sodium acetate > ammonium acetate > Ulsen's reagent >
ammonium bicarbonate + DTFA > exchangeahle K > Mehlich's diacid >
Morgan's reagent > cacla > Mg acetate wvater. The amount of K
extracted by 1 i MgOAe solution (pH 7.5) was alosely correlated
with plant utilizable K, Olsen's reagent, modified Olsen's
reagent and Mehlich's diacid extractarts proved quite relisble
in majerity of cases. Iowever, the tests measuring the
non~exchsngeabvle K did not give high correlation with crop
responce behavicur. No single soil tost was found to be
ideally suited for all the three eroprs in respect of the plant
growth parameters and levele of K applied during both years

of crorring.

Singh gt al. (1983) reported that ENO, extractions of
Haylock and Mac Lean, electro ultrafiltration (liemeth,1976)
and a nev procedure using extraction by HCL under reflux gave
significant correlations with K balance of soils, and the yield
and/or K upteke of winter wheat grown on the plots, The new
HCl reflux suggested by them gave the closest correlations,
The amount and rate of release of fixed K (available but
nonegxchangeable) estimated by HCL reXlux was also correlated
with yield and uptake,

Ross and Cline (198%) indicated that amounts of
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exchangeable K extracted with NaCl or I, Cl were relatively
high, but wvere not correlated with K uptake by grapes.

Hapid soil tests which employ a common extractant for
estimating several mutrient elements, as aide in determining
fertility requirements of plants have arcused considerable
interest in recunt years. Unfortunately, only very few of
the inorgenic or organic reagents employed in analytical

chemistry possess a sufficient degree of specificity to permit
their use in the presence of diverse ions (Feech and English,
10W+). In corparison with the mmber of extractants evolved
for determining individual mutrients, relatively fewer rumber
of extractants have been evolved as common extractants, Most
of these extractants were able to determine several of the
important plant mitrients, Only a very few extractants have
been suggested for estimating both available F and K,

The following table shows the copmon extractents
proposed by various scientists,

Table 3
Iist of extractants for svailable F and K

....... WO g S A D G B SR T W S P L - o den - . e R S G S S g R i I TP e SR

gg' Name of extractant Froposed by
1 0,028 )i acetic acid Spurway (1933)

2 fodium hydroxide and acetic derkle (1934)
acid, pH 5.0 (0.25 i for
sodiur and 0.33 }i for
acetate ion)
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(Table 3. econtd....)
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¥roposed by
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Morgan (1937)

Spurvay (1935)
Hester (193%)

Feech and English (1944)
Wolf and Ichisaka (1947)

Virc (1955a, 1955b)

Warren and Cooke (1962)
Warren and Cooke (1962)
Warren and Cooke (1962)
Fried and Broeshart (1967)
Soltanpour and Schwadb (1977)

Bar and Akiri (1978)

Mehlich (1978)

;g‘ Haze of extractants
3 fodium acetate and acetic
uciay pH 4.8 (percolation)
L 0.135 ¥ HQ
5 ‘odium hydroxide and acetie
acid, pH 5 (0.125 H for Na and
0.167 }i for acetate ion)
6 25% sodium perchlorate solution Bray (1936)
7 Sodium acetate acetic acid
( sheking with charcoal)
8 0.73 } sodium acetate and
0.52 i acetic acid
9 0.05 } EUTA
10 0.3 B B
11 1% citrie acid
12 Water
13 Amuonium lactate acetic acid
14+ 1 } M§JC0; and 0,005 }i DIPA
15 Olsen's extractant (0.5 }
Rﬂicos adjusted to pH 8.5)
16 Mehlich II 0.2 } Iﬂ{h(}l +
0,015 Ji IH,F + 0.2 b
acetic acid + C.,012 } LICL
17 Iray Fc.2 (0.03 L REF +

e QU W DG S T Ry S AP BN B S VIR W I G W e SIS PN e GO0 G Y B G G SN N T SIS A . G5 g Sy gt A ADE NS A BT G OB SN0 SR

0.t X Q1)

Zallard (1978)
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Table 3 contde...)
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§1° lame of extractant Froposed by

L 4
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18 0.5 }i M F + 0,005 }j DTEA Reo and Ghosh (1981)

19 ‘odium scetate acetic acid of Wolf (1982)
(H 4.8 and 0,0001 }i DTFA

20 Bray and XKurtz No.1 (0.03 M Rem and Frasad (1983)
NE F + 0,025 ¥ HQL)

21 Mshlich III (0.2 } acctie Mehlich (198%)
acid + 0,025 N M NOy +
1 ¥ M,HCO4 + 0.005 } DTFA)
rH 746
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Only a f2w attenpts have beon nade to neasure
quantitatively, the differences between various methods of soil
tests employing 2 single extraction for the estimation of
readily soluble coil constituents,

Through the acticn of a large mumber of rye secdlings,
grown on a swall amount of scil, the LKembauer method made
possible ths simmltaneous extraction of both available F and K
(Thornton 1935).

korgan (1935) noted a ¢lose correlation beiwsen his
method and that of lester eventhough the quantity extracted
varied considerably. e noted further that the results of his
method correlated closer to the plant response than any of the
other methods studied.
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bray (1936) reported the relutive efficiency of various
procedures for extracting K, concluding that, of the meny salt
and acid combinations used, a 25% solution of sodium
perchlorate was the most efficient to extract exchangeable K.

Goss and Owens (1937) employed Morgan, Eray, Hester,
Merkle and Spurwsy methods in order to find out the relative
efficiencies of the soil test extructing reagents to release
g0il constituents, It was found that the acid leaching
solution proposed by Bray removed larger quantities of P and
K than that of the other proposed proceduresz, It was also
observed that considerable organic materials were removed by
this solution which interfered with the estimaticn of P, g,
and Mn., The percolation procedure of extraction as adopted
by Morgan failed to glve results which would correlate closely
in all cases with application of fertilizers and liming
materials, The shaeking procedure of cxtracting soll samples,
on the other hand liberated quantities of soil constituents
vhich correlated quite elosely with the soil pH value, the
fertilizer and liming material application and crop yield,

The amounts of mutrients liberated by the solution
proposed by Hester correlated very closely with that of the
modified Morgan's procedure (Shaking 15 min), The Hester
solution falled to release P in comparable amounts to that
modified Morgan's procedure particularly in acid soils, The
"universal extracting solution” releaszed more Fe, Al and Mn
phosphates than that of the Hester reagent. The Forgan's



procedure as modified was more reliable for diagnosing soil
fortility problems for a wider range of crops, since some
plante have the power of utilising considerable quantities of
phosphate when applied as Fe, Al and Mn phosphates, The
quantities of soil constituents removed by dilute acid
extraction of Spurway limited the use of this testing procedure
as a criterion of making fertilizer and liming material
recommendations for field erops in New Jersey,

Mlee (1927) reported that the use of the buffered
perchloric acid solutlon in the rapid scil test gave a good
picture of the fertiliger needs of southern soils of Mississippi
of the four extractants used, viz., Morgan, Spurvay, bray and
Iruog.

Correlation of soil test for avsilalble P and K with crop
yield response to fertilization a® worked out bty long and
featz (1953) using 22% sodium perchlorate in E/10 perchlorie
acid and shown that correlation coeffiecient (r) wac not
significant, with rewpect to P on any crop viz., corn, cotton,
small grains, legume hays and permanent pastures. It was
significant with respect to K only on corn.

EDTA would he a more eoffective extractant for the adsorbed
ions thar 1T 0Ae and 1t could be reconzmended for determining the
contert ¢f exchangeable nutrients in acid soil. On the other
hand, this method wa: hardly cuitable for calcareous soils,
since BEDTA disgsolve water insoluble carbonates that are not part
of the exchange complex (Viro, 1955a)
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Warren and Cooke (1962) made a comparison betwesn methods
of measuring soluble P and K in soils used for fertilizer
experiments on sugar beet, The best method used a rapld
extraction with dilute HCl, btut extracting with water (CaHCOB
was used for calcerecus soils) or with citric acid was nearly
as effective. These three methods ware more useful than
methods using larger volumes of dilute Hai’vo“, dilute acetiec

acid and a lactate solution,

Subramasyan (1968) worked ocut the correlaticn coefficients
tatwean the various wetinods ior K determination aud concluded
that Sray and XKurtz (0.2 and Olsen's methiods might ve used for
the determinailion of available K snd both the extractants were
sultable for ¥ and K. DBoth mtrients gouid be estimated in a
gsingle excractlon thus saving considerable time spaut on

extrzction.

bBaker (1973) developed a new approsch to soil testing in
whienh the eguilibrating or testing s solution contained each
eleuwent fopr wideh the soil wus belng tested. In 1973, he
rejporbed vhal alithough the adsorption equilibria soil test
could be uzed successfully to lest for several eiecments and to
indicate soil dilferences, afditional calibretion data would be
required prior to routine use oi the method,

o4l organic carbon &s s common index of avallability of
both F and K to potatoes in acidic brown hill =oils of Cimlia
has been reported by “haima et ale (1961).

Hanlon and Johnscon (1984) compared Mehlich III, and Mi;’iiCOB
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DIPA multi-element extraction solutions with the more
conventional Bray and Kurtz for P determination and with 1 )}
neutral N, OAc for K and Mg determinations. All solutions
vere highly correlated to Bray and Kurtz and 1 } Mi OAc
extractant for Oklahema soils. He thowed that mhuccs +

DTPA (AB/D) could extract mitrients from neutral and acid soils
slso although it was originally developed for basic soils,
When considering the spead of analysis Bray and Kurtg HNo.1,
lehlich III and 1 } smeutral NH OAc procedure- were found to
be superior to AB/D procedurc. AB/D was relatively unstable
with respeet to pl and the uixture tendod to have stronger NHB
odour,

The AB/D test procedure with analyeie by an inductively
coupled plasma spectrometer for simltaneous determination of
elements, made soil and overburden testing very efficient
( toltanpour, 1985).



MATERIALS AND METHODS
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MATERIALS AND METHODS

1. Cellection of soll samples
Eighty seven surface soil samples (0-15 cm) were

collected from all over the State, covering all the districts
for assuring wide variation in the content of availsble F, K
and physicochemical characteristics of the soll.

Samples were collected to a depth of 15 cm from the
surface of the soil with the help of a spade, making a 'V!
shaped cut, with one side perpendicular to the surface. About
2 kg of well mixed soil (composited) was collected out of 4 to
6 pits from a plot representing a soil type.

The samples were dried in shade, powdered using a mortar
and pestle and sieved through a 2 mm sieve. Approximately 1 kg
of the sieved sample was kept for the pot culture experiment.
One kg of the sample was further processed to pass through a
0.5 mm sieve and used for chemical amelysis. Detuils of the
location of the soils selected for the study are given in
Appendix I.

2. Apalyiical procedures

The soils were analysed for moisture, pH, EC, organie
carbon, CiC, total P, total K, available P, available K and P
f£ixing capacity.

2.1, boisture
Five g of soll was weighed into a =qat form bottle and
then dried to constant weight in en electric oven at 105-110°C,
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After cooling in a desiccator, the loss in weight was
determined and the result was expressed on dry basis.

pH of the soil was determined with an Elico combined
electrode, type Ci=51 pH meter using a soll water ratio of
112.5. The electrical conductivity of the supernatant liguid
was measured in a direct reading conductivity meter.

2.3. Organlc carbon

The chromic acid method of Walkley and Black as
described by Jackson (1958) based on spontaneous heat of
dilution of H,50, was used for the determination of organic
carbon. The soil was digested with standard potassium
dichromate and concentrated sulphuric acid, The excess
chromic acid was back titrated against standard ferrous
sulphate using ferroin as the indicator (Jackson, 1958).

2.“.

The CEC was determined by saturating the exchange site
with K. Five g of soil was veighed out into a 15 ml
centrifuge tube. Potassium saturation was obtained by 5
washings with ? X KC1 solution, 10 ml at a time. Removal of
excess salt was done by washing once with distilled water and
twice with 95% ethanol 10 ml each and once with 10 ml acetone.
To the sample, 10 ml of 1 }i MI,'_C]. solution wvas added and the
suspenslion was centrifuged. This was done 5 times and each

time supernatant liquid was quantitatively transferred to
100 ml volumetric flask. The volume wes diluted to the
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mark with 0.5 } %Cl and K was estimated in the =olution
using a flame photomoter (Jackson, 1969).

2.5. loval ¥ and total &
2.5.1. Digestion withk perchloric-nitric acids

About 1 g of air dry 0.5 mm soil was welghed into a
beaker, 20 ml of colcentrated nitric acid wac added, covered
the beaker amd cautiously heated to oxidise organic matter.
Added 10 nl of 60 rer cent perchloric acid, and digested the
aixture until the content in the beaker was white and clear,
The Qigested content waz filtered and made upto 100 ml
(Lesco, 1971).

2.5.2. Total phosphorus

An aliquot of the soil dizest was taken and phosphorus
war deternined cclorimetrically by the vanadomolybdophosphoric
yellow colcur method in nitric acid system (Jackson, 1958).

2+5.3+ Total potassium
rotassium in the =0il digest was determined flame
photometricaily (Jackson, 1958),

2.6. Avpiluble phosphorug

For tihe determinalion of available P, the =cil was
extracted with Ergy No.1 extrectant (0.03 Y M F + 0,025 X lCl,
using 1410 soll sclution retic and an equilibration period of
5 min) and phosphorus in the extract was determined by the
ehlorostennous blue colour method in hydrochloric acid system
usiny spectronie 20 spectrophotometer (Jackson, 1958).
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2.7+ Ayailable potassium

The soil was extracted with normal neutral ammonium
acetate (using a soil solution ratio 1:5 and an equilibration
period of 5 min) and potassium in solution was determined
using an biL flame photometer.

2.8. Fhosphate fixing capaciiy

Five g of soll that passed through a 0.2 mm sieve was
placed in a 100 nl centrifuge tube and 50 ml of 0.01 I
armordun dihydrogen phosphate solution adjusted to pH 7.0 was
added. The content was shaken for 24 hours in a mechanical
sheker. The suspension was centrifuged and the phosphorus
content in the eclear supernatant solution was determined by
the vanadomolybdophosphorie yellow colour method in nitric
acid system described by Jackson (1958). Tune decrease in

conentrotion was taken as the amount of phosphorus fixed.

3. Es \
the test crop
The total uptake of F and K from the soils was

determined by growing rice crop in soils taken in small plastie
containers following the Neubauer seedling technique

(Kenwar, 1976) with some modifications. This experiment

was ©0o ﬁlanned that maxirm removal of phosphorus from soils
was effected in a short period of time by growing a large
number of plants in a small quantity of soil.

Une hundred g of soll was taken in small plastie
container of 12 cm diameter and 5 cm depth and mixed with



50 g of sand, A control pot was wointained in which nc coil
was taken. The short duration high yielding varicty of rice
viz., Annapoorna was used ac Lhe besi crcp. uevtdnabed c200s
were used as the cceed material and 100 sceddiig~ were grown
in the »ot~ for a period of 3C day . the plants aleng w.th
roots were harvesced znd the adhering scil pertielan vere
corpletely reamoved. dibe horveried plant matorial wwen dried
o

in & clecghric oven el (070 (111 a ecnctant weijht was

Choaliind,.

ihe whole plant nLaterial was powdered, Grisd and .0 2z
wae traneferred into a 100 =l volumetlslce {lacih. 1ue contont
war digested in tripie acid mixture econsisiiig of udtrie,
sulphurie and percinloric scide in the ratic oi 10111k till
the content tirned colourle 's. TLe tegesvi was iluled wich
water, ithe volume made up, kepl cgice for one day and [ilit.ied
when the whole silica was cetiled down. FPhosphiorus in tie
digert was Jdelernined by vanadouwolybdophosphoric yollicw colouvr
nethed in nitric acic Systeas using opeetronlc 20 - ecircphofometer

end P owiat ertimates uting an bulb flase photooctor,.

. The percentages of I and K in plant pelerial wvere
calcudlated and F wnd K wpltehes by plancs were ithen cogpulced

from total dry weight-,

P g K content ¢f soil

fo evelve a cowaon extractant both for aveilavle & and
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availeble K, the followlng extractents were tiied,

4.1

To iz uyp extractanies for preliminary screening an
initial study was taken up, using 1 soil, 16 extractants and
2 equilibreticn poricds. The catractants were:

1 041} MQF + 0,001 J LTFA

2 0.1 M NEF + 0,005 1f LTIA

3 U1 2 mk‘ﬁ + 0.C5 4 DIFA

b .5k NEF + G001 4 DIRA

5 0.5 M HF + 0,005 } LTIA

6 C.5 4 IEF + G.05 i DIPA

7 1.00 B NiyF + 0,001 ji DIPA

8 1.00 M N, F + 0,005 X DEPA

9 1.00 i FHF + 0.06 & DIPA
10 C.00 N H,30, + 0.06 J HCL + 0,05 ¥ cxalle acid
11 0,03 M I, F + 0,025 J HCL (Bray No.1)

12 0.C3 ¢ MF + 0.05 2 M 0Ac + 0,025} IIC2
13 U.09 X LY + 0,09 ¥ Z‘ﬂit*OAc + 0,02% M LCL
1 C.05 ¥ MRF + 0,05 [ acetic acid

15 0.03 [ M F + 0.05 Ii acetic acid

16 0,03 } M, F + 0,025 Jj HQL + 0,001 }j DTFA
17 0.03 k NH.F + 0,025 }§ HCL + 0,005 }i DiFA

18 1 2 neutrsl Ny Ohe

Five g of scll was taken 4n a 250 xl conical flask and
50 zl of extractart solution wae addad, The content was shalten
for Aifferent perinds (30 and 60 min) in a mechanical shaker.
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Imnediately after shaking, the content was filtered through
Whatizon No.i filter paper. Fhosphorus iu the fiitrate was
dotormined colorimetrically by the chilorostennous reduced
molybdophosphioric vlue colour method in hydrochlorie geic systeum,
and 5 wuas determined using an kbl Llome phouvcnetap
(Cacksoi, 1G5C),

Un the basis of workable conceutration ranges of Iﬁkth and
DITFA combinations and raie of release of ¥ and X into the soil
sciution , Scme extractarnis were eliminated and 9 combinsgtions of

NH, F + UTrA were tried ror the next phase of the riudy, viz.,

preliminary screening of the extructants,

In the preliminary screening, nine NHF + VIt coubinations
were tried at difrerent concentrations within the workable limits,
In addition, Olsen's extiactuni was alse intrcouwcod. Thus
preliminary screening consisted of 19 extractantc ai § periods
of equilibration viz., 5, 10, 15, 30 and 60 nmin with 9 scils,
and a singls soil solution ratio of 1310. Selected extractants
for preliminury ccreeuing are listed below:

0.1 1 Nﬁh}*' + 0,001 I Di¥

0.1 L MELY + 0,003 1 DIFA
0.1 I Kig¥ + 0,005 3 LikA
0.3 K N ¥ + 0,001 i DITA
0.3 B Mo ¥ + 0,003 } Dira
0.3 B MF + 0.005 D14



10

11
12
13
1%

15

solution.

0.5 1 NE,F + 0,001 } DI¥A
0.5 k N, F + 0,003 } DTRA

¢0

0.06 X Haﬂou + 0,06 } HQL + 0.05 J oxalic acid

0,03 J¢ I F + 0.025 H HGL (Bray No.1)

0.03 } My F + 0.025 } HC1 + 0.005 }§ DIkA

0.05 M HihF + 0,05 X acetic acid
0.5 B HalCOg, pH 8.9 (Olsen)
Formal neutrel Liy Uae (stg)

Graphs were plotted taking periocd of equilibration con
the X axics and P values on the Y axlis for each extractant

From the nature of the curves obiained a few

extractants with suitable equilidbration periods were selected

for stucdying their performance in all the &7 soils for the
firal =zelection.

Thus the selected 10 extractants and their equilibration

periods are given below:

fLldic. Rane of extractant

WM W -

0.1 3 MpF + 0,001 } DIFA
0.1 3§ MEY + 0,003 i JTA

003 j;:_ -%F + C.Qm

N
b
-
%3

0.5 k& MyF + 0,005 3 vIFA
0.06 X 1,70y + 0.06 M HCQY +

0«05 N oxalic acid

0.03 L X «+ 0.025 L G

0,005 }i UTEA

LIFA

Louilibpration period
5 win
10 win
S win

30 win

5 min

$0 min
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“1.No. Name of extractant Equilibration period
8 0.05 X ML F + 0.05 M acetle S min
acid
9 0.5 M I—iaHCO3, pH 8.5 (Olsen) 30 min
10 Normal neutral HHEOAQ (std) 30 min
4.3 Fipal sele:

The perforuance of the ten extractants selected from the
preliminary screening was studied using the 87 soils with the
gelected equilibration period for each extractant. Frhosphorus
in solution was e~timated colorimetrically by the chlorostannous
reduced molybdophosphoric blue colour method in hydrochlorie
ecid system and potassium was determined flame photometrically.



