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INTRODUCTION



Phosphorus* one of the "big three* among plont 
imtriouts* io essential for orop product ion* It io 
considered as the naaater key" to agriculture* It is an 
essential nutrient input and often its deficiency becomes 
a major constraint for euccsBsful crop production* In 
India* the finite reserves of this non-renewable resource 
is getting exhausted emphasising the need for efficient 
utilisation of available phosphorus resources*

She soil fertility map compiled by Ghosh and Hasan 
(1979? baaed on more than 8 million soil tests for available 
phosphorus indicates that about 46*3 per cent of the 
districts are in the low category* 51*5 per cent represent 
the medium fertility olass and only 2.2 per cent of the 363 
districts in India showed a high phosphorus level*
However* the situation in Kerala based on soil test 
summaries (Anon* 1906) indicates that only Trivandrum out 
of the 12 diotriots have nearly 50 per cent of the soils 
rated no low* Idufcki* Polghnt and Oonnanore districts also 
have a low rating of around 23 per cent* In short* in the 
State of Kerala* we have soils with available phosphorus 
statue ranging from very low to medium and none of the 
areas could be delineated in a map with a cartographic unit 
as "high* except for a few soil oaopleo rated as high in
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tha soil test summaries. Soil phosphorus is subject to 
considerable variation in its Availability especially in 
rice soils due to e variety of reasons#

The rice crop varies considerably in its response to 
phosphorus depending upon the total yield and type of 
variety* A correct appraisal of the various soil parameter® 
that govorn tho phosphorus situation is also a pre-rcguiaite 
to explain soao of the possible reasons for response# 
erratic response or non-response of r ice'to phosphorue 
application. The response of rice to phosphorus depend* 
upon many factors via*# ©oil type# P status of tho soil* 
condition* of submergence, various parameters of the soil 
such * 9  pH, organic matter, amount of free oxide* of iron 
end aluminium, clay content etc*, in addition to the 
variety itself*

LqcX of response to application of phosphorus in some 
of the rice soils of Kerala is often being brought forward 
from different location* by field level officers* Often 
reposts of response and non-response emanate fro» the yaoej 
•Padssekharam * but conclusions become difficult clue to 
differences in varieties used etc. Zn Korala# rico is J
being grown largely in seven major soil types viz*, 
lateritic alluvium Uneeptisolj, Kari (Cntlsol)# Kayal 
(Ineeptisol), Karapadam {.ZncaptlsoZ), coastal oandy alluij 
(Satisol), Pofckoli (Alfi^ol) end Kole (fintiaol) pcsoouai
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wide variations in their physico-chemical characteristics# 
Various soil parameters critically contributing at times 
toward# increased availability and# at other fcisas towards 
greater fixation of phosphorus have to be studied in greater 
detail# A balance between these interacting parameters 
probably is to be hypothesised as at least partially 
defining the capacity o£ a soil to respond to application 
of phosphorus. The type of phosphatio fertiliser - soluble 
or insoluble - that would enhance available phosphorus 
levels also needs to be worked out.

Isolated attempts in studying the response pattern of 
rice to phosphorus fertilisation and relating them as due 
to release of fixed phosphorus during oubos&rgence# as due 
to varietal differences# as duo to fixation of addad 
phosphorus etc## have yielded only an isolated picture of I 
a holistic situation* However# no systematic integrated 
efctesspfc to investigate the various factors governing respa 
to phosphorus in the rice soil© of Kerala in nearly all itj 
aspect# has been attempted so far* The noed for this has 
been felt both In the University and at field level# Thu 
the present study attempts to fulfil som  ot that# broad 
objectives by aiming at the following studios.



Characterise the rice aoil* of the State with
special reference to phosphorus *

Identify the cheeical nature of phosphorus in the 
rice aoUs*

Study the phosphorus fixing capacity e£ the rice soils*

Investigate the pattern of transformation of 
phosphorus upon eubsfsrgence*

study tha response of rice varieties to the 
application of graded doses of phosphorus.

Evaluate different sourcas of phosphortta in the acid 
soils of Kerala with p.



REVIEW OF LITERATURE



R£V1£M Of LXTBRATUflfi

The literature on soil phosphorus and phosphorus 
nutrition of rice crop is voluminous* A brief review of the 
more recent work pertinent to various aspects of the present 
study on rice soils alone is attempted here under
l 'ilit Cfeneral physico-chemical characteristics 2* Phosphorus 

fractions 3* Phosphorus filing capacity 4* Pattern of 
transformation of phosphorus upon submergence 5* Response 
of rice crop to applied phosphorus and 6* Comparison of 
different oourceo of phosphorus for their efficiency on 
rice crop*

i

Genera1 ohygica-Uhomlcal characteristlcs of tho rice soils.

The physico-chemical characteristics of the rice soils 
ploy a dominant role in determining the yield end production 
levels of rice* These soil characteristics for rice growing 
areas vary considerably depending upon a number of foetora. 
Judicious fertilisation end economic crop production require 
.consideration of various soil characteristics in addition 
to the crop*

t

Physical properties 
Texture

Yadov and Pathah (1963) reported that the Indian 
coastal sands were coarse tcxtured and intensively leached
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soils with poor phosphorus reserve. The red loam end 
lateritic colls possessed & fair oraount oi total p but were 
low in P availability* In a study of the Kerala soils# 
Janardhanen Heir cfc al* (1966) found that true and apparent 
specific gravities were functions of coarser part idea# 
while water holding capacity# pore space and volume expansion 
were related to the finer fractions*

Ghosh cfc al* (19733 found that Karl nolle from 
Thottapp&lll# Korth Parur and Kottanpalli of Kerala state 
were clayTloam in texture and rich in organic matter* The 
built density end particle density varied from 1*24 to 1*40 
and 2*50 to 2*65 g/cm respectively*

According to Kanno (19783# the term "rico soil® or 
“paddy soil" is not a 'taxonomic name but a generic term 
lifce forest soils# grass land soils otic* productivity of 
rice soils depends much on the geomorpholcgy of tho landscape 
and its hydroleglc characteristics, soil texture io the 
most important factor determining land suitability for rice 
because of its effects on water regime# workability when 
wet and potential- fertility* float of the rice is grown in 
coarse textured soils because of poor water regimes*

'General physical properties

The rainifniEQ apparent density was obtained by Venugopal 
(1969) for Kari soils among tho different soil typos of
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KaralQ» c2iildyal (1971) observed that soil compaction to a
3bulk density of i*?S g/css reduces the water regttiremant of 

rice to about 16 per cent over soil puddling*

Rice soils have been considered as artificial 
hydroaorphic soils or hydraserphic associates of respective 
groat soil group or low land paddy soil (Konno, 1373}• She 
inherent soil characters as reported by Matsuzoka (1078)• 
used to determine production capability classes of rice 
soils ore thickness of top soli, offeefcivo depth of soil, 
gravel content of top soil, permeability, redox potential, 
inherent fertility, available nutrient content and presence 
of harmful substances*

According to Brady (1302) physical properties of rice 
soils are generally poor if criteria cos&tonly used to Judg© 
those properties are the same as those for dryland soils 
end the two factors attributed to this arcs first, paddy 
soils especially those of alluvial low lands hove been derived 
genorally from fine sediments which are high in clay and 
the second, tha tillage and cultural practices followed and 
in gonesrel, those changes in physical proportion do not have 
detrimental effects on rico yields and production levels 
ctxanton in the tropics. Sh© available mineral element status 
o£ rice land is subject to considerable fluctuations duo to 
alternate reduced and oxidised conditions in the soils*
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6©11 characteristics Cor rieo growing areas vary considerably 
less under flooded conditions (wat loud rice) than under 
normal upland conditions (dry land rice)* submergence In 
water generally Improve tho suitability of soils Cor rice 
production*

Ghildyal (1932) reported that submergence affects both 
the soil physical* as well as physico-chemical enviroraeont, 
under physical environment of rice are factors that affect 
soil aeration* soil water relations* soil temperature and 
aoil tillage* Various soil management practices adopted to 
minimise water losses include puddling* compaction* 
addition of bentonite and sub-surface barrier of asphalt* 
Compaction is more efficient than puddling In reducing 
percolation losses*

Chemical characteristics

m

According to Subromon'oy ( 1 9 W ,  tho acidity in 
Kuttanad soils ie rcoponsiblo for the crop failure occurring 
in that area* The free sulphuric acid in toxic concentra
tions is produced in these soils by tho biological oxidation 
of sulphur compounds present in them* The lower horizons of 
nsoat of the profiles in Kutfeanad have o pH value as low as 2,5,
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The pH of the soil end of the percolates increases on 
waterlogging and this Day be because of the formation of 
maonia in the soil (Ponnampemna# 1955}*

The acid soils with considerably high content of 
sulphate showed exfcreaio variability in soil reaction 
(Koorman# 1962). Seasonal variations in those soils 
especially when subjected to frequent inundation were 
remarkably high, on inundation,the pij values gradually 
increased upto neutral point end decreased rapidly to extreme 
acid range on drying.

Khung and Fonnamperuaa (1965) etoted that the acid 
sulphate soils ore extremely acidic end unproductive. Th© 
acidity of the soil© has been attributed to the presence o£ 
aluminium and ferric sulphate© and cosotimes free sulphuric 
acid*

According to ponnamperuma et al. (1966)* the pH values 
of acid soils increased to a fairly .stable value o£ 6*? to 
7*2, twelve weeks after flooding* At this tiro© the solution 
pH values were 6*S to,7.0* The increase in soil solution 
pH of the acid soil was quantitatively related to the 
potential of Fe(GH)g-»ff©++ system*

Sue to waterlogging# soil pli tended to b© neutral and 
the water soluble Cs44# Fe4*# Fa***# Al4** lone increase*
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the last three Ions being absent In the water extract of 
non flooded soil aaaiples (Mahopatra* 1968J*

The ETaximura and minimum values of soil pH in 1«2 eoil 
water extracts woro observed by Kurup end Aiyer (1973) In 
Kuttaneu soils. During periods of October to November the 
pH varied most in Kari soila*

Subramoney and Gopalaswatny (1973) in their studies on 
acid sulphate soils suitable for growing paddy found that 
tEiere is considerable difference between fresh and dry soils 
end between upper end lower horizon soil pH values.The 
undisturbed soils are neutral to strongly acidic*

Tha acidity in tha acid sulphate soils of Kerala is
i

rooctly due to dissolved substances such as sulphuric acid# 
ferric and aluminium sulphates whereas the acidic species of 
naturally occurring elaya arc mainly H+ and Al*** remaining 
bound to the cloy (Panda and Koshy, 1932)* '

Organic matter and nitrogen

Hair (1945) found that tha important feature of tha 
Karl solid of Kerala was their high content of organic 
matter. The organic matter, exchangeable hydrogen, pH end



c/N ratio uoro Interrelated and had o direct bearing on 
their low fertility status*

GopQlaswamy (1961) observed a high CSC for Karl soils
of Kerala and attributed this to a high content of organic
natter*

In Kerala soils,AKe®biar (1962) found tha C/& ratio to 
vary from 11*9 to 27*0*tha {average for all the soils being 
13*4* The variation in the C/P ratio was from 227*6 to as 
high as 760.0 with an average of 426*7* Tha H/P ratio 
ranged iron 10*4 to 44*0* the average baing 24.3*

Taha c t  al* (1967) in their studies on microbiological
and chemical properties o£ poddy coil found that organic
matter and total nitrogen fluctuated through out the. experi
mental period. Ammoniaca1 nitrogen showed a marked increase 
as a result of waterlogging, nitrate nitrogen decrees®d 
initially on waterlogging and this decrease was more 
pronounced than that recorded for amoniacal nitrogen showing 
thereby that the latter form of soluble nitrogen was held 
more tightly in the clay minerals of tb® soil* Drying of 
tha sell increased &anoniacol nitrogen and nitrate nitrogen 
due to aeration that favoured sroniilcaticD and nitrifieafcior 
processes*



Koshy (2970) reported that the ratio in four 
typical Kerala soila ranged from 22*2 in a submerged rice 
soil to 23.7 in Kari soil. Verghoao {1972} in his studios 
on acid soils o£ Kerala recorded 0.49 to 0*55 par cent
nitrogen in Karl soils, 0*13 to 6*29 per cent for Raropodam
soils end 0*14 to 0*17 per cent for Kayal soils*

Other nutrients

Ifa&av and pafcholc <2963) reported that the Indian 
coastal sands were poorest in both total and available P.j
The red loasi and lateritic soils possessed a fair'amount of
total t? but wore low in i? availobillty*

Kabesrathuso^a (1969) observed that tho phosphorus 
substantially increased in the Xicsed than in tha unlitDQd 
samples of Rufetonad soils*

John (2971) irs his studios on tho organic p  status of 
Kerala soils observed significant positive correlation betwoer 
organic & with organic carbon, total nitrogen, aesqulojsidos 
and silt content of tho soil*

The correlation between available & end msmgenoa© was 
observed to ho positive by p&thak et al* (2972) end negative 
correlation between phosphorus and iron cad also between 
manganese and iron#



Pormaraperuma (1972) provided an excellent review of 
the chemistry of submerged soils end bo reported that duo 
to the decrease in redere potential in submerged soils the 
availability o£ p together with nitrogen# elllccn* iron# 
fSQRQsnGDG and molybdenum increased, Ho reported that a 
pH of about 6.6# 8h of 0*30 to 0#14 cud a specific 
eonductsno© of about 2 Emboss/cm at 25*8 aro most favourable 
for nutriont intake by tha rice plane and under ouch 
conditions the availability of 8# P# K# Co# f$g* ff<s* ran and 
S is high* the supply o£ Cv* sn end Mo04 is adequate m &  
injurious concentrations o£ Al* ran* SC* C02 and organic 
acids are absent.

Sanfchafcemari (1973) reported that the fSGrapadom ooilo 
wer© highly deficient in phosphorus and potash* iron# 
manganese and sine were present in f a i r l y  good quantities 
and the soils were deficient In copper*

Kaiwar (1982) found that in the sails of the humid 
tropics* the severest limitation 1© the deficiency, of 
phosphate* accentuated by high phosphate fixing capacity* 
high acidity* toxicity of Al and end deficiency of Ca,
£«g* Sn and 8* HQ coined that phosphate mobilisation through 
tiio use of mycorrfciseo seems to hold potential for 
utilising soils with limited p availability*
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Panda end Koaby (2962) noted that occio highly acid 
soils In Kerala have as such as 20*000 ppm sulphur with 
organic cartoon Going opto 20 per cent and these soils or® 
generally low in phosphorus*

Alyer at al* (29B4) reported that the coastal littoral 
sandy soils of Kerala or® deficient in both N and K, tout 
well supplied with P*

CSC e n d  exchanfSQablo t o  sea

In the rice soils of Kerala# ̂iiambiar (2047) reported 
that calcium was the important replaceable base followed by 
sodium and potassItsm*

Donahue (1950) considered the CEC to bo a single index 
of soil fertility* The core clayey a soil* the more woo 
its CSC and hence greater tho chances of its being fertile*

Gopalaswamy (1961) observed a high CEC for Karl soile 
of Kerala and attributed this to a high content of organic 

1 matter and the probable presence o£ illilie and roontrsori- 
llionitlc cloy in thaa*

Manicka.® (1961) reported a CEO of more than 60 o .g/ 
100 g for black soil clay and less than 50 m*©/100 g for 
latorito soil clays.
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Alexander Gad Duralraj <1968) noted that Cue of black 
soils Increased with increase in pJ-2. Zn acid soilo t-© 
clc was negatively correlated with pH, According to 
Krlshnotaoorthy ot cl, <1973) tho acid soils of Tamil Hade 
wore found to bo poor in bases especially Ca* £3g and K.

Srecdovl Aiama and Aiyer (1974) recorded the highest 
CSC for Karl soils esaong the major rice oeilo of Kerala,
Tho Htagnitudo of exchangeable K was in tho order Karl > 
Karcpadcrs > Kayal > Kol© > low level laterito soils. 
Comparatively high values of total, exchangeable* difficultly 
exchangeable and HC1 soluble k found in Karl* Karapadam 
and Kayal soils of Kuttanad were attributed to submergence 
in salt water from adjoining back waters end due to silt 
deposition by flccd waters.

Phosphorus fractions of rico soils

Soil phosphorus fractionation in important to 
characterise tho coil p mti to determine its relative 
usefulness to crop growth oinco the various forma of p are 
related to  tho availability of soil P. Tho development of 
a system of fractionation o- soil p with particular 
reference to the soil under study has g direct bearing on 
rneny aspects o£ soil genesis* soil chemistry* soil fertility 
and in turn the soil productivity.
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Fractionation of inorganic soil P has been studied 
over the lest three decades* The most cotrwonly employed 
method Is the chemical fractionation depending on the 
solubility of different forms of P in different solvents* 
William* (1937) using HaOfl fractionated soil P into (o) 
an alkali soluble fraction said to include organic p.

exchangeable P and the more soluble inorganic p and (b) 
the alkali insoluble fraction consisting of the apatites.

Dean (1933) shoved that the p compounds of the soil 
could be divided into (a) organic compound soluble in KaOH 
(b) Inorganic compounds dissolved with NaOH followed by an 
acid end (c) insoluble compounds.i

Chant (1943 a) divided tho soil P into five groups 
(1) acetic acid soluble (mono, di and tri calcium 
phosphate)? (11) alkali soluble inorganic (£■© and Al-P)? 
(ill) alkali soluble organic P# (iv) ^2S04 

(phosphate of apatite type) and (v) Insoluble (an integral 
part of the clay complex). Ghanl (1943 b) further modified 
this procedure by tho addition of B-hydroxy-quinoline to 
acetic scid to prevent fchs re-adsorption of l* during the 
extraction of P with acetic ecld.

ffsthods of fractionation of soil P
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tsilliaao (1959 q) £r.3efcisjnatGt1 p in Australian soils 
into t h r m  fraction® (1) frrcction soluble in 2*5 pee- cent 
acetic acid plus 8~hydroxy-guXuaiine (water soluble p, 
hydroxy and carbonate apatites); (11} fraction soluble in 
0*1 h tfaCH (adsorbed P, basic Pe and Al-P and organic p)/ 
(iii) fraction insoluble in extractants (i) and (ii)-(ebloro 
and fluorapafeite* cbrystoi lattice p and resistant P 
minerals}

Turner and A ice (1934) found that neutral N, hji^F

cauld dissolve Al-P but not Fe-F* It was concluded that the
p extracted by the ©bove extractant which was used by Bray

*and hurts (1945) must bo largely Al-P.

7h© development of soil P fractionation procedure 
particularly that of Chang and Jackson (1957) and tha 
modified procedure by Peterson and Corey (1966) resulted in 
a nus&er of studios whoco objectives were to critically 
ê acjintj sources of p solubilised by tho extractants comcsonly 
employed in coil testing* The p extracted wan useally 
derived from several P forms and that soma extractants were 
more specific for cortain v forms than others. Based on 
selective solubility of p in various extractants* Chung and 
Jackson (1957) fractionated fchs soil P into Al-P, Fa-p* Ca-P, 
reductant soluble p and occluded Al and Fe«P*
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Frink (196©) reported that tha aotfood of Chang and 
Jackson was adequate for the fractionation of Al and 
Fo-p# hut codifications were needed for tho determination 
of reductant soluble P and Ca-P.

Joswemi (1962) stated that if Olaeo’o iloKCO^ method 
for extraction of ovaliable p in the soil has stood the

test of tiiao and by and large widely adopted and suited 
irrespaativa of soils or crop situations* P fractionation 
procedure of Chang and Jackson (Xraug * a School again) has 
helped in providing a physical and ebcaical basis for this 
test by relating it to plant available discreet forms 
(fractions) of soil F* Hundreds of research papers 
followlag Chang and JaCkson (or the modified'version of 
potcrson and Corey) procedure vindicate tho usefulness and 
importance of study of fractions of native soil p or those 
formed on transformation of applied fcctllisor P In the soil

t

Alyas: et el* (1904) in their studies on the candy 
littoral soils of Kerala reported that tho cxtractable p 
by Cheng and Jackson’s procedure was less than SO per cent 
of tha total P* Thay suggested tho modification of Chang 
and Jackson P fractionation procedure for those sandy soils.
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In a study of nineteen surface and five subsurface 
calcareous coils Fuller and Me George (1951) found about 
one third of the total p in the organic form. The amount 
was more in the surface soil. Koohy (1952) reported that 
tho soils of Kerala showed a wide variation in organic P 
ranging from 0*0 to 42*4 per cent of the total P*
Jacfcnan (1955) found that organic P was positively correlated 
with total P and the organic carbon content*

studies carried out by Choi ttoocho and Caldwell (1959) 
observed that (1) the majority of available P comes from 
the inorganic fraction (11) there was a high degree of 
correlation between available P and Inorganic fraction 
(ill) significant correlation existed between Al-P and 
drey Ho* 1 and 2 entreetable p* They noted mostly, ffe and 
Al-p in acid soils* Ca-P in alkaline coils and an equal 
representation of all the above three forma in neutral 
soils of Minnesota*

Goal and hgarwol (1939) studied tho forms of soil 
phosphorus in genetically related soils of Kanpur and 
observed that organic P constituted only 10 to 20 por cent, 
of the total P and that it decreased with increased maturity

p forma end their relationship with p ovallah&lity



of ©oil®* They further observed that in alkaline ©oils* 
calcium phosphate dominated which was oupportcd by Konver 
and Grewai (1960).

Jenerdhenan Nair (1961)* Vijayachandran (1963# 1966)* 
Bhafe (1964) and Rajaram (1964) studying tho eoilo of Kerala 
noted tho abundant presence of Wo and Al-P in thoocs soils* 
Similar observation was made by Nathan (1964) in his study 
of high level latpsols of tho Nilgiri hills in Tamil Nadu.

Tho dominance of surface bounded Fe-s? for tho 
dominantly acidic low land rice coils was reported by Chang 
and Juo (1963) and Al Abbao et al. (1967).

N^^Htsbiar (1962) observed that in Kerala soils the P 
was present mainly in the form of Pe-P followed in quantity 
by Al-P# Ca-P and occluded P in a descending order* The 
sandy soils contained the highest proportion of Al-p*

Fe-P was significantly correlated to the scsquioxide 
content and there existed significant linear correlation 
between tha fine sand fraction of the soils and the content 
of Fg-P, Cs-f end occluded Al-P*

Kfcanna (1967) studied tho relationship between 
inorganic p fractions and soil test values for p using 
q ever el azctraatante* Ho found that tho Bray Ho* 2



oxtraetobl© & was positively correlated with Ca-F*
Gleen ' 3  P with Al and Fe-P fractions. Tha Al and Fe-P 
war© positively correlated with Ce-P*

Cholitkul and Tyner (1971) reported that ths 
variation in total P in lowland soils of Thailand could 
probably be related to differences in tho P contents of the 
parent alluviums* degree of weathering and soil development. 
Ho correlation was found between tho total P and the clay 
contents. Among the various inorganic p fractions the 
surface bounded Fe-p was tho dominant on® accounting to 
34.8 per cent of the raten total P and tho reductant soluble 
p was the second most abundant* 18.8 per cent of tho mean 
total p* Thu mean Al-p and Ca-F fractions on an average 
wore low* accounting for only 5*1 per cent and 3*7 per cent 
of tho mean total P.

Tho studies by flehto et al. (1971) on the vertical 
distribution of P in the soils of western Hojasth&n 
indicated that the total, organic* inorganic and available 
P were found to increase with depth of the roil. Organic 
p was positively correlated with organic carbon and clay. 
Anorganic P was nearly S3.3 to 90.7 per cent of the total 
P and the Ca-P was predominant* Positive correlation was 
obtained between available & and Al-p and Fe-p..



Jos® (1973) in hi© study on ¥ in neutral end alkali 
soils of south India* observed that Ca-P dominated over 
Fg and Al-P and Ca-P increased with increasing pH. The 
reductanfc sduble and occluded forms of inorganic P decreased 
with increasing- alkalinity and their values wer© 
remarkably low in alkali soils*

i

Ki&saraswaaiy et al* (19734 reported that in calcareous 
red soila Fe-P and Al-P were the prime sources of 
phosphates contributing to the plant uptake* In non- 
calcarecus red soils Fc-P# Al-P ond saloid bound p wore 
significantly contributing to tho plant uptake* In the 
studies on acid soils* Kenwar end uri&pathi (1977) found 
that they contain most of tho inorganic P in the for^ of 
Fe^p and Al-P*

Aiyer end Nair (1979) in their studies on the 
phosphate fractions of Korols rice soils observed that the 
totel p content varied between 816 and 917 ppm and the 
variation was only to tho extent of about 10 to 12 per cent 
between tho highest end lowest content of total p. They 
further found that Fe-P was the most abundant fraction 
accounting for 21*8 to 39*8 per cent of the total p, Al-P 
wa© the second most abundant fraction of p accounting upfco 
12*7 to 25*8 per sent of tho total p* Tho third abundant
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fraction w m  Ca-P, varied between 5#9 to 10*3 per cent. 
Organic«P was highest in Keri, Kolo and Pole?: oil soils.

Mlohra and Khonna (1962) reported that Fc«P wao tha 
dominant source of P to the labile pool, followed bp Al-p 
In an acid pcdzolic brown soil. Xo recently fertilised 
soils, Al-p showed higher isotop&c exchangeability than 
Fq-p . ®h© opposite was treo for unfertilised soilo. Acid 
exfcraetobla soil p contributed little to labile p.

Kanwer (1982) stated that the studies on the 
distribution end forma of P in soils provide useful 
information in assessing tho available p status and degree 
of chemical weathering o£ soils.

Cultivation and fertiliser p application* resulted 
in an increases in the total and inorganic p content for 
Siva soils and a decrease in organic 9 content for seven 
out of the eight samples, overall change in total, 
inorganic and organic P content of cultivated surface soils 
was *25, *118 and -43 por cent respectively (Sberploy and 
smith, 1983).

Sundaresan Kair and Aiyer (1DQ3) investigated the use 
of Mussoorle rockphosphat© in tJie acid soils of Kerala end 
concluded that F«-l? fraction was dominant in all th© soils



cecounting for 21.8 to 39*0 per cent of total P# Al p /
was tha second most abundant accounting 12.7 to 25*8'per 
cent of total P followed by Ca-P* $ha soils contained 
only 6*0 to 9*5 par cent rodactont p end 2*7 to 5*6 
par coat occluded P*

Aiyer at al* <1904) reported that tfiora than 75 
per cent o£ tha attractable P in the onndy littorol soils 
of Kerala was octra to bo bound with iron as active Fe-P 
and occluded Fe-p and the aa&© was found to be significantly 
correlated with the fine sand traction of tho soil*

Phosphorus ffxinn capacity (pgc) of rice soils

m

The reaction of soils and clay minerals have bean 
considered eu th© u?03t important factors determining the 
extant end nature of phosphate fixation capacities CPFS).

At pH 2 to S, the fixation of p we« chiefly owing to 
tho gradual dissolution of iron and aluminium oxides which 
are'precipitated as phosphate. At pH 4.5 to 7.5. 
phosphates were fixed oa the surface of the clay particles 
and at pH 6 to 10 P precipitated by the divalent cations 
(Kanwar end Graval* I960).

24 .
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Koshy aad Brit^ufcunayagGO (1961) in their study on 
fixation and availability of p in Kerala nolle found that 
soils differed widely in their capacities to fix P, the 
acid soils with high cilicG-sesquioxlda content had high 
capacities for P fixation*

Had et al. (1975) determined the PPG of the soils 
belonging to different major soil groups and they snowed 
no correlation between pis and P fixation* 1,

Tho specific adsorption of phosphate, sulphate etsd 
raolybdate by soil colloids was generally -considered to 
decrease as the pH increased (parfitt, 1973)*

Freisen @t al* (i960) observed that liming upto 
6*5 or so, often increased P adsorption* When the ©one 
soil was limed and then air dried before reaction with 
phosphate, liming decreased P adsorption * Similar 
observations were mada by Haynes (1983)*

exchangeable ions

the nature of the exchangeable ions present in the 
colloid cockier of the toils play an important role in the 
p fixation*
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Patel and Viswanath (1946) reported that In Indian 
sails, prc increased with tho increaso In exchangeable 
caloiura, exchangeable bases, total cnc and the clay content*

Kanuor end Grewd (I960) found that tho PFC of the 
acidic noils of the Punjab decreased with tho Increase in 
the degree of base saturation of soils, ft negative 
correlation between the degree of base saturation and the 
PFC of t^e soils was noticed*

Sesqulexidea

The oeaquioxidea present in the free state and in the 
hydrated form are considered the main cause of pro In acid 
soils*

A close correlation between active P« and Al and tie 
total pfc of the soil was established by a cumber of 
warhera (Raychaudhurl and Mufchorjeo, 1941; Coleeian et el., 
I960; Hou, 1965 and Vljayochandran# 1966)* Significant 
correlation between the total oesquicsxides, iron oxides, 
altsainium oxides and P fixation was obtained by Metzger 
(1941), Singh and Das (1945), Pried and Dean (1952),
Perfclns et al* (1957), Mathan (1964), Vijeyaehandron 
(1966), Vanhataramana Reddy (1967) and Josg (1973)*



Tho role of scsquloxldes on the P fixation was well 
brought, out by colemcn <2042* 2944 a# b)? Konwar (2936}s 
Leaver and Rusa©l (2957} and Fox et al* (19?!}*

ftoshy and Eritoraiitunoyayosi (1961) stated that acid 
colls with high silico-sesquiGxlda content had high 
capacities for P fixations*

Raycheudhuri and Mukherjce (1963) in an attest to study 
tho fixation of phosphatec- in red and laterite soils reported 
that clay or frc© sosguicxidefl accounted for the major part 
of fixation when the amount of P was small, a  lower 
silicons sesquloxldo ratio tended to increase the fixation.

Simple and multiple correlation and regression studies 
by Nad et al. (197S) showed that the amount of clay end free 
oxides in the soils were the two dominant factors determining 
the PFC. The clay and free oxides together accounted for 
69 per cent of the P fixed*

According to Danilo Lopes-Hernandes and Burnham (1982) 
the moot important factor related to P retention were 
extractable Al and free Iron oxides. In southern Scotland 
peat soils* Cuttle (1983) found that P sorption indices were 
closely related to the content of exfcractable iron and 
aluminium when expressed on volume basic* the indices were

27
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low compared with those published for mineral soils and soma 
peats appeared to have almost no capacity to sorb p Ions 
from solution*

S o i l  tsaxfcurcn

It Is generally accepted that most of the p fixing 
po^or of soil lioa in its finer mechanical fractions* 
especially clay*

Among the soil separates# clay was found to fix larger 
quantities of P chan did silt or sand (Roychaudhurl and 
f-lukherjee, 1963}*

Koshy and Brlfcomufcunayagom (1965} observed the 
mechanism of p fixation in soils end the nature of the 
retained phosphate* She relative amounts of added P
retained by clay and silt and the amount converted to
different Chemical forms in the soil were determined in an 
investigation on the behaviour of P in acid soils, The
results favoured tho chemical precipitation theory of p
fixation in soil but did not exclude the possibility of 
adsorption by clay minerals as well*

SJad et al* (1973} reported that silt content did not 
show any significant correlation with P fixation while sand 
showed a negative correlation* Clay and free oxides together 
accounted for 69 per cent of tho P fixed* Danila hopes
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fiernendes and Bur nh ana (1902) observed that cl©y content 
affected v sorption but only at law Io v gI of significance.