RESULTS AND DISCUSSION
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RESULTS AND DISCUSSION

Any soil test that measures the mvailable quantity of
phosphorus and potassium will provide encugh information to
support atleast an approximation of the quantity of these
nutrients to be supplied to soll for correcting the deficiency.
Hovever, all soil tests so far used could not predict the
corrective treatment for a wide range of soils and envirommental
conditions, Very often the amount of nutrient extracted by the
widely accepted and presently using common methods viz.,
Bray No.1 for svailable P and nevtral normal %m for
available X vary in their correlation with the plant responses
vhen different soils and varying climatic conditions were
considered,

For practical routine =oil testing the use of separate
s0il extractants for each matrient would be cumbersome and
cost prohibitive, especlally when the mumber of =oil samples
to be hagndled in a soil testing Jlaboratory is very large, In
this respect, the use of a commen extractant both for P and K
recelives greater attontion than the elassical conventionsl
methods, Unlike the classical methods of involving individual
extrectante for F and K, the extraction using s comson
extractant will make the process simpler and rapid and the
individual soil tests can be carried out on separate aliquots
of a single extract by means of colorimetrie method and flame
photometric method for P and K, respectively. The uce of



43

sophisticated laboratory instyuments that are capable of
apalysing a solution for meny elements simultanecusly in soil
testing laboratories is becoming widespread. The advantages
of such modern equipment can be fully reslised only if a
single soil extracting solution can provide information on
s@versl 2oil mutrients,

On the choice of the extracting solution best sulted for
the determination of P and K simltanecusly, many restrictions
must be imposed necessarily. The extracting solution must
remove a portion of the element under consideration that can
be related to plant uptake in the field and the results of the
test must necessarily correlate with known erop responses to
fertiligers,

A satisfactory extracting solution should effect complete
or proportional removal of the portion of plant mutrients that
will be really available to the crop under field conditions.
The extractant should yleld a clear filterate with minimum
interference due to organic matter., The extractant soclution
should not contain ions that will interfere with the proper
execution of the individual tests, The concentration of the
reagents mast be within limits of accepteble sencitivity of the
respective tests (Feech and HEnglish, 194)

Unfortunately, only very few of the chemicals used in
soil analysis posseses a sufficient degree of specificity to
permit their direct use in the presence of diverse ions. In



addition to the chemical interference, there are so many
biological and environmental factors invelved in the
interpretation and in the practical use of the soll tests,

Because of the above reasons, the results of a chemical
soil test involving a common extractant have provided only a
part of the information necessary for an intelligent fertilizer
recommendation. Neverthelass, these chemical =0il tests when
properly correlated with plant uptake on different soils, can
furnish valuable information that can serve a very useful
purpose in fertiliger rocommendation provided that the tests
can bs relied upon to give a consistently accurate and reliasble
analytical results, Thus, the adoption of a common extractant
must be based on successful statewlide eoll test calibrations.

During the early yeare of the preaent century, Morgan's
extractant (sodium acetate-acetic acid, pH 4.8) was used as an
universal extrectant solution. As pointed out by Morgan (1935)
it is wvell bufferod at a pH value that is closely approximated
by that of the soll sclution in equilibrium with the partial
pressure of carbon dioxide normally found in the soil air and
its solvent action is relatively unchanged even upon prolonged
contact with a solil containing moderate amcunts of 63003.

Thie solution has been found capable of replacing a fairly
high proportion of the exchangeable bases in most soils by a
single extraction using 115 soil solution ratio. Despite its
acidity, Morgan's solution was found to bring sufficient
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organic matter into solution to interfere seriously, with P
tests, The possidbility of removing dissolved organic matter
by means of activated carbon was then investigated by Feech and
English (194%). In the removal of organic matter from soil
solutions using carbon, appreciable reduction in the
concentration of many ions was found out by Reitemeir (1941).
Interference with organic matter is possible in the Olsen's
extractant (Olsen g al. 195%), M, HCO3~ DTPA {Soltanpour amd
Schweb, 1977) and Mehlich IIX (Mehlich, 198%) because of their
alkaline nature, although these extraectants were considered to
be suitable for astimating both P and K. Therefore, evolving a
common extractunt which can estimats both P and K without any
analytiecal difficulty is highly warranted.

The present study was therefore planned to evolve an
extractant which will extract both P and K siumultaneously, which
will be correlated with plant uptake. The investigation was
oriented to estimate P and K 'using a ocommon extractant without
any analytical difficulties.

The investigation for a common extractant was carried out
through three stages of evaluation. The first stage was an
initial study, in order to fix up appmate range in
eoncentration of reagents. The second stege was a prelininary
screening of extractants using 9 soils, 15 extractants and
5 equilibration periods viz., 5 min, 10 min, 15 min, 30 min
and 60 min. The optimum equilibration period for each
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extractant was finalised in this stage, by comnducting an
plant uptake study using Neubauer seedling technique and
gorrelating the mutrient uptake with the amount of mutrients
extracted by various extractants at different equilibration
periods, The selected extractants from this preliminary
screening with suitable equilibration periods were then
used for the final stage which consisted of a large mumber
of soils (87) and the ultimate selection of the extractant

was made.

The availability of mutrients to plants in soils is
decided upon by a mumber of factors which are influenced by
soil physical and chemical characteristics, Thereforse,
estimation of general characteristics of the s0il related to
P and K gvailability was mede prior to the evaluation of

extractants,

Eighty seven soil samples were collected from all over
the State and the general properties of the soil vig,, texture,
moisture, organic carbon, pH, EC, CEC, total P, P fixing
eapicity, Bray No.1 P (available P), total K and neutral
normal RH OAc K (available K) were estimated., Considerable
variatione in soil properties relating to the aveilasble P and
available K were obtained betwecen the soils,

The general properties of the soils selected for the
study are presented in the Table 4 and 5, The location of
soils is given in Appendix I,
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Tabla &

General chemical propertiez of the soils

Organic

- e e WP s A G A . D T S

A WO g U B S i A S D W

u?g%c Moisture % carbon % i in water &mm% ) (m‘/?;% g} Textural cless
1 1.1 0.07 5,10 et 3.2 cley
a 0.81 G.98 5 o180 0630 1.56 loauy “und
2 2.04 0423 L 70 0.09 4.68 loam
L 1.83 0.11 L 6o 0408 6.76 loax
5 2.29 0.35 50 G115 3.64 loss.
6 U440 0.05 5eL0 0.12 1.04 sancy loam
7 132 G.3% G410 C.07 1.82 loary ~und
8 2 .46 Ga.32 Y20 U2 5.98 losr
9 3473 2.3% 6400 0.33 10.66 “angy Loam
10 1.84 .38 Y50 0.10 2.86¢ ~ary Loam
11 3.52 (!e2€ +,10 0.28 3.5% cley loem
12 1463 .46 5,90 0.13 3.12 clay loam
13 309 (.86 Delh 0.24% 7.02 clay loam

L7
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f:::o Moisture ¥ :ﬁéﬁc’g
1% 3.9% 051
19 k.17 1.08
16 1.2 Q.12
17 1.21 0.20
18 1.01 0.12
19 537 2317
20 C.20 0.12
21 2.35 0429
22 L.36 051
23 020 0.001
o 1.9% 1.33
25 0.91 0.1
26 509 0.02
27 G417 0.40

W o -

P S

o~ . .

CEC

pb in water mgg /m3 ) (':'{}f? § Textural €lazs

5.80 007 9.10 ¢clay

6.50 0.15% 6.50 clay loam
5.60 0e13 0.78 loany sand
€90 0.07 076 loxgy sand
&,80 o v 1.0k locry samd
530 Outle O W00 clay losm
5.10 Gy 0.92 oy sand
S.60 0.69 56 loan

4.80 0.07 5.9¢  eloy lcanm
6480 0.11 020 loary sand
5.60 010 1.0 loary sard
6,00 0.90 Ce52 louny cend
L,90 C.ls 13.26  clay

6 480 0.12 15.3%  clay

§%
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 Soil ,
a?c Molsture %

-

. SR S SR g G S A Y NS RS S I s e A AU P O YU SR T A A ANy W A T A G S S G SO

28
29
30
31
32
33
34
35
36
37
38
39
40
I+

A G A T W gy S D e

. S

10.62
2.46
2.88
5437
2.56
2.46

11.48
3.8%
3.09
4.95

13.64
3.09
0.81
0.81

wmum(mﬁﬂ(w1§

Urganic

carbon %
0.98 7 .40
1.50 4.20
O.l+1 6.%0
1.65 540
0.40 7 .20
0.38 6.30
0.47 9.20
0.83 8.80
0.24 755
0.85 4,20
0.18 4,70
0.85 4,30
0.30 6.60
0.30 6.60

A A gy, RN gy

0.53
0.09
0.10
0.10
0.13
0.09
0,20
0.3%
0.18
0.18
0.07
0.05
0.07
0.07

Textural class

21.06
9.88
6.2k
3.12
2,60
1.04

13.00
3.12
1.56
0.52
1.30
2.08
0.52
0.52

loary sand
clay loanm
sandy loam
loany sand
loary sand
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Soll - Urganice  vveike =0 - Cﬁ‘ﬁ o s ‘
sagg.}a Holsture % corbon 5 PH inwater 0003y (maé 3} i?. K fextural class
42 .62 0e53 6 .00 CeO7 2.08 clay loam
43 0.60 Ce22 6 .60 C.07 1.0k nandy loam
Ly 2.67 1.29 590 .75 1.62 sandy loam
L5 L.71 0.07 €.70 010 0«20 nand
46 00 019 €.00 .09 0.26 sand
L7 0410 0.31 5.70 0.08 0.26  cand
L8 549 0.6% 540 0,10 1.82  cley loam
49 2 o0k 0.26 4,60 0.05 0.78  ~andy loam
50 3.20 0.72 5.70 0.0% 208 clay loam
51 2 ol 0.69 £.20 0.06 1.0k loony sand
52 2403 Q.40 5610 O.12 1.0l iopny sang
53 o1 Gk 5.0 .03 0.52 loary cand
chy 7«30 015 £.1C Ge29 3.12 cloy loam
55 3.73 0.78 Cec0 Os11 1.0  lozn

T T T W W s S ANy By . T N s T P qun S o e S U B i s W W S O I . e WA, W o e a5 T o Uty D e g oy R S e S mern GO A ae B SV 8 i S 40
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Tablel’ COni}Cc--..on

Soil = .  Organie : =C ey T e 21a9
aaﬁgl..e Voisture & cazbon % ph in water (pmho /cm3) (mgé}i g()} g Textural class

56 1.01 0.74% 5 .60 0,09 0.52 loary sand
57 2.77 047 5.80 0.09 1.56 sandy loam
58 1655 1.09 L .60 045 2.08 loan

59 1e32 0.59 525 0.09 0.52 loany cund
60 3.20 048 550 0.06 1.30 sendy loam
61 b.17 1.57 5.70 C.11 1.56 sandy loem
62 5.49 0.96 510 0.06 1.0% sardy loam
€3 549 0.57 k.70 0.1l 1.56 loam

6k 4.60 0.88 .70 0.09 1.82 sandy loam
65 1.21 o.47 550 0.93 0.62 loaty cand
66 341 1.31 €.70 0.31 2.3% cendy loan
67 2.0% 0.63 7 .60 0.31 1.56 ~andy loan
68 4,82 1.00 ©.60 0.20 260 ~ardy loan
€9 0.61 0.50 6.15 C.‘M» 052 lomy samd

IS



Teble ¥ Coltleveeces

o . Ggmic .o . L ol T
saﬁﬁ%a scisture ¥ ca?Lan % pil in wator (ummo/cm3)‘ (ueégig g Toxtural class
70 3.73 1.09 4.60 007 1,30 losmy cand
71 4,286 1.4 4,95 .09 2,08  sordy lcam
72 L W62 1.56 4,75 0.4 1.30 loamy cand
73 0470 1.11 7 460 0.18 1.04 loamy sand
7l 4,71 1.80 7 o0 0.06 0.78 loauy cand
75 5« Olt 1.9 b.7/5 0.10 2,60 sandy loem
76 0.60 el 515 0.08 0.52 lomy rand
77 1.21 0.30 440 0.0% 0.26 lomy suand
78 1.42 0.7% 7+50 0.16 1.96 loay cand
79 b &2 1478 €.00 0.10 1.30 loauy cend
80 4,93 1.19 6.29 U.08 2.08 loam

¢S
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Fo.

WP D IR o e e S W W e w AR A STED SO WO G g Y T S S OSSR Gl SN B SO U0 AR 00 0 R A g LT G S U A S ey Y- T G i G U e SIS o W ST S DD A S T D S5 G05 Sas R B T an, W SiPae

Organie BC CiEG
sanple Moisture 830 pH in wate me, extural cl
ist 4 o n % i tey (|||ah:/:a|3) ( ggg)g Text ass

81 4.60 142 6.10 0.06 2.08 loem

82 0.81 0.2 790 0.09 1.0% sandy loam
83 2.67 0.38 530 0,04 0452 loeny sand
84 2.29 0.l 4,35 0.05 0,78 losmy sand
8y 2,46 0.78 8.85 O.th 2,60 sandy loaw
86 2.0% 0.24 560 0.0% 1.0% sandy loam
87 1.2 0.22 570 0.0% 0.78 sandy loam

€6



Table 5
Froperties relating to the behaviour of phosphorus and
potessium in soils

94

A D G T W g S s A G S - e

Available
K, ppm

o W O . S U G B . S B SR

sso;u. f':g}:g: Total Aveilable Total
ample eap P, ppm P, ppm K, ppm
Yo. (‘&sallog‘
1 153.81  220.00 22,60 100.0
2 78,10  220.00 21.9 500,0
3  125.50  332.50 6.5% 1500.0
b 103.60  W40.00 19.15 2000,0
5  103.60  110.00 b, 2% 1500.0
é 51 420 55«00 16.10 500.0
7  119.50  220.00 85 427 1000,0
8 79.20 220,00 22,60 1250,0
9 71.60 795,00 36.91 3250,0
10 131.30 W7,50 17 o6 1000,0
1 59.60 276,25 66.78 1000.0
12 97.00 562,50 38,91 1000,0
13 106,90 110,00 1733 1250.0
1h 71.60  109%,00 18.90 2500.0
15 103.60  562.50 15.29 1500.0
16 85.50  330.50 30.79 1000.0
17 71.60 562,50 49.10 750.0
18 90,00 562,50 100497 750.,0

mn-%oh-m.t-”‘w—wuﬁﬁfqvnnw o i O o A A S . B P S e (-

LY X R o R e

32,50
107 .50
14,00
550400
15.00
20.5C
42,50
10.50
165 .00
20,00
10.00
45,00
45,00
220.00
82.50
20.00
17,50



Tabla 5 %ntd.‘....’

- A g W S G AT W S e -

801l % g Total Available Total Available
'ﬁlﬁ capoeily F, ppu ¥, pm K, ppz K, ppm
o (mg/100g
soil)
19  106.90 332.50 4,2k 3000,0 90,00
20 71.60 55,00 30,36 250,0 15.00
21 7160 L7 .50 13.77 2250 .0 72.50
22 93,50 915.00 2.33 1500,0 15.00
23 97 .00 110,00 13.21 250.0 5.00
2k 86.50  1095.00 58,25 1500.0 320,00
25 55«50 890,00 5%,96 500.0 45,00
26 66,50  1155.00 Iy 20 3500.0 125.00
27 7920 220400 5460 4000,0 107.50
28 42 .50 795400 52465 5500.0  1000.00
29 51.20 332,50 13421 250,90 70,00
30 28,60 795 .00 25.15 3000,0 142,50
31 33.40 115.00 2,92 1000,0 70,00

32 36,00 2798,75 198,31 7000,0 200,00
33 97 .00 1527 .50 32,56 4250,0 200,00

3 18,80 55«00 b2l 5000.0  107.50
35 5.12 2177.,50  338.7% 4000.0  1300.,00
36 7540 110,00 2.92 1000.0 65.00
37 93.50 276,25 1340 1000.0 65400
38 131.30  677.50 5.6C  3500,0 17.50

39 51,20 110.90 647 1000.0 25.00
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to. (ng/1008
soil
40  128.4%0
4 93450
L2 86.50
L3 103,60
Lk 90,00
Ly 59460
4 110,10
47 42,50
4  110.10
L9 113.30
50 7540
51 59 .80
52 79 «20
53 23.80
5k 79.20
55 103,60

56 103460
57 131.30
5¢ 59,60
59 125.50
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......

Total
¥, ppm

55«00
2631.25
390,00
39400
16.00
9400
270425
W7 .50
620,00
562.50

Avallable
¥y ppm

31467
10.35
15.29
51419
6.5%
1%,93
k.96
1 0%
13477
43,58
31.22
11.57
35.85
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Total

3250.0
500,0
225.0
250,0
500.0
250.0
500.0
500.0

1000.0

1000,0

2500.0

1000.0

1000,0
£00.0

2000,.¢

2500.0
500,0

1500.0

3500.0
00,0

S G W e e i B W

Available
K, ppm K, ppm

110.00
35.00
13.50
12.50
12.50
15.00
15.00
27 .50
17 <50
20,00

147 .50
30.00
62.50
4,00
825U

250,00
20,00
55.00
&2.50
35400

-

a6
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o
75
76

78
79
80
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110.10
119.50
147,50
5950
3¢.00
71.60
134.20
106,90
119.50
50,00
28.60
128.40
97 .00
38.00
7920
116.40

Total Available Total
P, pym P, ppm K, ppm
505,00 36,20 2750.0
276.25 13.21 750.0
620,00 17 .64 175040
505 +00 23.32  2500.0
447 .50 5.37  3250.0
110.00 42,22 750.0
79 .00 35.85 2250,0
W7 .50 58.25 750.0
915,00 36.85  2500.0
55.00 23,32 250.0
915.00 6,07  %000,0
Lh7 .50 5483 3500,0
505 .00 L6 2000.0
33250 70,11 500.0
110.00 21.56 500.0
677 .50 15.81 2250,0
55,00 13.21 250.0
110.00 19.68 500 .0
332.50 80.56 250.0
220,00 6.07  2750.0
915,00 36,85 1500,0

han A 2 24 2 % T

Available
K, rpm

210,00
175.00
26.00
145,00
30,00
385,00
185.00
165.00
90,00
42,50
116.00
232.50
130,00
50,C0
25 .00
120,00
20,00
10,00
60,00
52,50
45,00
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Total F
Soil tﬂ.nngy Total Aveilable Total Avallable
sample capeci P, ppm P, ppm K, rpm K, ppm

No. (m,1 003
soil)
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81 93.50 447 ,50 725 2500.0 170,00
82 59,60 110.00 28.69 250.0 20,00
83 23.80 55 »00 6,07 500 .0 10.00
8 38,00 110,00 2,92 750.0 25,00
85 46.90 330.00 38.91 1250,0 340,00
86  137.00 550400 5.60 500.0 25.00

87 36,00 110.00 6.07 500.0 15.00
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The soils varied in their texture from sand to clay.
But majority of the soils were sandy loam or loamy sand in
texture,

The pH of the soils selected for the study showed that
they are mainly acidic to neutral in character though there
were a few alkaline soils, Therofore, the extractamt that
would be selected must be suilted to mostly acidic to neutrsld
goils, The EC of the soils wae in the range of 0.03 to
0.93 mho/cll?' indicating that all the soils were non-saline.

Soil No,9 registered the highest organic carbon content
(2.34%) and soil No.23 registered the lowest value (0.001%)
which showed that the organic carbon content of the soils under
study was extremely varying. The CEC of the soils was varying,
the range being 0.26 to 21.06 me/100 g of soil, The phosphorus
fixing capacity ranged from 5,12 (s0il Ko,35) to 147.5 mg P
per 100 g of sgoil (Soil MNo.66),

Maximun variation was obtailned in the case of total F and
total K content of the soll. Total P content of the scil No,50
vas the highest (2831.25 ppm) and the lowest value was cbserved
in soil Nos.6, 20, 42, 43, 45, W6, W7, 4B, 49, 5%, 69, 76 and
83 (55 ppm). Total K content varied from 100 ppm (soil Lo.1)
to 7000 prm (=0il Fo,.32)., Similarly soils varled very much in
their status of avallable P estimated by Bray No.1 and
avalladble K estimated by neutral normal mihOAc. Varietions
from 2.33 ppm (Soil To.22) to 338.7% ppm (s0il No,35) in
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available P were recorded by the soils,

According to Mathew (1979) the sorption of P into the
soil from the solution can be effectively prevented by employing
organiec acids and the amount of P extracted by the mineral aclds
can be increased by the presence of organic acid notebly oxalie

aclid.

Chelating agents such as DIPA, EDTA, NIA etc. have been
found to be effective as reported by many scientists,
Wolf (1982) observed a far better relationship between the
nutricnte extracted by Morgan's sointion + C.0001 L DIFA and
leaf cationz than did the iorgan's solution with eliher RauDIA
or NIA,

Sinca SDIA dissolves water insoluble carbonates that are
not part of the exchange complex, and it is hardly suitable for
cal:n:ms soils, DTFA is found more effective than HDTA
(Vire, 1955a).

The chemical extractants employed in this study were
nainly BB“F and DIFA combinations. These extractants were
employed based on the following asmumptions.

(1) B F vill specifically release Al and Fe phosphates
which are the more predominent sources of F in acid soils of
Kerala. DTFA vhen added to N F, can prevent the resorption
of P into the soil.

(11) the m:{ ion is the most suitable for releasing
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exchangeable K, since N, holds highly charged layers together
Just as K*, the release of non~exchangeable K to exchangeable
form can be retarded.

The extractant suggested by Mathew (1979) was included in
the present study, The theoretical basis for the selection of
extractant by Mathew (1979) was as follows.

Very often, poor correlation between Bray No.1 F and uptake
of P Yy plants has been observed. This can be attributed to (1)
low acid strength of the extractant which does not extract major
portion from plant available P (ii) the formation of CaF and
immobilisation of P as reported by Smillie and Syers (1972).

Aceording to Mathew (1979) increasing concentration of HCL
could not extract higher concentration of P from the s=0il when
employed individually., But increasing concerntration of HCl in
the presence of H,S50, increased the smount of P extracted from
the soil and when the pattern of release was exawined as a
function of period of equilibration, the degree of fluctuation
vas considerably smaller as compared to the pattern of release
observed vhen the aclds vere employed independently. This was
mainly because of the total amount of P brought into solution
by the combination of minersl acids was much larger than that
extracted by the individuul acids, As a result, the degree of
fluctuation due to the desorption of P into the soil became
smaller, vhen expressed in relation to the total P extracted,
It was felt necessary that unless the resorption of extracted P



is effectively checked, the reproducibility of the result
obtained would be very much affected. If resorption of the
extracted F takes place then the amcunt of F finally remaining
in the solution, may become a function of the period of
shaking, time taken for centrifuging or filtering and also
time taken for the associated dispensing procedure of the
extractant employed. It is possible to standardlse the
period of equilibration and to recommend specific periods of
extraction required under each analytical procedure, But
variability in the amount of P in solution due to variation
in the periocd of contact between soil and extractant solution
after the squilibration will lead to irregular results,
Standardisation of the period of contact between ®moil and the
extractant solution will be difficult under normal conditions.
Ihis difficulty can be overcoue by employing chelates along
with the axtracting solution so that 2011 P once brought into
the solution will not be resorbed by the soil, Acetate,
citrate, and oxalate are well known chelating organic anions
vhich can be employed to prevent the resorption of F from the
solution.. The amount of P brought inte solution by the mineral
acide was markedly incroased by the pressnce of organic acids

the effect of oxalic acid being much more dominant as compared
to that of other organic acids,

The drastic effect of oxalic acid in releasing P into
the solution can be assigned to (1) the chelating effect of
oxalate anion on the P release into the soil thereby avoiding
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the pessible resorption of F on the soil surface (11) oxalie
aeid itself is an extractant for soil P vhich vhen in combinskion
with & mineral seid extracts considerably higher smount of P
from the soil as ceompared to the mineral aecids alone, The
extractant 0.06]5280.’ + 0,06 J HGL + 0,05 )i oxalic aclid whigh
is suggested Wy Mathew (1979) appeared to be very promising

for the dstermination of availeble F in soils, However, the
effect of this extractant on K release has not yet been found
out. It is possible that this extractant can estimate awvallable
K in soil becauss, mple hydrogen iens provided by this solution
¢an effectively exchange with K* ions ocoapying on the exchange
complex of the soil.

It i3 observed that the amount of F and K extracted hy
Bray No.? and mum respectively in soils containing relatively
snall smount of P and K 13 so smell that the error involved in
the analyticel procedure is relatively high. The Bray's sodium
perchlorste perchloric aclid extracting solution used in some
studies differentiated the low from the high phosphate soils,
Howvever, the reliability of predietion of response at the low
levels of P was far from satisfactory. The corralation of soil
test for available K and crop response to K fertiligzation also
was unsatisfectory over a wide range of K levels in the =oild
(long and Seatz, 1953).

The correct evaluation of the K status of soils sand the
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correct adjustment of K fortiligation sppear to be rather
complicated. Beceuse of the correlation between K
concentration and K saturation, it will be quite acceptadle
in routine advisory works to use exchangeable K content and
clay content when assessing the K status (Griome, 1980).
With these two parameters it is possible to make an estimate
of the degree of avallablility and the required K gpplication.

Bray Fo,.1 wvas also indluded in the study since it has
been found to be promising for estimating P and K
simultanecusly as shown by Rem and Prasad (1983). The main
reaction mechanimm of Eray No.1 is the formation of stable
coordinaticn complexes of the F ion vith ¥od and 413 ana
the formation of insolubls CaF, and Ca®. The F~ ion being
very effective in couplexing Al” ilonsz will release P from
AL-P and vith the precipitation of Ca? as CaF, axtracts P
present as Ca HPQ . The HCl provides sufficient hydrogen lon
activity to dissolve Ca-F and to a lesser Al-P gnd Fe.b,
Both hydrogen iones and sumonium ions are suitable for
releasing the exchangesble potassium from the axchange complex
of the eoil.

Hanlon and Johnson (1964) suggested that mmonium
blearbonate -~ DIPA procedure introduced by Scltanpour and
Schwad in 1977, ecould be used for aeid soils also although
originally it was developed for alkaline soils, DBut this
extragtant was unstable with respect to pH,



Olsen's extractant (Olsen gt al., 195%) might be used
for estimating avallable F and available K as reported by
Subramanysm (1968). This extractant was buffered to pH 8.5.
The primary purpose of inecluding }100; in the extracting
solution is to extract phosphorus, As coz gas evolves
during extraction with NefiCO,, CaCO, precipitates which
lovers Ca? aotivity and allows the labile phases of celcium
phosphates to dissolve resulting in an increase in solution F,
The extraction of P by Olsen's method can be considered to be
a two way process. i.e., one involving competitive desorption
of P from the soll particles by G amd HOU3 and the other
involving inhibition of secondary resorption of P by OH™ and
Hcog on soil particles. The sodium ions of the naaeo3 serves
to release K into the solution. Based on these assumptions
Olsen's extractant was employed in this evaluation study,

Carbon black used in the AB.ITFA test should be
eliminated not only because of its staining and sometimes
eontamingtive properties but mainly because it adsorbes metal
chelates and will introduce rather large errors if its
particle size is not kept constant (Soltanpour, 1985). This
fact holds good for Olsen's extractant also. Therefore, it
was declded not to use carbon black with any extractant except
for Olsen, With Olsen,carbon black was used since it was the
standard procedurs proposed by Olsen et al. (195%)

While considering the relative efficiency of various
extractants for determining available K neutral normal BI% OAeg



vas found to be superior to others in releasing the
exchangeable K. To see whether N Odc can ralease P, this
vas also included in the inwestigstion.

The fact that an extracting solution fails to remove
all the available P or available K, is howvever, relatively
unimportant, The values cbtained by any chemical method,
should be considered as indices of the relative soil supplying
pover rather than abszolute amounts, The different extractants
involved in the present study was so determined that they
should invariably extract a fraction of soil P a= vell as
s0il K vhich will be always higher than that extracted by
Bray No.1 snd NH OAc.

The results of the initial study, preliminary screening
and the final selection are discussed dbelow.

1. Jnitial study

The initial study wves conducted mainly to fix an
approximate range in concentration of resgents, Ei,*? vas
tried at 0.1 Y, 0.5 ¥ and 1 } concentrations in combination
with 0.00% M, 0.005 M and 0.05 } concentrations of DIFA,
The extrectant proposed by Mathew, Bray Bo.!, Bray No.1+
ammonium acetste at different concentrations, Bray No.i + DTFA
at varying concenmtrations and varying concentrations of NHQP
and acetic acid were also included in the initial study.
While studylng the pattern of F release, Jose (1972) observed
that during the initial period of equilibration the release
of P into solution would be at a repid rate, the rate of
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release being logaritimiec in nsture. After this initial
release of P at a faster rate, the rate of reloase becane
slov and linear with respect to the inereased period of
squilibration. This linear releass contimed indefinitely
or for a longer period of time, He observed that only the
amount of P released during the initial period of
equilibration vhich represented the curved region of the
graphs, vhen P values were plotted on Y axis and period of
equilibration on X axis, need be considered in estimating
the P availability of the soil, Since the reloave of P after
this initi=1 poriod will be at a eonstant rate with a linear
function and will contime for a longer period of time, this
part of the graph doez not decisively affect the estimate of
available P in soil, For most of the solils, the major part
of the P that can be extracted by a eclution will be released
within the initial period of equilibration, According to
Mathew (1979) for the mineral and organie acid combination a
pericd of equilibration not less then 30 min at a solil
solution ratio of 1110 was considered eritical and optimm
for . For K not much work has been done on {ixing optimm
equilibration period. Equilibration periods more than 60 min
mey not be cuited for analytical procedures oriented to
advicory works, In the initial study eguilidbration periods
of 30 min and 60 min wore employed in order to confirm that
whether 60 min must be included in the preliminary screening.,
A soil solution ratio of 1110 was employed.
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The results of the initial study is presentad in
Table 64.

Amponivm fluoride was employed at 0.1 M, 0.5 Hamd 1 M
concentrations in combination with 0,001 M, 0.005 H and 0.05}4
DIiPA. It was found that increasing econcentrations of mg
decreased the P release. iaximm P and K release was obtained
at 0.1 } at both equilibration periods. With 0,1 }
concentration of M&F and 0,001 ¥ PIPA largest amount of K
vas extrasted and it was maximum at 60 min. In the case of P
also the same trend was noticed but the asmount of P aextracted
was wWaxikiam at ©U min only when ohe higher concontration of
Di¥A was employea. uith VS M m.,r wore K was extracted by
0,001 }§ DTFA tub P concentration in the soil soiution was
iuproved when the concentration of DEPA was increazed fran
0.0071 ¥ to 0,005 . The result suggests that DIFA 4= a
strong chelating agont., The spount of K extracted was nore
at 60 min than at 30 min, but in the ease of P the revercze
Lappened.

The action of PIPA 1s as follows. Chelate® such as DTFA
when added to the soil soluiion, form stalle soluble couplexes
with the varicus metal cations. 7The binding strength of a
chelate for a metal cation depends upon the stability constant
of the metal chelate complax. The higher the stability constant,
the stronger i1s the umetal chelate couplex. A4S free metal cations
are removed from solution through this complexation, labile



Table &
Fhorphorus and potessium extracted (pp) by the varicus extracuvanuns used at dlfferent
rericds (pin) of ¢ uilitration in the initial -tudy
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1o Qo1 i HHF + 0,001 . LIFA 1.51 1.27 286.0 290.0
2 el L IR;,‘_F + 0,005 L Irikh 1.5% 2456 210.0 290,0
3 0.5 L W F + 0,001 L bUFA 0,56 R 240,0 260,C
l 0.5 k 1HF + 0,005 i Dika ' 0479 0 lids 160.0 230.0
5 1.0 3 HLF + 0,001 1 DikA 0.11 0.22 170.0 160.0
6 1.0 ki sy F + 0.005 2 [WEa Cel? 0.33 100G .0 60.0
7 0.06 L 1,70y + G.06 L .G + 0.0y L 419 2429 230.0 310.0
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iC1

10 C.05 4 Wiy F + C.05 L g Uae + 0,025 L 0.1 Ooitds 220.0 23040
HC1

11 0.05 L Hh I+ 0.05 L scetic acid 1.5 312 250.C 26GW.C

12 .03 I HyF + 0.05 L scetic acid 1.27 0.67 C20.0 230.0

13 0.03 L HhF + 0,025 L 01 + 0,301 & C.67 1633 10065 160
DTrA
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80114 phase dissolves or surface cations desorb to replenish
the solution.

It is seen that 0,001 } DTPA is emough to complex the
various cations and therefore to releass ¥ into the solution
at 0.1 M concentration of M’F. It i3 also observed that DTPA
had no eoffect in conplexing K. To prevent the resorption of
P, 0,005 M DIFA is roquired in combination with O.1 M RH;‘_F.

A higher amount of P was extracted when the equilibration
period was increased to 60 min while the concentration of DTFA
was increased to 0.005 M. Similarly with higher concentration
of NE.F, a high concentration of DTPA was required. Since
NH, F releaces large quantity of P, in oxder to prevent the
resorption grester quantity of DTFA would be required.

With C.,1} concentretion of NH . F and C.001 M DIFPA, the
amcunt of P extracted et 30 min wees 1,51 ppm while at 1 X
concentration of NAF the smount of P extracted was only
C.1% ppm. This shows that increasing strength of lﬁ%,_._? enployed
has no effect on the amoumt of P extracted from the soil,
Similar results were obtained in the case of K also., The
prizary purpose of including NH.F in the extracting solution
was t0 extract Al-F since it is established by several wvorkers
that this is e selective extractant for Al-F. Fluoride ion
complexes with Al and Fe (to a lesser extent) which are the
foremost agents in the fixation of phosphete in acid soils
vhere Al and Fe are highly mobilised at low pH, MNJ, ion can
axchange vith the K of the soil colloids,
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It wvas obvious from the initial study that Ni,F at higher
econcentrations will retard the extraction of phosphorus as well
as potassium and they extracted much smsller quentities of P
and K as compared to that of Bray No.1 and N, Oic. DAFA is
soluble in water only upto a concentration of 0.005 li. Hence
it 1s visualised that DIFA should be tried only upto a
eoncentration of 0.005 XK.

When Bray lo.1 was used ag the extractant for P it was
observed that increasing the equilibration period hud
considerable effects in the extraction of P. iut due to the
absencs of a chelating agent the efficiency of extraction
was decreased when the period of equilibration was inereased
from 30 to 60 min. The amount of K extracted by &ray Ko
was higher than that of nesutral normal XHy Ohe (std). Thisn
result indicate® that both 3&1"? and HCL are good asgents of K
extraction., loth Mi and I have the power of replacing
exchangeable K. but the amount of K extracted was less ihan
that of 0.1 J N4F + 0,001 ji PIFA combination., It may be due
to the lower concentration of HB:; in Bray ko.1.

Use of neutral normal azmonimm scetote along with
Bray lio.t inhibited the releuse of P drasticelly, eventhough
it hat not retarded the amount of K release. Iruy iv.i P (Sfd)
value was 1.30 ppn whiie the combination of Eray he.? ad
aumonium acetate registered a vaiue of Uoht ipite  Iucrsuving
the concentration of NKRF farom 0,03 M %o 0405 }i bak nct ruch
effect on ithe P extraction patiern,
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Mathew's extractent viz., 0.06 N H,50, + 0,06 } HC1 +
0.05 H oxalic acid released large amounts of P and K., It 18
a good extractant for K either because of its ability to
solubilise K containing minerals or due to the replacing
pover of hydrogen ions. This extractant extracted large
amounts of F due to the fact that it is a combination of
nineral scide and organiec acid., Conmbination of mineral acids
axtracted larger quantities of P from soil than the individual
aclids and the resorption of P from solution 1s effectively
prevented by employing organie acdds and the amount of P
extracted by the minerel acid eould be increased by the
presence of organic acid as reported by Mathew (1979).
Maximum quantity of P was releared vhen the equilibration
period vas 30 mln, but the amount of P extracted even at 60 min
(2429 ppm) wer greater than the amount extracted by Bray No.1
at 1110 soll solution ratio and 5 min equilibration period
(1.30 ppm). The amount of K extracted was considerably
inereased vhen the period of equilibration was incressed from
30 to 60 min. thla considering the relative efficiency of
extraction, Bray No.{ + DIFA wvas not a good combination.
With Bray No.1 the two concentrations of DIFA, viz., 0.001 M
and 0.005 M were on par in their efficiency of releaszing P
as well as K,

The %F + acetic acid was a good extractant for P and
K. The eombination, 0.05 }§ N, F + 0,05 ¥ acetic acld extracted
nors P and K then 0.03 M BB F + 0.05 N acetic acid, More



quantity of P was extracted by 0.05 M NI F + 0.05 }{ acetie

acid even at 60 min (3.12 ppm) than Bray MNo.1 (std) (1.30 ppm).
This result shows the chelating action of acetie acid. The
amounts of K extracted at 30 and 60 min wers 250.0 ppm and
260,0 prm respectively, while it was 230.0 ppm for Il OAc (=tad).

In most of the extractants employed in the irdtial rtudy,
the amcuntes of both P and K extrected at 30 rin ard 60 zin were
not on par. Ihe K extraction efficiency was higher at 60 min
that at 30 win for the extractantes, viz., 0.1 I Ly F in
comtination with 0.001 } and 0,005 L DIFA, 0.5 } IH.F in
conbination with C.001 }; and 04009 i DTPA, Mathew's triacid,
the two combinations of Bray Ho.1 + I%OAQ, the two canbirations
of KH ¥ and acetic acid, and the two cocbinations of Bray lc.1t
and DTPA, But r extraction by higher concentrations of g ¥
vize, 0.5 i ad 1.0 i shoved varying patterns. Iin the cate of
006 & L0 + 0.06 ! HCL + 0.,0% }i oxalic acid, the amount of ¥
extracted wac decreased when the period of equilibraticn was
iuncresred. Dut the amount of K extracted wacs ruch rmore at
60 win (310.0 ppm) that at 30 min (230.0 ppu). Iray bo.l
extraciod more P and K when the period of equilibration was

30 min than at 60 min.

It was seen that the amount of K extracied by neutral
norral ammonium acetaie in the initial study was higher
vhen the 501l solution ratic was 13 10 as compared to 1:5.
fwo hundred and thirty ppm K wae extracted by 1:5 soil
solution ratio while 280.0 ppm was extracted by 1:10 soil



solution ratio at both eguilibration periods. The following
are the highlights of the initial study:

1.

2.

3.

be

5e

7

8.

In NHMF and DTFA combinations, increasing concentration of
N, F decreased the P and K release. DITFA at 0,001 li
strength released maxirum amount of phosphorus and
potassium with NBI’F.

DTFA is not soluble in wvater at concentrations higher than
0.005 ﬁo

A larger amount of F was extracted when the equilibration
periocd was increased to 60 min and when the concentration
of DTFA was inereased to 0,005 }.

Increasing equilibration period hed considerable effects

on the extraction of F by Bray No.1. The sefficiency of
extraciion was decreased when the period of equilibration
was increased from 30 to 60 min, possibly due to the
absence of a chelating agent in order to prevent resorption
of phosphorus on to tae soil.

The amount of K extracted by Bray Bo.1 was higher than
that of neutral normal ammonium acetate (std).

Use of neutral normal ammonium acetate slong with Bray No.t
inhibited the release of F drasticelly, though this effect
was not noticed on X extraction.

Kathew's triacid extractant released large amounts of ¥ and
K.

In coubination with Bray Mo.1, DIFA at the strength of
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0,001 } was as good as 0,005 Y in its effects on F and
K extraction.

9. The k‘ﬁ,’F + acetic acid was found to be a good combination
in estimating available F and available K, kore
quantity of P was extracted by 0.0% M mi,‘_F + 0.05 N
acetic acid even at 60 min then Bray No.1 showing the
chelating action of acetic acid.

10. The amount of K extracted by neutral normal ammonium
acetate was higher when the soil solution ratio was 1110

as compared to 115.

Yor the preliminary screening, only 9 soils were chosen,.
The main criteria for selecting these soils were the mutrient
etatus (available P and available K) and texture of the soil,
Based on the observations from the initial study, NHM_F at
concentrations 0.1, 0.3 and 0.5 ) were employed along with
0,001 &, 0.003 M and 0,005 ¥ DfFA. Mathew's extractant
0,06 Ji HQL + 0,06 Ji H,50, + 0.05 Y oxalic acid), Eray No.
Lray lic.,t + 0,005 } UikA, 04,05 } hlE“F + 0,005 M acetic acid,
neutrsl norzal 1, Oic and Ulsen's extractant (0.5 L HaKCOB,
pH £.5) were also included in the prelivinary screening. Five
equilibration periocds were selected viz., 5, 10, 15, 30 and
60 min and only a single soil solution ratio of 13110 was
employed.

The relationship betwecen P and K extracted by these
extractants and the uptake of these mutrients by rice crop in
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the soils were studied. MHean percentage ard upteke of F and
K of rice grown in the s0ils abe presenied in appencix II.
The coefficients of correlation (r) between the mitrients
extractod by tho extractants at diflerant equilibration
periocds and mutrient uptake by rice are given in Table 37
and Table 38.

Conhtne 3 LAWY,

KE,F at 0.1 L, 0.3 & snd 0.5 } were combined with 0.001 K,
0,003 k and 0,009 } concentrations of IMka, The mmaocunts of P

snd K extracied by the dlfterent gowbinailons of hij I and UTFA
are presented in Table 7 to Table 24, A3 regerds the efficlency
of there combinations in extracting scil ¥, it wa® feen that
0.3 ¥ EH,*F + 0,003 }i DIPA st 60 min extracted the highest
guantity of ¥ vhen the effects of soils were pooclcd. An amount
of 115.7% ppm P wars extracted by this extractant withinr a
period of €0 rin when the effects of soils were pooled,

Haximue quantity of F wae extrected from soll le.35 (502.92 ppm)
which recorded s veluc of 338.74% ppm for Ersy lic.1 and when
gonridering the X extracticn it vould be seen that C.% L +

0.001 [ combinetion extracted mamimum quantity <f I when the
effecte of soile were pooled, the availasble ¥ axtracted within
a pericd of 5 min bvedry 261.7 prm. Soil No.35 regirtared the
maxismm value which was 1645 prm. When indlvidusl s0ils were
considered separately C.5 M + 0.005 M corbination resistered
the maximum F value (527.52 ppm) vhile 0.5 } + 0,001 L
combination extracted maxirum amount of K from soil Ho.35.