CaCOg content

Kenuar and Grewal (1960) stated that the Pirc of 
calcareous sells of Punjab increased with increase in CaCO^ 
and about 70.2 per cant of $> fixation in these soils was 
attributed to CqCQ^ ctnd exchangeable Ca and ng, Dio 
depressing effect of CaQO^ cn tho solubility of P in acidic 
soils was also observed by a msnbor of researchers.

Is1era and Khan (1967) and Uhavan et al. (1969) reported 
that fixation of V in alkaline calcareous soils of Rajasthan 
was significantly correlated with Caco^ content of the soil. 
Similar results were obtained by Kuaoraswan.y and 
Chanapslan flasi (1969), and tfoso (2973) in the soils of 
South India*

Organic matter

She effect.of organic matter in reducing the p fixation 
capacity of soil is well known. Satta and Srivastseva (2963) 
reported that the rolo of organic matter in reducing the



intensity of S» fixation by sesquioxidos has long'been 
statistically evaluated*

Nad st al* (1975) observed a positive) correlation 
between P fixation and organic carbon content for different 
major soil groups0

Boll tVPQ

Had et al* (2975) reported that amongst the various 
soil groups* black# rod# laterita* raixed rod end black# 
red and yellow and coastal alluvial soils exhibited higher 
P fixation than alluvial* grey brown# desert and other soils.

P a t t e r n  o f  t r a n s fo r m a t io n  o f  s o i l  p  unon sebraoreenee

Various changes in moisture regimes in fcfco rlco field 
influence the transformation of native? os well as applied 
P# its availability and in turn tho nutrition o£ tho rice 
crop* The transformation is greatly Influenced by tha nature 
of tho soil particularly its texture* altcrnato wotting and 
drying mostly prevailing in upland rice fields,etc. Tho 
beneficial effect of soil outmergence on th© availability 
of p explains thoyicck of response of rlco to phosphate 
fertilisers*

6 ubaiernencG o n  p  a v a i l a b i l i t y

T h e  o c c u rre n c e  o f  a m arked in c r e a s e  i n  tho a v a i l a b i l i t y  

o f  n a t iv e  and added p  i n  f lo o d e d  © o lio  as com pared t o  w e l l  

d r a in e d  s o i l©  was vail e s t a b l is h e d  by S h a p iro  C19SG â - -y)



Basok ct al* (i960) observed that under voterlogged 
condition* soluble P occurred through reduction oi iron and 
altrainiufa which added to tho available p quantum of the soil.

It was indicated from enhanced P water solubility 
(Ponnoffiparufoe* 1964) that the availability of soil P was 
Increased by submergence. The enhanced 9 availability was 
attributed largely to the dissolution of solid phase Po-P 
form accompanying drops in redox potentials*

Dasak and Dhottaeharya (1962) in their study on P 
transformations in rico soils of Bengal shoved an increase 
©f .64 pot cent in available p from planting to tillering 
stag* and a gradual decreeso after pre-flowering stag© to 
the original level.

Kahopatra (1963) reported that waterlogging resulted 
in an inGrease in water soluble p. Sean and Hukherjes 
(1969) showed that the ferrous iron had a depressing effect 
on P availability of Ca«P and Al-p* Waterlogging a bowed 
greater P availability than in moist conditions*

Islam (1970) reported that tho levels of soil P first 
increased and than decreased with tino of submergence under 
rice cropping, according to &atfryanarayana et el. (1970)* 
in flooded soils containing tfo, available p levels were



higher at all depth then in soils containing Ca 
Mahapafcra end Patrick Jr. (1971) observed that tho Bray 
extractable p increased with waterlogging* tho increase 
being greatest in soils with large amount of Fe-P. Mandsl 
and Chatterjo© (1972) studied tho tcanaformation of applied 
water soluble P in Xafcosolic lowland rice soils and 
concluded that the concentrations q £ added P remaining in 
solution in equilibrium with soils declined sharply* the 
rate of such decroese was low in soilc poor in free iron 
oxide and native Fa-P content.

According to poanqeperuoa (2972) in ocid soils* the 
moderating effects of submergence in soil pH end Eh 
influenced s> availability in two ways. First, there was 
a reduction in levels of soluble forms of elements such as 
iron* manganese* and aluminium which rendered P unavailable* 
Second, there woo a reduction in the sorption and occlusion 
of P on soil solids, lie further reported that dry land 
rice was more apt to suffer from p deficiencies than uetlan 
rice, since availability was lower under dryland than 
under submerged soil conditions, especially with oxisole 
and ultlsolo* Also tho upland soils tended to be mere acid 
than their wetland counterparts, both because tho upland 
noils were generally more highly weathered and because 
flooding hid q general moderating effect on ©oil ph.
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prabhahar eft el# found that f> availability
increased with increasing soil raoiofturo# maximum 
availability occurring when ©oils wcro ineuba&ed aft 200 
per cent fiold moisture capacity* Organic manures also 
inereQEJcd (available jp especially aft 200 per cent field 
moisture level. Tho e££ocfc of nolo tare level was apparent 
In red sandy loom than in blach clay loan or alluvial 
paddy soil*

Msndal aid Khan (197$) roperted that continuous 
waterlogged condition appeared to be beneficial in 
increasing the availability of naftivo F in acid soils*
They (1977) in their study on the transformation of fined 
p in soils under waterlogged conditions reported theft the 
applied £ which was left in tho coil in the fixed form 
after the crop harvest could significantly contribute to 
the pool of available p in tho succeeding season especially 
during the initial period of plant growth*

Ooewami end SanerJae (1978) considered the causes of
the increase in available p in soil to be (1) release of p
frora organic P (ii) increase in solubility of P resulting
from decreased soil pH due to the accumulation of CD,, in
calcareous noil (ill) reduction of fc-PO^*2H«0 to4 2

with higher solubility, (iv) higher 
solubilities of Fe-po^ZiLjQ and Al-P04*2H20 resulting from
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hydrolysis due to tha increase of soil pH in acid and 
strongly acid soils# (v) release o£ phosphate ions fro® 
tit© exch a nge  betw een o r g a n ic  o n io n s  mad p h o s p h a te  io n s  in  

iron and alu&inium phosphates and (vi) increased diffusion 
o£ phosphate under submerged conditions*

Vosoa and Thripethi (1982) observed that waterlogging 
increased the P availability indices determined by seven

i

soil chemical ©xtraetante • Sfhe stepwise regression 
cnolys1c indicated that Fg-p was the moat important 
variable contributing to tho total variation in the regre
ssion ©£ ©Icen# Bray 1-P# Bray 2-P, Tjreiog# Poach and 
jfergan • e extractants and Ca-p in the regression of iiorfch 
Carolina's extractant both in air dry and waterlogged soil* 
Al-P woo the second important variable contributing to tha 
variation in tha regression of Gloen, Bray l-p, Bray 2-P 
and worth Carolina's extractants and Ca-P in tho regression 
of peech and Morgen's extractants under both air dry and 
waterlogged conditions* with the exception of ‘Eruag'a 
extractant# six other extractants# extract F from tho samei
inorganic P fractions under both air dry end waterlogged 
conditions indicating their similarity under rice situations* 
However their suitability had to be judged in relation to 
plant growth parameters under waterlogged conditions*



Katyal and Venkat&raraayya (1983) reported that soli 
solution & was influenced slightly by submergence and 
increased due to the addition of fertiliser P* Its 
eonecmtration was about 2*S timeo mere In the wet season 
than in tho dry season, regardless of the fertiliser 
application or time of submergence* Shin increase in 
water soluble p was attributed to the higher temperature 
in tho first two months of the wet season than in tho 
corresponding periods of the dry season* They further 
suggested that the availability of P to plants was governed 
by its conc. in soil solution end in the solid phase end
the equilibrium dynamics of those two forms of P*

According to Sharpley and Smith (1983) fertiliser £> 
application end mineralisation q£ organic $> during 
cultivation increased the available p content* All the P 
forms in the soils ware relatively unaffected by cultivation.

2*3*2* submerges c© on 9 fractions

Chang and Jackson (1958) shewed that tho P added to 
the soil was converted into Ca, Al and Fo-P in acid end 
neutral soila* Raising the pH of tho soil by the
application of lime would help to increase the Ca activity
and induce the formation of Ca-P and tho subsequent 
release of P In an available form*

35
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watts (1963) foun^ that tho decreas© in pH on drying 
cans©3 ircaryanic p to become occluded* By prolonged 
waterlogging. the occluded P may bo converted to more 
available form due to iron reducing bacteria and the 
immobilised 9 may bo reversed to ossa GKteat.

Mahapatrs and Patriekdr. (1969) ©pined that th© 
diosolufcion of gueting of hydrated ferric oxide around 
the soil particles possibly resulted in the release of 
Fe-P. Islam (1970J reported that th© increase in soluble 
P in acid soils was due to a decrease in C©4 l?« and 
reductant soluble P concentrationsj in near neutral soil, 
p increased with decrease in Fe-F and AlHE>»

Rhanns and Hahajan (1971) observed that tho 
transformation ©£ ©ddad P in acidic soils was different 
than in alkaline and calcareous soils. Elore than half 
of the conversion of tha added P in acid noils was in the 
form of Ai-F <47 to 73 per cent at pH 4*7 end 35 to 56 
per cent at pH 6*©} followed by Fe-P <10 to 44 per cent 
at pH 4«7 and 17.3 per cent at pH 6.61. In alkaline and 
calcareous soils saleid bound P and Ca-p were much more 
then in acid soils.

nahepatra and Patrickdr. <1971) found that when Al-p 
increased by 35 per cent and Fe-p by ©4 per cent Ga-P did'



not undergo rauch chaige due to waterlogging, the 
redacts® t soluble p decreased* part of the Increase in 
Fe-p wa# apparently at the expense of reducteni soluble 
Fc-p and in certain soils* part of tho increase in Po-w 
apparently cacse fro© Ca-P1*

Kendal and Chatterjee (4972) reported that the 
transformation of P into Al-P and Fo-p appeared to be 
directly related to the quantity of these inorganic forme 
of p already present In the soils* proportionate to the 
total amount of inorganic soil p*

Patrick ©t al* <1974) found that alternate watting 
and drying caused increased fixation or retention of 
added soluble p in a nussber of soils using labelled Al-P, 
^e^^ond Ca»p. Host of tho added -p was present in Al-p 
and Fe-P fractions. Flooding increased th© transformation 
of all th® F sources into Fe-p fraction*

Alternate wetting and drying decreased the availabi
lity of Ai*p in all the soils studied by Kendal and Khan 
(197S), Under continuous waterlogging, Al-P recorded 
an initial increase followed by © decreasing trend*
Whll© a loss acidic coil comparatively rich in a1-p* 
recorded progressive decreases* Continuous waterlogging 
for 110 days caused on increases in Fg-p in all nolle* 
but did not bring about any daas-oase in raductont & and 
th© Ca-p decreased*



Singh end Singh (1976) found a decreasing trend in 
Al—p end Ca-P and sn increasing trend in Fe-P with eg© of 
the rice plantso Organic matter favoured significant 
reduction In Ca-P after three months, increased Al-P and 
decreased Fa-p wore observed after 30 days of its addition*

i
Th© amount of fixed Al-P did not practically record 

any change on re-waterlogging the soil in the next season* 
particularly during the initial period (Vandal and Khan, 
1977), Tho fixed Fe-P recorded a decrease irxedlatoly 
after re-waterlogging the soils having high Pl'C whereas in 
low P filing noils7it remained unchanged* Tho fixed Ca-P

a

recorded a gradual increase in the soil rich in native 
Ca-P, but showed a slow decrease in the soil comparatively 
poor in this fraction of p *

Singh and Ram (19775 studied the transformation of
iadded water soluble p at two moisture levels, 1«q« 50 

per cent of field capacity 'and waterlogging in laterA te  

alluvial and recent alluvial soils of litfear Pradesh, Zn 
@11 th©-soils, most of the added p was recovered as

t
inorganic fractions of p within eight days of incubation* 
Transformation was higher under waterlegged condition.
Al—P decreased and Fo-P increased with time* Ca-P remained 
constant at different m o is t u r e  re g im e  An l a t e n t ©  s o i ls *

38
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Singhanla an3 Go&ucml (1970) investigated tho 
transformation o£ applied P in rico-wheat cropping sequence 
on alluvial# black# red and latorite soils o£ InOie* P 

applied to ricQ increased Al-P end F®-P in all soilss 
reductant P in alluvial and latent© soils while it 
increased Fc-P in black and red ooilu*

Vorraa and ThVtpath 1 (1962) observed that all the 
native inorganic V fractions increased upon waterlogging 
with tho ranxiaura increase of 70# 7 per cent in Fe-p*

ftesponae of rice to phosphorus

fiosponso of rice plants to applied p is very often 
inconsistent* Work carried out by csany scientists have 
yielded conflicting results*

Varietal variation

Mahopatra (1961) obtained no response to phosphorus 
by eight indlca varieties of rice during the main season 
in Orissa* An excess of P over the actual requirement was 
suggested (Russel# 1962) to depress the crop yields* From 
an eicperioent conducted at Bagwal# M*P* to study the 
response o£ rice varieties to tbcee levels of P, Verma 
(1962) concluded that the improved variotiao gave higher 
response than a local variety*



Plant epocios differed mar© in their reaction to the 
supply of soil P than to soil K and ?3 (Slack# 1963)*
Various theories vie.# tho ionic equilibrium theory# tho 
root character theory and the p requirement theory war® 
proposed to account for the difference in rospons© to F 
among species*

The first cuss© o£ varietal difference in the 
susceptibility to P deficiency was reported in 1970 (IRRI, 
Annual Report# 1970). xa-8 was severely injured by p 
deficiency# while XR-5 and ii-4 grew well on P deficient 
soils*

Dov ot al* (3.972) recorded varietal differences to p
32response in rice using p itracer technique# Xhoy concluded 

that 2&«© and Joya wore loss efficient In utilising 
fertiliser P as colored to Culture-9S and IR-622G8*

Psnnamperuraa (2972) screened rice varieties and linos 
resistant to mineral stresses by growing them in p 
deficient and P sufficient culture solutions in Green House*

¥ogeaware ftao at al* (2973) observed quadratic 
response functions of the rice variety la-G and showed the 
©pfcieum p rat© to vary from 18 to 66 kg/ha depending on 
season and P status* Gopali:; Ra© ot al# (1974) found that 
XR-5 rice did not respond for P bey end 40 kg/ha#

4Q



In a pot experiment with five rise varieties* Gupta 
et al* (1975) observed that the varieties differed in 
their response to P and they recommended that tit® high 
yielding dwarf varieties should ba given additional 
fertiliser than local varieties. Average paddy yields 
increased from 45*1 g/pot without any 2? application to
66*0 g/pot with 100 ppm of P*

;

Morphological differences in root system become 
exceedingly important in determining the amount of P taken 
up by tho plants (Gabelman# 1976). Plant species and 
varieties differed markedly in their power to obtain P

t

from the soil. Tho oqr© deficient the soil, the more 
.pronounced was the difference in varieties (Goboloon, 1976 
and Gerloff, 1976)«

Kassath and Oaa €1979) reported the varietal difforeness 
in respect of i3 response. They observed that the mechanism
governing the rate of nutrient movement through tho soil to

*

tho root wao also an important consideration for soil 
nutrient availability to a'particular crop and it® variety* 
beside® this, tho plant roots could change tha pil, salt 
content and ion composition ©f tie rhisoapher© region.
These changes affected the availability of plant nutrients 
including P. She ability of different eultivaro to modify 
the rhieosphcr© was different sine© the nature of root 
exudates might also be different.



&ehendran U979) while investigating on the possible 
reasons for lack of response to P in Kerala by rice crop 
reported that tho high yielding varieties absorbed higher 
cuaounto o£ P thoo traditional varieties, further, there 
was significant variation in the response of varieties to 
applied p in a .soil with low ,£>£?C and low available & status. 
Th* identification eiT varieties wh ieh were poor rcspsndsro 
•uggestod that in a rico-riee-rieo cropping oyster, 
altarnation of responding and non-responding varieties nay 
enable the skipping of P in atIcast alternate seasons.

Plant species very in tha amounts of P they obtain 
from the coil (Sumlo Itoh and Barber, 2903). It depend* 
on the nunfcor o£ root hairs, amount of root ourface/g of 
plant, rate of plant growth and the P flux kino tics of tho 
roots. Roots may solublloe P in the rhieasphsro soli by 
exudate* or microbiological activity. If eolublisatlon 
occurs, observed uptakes will exceed the uptake predicted 
by a uathematical model.

P uptpke

Boar (1949) using radio active isotope of V had shown 
that plants generally obtained unusually high proportion of 
p frost that was already present in the coil. Stanford and

42



tfelscn (1949) observed an initial increase In the 
utilization. or applied i? by plants, but later the 
absorption from soil P*

Mitchell (195?) reported that maximum absorption of 
P fcy plants occurred raootly In the early stages of growth* 
The recovery of added t» by plants was to the extent of 
10 to 30 per cent only and the rest converted into 
unavailable forma•

A strong positive interaction between tho rates of 
applied nitrogen and the rates off applied V> on tho uptake 
of both soil end fertiliser P woo noted by Simpson (1961)* 
Vhcrcas (1964) recorded a maximum recovery off only 21.7 
per cant off tha added The fertiliser P fractions in 
the plants increased progressively with increasing doses 
(Venftatucholom at al« 1969 a, 1969 b),

Dabatta at al* (1966) reported that only 0 to 27 
par cent on tha totel P in the rico plant was derived fresi 
the applied Vt 60 to 90 per'cant of tho applied £• remained 
in the soil for tha succeeding crops,

VonEtatachalam ot al, (1967) observed that direct 
method of application off p to poddy utilised more off the 
fertiliser P than tho indirect math ad off utilisation of
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q uperphosphate applied to paddy through a preceding green 
manure crop* Th© fraction of p in the plant derived fro® 
fertiliser was significantly higher at @0 kg ^ 2 % ^ °  than 
at 40 kg p^Gp/ha. She soil with low available p status4r ■)
gave the highest fertiliser P in plant while the other 
soils testing higher available P had less fertiliser 9 in 
1 the plantc*

Goswmi at al* (1971) found that the critical levels 
fi»£ P20£ for ric© were IS to 20# 30 to 46 and 67 to 69 kg/ha 
for redf black and coastal alluvial soils respectively*
The wide range pfi critical values may be attributed to the 
difference In' tha p s q of the soils* Gupta and Ra& U971) 
in their study on P uptake by paddy in Vindion soils 
reported that plant growth as well os p uptake was bettor 
in alluvial and Shshh© soils and in both soils available p 
was bottor correlated with P uptake*

Rice extracted p from fe-p in its ©arlior growth 
period for the yield and aX-P towards later stago affecting 
& uptake (Raraaawrthy arid Risen, X97D* neithor Bray's 
nor Olsen's extractants in the present fora5* wqs suitable 
to evaluate p on these black soil a of Colsibstoro for tho 
rice crop*
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Kuraaraawomy o t  a l *  ( 1973$ re p o rte d  t h a t  o s th e  growth 

o f  tho r i c e  crop  advanced, tho p lan  to  had taken more o f  

f e r t i l i s e r  P which was a v a i la b le  in  g r e a te r  amounts t h m  

tho  s o i l  P f r a c t io n .  An in c re a se d  u p tak e  o f  £> with 

in c re a s in g  l e v e l s  o f  w by paddy cro p  w as doted  by 

A lexander e t  a l#  (1974 ) *

F a g e r ia  a t  a l «  (1982 ) found t h a t  th e  uptake o f  EJ# V 

and K in c re a se d  w ith h igh er l e v e l s  o f  P and age  o f  th e  

p la n t ,  Kcrsaaidao and Polyeopcu los ( 1983 ) re p o rte d  th a t  

a  number o f  P in te n s i ty  in d ic e s  in c lu d in g  P  con cen tration #  

a c t i v i t y  o f  the io n s  and c e r t a in  chem ical p o ten tia l®

were found t o  s a t i s f a c t o r i l y  p r e d ic t  I? uptak© by ry e  g r a s s ,  

d ia p lc  i n t e n s i t y ■ in d ic e s  ouch a s  P c o n ce n tra tio n  in  e i t h e r

C& & 2  o r  t*2© e x t r a c t s  proved a s  good a s  more e la b o r a te  o n e s,
/

A iy e r  a t  a l *  ( 1964 ) cou ld  n ot g a t  s i g n i f i c a n t  

c o r r e la t io n  between in o rg a n ic  p f r a c t io n s  w ith  th e  a c tu a l  

p la n t  uptake in  th e  san d y  l i t t o r a l  © o ils  o f  K e ra la  thereby 

showing t h a t  p la n t s  p robab ly  ta k e  up more than on© form o f  

p o r  th e  d is s o lu t io n  o f  thorium  phosphate in  th o  v a r io u s  

re a g e n ts  a lo n g  w ith normal in o rg an ic  form s fra c t io n a te d #  

preven ted  a  d e f in i t e  r e la t io n s h ip  to  is© e s t a b l i s h e d ,

33rv matter yield

- Kadam ( 2945 ) o b ta in ed  s u b s t a n t ia !  in c r e a s e  o f  r i c e  

y ie ld  in  l a t e r i t e  s o i l s  w ith  bone m eal, Xzhlsuka and
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Tanaka (1950) found response to p when sice was grown in 
solution culture with 20 ppm of P. iBavin <1951}# 
Parfchasarathy (1953) ana besa4 et al* <1954) reported 
significant increase, in yield when P was supplied in 
combination with nitrogen* Verma <1960) noticed marked 
increase in grain yield when p wao given along with n* S!o 
also found that P uhen applied alone increased the.yield* 
But tn© differences wore not significant*

itavide (1964) reviewing p fertilisation on paddy 
concluded that unions a soil is deficient in P# yield

t

response to addition of P fertilisers in fiold OKporimenfcs 
would not be obtained* Very little effect of & on grain 
and straw yield was noted by Enyi (1964), but tho effective 
tillers increascd with increased p supply*

©atta end ©hind© (1965) had shown that tho dry matter 
yield of rice to be more under waterlogged condition than 
under upland situations.

Venkatachalam et al* <1969 a) observed that the groin 
yield oc well as total P uptake increased due to P

t

application* Bomatnurthy and Sisen (1971) reported that in 
the black ©oil of Coimbatore# Ca and We bonded p in the 
surface soil and Ca and Al'bondad p in the osb-ceil to be 
important contributiora to tho grain yield of rice*

' 46



47

H a ir  e t  a l*  (1972) in  t h e i r  in v e s t ig a t io n s  a t  R ic e  

R esearch  S ta tio n *  patfcasibi# d u r in g  s o a r c o n s e c u tiv e  seasons . 

i n  th e  aerne f i e l d  t o  s tu d y  th e  re sp o n se  o t  r i c e  t o  9 

m anuring i n  c o n ju n c t io n  w ith  Kg end S p a r t in  foun d  th a t  P 
a p p l ic a t io n  reaulfeed in  in c re a s e d  y ie ld ©  fro m  oecor.d 

aeaoen onwards#

stumaraswony ®fe Qi* (1973c) reported that tbs dry
tsfim a tte r y i e l d  o f  r i c a  a t  39 day a f t e r  t r a n s p la n t a t io n  

depended upon th e  added f e r t i l i z e r  P t o  th e  ok te n t  o f  60 

and 70 p e r  c e n t in  c a lc a re o u s  re d  s o i l  and n o n -c a lc a re o u s  

re d  s o i l  r e s p e c t iv e ly  and th e  c o n t r ib u t io n  o f  s o i l  

a v a i la b le  P t o  d ry  m a tte r y i e l d  a t  t h is  s ta g e  was n o t  

s ig n i f ic a n t  in  b o th  s o i l s .  $h* dependence o f  g ra in  p lu s  

s tra w  y i e l d  s t  f i n a l  s ta g e  on th e  added F as well os s o i l  

a v a i la b le  p was n o t s ig n i t  le a n t  under b o th  tha s o ils *

Both t i l l e r i n g  end y i e l d  in  &any r i c e  c u l t lv a r a  

in c re a s e d  w ith  in c re a s in g  ra te s  o f  p  from  20 t o  40 kg/ha 

in  b la c k  a l k a l i  s o i l  w ith  a pH o f  7#3 and no t i l l e r i n g  was 

n o t ic e d  duo to  la c k  o f  P C K atya l o t  al*  1 9 7 5 ).

Th o  c r i t i c a l  s o i l  w ater s o lu b le  P c o n te n t below  w hich  

p la n t s  y ie ld e d  l i t t l e  o r  no g r a in  was 0*05 ppm end h ig h e s t  

y i e ld s  were o b ta in e d  w ith  50 ppm added PgO^ t o  g lv o  an 

ave ra g e  s o i l  w a te r P c o n te n t o f 0©Q34 ppm d u r in g  v e g e ta t iv e
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growth (Katyal, £9?©}. claying ii> application for 14 days 
after transplantation reduced yields and increased tine to 
maturity with e greater effoct in tho dry than wot season* 
Fifty per cent less & woo needed to avoid P deficiency when 
At wqo applied at trancp lent lag as ccporplsoopliflt© •

Upadbyay end Pathol (1961) oboorved that P increases 
both total and percentage dry matter and grain yield of 
rice* The critical P content at tillering was found to bo 
0*25 per cent*

Fagoria^ et al* (1902) found that upland rice responded 
upto 67 leg P/ha* Dry matter production, leaf area Index 
and number of tillers par unit urea ware increased with the 
use of higher levels* of P. The maximum number of tillers 
per m was .reached between 60 to 70 days o£ growth and 
then started to decline* Rico grain yields uoro increased 
by 224, 309 and 355 per cant respectively with 22, 44 and 
66 kg P/ha in the first year and by 101 and 133 per cent 
with 22 end 44 kg P/ha respectively In the second year*

Application e»J~ P upto 30 ppm substantially increased 
leaf, a tern end root dry matter yield of rice (Alan, 1963}*

Response off rice to P application

Sot:ii (1940) recorded no response to p application 
singly or in combination in his experiments for five years*
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Sethi et al* (1952) concluded that unlike oitrogancu® 
fertilisers# the response to & was not general, but limited 
to a few stations* In certain cases no response or 
little rqbpqrbq was observed by Sanerjco and Digar (1957)* 
In some situations they noticed a response after Sew years 
of application* Such observations wer© also cade by 
Chawcn ot al* <1957} and Digar and Ma&dal (1957)*

ohosh ot al. (1950) observed a positive response to 
p ‘application in all kinds of soils in India. Sabta and 
Shimde (1965) observed that though per cent utilisation of 
added P and °& value0 increased under waterlogged 
condition* tho crop met its major demand of P frots the 
native P in the soil. Rehoj a (1966) reviewing a series of 
experiments conducted in Madras State reported a nil or 
no significant response to P application. Tiwari and 
Singh (1969) found that P application had positive 
significant response In yield* plant height* tiller number 
and number of grains per ear head# but there was no effect 
on the weight of 1000 grains* Shere was a general response 
in grain yield and p uptake to P application as observed 
by Venkat&cftala& et al* (1969 a)*



Serraaa (2970) concluded that marked yield response by 
rice was obtained at much lower rates of applied P than 
was obtained for most o£ the upland crops* Response to £? 
was obtained tor rice in almost all the districts in India 
and it was particularly high in ease of districts whose 
nutrient index for 9 was low (Goswami &t al* 2971)* 
Mahqpatra and Psfcrlc dr* (1971) reported that lowland rie© 
showed considerably less response to P than did upland 
crops grown on, the same soil*

Anonymous (1973) in field trails conducted in tho All 
India co-ordiaated Agronomic Experiment scheme of 1969-70 
to 1972-73 revealed that responses to 30 kg P^O^/ho was 
significant at Kharagpur (lateritic sail), significant 
residual responses to P application were obtained end the 
residual effect was as high os direct effect giving a 
response of about 1100 kg/ha. At EhuvanGQwor* residual 
response was significant for rabi rice* However in tho 
year 1972-72 no response to p application on kharlf rice 
was.obtained at Bhnvaneswar (lateritic soil). In 291 tests 
in India within the period of 1968-70 response.to P ranged 
from 4 to IS kg groin/ha at 60 kg i^O^/ha (ceoatta# 2982)* 
Srceoivase Raju and Kamath (2933) observed significant 
responses of rice to p application, dialler observations 
wcrs also obtainad by Datta and Gupta (1934}* Ram Singh 
at al* (1985) and Seal©! and Singh (2985)*
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Reasons fog response

Steward C194?) pointed oat lack of response to 9 due 
to improper method of application* Bolson (195?) obtained 
no reopens© to various rates of & application even cn soils 
deficient in 9 and this lack of response was attributed to 
fixation of added p# transformation of native P to 
available forma under flooded conditions and inadequacy 
of the analytical method© used to evaluate the available 
p in the ©oil* Goel and hgarwal (1959) found that the 
mature soil© which contained more of iron and aluminium 
phosphate© responded to P fertilizers* wherea© the loss 
mature soils high in Ca-P did not respond to application 
of p*

Tho tolerance of the plant to the deficiency of 4* 
was associated with genetic control ©©peclally over depth 
of rooting* Tha difference in behaviour of P in flooded 
soil was attributed to b© the reason for the poor responses 
of wetland rice than did upland (itahapetre and Patrick Jr. 
1971). Rajen&ren ©t al* (1971) studied tho response in 
yield of Cc*25 paddy as Influenced by soil seri©a and 
manuring in thro© major soil types of Tamil IJadu vis** 
black* red and alluvial ©oils and they found l^ek of 
significant response to P in all the soil© with medium to



csediua high available P status indicating that independent 
effect of P could at beet bo expected only in soils of very 
low to low p statue*

Ponnaftperuma (1976) viewed P deficiency oa tho most
important factor limiting the yield of rice on Oitisols,
OKisols* A d d  sulphate soils, Andosols and sense Vertisols.

#

,Hot only were these soil© low in available P, but they also 
fixed considerable amounts of added P and thereforo large 
amounts of P might be required to produce a response*

Tho responses to added P depend© on sail typo, p 
status of tha soil, condition of eubsiergonce, various 
chemical parameters of the soil like pH, organic matter 
status, amount of free oxidea of iron and aluminium, clay 
content etc* (tfandal, 1979)*

P deficiency in paddy soil is not ©o common os £3 
deficiency and the response of rice to p is also not as 
significant as to H* Tho status of soil P is ehangeobley 
it may very significantly in a relatively short time or 
within a limited distance* This should bo taken into 
account in the application of P fertilizers to paddy soil
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{hu ftu-Kun efc al# 1982 K  timy further reported that the 
soils crfiich wore responsive to p failed to givo a response 
after continuous p fertiliser application# conversely# 
th© soila which were not responsive to P have become 
response often no P fertiliser ftao been applied for several 
years# SIngis (1983) opined that the methods of evaluation 
o£ soil f? may not correctly predict tho V response go the 
determination of nutrient status in this manner may not

Cropadequately simulate tho conditions under which tfoo^gsrown. 