The pattern of F and X releare into the solution when
sxmmined together as a function of period of equilitration



Table 7
F extracted by 0.1 L M F + 0,001 M DIFA, ppm

“”””?‘ Feriod of equilibration:-;;.n
No 5 10 15 30 60
1 49 1176 1176 11,26 11,76 4,55
2 W8 10,52 9.31 1176 11.4% 9,31
3 22 1,69 2,26 2.26 571 k.5
N S 26,46  25.05 26,48  23.6% 19,52
5 15 5.95 105.60  79.76 107.15 89.69
6 4 27.91 1429  43.62 29,38 9,31
7 60 38 .64 33491 48 .8 40,29 37.05
8 35 195.81 20448  169.81 188.67 195.81
9 32 127.88 110431 95.31  84.69  68.h41
Mean 49,63  57.33 67415  55.83 M6.69




Table 8
k extracted by 0.1 }i MEF + 0,001 Jj DTPA, ppm

T fertod of equilibration, mn
%ﬁ;; sé;;io ------------------------------ —————————————
Lo. 5 10 15 30 60
";""";;’""”' 15 N 15 15 15 15
2 48 5 10 15 15 19
3 22 5 10 15 15 15
4 54 99 95 59 60 L]
5 15 29 45 W 45 Wy
6 4 45 50 50 59 45
4 60 165 175 175 185 155
8 35 1070 1070 1070 1045 1045
9 32 155 185 185 185 179

W S e S0 B S S St R SRS SN AU S W A B

Mean 171.1 189.4 180.6 180.0 172.8
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Table 9
P extracted bty 0.1 } N, F + 0,003 }i DTFA, ppm

- g O g S S R WS A O S AN S0 T D S5 I AR A GNP G T S G- TS GBS N0 SR N G S T g G W D P SN s L

Yeriod of equilidbration, min

Fry sizéie PR S ——
Fo. ¢ 10 15 30 60
1 Lo 8.00 565 9.19 9419  1h.12
2 B8 14,12 13.49 16,67 16.67  19.30
3 22 1.67 2.23 1.12 1.12 2479
b 5% 36.65 36.65  33.56 38.26 38.26
5 15 53.81 27.60 55,70 29.07 30,54
6 b 16,67 u15.ho ™.12 .12 23.37
7 60 39.86 36.65 38.26 39.86 38426
8 35 22h b 193,90 246,51 234,61 234,69
9 32 190416 183,19 186,70  170.56 156.72

O ST e 00 g W B S G SO S0P AR G S e B O

bt o LA 22 ] — G A e T g D G

Hean 65.00 57 +20 66.86 61.50 62,00

Lol XY Y Y R PR - - - S N0 g s W 0P P gue - - A N A A G S e G T T s g WG
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Table 10
K extracted by 0.1 } mkF + 0.003 }i DIPA, ppm

P M e B ARG OO e G O T e S Mg

- A -

£5 PN
o

Sodl Feriod of equilibration, uin

; uuuuuuu L2 27 3 ol . O W B e ST e e S D g G S

Lo,
5 10 19 30 60

gy v G W A T e s T G A S WD e G G T B wu G U G W Grv SN0 TR0 JEy (D S Gie A  J D WP G S S D G s S D A A WD A dpn BN D . YT O e

1

2
3
%
5
6
7

6

9

A A g - - -~

VMean

49 10 15 35 20 15
48 15 15 15 10 10
22 5 10 10 10 - 10
T4 50 W5 50 5 ]
15 W5 50 50 50 50

b 55 50 50 60 80
60 155 160 160 160 160
35 980 955 980 980 1005
32 155 160 180 160 180

163,.3 163.3 170.0 169.% 172.8

-—Qo--n-l----b-----ﬂ-n“-»-h“-ﬁ-DOQ - -y S



fable 11
P extracted by O.1 } M ¥ + 0,005 }i DIFA, ppm

Soil Yeriod of equilibration, min
lio, sample - - - - e 7 o o o o - 0
ho. 5 10 15 30 60
1 49 15.79 1%.39 13.00 11.63 14%.39
2 48 13.00 21.58 21.58 26,13 26.13
3 22 3.76 3.76 3,?6 5403 §.03

5 52,00 62.13  37.47 34,97 34,97
15 6l4,26 6l .26 52,00 Wh,53 k0,95

60 57 «97 100095 57«97 66 L5 60.03

L

5

6 ly .13 3747 29.26 18.66 26.13
7

8 35 28040 280,40 249,42 313,16  293.11
9

32 137.19 167,69 280,40 295.63  359.48

Fean 7317 79.18 82,76 90,69 106.58
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Table 12
K extracted by 0.1 }j M&F + 0.005 }j UTFA, ppm

ﬁﬂ;nﬁ“—‘;;;;*..--.-~.“;;;;;d of equilibratien:-min
Qe SANPLE weccmcmmmmcc e m e e ———————————
bo. 5 10 15 30 60
1 LY 15 20 19 . 15 15
2 48 15 15 15 20 15
3 22 10 15 15 15 15
b 5k 55 60 60 60 60
5 15 65 59 55 55 45
6 4 95 59 5% 25 30
7 60 185 190 180 170 140
8 35 1045 1045 1070 1070 1045
9 32 190 200 170 180 185
kean 181.7 1837 181 ; 175 9 1;2 .2-

T A e S W G B W B G RS G W G B S Gun T e s . T O B e A W Ll B X TR TP W e Gl AR WS Gnia W W e o g T
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Table 13
I extracted by 0.3 M hﬁhi"‘ + 0,001 }i DTFA, ppm

T ot s
Lo. 5 10 15 30 60
1 19 026 9.03 9403 10,59 12,17
2 48 7 W7 18.7% 25.65 18.74 31.09
3 22 9,03 2.21 294 5«9 I o lidy
L 5k 34,82 32.9% W2 .71 38.71 32,94
5 15 57.7% 4891  60.03  72.21 644,77
6 b 14.65 18.7% 15 o141 27 M1 23468
7 60 40,68 53427 48 .91 64 .77 64,77
8 35 332 k29.41 366,18 394,71 483.24
9 32 17101 217.77  277.80 234.83  323.24
lean Bh69  92.3% 930 9643 115,62

O G 0 B G W B S S o W GBS I S SIS G W G G N S0 e TS G S g i S i - - L




Table 1%
K extracted by 0.3 } MR F + 0,001 }i DTFA, ppm

B ol Yeriod of equilibration, min )
Yo BAIPLE e se st e e e - e s -
Yo 5 10 15 30 60
1 49 15 15 10 10 10
2 48 10 10 10 10 10
3 22 5 5 10 5 o
b 5 70 70 L5 70 50
5 15 30 30 35 25 10
6 L Wy 50 50 35 30
7 60 135 135 125 115 100
8 35 1095 1220 1245 1145 1120
9 3R 205 205 215 200 225
Kean 178.9  193.3 1939 1794 172 .8”

Y G ¥ - W e Gne A e Sl S i AR gy
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Table 15
¥ extracted by 0.3 }i M F + 0,003 }§ DTFA, ppm

‘1 Soil Feriod of equilibration, min
M : s@ple S S S aw WSS DG ol WP EE G WS U P T L2l ] - g S0 B am G T A
No, 5 10 15 30 60

W e o S e G Wy S B G G G AN BID G g e S AP B g G U G s AN S AU S g T g S0 U e iy W TR R g SIS SIB GUR G WD GUp S O BN

1 49 3.8  7.70 5.10 .10  5.10
2 L8 7.70 21,20 25.20 27.10 15.70
3 22 2.55  3.85 5410 5.10  5.10
b 54 28,30 29.70 29.70 25,20 38,60
5 15 71.05  57.50 5750 5750 64,15
6 " 15.70  13.00 18.45 5.10  18.45
2 60 ¥1.60 41,60 31,60 47,85 85,55
8 35 365.20 316.75  277.15 490.15 502.92
9 32 17735 189.10  177.35 189.10 306.15
Mean 72.26 75.60 70 q;;”- 95:8;- ; ‘; ;:;;:”

P G G e A g B W e - G dis W G o St S G 2 T B DS Gs 0 5 55 AV AR W SUS e S G e AN e SN g G S I e e Lad X X T SR Y 7
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Table 16
Kk extracted by 0.3 b My F + 0.003 b UTtA, ppm

”:””-;;;;“ : P;r;.od o; equilibration, min
lo. Sample e o ——————————
No. 5 10 15 30 60

1 49 10 0 0 0 0
2 W8 | 10 0 0 0 0
3 22 5 0 0 0 0
b Sl 70 60 50 25 25
9 15 10 ] 0 0 5
6 b 40 25 5 5 15
7 €0 145 95 65 40 35
8 35 1085 1010 103% 1035 1010
9 32 195 185 195 175 175

S Oy e S G0 e T G 0 WP

g W g G G RGN e B S qus e A e G S By -u-u---«--”m-p-..“—-wn--u—— W G PR Gy U e
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Table 17
P extracted by 0.3 }j HE,F + 0,005 M DitA, ppm

GG T O gy O GE G B W S S S o ger TP SN0 SRy SIS A P IR AN U SRS AR BT St g Py e B A S G Gus T TR W TS g deu S5 B Son S0 qun W W B0 405 W IDE wen WS e

1. Soil Feriod of equilibration, min

I:O . Smpl‘ ----------------- 0 4 52 O NS 0 e s T g e S W S A O W
No. 5 10 15 30 60

1 49 12.31 G519 9419 6.06 18.69

2 L8 21.9% 21,94 15.50  35.38 15.50

22 3.00 12.31 3.00 6.06 3.00

5k 88.31 49,4 42,31 42,31 60,56

" 15.50 21.5% 6,06 18.69 21 94

3

4

5 15 92.50 5313 76,06 8+.19 88.31
6

7 60 56,81  92.50  53.13  64.31 6l 31
8

35 W52.38 505.06 436.81 468,81 436,81
9 32 289.25 358.75 382.38 370.31  248.69

e e G S W O Y o S gy g W D W T SN 00 SIS A PG A G O W g b A T T 00 200 00 QI8 WS S SR WS G WD

R 000 A S S o B s D R A W A B A P S g g B T e T S D SO S S S W T G WO




Table 18
K extracted by 0.3 M M F + 0.005 ) DTFA, ppm

| - “oil Feriod of equilibra:;ion, min N

o A A i
) 5 10 15 30 60

1 49 0 0 0 0 0

2 L8 0 0 0 o 0

3 22 0 0 0 o 0

4 e 25 20 20 10 20

5 15 5 10 5 5 5

6 '+ 25 15 5 5 5

7 60 103 &y 30 35 30

8 35 1060 1035 1035 1085 1035

9 32 195 190 190 110 90

- -——aw



Table 19
P extracted by 0.5 Ji My F + 0,001 M DUIPA, ppm

S S S G e G5 U S B e o > - L ]

Yeriod of equilibration, min

1., ‘oil
Ko, sauple --ee-- - -

1 49 3.81 3.81 3.681 3.8 9149

2 48 10.9% 10,94 1242 12,78 16,96
3 22 6.62 9.49  10.9% 8.00 12,42
" 5l 67.76  67.76 67,76 72,50  80.06
5 15 70,06 46,45 74,95 72,50  72.50
6 b 37,02 74,95 W55 5452 65.46

60 63.18 70,06 74,95 54,52 80,06
35 301.06 386.57 386.57 386.57 386.57
9 32 176.26 201.00 165.57 194,32 160,37

e SN W e G S ST G G T A T G e A GG B SN G P e TP g e T g T -~ s

Sy O e P e DG W e W S 0

o W

—_— T ST g N AP



Table 20

1 Soil Period of equilibration, min
Iﬁb . saﬁ‘ple B 00 o @ 3 g G B e S B e e SO (B W e S O G s A e S S I A A T B S

lo. 5 10 15 30 60

W e e SN Y WS g B GG SIS D G e S Gae U5 SN W0 O WS RS W SR i e B O vy TR s QU IP AR G WS AU D ARe A e G0 S Gl (0 NS AN WS A WAy

1 49 10 10 10 10 10

N

48 25 15 10 10 0
22 15 10 10 0 0
S 75 95 90 60 55

15 10 25 10 20 0

- AN F W

L4 50 WV} 30 4o 20
60 170 145 80 70 9%

o« N

35 108 1645 1620 1570 1520
9 32 355 300 265 260 250

e W S S D e g U WD S W np Y g o AR gy TP U s g AN T S0 S PP g T b s A SO TR G A0 e T 1 QI S S R I e P S e A . G

T G 45O TV W e Spn W O wm. . WG G W W W e G Y P Vs 5 G AR A D e T W ow A S GO N T TS Gue 15 e TD A WS g SO Ay B



Table 21
P extracted by 0.5 Y N§F + 0.003 & VIFi, ppm

D Gn W G e Sy ARG W WE SN OB g W L 2 - -

3o e, e or e
No. g 10 15 30 60
1 M tode 10M2 1.9 1199 1199
2 W8 16,77 20,05  15.1b 16.77  21.7%
3 22 21.7%  23.42 20,05 0.4 20,05
b Sk 67.54  72.38 66437 67.5% 74,86
5 15 7741 82,62  82.62 82.62 82,62
é b 32,25  W1.69 45,68 28,63  58.34
vé 60  74.86  68.17  82.62 58.3%  67.54
8 35 310,93 310,93 31093 326,61 326.61
9 32 191.9%  191.9%  191.9% 191.94% 204,75

- -—0.”um-—”-””-”-ﬁ”“-num-'*‘-%ﬁ“--*--‘w uuuuu -—

Mean 89.32  91.29 91.93 90.5%  96.50

L2 g - S -

- -w“-‘u&“““u“

92



Table 22
K extracted by 0.5 M MHF + 0.003 ¥ LTFA, ppm

hud Wy 0 000 P W T e B A Y s M A A A e A G 1 R G e S s RS A e TR e - Tit OIS A TR WD Gas G0 ar A5 S U TR AN e SO S

reriod of equilibration, min

OB G U S W D g A P AP P SR gy A g A A T SIS N SiS e 806 - - -y

s1. Goid
lo, Sakple
Yo. 5 10 1% 30 60

SR e G O G QR A G B e B i W T Sy a8 - - A - 0 S-S W S W S S S P G e g s G SR A W S DS A

1 49 0 0
48 0 0

0 0

n

0 0

W
R
o
o

0 4]

20 50

+
¥
-d
o
-
o
o g L o o

15 0 0 0 0

w

6 4 0 5 10 20 20
7 60 55 60 50 90 50
8 35 1645 W5 bS5 1545 1545
9 32 195 179 b} 115 225

A B S A e B G --'m'--‘m“'--“~~~wdh“-“-’- 0 Y R T I AN Y S S G cay e S

Mean 211.7 187 08 185 & 196 9 2100

W S S WP G D B S B S U G S W 400 T A S

SN AR e S NS G W e M- SRP DGR e W R
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Table 23
P extracted by 0.5 M NM&F + 0.005 }i DIFA, ppm

- - — e - -

g Soil Feriod of equilibration, min
B:J)‘: s&h e - —— TEmnTommenesesess
. 5 10 15 30 60

----------- g - wn - B S g S S S S - -

8.86 7.0 8,86 1.71 3.6

49

W8  18.25 2B.25 32,46 20,21  10.68
22 26.21 22,18  22.18 20,21 1.71
5%

52.86 52,86 48.11 k5.75  52.86

2

3

k

5 15 60.32 52.86 50.46 50.46 5779
6 b 16.32 16,32 7 +Ols b3 18.25
? 60 W36 18,25 20,21 22,18 43,46
8 35  bWB.29 375.39 326,00 268,60 527.52

9 32 192.57 198.68 218.50 186.71 218.50

T o B T WG S G5 e G e T o T A

B 0 S U R B0 A . B A SR B AU 4 0 . S Wy U0 S5 G S S s W SN e By S O O e e T A T WO S T A A e g

34
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Table 24
K extracted by 0.5 J¢ NGF + 0,005 }i DTFA, ppm

%%: .&u' ”””-‘ffﬁd of ltwmilibr:tiion, min B

. 5 10 15 30 60
1 W9 0 0 0 0 0
2 48 0 0 0 0 0
3 22 25 o o o 0
L S g5 20 20 20 10
5 15 0 0 0 0 0
6 b 20 10 10 Y 10
7 60 85 60 50 50 35
8 35 1120 1120 1120 1145 1145
9 32 210 170 130 130 130

W A e S 40P B S0-hs i WU TIPS e G- B . - o A -

W A S T e S U G A e U St A e e T

Mean 168.3  153.3 7.8 19k 47,8

D I S Svs s . AV S AN, - Tgn e

- — -
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revealed that the rete of yelease wvas varying at different
equilibration periods for different extractants. The optimum
equilibration period will bde the one by which the release of F
and K into the extractant solution vill be almost complete and
after wvhich further ralease of these nutrients will tske place
at a constant rate with a linsar funetion, When the period of
squilibration vas plotted against P and K econcentration, it wase
seen that 0.1 }j K, F + 0,005 }f DIPA, 0.3 }i M, F + 0,003 }j DTFA,
0.3 M KEF + 0.005 }i UTEA, 0.5 }§ MF + 0,001 } ITPA and 0.5 X
KHy F + 0,003 Ji DTFA could not release both P and K in similar
patterns, For the coubination of 0.1 M + 0,001 ¥ an
equilibration period of 5 min was found to be suitable for
bringing a reasonable guantity of both P and K into the soil
solution., The mean values of P axtracted by 0.1 }i RE,F +
0,001 }j DIPA combination at 5, 10, 15, 30 and 60 min were
4963, 57433y 67415, 55.83 and 48.69 ppu. For K, the values
wvere 171.1, 189.%, 180.6, 180,0 and 172.8 ppm respectively,
The mean values of P extracted by 0.1 ) m’F + 0,003 ki DTFA
vas in the order of 65.00, 57,20, 66.86, 61,50, 62.00 ppm and
extraction of K followed the order of 163.3, 163.3, 170.0,
169+ and 172.8 ppm for 5, 10, 15, 30 and 60 min respectively.
In the case of 0.3 }Y ML F + 0,001 }j DTPA combination, the
phosphorus and potassium values were 8.7, 92.3, 9.3, 96.%
and 115,6 ppm and 178.9, 193.3, 193.9, 179+4 and 172.8 ppm
respectively.

The combinetion 0.5 }j My F + 0,005 } DIPA extracted



phoophorus 1n the crder Y6.35, 85476, 61.04, 72.20 md

103,40 ppo and potacsium was extrocted in the ordir 10643,
1953.3, 147,08, 1494 and 147,08 ppme IV vos revenlicd that

BLE  ULEA conbinaticns of Ol1 i + 0,007 oy Vel L+ 04003 L
and U.5 i + 0,009 b reguire orly 9 rin fcr releaving b oard K
in resconatle spountc. b, for the conlbination of 0.3 o ¢
6,001 I a period of 10 rin would Le required for attaining

en egquilibration vealue. The extrection of ¥ and @ by C.1 L+
UeOUT o corbination slightly increased from & uin to 195 win
an@ ihereafter both decrca~eds The combinatlion of 0.1 .. +
Ge003 i rhiowed a rfrall increase in K value and varying
patierns oi b value after 5 min, For C.5 i + 0,005 [
coulineticn, woth P and I extractione were highly retarded,
yichin a Jordel of ¥ to 1% win in the cace of k» ard upte 30 min
i ti:e cure of by then Incrcased the K value =li htly arnd

fayricily li the cae of &,

the coefficicents of correlation worksd out lLetwien :
extracied by dificerent conbinations of'nﬁ“F and COrA eng &
uptake by rice were figndiicant for all the extruoctante o 221
the cguilibretion periods, Highest corralation wa~ otitaired

equilibration pericd of 10 win (0,9555, Table 37).

In the cave of K also all the values at all the pericce
of equilibretion were significantly correlated witihh plant uptake
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of K, The highest corralation was cbtained for 0.1 } NG, F +
b 3
0,005 }j UTFA at an equilibration period of 10 min (r = 0.958%)

¢ ta.

The performance of this extrectant on the extraction of
P and K are given in Teble 25 and 26 respectivaly. ZThis
sxtractant extracted very large amount of F from all the soils.,
The emount of K extracted was comparatively smaller but
axtraction pattern was almest urdform at sll the equilibration
periods, The composition of the extractant is 0.06 I H,50Q, +
0.06 B 5ClL + 0.05 )} oxalic acid. The smounts of P extracted by
this extractant at differept periods (5, 10, 15, 30 and 60 min)
vers 130.75, 139.90, 140.93, 133,90 and 174.01 ppm respectivaely.
Therefore, an equilibration periocd of 15 min was found to be
adequats for estimating P. But for K an equilibration period
of 30 min would be required for extracting a reasonable amount
of K. During this period F extraction was also found to be
reasonable. The data furnished show that this extractant is
promising for estimating F and K aimultaneously, though originally
developed by Mathew (1979) for P, The pattern of relesse vhen
sxamined as a function of period of equilibration, the
equilibrium ¥ and K values were not seen established even after
60 min due to the sxpected release and resorption of P and K
taking place during equilidbration. It gave highly significent
correlation with ¥ and X concentration for all the periods,
The highest correlation waz obtained at 15 min (Table 37) in the
cese of P (0,9010) and st 30 min (Table 38) in the case of K
(0.9527‘). The relationship between the smounts of matrients (P and
K} extrected by this extractant and the matrient uptake by rice crop
are represented by Mg 1 and Fig 2.