Comparison of iJ sources for their efficiency on rice crop

With the verification of the accuracy and precision
32possible with levels of p# extensive use of tagged P 

fertilisers in experiments has been shewn to be economically 
practical# ‘She significance and limitations of specific 
isotop© criteria such as percentage of total P in the 
plant or grain derived from the fertiliser# crop utilisation 
of the applied p and Revalues m  indices of soil and for 
fertiliser l> availability can be well studied#

R u m p  and Kosfty (1968) found that water soluble P 
from superphosphate was as efficients es citric acid 
soluble P in the Kuttanad soils# Atonesiu (1971)
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investigated the efficiency of various forms of p 
fertilizers in India on lateritic soils and concluded that 
the citrate soluble P had better effects than water 
soluble forms. This was particularly oo in soils oS low 
pH, The P uptake from citrate soluble p was higher than 
that tscftk water soluble P.

tiupta (1971 j in hia green house? study showed that 
application of oonacalciuES phosphate increased tho astsount 
o£ Al-P but Pe-P &ra<3 ca-P accounted for moot of tho p in 
the available soil p. t&tsara and batta (1971) compared 
tho effectiveness of rock phosphate end superphosphate in 
o d d  soils for the crops via,, rice# wheat, maize and 
peas and found that there were significant differences In 
yield with increase in the quantity of rock phosphate. 
Eighty kg p2 °5 /nQ of rockphonphato gave the same yield as 
that obtained in an equivalent dove of superphosphate in 
tho cases of paddy, wheat end maize, but greater yield was 
obtained with peas with ros£; phocphato and superphosphate. 
In thoir residual study, roekphospbata was found to be 
significantly better than, superphosphate with respect to 
crop yields and residual P status of soils.
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The effect of different p fertilisora in tho soils 
o£ CSioftbal in Ha J as than won studied by Chauhsn (1972) end 
found that th# available P increased with tho increasing 
dosea of fertilisers end with time* 2ra these erooa 
superphosphate was found to he tho hoot. P fertiliser*

2atfca ot alt (3972) compared basic olag, blast 
furnace slag and oorae indigenous phosphatic deposits for 
their effectiveness in acid soils and observed that basic 
slog benefited crops through its supply of both C& and P 
in acid soils*

The release of P in aval la bio form fro® insoluble 
phosphate materials such as rock phosphate* banc focal end 
basic slag by the addition of organic faattcr was 
investigated by Men doI and Khan (1972) and showed that 
within 15 days of application oora than 66 per cent of the 
P added as superphosphate was converted to unavailable 
fores* Both basic slag and rock phosphate maintained in 
the soil a higher amount of available P then ouperphospato* 
bone meal behaved slightly inferior to superphosphate in 
supplying available p* Organic matter application did 
not bring about additional release of available P* They



concluded that rock phosphate and basic slag uero more 
effective than superphosphate.

with fcaccadlv phosphate and Mussooric phosphate in
\

different soils# Singh and oatto (1973) observed that 
citrate solubility of the phosphate rock and pH of the 
soil appeared to be the most important factors governing 
the availability and the particle sire of the rock

A.

phosphate had little effect on solubility at low pH.
4'

Engel*tad et al. (1974) conducted groan hoesa 
studies to evaluate several phosphate rocks for flooded 
riee and shewed that.a close relationship existed between 
the first crop yield response to applied P and citrate 
solubility. The residual affect of the triple superphos
phate regained higher than that of phosphate rocks.

32Kuraaraswany ana Kriohnaaoorfchy (1974) with P 
labelled superphosphate on Co-1.0 finger cillct found that 
the fraction of P in plants derived afran fertilizer 
increased progressively with increasing dose of added p, 
proportion of fertilizer P being significantly higher at • 
harvest stage than on the 35th day. Fertiliser lJ 
remained in more aveliable form throughout the crop growth 
then the native soil P and the percentage utilization of
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added P on the 3Sth day o£t©r transplantation increased 
with increasing eiose of P in calcareous and non-calcareous 
red soils*

Minhaa and Kick (1974} in a pot experiment on tho 
affect of superphosphate and rock phosphate on yield and 
P uptake by rye grass and red clover observed that 
superphosphate gave hatter results in tho earlier part 
of tii© experiment while in later periods# rock phosphate 
gave better results. Fractionation of'lflnoraaile p in 
©oil before and after the experiment showed that tho 
mojor part of the added rock phosphate was transformed 
into water soluble and loosely bound Al end Fe<*p fractions 
and became available for plant growth* In acid soils# 
rock phosphate could thus easily replace superphosphate 
and become m  economical source;: of p. *

China and Slack (1975) observed that the solubility 
product constant for a carbonate apatite in a Florida 
phosphate reck decreased with an increase in tho propo&tipn 
©£ tho phosphate ruck-dissolved in the solubility 
determination* The percentage efficiency of ratassdori© 
phosphate# baccadiv and Udaipur rock phosphate cotapQred 
to superphosphate was 73# 62 and 54 respectively
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(Dbsarath Singh ana ManlKor, 297G). Singh (1976) studied 
the order of efficiency of rock phosphate from different 
deposits in an alkaline soil and found as Leecadiv > 
M uscoor& e > udlapur* Thie was related to their solubility, 
The P availability £ro:a all those sources inercased with 
increase in the levels of p application front 60 to 100 Teg 
P^G^/ha and with incubation period upto 75 days* Far© 
yard Manure & 60 tonnes/ha showed little effect on the 
availability of p from rock phosphate*

Saranganath et al* (1977) observed that citrate 
soluble and insoluble phosphates to be as efficient^ as 
water soluble P for growing rice on acid soils* They 
further showed that when reck phosphate was ctgpplied two 
weeks before flooding, the available P status and response 
to its application was tho some os those for soluble 
phosphates*

Madhusoodhanan Heir (1979) showed that priming of 
the rock phosphate in moist eerobic soils transformed a 
substantial part of the applied P to Fe*P but with 
apparently no change in Al-P. on the other hand 
transformation of applied i? to Al-P was rsor© in soils 
treated with superphosphate at flooding*



Sundarassn Kair and Aiyor (1963) reported cn increaeo 
in grain yield at 45 kg PgO^/ha v/ith superphosphate and 
Mussoorie phosphate in Kari end Kayal soils* In tho 
Keropadom and Kole soils# Increase in, yield was obtained 
only at higher doses of Mussoorio phosphate and super
phosphate. In the lateritic alluvium# response to both 
higher and lower levels of Hussoorl® phosphate was obtained*

tiegi (1979} related the uptake o£ P by wheat and 
32(Daire from p labelled P fertilizers to dry matter yields 

and P uptake from soil at two growth stages. The dry 
(ratter yield and P content of wheat wore positively 
correlated with the uptake of F from soil and front 
fertilisers at both growth stages# the Importance of. 
fertiliser P increased and that of soil P decreased at the 
letter growth at ago. At both the growth stages the dry 
matter yield of daises was positively correlated with 
uptake from coll and the L> content was particularly 
correlated with' F uptake from fertiliser*

Konwar et al. (1982) reported t;hat the most Important 
characteristic of phoophafcic fertiliser that affected the 
response or uptake by crops was its water solubility.
P fertilisers varied in their solubility from practically 
nil to 100 por cent which hod a bearing on its agronomic
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effectiveneoo, Chemical composition of the fertiliser, 
granule else and raathod o£ application influenced 
morkodly the response to phosphatic fertilisers,

Section (1902) hail reviewed the works on the affect 
of different P fertiliser forma in India within she past 
20 years and accordingly (i) at low f doses i«e,, less 
than 00 kg S^o^/hu, tho water soluble or partially 
water soluble p forms with a laroc water soluble component 
or partially water soluble P forms with a email water 
soluble component? at higher £> doses, the differences arc 
small or tho relationship is reversed and (li) besides 
ptl value of the soil, other parameters Influencing the 
efficiency of P forms of different solubility ore the 
natural supply with available P of the soil, tho level of 
the applied p doses, the form of the concomitant 
fertilisers, the duration of the plant growth, tbo.uater 
supply, the P fixing capacity o£ coil etc*

Bosthakur (3.983) obtained bettor response for 
rainfed rice in acidic coils to a mixture of rock 
phosphate end single superphosphate in tho ratio of 1 al.

Singh and Pro (1983) observed the residual effect of 
superphosphate* dicalciuas phosphate and rock phosphate in 
lateritic soils of Maharashtra. Residual response of rock 
phosphate is more than direct response end It 18 desirable 
to allow a reaction period before sowing (Tandon, 1983),



MATERIALS AND METHODS



The investigations carried out in this thesis
include (1) Assessment of the general physico-chemical
character!Utica of the soil sersplco collected from various
rice growing areas representing the major ric© soil groups
in Kerala (2} Fractionation of coil P (3) Phosphorus
fixing capacity of the soils (4) Studies on the pattern
of transformation of r> in soiected soils under submergence
(5) kesponso studies with two rice varieties to the
explication of graded doses of p and (6} comparison of two

32sourced of p on rice crop with P*
V

t

* *- Ganeral physico-chemical characteristics of :r tea colls

A total of one hundred and fifty one surface soil 
camples ((j—6w depth) were collected. They represent tho 
seven major rice gi'ewing soils vis.# (i) lateritic alluvium 
(Inceptiicol; covering Trivandrum# Quilon, Trichur, Palgtiat# 
tfaiappurarB and s-fynad districts (ii) Kori soiie (Entiaol) 
from Alleppey and Kottayam iUsfcrietu* (iii) Kayal soils 
(Inceptisol) of Alleppey district (iv) Karapadam soils 
(Inceptisol) from Alleppey district fv) Coat; tel oandy 
alluvium (Entisol) from Quilon# Allcpney and Trichur 
districts (vi? Pokkali soils (Alfisol) of Ernakulam 
district and Cvil) Kole soils <inceptisoi) frcrn Trichur 
district in Kerala# The exact locations from which soil
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samples were collected arc given in Appendix X. The Gir 
dried oamplea were ground and passed through $ 2 rnm sieve* 
The samples so prepared ware kept in labelled bottles for 
further studies*

Soil camples were analysed for the following 
physico—chemical characteristics as per the method noted 
against Qsch,

SI*
ho.

Particulars of 
analysis Haû s of procedure/ 

method Author

I. iPhY.sical anolyg.ls 
(i) Mechanical analysis

til) Physical constants

12* Chemical analysis 
(t) soil reaction

(ii) Electrical conductivity 
tiii) Total H
(iv) Total p

CvJ Total k 
tvi) Organic carbon

<vii) G*E»C* and exchange
able bases

C^iii)Total sesquiojeides, 
Fo2°30 A“S°3

(isc) Total CaQ and &ga

Bouyoucos Piper, 19 7(
Hydrometer method
Method of Keen 
and Racskawski

in X e 2. £5 soil 
water suspension

do*
Modified KJeldohi
Method
Vanedomolybdtte 
method
Flame photometer 
method 
via Ik Icy end 
Black's rapid 
titration method 
Neutral Normal 
ammonium acetate 
method
In  th o  l i d  e x t r a c t  
each analysis was done

wright.1934

Jackson.
195V

<30 a
do*

Hesse, 1973

J oekson, 
1967
Piper, 197C

Jackson,
1967

do*

Vcrsenato titration do* 
method



* .2* !• Total phosphorus

This cjqs estimated by perchloric acid digestion 
method as described by Jackoon (1967). One gm of soil 
passed through 0*5 mm sieve was taken in 100 ral Erlenmeyer 
flask# 10 ml of concentrated nitric acid end 15 ml of 
63 percent hclo^ wore added# The digestion was carried 
out at 130°c until the solution appeared colourless#
After digestion# the flask was c o 'c la d  and 50 ml of 
distilled water was added. The solution woo filtered on& ̂  
the filtrate was collected in a 100 ml volumetric flask.
The total p was determined in an aliquot of this solution 
by the vanadoroolybdata method#

2# 2* Fractionation of soil inorganic phosphorua

The fractionation of soil P excepting the reductant 
soluble !r was tSone by the modified procedure of Peterson 
and tSoroy (1966) after Chang and Jaekson (1957)•

(i) Saloid bound phosphate (1 i. ftl^d extract able p)

One gm of soil that passed through a 0#15 mm sieve 
was placed In e 100 ml centrifuge tuba and 50 el of 1 n 
rii-̂ Cl solution was added# The suspension was shaken for
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30 minutes and centrifuged. fXho ealoid bound-V in the 
supernatant solution was determined by tbo cblorootennous- 
roduced molybduphosphoric blue colour method in "a20* 
system as described by Jayson (2967)•

(11) A lu m in iu m  phosphate (0*5 f! extractobl© p ) t

To the soil in the centrifuge tube, 50 ml of 
0*5 ;s solution mad© to pH 6,2 with was added,
shaken for on hour end centrifuged. The supernatant 
solution was filtered through activated carbon and the ftl 
bound p in a 10 ml aliquot of the filtrate won estimated 
by the chlarostannous reduced molybdophasphorio blue 
colour method in H£1 system (Jackson, 1967) after adding 
IS ml of Q*S £>5 boric acid to eliminate the interference 
o£ fluoride*

(ill) iron phosphate (0*1 n Na€& ghtractable p)

The above soil residue left after the determination 
of Al-p was washed twice with 25 ml portions of saturated 
ElaCI solution, centrifuged and the washings discarded*
Tfta soil was then shaken for 17 hours with 50 ml of 0*1 n 
fisOH and centrifuged* Tho supernatant liquid was 
transferred to another centrifuge tube and 5 drops of 
conc* wcre Qdded flocculate the organic colloids*
It was again centrifuged and filtered through activated

6*1
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carbon. The Pe-boun<i v la the filtreto vaa debarminod 
by the chloroofcannouD-reduced caolyiJd̂ f.-hoapfiOJ.'Ic blue 
colour (netfox) in sya tom.

Civ} a®i3ucaant soluble phosphorus

Tho soil left Ira she centrifuge tube woo washed 
twice with saturated h a d  solution and tho washing were 
discarded* The soil uao fctwift suspended in 25 ml of fJ»3 '1 
sodiusn citrate solution# 1 g of sodium dithlonifco wos 
added and abekcn-i foe IS minuteso $h® conteirst was heated 
to £0°C la a water bath# diluted to 50 ml, shaker, foe £ 
{nlratitcs end centrifugod* Ttta supernatant oolutien wras 
collected in a velunsofcric flesh end tho coil residue wac 

wattied fcwieo with uo&uratod RsGl solution* The washings 
were gIgo collected and made unto mock. The roductant 
soluble P lit tho solution was estimated oo described by 
d'isnig cfc el* (190C j •

To 5 tel eliquet# 5 ml of water# 1 sbI o£ 0.5 n 
Fedlj and 4 ral of i n  PsO.d were added. Tho solution wm  

heated on a hGt plato fit 00 to 90° Q to or.lJiso tha 
-dithionite and precipitate the citrate in alkaline 
solution* Tho dork brown precipitate formed was filtered 
and t!.',e f iltEato was collected into 50 tal volumetric 
flos": after washing the residue with 5 ml portion c£ a
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Q*lC3 JKa&h* Tho rc-Jucfcanfc oolublo P woe determined in
the solution by th© chloroofeennoun-rGduced (nolybdophosphoric |
blue colour mobbed in HCl syefcom*

(v) Occluded phosphate

To the so il le f t  in the bubo oCter the dithionite *

c i tra te  extraction and i;aCl washing, 50 ml o£ 0*1 il 

tieOli was c£dod, shaken for on hour and centrifuged* The 

oceludad-F in the supernatant solution woo determined by 

tho ehlorcQtennouii-rGduecd csolyttophosphorlc blue colour 

®Gfchud in 1 oyotcm*

<vi) Calcium phosphate (0*2SH oitrcetabl® p)

The soil residue woo tl̂ en washed twice with 
NeCl solution* Fifty □! of 0*25:; WCC1 shaken
for an hour and centrifuged* ®ie Ga-hound-P in the 
oupernotent liquid, was estimated by the ehlorostannous- 
reduced aolybdophosphoric blue colour (i.othod In b^OQ^- 
eyeton*

2* 3* Organic phosphorus*

Thao was estimated by th© -method of ctohto ot el* 
(19S<J)* one gran of soil uea placed in a ICO ml 
centrifuge tube, 10 ml o£ cone* tici a;idad and the
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suspension heated on a steam plate for 10 ralnutes# An 
additional 10 mi off cone# liCl was added# allowed to stand 
at room temperature for an hour# diluted with 50 ml of 
water and centrifuged* The clear supernatant solution was 
collected in a 250 ml volumetric flask containing 50 ml 
of water#

Thirty ml of 0 .5 s n«OH was added to the soil in 
the centrifuge tuba and the suspension allowed to stand at 
room temperature for an hour# It was then centrifuged and 
the supernatant liquid collected In the volumetric flask 
containing the acid extract# Than 60 enl of Q#SN flaOK was 
added to the tube# and kept in an oven at 90°C for G hours# 
Ths suspension was centrifuged and the supernatant liquid 
collected in tbs volumetric flask containing the previous 
extracts* The combined extract van diluted with water and 
made upto voluna.

nn aliquot of IS ml was pipetted into a 56 ml 
beaker and 1 ml of 72 per cent Ifcilô  added and digested 
until the colour ©£ the solution was clear# The solution 
was transferred to a 50 ml volumetric flask and made upto 
the mark# a  10 ml aliquot was used for the estimation of 
total P by chlorostennouB-reduced molybdophosphoric blue 
colour method in £KJl system# Inorganic p was determined in 
an aliquot of combined ceil extracts# The organic p was 
calculated as follows*
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Organic P a Total V extracted-Inorganic p.

3 * 4 « T o t a l  in o r g a n ic  p h o s p h o ru s

This was calculated by the difference between tha 
total P extracted by perchloric acid method and organic P 
extracted by Mehta et al. (1954) method.

2 .  5 .  f f o o -a x t r e c t a b le  in o r g a n ic  p h o s p h o ru s

This was calculated by difference as follows 3

Total P - Susa of o'ix inorganic P fractions estimated 
by fractionation + Organic P.

3 * P h o s p h a te  f i x i n g  c a p a c i t y  o f  t h e  s o l l o

This was estimated by tho method of Patel and 
Viswonath (1946).

Ten gram of sir dried soil, passed through a 70 
mash cievo was placed in a 50 ml centrifuge tube and 100 ml 
of diammonium dihydrogen phosphate solution, containing 
one mg P2°s in cno the solution and adjusted to plJ
7.0 was. added* The content was shaken for 34 hours in a 
mechanical shaker. Tho suspension was centrifuged and the 
P content in the closr solution was estimated by the 
Vanadomolybdophosphoric yellow colour method in system
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66 described by JaCkdon (196?)* Tfca decrease in 
concentration t?«s taken as the amount o£ P fixed*

4. Pattern of transformation of P under submergence.

Fourteen out of tho 261 soils collected wore 
selected based on tho content of totel p.to represent the 
major rice growing soils in Kerala* Those that recorded 
lowest and highest total p under each soil typo were 
included in tho 3tody* Samples wore token from plough 
layer of cultivated fields* air dried and stored until used* 
Depending on the fractionation and extraction methods to be 
followed* required number of soil samples,were weighed into 
extraction bottles. Incubation was done at 26°C under 
waterlogged conditions. & measured amount of distilled 
water was added to submerge the soils about 0 cm abavo Its 
surface* Glucose Q> 0*2 per cent was added to all the 
waterlogged- soils to provide a small amount of readily 
available energy octree to stimulate reducing conditions 
(Verma and Thrlpatni* 19623* The bottles were stoppered 
with corks in which tiny holes were mads for gas exchange 
end kept in th© Icbosatory for 16 weeks corresponding to 
tho period .of harvest of rice crop under waterlogged 
condition*



Th® soil P fractionation studies except feho 
redactant soluble p was carried out by the modified 
procedure of Poternon and Corey (1966) ofter Chong end 
Jackson (1957), The redcatant soluble iron P was analysed 
by a slightly modified method of Chong ot al* (1966)*
The cmil available P wan determined by the following methods

(i) Bray Ko*l Method (Bray and Kurtz, 1945),

five grams of soil was shaken with 39 ml of the 
extracting solution (0*03W KÛ ff in 0*G25 R IIC1) for 5 
minutes. The suspension was immediately filtered and P in 
the filtrate was determined by the chloroctomious-reduced 
molyfodophospboric blue colour method in KC1 system# after 
adding 1 ml of 0»ari boric acid to a 10 ml aliquot of the 
extract*

(11) Gray Ho*2 method (Bray and Kurtz, 1945}*

Five grama of soil was shaken with 35 ml os the 
extracting solution (0*03tt £4H^F in 0.1 ii HCl) for 5 minutes* 
The suspension was ic^nedlately filtered end p in the 
filtrate was determined by the chlorostannous^rcducGd 
molybdophosphoric bluo colour method in liCl system, after 
adding 1 ml of O.GM boric acid to a 10 ml aliquot of tho 
extract*
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(ill) Ql3»n*s matftgd (Olsen ct el. 1954)

Five grama o£ coil woo shaken with 50 ol o£
G.5£i HatSwÔ  solution (adjusted t o  pH 8 * 5  with Kaon) and ■ 
half a teaspoon of Darco 0*60 charcoal for 30 minutes*
The suspension woo filtered and p in the filtrate was 
determined by the chlorostannous-reduced molybdophssphorie 
blue colour method in HCI system,

(iv) Truoq*s method (Truog, 1930)

ono gram of soil was shaken with 200 ml of 0*0G2N 
(buffered to pH 3*0 with for 30 minutes.

The suspension was ianedlately filtered and p in the clear 
filtrate was determined by the chlorootannouc reduced 
ffiolybdophosphorlc blue colour method in

S. Response of rice to graded dostte of phosphorus

A pot experiment in c.tUD* was conducted in 1982 
at College of Agriculture* Vollayani to study the reopens® 
of two rice varieties to the application of graded doses of 
phosphorus and to assess the* relationship between P uptake 
with available p by different methods and P fractions at 
various growth stages. The soil usc-d woo collected from 
the Vallayani fcdyal*



The details of the experiment are given t-olow:

a 2
» Short duration* dyothi.
■ Medium duration* Maohoori.
* 6
» saro S ^ s  ^Control)
» 30 Kg *Po0L./ha

£ *  *>

* 45 «
• 60 (i
a 90 M
o 120 "
» 3

Bulk soil was collected from tho Kayal area o£ tho 
College of Agriculture* Vellayani end spread on polythene 
sheets* air dried and ground to pass through a 2 ram sieve*
A representative coil sample was taken and analysed for its 
initial physico-chemical characteristics. Required number 
of earthen pots were filled with 10 kg each of the processed 
soil. The soil in the pots was well puddled with water.
H and k as per package ot practices for rice by the Kerala 
Agricultural University by way of urea and Muriate of 
potash were applied basally and mixed with the soil.

Ho. o£ varieties

vi
V2

No. of treatments

*2
*3

®S
T

No. of replications
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Phosphorus os superphosphate as per tho treatments was 
also given baeally anti well raided with tho soil a day 
before the sowing of seeds*

sprouted seeds of Maaboorl and Jyothi were sown &
5 seeds per hill on 30-4*1982* After the establishment 
of the seedlings# thinning wee done to got otleasfc 3 
seedlings por hill, prophylactic plant protection irseasurco 
were taken against the pests and diseases„ Tho pots wore 
irrigated frequently so as to provide 5 cm sufctaergance 
continuously through out tho crop growth*

The second dose of k end K at tlie time of maximum 
tillering stage and tho final dose at the panicle initiation 
ntage were given as scheduled in tho package of practices*

Biometric observations were taken at 30th day and 
60th day after sowing and also at harvest stage* Soil 
samples were taken at all the three stages and analysed for 
their available P content by four methods (Bray 1# Broy 2# 
Olsen and Truog)# the soil inorganic P was fractionated 
into saloid-p, Al-P# J*q-p # Reductant-P# Ca-P and occluded-p* 
The total P uptake at each stage was also estimated#
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She Jyotfti crop was harvested on 7-8-1982 and the 
*$ashoori on 4->9-1982. At harvest, observations on yield 
characteristics vis., grain, straw and total dry matter 
production in addition to the biometric characteristics 
were recorded*

\

6* Comparative evaluation of two sources of phosphorus
32on rice crop with p.

A pot experiment in c.r.o* was designed to study the' 
comparative efficiency of two sources of phosphorus in 
rice, The experiment with seven soils and seven treatments 
was laid out in the pot culture yard o£ the Radioisotope 
laboratory of the Tamil Hadu Agricultural university, 
Coimbatore in April 1903* ■ .

The soils representing the major rice growing areas 
in Kerala wore selected based on their total P  content*
The soils, recorded the lowest total p, included for th© 
study were

1* Vellsyani (Sj) representing
2* Kstuvotta m 2 > b
3* Koneorapu ts3) <■
4* Mathikayal <s4) A
5* Panangod <s5) u
6, Chalakudy < V «

?. Kenjanihole (S7 ) 0

F>lUif‘h
Keri,soils
f l ^ n e v v f a

Karanadom soils/tai+*ptiKayal soils
Pokkali soils
Ctoastal sandy alluvial 
pŝ -̂ x̂ h. SOilS
tCOlQ OOllS



Bulk soils were collected from the paddy greying 
regions and transported to the Radioisotope laboratory#
Tamil Nadu agricultural University, Coimbatore* Tho soils 
were spread on plytheno sheets# air dried and ground to 
pass through a 2 ram sieve. About SCO g from each soil.-' type 
was taken for analysing the Initial physico-chemical 
characteriatics. Required nuftbor of earthenware pots wore 
filled with 5 kg each of the processed soil* The soil In 
the pots was well puddled with water, ft and K as per 
package of practices by way of urea and muriate of potash 
were applied basally and mixed with the soil*

The treatments included two sources of phosphorus#
32labelled P as monocalclwa mono phosphate (rfCP) and 
32labelled P as tricalcium phosphate (TCP) and were 

Tj » Control (2oro P2Og)
Tg a Mon oca 1c iota mono phosphate (30 kg P^Q^/ha)
T3 a ° ° (60 kg " )
T4 ** « (90 kg w )
Tr « Tricalcium phosphate (30 kg * )
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l a b e l l e d  rnonocalGium mono p h o s p h a te  w it h  t h e

32specific activity ot 0*3 miliicurie/g o£ P and P labelled 
txricalciuoi phosphate with the specific activity o£ 0*3 
ci£llicurie/g of P were prepared* Upon drying* the 
fertilizer mixtures were well powdered and used for the 
experiment* The specific activity end the total V content 
of the prepared fertiliser saa^lea were found out following 
the method of McxcihgIq and Dean (1948) and using o Geiger 
duller Counter (6C2 £313 of SCI Ltd.* Hyderabad) and by 
vanadomolybdate method respectively. Based on the to^al 
*> content, of the fertilizer samples* the required quantity 
of the fertilizers to supply the graded dooos of p as 
taonocalcium mono phosphate and tricalcium phosphate were
s e p a r a t e ly  w e ig h e d  a n d  fcept i n  .s m e ll  p o ly t h e n e  c o v e r s .

32
A day b e f o r e  th e  s e w in g  o f  seeds*  t h e  p l a b e l l e d  

f e r t i l i s e r s  w e re  a p p l ie d  t o  th e  i n d i v i d u a l  p o t s  and th o  

samo w e re  t h o r o u g h ly  m ix e d  w it h  th a  s o i l *  w e l l  p u d d le d  a g a in .

S p r o u t e d  s e e d s  o f  p a d d y  v a r .  d y o t h i  w e re  sown on 

14~4«49B3 £■ 5 s e e d s  p a r  hill,. A f t e r  t h o  e s ta b lio h t n e n t  o f  

t h e  s e e d l in g s *  t h in n in g  was d en e  t o  g e t  atleaot 3 s e e d l in g s  

p e r  h i l l .  P l a n t  p r o t e c t i o n  m e a su res  w e re  to k e n  a g a in s t  p o s t s  

a n d  d is e a s e s *  T h e  p o t s  w a re  i r r i g a t e d  f r e q u e n t l y  s o  a s  to 
p r o v i d e  5  cm c o n t in u o u s  subm ergence*  S tic  s e c o n d  a n d  the 
f i n a l  d o s e  o f  H a n d  K w e re  a p p l ie d  a t  t h e  time o f  e a x la m a



tillering stage and at panicla initiation stage respectively*

Biometric observations were token at the panicle 
initiation stage cn height of plant# number of productive 
tillers por hill# weight of roots# weight of straw and total 
dry ciatter* Sell samples were also collected at tills stage* 
She root and straw ample* were separately collected# dried* 
ground and those samples along with the processed soil 
samples were analysed for their specific activity end total 
g> content.

The crop was harvested on 16*8-1903. At harvest stage# 
observations on yield characteristics like grain and straw 
yield# weight of roots and total dry matter produced were 
recorded (as in the case of the samples collected at the 
panicle initiation stage)* She root# straw end grain were 
separately processed for analysis. Soil samples were also 
collected# processed and analysed* The total p content o£ 
the root# straw* grain and soil samples was determined by 
the vanadoraolyfodate method* since there was insufficient 
counts in those samples# triple acid extract of the samples 
was taken and the p was precipitated as ammonium phoopho- 
molybdato and the precipitate after (making moisture free) 
washing with alcohol was token in planchets end used for 
taking counts with 0 *js« counter*

77



RESULTS



RE&uizrs

i* Qensgal_,c_haracteriafclca of tha rice soils with 
special reference to phosphorus

Tha rlca soils selected for tha present investigation 
were studied in detail for their important physico-chemical 
characteristics irith special reference to phosphorus 
content# availability and such other parameters that may 
help to define or have a bearing on soil phosphorus* The 
data on the important physico-chemical characteristics of 
the soils are presented in Appendix XI*

normally the soils are categorised as latsritio 
alluvium (Incapticol), Karl (XntisoD# Kayal (Xnceptlsol)# 
Xarapadam (Inceptisol)# coastal sandy alluvium (Cntlsol)* 
Pokkali (Alfisol) and Kola (Xnceptisol) based on certain 
characteristic locally recognisable features or based oo 
local names derived from such features etc* The broad 
categorisation under Soil Taxonomy is indicated in brackets* 
An effort to classify the soils by either the method of 
principal component analysis (Kyuma# 1981) or clasalfieatery 
analysis (Singh and Chowdhury# 1979) was attempted* The 
broad objective of this exercise was to recognise some 
characteristic of the soils that could be defined based on 
either P content or factors influencing P availability*



1*1* P r i n c i p a l  component, a n a l y s i s

The method of principal component analysis is used for 
attaining a "parsimonious s u m  actuation of a m s s  of 
observations”# in other words# it is used to extract the 
hidden essence of a thing or material that la not directly 
Measured*

Given n samples* each of which is defined by p 
characters# they can be expressed as £  points scattered in 
* 2  - dimensional space* The principal ccmpcnent analysis

aims at reducing the &  axes to orthogonal m  axes# whore »

< £»# with a minimum loss in Information* Mathematically 
this produces a sot of new m variables from the original 
£  variables by an orthogonal transformation*

when the two variables and 9X9 highly correlated# 
the axes cen be rotated to the position o£ Yj and Yg# so 
that the variance along the Y^ axis becomes maximum and that 
along the Yj *xis« minimum* If the latter is sufficiently 
small# we can neglect the Y^ and regard the Y^ alone as a 
compound character of Xj and x^* Thus the nursber of axes 
is reduced from 2 to 1 with a minimum loss of information*

Principal component analysis has been used for grouping 
the 151 soil samples (laterltlc alZu.viura-55, Karl-15#
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Kayol^XS* Karapets®-!?* coastal rsandy &lluviui«-12*
PokJcall«17 and Kole-20) covering the rice growing areas oS 
Kerala* choosing nine important parameter* which govern 
p content or P availability vis** $ fixing capacity* pH 
a20g* CSC* silt* clay* total P* Sroy 1*4? and organic carbon 
content* The first two principal coa$>oneats contributed 
53*01 per cent of the total variability* Th® sigen values 
and Elgon vectors (Lamda-1 and Lsmda-2} extracted Iron fch© 
intarcorrelation matrix of the 9 parameters of tho soil 
corresponding to the two principal components are given below

Slgan values* slgen vectors (Laftda-1 and Larada«2) of the 
nine characteristics ©£ the soils*

SI*
f?0.

1
2

3

4

5

6 

?
B

9

soli characters Eigen
value*

Elgen vectors 
Lamda«i Lamda-2

P fixing capacity 
pH

* 2 ° 3
CSC
Bilt 
Clay 
TotaX-P 
Bray i«p  
Crganic carbon

3 *0 6 4 3

2 .1 5 4 3

1 .2 3 3 5

X.U86
0 ,4 9 2 6

0 *3 3 0 3

9*2442
0 *1 4 4 7

0 *1 0 4 4

0*5201

-0*1615
0*464 1

0*0494
0 .4 4 2 2

0.4473
0 ,1 0 8 8

—0.-274S
0 *0 5 1 2

0 *0 9 8 6

0 ,1 0 5 1

0 .2 4 6 4

- 0 * 6 0 3 4

- 0 * 1 8 6 6

0 *1 5 3 3

-0 * 2 4 0 2

0*1769

- 0 .6 3 7 5
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If Pj* P2, t y  P4, Pj* P6* p?* Pg and P9 are th* 9 
parameters for any particular soil* the two principal 
consonants are calculated as

*

Xj m 0«$2OlP1«e,i615P2*O.464iP3*O.O494S>4+0.4422P5e 
0*4473P6+0.108BP?*0,2745?^ +0,0512Pg

X2 - 0.0966Pi+0#10Sli??^0*24ME>3-0.4024P4**0,1866Ps^
0*lS88P6-0»2402p?+0»1769Pq-Q*637Sp9

The values of the principal component* so calculated 
for the 151 soil samples are presented In Table 1*

The Xj and Xg values obtained were positive and 
negative respectively and they were plotted in the graph to 
represent any particular soil easpic, such a representation 
of tha 151 soil saqpleo is given in Fig. 1. After 
examining the scatter diagram carefully, nearby points ere 
grouped and six clusters were thus obtained and they ere 
described below.

This cluster included 16 soils (10.60 per cent of the 
total of 151 soils) free lateritic alluvium <5}# Kerl (2). 
coastal sandy alluvium (5) and Pokkali (4) which hod the 
total p lass than 250 ppm es given below.



Tablo 2. Values o£ th© principal Components 
(x., ant3 x2> o£ the rice soil saiiples-

/
£il.
HO« '
• o o o n

H
k't’iwWK>u«Ma<aM.

X-<d
_______

3. Q 106*13 137.27
2. 06.61 76.08
3* 96.05 03.00
4* 04*26 58.94
. 5* 05.02 59.14
6# 04.79 00.21
7® 94.21 110.79
0# 101.20 90.33
9* 71.03' 29.59
20. 74.31 36.10
22. 96.10 84.35
13* 91.30 68.06
13® 96.69 107.55
14. 96.7? 137.04
IS* 90.77 54.24
16. 112.82 11Q.15
17* 122.59 124.07
IQ. 97*68 142.33
19* 111.77 150.63
20* 94.31 108.07
21. 108.53, 116.12
22* 128*50 160.27
23* 125.38 178.53
24* 120.73 190.73
r\ '*•Sv)o 122.77 96.72

61.
Ko. u >POO«*f>Wiaw

K S
____

26. 166.00 26S.S4
27* 136.66 100.33
26. 149.11 236.32
29. 329.34 204 * 00
30. 73.71 72.72
31. 131.16 1S4.97
32* 124.34 207.95
33. 264.95 242.93’
34. 79.34 50.37
30. 90.60 90*44"
36. 72.02 50*57
37. 02.52 72.00
38® 70*32 48.53'
39. 9 8 . 6 8 72*75
40. 87.56 75.39
41. 123.00 169.14
42 * 133.39 282.10
43. 138 <26 200.81
44. 154.37 250.04
43. 129.79 200.G6

, 46. 236.72 366.@1
47. 120.70 265.31
4 8 . ■93.31 00.34
49. 102.03 119.06
30* .152 < 24 250.43

contd
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Sle
No. *1

(+)
a2 O A, 

NO. ■til

76. 146o91 190.62SI. 362.00 260.24
52-. xao.os 170.14
53. 331.1? 171.75
54. 334.03 230.31
SSo 69.83 37.14
56. 322.55 169.33
57. 305.10 84.10
SQ. 96.76 91.02
59. 99.72 05.15
60. 120.82 122.20
ea. 104.52 210.00
62. 109.35 130.23
63. 02.43 83*04
64. 108.43 127.25
65. 320.02 23G.40
66. 66*25 39,05
67. 03.53 50.68
68. 99.02 121.50
69. ; 64.02 57.52
70. 62 o 21 83.06
71. 138.80 166.00
72. 344.50 298.66
73. 244.09 421.25
74. 140.11 202.60
VS. 143.00 200.99

11* 160.25 264.00
7Q. 153,. 63 230.18
7v , 150.51 229.64
80. 259.54 243.51
01, 261,34 254.20
02. 126.33 169.39
03. 160.77 217.Q3
04. 143,6? 197.01
05. 134.40 201.58
86, 132.00 220.18
07, 128.43 115.09
08. 103.73 250.29
GO, 163.04 21CU 50
90. 263.46 220.33
91. 141.93 177.25
92. 119.11 137.02
93. 100.00 00.42
94. 06.03 94,05
95. 124.84 133.61
96. 210.53 145.57
97. 142.27 170.45
98. 107.25 272.50
99. 222.53 264.23
200. 215.45 249.32

Contd
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101. 250.64 240.79 226. 52.04 53.86
102. 272.97 260.06 227. 47.22 54.22
1Q3. 75*60 82.03 123. 45.17 61.68
1C4. 60.92 75.30 129. 72.31 203.55
205* 70.93 72.77 236. 104.32 169.04
1GG. 69.93 96.77 131. 117.44 160.91
1 0  ?• 9Q.00 136.00 232. 104.36 70.04
103. 63.59 89.39 233. 176.20 220.58
109* 59.67 39.96 134. 152.41 176.20
110. 55.50 40.18 135. 159*63 194.79
ail. 67.37 00.65 136. 152.43 200.63
113. 50.26 ' 40.20 137. 140*03 200.95
213. 55.60 41.70 238. 203.17 200.10
214. 57.34 46.04 139. 228.79 130,25
115. 91.56 229.25 140. 182.77 263.90
126. 03.61 90*75 241. 124.19 161.09
127. 91.11 225,99 242. 174.99 231.32
lie. 6G.12 202.85 143. 100.08 90.02
119. 90.64 140.91 244* 165.97 260,10
220. 88.00 140.03 145. 00.61 65.25
121. 103.97 145.56 146. 143.06 202.12
122. 121.19 200*80 147. 223.05 249.02
123. 68.56 79.50 248. 134.20 104.49
124. 73.00 94.47 249.* 131.35 234.53
129. 60.43 49.74 ISO. 103.81 87.63

151. 104.32 , 83.00



S i . C o i l  Sam ple
HO.

■ f r a a s s e s m n n

HO.
Hi a  w i — i m - s i  w m  " M n <

I 9

2 10
3 36
4 38
5 55
6 66
7 69
8 209
9 110

10 112
11 123
22 114
13 225
24 126
15 127
16 126 -

soil type Total t? 
(ppa)

Later 1 tic alluvion 162
a
i*
a

104 
186
221

■ 186
Karl soil 169

245
Coastal snndy alluvium 249

185 
129 
144 
108

Pafofcali soil 226

»
B

If

II

ti 229
227
241

Cluster 22

Altogether 40 soils* 16 from lateritlc alluvium*
6 from Karl* 2 from KarapadoP* 6 from coastal sandy alluvium*
5 from Pcfckali and S from Kola soils wore included in this
duster* the to tel p of the soils ranged from 252 to
450 ppm. The anxlmun number of soils (26*49 par cent)
belonged to this group as detailed below.



86

ui,»
HO*

ijoix ampi*
HO#
mm im — m

Soil feyps Total p 
_

1 2 Laterit1c alluviura 362
2 3 » 381
2 4 m 263
4 5 & 200
5 6 n 445
6 Q It 422
7 11 ■ 383
0 12 » 322
9 15 n 263
10 30 n 323
11 34 » 266
12 35 o 445
13 37 a 309
14 39 o 306
15 40 n 309
10 43 o 269
17 57 Karl 365
16 58 la 361
19 59 m 364
20 63 CJ 423
21 67 t) 381
22 70 a 342
23 93 Karapadam 423
24 94 » 409
25 103 Coastal sandy elluviuas 366
26 104 325
27 105 9 309
28 106 n 421
29 103 n 383
30 111 n 386
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si# soil sample
HO# HO#

31 116
32 113
33 123
34 124
35 129
36 132
37 143
39 145
39 150
40 151

Soil type

Fokkali

Kola

Total p 
<PP»>

445
448
345
400
424
349
426
384
398
386

Clnatar ill

Tha third cluater fomed with 35 soils (23.18 
per cent of the total of 151 soils) £ro» leteritlc alluvium 
(14)# Karl (Of Xarapadaa (5)# coastal sandy alluvium (1), 
Pokfeali (5) and Kola (4). as indicated below the total p 
content of the various soils belonging to this group 
varied from 451 to 650 ppm#



si, soli aaaplm 
Ho, Ho, Soil type Total P 

(pp»)

1 1 £ c & t « r i t i c  alluvium 505
2 7 3 461
3 13 U 461
4 Id If 584
5 16 n 522
a 17 m 564
7 IB a 602
a 19 e 643
a 20 H 482
10 21 n 523
ii 25 n 464
12 32 « 507
13 49 it 482
14 54 « 604
15 60 Karl 523
16 61 « 520
17 62 « 529
18 64 u 545
19 65 0 643
20 63 H 481
21 87 Karapedaaa 505
22 92 a 582
23 95 « 564
24 96 u 606
25 100 H 60S
26 107 Coastal sandy alluvium 460
27 115 Pokkell 501
20 117 « 543
29 119 tt 601
30 120 ft 625
31 121 «« 631
32 138 Kola 469
33 139 588
34 147 *1 506
35 149 0 604

----i  — -t----m — a-----■. n rr.—. ---Il.i-MT
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A total at 36 soils (23*84 per cent of tho total soils) 
belonging to lateritic alluvion (13), Karl (1), Kayal (8), 
Karapadam (4)# pokkali (3) end Kole soils (7) coim under 
this group which ha® ita total p ranging £rcsi 651 to 
800 ppro as given below*

Cluster IV

si. Soil sample _ tl Total p
NO* NO* W 9

1 22 Safceritic alluvium 686
2 23 ■ 764
3 24 " 806
4 27 “ 766
5 29 H 823
6 31 u 721
7 41 « 694
Q 42 n 703
9 43 u S06
10 43 M 882
11 47 ■ , « 688
12 52 • 721
13 53 » 745
14 56 Kari 706
15 71 Kayal 900
16 72 u 841
17 74 « 884
IS 75 » 345
19 76 « 320
20 32 ,J 703
21 84 » 042
22 85 " ©22



SI,
MO,

Soil sample 
Ho, Soil type Total P

<pps)

23 Karapadaffl 744
24 97 m 723
25 9 3 rl 60S
26 39 R ee3
27 122 pofckali 702
23 130. 704
29 131 703
30 134 Kola 781
31 135 n 853

. 32 136 n 900
33 137 ft 894
34 141 R 705
35 146 ft 865
36 143 V) 001

Cluster V

This cluster containing 22 soils from lotoritic 
©lluvi.ua (6), Kayal ( 5 ) ,  Karapudasn ( 6 ) ,  end Kole (4) 
account for 1 4 ,5 7  p e r  cent of tha total of 151 coils under 
study. The total 9 of the soils belonging to this group 
ranged frojn 901—1250 ppn as indicated below,



£1*
Ho'*

Soil sample 
Ho. Soil type Total 9 

(ppm )

1 26 Lateritic alluvium 1062
2 28 n 1007
3 33 «a 1032
4 44 9 1121
5 50 n 1101
5 SI 1201
7 77 Kayal 1141
a na » 1101
9 79 a 961
10 80 «* 1011
11 81 4 1061
12 @3 U 921
13 86 Knrapadam 910
14 e o 15 1101
IS 69 W 921
16 90 » 960
17 101 n 987
1 0 102 vt 1210
19 133 Hole 981
20 140 » 1201
21 142 ft 1002
2 2 144 n 1 1 0 1

cluster VS
Though two soils, one each from lafccritic alluvium and 

Kayal could not be observed a® clustering together^the 
distance between them was too short to afford making each of 
them into a separate group, further,since the total 9 of

J s  ■
both has been found to be above 1250 pp«# tboy have been 
classified under the sixth cluster as noted below. Tbla 
formed 1*32 par cent of the total of 151 soils under study.



i ° :  . T ^ l  __ . ! ! ! ! ! ! ! . .  T < ^ > P„
1 46 bafecritic alluvium 1544
2 73 Kayal 1763

1*2* Classlficafcory analysis

?h® technique of elassificatory analysis for solving 
the problems related to breading for varieties in various 
crops was adopted by singh and Chowdhuri(l97^# This method 
has bean extended to tho classification of soils for 
purposes of studies on their p status end related aspects 
considering nice important parameters via.* p fixing 
capacity, pii, R2 °3 'CSC' silt, clay, total P, Bray 1-P and 
organic carbon content which were used for principal 
component analysis and presusiad to be governing phosphorus 
status of rice soils of Kerala* This nicthod was attempted 
since it offered greater possibility of testing th© 
significance, if they could be clustered.

The mean, range of variation, standard deviation, 
coefficient of variation end the index score for each 
parameter was worked out and preeanted in Table 2,



Tabic 2# Kean# range of variation, standard deviation, coefficient 
of variation and index score for the soil;;*

SI. soil
Ho* Parameter Heen flange of 

variation
Coefficient 

Standard of
deviation variation 

<»)

Index score 

2

1* P fixing
capacity

46*71 29*50 • 66.00 0*16 17 < 45*39 45*40 to 46*04 > 43.04

2m p?i 4*33 2*60 5.70 0*00 19 < . 4-20 4*21 to 4*46 > 4.46

3* R2°3 16*54 5*68 * 32*03 S. 55 35 15*64 15.65 to 17.45 > 17*45
4* CSC Q*3? 2*45 * 21.32 3*64 . 4 4 < 7.77 7.70 to 8*96 > 0*06
5.' silt 16.18 2.00 - 44.69 a. 1 ? 51 < 14*85 14*06 to 17.51 > 17.51
6* Clay 19*41 1*60 - 53*63 11*49 59 < 17.54 17*55 to 21*23 > 21*28
7* Total v 603*73 100*00 -1763.00 293.34 49 < 555*17 355*18 to 632*29 >652.29
6*' Eray 1-P 5.25 0*40 - 26*81 5*01 95 < 4*44 4*45 to 6.07 > 6.07
9m 1 Organic 1.69 0*15 - 3*24 0*85 49 < 1*55 1*56 to 1.63 > 1*83

carbon

a:co
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The two parameter* which ©re most variable as Indicated by 
tli© coefficient of variation vis., Bray l-p with 95 per cent 
and clay with 59 per cent variations were selected*
Bray l-p was taken in the X-axis and clay in the Y-axis.
The means of Y values were plotted against the means of X 
values for each soil sample. A particular soil sample was 
thus represented by a glyph on tha graph. She index score 
in turn are decided on the basis ot range of variability.

It has been observed that the tendency for clustering 
of soils is very sparse by this method and hence no 
meaningful In for once on tho char aefcerio tics of tlx? coils 
could be drawn by this procedure*.

2. Phosphorus fractions of rice soils

Analysis of variance of total P and of different P 
fractions of seven rice soils are presented in Appendix III. 
The mean values of total P. various p fractions and the 
percentage of each fraction to total P of the soils studied 
are given in Table 3 to 14.

Significant variations in total P and p fractions 
for all soil groups ware noted.



Tab!© 3* Kaon Values for fctycal p (ppm) of rico soil?

Si* Soil fcype S ^ . i °  I'otai s>
Critical Dlfforenea

Ho

1.

2.
3.
4.
5.

6*
7i

Lateritic 
alluvium
Korl
Kayal
Korep adorn
Coastal sandy 
alluvium
Pokkali
Kole

also

55

15
25
17
12

17
20

577*69

433*67
962*53
741*24
280*83

484*94
710*70

CD, CO,2 CD, CD. CD, CD. CD,

143.45 143*45 136*66

173*82 174*46
274*46

156*91 136*66 228*59

190*73 274*46 168*21
290.73 174*46 263*21
285.68 168.92 162.46

185*68 3 79*32

262.46

<UD0*1



96

The coastal sandy alluvium recorded the lowest total P 
(2GQ.G) and the Keyal soils* the highest (962,5), The 
total P recorded for each soil type was between tha ranges 
froa 162 to 1544, 169 to 706, 703 to 1763, 409 to 1210,
106 to 460, 226 to 763 and 349 to 1201 respectively for 
lateritic alluvium (Xnceptisol), Karl (Sntiaol), Kayal 
(Inceptteol), Karapadam (Incspticol), coastal sandy alluvium 
(nn&isol), Pokkali (Alflsol) and Kola <Inceptisol) soils, 
Lateritic alluvium has a aean total P content significantly 
higher than that of both Karl and coastal sandy alluvluau 
But total P content of Kari soil itself is significantly 
nore than that of coastal sandy alluvium,

2*2,1, Salold p (npn)

The mean saloid P was found to be lowest in coastal 
sandy alluvium (7,5) and highest in Karapadaiz soils {3D.2). 
Much significant difference In salold $* content could not be 
noticed among Kari, coastal sandy alluvium, Pokkali and 
Kola soils. Karapadam and Kayal soils were not significantly 
different in thalr Saloid P content, Tha range of values 
of this P fraction for tha various soil types ware from 
9 to 69, 3 to 25, 13 to S4, 7 to 110, 0 to 16, 0 to 25 and 
0 to 46 for lateritic alluvium, Kari, Keyal, Karapadam, 
coastal sandy alluvium, pokkali and Kolo soils respectively.

2ml* Total P (ppm)



Tha everega percentage contribution of salold P to total P 
was 4*42, 3.07, 2.79, 4.75,2.67,1.92 and 2.44 respectively 
for leteritic alluvium, Kari, Kayal, Karapadaro, coastal 
sandy alluvium, PokKali and Kole soils, on an average, the 
ealold p contributed 3*22 percent to total P of the soils 
studied.

2.2.2. Al-p (ppm)

The lowest Al-P fraction of 30.4 was recorded for 
Karl soils, the highest being 116*2 for Kole soils. The 
mean Al-1? levels in Kayal, Karepadam, lateritic alluvium 
and Pokkeli were not significantly different from that of 
the hlgheat value recorded for the Kole soils* The mean 
Al-p contant of coastal sandy alluvium and Pokkall soils 
was very nearly on par with the lowest value recorded for 
Kari soils* Lateritic alluvium, Karl, Kayal, Itarapadam, 
coastal sandy alluvium, Pokkali end Kole soils respectively 
recorded the Al-P content in the range from 24*6 to 366*9, 
15*2 to 56*3, 25.i to 184*5, 39*1 to 210.5, 18*4 to 112*8,
13 to 136 end 30*4 to 345r the mean percentage contribution 
of Al-P to total p for these soils were 17*21, 7*00,
10.63, 13*76, 13.71, 15*68 and 16*34 respectively. The 
mean percentage of Al-p to total p for all the soils 
collectively was found to be 13*81 per cent.



Bo* 4* Saloid p (ppa)

Table 4 to 13. ESSAS) VALltSS- OF VARIOUS P S^ftCTlOS® OF ?U£B SOi&S-

SI*
Bo*

1*2*
3 .
4*
5*
6*

7 .

S o i l  ty p o

kstsrifcic alluwim 
Sari
Kayal
Karapa^GS)
CdaataX aaaily alluvlun 
Poklioli 
Kola

Sample
oiza

55
15
35
1712
17
20

Saloid-I?

2 5 *8 6
13*33
26*97
35*187.S0
9*29

17.3S

C r i t i c a l  D ifC o re n c e

CD,

7.95

c d 3 CP4 CDS ____ CD?
■ -i- m m  ■■■•

7*95 7.57 8*69 7.57 7.02
9*96 9.66 10*36 9*66 9*32

9*66. 10.56 9*66 9*32
— — 10*29 9*36 9*00
“ - - 10*29 9.96
— - — 9*00
*■ *

Bo* 5* Al-P (ppm)

Si*
BO* S o l i  ty p o Samplesize A l-P

Critical Difference
CD. CO, CD, CD, CDc CD6 CD,

£• . L&teritle ©lluviusi 55 99*41 34*49 34*49 32*86 37*72 32*86 30*92
2* Kari IS 30*36 * 43*23 41,94 45*86 41*94 40*44
3* Kayal 15 102*34 — — — 41*94 4S.06 41*94 40.44
4* Karapadom 17 101*96 • — — 44.64 41*02 33*06
S. Coastal sandy alluvium

12 52*53 • • ** 44*64 43*23
6. Pefeksli 17 76*02 - » • — - » m * - 39*06
7. Kole 20 116*21 — — «* — -

CDOG
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2*2*3* P a -P  (p p »>

W h ile  t h a  c o a s t a l  s a n d y  a l lu v iu m  re c o rd e d  t h a  lo w e s t
t t * i '

F e -P  c o n te n t  o f  23*1* th e  K a y a l s o i l s  w ere  fo u n d  t o  h a ve  

t h e  h ig h e s t  c o n c e n t r a t io n  o f  1S1*3 fo l lo w e d  b y  K o le  s o i l s  

w it h  127*6* Th e  K a y a l  and K o le  s o i l s  w e re  h a v in g  q u a n t i t ie s  

o f  * e -P  s t a t i s t i c a l l y  n o t. d i f f e r e n t *  S i g n i f i c a n t  d i f f e r e n c e  

c o u ld  n o t  b e  o b s e rv e d  i n  F t -P  l e v e l s  ecncmg l a t e r i t i c  

a llu v iu m *  K a ri*  Karapedam  and P o k k a li  s o i l s *  The  F e -P  

ra n g e d  fro m  14 t o  212* 41 t o  76* 99 t o  310# 52 t o  146*

14 t o  49* 51 t o  165 and 27 t o  217 f o r  l e t c r i t i c  a l lu v io n *  

K a rl#  K a ya l*  Karapadaa# c o a s t a l  s a n d y  a llu v iu m #  P o k k a i i  and 

K o le  s o i l s  r e s p e c t iv e ly *  Zn th e s e  s o i ls #  th e  nean p e rc e n ta g e  

c o n t r ib u t io n  o f  F e -p  t o  t o t a l  P w e re  r e s p e c t i v e l y  13*23* 

16*02* 15*72# 12*05* 10*09* 20*31 and 17*95. T h e  mean 

p e rc e n ta g e  o f  F e -P  t o  t o t a l  P f o r  a l l  th e  s o i l s  c o l l e c t i v e l y  

was o b s e rv e d  t o  b e  15*49 p e r  cent*

2*2*4* Ca»£> (ppm )

T h e  G a -P  was fo u n d  t o  be lo w e s t  f o r  c o a s t a l  s a n d y  

a l lu v iu m  <19*1) and h ig h e s t  f o r  K a y a l  s o i l s  (71*5)*  Tha  

nean C s -P  c o n te n t  o f  K a y a l s o i l s  was s i g n i f i c a n t l y  g r e a t e r  

th a n  th a  meon C a -P  q £ a l l  o t h e r  s o i l  typ e s *  T h e  d i f f e r e n c e s  

betw een th e  mean v a lu e s  o f  c a -P  o f  K a r i#  Katapadara end K o la  

s o i l s  w e re  n o t  s ig n i f ic a n t *  P o k k a li  end l a t e r i t i e  a l lu v iu m  

w are f a i r l y  on  p a r  w it h  r e s p e c t  t o  t h i s  f r a c t io n *  Th e



No* <5* Fo-P (ppm)

55:--- 6011 ***» - • ‘S S * - . . . * * *

1* L a t o r i t i c : a l l u v i u m 55 76*45
2* K a r l 15 70*13
3 . K a y a l 15 151*27
4 . Koropadam 17 09*35
5* C o a s t a l can d y 

a l lu v iu m 12 26*00
6 . P o k k a ll 17 93*47
7* K o le 20 2 2 7 .6 0

, - r f f ----------- f|-----rt i---- 1 ---------------. --------- -  ---- r —... - - - 1

H o . 7* Ca-P (p p a ) 

so.' Soii Ca-P

1* I * a t e r i t ic  a l lu v iu m 55 36*00
2* K a r i IS 3 7 .9 0
3 . K a y a l 15 7 1 . S I
4 . R a ra p c d e a 17 4 3 .1 7
3 . C o a s t a l neatly 

a l lu v iu m
12 19*07

6* P e k k a l i 17 20i41
7 . K o le 20 42*71

C r i t i c a l  D i f f e r e n c e

CD„ C32 CD3 <*4 a v  *
• —  s —

CD • • ________ _
CD?

23*55 23*55 22.49 25*75 22.43 21.11
_ 29*52 28*63 31.31 26*63 27.61

20.63 31*31 28*63 27*61
- ■- 30*46 27*73 26.67

30*48 29.52
* c m - — 26.67

Critical Difference
cp1 cd2 c &3 ce>4 co? a>?

12*35 
1 6 .1 5  
16*15 
1 5 .6 0  
1 7 .2 7

15*60

| ^ 2 l CD __ ___ CD -
—

13.78 23.78 13*12 15.07 13*12
• 17*27 16.75 28*32 16.73
_ > _ 16.75 10.32 16.75

—  ■ - * 17*83 16*22
• - • ' - - 17.83

oo
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Ca-P content varied from 3 to 102, 9*4 to 64*2* 26*1 to 
167*5, 20,5 to 125,9, 3*5 to 39.1, 6.3 to 62.3 and 11*2 to 
76*3 for lateritic alluvium , Kari* Kayal# Karapednra# 
coastal Handy alluvium# Pokkali and Kola soils respectively* 
and the mean percentaye contribution o£ Ca-P to total P 
for thaeo soils were respectively 6*23# 6.74# 7.43# 6.63# 
6.79# 5.86 and 6.01. The Ca-P contribution to total P 
expressed as a percentage for oil the soils collectively 
was 6*79.

2.2.5* fteductant-P (ppm)

The coastal sandy alluvium and Kayal soils recorded 
the lowest (26*6) end highest (05.4) mean- reductant P 
respectively* The reduetant p in Kayal soils was signifi
cantly different from that of all other soil groups. Kari# 
Karapadam and Kol© soils shoved not much difference In this 
fraction while lateritic alluvium# coastal sandy alluvium 
and Pokkall war® on par. The ranges of values of this 
fraction for various soil types were 2.1 to 100*6# 10.5 to 
74.6# 31.0 to 196.1# 24.9 to 136.0, 3.4 to 66.8, 7.6 to 
70.3 snd 13.4 to 98*2 respectively for lateritic alluvium* 
Kari#- Keyal# Karapadam# coastal sandy alluvium# Pokkali 
and Solo soils; and the mean percentage contribution of 
this fraction to total F In those soil© were respectively 
6*13* 10*50# 8*87# 0*04# 9.55# 7*75 and 7*83 with fcho mean

tfor all tha soils being 8.25*
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The lowest concentration of occludad-P of 9*3 was 
recorded for coastal sandy alluvium, tha highest being 
27*6 for Kayal soils, significant difference in this 
fraction could not he observed between lateritic alluvium, 
Xeri, Karepadsm and Kole soils. Tha pohkali and coastal 
sandy alluvium were on par. But the difference between 
Kayal soils and all other soil groups was significant*
Tha occluded-P ranged from 1*5 to 31*2, 3*7 to 30*6* 9*2 
to 54*6* 9*2 to 52*9, 0*9 to 26*4# 2*2 to 28*1 and 4*3 to 
36*1 for lateritic alluvium, Kari# Kayal, Karapeds®,
coastal sandy alluvium, PokkaXl and Kola soils respectively.

1 ' . !

It has bean observed that the raaan percentage contributions 
of occluded-p to total p for these soils wore respectively* > t ,  r ^

3*10, 3*57, 2*37, 2*46, 3*04, 2*40 and 2*67, tha average 
percentage contribution of this fraction to total P for all 
the soil groups being 2*82*

2*2*7* Sraa of inorganic p (ppm)

Tha atm of inorganic P was found to be lowest for 
coastal sandy alluvium (142*5) and highest for Kayal soils 
(464*9)* Kayal soil among all the soil types recorded 
significantly higher cum of inorganic p levels compared to 
all other aoil types* Significant difference in this

2,2*6* QCCludafl-P (ppm)



H o *  8* 8®£hictsnfc p (ppm)

Gl.
::o. soil type Sample

sis© Keductant-p

1. Lateritic alluvia® 55 35.422. Kari IS 45.323. Kayal IS 85.394. Karapadam 17 59.59
5. Coastal sandy 

alluvium
22 26.02

0. PoKhali 17 37.567. Kole 20 55.66

No. 9* occluded*? (ppm)

SI.
NO. Soil type sample

sis© Occlcded-p

1. Lateritic alluvium 55 17.892. Kori 15 15.47
3. Kayal ' IS ‘ 27.62
Q* Kerapadoa 17 18.22
5. Coastal sandy 

alluvium 12 6.54
6. POltiiQli 17 11.62
7. Kole 20 18.90

Critical Difference
CEJ,

14.84
10*60

CO, 50

14*13. 16.23
10.04 19*73
18.04 19.73 

19.20

CD?