Table 25
F extracted by 0,06 } 323% + 0,06 ¥ HCl + 0.05 N oxalic
acid, ppm

Period of equilibration, min
S1. 501% .................................... e
hx a8 L]
Ho aﬁg. 5 10 15 30 60
1 19 22 47 22,47 22, .47 28 Jls 28 45
2 L8 4G.53 104,67 57 66 64.89  101.81
22 2849 26 .92 29 .42 28 ¢ 3% .69
st 93.67 110.53 91.08 59.64 101,81

15 80.06 86,06 99.03 67.81 107.56

b B1.31 31,31 k8.31 46,53 59.6%
7 60 10181 104,67  91.08 116,72 153,56
8 35 ¥71.9%  W21.9%  W71.9%  L721.9% 555,56
9 32 29049 295049 361,40 320,81 423,03

A e B B e . BTG W A A I 4 v G TS D RS G W S G GG . S 0 G S W G W A G G B G TS G s s W e P RO G ot o0 W GG

Hean 130,75  139.90  140.93 133.99 17%.01

R T T e T T G S G e G D DG R S S B0 S S B A S S s A O St W e WP T g WS A G G5 e e G WGP



Table 26
K extracted by 0.06 } H}izi‘o,’ + 0,06 }i HCL + 0,05 } oxalic
acid, ppm

Py -

. - - - - - o -

. e
B The. g 10 15 30 60
1 % 10 10 10 10 10
2 W8 15 25 20 10 15
3 22 10 10 10 10 10
L 5t 75 70 70 70 65
5 15 55 55 50 50 55
6 L 40 4o b5 W5 40
7 60 175 180 185 205 220
8 35 1200 1200 1225 1250 1350
9 32 1% 160 210 230 2u5

Ty A P T G G A T G (G S T U G W S e U A A U s S W e S SRS i Sn YO AR UGN G O S U S - T T B e S S e D S

Kean 1944 195.0 202.8 208.9 223.3

- G 0 s B A - - b g W - L a L - - .
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2.3 Hpay Bo,d (0,03 I MyF + 0.025 L HQL) ety

Dray Fo.1 wa® eontidercd to be cultable for extracting
both F and K from soil as reported by several workers (Ram
and Pracad, 1983; Singh and Ghosh, 1982), The efiects of
this extractant on ¥ and X release are precented in Table 27
ard 28, The patbtern of release of soil F and K during varying
yeriods of equiiibration chowed thet the values of ¥ and K
vere fluctuaiilny probebly due to the similar relcozve wmd
resorption takirg prince during extraction. Maximum b and L
releaced within 19 1dn put the releace was retarded thereafter

and sbtzined an ecuiiioriun velue at 30 min,

The b wor relesved durdng varying pericor in the ordey
7218y 69.30, 73445, 72.3% snd 73419 pme at §, 10, 15, 30 and
60 uin re-poctivioly. The ancunte of K released wore 189.4,
192.8, 201.1, 192.2 ard 196.7 ppm during the re-pective
equililratiovn pericu, Yhe values obtained at 30 win azd 5 min
vere sipdlar. drue 1t wa® obviours that an equiliibrstion pericd
of § pin 1 mufficient to bring svailable forme of thore
mtriencs inte zoluticn. The correlation coefficients
betwean t «nd K uptske and the amount of P and K
extracted ¢t all the eguilibration pericde (Table 37
and 38) vere highly ~ignificant, Highecst correlation
war altair*ed with an equilibration pericd of % win for K
(CaSE 3). Table 33) and 10 min for P (9.89?6 Iable 37)
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Table 27
P extracted by 0.03 J M F + 0,025 N QL (Brey No.1), ppm

- bt d

Feriod of equilibration, min
e w:&' ————-

5 10 15 30 60

A T G P TP B S ey SN G WO TS Y U A el 1 R ok - -

1 49 15.29 16.56 16,56 16.56 16.56
48 10.35 11.57 12.79 %, L8 €.80
22 2423 2.23 3.38 1.10 2,23

Sh a0k 10 16456 11,57 16456

b 19.15 25,93 25.93 33.15 23.17

2
3
L
5 15 15.29 25.93 17.86 15.29 21.82
6
7 60 36420 34,66 24,5 2h 5% 28.77
8

35  338.7% 2,3. 8 338.7% 338,74 2338
9 32 198431 213653 20565  205.60  2Dh.C2

A U Gt G S WY a BT L P o N i W G B BN S e T W B 0 By Wi S0 8 G B o S W e g B OF. e SO g, e e O W A S e AP B Y0 A

Mean 72.18 69.30 73.5% 72.3% 73419

A o S Sy e an fy BN K P IS S gy B . B -

- - NP 0n D UBNI SN W S g W 0P i U Wi v D e W
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Table 28
K extracted by 0.03 }i HHF + 0.025 } HCl (Bray No.1), ppm

- N M B BOgy WD T O AN BAen SR ge DEER-In GG NI ey O R A e g - -

s1. Soil FYeriocd of equilibration, min
No, Sexple . S ——
5 10 15 30 60
1 49 30 20 30 30 30
2 4“8 25 30 30 30 30
3 22 25 25 30 25 20
b 5% 80 70 70 795 75
5 15 60 €5 65 70 60
6 L 65 65 70 60 65
7 60 180 185 200 175 190
8 35 1050 1070 1125 125 1125
9 32 190 190 190 140 175

o iy P o D B0 T W - O . ey B A g SO SO,

-~ O BRI AP W WS o

¥Mean 189.4 192.8 201 .1 192.2 196.7

L2 2 22 T2 2 T - TR T e e e D T -G Wi - P o -an

Ao d -




As cbserved by [athew (1979) the paitern of F relea ¢
over varying periodcs of equilibration voc consictently
inercased with inercasing periods of equilibtranlon showirg
that resorpticn of I once bLrought into scivilur i to a =olid
phasc nas .o Le ef: ctively controlled in Yic jrurence of
chelatirg ajeris like acetic, citric or oxalic aciur, ULFA
wag found to Le u zood chelating agent for P as well ar
eations (Wolf, 1utz). In the present study, DLray .c.t1 wes
combined with Lird el varyi:ng equilibration purdiods, The ¢
and £ extractions have attained an equilibiriunm level within a
period of 30 rin aceording tc the results precscnted in
Table 29 and 30. Dut the values were sindlar in pegritude
gt 10 min also, eventhough there wos a slight decrcare nt
10 win in the ca~e of F,

The F value¢ for the varicus eguilibraticn pcriocds wers
£5.77 4 ¥7.88, 55,28, 51.59 and 53.25 ppu and I valuct were
17349y 1933y 1983, 0L and 192.2 ppm st 5, 10, 15, 30 aud
60 min rerpectively. The correlaticn between F and X uptale
and F and K concentration (Table 37 angd 38) at varving
equilibration perlods were all highly significent. Sixty rin
for K (0.963é) and 10 min for F (ﬂ.ﬁ&éa) gave the hijlwest
coefficient of correlation,

2.5 &3 -‘E_‘ 2 _ASQEIQ w’

The chelatiig agent acetic acid and HhuF werc ured in

104
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Table 29
¥ extracted by .03 }4 I‘zﬂ,j + 0,025 L HC1 + 0,005 M DIFA, ppm

- - - g S gy, Gve s SIS G e WO Wy T B - -

Feriod of equilibration, min

o,
Yo 5 10 15 30 60

1 4o 12,00 12,00 12,00 10,61 7 +86

2 48 12,00 7.86  13.42 5.19 6.53

3 22 6.53 1.28 2.56 1.28 1.28

% Sk 38.58  36.83  31.78 30.1% 3344

5 15 26,92 19.22 20,72 10,61 9,22

6 b 20.72  28.50  27.72 1%.83  31.78

7 60 . 42,11 40.33  ¥7.55 L5.78 26,92

8 35 222.66 171.11  200.66 194,13  231.00

9 32 120,48 113,75 1.1 15175 131.25

Kean 55.77 W7.88  55.28 5159 53.+25

R - -~ -
A G e A S0 S0 W SR R A A ke S Vg - W e . A o W (. SR g A a0 R e e S G




Iable 30
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K extracted by 0.03 J M F + 0,025 J HCL + 0,005 L DTFA, ppm

P

' ] 10 15 30 60

1 49 10 40 20 15 15

2 48 5 10 25 19 15

3 22 5 10 15 15 15

b b 55 75 65 65 65

5 15 W5 55 5 65 60

6 L W5 60 50 60 60

7 60 155 185 200 185 205

8 35 1060 1110 175 1085 108%

9 32 185 195 190 200 210

Mean 17349 193.3 193-;— ';é9.; —192.2

0 e i B s W A S e PP A o S g e e 20 g S A o T SN S g S S gy A e A - O e

e SO T T Bor Wy
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corbination (0.05 ¥ M F + 0.05 } acetic acid). The smounts of
phosphorus extracted at 5, 10, 19, 30 and 60 nin were 65.38,
68,05, 65,93, 64.65 and 64,41 ppm respectivaly (iable 31). The
value® of K corresponding to these periocs were 173.3, 17%.4,179.),
1694 and 170.0 pp (Table ). This coubination déid not show
much fluctustion in the extraction of P and K at different
periods which indicates that acetie acld is g good chelating
agent poth for F and K., Significant correlations were obtained
between K uptake ang K extracted by the extructant at all
equilibration periods (Table 38). Haxizum correlation was
cbrurved at 5 min (0.9“;§). Yhosphorus extracted by this
extractant «iro chowed significant positive correlation with F
uptake at all the perioces of equiiibration. Maxisun eorrelation
was obtained at 10 min (r = Q.ﬁ&%g). The coefficients of
correlation for 30 min (0.83;§) was also highly significant and

F extracted at 9 min was almost equal to that of 30 min,
Therefore equilibration periocd of § min is considered sstisfactory

to extr:ct both ¥ and K <inudlianeouzly.

2.6 Qlrepn's gxfractant (0.5 Ji HaliC0y)

<here are reports chowing that Olcen's extractant could be
ured for estimating ¥ and K simultaneously (¥e Conaghy and
Fe Allister, 1967; Bar and Akiri, 1978). This axtractant
showed alucst statie F veluwes at different equilibration periecds
iec.y 52,87, 57.42, 57.03, 59.30 and 61.28 ppm of ¥ at 5, 10, 15,
30 and 60 min equiliivraticn pericds recpeetively (Table 33)
and 163.9, 155.0, 156.1, 156.3 and 161,7 ppm of K for the



Table 31
P extracted by 0.05 } M F + 0,05 }i acetic acid, ppm

el Feriod of equilibration, min
22" SALPLE —mmemce s et e cr e e S e S S -
* 5 10 15 30 60
1 49 M20 1539 159.39 1420 1420
2 L8 16,60 17.80 19.02 11,89  17.80
3 22 7 o1 7 41 7 1 523 7 40
b 54 21.52 21.52 21.52 19.02 19,02
5 19 2h,09 25439 25439 25.39 25.39
6 b 28,07 32,20 32.20 32,20  32.20
7 60 39.52 M2.60  39.52  W1.0k  W1.04
8 35 2959.09 259,09 23k.5%  234,5% 224,27
9 32 177 .88 191 07 198.38 198.38 198.38
Mean 65.38 68405 65,93  64.65 64,49

T s IR g g S D A, O i D DGR O g G T gar v (U Wy BN e R ¢ - R AR A O P ek I S, A g e o B g G - - ———
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Table 32
K extracted by 0,05 ¥ NEF + 0.05 M acetie acid, ppm

81 801l Feriod of eguilibration, min
Moo Semple S e emoemnea e
5 10 1% 30 60
1 49 30 35 o 20 25
2 48 25 25 25 10 10
3 22 15 15 20 10 5
N 5% 55 k5 40 L] 35
5 15 4o 55 50 50 ¥
6 b 85 89 75 55 60
7 60 180 160 150 13% 155
8 3% 99 995 1020 1045 1045
9 32 135 155 165 155 150
’;aan ] 1?3:3 17#:# - 17;.% ..16;-;. 1;;:;~

.
A e D N G g SR S A T o G S T o O G g APE S e G ST S s WS G T B P S G A e . g O S W s Sn gy WS SR A W
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Table 33
F extracted by 0.5 l IiaHCO3 (Clsen, pH 8.5), rpm

S G A T (D S T IS e G e B B SN Y- S-gu - D G P g e . A G SO e P g G TS A G S g S o g

Period of equilibration, nin

s1, Seil
et R
5 10 15 30 60
1 49 14,06 10,06 12,72 11,39  11.39
2 W3 16.81 18.20 19.61 23,95 21,03
3 22 8.75 6.20 14,06 8.75 6.20
Y 5l 2542 2977 3153 29477 31.53
5 15 28,45 31.53 29477 29.77 29,77
& % 11.35 15.%2 12,72 14,06 14,06
7 60 31,53 31.53 18.20 29.77  34.69
8 35 19%.17 228,86 221,09 237.20 233.03
9 32 WE25  145.25  153.56  153.56  169.71
Mean 52487 57 o142 5793 59.8; 6;t;6

O T el Ao G s G B S0 ot o e DGO B U WL e T O i G s N iy S brrn S S G O e e g B S -
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eorrespending equilibration pericds (Table 3%). These values
vere obtalned when the effegts of solls were pooled. JZero
values were obtained in soils of low K status (Table 34%),
Since this extractgnt could not prediet the K availability in
soils ecntaining low amount of K, it was obvious that it may
not be suited to all soils, The avallable K values using
neutral nornsl ammonium acetste (std) in soil No.49, 48 and
22 were 20, 17.5 and 15,0 ppm respectively which registered
Bero values vhen extracted with Olsen's extractant.
BEquilibration period of 30 min was the best sulted to this
extractant which has been already established by Olsen

st al. (195%). The correlation coefficients between P and X
extracticn and P and K uptake were significant at all the
equilibration periods.

2.7 lLeutral normal N, OAc

The amounts of F and X extracted by this axtractant are
given in Table 35 and 36, Amonium acetate extrected the largest
amount of K in all the soils under study, With inereasing
period of equilibration K value increased almost linearly.
Maximum was recorded at 60 min. The amounts of K extracted at
varying equilibration periods (5, 10, 15, 30 and 60 min) were
23349y 255.0, 263.9, 268.3 and 295.0 ppm respectively and the
corresponding ¥ values were 17.11, 32423, M2.M7, 46,71 and
55.02 ppm., when the effects of soilSwere pooled the amount
of F extracted inereased with inereasing periods of
equilibrium from 5 to 15 min stesdily and thersaftey comparatively
smaller increese was observed. When the P snd X extraction

was considered together an squilidration period of 30 min was
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Table 3~
K extracted by 0.5 i h’aﬁOOB (Olsen, pH 8.5), ppm

o o, e
) 5 10 15 30 60
1 49 0 0 0 0 0
2 48 0 0 5 5 5
3 22 0 0 0 0 0
% 5 50 50 50 55 60
] 19 20 30 35 45 45
6 L 20 30 30 25 35
z 60 165 165 165 165 165
£ 35 1040 965 965 965 965
9 32 180 155 155 165 180
Mean 163.9  155.0  156.1 158.3 161.7

A g DN S e O Ypa SO VAT Ghin, Gt W g W . GV g B B W e (I G i US04 G O g Bk G s G . i B e S WS n T S G e O W



Teble 39
F extracted by J neutral Iy OAc, ppm

51, Seil reriod of equilibration, min
No, SLEe - ——————————— Tormmme -~
5 10 5 30 6C
1 49 4 40 b0 .40 4 &0 4 k0
2 48 k&0 8.90 LMo  BLHO .90
3 22 b %0 0 4,40 0 €.90
b 5k 4,40 440 440 4,40 8490
5 15 4,40 1€.10 22,70 22.70 22.70
6 L E.60 22 «7C 22,70 22,70 22,70
7 60 13450 1£.10 1€.10  18.1C 27.40
8 35 77 o1+0 171.70 185,00 165.00 2135.00
G 32 32420 41.50  116.10 158,70 176.30
o ;";;;1”“ ”-;; .;1 32423 A7 4.7 5502

W s O G, B W g WP T N e WD T ey B B e

e ST s S e U e GRS N g W e e e G T e W G S o W T e A
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Table 36
K extracted by } neutreld NﬂhpAc, ppm

Fericd of equilibration, min

81, Boil

T e -
5 10 15 30 60

1 49 15 15 15 30 %0

2 W8 35 25 20 45 s

3 22 25 25 25 30 35

L 54 95 115 90 85 115

° 19 55 65 55 80 95

6 4 45 65 65 75 80

Vi 60 255 219 22§ 250 265

8 35 135 1579 1675 1615 1715

9 32 225 195 205 205 2635

) ¥oan 233.5 2950 263.9 2;8.3 295.0

e W W Py S W e e U W M s R e o B e aa ¢ o 4 e G O T Rae A S W g G e e A A g A T A e G PP s e T e e D e D e S



Tglle 37
Coefficients of correlation (r) Letween F extracted by the cheudcal extractantc ard F
uptake by rice

. SO LS. NI S TS - TR D S QA O S g . B s T U I SNS ST T T A S e S SO0 M Ve Rt W6 e T s WA G Y SO AES M e Y ok BV A e A A M- OB M B SUT BN DU i e IO PP A T e A s . A O G S g i S 0% SR

Foriod of equilitration, min

5 10 15 30 60

W e g S B O e e B gade D B Sy o e Sk A I e T S U T O G e S SN e e e SR 60 TP Y A S s N P s AR ST o AP ARE Y D GG O e Gap ST T RN e WA i S G S T e S B gy A W SRS N S S . e O S W S

# % ok
1 0.1 & I«el'ili_F‘ + 0,001 M DIFA 0.365b 0.9572 09489 09349 D,.,4058

21 .00. ilane of extractant

5

i o o . % e
2 0.1 L MLF + 0,003 B DIFA 091802  0.6762  0.9240  0.5951  0.9005
A Lk »* ik
Ou1 ji WihF + 0,005 4 LIFA  0.9156  0.9253  0.8665  0.6760 °  0.8783
> ¥

» : %  *% b .
0.3 K H F + 0.001 L DiFA  0.9089 0.5956 0.9073 0.9170 0.50480

, . N *e **) e . T Bk
0.3 H f&luF + 0,003 i DirA  0.8022 0.9159% 0,516 0.4703 0.4009

o W +& W

s ame — . b R 5 g

0.3 ¥ W, F + 0,005 J DiFA  0,6898  0.668%  0.903%  0.9080  0,9252
. o _ \ o % » ¥ o e

7 0.5 M NGF + 0,001 3 DRIA  0.6935  0.8778  0.8868 0,903 0.9282
_— e *x %% et v A

8 0.5 I Liy ¥ + 0.003 } L¥ra  C.5053 Ge9132 09150 09107 5.9155

S T i Wt s 10 i B e e N OOy s SO S S W V. e O 0 e B N U A W e e W A e o S M U B e s S T TS e B s Qs A X8 B0F e & e AR . e g IV S gy VI AN o st e L A
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Tabl Contd
a a OV s s e v e
W S e T v W A WA i A e W TRy S P e W R e W W B e i Rk N W iy WD G S B iy W o S Y A Vg OB s e R iss v e e Ve Wi Qe U W I Bl A Y Voo A S WIS G U P A G GG W W . WS s W S W SN gy D A

Yeriod of equilitiration, uin

o« 4 . . 4 s

Tl oW Hare of extractant e e 2 S0 . St S5 S Bt 2 = o o S e e S kg
5 10 15 3C 60

W S N T Gy S A G A A A T b WD T TN PN A P YD s gy TR O Al - A iy A G A i A B B TN N N e W 00 s TN B sl T i W Pt T W e, W gty WA W NI S in W dascs W AN B T Bt o G S A A Tl B U

ol ey ¥
9 0.5 K L F + 0,005 b DIiFA 0 L7764 0 JLE60 0,8891 0,060k 08047

& &% 4 e . x
0.85707  0.6625  0.9016  0.8763  0.676%
hCl + 0.0% }i oxallice acid : :

wh K e ok ke

 ww * A oy

L Rl ke W L 2

13 0.05 M I F + 0.05 ¥ 0.8759 0.8696  0.8830  0.8879 0.8792
acelic aeld

e R e R e s

14 Olsen's extractant 0.5828 0.9009 0;8229 C.892%  0.,8940

* el S bl %

15 Iornal neutral HEMGAG 042230 C.6319 0.5060 CeSuER 0.4836

* “dgrdficant at § per cont level

«* Sigrdficant at 1 per cent level

911l



Table 38

Coefficients of correlation (r) betwcen K extracted by chemical extractants and K uptake

81.
Bo.

e N B -

1

® N o0 F ow N

9

- o - - o -

Pame of the extractant

o —-—— g e A SRR I S S S A0 L

Ferlod of equlilibration, min

5 10 1€ 30 60

- . - Wow SRY NS B B s G I PIR WS N W NS IR A G . S0 A e S SO A TS G A i S WO D G S e G U SN S e TGy G gt SIS NS NG U G TSP D W G W T g

0.1 Ji M F + 0.001 } DIFA
0.1 I M F + 0,003 Ji DIPA
0.1 &t MyF + 0,005 Ji DTRA
0.3 I FHF + 0,001 k DikA
0.3 ¥ NEF + 0.003 Jj DTEA
0.3 k Ny F + 0,005 I LTFA
0.5 B N F + 0,001 i DIFA
0.5 1 M4 F + 0,003 L DIFA

0.5 ¥ MyF + 0,005 k DTFA

0.9512"" 0.9543""  0.9536"" oc.o572"" o0.9468""
0.9522"" 0.9538"7  0.9513" o0.9522"" o0.9500""
09574 0.9584" T 0.9539" 0.953%  C.9471

f

0.9560  0.9%11""  0.9369*% 0.9395"" o0.936% "

*

0.9%91°% 0.9399"%  0.9395"" o0.5208"* ¢.9188>*

»

093%™ 0.0345™  0.9172"* o0i1™* 0.9122°*
0.9395 " 0.9361 "  0.9229"" 0.9209"" 0.9289""
09160 0.9185 %  0.9850° 0.9198"% 0.9197™"*

0.93067" " 0.9247™"  0.9198™% 0.9198"" o0.9142""

0 s BB T B G v A G D B G G S TS G e W S G g B S e T G e B U G g P B B bl Bad o2 TR o f ol SX L ol ol X RV R S T R S e o XX Y ) -y T S Sy St

** Bignificant at 1 per cent level

LT1



Table 38 Contéd...... .. .