14*13 13.30
18.04 17.40
18.04 17.4017.47 16.60
19. 20 18.60

Critical oifforence
___ ii

d*f
u

___J ^ § _ _ GDy

6.34 6.04 6.93 6.04 5.6B
7.94 7.71. 8.43 .7.71 7.43• 7.71 8.43 7.71 7.43
- - 8.20 7.46 7.10
- - - 3.20 7.94

* _ 7.18



fraction between lateritic alluvium, JUri end pokkali soils 
was not observed; the Kale and Karspedam s©ils}were on pest 
when the.difference between Pakkali and coastal candy 
alluvium was significant* The sisn of Inorganic P ranged 
from 75.6 to 739.2, 106.5 to 364.0, 350.0 to 062.4, 203.8 
to 592.9, 55.6 to 214,2, 116.0 to 436.0, 180,2 to 714.0 for 
lateritic alluvium, Kari, Kayal, Karapadoe, coastal sandy 
alluvium, pokkali and Kola soils respectivelyj the mean 
percentage contribution of this fraction to total P for 
these sollojwere 50.33, 50.64, 48.30, 47.68, 50.73, 53.90 
and 52.04 respectively, when eil the soil groups were 
taken together, tho percentage contribution of sum of 
inorganic P to total P was 50,37,

2.2.8. Organic P (ppm)

The lowest content of organic p was recorded for 
coastal sandy alluvium (124.6) and the highest for Kayal 
soils (433,9), compared to other soil types)the Kayal soils 
recorded higher range of values fur organic P. Significant 
differences could not be noted between Karapadaro and Kole; 
lateritic alluvium and Kole; Pokkali, Karl coils, end 
coastal sandy alluvium, Lateritic alluvium recorded 
significantly different levels of organic P compared to 
Pokkali, Kari and coastal sandy alluvion. The organic P 
ranged from 82,6 to 689.6, 54.5 to 292.6, 322.0 to 697,6,

104



Ho* 10* Sura of inorganic P (ppm)

e x .
Ho* ^bil type Sample

sis©
Staa of 

inorganic i?
.. mrnm^rnmnmnimi

1* Lateritic alluvium £5 290.732* Kari 15 220*463* Kayal 15 464*954* KarapotJosj 17 353*425. Coastal sandy 
alluvium

12 142*53
6* ItokhalX 17 262.367. Kole 20 369.83

Ho* 12* Organic P (ppn)

si,
UO* Soil type Sample Organic v

1. Lateritic alluvium 55 257.80
2* Kari IS 191.993*. Kayal 15 433.91
4*- Korapodaa 17 347.27
S. Coastal candy alluvium

12 124.63
6* - pokkali 17 299*697. Kole 20 302.28

Critical Difference
c d2 CD4
76.74 76.74

96*20
73.11
93.33
93.33

- * -

CDS

@3*96
202.04
202*04
99.34

73*11 69*79
93*33 69*90
93.33 69*98
90*37 86*9299.34 96*20

86*91

critical Difference
coa Ci>2 ci>3 ci?4 co5 c d g ce7

50*02 50*02 56*04 64*34 56*04 52*73
73*74 71*53 70.21 72*53 63*97

- - 71.53 70*21 71.53 68.97
- - - 76*14 69*26 66*62
- - - 76.24 73.74

■ - - - - - 66.62

b*ocn
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198*2 to 532*0# 50*4 to 233*2# 91*2 to 306*2 end! 151*6 to 
456*0 respectively for lateritic alluvium, Kari# Kayal# 
Karapadan# coastal sandy alluvium# pokkali and Kola soils 
and the naan percentage contribution of organic P to total 
P was also respectively in the order 44*63# 44*27# 45*06# 
46*85# 44*38# 41*18 and 42.53# For all the soils taken 
together the seen value for organic P to total P was 44*32*

2*2*9* Hon«eKtractable p (ppm)
i • ' ' fThe non-aKtractsble P was lowest for coastal sandy 

alluvion (13*7) and highest for Kayal soila (56*6)• 
Significant differences between Kayal soils and all other 
soil types wsre observed* Kerepadam and Kole soils# 
lateritic alluvium# pokkoll and Kari soils were on per*
Kole soila were significantly different from lateritic 
elluviuta# Kari# coastal sandy alluvium and Ftikkeli soils#
The ranges of values of this fraction were 2 to 115# 7 to 34# 
31 to 137# 18 to 93# 2 to 30# 15 to 40 and 14 to 68 for 
lateritic alluvium# Karl# Kayal# Karopudom# coastal sandy 
alluvion# pokkall and Kole soils rsspsctively end the seen 
percentage contribution of non-extractable p to total P for

i

these soils respectively were 5*05# 4*89# 5*86, 5*48# 4*67# 
4*92 and 5*43* About 5*34 per cent mean contribution was 
observed for this fraction to total P when ell the soil

r ' 1types were considered together*
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2*2*10* Total Inorganic P (ppm)
p i f >

The coastal sandy alluvium and Kayal soils recorded 
tha lowest (156*3) and highest (524*2) content of total 
Inorganic-P respectively* Significant differences between 
Ksyal soils and all othar soil groups waro noted* Rot much 
difference between Kola and Karapadan soils was observed*
Tha differences between Kole and lateritic alluvion#
Pokk'sli# Karl and coastal sandy alluvium were signifleant* 
Thera was not much difference between lateritic alluvium 
with Karapadas, Karl and Fokkeli# similarly Keri with pofckali 
and coastal sandy alluvium* Tha total Inorganic P ranged 
from 60*4 to 654*2* 114*5 to 393*0* 361 to 994*4# 210*0 to 
685*9* 57*6 to 239,2* 134*8 to 476*6 and 197*2 to 002,0

t “

respectively for lateritic alluvium* Karl# Keyal* Karapadaa 
coastal sandy slluvlun* Pokkail and Kole soils. The m » m1 *

percentage contribution of tha total Inorganic P to tha 
total p In these soils were respectively 55*50# 55*73*
54*46* 53*19* 55*65* 53*62 and 57*47* Tha mean percentage

1 • t

contribution of this fraction to total P for all soil* was
i

55*61•

2*3* Phosphorus fractions and soil properties

The correlation coefficients between each P fraction 
and important soil properties of all soil groups vis**



Uom 12. non ex tractable p (ppm)

si*
HO. Soil type sample

Git® Kon-eKtractable-p
CD-

11» Lateritic
alluvium

55 29.15

2. Karl 15 21.20
3. Kayal 15 56.604. Karapadam 17 40.595. Coa3taX oandy 

alluvium
12 13.67

6. PoHKali 17 23.887. Kole 20 38.60

10.08

Critical Difference
CD. CDr_ J 3____

10.08

12.65

3 _____________

9.61 11.03

*•2712 
12.27

13.41
13.41 
13.06

J 2 * ~
CD?

9.61 9.04

12.27 11.83
12,27 11.83
11.88 11.42
13.06 12.65

11.42

no. 13. Total inorganic v (ppm)

SI.
no. soil typo Ssifiple

size Total 
in organ ic-P a>i " CD2

critical Difference
Ci)_ CD. Gbm CD, 3 4 5 6 CD?

1. Lateritic
alluvium

5S 320.63 - 85.81 85.81 02.75 93.86 81.75 76.92
2. Kari 15 241.68 — 107.57 204.36 114.10 1G4.36 100.62
3. Kayal 15 524.22 — 104.36 114.10 104.36 100.62
4. Karapsdem 17 394.20 — — — 111.07 101.04 97.18
5. Coastal sandy 

alluvium
12 156.27 *■ *“ *** 111.07 107.57

6. PoKkali 17 205.25 — — — - — « » 97.18
7. Kole 20 408.43 w

oCO



Table 14. Haan percentage p fraction to total P of rlco soils*

All soil* Karl Kayal Karepatfan PoTikoll Kole
Ff e a o U o .  *UUVi“ ’ J f C v L a

ppsa % ppo % ppo % ppm % ppca % ppa % ppa % ppn %

1* Total p 599.0 577*7 • 433.7 • 962.5 - 741.2 - 280.0 - 4Q4.9 - 710.7 -
2. ualold-

p
19.3 3.2 25.6 4.4 13.3 3.1 26.9 2.8 3S.2 4.G 7.5 2.7 9.3 1.9 17.4 2.4

3. /a-p 62.7 13.3 99.4 17.2 30.4 7.0 102.3 10.6 101.9 13.8 52.5 18.7 76.0 15.7 116.2 16.4
4. i’c-P 92.9 15.5 76.5 13.2 70.1 1G.0 151.3 15.7 69.4 12.1 20.1 10.0 90.5 20.3 127.6 18.0
s. ca-p 40.7 6.3 36.0 6.2 30.0 8.7 71.5 7.4 49.2 6.6 19.1 6.0 28.4 5.9 42.7 6.0
6. Hea.P 49*4 8.3 35.4 6.1 45.9 10.5 85.4 @•9 59.6 8.0 26.3 9.6 37.6 7.0 55.7 7.8
7. QeeltdeiJ-

P
15.9 2.8 17*9 3.1 15.5 3.6 27.6 2.9 18.2 2.5 8.5 3.0 11.6 2.4 19.0 2.7

8* 5um of 301.8 50.4 290.7 50*3 220.5 50.8 465.0 48.3 353. 4 47.7 142.5 50.0 261.4 54.0 369.0 52.0
ifiorga*
ESlC-P

9. orga-
silc-P

265.4 44.3 257.0 44.6 192.0 44.3 433.9 45.1 347.3 46.9 124.6 44.4 199.7 41.2 302.3 42.5

10. Lion-extra- 
ctaible &

- 32.0 S.3 29.1 5.1 21.2 4.9 56.6 5.9 40.6 S.S 13.7 4.9 23.9 4.9 38.6 5.4

11. Total
ioorgo-

333.7 55.6 320.6 55.5 241.7 55.7 524.2 54.5 394.3 53.2 156.3 55. 7 285.3 53.0 403.4 57.5
nic p

f-*oco



H O

pH# organic carbon# total F# ^2^3* ^2°3' c#0* MgO#
CSS# exchangeable calcium, exchangeable magnesium# sand# 
silt# clay# P fixing capacity, other P fractions# C/p ratio# 
c/s ratio# re203/Al203# active p ©2 2a total of P fraction* 
were verged out and are given in Tables 15 to 34*

2.3.2, Saleid P

In lateritic alluvial soils* significant positive 
correlations were observed between salold-P with total P# 
Ga«p# reduefcarct p# occluded P# sum of tnorgonic-p# organic P, 
total inorganic P and total of P fraction® and negative 
correlation with C/j? ratio, whan the ooloid P content w«* 
positively correlated with CaO in Kayal soils# significant 
positive correlation was obtained between aeloid P end 
reduefcant P in Karapadaia soils, significant positive 
correlations were observed between seloid p with total vt 
Al-P* Fe-P# Ca«P# reductent^P# occluded p# sum of inorganic 
P# organic P# non-extr©ctrble pe total inorganic P« active P 
and total of P fractions but negative correlation with c/p 
ratio in Pokfcali soils. Tor Kole soils# significant 
negative correlations were obtained between aaloid p with 
reductant p end occluded p.



Tebje. 15 Correlation Caefficlents between Salojd p and Soil Properties
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i 1• Lateritic X ft X X X X X X X
i

Alluvium 55 - .0 9 - .0 2 .33 .08 .04 .13 -.2 1 - .1 0 - .0 5 .01 -.05 - .0 6 - .0 4  .10 .00 .14 .22 -35 .36 .34 .33 .35 .23 .32 -.35 .22 - . 1 0 .22 .30

i.1 £1 Karl 15 .20 .36 .44 .27 .30 .20 .18 .34 .17 .14 .20 .37 - .0 4 - .2 9 -.27 .16 .26 .29 .23 .40 .47 .41 *30 .4 6 - . 17 .29 - .2 0 .41 .44
I •X .
J -3 
i -. Kayal 15 .20 .23 -.07 -. 05 .1 3 -.3 2 .65 .25 - .0 3 -.0 3  - .04 .15 - .1 3 - .1 3 -.08 .34 .04 -.44 -.48 .47 .08 .04 .20--.11 .05 -.1 7 .41 - .01 - .1 0

< , KarapacJam 17 .14 - .1 3 - .0 3 .1 6 .09 .23 .11 .05 .26 -.3 0 .27 .32 .42 .15 .16 .26 -.22 —.46
*

-.51 -.42 .03 -.09 -.08 .0 2 -.0 5 - .0 9 - .2 3 .04 - .0 6

5 . Coastal 
sand 12 .19 .15 .1 4 .2 8 .13 .30 .30

.31 - .0 5 -.0 5  - .06 - .1 7 .0 8 - .0 8 -.38 .34 .15 —.08 -.14 -.14 .17 .14 -.01 .1 5 -.0 8 -.0 9 .04 .25 *13

alluvium
XX % X X X X * XX XX XX XX X XX XX

E . Pokkali 17 - .2 6 - .3 2 .73 .32 .32 .32 - .2 7 -.2 5 - .3 0 -.2 8  - .31 - .2 6 .19  .16 .25 .61 .E0 .52 .58 .52 *72 .74 .66 .7 2 -.5 0 .13 .09 .65 .71
XX X

7. Kole 20 - .1 1 - .4 1 - .1 7  X>7 .12 .12 .04 .14 - .3 5 -.3 5  - .35 - .2 2 .12 .26 .10 .18 -.17 -.44 -.58 -.46 -.11 -.25 -.07 --.11-.03 .28 - .0 9 .04 - .1 7

_

X Significant at 5 percent level
xx Significant at Ipercent level

H
h-*
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Significant. positive correlations were noted between 
Al—p with organic carbon# total P,
exchangeable calcium, exchangeable magnesium, send# Fe-P,
Ca-P, reductant P, occluded P, sum of inorganic P, organic P, 
non-extractable p, total Inorganic P, active P and total 
of P fraction® and negative correlations with cloy and PFC 
for lateritic alluvial soils. M - p  was negatively correlated 
with ^2C3 exchangeable magnesium for Kari soils. In 
Kayal soils, Al-p was positively correlated with CaO end 
active P. Significant positive correlations between Al-P 
with total P, Fa-p, sum of inorganic p, organic P, 
non-extractable p, total inorganic P, active p end total of 
P fractions and significant negative correlations between 
Al-P with C/p end C/u ratio were obtained for Karapadam soils. 
Al-P was positively correlated with total P, sum of Inorganic 
P, non-exfcrsct*bXe p, total inorganic P, C/ti ratio, active p 
and total of P fractions in coastal sandy alluvium. In 
Pokkali soils, significant positive correlations between 
Al-P with total P, 1*2 ^3 * f’©2 °3 * ^^2^3* all the P
fractions, active P and total of P fractions and significant 
negative correlations between Al-P with pH, orgenic carbon, 
CaO, MgO, CEC, exchangeable calcium, exchangeable magnesium

2.3.2. Al-P



Table. 16 Correlation Coefficients between Al-R and Soil Properties
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0

CO. Q.
o utu -Ho c cra m e o'3 t*O O

X OJ tiJ *H -□ C 10 o -Jz u

to i/icn c
(4 0 0 0 0

0 •H C\J a.C 0. —4 a j.pH <0 CD < n 0U t* £ 4 > ri (QH  -H -H O t*CD C c_ z a J CLnj U OO a CJ 0) < V- Q_H

. Lateritic 
a 1luvium • 55 .23

1

A
.35

A A
.89

X
.34 .25 .3* .12 .06

xx
.39

XX
.42

XX
.39

XX
.37 -.24

AX
-.37

XX
-.34 .14

XX
.92

xx xx
.57 .59

XX
.57

XX AA AX AX
.92 .83 .84 .92 -.20 -.04 .05 J 1

• X.90

. Kari 15 .47 .35 -.03
X

-.52 -.51 -.46 .42 -.10 .51 .50 .52 .•42 -.16 -.20 -.50 .18 .01 -.26 .21 -.31 .04 .11 .15 .05 .10 .11 -.50 .36 -.02

. Kayal 15 .33 .34 .31 -.22 -.17-.26
X

.54 .37 .34 .35 .34 .19 -.47 -.44 -.25 .34 .25 .31 .24 -.32 .30 .40 .25 .26 -.21 -.03 .05 .67 .33

. Karapadan 17 .18 .15
A*
.66 .03 ,05.008 .14 -.07 .03 .002 .04 -.07 .08 .04 -.04 .26

AX
.74 .27 .20 .31

•A AA AA AX
.88 .80 .80 .87

AX
-.63

XX
-.72 -.13

AX
.94

AX
.65

Coastal 12 .01 -.34
A
.59 -.30 -034 -.47 .17 .44 -.22 -.22 -.22 -.21 -.11 .45 -.10 -.34 .57 .19 .09 .02

X X X
.65 .49 .62 .66 -.52

A
.61 -.23

XA
.91

X
.59

Sandy 
alluvium

i. Fokkali 17
A

-.57 -.48
AA
.88

X
.51

X X
.51 .51

X
-1.53

X
-.55

X
-.50

X
-.50

X
-.49

A
-.55 .44 .23

X
.51

X
.61

xx
.72

A X
.55 .55

X
.56

AA AA AA AA
.87 .87 .84 .68

AA
.76 .23 .16

AX
.96

XX
.87

Kole 20
X

.53 ' .11
X
.56

X
-.51

XX
.57 .45

A
.52

X
.55 .25 .26 .26

X
.45 .22 -.38

X
-.54 .18 .38 .15 .20 .14

XA AA *X
.81 .42 .56 .82 .27 .06

A
-.48

XX
.96

XA
.66

a Significant at 5 percent level 
xx Significant at 1 percent level

M
CO
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and sand were observed* The correlation coefficients 
between a 1-p and pH# total P# Fc^O^# CaO# MgO# sand#
sum of Inorganic P, non-extractable p, total inorganic P* 
active p and total of P fractions were positive and 
significant when negative correlations between Al-P with 
SgQ^# clay and Fe^o^/Al^O^ were recorded for Kolo soils*

2*3*3* fa—p

In lateritic alluvion* significant positive correlations 
between Fe-P and organic carbon* C£C# exchangeable calcine#

, t

exchangeable magneslun# sand# all the P fractions other then 
saloid P* active P and total of F fractions end negative 
correlations with FegO^# clay and P fixing capacity
ware observed* significant positive correlations were 
obtained between Fe-p and totel P* sun of inorganic P# 
organic p # non-ext m e t  able P# totel inorganic p and totel 
of P fractions for Karl soils* Kayal soils recorded 
significant positive correlations between Fe-P and total p* 
Ca-P* reductant P* »u* of inorganic P# organic P* 
non-extractable P# total inorganic P# active P and total of 
P fractions and negative correlation with C/P ratio* 
Significant positive correlations between Fe-p end total P# 
Al-P# sun of inorganic P# organic P* non-extractable P* 
totel Inorganic P* active P and total of P fractions and



Table. 17 Correlation Coefficients between Fe-F and Soil properties
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1. Lateritic 
al luvium

X
55 .25 .35

XX
.91

X
-.37

X XX XX XX XX
-.31 -.24 .16 .07 .38 .42 .38 .37 -.28

x X 
-.35-.36 .22

XX
.92

xx xx *» xx
.65 .67 .64 .94

X*
.85

XX
.85

XX
.94 -.26 -.13 -07

XX
.94

XX
.91

2. Karl 15 .32 .27
XX
.67 -.28 -.25 -.30 .28 .49 .15 .10 .17 .38 -.06 -.28-.37 .28 .01

XX
.24 .10 .29 .74

X
.57

XX
. 66

XX
.74 -.29 .03 -.20 .42

X
.58

3. Kayal 15 .26 .16
XX
.91 -.29 -.31 -.la .23 .13 .11 .12 .11 .21 ‘.04 .12 -.31 .04 .25

x x  xx
.52 .59 .38 .90

XX
.91

XX
.81

XX
.89

XX
-.65 -.18 -.24

XX
.69

XX
.87

4. Karapadam 17-.19 .01
XX
.85 .21 .22 -.19-.22-.17 -.06-.03-.05 -.19 .20 .15 .13 -.22

XX
.74

XX
.41 .41 .45 .81

xx
.05

XX
.81

XX
.82

xx
-.73 -.48 .11

XX
.79

xx
.62

5. Coastal 12-.26-.39 .50 .13 .31 -.13 -.08 .30-.39-.39-.30-.21 .01 .35 .34 .15 .57 .36 .32 .20 .67 .48 .44
X
.65 .56 .34 .37

*
.65 .58

6.

Sandy
alluvium
cokkall 17-.30-.07

XX
.84 .19 .20 .17-.23-.31-.10-.10-.11-.20 -.01

X
.44 .17 .60

XX
.72

x x x xx
. 5 3  .59 .53 .85

• X
.82

XX
.78

XX
.36 -.49 -.15 .22

XX
.76

xx
.81

7. Ko le 20 .30 .19
XX
.07 .19 -.27 -.11 .25 .23 .17 .17 .16 .10 .01 -.07-.24 .17 .38

X ' X * XX
.54 .54 .54 .89

xx
.77

XX
.88

xx
.89

X
-.51 .07 -.39

X
.54

xx
.81

X Significant at 5 percent level 
Significant at 1 percent level

M
an
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negative correlation with c/p ratio were noted for Karapada* 
soils* significant positive correlations between Pe-F and 
sun of Inorganic p* total inorganic P anel aotiva P were 
observed for coastal sandy alluvium* yor PoKkoli soils* 
significant posltiva correlations between Fe-P end total P# 
all p fractions* active P end total of P fractions were 
recorded. Significant positive correlations between Fe-P 
end total Pr Ca-P, reduotant P, occluded P* euro of inorganic 
P, organic P* non-extractable p* total inorganic P* active p 
end total of P fractions and negative correlations with C/P 
ratio were obtained in the case of Kole soils*

2.3*4. Ca-P

Significant positive correlations batween Ca-P and 
total P* reductent P# occluded p, sum o£ inorganic P* 
organic P* non-extracteble P. total inorganic P and total 
of p fractions were noted for all soils, significant 
positive correlations between Ca-P and organic carbon, CSC* 
exchangeable calcium* exchangeable eagnesiura, sand* salold P* 
Al-P# Fe-P and active P end negative correlations between 
Ca-P and clay end C/p ratio were observed for lateritic 
alluvial soils* For Kari soils the correlations between 
Ca-P end , Fe^G^/Al^C^ and active P were positive and
significant and significant negative correlations between 
Ca-P and C£C# exchangeable calcium, exchangeable magnesium



Table. 10 Correlation CpeffIcientsbetween Ca-P and Soil Properties
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1 . Lateritic
alluvium 55 .2 3 .3 2

X* 
. 8 6 - . 2 6 - . 2 1 - . 2 0 .1 2 .1 3

*
.3 3

X X
.3 3  . 3 3

X
.3 2 - . 2 5

X
- . 2 9 - . 2 6

X
.3 5

Aft XX
. 5 7  .6 5

XX
.9 8

xx
.9 9

Aft
.6 4

XX
.8 6

XX
.8 1

XX
.8 4  -

XX
.4 5 - . 1 0 - . 0 2

XX
.7 4

xx
.0 6

a. Kari 15 - . 3 9 - . 0 3
XX

.8 4  .5 1
X

.5 6 .3 5 - . 4 0 - . 0 4
X

- . 5 3
X X

^ . 5 t f - . 5 6 - . 1 6 - ,G 5 .1 9 .3 7 .2 9 - . 2 6  .2 4
XX

.9 7
XX

.9 1
XX

. 7 9
XX

.8 8
*

.6 4
XX

.7 8  -
XX

.7 1 .2 3
*

.5 9
XX

.7 9
A A

.8 9

3 . Kayal 15 .0 2 .1 2
XX

.7 0  .0 5 .2 4 .2 3 - . 0 4 .2 9 - . 0 5 - . 0 5  - . 0 5 - . 0 8 .0 4 .0 2 - . 0 1 - . 4 4 - . 3 1  .5 2
XX

.9 6
XX

.9 6
XX

.7 4
X

.5 5
XX

.7 6
XX

. 7 6  - .4 1 - . 1 6
X

- . 6 2 .4 9
XX

.7 3

4 . Karapadam 17 - . 0 1 . 3 9
XX

.6 6  .0 1 - . 0 4 .0 6 - . 1 4 - . 1 5 .2 8 . 3 0  . 2 9 .2 2 - .3 0 - . 0 9 - . 0 6 - . 4 6 .2 7  .4 1
XX

.9 8
XX

.9 6
XX

.6 6
XX

.6 2
XX

.6 8
XX
.66 - .3 7 - . 1 6 - . 2 9

X
.5 8

AA
. 7 0

5 . Coastal 12 - . 0 6 - . 3 6
XX

. 8 9 - . 1 1 .3 9
X

- . 5 9 - . 0 3 .1 3 - . 3 5 —.3 6  - . 3 6 .1 3 .0 4 - . 1 5 .1 6 - . 0 0 .1 9  .3 6
XX

.9 8
xx

.9 5
XX

.3 5
XX

.9 0
XX.78 XX

.8 5  -
XX

.7 6 .1 9
X

.6 2 .5 8
A A

.8 9

6 .

Sandy
alluvium
Pokkali 17

X
- . 5 4 - . 4 8

XX
.8 3  .4 3 .4 0 .4 8

X
- . 5 1

X
- . 5 1 - . 4 4 - . 4 3  - . 4 5

X
- . 5 0 .3 4 .3 6 .4 3

X
.5 2

X X
.5 5  .5 3

XX
.9 8

XX
.9 9

XX
.3 3

XX
,8 3

X
.6 1

XX
• S3 -

xx
.6 4 .2 5 - . 2 7

XX
.75

XX
.6 5

7 . Kale 2 0 .2 5 .0 1
XX

. 7 7 - . 0 1 - . 0 7 .0 4 .1 4 .0 8 .1 5 .1 7  . 1 5 .0 5 .3 2 - . 3 1 - . 0 2 - . 4 4
X

.1 5  .5 4
XX

.9 3
XX

.9 8
XX

. 7 0
XX

.8 5
XX

.6 3
XX

. 6 9  -
xx

.7 1 - . 1 0 - . 2 1 .4 1
A A

.7 8

* Significant at 5 percent level 
xx Significant at 1 percent level
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and C/P ratio war• observed* In the ossa of K*yal soils 
significant positive correlations wars noted between Ca-P 
end Fe-p end negative correlation between Ca-F end B^C^/ 
A*2°3* Ibe correlation between Ca-p and active P was , 
significant and positive for Karspadam soils* For coastal 
sandy alluvium, the Ca-p was significant and negatively 
correlated with A12Q3* d/p ratio and FegQg/Aa^^*
Significant positive correlations between Ca-p and saloid P# 
Al-p# Fe-P# .end active P and negative correlations with pH, 
Cao# 3?g0# sand and C/P ratio ware observed for Folekell 
soils* with regard to Role soils# the correlations between 
Ca-P and Fe-P, was positive and significant and between 
Ca-P end Q/9 ratio the r value was negative end significant*

2*3*5* fteduct«ifc-P
• t

Significant positive correlations between reductont P 
end total P# Ca-P# occluded P# sum of inorganic P# organic P« 
non-extractable p# total Inorganic P and total of P 
fractions were observed for all soiX£> types*, Reductant P 
was positively correlated with organic carbon# CEC# 
exchangeable calcium# exchangeable magnesium# oand# seloid P# 
Al-P# Pa-P and. active P and negatively correlated with 
P^O^# clay, C/P end Fe203/Al203 ratio for lateritic alluvial 
soils# the r values, were also significant* For Karl soils# 
significant positive correlations between reduefcent P and

i
®a°3* f*a°3# /AljO^ and active P and significant.

138



TABLE. 19 Correlation coefficients between Reductant p and Soli Properties
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1. Lateritic 55 .24 .36
X*
.87

X
-.30 -.26 -.17

XX
.14 .15 .37

XX
.37 C

D
 

*t rv\
* C- -.27

X
-.33 -.26

X XX XX XX
.35 .59 .67 .98

xx
.98

xx
.85

XX
.88

XX
.82

XX
.85

XX
-.44 -.13

XX 
—. 68

XX
.76

XX
.87

2.
alluvium
Kari 15 -.48 -.12

**
.77

X
.55

X
.61 .40

X
-.44 -.17-.58

X
-.62

X
-.63-.26 .03 .19 .47

XX
.23-.21 .10 .97

xx
.86

XX
.70

■ X
.82

X
.64

xx
.70

xx
-.75 .24

X
.63

XX
.76

XX
.84

3. Kayal 15 .08 .09
XX
.77 .06 .22 .21 -.02-.22-.03 -.03 -.03-.01 .03 -.04 -.04

X XX
-.'48-.24 .59 .96

XX
.86

XX
.79

XX
.65

M M
.82

xx
.82 -.49 -.16 -.51

X
.53

XX
.79

4. Karapadam 17 -.04 .40
xx
.62 .03 -.02 .08 -.17 -.14 .30 .32 .31 .23 -.30 -.11 -.05

X XX
-.51 .20 .41 .98

XX
.95

X
.61

X
.59 **.64

XX
.62 .35 .10 .28

X
.52

XX
.66

5. Coastal 12 -.11 -.39
XX

.82 -.05 .41- .53 -.10 .05-.36 -.37 -.37 .05 .07 -.12 .23
xx

-.14 .09 .32 .98
xx
.98

XX
.80

xx
.82

X
.66

XX
.SO

X
-.71 .11

X
.62 .49

XX
.84

S.