-

O G e M A G T e T S G D S U T e B GO S B O O A3 T B e SR B WP e B e TV e R i W P e e N G SR e G VN S g Y I et S e T G S g 4 O O TP e D e SI W ar

81 Yeriod of sguilitration, rin
¥o . Lame of the extractant e e e e e e — e o o
5 10 15 30 &0
10 0.06 N 1,70, + 0,06 E LCL1 + -
2% ~ 0.9500° " 0.9501 + 0.9527""  ©.9567"" olgs62™"
0.0% N oxalic aclé
* " ® g
11 Bray lo.1 049535 0.9531°° 0.95337"  0.9w48"% 0.9519
12  Brey Nc.l + 0.005 M DTEA  0.9513" 0.9549° 0.9489°%  0.9558™% o0.9608™"
13 0.05 ki LI + 0.05 & .
R - o PP e
acetic acid 0.9%99  0.9449 0.94E9 0.9416 0.9455
1%  Olszn's ext.actant 0.9573"" 0.95¢%™" 0.9593""  c.9602" 0.9607""
15 Yornal neutral L OAc 0.9608™ " 0.9445™ 0.9m3™"  o.0uk*™  o.ouep™*
16 iy 0ic (std) | 0.5527""
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~# Silgnificant at 1 per ceut level
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found to be the best, Highly significant correlation with F
and K uptake vers observed at all the equilibraticn periods.
In 201l Vo.22 zero velues of ¥ ware cobrerved at 10 and 30 min
which may be due to the very low avallatle P status of the
soil and the poor b extracting power of this extractent. The
available F content in this eoll 15 2.33 ppr. Thus it is
sean that Nﬁhﬁﬁc is not a good extractant fur precicting

available F in soiles of low ¥ status,

From the correlaticn coefficiente estallirhed between
the nutrisnts extracted by the extractants employed in the
astudy andé the nucrient uptukie by rice it was obivicur that the
mitrients extracted by all the extractunie were lLighly
correlated with their uptake at selected periodr of
equilibration, roet of theu belng on par., Thue it was very
‘difficult tu seclcet an extractont ba<ed ~ip;ly on the
correlation coefficients, Then the main critericn was to
find an extractant which will extract amcunts of F ang K
which will show high correlation with P oxtract.d by
Eray lic.1 and K extracted by neutral norual armoniun acetate
respectively, csince these methods are alreacy beins acdopted
in the soil teriing luboratories of Kerala and rating and
fertilizer recommendation procedures are already developed.

Ihe prelicinary study thus brought tc light the
followirng facts.

1. 134, F + DTFA ecombinaticns viz., 0.1 K + 04005 i, 0.3 Ev+
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04,003 My 043 M + 04005 My 045 K + 0,001 } and 0.5 M + 0,003 }
were not suitable for the estimation of phosphorus and potassium
simultaneously from soil. The combinations of N F + DIFA 1.0.,
Ou1 L + U.001 Liy Oul B + 0,003 }y 0u3 M + 0,001 }i, and 0.5 k +
0.009 i were effective as gommon extractants,

2. The suitable equilibration period for 0.1 } NHLF +
0.001 Jj DTFA, 0.1 J; NH,F + 0,003 }i DTEA, 0.5 } MGLF + 0,005
DTFA, 0,05 } NG, F + 0.05 } acetic acid ard Bray lo.1 was § min,
For 0.3 J M F + 0,001 } DIPA combination and Bray lo.t +
0.005 M DTPA, an equilibration period of 10 min was found to be
the best. An equilibration period of 30 min was suitable for
0.06 i E,S0, + 0.06 J HCL + 0,05 J oxalic acid, Olsen's
extractant and neutral normal ammoniutm acetate.

For the last many years the soil testing laboratories of
the State had adopted Bray No.1 for the extraction of avallable

P and the neutral normal ammonium acetate extractant for the
estimation of available K. Accordingly, soil test ratings and
fertility classifications have already been developed and even
goil fertility maps are under preparation. The initial and
preliminary studies concucted now have establicshed the suitability
of Bray lo.1 for availeble P and the neutral normal ammonium
acetate for avallable K, Therefore, the final sclection of a
comzon extractant with 87 soils was orpiented towards the highest
correlation of the F and K values of the nevwly selected
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sxtractants wvith that of Brey No.1 phosphorus and N, Ohe
sxtragtable potassium,

The extractants with appropriate egullibration periods
selected from the preliminary screening vis., I F « DIFA
cosbinations of 0.1 } + 0,001 } (5 min), 0.1 M + 0,003 }§

(5 min), 0.3 M + 0,001 } (10 min), 0.5 } + 0,005 } (% min),
0.06 } H,80, + 0,06 § HQL + 0.05 Jj oxalic acid (30 min),
Bray Yo.1 (5 min), Brey No.1 + 0,005 M UTFA (10 min), 0.5 }
N§, F + 0.05 } acetic acid (5 min), Glsen's extrectant (30 min),
and N OAc (30 min) were employed for determining their
sffieiency of extracting both P and K in all the 87 soils
selected for the study using a single soil selution ratio of
1110, Correlations were worked cut between the P and K
extracted by the selected extractants and Bray No.1 P and
neutral normal M, GAs k. The F values obtained by variocus
extraatants from 87 soils are presented in Table 39.

When the mean ial.ues of P extyracied Ly the different
extractants were compared, it was found that 0.1 }Ji + 0,003 ¥
ecombination of NH F + DITA extracted the azeximum quantity of
P (88,21 ppr), while Bray Ho.? extracted much smaller amount
of P (30.67 ppm) FKeutral normal mwm wae the least cfficlent
in extracting P (7,16 ppm),

The extractable P in the 87 soils when considered
altogether, the following order of decreasing afficiengy was
observeds 0.1 M NEF + 0,003 § DTPA (88,21 ppm)> 0.3 }§ NP +
0.001 }§ DXPA (k3,43 ppa) > 0.1 Y BELF + 0,001 J{ DIPA



Takle 39
P extracted by varicus extractants, ppm

T e e — em———— —— .-.‘--: - f‘j “"""'“"‘7"""" ----L - - S STy S p——
so11 Oat e 0.3 0.5y O‘OQ% Mg"Oyr 0.03  0.03L gﬁsgé* 0.5 Leutrsl
cample MO F + ML F « IHF « NAF + 0,068 HCL + ML F + NaiiCO B

3 . % 2. N 5 5 v 0:02‘)1{ 009 }“3 ;

NO. 0,001} 0.003k 0,001 0.005L 0.055 oxalic 0.025% g 8. h _
DIfFA ~ DTPA DTFA ~ DIEA acid 501 HCL + agg& e § Ity OAe

(Br 0,005 &

lic.1) DTFA
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1 37.45 20,78 34.80 12,66 10.75 22,6 L6k 5.19 12.3% 0.00
2 38.70 23.50 54,50 30.78 15 21,91 14,58 16.23 0.83  6.19
3 935 10,17 15.90 $.63 3.81 6.5  5.63 10.71 30.93 0.26
b 27.91 16.67 18,74 16,32 k6,53  19.15 2B.50 28,07 14,06 22,70
5  6.90 7.61 11.30 6,63 2.51 o 2,72 6.02 3.87 0.26
6  19.13  31.89 11.30 19.78 8.58 16,10  W.15 10.40 2.97 0,00
7 50,90 132,56 L4.50 51.72 28.60  55.27 W66 27,00 32.26 7.50
8 L3.87 58.89 54,50 18.97 1. 5% 22.60 13.66 31.99 571 1.06
9 62,07 40,56 49,50 41,78 1149 38,91 7.70 13.88 3.6 1,88
10 30,45 40,56 20,50 18,97 4 47 17 +6 1.57 15.% 5ok 0.00
11 96.77 €561 3G.00 36,19 20.29 6€.786  15.21 15.5% 2G.23 243
12 53.92 §9.28 20.50 22.25 13.00 3L.91  19.18  31.0% ©.092 z.19
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Table 39 Contdueeeees

a M T e A s B g W I 0 W

coty Oty O 0.y 0.y OOy Qe R DO RO D P
smmple UF ¢ ifoF + WLF ¢ WGF o o.cepicl e R 0:225& ngi& v g5 Tm Ohe
Fo. 0.00%: 04034 0.0U1L 9‘20(’5“ 0.00k oxwlic e = 1Y ¢+ aeotle (Cleon)
DTFA ~  LTPA” DTPA  D7FA acld (he 0.0055 acid
Ia.?% Dika
12 16.33  3k.72 W50 32.56 3.61 1733 0.0 14,21 11425 026
1 24,05 £9.28 20.00 15.78 16413 1690  26.650 29,66 8.13 0.52
15 5.95 53.81 456,91 6C.32 67 <S4 1589  1v.22 24,09 20,77 22.70
16 25.08  G2.95% 34,60  23.91 16.94 30.79 17.82 37.56 ’12.62 0.52
17 30,45  52.61 3u.60 122.25 11.12 Lyo10 22,07 30409 12.3%  1.61
18 156.18 18%.3% 49.50 30.19 43,06 100.97  27.686 29,73  15.21  4.12
19 22.05 141.3% 59.60 25,63 3.61 a2l 67.20 743 S.2b 0.26
20 17.25 46,50 30,00  11.13 13.76 30.36 20,60  1£.23 7.1 1,06
21 19.13 5072 25,20 15.78 32.16 13.77  15.89  15.5% 15,60 2.70
22 1.69 1.67 2.21 20.2% 28 Jky £33 1.28 7 otk 8.75 0400
23 11.03  26.28 29,20 12.6€ 2476 13421 23,84 16.71 k.55 1.06
2% 284,29 15045 H450 53,70 24, 7¢ 5825 11.00 W6 12549 (.79
25  25.08  6L.61 85,90 49,066 30.09 .96 42.30 194 2375 bAO

£¢1



Tﬁblﬁ 39) cont'da LR

g S S S G A W WO T U QU S U YU S 0wy DO P Wi S A 60 s B AR A% N e - o i

-

gnu 001 OQ‘ﬁ 0.3H 0.5 G-O&Zﬁ 112"0;_'_‘3' 0003;_ 0;032’:% Q.G% O.0H Hmtra

canple M F + N F + HLF +  RLF + o oo g . M F o+ MLF « 10 F e JaiC0y J
oG R URY G com e (P GER OO P02 MW
acid (Br ~.0058  a.id
Yo.1) DTPA
26 15.42 18411 38,60 37.11 5481 .24 Go32 188 10.16  0.00
27 5.30 186411 6.70 6.63 11.12 5«60 6465 3.84 2.5% 0,00
28 39.95 100.3% 54,50  W7.66  23.39 52,65  51.01  95.69 37.03 9.85
29 10,18 78,72 15.90 25.59 649 13.21 7.70  12.58 19,58 0,00
30 19.13  128.28  75.20  30.78  27.61 25.15  17.82 24,07 32.72 7.66
31 935 20.78 20,50 14,22 3.15 2492 6.65 5 W7 4.1 0.00
32 127.88 190,16 217,77 192.57  320.81 196,31 113.75 177.58 153.56 158.70
33 27.18 78,72 4,50 15.78 13.00 32,56 39437 3919 26.79  3.2€
M 147 12,78 0.00 3,72 11,49 k.2 2.72 0.9 1,04 0.0C
35 1995.81  22%.1% 429.b1 BME.29 L7194 336.74 171341 259.09 237.20 165.00
36 .52 372 6.70 6.63 5ellt 2.92 9406 3.58 k.55 0,00
37 16.33 4056 34,60 30.78 7.18 1340 15.21  1%.21  19.58  0.26
38 13.63 31.89  6.70 1944 649 5.60 G o 06 9.79  £.13 0,00




Table 39 ConiCecesae

sorn Oall  Oelk C.3p 0.5 0.06L fpftyyr 0203 o031 o.0m o5y peutTel

cample ¥ + MAF ¢ BRF + IF + 0,06k HGL + tah, e 1 Lali0oy §y one

* - - 'y ’! i
No. 0,0018 O0.0U3E Ue001s 0oUUSL  0.05 i oxuile | goor®

- - gy D e g S SO Ty SoP Wk T W W S ey W St AS. TSN Ay Sy W WO ST ke A W A SO

~ ~ Yol .Y [
000&.5}; UQ{J‘)A_; %;41 el

DTIA DTEA T DOYA LELA acid (Lrey gﬁ%{;} ac ecie (Clsen)
e o) M S
39 11.01 34,72 15.90 18,97 P LS &7 .27 949 342 0,00
40 182,09 Co.02 W50 38,03 20493 85.73 LG.55 W7,66 0.4 1.06
W 35.05 75.28 25,20 30.78 22,93 4G L2 17.15 334% 19,92 13,48
Y2 31.57 W56 45,50 00,25 17 .24 24 U1 31.20 3G.63  19.3%  0.00
B3 1502 2L5.95 5h.50  17.3% 11,49 11.57 11.58 8.0t  8.13 1.88
L 22.05 111.95 59.60 25.59 16.9% 26 .69 1H.58 W72.00 26,79 2.15
45 £.17  29.06 3%.50 25,59 7468 6.30 6 .1%:- 8.60 2.97 0.26
6 26,13 17484 30,00 3h.ob 22 0 45,20 ©3.59 19,68 23,03 k.40
4 8.8 85.72 39.60 2.2% 26.17 31.67 25.97 2L.A48 13.48 0 .79
8 10.52 k.12 157% 16,25 64 89 10.35 7.6 16,60 23.95 L0
L9 11.76 5,00 9,03 5,86 DU ol 1529 12,790 120 11.3Y L0
50  35.09 337.01 39.60 17434 2 0 5119 3%.09 L7300 27410 W70
51 .30 6L.61  i1.30 10,22 . «18 C.5% 1M.58 7.43 5.9% 0,00

¢el



Table 39 Contenesvs

.  mas y L6 BTG, + +O3E , \ -
con S GH. WYL UH. eq ikt s L F G, je
TR G R G LR Ll i PR LB L e
L AL . Gl

52  16.33 68.61 34.80 12.66 10.75 M%,93 20.97 1488 19,58 0.00
53  L2.53 65.3% 34,80 8.13 %15 16k 17.62  14.21 Sk 0,00
5% 2648 36,65 32.1% 52,86 59 64 MO 36,83 21.52 29.77 W40
55  30.23 190.73 30,00 12.66 12.2h 1377 16,47 20,56 7.1% 0,00
56  84.0% 110,38 113.90 14,22 32.68 43.58 6.6  51.08  29.65 3.83
57  33.87 15045 34,80  11.13 1 5k 31.22 24,97 45,71 26,00 0.00
58 22,05 128,28  20.50 12.66 7 .88 11.57  13.36  22.06 7.63 0,00
59 43,07 239.17  91.40 20.59 20.29 35.85  206.80 25.31 16,41 3,26
60  36.6% 39,86 53.27 L3.46 116.72 36.20 40,33 39452 29.77 18,10
61 41.23 65.3% W50 17.3% 5elh 13.21 1072 11.63 6.18 0,00
62 204,13 132,56 25,20 14,22 7 .86 17 .64 198 27.00 15.80 0.00
63 12,75 92.95 20,50 20,99 4 47 23432 220 29,06 3.07 0,00
6% 11,88 21.95  20.50 11.13 5 o7 .37 11.58 16,58 3.87 0.00
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Table 39 CONtlinennese

) O, w1 0.3 0.5k -O:Bﬁﬁ~ﬁ2’°h* 0.0 0w  ©.05 o*igww Keutral
”ig;ieﬁﬁs§ voOME + MRE + IE Yo ey 0L + ﬁﬂkgﬁ* EGF + 10,5+ vafiCo,
¥ 0,001 0.0031 0.001H 0.005H T 00255 T PR ol

BOe pIEA © LisA . UTFA . DOFA 0.00 I oxalie i 059254 ©.000 ¥l 6.5 m ore

forty 0008k actd  (GLeen)
65 46,60 11,95 69,90  69.25 31.12 b2,22  29.97 21.32  5.71  1.06
66  21.07 132,56 495.50 2.29 17..76 35.65  23.98 35,03 16.61  1.06
67 LM77 155412 SW.50 WY .69 21.17 56.25 #1.69 49,00 30.08 9.85
68 33.87 7872 34.60 15.78 10.01 36,65 16,49 66«50 H0.7 2,43
69 35.05 75.28 34,80 20.59 20.29 23.32 16.82 26,57 30.93 9.8%
70  21.07 92.95 25,20 8.13 Sell 6,07  6.40 H.11 409 0.00
71 22.05  L,11 64,70 32,56 TR 5.83 11.58  21.32 5.2% 0,00
72 10.18 96.61 = 30.00 23.91 9.65 446 6.4+0 16.93  3.42 0,00
73 36.23 0640 64,70 60.19 35.39 70.11 52,53 37.56 20.25 15.23
7% 27.48  31.89  11.30 15.78 21.17 21.56  15.89 1421 4,32 0,00
75 53.92 62,06  %:.50  29.03 7 .88 15.61 3.19  17.63 19.58  0.00
76 26.13  52.61 29,20 L5.59 16 .54 13.21  15.50 2Lk 23.39  LN0
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Table 39 Centﬁ..---.;

A gy, . W P g T S gy - W - s G S e - " S

o Wfo W ¥ . Do G WE WP oy, e
wﬁcjﬁa 0,001} 0.0034 0.00%i &&5“ 0.05} oxalic 0.0258 0.025H g‘;g&c ,)II &.5 };n Ohe
DIFA DTFA DIFA acld L(%w O(%Ogﬁ acid  (olsem) ¥
lio,1) DIFA
77 27.05 56.89  25.20  16.97  12.24 19,86 23.98  25.31  Guik  0.00
78 65.58 164286 L9.50 92,13 54,84 80.56 61.08 73.21 38.58 L43.81
79 22,05 96.61 15,90  20.59 649 6.07 12.1% 19.08 5.19 0.52
80 53.92 1h45.8k  91.40 36.78 $8.50 3685 3459 406K 12,90 0,52
81 29.35 71.99  39.60  25.03 15.73 7.25 1043  5.19  %,77 0.00
82 21.07 96.61  39.60 34,34 35.9% 28,69 30.28 7.72 -10.71 7.05
83 18.18 31,89 0.00 6.63 3.81 6.07 6.1 12,27 146 0,00
&h 3.75  7.61 0.00 3.72 0.61 2.92 5.38 1.50 0.83 0.00
85 42,53 174.8% 183.80  23.91  16.53 36,91 4676 25,31 6.18  6.15
86 8.52 26.28 0.00 5.16 L.81 5.60 757 7.3 3.87 0.52
87  10.18 43,50 6.70 6.63 I 1 6,07  €.65 6,30 2,97  0.52
Mean  31.56  66.21 4343 3145 27.31 '3'6'55"’25235"“§£13€""”%25%'”5‘.’%‘3"
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(31,56 ppm) > 0.0 b Ligd + 0,005 L Dika (3145 ) >

Lray ic.1 (30.67 ppm) > C.05 L LI ¥ + 0,05 L acetic acid
(28,50 ppu) > 000 & 00, + 0.,06 £ (CL + 0,05 & oxelic aeid
(27431 ppm) > Lray lio.1 + 0,005 ji VIFA (22,67 pypu) > Gleen's
extrectant (19.75 ppm) > peucradl norpel i Oie (7.16 ppm).
The higher veluen obtedned by iligs + «IlA may Le atiributed
to ithe stronger chelati.g aciicn of UIYA which proventrs the

recorpticn of & inbo the =oil,

Whern: the indivicual ~oil- were considered it woo found
thut C.06 ikhgﬁou + 0,006 Ji Gl + 0.0% I oxaslic acid was nore
efiective in relearing I Lntc the =olution in =0il Lo.3%
which regirtered highert svuilalle b value i.e., 471.9% pypm,

while The correspording value for drey .1 was only 330,74,

The corparison of pean values of I extruciud Ly the
differsnt selected exir:ctuntr ie prerented in Talle 40, The

different extroctants extracted K in the foliowing decreac-ing

It 0Ae (119.1 ppm) > Lray Noa1 + 0,205 o DokA (111,00 ppm) >
hathew's trincid (110.7 ppul) > Nl Oae std (107.% pinm) >
Lray lc.1 (101.4 pm) > CGloen (10068 pum) > 0,05 4 EIRGN
G.05 L acetic acld (P41 jm)> 0.1 I IILTF + 0,003 L Ouia
(88 ppn) > 0.1 L By F o+ 0,001 & DIFA (8841 :30) > 0.3 L My E o+
0,001 & UThA (3.6 ppm) > 0,5 1 I F + 0,005 o uivi (62,0 ppm).
Cobbinations of i) F ard UiFA could not release large amounts of

kE eventhough 1t could releace large amounte of ¥,



Table 40
K extracted by various extractants, ppm

(o030
0.025%
%Cl

e 2 |

0,03k

0.025%
HCL +
0.0051
DTFA

UeU5H
muh?b+
0. 05k
acetice
acld

naﬁ%u3

Poioa)

O o NIy e GO S . S G I TS e Gy B0 T -G A (. U . A ey TS M e O A

sorn QoW Gl M, Ok 00
gg?ple 0.3015 04,003 5?3013 6T20§§ d%ozz

DTiA DTFA™ DIPA  DIFA 1Y #

. aclid
1 hoo00  60.00 15.00 40,00 40,00
2 65.00  Y0.00 E5.00 30.00 40,00
3 25.00 30,00 25.00 25.00 15.00
L W5.00 55,06 50.00 20.00 45,00
5 25.00 30.00 25.00 15.00 15.00
6 20.00 25.00 10,00 15,00 20,00
? 55.00 50.00 25.00 20,00 50,00
8 35.00 30,00 10,00 10,00 15,00
9 110,00 110.00 H5.00 55.00 195.00
10 35.00 50.00 20,00 15.00 30.00
11 25.00 35.00 15,00 20,00 20,00
12 50.00 50,00 20,00 20,00 50.00
13 50.00 55.C0 15.00 20,00 55,00
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60.00
90,00
15.00
65.00
27 .00
50400
65.00
10.00
160,00
30.00
20.00
40,00
L5 .00

60.00
105.00
20,00
65 .00
20,00
20,00
65.00
20,00
190,00
40 .00
25 .00
7500
60.00

55400
£5 .00
80,050
85,00
35.00
25.00
60.00
30.00
150.00
50.00
25,00
50.00

55 .00

b5 .00
15460
95,0
25.00

5.00
20,00
55400
15.00
175 .00

5400
25.00
55C0
60,00

E neu= I nef.
(std)

.00 32.50

£0.00 107.50

15.00 14,00

75400  55.00

15.00 15.00

20,00 20.50

50.00 42,50

15.00 10,50

190.00 165.00
40,00 20.00

25.00 10.00

60,00 45,00

60.00 L§,00
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Table W CONCU snaas

-~ - - -

L od

Q. 0.1

DTrA DTFA
™% 40,00  160.00
15 25.00  45.00
16 5000 60,00
1?7 25400 30.00
18 55,00 35.00
19 65 .00 £0.00
20 20,00 30.00
21 54600 55,00
ce 5.00 5600
23 20,00 20,00
24 270.00 275 .00
25 5%.00 60 .00
26 95 00 100,00
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Q.3M

0,001}
DIFA

199 .00
30.00
204,00
55600
15.00
95 .00
45,0
75400

5«00
10.00

135.00
30.00

120,00

PO ot gt

006} T T .
: i 0.03L 0,034 0.05% " neu- XN nob-
0e3 NS0 T NI+ MF 04k rel  tral
W, F o+ ; Y % KaiiCo ;
0,005 HCL + Bel Heq ﬁ' cetT, PH 8.% (=td)
DTFA™T 04055 o ,, ocedle
oxaiie (Br 0,005i eacid (Glzon)
acid
LOLOC 18.00  175.00 180.00 165,00 195%.00 235.70 220.00
0.00 $0.00 60,00 59,00 OO0 W5,.00 5000 82,50
20,00 11.00 L5.00 50,00 60,00 45,00 40,00 20.00
10.00 25.00 25,00 30.00 30,00 304,00 25.00 17.50
10.00 30,00 30.00 35,00 30,00 40,00 30,00 60,00
15.60 $0.00 75.00 £0.00 75,00  75.00  100.00 90,00
25,00 1%.00 15,00 20,00 25,00 25400 15.00 15.00
35,00 100,00 6G.00 £0,00 65,00 85,0C £5.00 72,50
25,00 10.00 25.00 10,00 15.00 0.00 30,00 15.00
10.00 10,00 30.00 135.00 30,00 15.00 10,00 5.00
125,00 3%0.00 225 .00 345.00 205,00 29%.00 320.00 320,00
35.00 4¥5.00 50,00 50.00 £5.00 60,00 45,00 45.00
35,00 120.00 110.00 110.00 90,00 105,00 140.00 125.00
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27 55.00 60,00 115.00 135.00 90,00 B80.00 §5.00 55,00 55.00 135.00 107.50
2B  590.00 600.00 760,00 755.00 850.00 700.00 710.00 58C.00 625.00 4000,00 1000.00
29 65,00 70,00  60.00 145.00 90,00 70,00 80,00 75,00 79.00 80.00 70.00
30 125.00 115.00  95.00 125.00 145.00 155.00 160.00 125.00 145,00 160,00 142,50
31 5,00  50.00  75.00  15.00 65,00 60,00 70,00 65.00 70,00 75.00 70.00
32 155,00 155.00 205.0 210.00 230.00 190,00 195.00 135.00 165.00 205.00 200,00
33 185.00 175.00 150.00 115.00 200,00 200.00 210,00 180.00 230.00 205.00 200.00
3% 80,00 85,00 110.00 190.00 150.00 105.00 115,00 85.00 85.00 215.00 18?.5b
35 1070.00 980.0C 1220.00 1120.001250.00 1050.00 1110.00 995.00 965.00 1615.00 1300.00
36 50,00 50,00 35,00 40,00 55.00 50.00 65.00 50,00 60.00 55.00 65,00
37 60,00  65.00  30.00 20,00 65,00 065,00 65,50 65,00 75.00 70,00 65,00
38 15,00 20,00 15,00 20,00 25.00 20,00 25.00 20.00 25,00 25.00 17,50
39 25,00 30,00 20,00 15,00 25,00 25,00 30.00 35,00 35.00  30.0¢ 25.00
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41

42

&3
e

45
b6
%7
48
W9
50

51
52

£0.00
45,00
115.00
30.00
100,00
25,00
35.00
%0,00
5.00
15.00
100,00

25.00
60.00

80400
45,00
110.00
35.00
105.00
30,00
40,00
45.00
15.00
10.00
105.00
2%.00
60,00

55«00

20.00

110.00
%0.00
130.0¢

- 20400

125.00
25.00
25.00
35000
10.00
10.00

140,00
30,00
60.00

100.00
35.00
125.00
20.C0
130,00
15.00
20,00
35.00
25.00
30.00
135.00
30.00
60.00

110.00
210.00
120.00
29,00
125.00
20,00
30.00
40,00
10.00
40,00
260,00
35.00

$0.00
40400
115.00
40.00
110,00
35.00
30.00
40,00
25.00
30,00
110.00
30,00

105 .0C
45 .00
120,00
25.00
125.00
25.00
25.00
70400

5.00
0.00
145,00
35,00

120,00
35400
150.00
15.00
130,00
15.00
20,00
3C.00
45 .00
30.00
150.00
35.00
65,00

120,00
35.00
13.50
12.50
12.50
15.00
15.00
27 .50
17.50
20,00

147 .50
30,00

ceT
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T S 1 o o AP SO S S Sl . W - “‘-Q‘%ﬁ N ‘ ;:""-'--"‘“ :v : - I o W

. N e T O.ﬂ&: {}.03}¢ 0005& 0.5 1 i } neuw
So11 QWM 0.1k O3 Uk T O i Fe mpF e GLF e R

+ zui F + Aii; + -L%E«I“i L P .t L}- x‘- 3 Y
sanple s %o oo 006 o,0o5p 0,025k ©0.05k pH 6.5 10Ac NI OAc
No. 0,001 0,003 C.001L 0,000k LCL + 5" 0= pa"0F S tie ) (sta)
DTFA = UilA DL UTEA 0,058  (Lray 0.0055 acid (Gleen)
oxalle 1, ) fia™
acid * ‘

5l 55.00 50.00 70.00 55.00 70,00 BC."0 75.00 55,00 55,00 85,00 82,50
55 160,00 150,00 195,00 60,00 160,00 170.00 160.00 155,00 145,00 200.00 250.00
56 25.00 20.00 35.00 %0,00 20.00 20.00 20.00 20.00 25.00 20,00 206.00
57 45,00 M0.00 W5.00 60,00 50,00 50,00 50,00 &0.00 50.00 100,00 55,00
58 55,00 55,00 90,00 4¥5.00 75.00 70.00 75.00 60,00 85,00 90,00 82,50
59 45,00 L5,00 45,00 50,00 45.00 W5.00 55,00 H0.00 45.00 40,00 35.00
60 165,00 155,00 135.00 §5.00 205.00 160.00 185.00 180.00 165.00 250.06 210.00
61 110.00 35.00 20.00 20,00 &.,00 W0.00 45.00 U000 55,00 B0.00 175.00
62 20.00 20,00 5.00 15.00 25.00 20,00 25.00 20.00 25,00 25.00 20.00
63 120,00 120.00 100.00 85,00 130.00 130.00 140.00 135.00 135.00 150.00 145.00
6% 25.00 25.00 IL.,00 25.00 30.00 30.00 3C.00 35.00 30,00 35.00 30.00
65 355.00 340.00  55.00  W5.,00 375.00 390,00 31C.CO 360.00 15,00 300.00 365,00
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T T ) .06;; - : g i o
N 15 G035 Q¢05’
Oq‘a”’- 0-1 4 GQ % 0.5 + o 213 0005 Ooi@ nm"
Soll  H'¥ « IE MEF + HOF + Ha"0y R “‘u’p + rmksg + NafCo 'gml
sample Y b i 0,00k go5y  0.00%% N 3 m OAc Ih, OAc
No. 0,001 0,003 0,001 0,0058 Il ¥ o< €% 0,055 pH 6.5 ™% 4
mPA DTEA DTFA DIFA 0005 ’ (};r é 005}‘& ﬁcetic (01"3'311) (Std)
oxalle jo.1) Dia 88 ‘

66 135.00 120,00 W0.00 50,00 190,00 185,00 140.00  195.0u 170,00 150,00 185,00
67 135.00 135.00 55.00 35,00 160.00 180.00 175.00 150.00 175,00 160.00 165,00
68 65.00 70.C0 55.00 5,00 120,00 90,00 100,00 75,00 5.0 105,00 90,00
69 60.00 65,70 35.00 25,00 60.008 65,00 695,00 60,00 55,00 90.00 4%2.50
70 100,00 115.00 145.00  60.00 230.00 95.00 110.00 135,00 100,00 190,00 110.00
71 205.00 200.00 225.00 60.00 235.00 205.00 220,00 205.00 215.0 260.00 232,50
72 105.00 100.00 135.00 15.00 130.00 120,00 140,00 120.00 130,00 155,00 130.00
23 65.00 70,00 20,00 65.00 85. 0 75.00 7%.00 70,00 £0.00 55,00 50,00
724 25.00 30,00 15,00 30.00 25,00 20,00 35.00 30.00 25,00 20.00 25,00
75 9%, 100,00 125,00  35.00  130.00 119.00 115,00  11C.50 145.00  150.0C 120.00
76 55.00 55,00 8G.00  10.00 30,00 B0JL00  39.00 Y0.00 45,00 30.00  20.00
77 25,00  30.790 19.00 15.00 25.00 20,00  35.00 25.00 35,00 30.00  10.00
78 95.00 105,00 1%0.00 120.00  170.00 105.00 100.00 9C. 0 10%.00 £80.00 60,00
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Table W0 ConitGaceecs

T o -~ Fr T 00061‘ \ " ‘: -~ . £re [ 78X >‘»ﬁ' (S

s C.1p 0.1k Celin v I arow &.G& (14 0%L C. O Qo).u ' NeU=~ . NeUm
Soll nn'% + BEF + HLF 4 0.5k  Hy Oyt T+ ﬁuk§”+ nnuﬁ“+ LaficC. tral  trel
sample Y HE ¢ 0706 3

Ro. .001.1_1 .0()35;; 0.0014 0.005E & 0.025% 0.0.?.fm 0.05) pH 8.5 ‘xﬁih’m I%‘H,*o.ﬁc
i Sred N i HCGY + , '
Drka DA DTFrA D 14 0054 HE1 + HCl + acetic (O1sen) (=ta)

(Bray 0.00ﬁL acid
oxalie Lo.1) ULPA

acld

79 EG00 (G000  65.00 15.0C0 65,00 55,00 60.00 55.00 250,00 795.00 52.50
&0 000 5,00 65,00 20,00 75,00  55.00 70.00 60.00 595.00 65.00 45,00
61 125.00 110,00 155.00 20.00 205.00 150,00 165.00 145,00 150.00 195.00 170.00
82 45.00 50.00 10.00 15.00 50.00 S0.00 60,00  60.00 k5,00 35,00 20.00
83 25.00 25.00 15.00 10.00 20.00 20.00 20,00 25,00 25.00 25,00 10.00
8k 25,00 30.00 50.00 25.00 25,00 20.00 25.00 20.00 10,00 L0,00 25.00
85 260.00 265,00 160.00 170,00 420,00 370,00 360.00 295,00 330.00 330,00 34%0.00
86 15.00  15.00 25.00 10,00 15.00 15.00 25,00 15.00 20.00 20.00 25.00
&7 15.00 15,00 5.00  10.00 15.060 #£0.00 20.00 15.00 20.00 15.00 15.00
ean  86.1 Bt 83,6 62,0  110.7 1014 111.0 Gral 100.8 11641 107k
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When the individual soils were considered separately
mhme using 1:10 =zoil solution ratio and 30 min equilibration
period eould release the meximum quantity of K from soil Ne.35
(1615 ppm). The same soil gave the maximm quantity of K with
standard m.pa procedure but the value was only 1300 ppm.
Mathew's triacid extractant alsc could release sufficient
quantity of X into the solution (1250 ppm). Olsen's extractant
was the least efficient in this yespeet (965 ppm). In soils
of lov K status eg., soil No.23 (5 ppm available NH, OAs K),
Bray No.i + 0,005 }i DTPA could relesse mmch higher quantity
of K (135 ppm).

Coefficients of correlation worked cut between the amount
of matrients extracted by the various extractants and that by
the standard extractants are given in Table &1, Coefficlents
of correlation between the P extracted by the different
extyactants and the available F extracted by Bray No,! were
exanined., The eorroiaticn cpelfficlents were significant with
all the extractantes, The highest correlation was cbtained with
0.5 ¥ NELF + 0,005 }j DTPA combination (0.926%) and the lowest
value was given by O.1 }H M. F + 0,003 } UTFA (o.»é?). This
may be due to insufficient concemtration of K5, F vhen combined
with high concentration of DTFA. The second high correlation
vas obtalned with 0,05 }j M, F + 0.05 M acetic acid (0.913§).
The correlation coefficients with Bray Fo.1 established Ly the
various axtractmtfxme in the following orders: 0.5‘}5 W F +
0.005 } DIPA (0.,920%) > 0.05 } MY + 0.05 } scetis acid



Table &1
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Coefficients of corralution (») between the P and K extracted
by the selected extractiants and the F and K exiracted by the

etandard P and K extractants

e o - -

K
81, p 4 neutrsl
lame of extractant - Ohe
Ko, (Dw (St
m.1) &3 ﬂnd&l‘d
procedure)
1 0.1 3 MGF + 0,001 3 DEPA 0.8046"" 0,009""
2 0.1 3 MEF + 0,003 § UTPA 0.4085""  0,0817
3 0.3} NF + 0.001 }j DTPA 0,8868"" 0,0788
b 0.5 3 MLF + 0,005 § UTPA 0.929%"" =0.0171
5 04,06 1 1125% + 0.06 ji LGl + L mE o
0405 } oxalic acid 0.8913 0.6k36
6 0,03 5 MiF + 0,025 }i BCL .
(Brey No.1) 1,0000 = D.1549
0.005 E DTPA 0'8887 000668
8 0,05 B MELF + 0.05 i aceble actd  0.9168° =0,0080
9 0.5 K KelicOy, pi 8.5 (0lsen) 0.8977"" o0.2503"
10 }i neutral ifi Ohc (modified) 0.901% " -0,0153

O W W g . PPy S e S W D U G WU G G . B G B W T R TR S A S - 5.0 AP G0 B T e S gy G G0 D G G P G G S g

.t

* Significant at § per ccnt level®
** Significant at 1 per cent level
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(0.9188) > M, 0ac (0,901%) > Glsen (0.8977) > Mathew's triscia
(048913) > Bray Bo.1 + 0,005 Jf DTEA (0,8887)> 0.3 Jj M, F +

0.001 )} DTFA (0,8833) > 0.9 3 B F + 0,00t }i DIFA (0.8048) >

0.1 3 KR,F + 0,003 J DTPA (0085). The neutral nommal I Oke
at an egquilibration period of 30 min with & soil solution ratio
of 1110 could not extract P from all the soils, It was inéiffective
in predicting P avellability in soils of warginal tc lov
available F status, liot all the extractants could preduce
significant positive corralation between the amount of K
extracted by the extractante and the amount of K extracted by
NE), OAc., Negative corralations were obtained with 0.5 M N F +
0,005 } DTPA and 0,05 }f NELF + 0,05 } acetiec acid, The
extractants namely O.1 } ML ¥ + 0,003 }§ DTPA, 0.3 }i M F +

0.001 ¥ DPTPA, Bruy HNo.1 + 0,005 }§ ITPA and Bray No.1 were
positively correlated, but the correlation coefficlents were
statistieally significant only with three extractants vig.,

0.1 M &ﬁ.? + 0.00% B DTPA, Mathew's triscid ang Olsent's
extractant, Highest correlation wes obtained with lMathew's
triscid (0,6438), followed by 0.1 Y L F + 0,001 Ji LTFA (0,4009)
and Olsen's extractant (O.2§0§)

The efficiency of extractents to extract both F and K
simultanecusly, vhen studied, found that Mathew's triacid
gave better corralations with Bray Fo.t1 P and t&lhom Ke
The relationships between the amounis of mutrients (¥ and K)
extracted by the extractants viz., 0.1 Ji M, F + 0,001 L LTPA
and Mathew's triacid and that by the standard extractanis
are presented in Fig Nvs. 3, #, 5 and 6. As regards the
speed of extraction, 0.1 I I F + 0.00% M DTFA would be more
convenient for sdvisory works since it takes only 5 min
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to attain equilibrium P and K values, But, it was cbrerved
that this aextractant could not give clear filtrates in all

the soils. Considerable amount of organic matter was brought
into solution by this extractant along with the extraction of
rhosphorus and potassium. Since phosphorus is usually
estimated by the chlorostannous reduced blue colour method,
organic matter will interfere with the blue colour development.
When Olsen's extractant is used, shaking with activated
charcoal has been established as a standard procedure. In the
HH) F-DITA comblnation also activaled charcoal will be essential
to eliminate the organic matter extraction,

In soils containing relatively small amounts of F, the
emounts of P extracted by a chemical extractant will be so small
that the error invelved in the analytical procecdure is
relatively high, It has beer reported by several workers that
activated charcoal would not adsoryd reasonalble amount of the
~nuirient lons. Dbut still come error uway be expected,

hathew'!s triacid, though produced & slight yellow colour
in the filtrate it did not interfere with blue colocur method
of estimation of avaiisble ¥. A8 reported by Mathew (1979),
the triacid proposed Ly Lim would be a definite iuproveuent
over bray lic.,1 for predicting available phosjhate reserve of
soil, In the present study, it has shown a high degree of
efficiency in extracting P es well as K., Since his extractant
wac studied on 67 soils of different scil properties it can be
selected for extructing both P and K availability in different
soil types of the Ttate,
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The efficiency of an extractant in releasing mutrients
from the soil into the solution depends not only on the
capacity factor but also on many other factors that are
influenced by physical and chamical characteristics of soils,
The physico chemleal characteristics that influence the
relesse of P and K into the soll solution are molsture, texture,
organic carbon, pH, &5C, Cil and F fixing capacity.