Sandy
alluvium
Pokkal1 17

X
-.54 -.46

XX
.35 .42 .40 .47 .50 -.50 .43 -.42

X
-.44 .51 .33 .40 .41

x x x xx
.58 .55 .59 .98

XX
.96

xx
.85

xx.85
**
.63

XX
.65

X*
-.65 .22 -.19

XX
.76

XX
.87

7. Kole 20 .32 .18
XX
.76 -.17 -.21- .14 .ia .14 .29 .30 .28 .19 .11 -.36 -.18

.xx x xx 
-.58 .20 .54 .93

XX
.92

XX
.70

XX
.31 .63

Xx
.69

XX
-.60 -.18 -.21 .44 .76

K- Significant at 5 percent level 
xx Significant at 1 percent level

H*'
L-»



1 9 0  ± ^

negative correlations between reductant p and CSC, 
exchangeable calcium, exchangeable magnesium and C/P ratio 
vara noted. She r values between reductant P. and Fe-p and 
active p for Kayal eolle were positive end significant* 
Significant positive correlation between reductant P end 
active P and negative correlation between reductant P end 
sslold P ware obtained for Ksrapedam soils. The raductsnt P 
for coastal sandy alluvium was positively correlated with 
F#20^/a12o3 and negatively correlated vith c/P ratio* For 
PokkaXi soils# significant positive correlations between 
reductant P and CaO# MgO, sand* saloid P, Al-p, Fe-P and 
active P and significant negative correlations with pH and 
C/p ratio ware obtained. The correlation between reductant 
P and. Fe-P was positive and significant but with oalold P 
and C/p ratio# significant negative correlations were 
recorded for Kole soils*

2*3*6* occluded p

For lateritic alluvial soils# significant positive 
correlations between occluded P and organic carbon# total P, 
C£C, exchangeable calcium# exchangeable magnesium# sand# 
all P fractions# c/p ratio# active P and total of P 
fractions and negative correlation with clay were recorded* 
significant positive correlations between occluded p and 
total p# R2°3 ' FegO^# Ca-F# reductant F, cum of inorganic P,



organic F, non-axtracteble P# total inorganic p, Fa2 °$/

Al203, active P and total of P fractions and significant 
negative correlations with exchangeable calcium# exchangeable 
magnesium and C/p ratio were observed for Karl soils. Tor 
Kayal soils# significant positive correlations between 
occluded.P cod total p, Ca-F# reductant P* sum of inorganic 
i>, non-extractablo F# total inorganic p and total of P 
fractions end significant negative correlations with Fe^O^/ 
AlgO^ were obtained. Kerapadam soils showed significant 
positive correlations between occluded P and total F# €a-P« 
reductant P# sum o£ inorganic F# organic P# non-sx tractable*
P# total inorganic P# active P and total of I* fractions# 
significant positive correlations between occluded F and 
total p# Ca-F# reductant p, sun of inorganic P# organic p, 
non-exfcraetable p. total inorganic P and total of P 
fractions and significant nsgafcivs correlations with AlgO^ 
and C/P ratio were obtained for coastal sandy alluvial soils. 
PoKkali soils recorded significant positive correlations 
between occluded P and pH# total P# all the P fractions# 
active F and total of P fractions and significant nagativa 
correlations with CaQ, Hgo and CA3 ratio. Significant 
positive correlations batween occluded p end total P# Fe-P# 
Ca-P# reductent P# sun of inorganic P# organic P# 
non-extrecboble P, totel Inorganic P and total of V fractions 
and significant negative correlations with saloid.F and 
c/p ratio were observsd for Kole soils*
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In all soil types# significant positive correlations 
between nun of Inorganic P and total P* 7e-p# Ca-P# 
reductant F* occluded P# organic P* non-axtractable p* 
total inorganic P# active P and total of P fractions and 
significant negative correlations with C/P ratio were 
recorded* significant positive correlations batween sun of 
inorganic P and organic carbon# CEC, exchangeable calclue# 
exchangeable nagnasiua* sand* salold P and Al-p end 
significant negative correlations with clay and PPG
were obtained for lateritic alluvial roils. Tar Ksrepedaai 
soils* the correlations between sun of inorganic F and 
Al-p end Pe-P were positive and with C/n ratio# it was 
negative and tha r values wore significant. Significant 
positive correlations between sua of inorganic P and 
Al-p* JFe-p and Fe^O^/A^C^ were recorded for coastal sandy 
alluvial soils, when significant negative correlations 
between aua of inorganic P and pH* CaO* HgO and sand were 
obtained for POkkali soils the relationships were positive 
end significant with salold p and Al-p. Per Kole soila, 
significant positive correlations were obtained between 
sun> of inorganic P with pH and Al-P.

2.3.7. Sua of inorganic P



Table * 21 Correlation Coefficien tsbetveen sum of Inorganic P and 5ail properties
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2.3.8* organic P

The correlation coefficients between organic P and 
total P, Ca-p* reductant P* sum of inorganic P* 
non-extractable p* total inorganic P* active P and total of 
p fractions were positive and with C/p ratio* the r values 
were significant and negative for all soil types*
Significant positive correlations between organic P end 
organic carbon* &2°y £££* exchangeable calcium, 
exchangeable raagneslurs* sand* saloid p and Al-P and 
significant negative correlations with clay end PFC were 
noted for lateritic alluvial solla. For Karapadam soils* 
tne correlation between organic P and Al-p was positive 
but with C/H ratio it was negative and the r values wore 
significant. The correlation coefficients between organic P 
with Al^o^ and F®2Q3//̂ 12C>3 wcr® positive end significant in 
the case of coastal sandy alluvium, organic P with saloid P 
and Al-p was positively correlated and with pH, CaO, MgO 
end sand* negatively correlated for Pbkkali soils and the 
r values were significant* For Kole soils* oignlfleant 
positive correlation was noted between organic P and pH* 
Significant positive correlations between organic P with 
Fe-P* and occluded P were noted for all soils except 
coastal sandy alluvium and Kayal soils respectively*
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Table. 22 Correlation Coefficients between Organic P and Soil Properties
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2*3*9* Hen-exfcraotable P

For all soil types# significant positive correlations 
between Ron-axtxectable P and total P# Ca-p# reductant P# 
occluded p# sin o£ inorganic P# organic P# total inorganic 
P# active p and total of P fractions and significant 
negative correlation with C/P ratio were recorded* For 
lateritic alluvium# significant positive correlations 
between non-«xtreatable p and organic carbon# esc# 
exchangeable calcium, exchangeable Magnesium# send and Al-p 
and significant negative correlations with B2°3# r*2 °3 # 
clay and PFC ware observed* significant negative correlation 
batwsan non-extractable P and Al^O-j was observed for 
coastal sandy alluvial soils* The correlation between 
non-cxtractable p end seloid P was positive end significant 
for PoHfcali soils* Significant negative correlations 
between non-sxtracfccble p and Fe^/Al^G^ was observed for 
Kole soils. Tha correlation between non-extractabls-P and 
Al-p was positive and significant for all soils except for 
Kayal and Kari soils. All.so11 types other then coastal 
sandy alluvium recorded positive significant correlation 
between non-extractahle p and Fe-p*
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Table. 23 Correlation Coefficients between \'nn-extfactable P and Soil Properties
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2*3*10. ffofcal inorganic P

Significant positive correlations between the total 
inorganic P end total P# P fractions other than saloid p# 
Al-P# active P and total of s? fractions, any significant 
negative correlation with C/p ratio were observed for all 
soil typos# She relationship between total inorganic i» 
and Al-P was positive and significant for all soils other 
than Sari and Kayal. significant positive correlations 
between total inorganic P and organic carbon a&3 s e g, 
exchangeable calcluo, exchangeable jaagneaima# send end 
salold p and significant negative correlations with Kgbg# 
silt* £'s>2 °3 . clay and PFG were obtained for lateritic 
alluvial soils. Significant positive correlation between 
total inorganic P and sand (KayalJ with Fe^o^/Al^O^
(coastal sandy alluvium) with saioid l* (pokkali) end with 
pH (Kole) uers recorded* significant negative correlations 
between total Inorganic P and (coastal sandy ailuvivn)
with pH# CaO* Hgo# and send (Pc&fcall) and with Fe20^/Al203 
(Kole) were also observed*



Table. 24 Correlation Coefficientsbetueen total inorganic - P and Soli Properties
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Phosphorus filing capacity (PPC) of 151 samples of 
soils belonging to seven major rice soil types in Kerala* 
vis*, lateritic alluvion C&1)« Kari (e2># Kayal (£3), 
Karapadae (S^>, coastal sandy alluvium (S^), pokkali (Sg) 
and Kola <s^) was determined and tha mean values ara 
presented in Table 25. To bring out tha differences In tha 
PTC, analysis of variance was conducted* Tha amova 
(Appendix IV) showed significant variation in PFC among the 
soils*

Tha data on tha moan ffc bring out the differences 
among tha seven soil types with respect to this property*
Ko significant difference could be noticed among the mean

Le^biYt he. « i‘u w
PFC c£^K*ri (s2>« .Koyal (Ŝ )# Karapedara (Ŝ ) and Kole 
soils These five soil types fixed comparatively and
significantly higher quantities of soluble phosphates under 
experimental situation than either coastal sandy alluvium 
(Sg) or Pokkuli (s^) soils* The ranges of variation of 
ppc for lateritic alluvium* Karl* Kayal* Ksrapadera* 
coastal sandy alluvium* pokkall and Kole soils were fromr I

36*00 to 66*00* 42*45 to 62*60* 44*90 to 55*15* 34*63 to 
60*23* 31*45 to 33*60* 24*45 to 44*50 end 41*20. to 57*25

1-31

3* Phosphorua fixing capacity of rice soils



Table 25* Moon s> fixing capacity (per cent)

Si*
r o * Soil type -emple

piss.
Kean
s?fc

1. lateritic allwitmi S3 47*87
?• nari 15 . 52.75
3. Kayal IS SO. 47
4* Kerapadam 17 40*47
5. Csastal sandy 

alluvium-
12 36.10

6. Pekkaii ’ 17 37*76
7* Kola 20 40.39

&£ rice soils

Critical difference
CO, - CO,- *CD0 - C0* - COg. . CD?

- 3.<35 3.85 3*67 4.32 3.67 3*46
4*03 4*69 5*13 4*69 4*52

4*69 5.13 4*69
4*93 4*54
«. - 4*99

4*52
4.37 
4.03

4.37

' cotO
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percent respectively* She naan PFC was 49*57 par cant on 
an average for tha first sat of five soil types* i*e* 
excluding pokk&li and coasts! sandy alluvial soils* while

' - r

the *aaa for the second sat of two soil types vis** Pokfcali 
and coastal sandy alluvium was 36*93 gter cent* the 
difference between the two means was also significant*
Among all the soils* the coastal sandy alluvium <$g) recorded 
the lowest Kean FFC of 36*10 per cent while the Karl soils 
($2) fixed highest amount of 32*75 percent of soluble 
phosphates*

3*1* Factors governing PFC
/

the FFC of a soil among many facti&re is mainly guided 
by the physico-chemical properties o£ the soil such as pH, 
organic carbon* total eesguioxides# total Fe^O^# total 
AlgOg* total SaO# total Hgo* CSC# exchangeable calcium* 
exchangeable magnesium* sand# silt* cLay# C/s? ratio# C/ft 
ratio end active P* In view of this# oiaple correlation 
coefficients end linear regressions of PFC with soil 
characteristics ware worked out and the results are presented 
in Table 26 to 32* The significance of these correlation 
coefficients was tested <Snedecor and Cochran* 1968) •

3*1*1* jjH

Significant negative correlation between PFC and pH 
was noted for oil soil types* She values of the correlation



Table 26. Estimated regression models and correlation coefficients between
P f i l i n g  c a p a c i t y  a n d  pSa

SI*
£Je>* Soil typo Senile

OiZQ
Correlation
coefficient

is )
Regression model 

( Y«a*bx) SE(b) Coefficient of 
determination

is2)
il) (2) (3) ii (5) (6) (73

1* JUateritic alluvium SB -0.9276 Y®251.9583—2.32GGK 0.2203 0.8604
2. Kari 15 -0.9707 Ye 82.3635—1.1323K. 0.0777 0.9423
3* Kayal 15 -0.93S5 YalG7.0918-2.3334K 0.1449 * *0.0752
■3. Karapadom 17 -0.8397 Y®142.1835-2.20i5Ji 0.3600 0.7052
S. Coastal oendy 

alluvium
12 -0.9137 Y»208.7892-1.1171* 0.1371 0.0348

6© yofefcoli 17 • -0.9468 Y»68.3328-0.6083X G.0534 0*8964
7. Kole 20 -0.7600 Y«97.0842-2.362GK 0.2747 0.5776

4ft osignificant at 1 per cent probability level.

coi£»



coefficients renged fron -0*76 <s^) to *0*97 (S^>. All the
regression coefficients of PFC with p!5 were also negative 
end significant* It wee found that the differences between 
the values of tha correlation coefficients of Kole soils 
($7) with lateritic alluvium (S^), Kari (S2) and Pokkali 

were significant* Xn the case of Karl and Karapadae 
soils the r values were sign if icentlydifferent*

3*1*2* Organic carbon
* *

Organic carbon was negatively correlated with PFC and 
was significant for ell soil types* The range of variation 
of the correlation coefficients was from -0*67 (S^) to 
-0*94 (5^)* The regression coefficients wore also negative 
and significant# The correlation coefficients of lateritic 
alluvium (Sj) were significantly different from that of,
Kari (82)r Karepadam (S^) and Kole (S?) soilo* The 
r values of Karepsdafu and Pokkali soilsfaaro significant*

3*1*3* Total aosottloscldes

Significant positive correlations could ha observed 
between PFC end total sesguloxides for all soil types* The 
values of the correlation coefficients varied free 0*61 (8g) 
to 0*99 (S3 and s^>* The range of values of correlation 
coefficients were narrow for this factor compared to other

135  *



Correlation nn.wi Coefficient of
Soil type. J i S  ' eoefficiset SEib) determieafeiem

Cr1 )
( 2 )  ( 3 )  ' U r  (53 <6) <73

Lateritlc alluvium
Kori
Kayal
RorapaUoci
Coastal sandy 
alluvium
FoMtali
Kola

27. Estimated regression ©adols and corr©lafclcn. coefficients
. between p f i l in g  capacity and organic carbon

55 -0*0432 3f©56.523S-0.1431X 0.0069 0.889G
15 -0.7626 ¥»??. 5075-0* 1038?* 0.G244 0.581S
15 -9.8118 ¥o?3* 7002-0.095%S 0.0171 . 0.6590
17 -©*065? y»73.0256-0o1©IIk 0.0305 0.44'H
12 —0*3334 ¥ra61* 6933-0.17§GK 0*0375 0.C946

17 -0*9329 Y»39.40S3-G.O7S13* 0.0075 0.8703
20 —0*7905 Sfc49 .3571-0. 0923.X 0*0163 0.6249

Sign ificant at 1 nos eeiifc probability  leve l.



Table 20, Estimated regression models end correlation coefficients between
P fixing capacity and total scsquiowides.

El.
No.

Soil type sample
sice

Correlation
coefficient<r)

Regression model 
( r*04-hx J

Coefficient of 
JE(b) determination

ix2)(1) (2) (33 W 3 (53 <63 (7)

1. Lateritic alluvium m 0.9850 S*-l.3603+0.223?X 0.0050 0.9718
2. Karl 15 0.9363 «*Y®~10 . 5103 •» 0 . 4001X 0.0416 0.676$
3. Kayal 15 G.9G75 <*•*Y« 33.S935+O.120SX 0.0053 0,9752
4. Karspadam 17 0.9556 Y« 20*5S90-j0.1G73X 0.0149 0.9132
S. Coastal sandy 

alluvion
12 0.6116 Y* 10.223840.69S2X 0.1565 **0.6S87

6* PokJcaXi 17 . 0.9617* Ya-13.6462t0•496$X 0.0366 **0.9249
7. Kolo 20 0 *9878 Y« 1.087640.1425k 0.0053 C.97S7

** significant at 1 per cent probability lovol.
CO~vl
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factors correlated with ppc* significant positive regression 
coefficients were also observed for Ptfc with total sesqisi- 
oxide»* She difference was observed to be significant 
between the values of the correlation coefficients of 
coastal sandy alluvium with laterifcic alluvium, Kayal and 
Kola, soils* similarly tire correlation coefficients of 
Karl soil differed significantly with that of-lafceritio 
alluvium and Kola soil, whan Kola and Pol:kali soils differed 
significantly with respect to the r values between PFC and 
total sesgaioxidcs.

3*1*4* Total PSgOg

Significant positive correlations were observed bstwata 
PFC with total fOjO^ for all soils* The values of the 
correlation coefficients ranged from 0*79 (s^) to 0*97 (6^>*

I * 1The regression coefficients were also found to be positive 
and significant* The s values showed that the differences 
between the values of tho correlation coefficients of 
coastal sandy alluvial roils (Sg) ware significantly 
different from those of both Karopadam (S^} and Kole soils 
(s?)* in respect o£ the relationship between PFC and total 
Pe203, the Karapadam soils (3^) were more or lees on the 
same status as tho Kole soils



Table 29. Estimated regression models and correlation coefficients botween
P fixing capacity and total Fg2°3

Si.
130.
C D

Soil type 

<23

Samg>i©
SiSQ
(33

degression model coeSiiclont "ECb}

<43 <53 <63

determination 
2 (r 3
(73

Coefficient of

1. bateritic alluvium
2. Kari
3. Kayal
4. Karapadasi
5* Coastal sandy 

alluvium
6* Pokfcali
lm Kole

55
15
25
17
12

17
20

0.9294 Vo ?.7U2*0.2U8X 0.0124
0.8344, Y=> 22.3709+0.5B5^X 0.0857
0.9319 Yen 37.3406*0.1670K 0.0132
0.9740 Y= 22.0535+0.3749X 0.0222
0.7985 Y=a 32.6527 40.99^6K 0.2376

0.9S98 Yes-22.3663+0.7293X 0.0552
0.96S§> Ye 5.2707+0.3O82X 0.0195

0.8453
0.702$
0.8684

d ft0.9502
0.6376

0.922$
19 *0.9330

** Signiticant at 1 per cent probability level,
M
COto



«J# T* 5#

The PFC was positively correlated with a12°3 for all 
aoil -types* Tha correlation and regression coefficients 
were significant for all soils except coastal sandy alluvium, 
Tha values of the correlation coefficients varied from a 
low value of 0*30 (S^) to a high value of 0*9? CS?). 
Lateritlc alluvium shoved significant difference in the 
correlation coefficient between PFC and Alg^s content than 
Karl* Kayal# Karspadwa, Pokkali and Role* Coastal sandy 
alluvium showed significant difference in the correlation 
coefficient between PFC «na A1203 than Karl, Kerepadam* 
pokkali and Role*

3.1*6# Total CaO

Significant negative correlations were noted between 
PFC and total CaO considering all the soils together* The 
low end high values for the correlation coefficients were 
obtained for the Kola (-0*66) and the Fokkcli soils (-0*96). 
The regression coefficients were also negative and 
significant* The z  values showed that the differences 
between the magnitude of the correlation coefficients of 
Pokkali soils with lateritic; alluvium end Kole soils were 
significant* The lateritlc alluvium showed significant 
difference in the correlation coefficient between PFC end 
total CaO content than Role soils*

1 <10'



Table 30. Estimated regression models and correlation coefficients between
P fixing capacity and total AlgO^

Si.
Ho.
(1 )

Soil type 

(2)

Sample
size
(3)

Correlation
coefficient

(r)
(4)

Regression model 
(Y-a-ibx)

{$)

SE(b)

(6 )

Coefficient of 
determination

(r2)
<7>

1. Lateritic alluvium 55 0.3803 Yss 27. 0717+C. 2582JC 0-0861 *40.1450
2. Karl 15 0.9050 Y=-■69.4857+0.9588X 0.1244 **0.8205
3, Kayal . 15 0.8592 Y= 34.8119+0.2530X 0.0418 *-*0.7382
4. Karapadara 17 0.8991. Ys **21.4006+0.3455X 0.0434 vt0.8064
5. Coastal sandy 

alluvium
12 0.4128 Y» 29.9984+0.5561X 0.3880 0.1704

6. Po3c3cali 17 0.9561 Y=-l5.0716+1.5258X 0.1208 0.9lll
7. Kole 20 0.9661 Y=> **0.5088+0.2445X 0.0154 0.9333

** Significant at 1 per cent probability level.
M
b'*



Table 31* Estimated regression models and correlation coefficients between
p fixing capacity and total CaO*

SI,
NO. soil type

Coefficient of 
ss(b) determination

(r2>
U )  (2) (3) (4) (S3 (6) (7)

1* Lateritlc alluvium 55 •0*0482 Y« ®6.G47C«0*S9§fe 0.0767 0.7194
2* Karl 15 •0*8437 y* 83.7483-0*97e§X 0*1727 0*7118
3* Kayal 15 •0.7721 Hm 66.5361-0.2536X 0.0572 0.5961
4a Karapedaas 17 -0*3334 Y*123. 2532-1.619^ 0.2773 0.6946
5* Coastal sandy alluvium 12 -0.7662 Y* 67.4096-1.2725X 0.3375 0*5071

6* Pokkali 17 —0*9606 Y* 61.9583-1.442SX 0*1077 0*9223
7. Kale 20 -0*6585 56.6206-0.5206X 0*1402 0.4336

+-h CSignificant at 1 per cent probability level*



The KgO content was found to be negatively correlated 
with p f c In ell ooil types* The correlation coefficient* 
were significant at 1 per cent probability level in ell 
soils except Karl* Karapadan and coastal sandy alluvium 
whose r values were found to be significant only at S per 
cent level* Similar results could be obtained in the case 
of regressions also* The values of the correlation 
coefficients ranged from *0*53 (S^) to «*Q*93 (S^). The 
difference between the values of the correlation coefficients 
between Pobkoli and all other soil groups were significant*

3*4*3, Cation Exchange Capacity

■ The correlation coefficients between PFC and CEC were 
negative end significant for all soils, the r valuas ranged 
from *0*74 (S?) to *0*96 (S^)* The regression coefficient* 
were also negative end significant* The Z statistic shoved 
significant differences between the values of the correlation 
coefficients of Kole coils with latcritic alluvium and 
Pokkall soils*

3*1*9* fctchanqaablg calcium

Significant negative correlations and regressions were 
observed for PFC with exchangeable calcium in all soil types.

■143

3*U?« Total MgQ



Table 32. E3t,lciatQ-d regression ssodolo end correlation coefficients between
J? fixing capacity end total KgC.

SI.
BO.
(1>

Soil type 

(2)

Sample Sf2J}!lKl2 degression model #-=■***!alse coefficient a(y(MMist, oE(bJ
13} (4) (5) (6)

Coefficient of
determination

<r2 )
C?)

1. Lateritic alluvium 55 •0.7840 Y«59.2036-2.C65SX 0*2241 0.6159
2. Karl 15 -0.5312 Y«61, 7361-0. 7734X 0.3421 0.2322
3. Kayel 15 —0*6592 Y»S8•9150-0•407SX 0.1255 plrfV0.4477
4. Karapada© 17 -0.5534 Y*=97. 7410-3. 3548X 1.3037 ««0.3063
S. Coastal sandy alluvium 12 -0.5043 Y«57.9333-0.8521X 0.3742 0.3414

6. Pokkali 17 —0*9317 A it*Y°76.4472-1.4503X 0.1460 *#0.8631
?. Kole 20 —0.6166 ¥»S0.1453-0.5135X 0.1546 aA0.3802

a« aignifleant at 1 par cent probability level.
* Significant at 5 per cent probability level.



Stable 33. £sfcitaafcec3 regression oodala and correlation coefficients between
p fixing capacity anti c«£.c.

si.
Ho*

(1)

soil typo 

(2)

Sample
sise
(3)

coefficient r'Q9rcssion b*0*3®* (r) <Y«a+bx)
M )  (5)

Coefficient of 
@E{&) determination

(6)

6.
7.

alluvium
Pofclcoli
Ko Ig

17
20

-0.9552
-0.7408

*•*Y-60. 8536-0. 024&K.
**¥=*52. 2703-0.0250'.

0.0020

0.0057

(r2)
(7}

1. l>at critic alluvium 55 -0.9256 ¥«84.3032-0.0590X 0.0033 0.8567
2. Kori 15 -0.8901 7»?2•6301-0.Q200X 0.0020 0.7923
3. Kayal 15 -0*0389 yaGl.5764-0.0108K 0.0016 0.7901
4. Karapadao 17 -0.9100 V-72.262X-G.QS7SX 0.0021 0.6281
5. Coastal sandy 12 -0.3162 7=56.8367-0.009*X 0.0021 **0.6662

0.9124
ft**0*5488

** Signii! leant et 1 per cent proik&billty level.



Table 34. Estimated regression models and correlation coefficients between
P fixing capacity and .exchangeable eaicluns

si.
h o .
(1)

i*
<2*
3.
4.
5.

6. 
7.

Soil type 

<2>

Lateritic alluvium
Karl
Kay .a!
Karapadam
Coastal sandy 
alluvium
Pokkali
Kole

Sasnple
else
(3)

55
25
15
17
12

17
20

Correlation
coefficient

4r)
(4)

-0.9012
-0.0750
—0.8334
—0.8506
-0*6114

—0.9541
-9*7465

degression model 
<7*Q*bx)

(5)

Coefficient; of 
fiE(b) determination

7*80.7757-0.1242X 
7*73.1706-0.Q4s5x 
7*61.6273-0.0310?: 
7*73 .@300—0* 0494?:
7*56.7777-0,0232X

*6)

Q.0GS2
0,0072
0.0045
0.0075
0.0053

7*60* 5572-0* 06Gif X 0.0036
**7*52,6511-0.0776X 0.0263

tr^) C7)

0.8122
0.7655

0.70§S
0.7406
0.6584

**0*9103
0*557?

°* Significant at 1 per cent probability level,



Xfte range of variation of the values of the correlation 
coefficients was from -0*75 <s?) to -0*95 (S6)* Except in 
the case of pohkall and Kole soila, the differences of the 
r values between ell other seta were found to he not 
significant.

3,1.10. Exchangeable magnesium

The Pl'C van negatively correlated with exchangeable 
magnesium in all cases. Both the correlation and regression 
coefficients were negative end significant. She r values 
Varied from -0*74 (S?J to -0.96 ®h* correlation
coefficients of Kole soils were significantly different 
from that of laterl&lc alluvium and Pokkall soils*

3*1.11. Sand

She PFC decreased significantly as the sand content 
increased for all soil* except the coastal candy alluvium 
whose correlation was negative but not significant. Same 
was the case with regard to regressions also. Coastal sandy 
alluvium end the Kayal soils recorded the lowest and highest 
r values (-0.52 and -0.93) respectively. She values of the 
correlation coefficients of coastal sandy alluvium were 
significantly different from those of lateritic diluvium, 
Karl, Kayal, Karapadom and Kole soils*

147



Table 35* safeitt&tsd regression models and correlation coefficients fcetueen
P fixing capacity and exchangeable magnesium

SI,
tic. Soil fcyps Sample

oic*
correlation
coefficient

iff)
Regress ion model 

{Ywa^&O
Co«££iciest a£ 

Sr£{b) determination
(r2>

(1) (2) (3) (4) <S) (5> (7)

1 . L^tcritic alluvluai 55 •0,5260 ■&WG4.4074—Q. 23§2a 0,0165 0,85%
2. Kori ' 15 -0,$7S7 y«72 * 0543-0,h M k 0.0171 0.7651
3, Kayal 15 •0,0680 ifcCX ,5021-D.G3§I>: 0,0052 0.7900
4, Karapedas 17 —0.6950 5051-0,G?G§£ 0.0009 o.solS
5, Coastal sandy 

alluvium
12 -0,6112 yetSO •7620-0,0263X 0.0060 o.esll

6, Fofcliali 17 -0.9530 Y*6G . C084-0.11 OIK. 0.0094 0.9132
7. Kola 20 -0,7409 Jf je5SE <>.3333—0 ,0830iv 0.0177 0.54 el

** Significant at 1 per cent probability level

ec



Table 36* Sfltlnated regross ion nopals and correlation coefficients feotwoon
P fixing capacity and aond.

SI*
HO*
u >

u

2.
3.

Qm

s .

6*
7.

Saspl® Correlation

Latorltic allnviwo
Karl
Kayal
Korop g<3qei
Coastal candy 
alluvium
PdkJcall
Kole

QiSQ Cr)
(3) (4)

55 —0.9134
15 -0*9049
23 -0*9231
17 -0.9272
12 -0*5240

27 —0*0918
20 -0*0964

Regression oodol 
iYctâ b::)

(5J
fkflY® 75,9652-0.0592K 

Ytn 95. 3104-0. 075 3>l 
Y^l02.1596-0.0945K

AftY** 79.7220-0. 062 <02? 
¥*>128.0240-0.0319X

s b <&) 

(6 )

0*0036
0*0096
0.0109
0*0069
0*0421

Coefficient of 
determination

Cr2)

Y-170.1451-0.143E?? 0*0288

Yo 59*3505-0.048?;i G.0057

(7)

0.6343
0.0138
0*8522
o.8«n
0*2746

0.7953
o.oolS

fti1 Significant at 1 per cent probability lovol



A positive correlation between PFC and silt content 
was observed for all the soils studied* The correlations 
end regressions were significant for lateritic alluvium, 
Karapadam, Pokkali and Kole soils. The range of variation 
of the.values of the correlation coefficients was from 
0.24 (8^) to 0*81 (£^). The correlation coefficient of 
Kayal soils differed significantly with that of Pokkall and 
Kole soils*

3*1*13* Clay

The PFC was positively correlated with the clay In 
all the soils, fixcept for Kari and Pokkali soils* the 
correlations and regressions were significant in all cases.
The lowest and highest r values were recorded by Pdkkall 
(0*19) and Karapadam (0*92) respectively. The Z values 
showed that the differences between the values of th* 
correlation coefficients of lateritic alluvium with that of 
Kari* Kayal* Pokkall and Kole soils was significant. The 
correlation coefficients of Karapadon soils were significantly 
diffarent from those of Karl* Kayal* coastal candy alluvium 
and Kole soils*

t

3*1*14* C/p ratio

A negative correlation between PFC and C/P ratio was 
observed for all soils. The values of the correlation

•150
3.1*12. S^lt



TgMo 37. Estimated regression models end eorreiatlon coefficients 'eott/sen
P fixing capacity and silt.

Soil typo 

12)

critic alluvium
Karl
Rayol
Koropodao
coao&ol sandy 
alluvium
potiUcli
Kole

Scs^lo
eisG
<3)

55
15
IS
17
12

17
20

Correlation
coefficient

<r)
(4)

Q.6B6G
0.44(33
0.2422
0.6350
0.363G

0.0116
0.7792

fiiGgresoion nodol C¥cja-fb;i)
<5)

¥«23.6Q7O*0. 103G?i 
¥<=4g .35s i*0«03o& c 
Se47,S123*0,G133X 
¥=327. 7SS5*C.08§3tf 
¥=*44 • 3200*0.20GGX

¥«33.0494 *0.13C&*. 
¥^23 .1041 +0 • 06Q2Ji

sisCb)

C6)

0.0149
0.0174
0.0147
9.0220
0*0927

0,0243
0*0129

Coefficient of 
determination

(r2)
(7)

0.4744
0.1933
0.0507
G.4@l&
0.3173

.659$0
0*6072

^ Significant at 1 per cent probability level.



Table 38, Estimated regression models and correlation coefficients bet^e^i
P fixing capacity and clay.

SI.N0.
<l)

u

2.
3*
4*
5.

6*
7*

Soil type 

(2)

Lateritic alluvium 
Kari
Kayal
KarapadaRi
Coastal sandy 
alluvium
Fokkall
Kole

Sample
size
(3)

Correlation
.coefficient

(r)
(4)

Regression modal 
(¥a$4bx)

(5)

SE(b)

(6)

Coefficient of
determination

( r 2 )
(7)

55 0.8503 ' Y«22.1792+0.0762X 0*0065 G.72§0
IS 0.3440 Y«44.7594+0.0242X 0*0184 0.1183
IS 0.5439 Y«44.9392+0.022CK 0.0090 0.2958
17 0.9190 Y^22.4335+0.105QX 0.0116 0.8446
12 0.5007 Yo46.7983*0.235BX 0.0590 0.3466

27 0.1942 Ya45.7126*0«0648X 0.0844 0.0377
20 0.5356 Y*22.32324-0* 0421X 0.0156 0.2869

* Significant at 5 per cent probability level*
** significant at 1 per cent probability level.

cnfO



Table 39. Estimated regression models end carrelatloo. coefficients feetvoen
p fixing capacity and organic C/organic P

Si,
no*
U )

u

2.
3.
4, 
5*

6*
7.

Soil type , 

12}

haterltia  a llu v iu m

Karl
Kuyal
Karapadara
Coastal sandy 
alluvium
PoKkali
Koie

Sample
©ise
C3)

55
IS
15
17
12

17
20

Correlation
c o e f f i c i e n t

M
in)

-0,4724
-0*4132
-0.2259
-0.4377.
-0*4270

-0.0207 
—0.2714

a e g r e s s io n  model 
. (yoa^tec)

tS)

Y*43*6492-0.GO1GX 
Ya52•5627-0»0003X 
¥«D4.4962—0*0CGGX 
YoS9.5543-0.0Q16K 
Y®54♦24G4-0.C003K

sgtt>)

0.0002
0.0G02
0.0000
0.0006
0.0002

Y-53.63G5-0.90!)5K 0.0001
Y=>39. eSG8-O.O0G7,it 0*0006

Coefficient of determination
(c2)

(?)

.ft0.2232
0.1749
0.0510 
0.2916 
0,1323

0*6?I§
0.0737

** significant at 2 per cent probability level.
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coefficients renged fro* *0.23 (S^) to «*0.®2 (Sg)* The
correlation on<3 regression coofficiont© were significant

p

only far,lateritic alluvium and pokkali soils. The z 
statistic skewed significant differences between the 
r values in the case of pokkaii with lateritic alluvium,
Kayal and kole soils.

3.1.15. c/m ratio

The prc was positively correlated with C/H ratio# the 
values of the correlation coefficients varied.from 0*06 (3^) 
to 0.66 (Sg)« Significant correlation and regression 
coefficients were obtained only for lateritic alluvium#
Kayal# Pokkali and Kole soils. The differences between the 
values of the correlation coefficients wore not significant 
for all the soils.

3.1.16. Pe203/Al203

Th# relationship between the pfc and i®2°3'̂ A^2a3 
was positive* The lowest and highest correlation coefficients 
were obtained for (0.29) and (0.03) respectively*
The correlations and regression coefficients wore significant 
for lateritic alluvium# Karl and Karspadaot soils only. The 
value of the correlation coefficient of Karl soils was 
significantly different from these of lateritic alluvium 
end pokkall soils*



Sable 40* Estimated regression models end correlation coefficients between
i5 fixing capacity an6 C/fe ratio*

s i ,
i.O.

U)

Sail type 

(2i

1* Lafcoritic alluvium 
2* Karl 

Kayal
£to rap odea

3.
4.
5. Coastal sandy 

allcviua
6* POfcltulA
?* Hole

8 affile 
Ol2Q
(3)

5S
IS

IS
a7
12

17
20

Kogrcssion taadel 
(rj U-a+ta)
<41 .

0*5130 
0.0S8S. 
0*6625. 
0*4166 
0.3200

0*5401
6*5240

(S)
a*V« .23*9082+0*00041: 

Y* 43.6269+0.007QK 
Y*» 31*2669+0*02S3K 
Y»*66,9S79+0*1317K 
Y» 50.5697+0.0011X

Y« 39.7675+0.0067X
Y« 19* 0039+0*01 ?4K.

* Significant at 5 per cent probability level*
** Significant at t per cent probability level*

SECb)

(6)

0.0019
0.0339
0*0080
0.073©
0.0020

0*0027
0.0067

Coefficient of
determination

C r2 )
I V  ___

o.soli
0*0034
0*4369
0*1752
0*1024

0.291$
0.2746

SS
I



Table 41. Estimated regression models and correlation coefficients between
P fixing capacity and *e203^^2°3 ratio-

&1.
No*
£1)

8o li type 

(2)

Sezple
sice
(3)

Correlationcoefficient(r)
<4)

Regression model (Y»a*tet)
<SJ

se(b)
(6)

Coefficient ofdetermlnatIon
<r2)(7)

1. Lateritic alluvium 55 0*2692 Yo 31*1413<t€*Q131x 0*0082 0*0636
2* Kari 15 0.8265 Y«* 19.6634*0. 73§7X 0*1499 **0.6864
3. Kayal 15 0*3425 Y« 43.8708*0*0517X 0*0394 0*1173
4* Koropadoffl 17 0*4891 Ya 12.1346+0.4056K 0.1868 0.2392
S. Coastal sandy 

alluvium
12 0*5615 Y» 39*1647+0. 0275X 0.1283 0*3153

6. Pofckali 17 0*3071 Y«-63*9874+0. 5606X 0*4485 0.0943
7* Kole 20 0*3965 2*3 3.6084+0.474OX 0*2506 0.1572

* Significant at probability level
** Significant at l£> probability level 9s

r



. The c o r r e l a t i o n *  b etw een  P r c  end a c t i v e  P w ere  n e g a t i v e  

f o r  a l l  s o i l s  s t u d i e d .  Tha v a lu e s  o f  t h e  c o r r e l a t i o n  

c o e f f i c i e n t s  ra n g e d  f r e e  * 0 .  0 0 4  ( c o a s t a l  sa n d y  a llu v iu m )  

t o  * 0 . 5 2 7  ( P o k k a l l ) .  T he c o r r e l a t i o n  c o e f f i c i e n t s  o f  o n ly  

l a t e r i t i c  a llu v iu m  w ere  s i g n i f i c a n t  a t  1  p e r  c e n t  p r o b a b i l i t y  

l e v e l  w h ile  th o s e  o f  P o k k a ll  end K o le  s o i l s  w o re  s i g n i f i c a n t  

a t  5  p e r  c e n t  l e v e l ,

3 * 2 *  Relative Influence o f  selected independent factors
on PFC

S te p w is e  r e g r e s s i o n  a n a l y s i s  was c a r r i e d  o u t  t o  a s s e a s  

t h e  r e l a t i v e  in f l u e n c e  o £  s e l e c t e d  in d e p e n d e n t f a c t o r s  

v i s * *  p »  < % }), r2 o3  <x 2 > , c a o  ( x 3 ) ,  Mgo ( x 4 ) # esc <x£ ) ,  

o r g a n i c  n a t t e r  (Xg ) and c l a y  c o n t e n t  (X ^ ) on t h e  p r c  o f  

e e v a n  r i c e  s o i l s  and th e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b le  

4 3  t o  4 9 *

Zn l a t e r i t i c  a llu v iu m  among t h e  se v e n  in d ep en d en t  

v a r i a b l e *  s t u d i e d , o n ly  tw o (H2 ° 3  and C® °J a p p e a r  t o  b e  

e x e r t i n g  an y  s i g n i f i c a n t  i n f l u e n c e  on t h e  d ep a n d e n t v a r i a b l e *  

All th e  v a r i a b l e s  c o n s id e r e d  t o g e t h e r  ho w ever e x p l a i n  m ore
S ’

th a n  9 8  p e r c e n ta g e  o f  t h e  t o t a l  v a r i a t i o n  o b se rv e d  in  t h e  

d ep en d en t v a r i a b l e ,  in  o t h e r  w ords* t h e  d a t a  g i v e s
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Table 42. Estimated regression socreis and correlation coefficients between
P fining capacity and active P (hi»P +F*-? +Ca-P)

SI.
Bo*
U )

1*
2.
3*
4*
5.

6. 
7.

Soil type 

(2)
La tcritic alluvium
K a r l

Kayal
Karapadaa
Coastal sandy 
alluvium
Pokkali
KoIq

Samplealee
(3)

Correlation
coefficient

<r)
U >

Regression n»del 
(Y-a+bi;)

(5)

SK< b) 

(6)

Coefficient i 
determinant©;

(r2)(7)

55 -0*3502 ¥•41.9098—0.0029K. 0*0011 0*1226
15 -0.0353 Y«s4G.7593-0*0G12X 0.0092 0*0012
IS -0*2590 . Y«54.1372-0*0019X 0.0020 0*0671
17 -0.0464 Y-49.2817—Q.000SX 0.0028 0.C022
12 -0.C036 Y-52•7709-0.00003K 0*0024 9.00001

17
20

’0*2273 ¥*41.3395-0. OOGlii 0.0025 0*2780
-0*5085 lf«41 • 8641-0*0034X 0*0013 0.2586

* Significant at 5 per cent probability level
** significant at 1 per cent probability level C/1

00



statistically good fit to the specified model. A perusal 
of the stepwise regression models reveals that Kg&g id the 
most significant factor and it alone accounts for about 97 
percentage of the total variation.

The effect of pH was significant and its contribution 
to the PFC was the highest (94 per cent) In Keri soils*
About 99 per cent of the total variation was accounted by 
the seven independent variable# taken together# showing a 
statistically good fit to the specified model. When pH* 
exert significant negative influence CaO* organic matter 
and clay produce significant positive influence on the PIC 
of Karl soils*

The maximum contribution (40 per cent) in the total 
variation of the PFC has been by CSC followed by CaO* pH* 
*2°y organic matter* HgO and clay in Kayal soils. In the 
final regression equation the organic matter alone was found 
to be significant. However* all the variables taken together 
contributed 80 per cent of the total variation in PFC for 
this soil type*

In Karapadaa soils* 90 per cant of the total variation 
in PFC was accounted by $2°3 followed by clay* All the 
variables taken together explain more then 90 per cant of 
the total variation on the dependant variable* Among the 
seven independent variables* R2C>3 end C&C influenced the 
PFC significantly*
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Table 43* Susaaory results o£ the efceg&fis© regression analysis £qs p fisting capacity ©£
Xot.eri.fcic alluvial soils

R-2A*1* 5? ® 8.720/*2.1359&2 0.9720
(0*0493)

2m Y e> 43*113e-5*439lx1+l«714lK2 0*9307
(1.0907) (0*0941)

3* Y o 44.4X15-5*054 $KX *X * ©SOSK^O*274(Sig 0*9006
(1*1925) (0.1165) (0*3366)

4* 1t o  43.8239-3*O8§4Xa*a*6S$2g2-&.2G35g5+0»GlO3&7 0*9002
(1*2129) (0*1178) (0.4572) (0.0445)

5. Y * 40.0Q74-2.369CK2^1.63llX2-10.65§itt3«0.4392Ks+0.0013X7 0.9817
(1.6755) (0.1130) (4.8076) (0.4518) (0.0430)

6. Y a 44.293D»2.89OSK1^1.6l8lx2-14*3917X3+13.S27m4-O.4732Xs^O.G0O5li7 0.9818
(1.7425) (0.1155) (5*7953) (12*4745) (0*4520) (0*0429) . , . .

7. Y » 43*6991-2.6685X^1 •6i8Sk 2-14.386SK3^13*5767X4-O*4304X5*O.0C63h s -0.0033s 7 0*98X2
(1.7749) (0*1167) (5.0557) (12.6C96) (0*5255) (0*0473) (0.0521)

* Significant at 0*05 level
*** Signifies®t at 0.01 level •

Figures in parenthesis Indicate the standard error*
C DQ



tTahlo

1. ■* 

2 * v 

i» y

4c ¥

s .  y

7* y

44© Susraory re s u lts  o f tluo stepwise regression analysis fo r  P f i l in g  capacity
o f K a rl s o ils

R"2' "

o 04.3457-11.3S$5xa . 0*9429
('0*7749}

a 5S»1476-Si»32§SX14a*2Q3SX2 . 0.9SX3
(1.6530) (0.67905

© S6.9479-S.97Hx^.ge??£2*0.2V12>;3 0*9483
(2.3534} (0.7149) (0.3603)"*

® 63.1330-23. 7 60^1^.965SXs<t36.0393K3+6.179.GKs C.9S39
<2.0201) (G«6111}*(15.1663) (0.3021)

ftex 63. 2343-13. 7145^ *0.902 7li2<s35..07I4X3~0. 7Q21X4<£’0.1766X5 0.9604
(3.0281) (0.6449) (16.0039) (9.8503) (0.3190) 

a 47.0696-11.171^^1*530^^2^25.0056X34*1.216^40.2564X^0.072^ 0.9651
(3.3271) (0.7173) (16.66813 (9.4044) (0.3070) (0.0504)

© 42.3323-9.XySlx^*! . 1 5 9 9260X3«7.4518X4-0*0073X^40.23?&lg-fr0. 2075X7 0.9787
(2.7691) (0.5854) (13.6553) (0.2220) (0.2651) (0.0706) (0.0355)

* S ig n ific a n t a t OiOS le v e l
**’ s ig n ific a n t a t Q'*Q1 le v e l

Figures In  parentheses in d ica te  the standard e rro r. M<75h-J



 ........................ 7 2 ’ " '

1. Y = 66.8399-1*7823X5 0.4006
(0.6046) -

2. Y = 68.7255-5.6313X3-1.6143X5 0.3568
(27 *66 56).(1.0375) - ■

3. Y = 26.4711+13i8379X1-17.4ll6X3-2i2797X5 0.3313
(20.3527)■(33.1888) (1.4439)-

4. Y = 149.2120-4«,9844X1 -2.640SX--12 . 0949X„~3. 4593X,- 0.38971 2  o 5
(23.7155)(1.8888) (32*0627) (1.6221)

5. Y = 148.1450-3.3348X1-2.6605X2-16.3039X3-3.5395X5-O.O824X6 0.3325
.(25*9644). (1*9872) (38*6343) (1.7406) (0.3628) -

6. Y = 123.2750+2*515lX^-2* 3488X2—30 *5561X3+57* 2512X^—4•0873X^-0i1091X^ 0.3753
(25.7245) (1.9512) (39.3538) (46.?959) (1.757.6) (0.3539) . ..

7. Y = 501.6910-58*9524^+1.0146X2+31.9743X3-29i4028X4-1.7989X5-4i8462X6-4*9545JC7 0.6534
................ (29.9697) (1*9283) (37.6354)^(47*7290) (1*5682) (1.7860) (1.8472)

Table 45. Summary results of the stepwise regression analysis for P fixing capacity
..................................... of Kayal .soils...............  . ......

* Significant at 0.05 level
** Significant at 0.01 level

Figures in parantheses indicate the standard error



Table 46. SuExaary results of tiio stepwise regress ion analysis far P fix log capacity
of Korop a dais soils

K*2
1. V a 20.6072*1.37$2K2 0.9073

(0.1545)
2. Y - IQ.7575+1.177Sx2*G.4916X7 0.9642

3. ¥ - 32.5965+1.O95lx2-0.5lO3K5+O.25O^X7 0.9742
(0.1481) (0.2033) (0.1253)

4. y ea 40.0757-2.7i09Xa*l*021ISx2-*0.559^X5+0.166SS7 0.9757
(2.0669) (0.1532) (0.2014) (0.1407)

5. ¥ o 59.6752-2.833eKa+O.0726X2-7.9914X3-0.7 4 1 ^ + 0 . 0 6 6 ^  0.9775
(1.9972) (0.1061) (5.8313) (0.2364) (0.1541)

6. 2 a 57.1509-2.64OS!<a*0.85^3x2-Q.3O4OX3-O.688OX3+O.O266X6+O.O943X7 0.9756
(2.2278) (0.2040) (6.2250) (0.3335) (0.1063) (0.1951)

7. V o 64.7227-2.4723Ka+O.eO9%K2-9.S645X3-27.2O65X4-Q.0172X3*O.C25OX6*O.O131X7 0.9744

* Significant at 0.05 level
** significant at 0.01 level

Figures' in parentheses indicate the standard error.
cnto



‘JsMo 47. Suzrmary results of stepwise regression analysis for p fixleg capacity of
Coastal sandy alluvium soils

1. 5f

2. X a

3. y »»

4. X

5.

6» ¥ o

7. ¥

tt«Kt92.3675-11.2161^
(1.6463)

39•7074-9.23^0X^+2.Q96QX2 
(2.1000) (1.4737)

48.@237-6.2159^ +3.1556X2-0.106I»5 
(3.4080) (1.5854) (0.3039)

60.2915-9. 889OX1+2.08B5ii2+20. 8 6 8 8 X3 -0 .1342XS
(6.3222) (1.7260) (51.7361) (0.3312)

69.1790-10.5S02X, *2.OlG7*„+4O.6S23X^-O.G974X£;»9.1370X.J .
( 9•3854 ) 1  (3 . 8788 )'* (72. 0874 ) a (0. 3836 )* ( 0. 5375 )1

a 3 .1 8 7 9 -9 .9 G 4 6 X i + 3 .2 7 9 6 x 2,42O.6Q44X3 +lS.OG39X4 -O .1133K s- 0 . i 9 3 3 X 7
(10.2739) (2.3707) (06.9090) (39.2401) (0.4163) (0.5982)

-38.5092-12.44S4X +8.0707X2-167.59§8x3-3.6143X^-1.2122X5-3.3013X6+0.1S97X7
<4.1464)*(0.9232) (35.4900)(21.4326) (0.1069) (0.4344) (0.4344)

* Significant at 0.05 level
>b Significant at 0.01 level

Figures In parentheses indicate the standard error,

|T2
0.6227

0.0636 

0.6552 

0.6440 

0.6237

o.eooi

0.9645

CO



Table 48* Sisaesary results o£ the stepwise regression analysis for i> fixing capacity of
Pokkali soils

A ft1. Y cs -24.G56G+5.0234Ji2
(0.3628)

2. V a 10.S622*2.7165?12-?0.3465k 3
(0.9627) (27.7010)

3. f c 16.1696+2.3404x 2-63.G540K3-G*3155X5
(1.2863) (32.7221) (0.6378)

4. ¥ * 14.1621-1.3919r,1+2.5769X2-28.0274K3-0.2514Ks
(2.7696) (1.4060) (77.4294) (0.7199)

5* V s -1.4154-3,0701X1+3.0207K2-97.4517X3+104.0920Jl4+0.1290X5 
(2.7D99)( 1.3483) (84.4266) (64.3910) (0.7157)

6. ¥ w -1.032C-2.6874X1+2.99e$X2-90.227l+96.GGl3X4+O.!99GX5+Q.G67SX6

7. ¥
(3.1157) (3.4069) (68.0348)(70.9145)(0.7728) (0.2931)

3.4195-3.7503X1+2.9424X2-0O.5623X3+96.21iax4+O.O826X5-O.O62?X6-O.1832X7 
(4.5512) (1.4031)(106.0260) (74.2830) (0.8809) (0.4363) (0.5426)

R*2
0.9274

0.9469

0.9440

0.9410

0.9483

0.9443

0.9395

* Significant at 0.05 level
significant at 0.01 level
Figures in parentheses indicate the standard error.

h-*
cncn



$abl« 49* Suaraary results &£ the Gfcepwise regression analysio for & fixing eapeeifcy ©f
Ke>Xe coils

i3.2584^1.4267x2(0.0520) 
i*!*42i§Jt;
(0*0865)' (0*0525)

2® Y o a3.26454l*42l33t2^O.OOaaKg

3. V o 14* 7615^2 *33^L(2«>Q*a073Ks<frO*0060K6 
(0*1144) (0*2040) (0*0545)4V *4* Y © 10.226O^2.2e74K2«S*6OO7K3»O*O2S8JCg^O.O5O5Ke 
(0.1462) (5.2314) (0.2163) (0.0679)

5. Y «= 29.634e-0.643S&1+2.258e&2-4*2557Jt3-0.GS24&s*O.O6S3K6
(1*5636) (0*2662) (6.5692) (0*2306) (0.0300)

6. Y © 2O.S625-O.0216Ka-*-i.26S^2-9*7499x343.655lK4-fO.O4QlKs^O.O763S6
(1.5604) (0.1646) (3.1604) (7.6373) (0.2324) (0.0797)

7. Y « 2O.5826-O.8217X1+2.26§6K2-9*7496IC3+3.S5473t<s-s-O.O402Ks^O.O763S6+O.OOOGK?
(1*7676) (0*1717)**(3*3239) (0.5121) (0.2739) (G.Q329) (0.0609)

* Significant at 0*05 XqvgX
** Sign if leant 'at- 0*02 level

figures in parentheses indicate the standard error.

0.9767

0*9754

0*9744

0.9747

0.9734

0*9740

0.9720

M  vCOo
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Th* effect of pH was significant and it* contribution 
in the total variation of the PFC ye* the highest (82 per cen 
Is coastal sandy alluvium* In the final regression Model, 
except HgO and clay# all the independent variables

I

significantly influenced the PFC of the soil and all the 
variables tcXen together accounted for 99 per cent of the 
total change in PFC#

Among the seven independent variables R2°3 •KP*#in*<2 
for the maximum change (92 per cent) in PFC followed by CsO 
in Pokkali soils# All the variables taken together explain 
sore than 96 per cent on the total variation in PFC* 2n 
other words# the data give statistically good fit to the 
specified Model#

In Kole soils# store than 97 per cent of the total 
~ variation in PFC was explained by JŜ Ô  followed by organic 

natter# significantly influenced the PFC of the soil#

4# Pattern of transformation of phosphorus under submergence

4#1# influence of submergence on inorganic V fractions

She influence of submergence on inorganic P fractions 
in selected soils based on analysis of variance is given in 
Appendix v« The Bean values for each P fraction under



air dry «a wall as waterlogged conditions for various soil 
types end the percentage increase in P fractions due to 
waterlogging era presented in Table SO to 57* The basic 
date on individual soils relating to thse changes are 
presented in Appendix XX*

S«loid_£

The a n o v a revealed that there is significant difference 
in saloid P among different soil types*

Under air dry condition* the mean selold P was lowest 
for coastal sandy alluvium (5*00 ppm) and highest for Kole 
soils (39*50 pp»). When submerged* the coastal candy alluvium 
and Kole soils recorded the lowest (5*37 ppm) end highest 
(41*67 ppm) dtean saloid P respectively* The difference 
between t)ie means of saloid P for the two states vis*# 
air dry and waterlogged# after 16 weeks was not significant 
though an Increased trend has been noted under waterlogged 
condition* The mean selold P for Kole soils was significantly 
superior over all other soil types which were on par*

The increase in saloid P due to waterlogging ranged 
from 4 per cent (Kayal soil# B Slock) to 25 per cent 
(coastal sandy alluvium* Chalahudy) with an average of 7*19 
per cent* However* even 25 per cent increase could not 
record significance*
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Table 50*- Boon Saloid-2 (ppm) under air .dry andwaterlogged conditions.

Soil typo , —

bateritic
alluvium
Kori
Koyal
Karapadam
Coastal sandy 
alluvion
Pokkali
Kolo

Conditions
«. i  i’* t  ^,r».-..- a  j#,'» s

w«an

1C. 30

16*30
19*00
19*50
5*00

13*50
39*50

18, SO

17. S3 17*02

17.37 16.94
19.97 19*49
20*50 20*04
5*37 5*18

14.54 14*02
41.67 40*59

19.57

C£> (0*05) Conditions (C) ca 8*9613
Soils.(8) o 16.7650
C £i S. a 23.7095

Table 51* Keen Al*P (ppm) under air dry cad waterlogged
conditions*

Soil type
Conditions 

Air dry (e^) Waterlogged (Cg)

Lateritiu
alluvium

163*10 183*84 172*97

Karl 31*05 23*50 23.20
Kayel 90*05' 112*68 101.52
Korapadam 91*05 ’ 115*20 103*52
Coastal sandy 
alluvium

42*35 53*75 48*30

Pokkali 02*55 101.77 92.16
Kale 107*70 232.49 210.09

Kean 97.02 117*74
-m ■  m  w  i —  tm t ~ » ^ — —  n r n a T H a f n B - ■ T - J . 1  ■ ■ ■ ■ ------- r . i  T T  J .

CO (0*05) Conditions (C) e 107*12
Soils (S) ca 200*40
C X 6 ca 283.40
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Tfro di£feranc* in Al-P due to soil types, conditions 
and the interactions between soil typos and conditions was 
not significant. The lowest mean Al-P was recorded for 
Karl soils (21.05 and 25.50 ppm) and fcho highest for Kolo 
colls.(107.70 and 232.40 ppm) respectively undsr air dry . 
and waterlogged conditions. The differences between the 
mean values of A1«*P for soil types, conditions and their 
interactions were also not significant.

Xha range of variation In percentage Increase of Al-P 
due to submergence waa from 11*01 (lateritic alluvium, 
Kunnappally) to 26.01 (Kerepadam, Kidongera), the average 
being 23.02.

4.1*3. ffo-P

Significant variation was not observed in this 
fraction due to ooil types, conditions and their interactions. 
The lowest mean Fe~P (17.60 ppm) was noted for coastal sandy 
alluvium and the highest (204.50 ppm) for Kayal soils under 
air dry situation. Tha same soil typos recorded the lowest 
(27.28 ppm) and highest (354.86 ppm) Fe~p under submerged 
condition. Trie difference between the maan values of Fe-P 
for Kayal and coastal sandy alluvial soils slon© wos found 
significant. Though waterlogging increased Fe-p in ell soils,

4*1*2* Al-P
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Lateriticalluvium
97.50

Kari 112.00
Kayal 204.50
Kerapadom 94.00
Coastal sandy 
alluvium

17.00

Pokkali 112.59
Kole 145.00

Kean 111.79

Table 52* &@en Fe-P (pi*) unde? air dry end water logged
conditlong.

Condition®
Air dry (Cj) Waterlogged (C2>

145.00 121.25

1S6.S0 134.20
354.06 279.60
166.14 130.07
27.20 22.14

163.06 147.76
253.03 201.92

184.53

CD (0.05) Conditions (c) a 103.25 
Coils (0) « 193.16
C x 0 a 273.17

Table 53. Moan Ca-P (ppei) under air dry and waterlogged
conditions

Conditions
Soil typo floan

Air dry (e^) waterlogged <c^)

Lateritic 52.65 SB.84 55.74
alluvium
Karl 34.95 43.18 39.06
Kayal 116.35 119.09 118.12
Kerapadam 73.20 30.33 76.79
Coastal sandy 21.75 22.59 22.27alluvium
Fokkall 24.50 25.27 24.00
Kole 23.20 26.37 25.73

l-teen 49.79 S3.79

CD (0.QS) Conditlano (e) a 42.66
Soils (3) a 79.43
C K S S3 222.33
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tha increase was not significant. Tha Pe-P of Keyol soils 
under waterlogged condition was superior to tha one for 
coastal sandy alluvlus both under air dry and waterlogged 
situations*

The laterltlc alluvial soils (Kunnappally) showed tha 
lowest percentage increase In Te-P (30*00) due to 
waterlogging end tha highest (107*07) by the sens soil typo

t

(Vellayani)• Ths average percentage increase in Fe-P for 
all soil types was 63*53*

4 *1 *4 *  5a—P

Tha variation in Ca-P was not significant with 
respect to soil types* conditions end their interactions* 
Under both air dry and eubiserged conditions* tha lowest and 
highest mean Gq-P ware observed for coastal sandy alluvlun 
and Kayal soils* The differences between the ocan values 
of Ce-p for icayal soils and coastal Gundy alluvium* Pohkali 
and Kola soils were significant. Sho Ca-P was increased 
due to submergence but tho increase was not significant*
The Interactions between soils and conditions vote also not 
significant*

The percentage increase in Ca-P due to submergence was 
lowest (2*41) for coastal sandy alltiviua# (Karunagappally) 
and highest (14*20) for Kari coils (Eurichihari)* tbs average 
being 6*S?«
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4*1»S* aeduofcanfc F

The redoctant r was not significantly different among 
various soils under divers# conditions studied* Shin p 
fraction was found to be lowest (29*00 ppm) for coastal 
sandy alluvium and highest (137*20 ppm) for Kayal soils in 
air dry situation and under submerged condition, these so11a 
recorded the mean lowest (37*45 ppa) and highest (166*46 ppm) 
values* Kayal soils were superior to all the other soils 
except Korepadsa* The difference between the mean values 
of reductant P for air dry end waterlogged conditions was 
not significant* The redact asst p for Kays I soils under 
waterlogged situation was significantly superior to the one 
for coastal sandy alluvium both under air dry and submerged 
conditions* i

The percentage increase in reductant p duo to submergence 
ranged from 15*14 (la&eritic alluvium, Vellayani) to 28*73 
(Kole soils, Kanjanlpadam) with an average of 23,92*

4*1*6* Occluded P

Significant variations due to soil types, conditions 
and the interactions between soils and conditions were not 
observed for this P fraction* The Kayel and coastal sandy 
alluvium recorded tha lushest and >Jo€i4aat râ cn values, 39*5(5 
and 20*3& ppn respectively*



Table 56. m o o s reduetant-P (ppm) unde? air dry andwaterlogged conditions*

ConditionsSoil type ■»*«»»*• Mean
Air dry (G^) Waterlogged (C2)

1.74

Lateritic 52.65 65*14 56.69
alluvium
Stari ■ 74*20 39*70 S6.94
Kayal 137*20 166.46 152.83
Karapadsm 82.65 204.97 93.02
Coastal sandy 29.00 37*45 33.S2
alluvium
PokJtali 34*45 63*24 '33.83
Kole 39.10 49.22 44.26

Mean 64.25 72.32

CD (0.05) Conditions (C) » 48.58
Soils (3) © 90.88
C 35 S a 128.52

Tsbl© 55. Mean occluded-P (ppm) undo? sir dry .and
waterlogged conditions.

ConditionsSoil type . » » » « » . » » « » . « „ w M O T imM— M,,,«, mqqei
Air dry (C^) Waterlogged (Cg)

Lateritie 26.40 27.02 26.72
alluvium
Karl 27.15 17.56 27.36
Kayal 39.10 39.69 39.50
Karapodaia 31.25 31.02 31.56
Coastal sandy 16.00 , 20.36 20*28
alluvium
PoSskali 20.30 10.60 20.45
KOle 20*70 22.17 20.93

Mean 20.70 21.30

CO (0.05) Conditions (C) » 27.69
Boils,(3) a 33.09
C 3C S m 46.80



, Th« coastal sandy' alluvium (Ghalekudy) showed the 
lowest percentage increase (1*55) in occluded P due to 
waterlogging end highest (4*50) by Kole soils (Enajnmokfcol)* 
The avorege percentage increase for all soils was 2*73*

4*1*7* fiym of inorganic P

The sum of inorganic P was not significantly different 
among various soil types under air dry and waterlogged 
conditions. The coastal sandy alluvium recorded th© lowest 
mean value (141*49 ppm) and Kole soils;* the highest 
(709*97 ppm). Th© same soil types showed tha lowest sand 
highest values under air dry and waterlogged conditions*

< ■■
The percentage increase in sum of inorganic 9 due to 

submergence was lowest (18*24) for lateritic alluvial soils 
(Ktannappaliy) and highest (51*33) for the same soil type 
(Vellayani)# the average being 32*33*

4*2* Contribution of each inorganic 9 fraction in the 
total variation due to subaerqoncQ

Th® percentage contribution of each inorganic p 
fraction in the total variation duo to submergence is 
given in Table 58*
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Tabla 56* Mean sum ot Inorga^ ic-F (ppffi) under air dry
and waterlogged conditions*

Conditions
Soil typo

Air dryi t i i i i » i i i « t i « i i «
Lateritie
alluvium

408.60

Karl 235.25
Kayal 606.20
Karapadam 392.45
Coastal sandy 126.20

. alluvium
Pofcfcall 277.00
Kole 447.10

496.35

296.91
813.75
519*09
156.70

376.47
619.72

452*57

266.00
709.97
453.77
141.49

326.14
533.41

Kosn 336.26 468.72

CO (0.05) Conditions (C) e 292.12 
soils is) « 546.51
C x S a 772.80



Table 57. paree.ntago increase off inorganic p fraeticsis &da to submergence

SI.
k o. Soil typ© ZjGCQt&Ofl SoloId 

p &1-P f g-p Ca-P Reduct- 
anfc J?