Coaefficients of correlation were worked out between the
basic soll properties such as total P, F fixing capacity,
Brey No.t ¥, Mathew's triacid P, total K, hly, OAe (std) K,
Hathew's triacid K, pi, BEC, CEC, organic carbon and moisture
percentege. In Tsble 42, coefficients of correlation (r)
betveen coll properties are presented,

Kathew's trimcid P ar vell as E, total L, I'ray lc.7 P
and N, OAc K exhibited significent pocitive correlations with
total F., Significant poesitive correlsticms wer> establli-hed
between total K and other preperties except P fixing csjacity,
organic carbon, pH and 5C, Highest eorrelation- (o.écg;)
vas obtalned with moisture content followed by *total P (.'3.58512)
With P fixing capacity Bray Ho.1 (~0,2581) =~ well a- Moihew's
triseid P (-0.295';) hed shown signifieant negative correlationy.
Total K, Hethew's trimcid X, pH, EC and moicturs were zalso
negatively correlated with F fixing capacity. C:iC was hishly
correlated with moisture, totel K, NH,OAe (std) K, as well as
Mathew'!s triacid k., Highest correlation (0.512%) wae obtuined
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Coefficients of correlation (r) between basic soll properties
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with total K, Soils having high CEC would have high total K
reserve tince large amount of K is fixed by high CuC soils,

It was cbvious that there existed a high degree of
correlation betwvean the new method and the standard methods
of extraction. The high correlation and reproducibility are
most appreciated when considering the practiecal aspects of
the soil tect., DBy using a single common extractant for
extracting both available ¥ and K, substantial savings in

time and materials are now possible especially for advisory
works, Another advantage in using this extructant i1s its
higher efficiency in grading the P and K status of soils of
lov to margingl levelsz of these mutrients.
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SUMMARY

At present Bray No.1 extractant is used for the

. extrection of avalilable P and nsutrsl noxmal amsonium scetate
for the extraction of available K in so0il in the soll testing
laboratories of Kerala. The extraction procedurs can be
simplified and the need for time, manpover and chemicals can
be reduced considerably if a single extractant suitable for
extracting both available P and available K is found ocut,.
laboratory evaluation and plant uptake studies were carried
out for evolving an extractant suitable for extracting both
available P and avallable K.

Soil samples (87 mumbers) of varying characteristics
were collected from different parts of the State and the study
was conducted in three phazes viz., |

() an initial study which was conducted mainly to fix
up an approximate range in concentration of the resgents, In
this initial study 1§ extractants were tried, of which 9 were
KH ¥ « DIFA combinations. The available P extracted by
Bray No.?1 and avallable K extracted by neutral normal asmonium
acetate wers found out and they wvers compared with that of the
different extractants. A single soil solution ratioc of 13110
and two equilibration periods of 30 and 60 min were employed
in the initial study using a single soilj

(11) a preliminary screening eonsisting of 9 soils, 15
extractants at 5 equilibration periods viz., 5, 10, 15, 30 and
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60 zmin with a single soil soluntion ratio of 1:110. Neubguer
seedling technique was used to find out the uptake of F and

K by rice crop from the soils, Correlation coefficients
were worked out between the smount of P and K axtracted by
the various extractants and the P and K uptake by rice based
on which extractants with suitable equilibration periods were
selected; and

(111) a final selection of the ccemon extractant which
vas based on the corralation between the amownt of P and K
extracted by the various extractamts and the amount of P and
K extracted by the presently followed standerd procedures
viz., Bray No.1 for P and neutral normel smmonium acetate for
K. Eighty-seven soilsz, 10 extractants with suitable
equilibration periods and a 1310 soil solution ratio were used
in the final selection. The results of the study are
sunmarised as followes

In NE, F - DIFA combinations, increasing concentration of
BH,’F retarded the extraction of phosphorus a® well g2 potassium
and they extracted much smmaller quantities of P and K as
eompared to that of Bray lo.1 and neutral normal spmonium

acetate.

Haximum raelease of P and K was obtained by 0,001 M DTPA,
A higher amount of P vas extracted whan the equilibration
period was inereased to 60 min while the concentration of DTFA
was increased to 0,005 .
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Inereasing equilibretion period hed oonsidersble
effects in the extraction of P by Bray lNo.1. The efficiency
of extraction decreased vhen the period of equilibration wes
increased from 30 to 60 min, possibly due to the absence of
a chelating agent in order to prevent resorption. The amount
of K extreacted by Ersy No.t was higher than that of neutral
normal amuonium scetate (std),

Use of ssmonium ecotate along with Bray do.1 inhibited
the release of P drastically, though no effect was noticed
on kK extraction,

Mathewt's triacid extractant Vige, 0.06 J§ 325% + 0,06 }§
HCY + 0.0% J exalic acid relessed large amount of P and K,

The HG, F + acetic scld was found to be a good combination
in estimating available P and available K. KE, F (0.05 M) +
acetic acid (0.05 }) extrected more quantity of P even at 60
min thar Brsy No.1 showing the chelating action of agetie acid,

!hamnatofku&mbdhmtrﬂmml%&nm
highar ¥hen the soll solutlion retio was 1110 as compared to
115 (std)

The pattern of P and X releass into the sclution when
axsnined together as a function of paricd of equilibration
revealed that the rate of releace was warying at
different equilibwrgtion periods for different extractants,
EELY ¢ DTPA combinations viz., O.1 J + 0,005 }, 0.3 } +
0,003 My 0.3 M + 0,005 Ji, Ou5 M + 0.001 J, 0.5 } + 0,003 }
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vere not suitadble as ik eommon extrectents for the estimation eof
svailshble phosphorus and potassium in soil. The combination
of NP + DIPA at the strength 0,4 M + 0,001 }, C.1 M +

0,003 My 0.3 3 + 0,001 }i and 0.5 }§ + 0,005 } vere effective
at commen extractants for ¥ ad K.

The suitable equilibration periods for O.1 } MiF +
0,001 }§ DTFA, 0.1 Y MO F + 0,003 } DTPA, 0.5 }i Fy,F + 0.005 }
DIFA, 0.05 } NE,F + 0,05 }f acetic acid and Bray lo.1 is § min,
For 0.3 Y N&,F + 0,001 }j DTPA comk 2 and Bray Ho.t1 +
0.005 ) DTPA an equilibration period of 10 min is found to be
the best. A4n eguilibration period of 30 min is applicable to
Mathew's triacid extractant, Olsen's extractant end neutral
normal anmonium sgetate,

The coefficients of correlation worked out between the
amcunt of nutrients axtracted by the axtractants and mtrient
uptake by rice woere highly significant at all the agquilibration
pericds, most of them belng om par. Thus it was very diffieult
10 select an extractant based simply on the correlation between
the mtrients extracted by the extractantz and nutrient uptake
by riee. Since the initial and preliminary studies eonducted
have established the suitabllity of Bray No.! for available P
and the nsutrsl normal HE, OAg for avallable K, the final
selection of & common extractant with 87 soils was oriented
towards the highest correlation of the P and X values of the
eelested extrectants with that of Brey Bo.t P and neutral normal
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KHy, OAc extractable X, sincs thess two extractants are already
being used in soil testing laboratories of the State based on
which s0il fertility maps are belrg prepared,

When all the so0ils were considered together, the various
gxtractants showed the toliom decrenszing order in theirx
efficiency for extracting ¥. 0,1} EB.F + 0,003 } DTFA
(88.21 ppm) > 0.3 }} N§LF + 0,001 J DTFA (43.43 ppm) > 0.1 }§
MH.F + 0,001 J DTFA (31.56 ppm) > 0.5 M M{.F + 0,005 }§ DIPA
(3145 ppm) > Bray No.1 (30.67 ppm) > 0.05 }j MRQ.F + 0.05 k
acetiec acid (28,56 ppm) > Mathew's triacid extractant
(27.31 ppm) > Erey lo.1 + 0,005 }j UIPA (22,67 ppm) > Olsen's
extractant (19.75 ppm) > neutral normal Wy 0Ac (7.16 ppm).

The different extractants extracted K in the following
decreasing order. Ni GAc (119.1 ppm) > Bray ko.1 + 0,005 )} DTRA
(111.0 ppm) > Mathew's triacid extractant (110.7 ppm) > NE) OAs
std (107.% ppm) > Bray ko,1 (101.% ppm) > Olsen's extractant
(100.8 ppm) > 0,05 } HE, ¥ + 0405 M scotic acid (9.1 ppm) >
0.1 J MRF + 0,003 Y D2¥A (88, ppm) > 0.1 J NGLF +
04001 Ji DiPA (8841 ppm) > 0.3 M WRF + 0,001 } ITFA (83.6 ppm) >
0.5 Ji HF + 0,005 Y UTPA (62,0 ppm).

Mathew's triacid extractant could release relatively

large amounts of P from soils containing vary little as well
a8 very large amounts of P,

When the individual soils were considered separately
neutral normal R, OAc using 1110 soil solution ratio and 30 min
equilibration pariod could release maximum quantity of X from the
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soils of maximm svallable K status.

The correlation coeffieients with Dray FNo.1 P extracted
by the various extractants were in the following oxder 0.5 M
¥E, F :‘0.005 } DTFA (o.zfsl:b 0.05 ¥ H':f + 0,05 i acetic acid
(o.91f§)> N, OAc (0.901h) > Olsen (0.8933 )> Mathew's triacid
(0.8913)> Brey m.:: 0.005 }¢ DIPA (0,8887)> 0.3 m.’r‘: |
0,001 }j DTFA (0,8868) > 0.1 MY m;:r + 0,001 } DTFA (0,8046) >
0.1 } NG, F + 0,003 J4 UTPA (0,4085)

with NH OAc (etd) K the correlation goefficients
established by the various extrectants were in the following
decreasing order. Mathew's triacid (0.6‘;53) > 0e1 Y MLF +
0,001 J§ DTPA (0.4009)> O1sen (0.2503)> Eray No.1 (0.1549) >
Ou1 J MLF + 0,003 } DPPA (0.0817) > 0.3 ¥ M&F + 0,001 }f DTPA
(0.0788) > Bray HNo.1 + 0,005 } DTPA (0,0668) > 0,05 }f NjF +
0.05 Y acetic acid (0.0089) > N Ohe (~0.0153)> 0.5 B Ny, F +
0,005 } DTPA (~0.0171). lot all the extractants could produce
eignificant positive corralation with I, OAc (std) K. Only
three extractants vig., Mathew's triacid, 0.1 } NG F +
0,001 4 DIFA and Oleen's extractant gave significant pesitive
correlation vith M, OAc (std) K.

The efficiencies of the extractants to extract both P and
K simultaneously when studied, found that Mathew's triacid
extractant gave better correlatiocns with Bray No.t P and
KH,OAg (std) K, As regards speed of extrastion 0.1 } N§F +
0.001 Y DIPA would be more convenient for advisory works, since



150

it takes only 5 min to attain equilibrium P and K values.
But considerable smount of orgunie matter brought into the
solution by this extractant interferes with the colorimetric
determination of F,

Coefficients of correlation vers worked out between the
basic soil properties such as total P, F fixing capacity,
Bray No.1 P, Mathew's triseid P, total K, NH Oic (std) K,
Mathew's triscid K, pH, EC, CiC, organiec carbon and moisture.
Mathew's triacid P and K, total K, dray No.1 P, and Mi Ohe (std)
K exhibited significant positive correlaiions with total F,
Significant positive correlations were established between
total K and other properties such as total F, available F,
available Kk, CBC and moisture., P fixing capacity was
negatively correlated with Bray Be.1 P, Mathew's triscid P,
and pli, CuC was significantly and pesitively correlated with
total K, moisture, Il Okc (std) K, and Mathew's triscid k.

The nev procedure (Mathew's tpiacid extractant) is found
to be a definite improveuent over the standard procodures. By
using a gingle extracting solution for extracting both available
¥ and available K substantiasl savings in time and materials are
now poesible especially for sdvisory works. The new extractant
had shown a higher efficlency in extracting both F and X from
the soils containing even low to marginal levels of these
mutrient=s. The new method can be recomuended for different
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solls of the State, since this extractant has performed
well in all the 87 different soils collected from Kerala
State.
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APEENOIX I, location of soils selected for the siudy
Listrict Sell ig. igcation
Canianore 1 {ilesvar

2 Tellicherry
3 Carmsnora
4 Caru:anore
5 Canuarcre
Caiicui O wudlandy
7 Calicut
g Calicut
9 Lane
10 Calicus
i1 Calicut
12 went il
13 Aliyur
1 Iadagara
15 Sk aels
16 Ladagara
17 Blathur
16 kuttichera
19 Fayyamur
20 Calicut
21 wWest Ladakkavu
Mgiajpuran 22 Kdepal

23 Forinam
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District

Yalghat

Trichur

Spil lio. docation

2k
25
26

27
28
29
30
31
32
33
3%
35
36

37
38
39
40
L4

ESEKFER

Perinthelpanna
Trichur
Vattalur

Karuvappara
Chittoor
Chelakkara
Vadakkanthera
Karuvappara
Foduveyur
Vilgyaruy
Upputhode
Kalpathy
Iottakkad

Cherru
Irichur
hurmacfulan
Kodungal lur
Irichur
Chowanruy
Edathuruthy
Vadakkanchery
hunnarkulan
Kodungallur
Kodungal luy
Kottappady
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49 Vadalkkanchery
50 reruriiilircery
51 Karakbad
52 Arirtur
53 randassank adavu
S Anthikied
55 Fenmithy
“rnakulam 56 Ernakuleam
74 Ayrocy
58 Alvaye
59 srnekulam
60 Kalady
61 Kalady
62 Ernakulam
63 Kalady
64 Alwsye
05 Ernakulam
66 Perumbgvoor
67 Cochin
66 Parur
69 Cochin
Idukki 70 Thodupughs
7% Zdukil

72 Thodupugha
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Alleppey

vilon

Kotiayan

Trivandrum

79

61

83

ISP

Alleprey
Churgam
Allevpey
Thuravoor
Havelllkara

Leerattupuras

Apnlagiri
Hardivala
Palai
Mandalmood
Iriverdrus
Valliayani
leyyattinkera
Trivandrum

Irivandrun



AFFRITIX 1I  Hean percentage and uptake of F ard K of rice
grown in the soils

fl.5o. sigséin k ax'}égzgage u;lgxa of Peﬁgémntaga ugme of
% of P P, g/pot of K E, g/10t
1 49 0.34 0426 .25 0.21
2 %8 1.19 0.19 0.36 0.38
3 22 0.23 0.16 0.29 0.20
L 5k 0,42 024 1.00 0.57
5 15 0.55 0.36 0.65 0,43
6 4 0.38 0.25 0.56 0.36
7 60 0.26 C.24 0.13 1.04
8 3% 0,05 C.52 G.57 2406
9 32 0.53 0.2 1.08 C.b5
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ABSTRACT
A laboratory evaluation and an uptake study using
Neubaner seedling technique was carried cut for evolving a
single extractant suitable for extracting both available P
and available K, so as to simplify the process of extracting
these available plant nutrients in soil testing works,

Bighty seven soll sarples from different parts of the
State were used to evaluate the performance of the selected
number of extractants based on & 3 step evaluation i.e.,

(1) an initial study consisting one soil, 1§ extractants at
a single soil solution ratio (1:10) and two equilibration
periods (30 and 60 min); (i1) a preliminary screening
eonsisting of 9 soils, 15 extractants at a single soil
solution ratio (1310) and 5 equilibretion periods (5, 10, 15,
30 and 60 min), £n uptake study was also conducted using
Neubaner seedling technique and correlation coefficients
vere worked out between the amount of P extracted by the
various extractants and the P and K uptake by ricej (iii) a
final selection of the common extractant consistirg of 10
extractants with suitable equilibration periods, at 1310 soil
solution ratio and 87 soils,

In combination of My F and DIPA, increasing
concentration of Nk F retarded the extraction of both F and
K and they qxtmted much smaller quantities of P and K as
compared to that of Lray No.1 and neutral normel HE,’GAe.



. &

4

Use of ammonium acetate along with Bray No.1 inhibited
the release of F drastically.

Mathew's triacid extractent vig., 0.06 N sto“ + 0,06 F
HCL + 0,05 } oxalic aclid extrected relatively large amounts
of P and K,

The pattern of P and K relesse vhen exemined together
as a function of period of egquilibration found that the
equilibration period for different extractants wvas varying.
The suitable equilibration period for 0.1 } NH, F + 0,001 M
DTEA, C.1 J NELF + 0,003 }j DTFA, 0.5 Y IHRF + 0.005 }j DTPA,
.05 Y m,g + 0.05 i acetie acid, and Bray Ho.t1 is 5 min.
Por 0.3 § ME¥ + 0,001 }j DTFA combination and Brey No.1 +
0,009 ) DTPA an equilibration poriod of 10 min is found to
be the mm . &n equilibration period of 30 min 19
suitable for Mathew's triacid extractant, Olsen'e extrectant and
neutral normal ammonium acetate.

Since the initisl and pralimingry studies established
the =uitability of Bray No.i for available P and the neutral
normal ammonium acetate for available K and because the
cosfficient of correlation between the amount of K extracted
by the extractants and the X uptske by rice wvere higily
significant at all the equilibration periods the final
selection of the cozuon extractant was based on the
ecorrelation of the F and K values of the selected extractants
with that of Bray lo.1! P and neutral normal ammonium acetate
sxtractable K,
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The correlation coefficiente with Bray Mo.1 ¥
establi-hed by the various extractantc have chown the following
decreasing order of efficiency. 0.5 I E;II;{_F + 0,005 il DTFA >
0.0% i i‘ﬂi;}" + 0.0% } acetic acid > }iiiua&c > Olsen > Fathew's
triacid > Bray lo.t1 + 0,005 } DiFA > 0,3 } B, F + 0.001 L UTFA >
0.1 I kipF + 0,001 1 LTPA>> 0,1 M My F + 0,003 i DIIA,

All the extracinnts were not sig{zificmtly and
po-itively correlsted with IHh OAe (std) XK. The three
extractants viz., lethew's triacid, 0.7 L Iy F + 0,001 ki IUFA
and Oleen’s extractant have glvon =significart vositive
relationshiy with Nij OAc (std) X, Highect correlution was
cbbained wich lmthew's triacid folliowed by 0.1k My F + 0,001 H
DTPA and (l-ca'c extractant,

Thus 1t is= confirmed that Mathew's triccld axtractant
ir the best common extractant for available ¥ gng available X,

Lo aralytical difficulty in the detendnation Loth | une K was

obrerved while using thi- extractant,

Interecorsrelntions vorked out betw.en the vericye aoil
properties have elea.ed the following facis, fathoyty triacig
F and Bray lo,t .'P wvere significently and Bsitively Correlat g
with uotal F and regatively correlated wty F o«

1 . g capget gy,
14,04c (5td) K and Mathew's triazeid & faye Slgnificars o
correlation with total K as well a-s Cista v POSitive 1

Hathewts triacid extractant viz.,j.e 0, ¢ Gg6 gy e |
0006 ¥ gy |

of 1110 and an ]

1
1
1

1

C.05 N oxalic neid wisl: a fcil ~slubic
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equilibration pericd of 30 min if recommended a® a common
extractant for aveilable F and avallsble K Ly the pfagaﬂt

study, cince it saves considerable time and materiasle in
s0il tecting.



	image49859
	image49860
	image49861
	image49862
	image49863
	image49864
	image49865
	image49866
	image49867
	image49868
	image49869
	image49870
	image49871
	image49872
	image49873
	image49874
	image49875
	image49876
	image49877
	image49878
	image49879
	image49880
	image49881
	image49882
	image49883
	image49884
	image49885
	image49886
	image49887
	image49888
	image49889
	image49890
	image49891
	image49892
	image49893
	image49894
	image49895
	image49896
	image49897
	image49898
	image49899
	image49900
	image49901
	image49902
	image49903
	image49904
	image49905
	image49906
	image49907
	image49908
	image49909
	image49910
	image49911
	image49912
	image49913
	image49914
	image49915
	image49916
	image49917
	image49918
	image49919
	image49920
	image49921
	image49922
	image49923
	image49924
	image49925
	image49926
	image49927
	image49928
	image49929
	image49930
	image49931
	image49932
	image49933
	image49934
	image49935
	image49936
	image49937
	image49938
	image49939
	image49940
	image49941
	image49942
	image49943
	image49944
	image49945
	image49946
	image49947
	image49948
	image49949
	image49950
	image49951
	image49952
	image49953
	image49954
	image49955
	image49956
	image49957
	image49958
	image49959
	image49960
	image49961
	image49962
	image49963
	image49964
	image49965
	image49966
	image49967
	image49968
	image49969
	image49970
	image49971
	image49972
	image49973
	image49974
	image49975
	image49976
	image49977
	image49978
	image49979
	image49980
	image49981
	image49982
	image49983
	image49984
	image49985
	image49986
	image49987
	image49988
	image49989
	image49990
	image49991
	image49992
	image49993
	image49994
	image49995
	image49996
	image49997
	image49998
	image49999
	image50000
	image50001
	image50002
	image50003
	image50004
	image50005
	image50006
	image50007
	image50008
	image50009
	image50010
	image50011
	image50012
	image50013
	image50014
	image50015
	image50016
	image50017
	image50018
	image50019
	image50020
	image50021
	image50022
	image50023
	image50024
	image50025
	image50026
	image50027
	image50028
	image50029
	image50030
	image50031
	image50032
	image50033
	image50034
	image50035
	image50036
	image50037
	image50038
	image50039
	image50040
	image50041
	image50042
	image50043
	image50044
	image50045
	image50046
	image50047
	image50048
	image50049
	image50050
	image50051
	image50052
	image50053
	image50054
	image50055
	image50056
	image50057
	image50058
	image50059
	image50060
	image50061
	image50062
	image50063
	image50064
	image50065
	image50066
	image50067
	image50068
	image50069
	image50070
	image50071
	image50072
	image50073
	image50074
	image50075
	image50076