Occlu
ded p

Sum of Total 
Inorganic vsria- 

P tiora

1* Latcrifcic
alluvium

Vellayani 5.00 25.49 107.67 2.54 13.14 2.38 51.33 158.22
2 . CJ Kunnoppally 6.72 22.02 30.00 12.29 24.30 2.31 18.24 94.62

Kcri Earuvakfca 6.25 22.23 50.60 9.15 20.29 2*16 38.09 109*63
a Kurlcftlkarl 4.96 20.99 32.00 14.20 19.79 2.52 22.73 95.26

s. Kayai Hatkikayalitfest) 6.00 2S.02 60.90 3.40 23.90 2.29 30.93 131.51
6« n & Block C&ast) 4.00 25.29 75.00 2.90 19.50 1.90 35.50 128.49
7 . Kare^adoKJ Moncompu S. 00 23.45 56.00 6.20 20.99 3.02 26.97 114.66
a. « Kldangara 8.00. 26.01 86.00 10.40 20.30 1.61 33.93 160.32
9. Coastal sandy 

alluvium ..
Chalakudy 25,00 24.24 56.00 11.97 25.65 1.56 30.81 144.62

20. » Karunagappally 4.80 25.75 64.00 2.41 26.73 3.93 22.37 127.62
12* Pokkali Ponongad 6.00 24.67 53.65 3.16 29.26 3.47 39.55 125.21
22. « c-'iaradu 7.96 22.99 64.20 3.11 24.59 2.84 35.34 125.69
23. kole Kan j anlpadeo 5.00 22.20 39.00 3*13 29.73 3.72 24.61 102.78
24. 01 Snomokkel 6.00 24.00 92. S3 7.18 26.69 4.50 42.14 158.90
'VMM Ml**'

~d*0,



Saloid P

The contribution free saloid & in the total variation 
duo to substergence ranged £rosn 3*11 par cent (Kayal soils*
£ Block) to 17*31 per cant (coastal sandy elluviue*
Chalokudy) with an average of 5*64 per cent*

\

4.2*2* Ai-P

The Al-P contributed 11*64 par cant (lateritic alluvium, 
Kunneppally) to 22*03 per cent (Karl soils* xurichikari) in 
the total variation due to waterlogging the soils. The 
average percentage contribution of Al»P in the total 
variation due to submergence was 18*29*

4*2*3* Fa-P

In all the soil types* the contribution of Pe-P in the 
total change due to submergence was th© highest* ranging 
from 34*43 per coot (Karl soils* Kurichikari) to 6@*0S 
per cent (lateritic alluvium* Vellayani), th© average being 
48*93 per cent*

4*2*4* Ca-P.

The Ca-P was responsible for the total variation due to 
waterlogging only by 2.61 per cent in a lateritic alluvium 
(Vcllayani) to 14*91 per cent in a Karl soil (Kurlehikari) 
with an average being at 5*52 per cent*



Cable 56. Contribution of each P fraction (percentages in th© total variation due to subacrgcnce

SI*
So* Soil type Location

Percentage contribution of each P fraction In the total vari
ation

Salold-P Al-p Fe-P Ca-P Reduct- eecludcd-P Total
ant 'p variation

1* Lateritic
ailuviura

Vellsyani 3*16 16.11 63.05 1.61 9. 57 . '1.S0 150.22

2. Cl Kimnarjpaliy 7.09 11.64 4C.16 12.99 25.68 2.4 4 94.62
3. Kari Karuvatta S. 70 19.36 46.13 @.34 18.50 1.97 109.68
4* O Kuriehikori 5.21 22.03 34.43 14.92 20.77 2.65 95.26
s« Kayal tfnthilcdyal 4. 56 19.03 52*39 2.59 19.69 1.74 131.51
6. *4 E Block 3.11 19.60 58.37 2*26 15.18 1.48 128.49
7. Karepada© fSencosspti . 4.36 20.4$ 48*84 5*41 18.31 2.63 114.66
8. » Kidangara 4.99 16.22 53*64 6*49 17*65 1.00 160.32
9* Coastal sandy 

alluvium Chalakudy 17.31 16.70 36.76 8.29 17.76 1.06 144.42

10* 79 KaeunagappalXy 3.76 20.18 50*15 2*89 20*94 - 3.08 127.62
11* Pokkali Panangad 4.79 19.70 46.84 2*52 23.37 2.77 125.21
12. & Haradu 6.33 10.29 51.00 2.47 19.56 . 2.26 125.69
13. ,Kole Kanjanipadora 4.86 21.60 37.95 3*05 28.93 3.62 -102.70
14* a EoecaaMcaX . ■ 3.73 15.10 58.23 4.52 ; 15. 54 2.83 150.90-

-Jcp



The contribution from reducfcant & 
consequent to submergence ranged from 
iateritic alluvium (Vellayani) to 29*93 per cent in o Kolo 
soil (Konjsnipadasi)* The overage contribution by this 
fraction to the total variation due to submergence was 
19*39 per cent*

4*2*6* Occluded P

This fraction o£ p contributed th© lovcot* ranging 
from 1*00 per cent (Karapadam* Kidongara) to 3*62 per cent 
(Kole soils* Kaajanip&dam)- and th©. average share in tha 
total change was 2«22 per cent*

4e3. effect of submergence .’on avo,liable p by. different 
extractants in different noil tynes

The ak o v a of the available p for different coll groups 
by four different extractants under air dry and waterlogged 
conditions is given in Appendix vs* Tha^raaan values of 
available P by four different methods under both ©Ir drisd 
and waterlogged conditions for different soil3 studied are 
presented, in Table S9®

The AfiOVA Indicate© significant difference in available 
P extracted by various methods* duo to different soil types* 
condition of extraction end the interaction between method 
of extraction and condition ©£ extraction.

4,2*5* mnauQfeanfc g



4.2.5, Beauctsnt P

The contribution fro* retiuctant P to the total change 
consequent to suixnerger.ee ranged £rom 9» 57 per cent in a 
lateritic alluvium (Vellayani) to 29*93 per cent in a Kole 
soil (Kanj enipadaa). The average contribution by this 
fraction to the total variation due to submergence was 
19*39 per cent.

4.2.6. Occluded p

This fraction of P contributed the lowest, ranging 
frost 1*00 per cent (Karapadsc, K idling are) to 3*62 per cent 
(Kola soil©, Kanjaoipadae) and the average share in the 
total change was 2*22 per cent,

4*3, Effect of aubsaegflence on available p by different 
extractants In different soil typaa

The AN OVA of the available P for different soil groups 
by four different extractants under air dry and waterlogged 
conditions la given in appendix VI. The mean values of 
available P by four different methods under both air dried 
and waterlogged conditions for different soils studied are 
presented, in Table 59.

The a n c v a indicates significant: difference in available 
P extracted by various methods, duo to different soil types, 
condition of extraction and the interaction between Method 
of extraction and condition of extraction.

ISO'



TaDle S3. neon available & (ppraj la various soil typos under a£r dry and waterlogged conditions
' .. . .. . by. different extracts.

- Laterltic
alluvium Karl Kayal Rarapadoa Coastal

sandy
alluviusa

frokfcoli Kola Air dry water-
logged

Hean

Cray 1 12*86 0*54 2*10 5.93 7*25 12.20 ' 5.30 S. 17 7.74 6.45
Dray 2 15*25 1*00 2*63 7*36 15.24 24*66 7.03 3.23 12.69 10.46

Gluon s*so 0*34 • . o o 2*30 4*40 7.44 2* 22 2*92 4.15 3*54
Truog 25*43 2*00 3.76 15.76 22.51 53.64 6.67 0.09 29.23 ie.66
:&an 
(i-i & c) 14.5© 1*19 2*41 7*86 ' 12.33 24.78 5.20 6.10 13.45 •-
Air dry 9*12 1*26 1*66 4.35 . 0.48 14.12 3.74 - ■ - -
Water
logged

20*07 2*13 3.15 12.35 26.21 35*45 6.02 - - -

C»D« (0*05) for conpnriaon between culls a 10* 0 6
V&?;V>

rt Hotbeds (M) a 0.21
( C a :-i) * £= 21.72

Co



She difference between the mean valises of available P 
under oir dry end waterlogged conditions was found to be 
significant. She eir dry soils recorded the lowest m m  
available £> (6.10 ppsn) and submerged soils, the highest 
(13.43 ppm).

imong the methods# the lowest mean value for available P 
(3*54 ppm) was obtained for Olsen (H^) method end the 
highest (18*66 pp«) for Truog (H^) method* The available p 
as- determined by Truog’s method was significantly higher to 
those by Olsen end Bray 2.

Karl soils recorded the lowest mean available P 
(1*13 ppm) end PoHheli soils# the highest (24*78 ppm)* The 
differences between' the seen values of available P obtained 
for PoXHeli-solid end the one for Karl, Kayal# Karepadaa# 
coastal sandy alluvium and Kole soils were also significant* 
The available P for lateritic alluvium soils was significantly 
superior to Karl and Kayal soils*

Table 60 sucHsarlses the percentage increase in 
available P due to submergence observed for different 
extractant® and for different soil types*
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Table 60* porocntage lncroaoo in available p in different; soil types by four extractants
due to otfcnsrgenee.

Pereanfcage tncreasa in available p
so. iiOii typQ

Bray 1 Bray 2 Qlsen Truog

1. Lateritic alluvium yellayoni 50. 00 61.81 53.06 220.00
2* a Kunnappally 64.99 65.00 53.99 250.02
3. Karl Karuvatta 69.60 82.86 60.71 220.00
4. tl Kurichikarl 71.42 04. 51 77.27 217.65
5, Kayal ftatbiltayal (west) 58* 77 45.03 51.72 160.00
6. a E Block (East) 63*77 40.96 51.30 177.37
7* Kar&pod&n ^ORCOiSpU 59.75 59.95 100.00 516.94
B. A Kidangera 56.95 52.77 93.05 289.92
9, Coastal aaady Chalekeciy 22.92 64.93 14.74 226.08

alluviura
10* » Karunogappally 24.03 64.05 22.98 149.12
11. PaKbell Panangad 25.72 43.33 35.23 359.97
12* n i-iarodu 44.12 26.01 27*32 406.53
13* KolO Kan j an ip a dam 80.00 71.06 67.79 124.00
14* n Esses akkul 53.94 64.90 53.98

ktfiVliilWMM
100.00

cc 
. CO



Th* percentage increase in available P by Bray X 
extractant duo to subsiergsnce ranged froci 22*92 (coastal.
'candy alluvium, chalakudy) to 60*00 (Kale soils,
Kenjanipsdem) with an average of £2*SB*

4*3*2* Bray XX

Pofckali coils (Hsradu) recorded the lowest percentage 
increase of available P (26*01} due to waterlogging and 
Kole soils (EnwsnaK&al), the highest (64*90} and the average 
being 61*14*

4*3*3* Olsen

The percentage increase of available P due to submergence 
was found to bo lowest (14*74) for coastal sandy alluvium 
(Chalekucly) end highest (100*00) for Xcrepada© soils 
(Honcoapu)* The average increase in available p obtained by 
this Method was 54*51*

4*3*4* Truoo

Kole soils (EnamaJUcal) showed the lowest percentage 
increase of available p U00*CG) by Truog*s method due to 
waterlogging and Korapsdaea (Moncoejpu), th© highest (516*94) 
with an average of 244*11 per cent*
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4 * 4 *  Relationship between percentage increase In available p 
by various methods and percentage increase of 
different Inorganic F fractions due to submergence

Table 61 shows the inter-correlation matrix between 
percentage increase in available P estimated by Bray 1,
Bray 2, Olsen and Truog's methods and percentage Increase 
in various inorganic p fractions due to submergence of seven 
soil types under study* Xt has been observed that none of 
the correlations is significant*

5* Response of rlca to graded doses of phosphorus

S*l* Available P by different extractants at various
growth stapes of the crop

The anova (Appendix V1XX) for available P determined 
by 4  extractants Indicated significant variations due to 
varieties# treatments, and their interactlens at 30th day 
after sowing for Brey X and Bray XX extractants* The 
effects due to varieties and the interactions between 
treatments end varieties were not significant for Olsen and 
Truog's methods respectively*

At 60th day after sowing, significant influences due 
to varieties and treatments were noted for Bray X* Bray XZ 
and Olson's methods* V x T interactions did not show any 
significant effect pn available p as determined by Bray Z

185
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Table 62* Zntar-eorrelation ftsferix between percentage increase in available p cstlisatcd by 
different ciQthotja and percentage increase in inorganic P fractions dun to

submergence.

Bray 1 Bray 2 Olseo Trnog Saloid Al-P

Bray 2
Bray 2
©loan
Truog
haloid p
Al-P
Fe-P
Ca-P
Roducfcant-P
Occluded P

1.000 ; 0.018 
2.GOO

0.714
0.112
1.000

>0.179
0.430
0.253
1.000

>0.502
>0.021
>0.453
0.027
1.000

>0.413
0.004 

-0.120 
>0. 04 3 
0.116 
1.000

Fc-P

-0.244 
->0.048 
-0.049 
— 0.122 
-0.083 
0. 505 
1.000

Ca-P

0.107
-0.034
0.273
0.019
0.415
-0.486
-0*413
1.000

deduct—
enfc-P

occlu
ded P

-0*240 -0.086
-0*266 -0.123
-0.192 -0.104
-0.069 -0.162
0.201 -0.413
0.053 0.057

-0.255 0.012
-0.077 -0.417
1.000 0.313

- 2.GG0

uccn
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and Olsen but responded to Bray IX and Truog's methods* 
Significant difference* for Truog's extractant duo to 
varieties vara also observed*

Varieties# treatments and tha interactions among them 
vara significant for Bray I« Bray XX and Olsen's extractants*

Tha msan available P determined by different 
extractants at various growth stages is given in Table 62 
to 64*

Tha mean available p in soil was low in pots grown 
with Hashoori variety at all stages of growth and by all 
extractants except by Truog's method at harvest stage* Tha 
available P by all methods tended to decrease with tha 
progress of the crop*

Hashoori was found to be superior to Jyothi in its 
ability to utilise soil P by recording a low available p in 
soil by all methods at harvest stage* Among the methods 
tried# Truog's method recorded the soil available P as 
highest followed by gray XX# Qlsen end Dray X methods 
irrespective of the varieties* Generally# with the exception 
of Truog's method# all toe methods recorded highest values 
for soil available P on 30th day after sowing end the lowest 
at harvest stage, but the declining trend was less marked 
with the progress of the crop indicating a correspondence 
of the peak period of absorption or uptake of p with the 
maximum) tillering stage of tho crop*



Table 62* Heen estimates of available t> (gggi) by
different extractants at 30feJ* day after ©owing.

Vj va Mean Hj_ Mg «3 h 4 Kean

Tj 6*54 5. 55 6*64 2.40 3.28 4*32 24*10 6*04

S 7.51 Q.22 7*86 9*23 7.S2 0.92 9,81 7.862
?3 10*75 @.16 9*45 7.81 10*85 10*09 9*03 9.45

¥4 16*10 11*35 13*73 10.00 14*23 14.40 16*19 13*72

Ts 17*18 11*10 14*14 11*85 17*04 13*41 14*26 14.14

Tq 20*13 10.74 19*43 13*55 10*37 13*51 32*32 19*43

m a n  13.04 20.52 * 3.49 11*88 10*79 13*96

M1 9*72 7.25 C*D. for Gosnarlson a£ ttotboOs » 1.0793(0.05) (M>

*2 13*61 18.16 ° Treatcsants 0?) a 1*3219
Mg 11.09 9*58 » <M X T) a 2*6437

16.03 15*00 " (V) » 0*7632
( S x V )  » 1.8694
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with regards to the treatment effects# there was an 
increase In Available p as the dose increased at all growth 
stages by all raefchods excapt Truog. T^ showed the lowest 
aean available P by various methods and Tg# the highest by 
ell methods except Truog*

At 90th day after sowing# VjTj and V2T^ recorded the 
lowest mean available P while V^Tg# the highest value for 
Bray 1« She mean available p estimated by Bray 11 wss 
lowest for and highest for V ^ g. For Olsen's 
extractant, the lowest and highest meen values for 
available P were obtained for VjTj and VjTg respectively,
The interactions V^Tg and VgTg fsenrded tha lowest and 
highest mean available P by Truog's method.

On 60th day# the tut an available p by Bray l extractant 
were lowest end highest for the interactions V2T2 end VjTg 
respectively. The interactions and V^Tg respectively 
recorded, the lowest and highest mean P values by Bray XI 
and Olsen's methods. The available P estimated by Truog's 
method were lowest and highest for the interactions VgT^ 
and respectively.

At harvest stage# the interactions VgT^ and VjTg 
respectively recorded the lowest and highest mean available P 
by Bray Z and Bray 11 methods. The lowest and highest mean
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Tablo 63* J&aa ©GtiraateD of available? (ppa) by
^i££e£ent extractants at ©Q«* «2ay after sowing*

04MVMHI4 V3, V2 Hgq» **t ®2 M3 «4 Mean

*1 2.09 3*06 4*4© 2*04 2*8? 2.67 20.33 4.48

*3 6.21 4*51 5.31 £.56 4*35 3*86 20*58 5.31

*3 y*29 7*44 0.32 5.32 @•©9 0.64 20.63 0*33
9*69 ©•39 9.24 6*79 9.94 20.39 9.44 9.24
22.87 0*42 20*65 3*77 23*22 12.69 9.93 10.65

T6 14.36 11*49 12*93 12*20 16*22 12 .36 20.73 22.92
m  ̂  w  w w  •»«» o t a » «»««»«»«■ m m  rnmmmrnmm— m^'

Mean 9.43 7.52 6.38 8.93 8*30 10*27

«1 6.92 5.84
i
e.a* for GCKsgxarioon between Methods 
(0*051 (Ml » 0*5443

M3 9.63 8.2 3 ■ Troatrconte ($1 • 0*6666

M3 9.26 7.34 * Varieties (V) ® 0.3849
m 4 11.87 @.67 " (a x 71 ® 2.3333

" (12 x V) « 0.76©© i
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Tables 6 4 . Mean e stim a te s  o f  a v a i la b le  (p p o ) b y  
d iffeureEit o R tjra d ta a tt a t  h a rv e s t  s ta g e .

V 1 Vg «c a a
lawr nmwiriTaiif‘ -T#Pi M1

*1 6 .0 9 6.32 6 .1 5 0*90 1.34

*2 6 .12 4.04 S . S3 2.57 2 .9 7

*3 9 .6 7 9.32 9*49 4*50 6 .04

*4 9.71 20.65 26.23 3.31 7 .4 S

SS 23.25 21. S3 12.40 7.84 21.12

*6 13.02 12.62 22.82 0 .1 7 22*26

H, Mean

1 .5 7  20.74 6.15 

3 .2 7  14.42 5.S3

S . 75 22.69 0 .49  

7 .19  20.78 10.10 

0 .32  22.34 12.40

Heaa 9 .6 3  9 .2 3 4 .7 4  6 .7 0  6.32 20.01

H.

ft*

5.22 4 .2 7

7.23 6 .0 9

6 .7 0  5.92

19.36 20.63

€*£>• for cotnporlsoG between xaafeftcd0  
(0 .0 5 ) i&)  a  2.1920

■ w  T r a a t o a a t o

(T) a 3.4598
n <n k  «) a  2.9197

i



available P wee* observed by Olsen's extractant for V2T^ 
and VjTg respectively* As regards Truog'a method V2tf2 *ni3

respectively showed the mean lowest and highest values 
for available p«

Apart from analysing the data independently for each 
method* a combined analysis (Appendix IX) of the methods 
was conducted to find out whether any of the methods tried 
and varieties or various treatments used behave independent 
of the estimated available P.

On the 30th day after sowing the available P was> - i

significantly different for the various methods of 
estimation, a marked increase in available P was noted by 
using Truog's extractant (15*96 ppm) end a significantly 
low value with dray 1(0#49 ppm) though the estimation of P 
was different for Dray 12 and Olsen's methods*

contributed maximum for available P (19*43 ppm) 
and the least (6*04 ppm). The treatments and ?5 
were on Par. ?2 and *»• though contributed less to 
available P. were superior to T^.

estimates of available P for ?2# and gave more 
or less the same result when extractants Bray IX, Olsen 
end Truog are used* While a high estimate of P was obtained 
for treatsonts and by Truog's methods* Bray ZZ also
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geve * high value compared to Bray X and 01 Gen for and Ts. 
for Tj, all ths methods except Truog « : •  on par and the 
eatimatas ware significantly low compared to the available P 
by Truog* However* Sray x  was found to estimate low P 
values In all the oases*

Tha same sasples of soil grown to Jyothi variety were 
found to contain sore available P than the aana coil after 
the « a M  period grown to Hashoerl* Ho interaction was not ad 
for varieties and methods o£ estimation* But significant 
interaction was obtained for variety with treatments*

T2 and Tg gave more or lass siallar result* for both 
tha varieties as far as the available P values are concerned* 
But* for other treatments* the available P was significantly 
high for Jyothi than that of Hacftoori.

The available P estimates on the 60th day after sowing 
differed significantly for all the 4 method* triad* Asi
given previously high value (10*2? ppm) of P was obtained 
by Truog*c method end low value by Bray 1 (6*38 ppn) *
Though the estimates by Bray IX and 01son’s extractants 
differed significantly*

when treatment* are compared, Tfi gave the highest
i ®

available P value (12*92 ppm) while T^* fcSw lowest value 
(4*48 ppm) end the P estimate by was significantly
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superior to the estimates given by other treatments. It 
was found to Increase with the increase in the level of 
applied Pm

When method of extraction and treatment interactions 
ere compared, no significant difference could be noted 
either for available P estimated by Bray 21 and Olsen or 
for any of the treatments except Tg. For Tg* Bray 11 was 
found to be superior to other methods of extraction, The 
P estimate was significantly high for Tg and S?3 when 
estimated by Trtiog's method. Except Bray 1, all other 
methods give almost similar estimates for The available 
p was high for by Bray 21 (16,22 ppm) and low for Tj 
by sray 2 (2*04 ppm) and for Bray £ and Truog were on 
par* Samples taken from soils grown with Kashoorl recorded 
a significantly lower (7,52 ppm) available P status than 
the same noil grown with dyothi (@*42 ppm).

For both the varieties, Bray X gave the least estimate 
of P while Truog, the highest, Bray XX and Olsen estimated P 
more or less efc the ea&e level in soils grown with Jyothi 
while the estimate made by Olsen method was significantly 
low with that of Bray XX for this variety. Also no signifi
cant difference in 9 estimates was obtained for Bray XX and 
Truog's methods for Hashoori* no significant interaction 
was seen for variety and treatments at this stage.



During the harvest stage also significant differences 
in P estimates were observed by various methods of estimation 
and for various treatments. As in the previous case* the
highest estimate was given by Truog (20*01 ppm) and the
(
lowest by Bray I (4*74 ppm)* No significant difference
in p estimate was shown by Bray IX and Olsen*

\
When treatments are compared* the highest P estimate 

was obtained for tha highest level of applied p but the 
lowest for ?2. But no significant difference in the 
estimate of P was obtained between and Ta* end 
and T*. and Tg.

Significant interactions were noted for treatments 
with methods of extraction. Bray £X and Olsen gave raoro or 
less similar estimates at all the applied doses of P« The 
highest was recorded for Truag and lowest for Bray 1 for 
all treatments. The highest P estimate was recorded by 
Truog for Tg (21*34 ppm) which was not significantly 
different from other estimate* obtained for the treatment 
under Truog except for T^. The estimate obtained for T2 
-by Truog was significantly low with the other estimates 
for various treatments by Truoge

Samples taken from soils grown to Jyothi and Ktshoorl 
did not show any significant difference in the estimate of
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p at this stage* Ho significant: interaction was noted for 
variety x  treatment and variety x method of extraction*

i.
However* higher estiwstes wore obtained for both the 
variety by the Truog'a method*

5*2* Inorganic P fractions at various growth stages

The abstracts of ’ aiiqVa  for inorganic P fractions at 
various growth stages are given in Appendix x» significant 
influence on all the inorganic P fractions of soil was 
recorded due to the traatracnts at 30th day after sowing*
The effects duo to variety* and the Interaction between 
variety and treatments were not significant* ,

At 60th day after sowing# significant variation in 
all the P fractions except reductant P was noted due to 
treatments* Varietal influence on Al^p and the interaction 
influence on Fe«*p# Ca-P and sum of inorganic p were aleo 
significant*

The effects of variety and treatments were significant
on seloid p# Al«"p# occluded P and sum of inorganic P at■ . . , ,'i
harvest stage* Varietal variation on reductant p and 
treatment variation on Fe»p were also observed* The V x T 
interaction was significant on Al-P and occluded P contents 
at this stage*



Tabio 65* Mean inorganic p fractions (p£») at 30 day after sowing.

(!) Seloid p (ii) Al»p
*1 *2 *3 *4 * 5 *6 Mean T1 X2 *3 *£}*4 *5 *6 Kean

V2 2.15 3*65 4*20 4*60 5*25 5*15 4*20 25*00 29*95 33*15 38.89 41*60 51*05 36.59
V2 2.1S 3*45 4*25 4.70 £.16 5*50 4*20 24*95 29.35 32.75 38*75 42*10 51*10 36.50

seen 2*15 3*55 4*23 4.75 S.20 5*33 - 24*98 29*65 32*95 30*78 41*85 51*08 -
C.0 . for comparison between Varieties 
(0*05) (V)» 0,15 0.52

-

& Treatments (T}o 3*23 0*90
* V x T - 0.38 1.27

a n )  g«~p dv) ca-p
T% T3  ^  Ts Te - ftoan T 2  - * 2  • T3  ? 4  Tg' ? 6  . Kean

V2 31*05 74.20 05*90 93*35 119*45 129*65 63*97 <5.15 10*55 12.75 15*15 17*30 20.90 13.CO
V2 30*65 75*10 09.00 93*10 111.35 124*70 37*35 6.75 9.95 13.45 15.45 17*45 .21*35 .14.07

lean 30.95 74.6587*45 93.23 115*40 227*28 - 6.45 10.25 13*20 15.30 17.38 21*22

C.0 . for comparison between Varieties 
(0.05) (V) » 3.45 0.29 £

** Treatments (T) m 5*93 0*51 ‘ Zj
V k  I n 8.46 0.72

c o n td .. . . . .



Cv) Reduetanfc p
T1 T2 T3

vi 7*80 9.00 9.70
V2 7.90 9*40 9.75

Eesn 7.85 ^*8.70 9.73

t 3 Mesa

C.D. for ceroparison between Varieties 
(0*05) (V) • 0*31

" Treatments(T) * Q.G4
• V x T » 0*7?

(vli) Su b of inorganic p

T 1  t 2  * 3  T 4  * 5  M e a n

Vj 74®95 230*40 149*35 166*40 193*90 222*85 156*38
V2 75*45 229.45 153.35 166.6S 191.40 218*65 155.83

lean 73.20 129.93 151.60 166.53 192.65 220*70

C.d. for cosjparisf.on between Varieties (V) * 2.52
(0.05} ■ Treatments (T) *■ 4.36

• V x T » 6.17

M 
K)

(71} Occluded P
*1 *2 T3 T4 TS Mean

•80 3.05 4.25 4.15 4.95 4*95 4*01
.85 3.20 4.15 4.25 4.95 5.20 4.10

2.83 3.13 4*15 4*20 4*95 S. 08

0 .2 0
0*340*48

f~_»
tsCO
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The swans of p fractions in soil at various growth 
stages are given in Table 65 to 67*

At 30th day after sowing the naan saloid P, Al«*P» 
Fe-P, Ce-s>, reductant P, occluded p and sum of inorganic P 
in soils grown with Jyothi and Maahoorl varieties of 
paddy were 4*20 and 4*20* 36*59 and 36*SO* 60*97 and 
87*35* 13*60 and 14*07* 9*64 and 9.65, 4*01 and 4*10, 
and 156*36 and 155*63 ppm respectively* The differences 
between the mean values for all the P fractions obtained 
for the two varieties were not significeot.

With regard to treatments on P fractions* the control 
pots recorded lowest values and those pots received 
highest dose* the highest values* The values for the 
control pots end the pots.with highest dose were 2*13 and 
5*33* 24*93 and 51*08* 30*95 and 127.28, 6*45 and 21*12* 
7*85 and 10*98; 2*83 and 5*08* and 75*20 and 220.70 ppm 
for saloid P* Al-P, Fe-P, Ca-P, reductant P# occluded p 
and sum of inorganic P respectively* Significant 
differences in P fractions due to treatments wore observed 
in all combinations except and Tg for saloid P* and 
f3 for Fe»? and Tg end Tg* T^ and and X2 and for 
occluded P.

Among the interactions V^T^ and VjTj recorded the 
lowest mean saloid P and V^Xg* the highest* The Al«P was
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inorganic forms of P already present in the soils* The 
observations by Aiysr and f?air (1979) and sundareson Hair 
and Aiyer (1983) on the Increase of Al-l?# Fe-F and Ca«P 
upon suhtaer gcnce in rice col la and the findings of Veres 
and Thripathi (1982) th a t  native inorganic p fractions 
increases upon waterlogging agree with the results obtained 
in the present study.

A reference to Table 57 and Fig* 4 indicates that the 
percentage Increase in p fractions duo to submergence has- 
been differing with respect to soil type© and the eeioe may 
bo due to the difference.in the original status of cash P 
fraction before aubnorgGnce- Th© average percentage 
increase has been lowest for occludod-P (2*7) and highest 
for Fe-P (63*5). The AI-? end reductent-p have behaved 
■sore or leas uniformly when ell the soils taken together* 
similarly with respect to the contribution of each p 
fraction in the total variation of inorganic p due to 
submergence (Table 58)* occludod-p has been observed to be 
contributing to 2*2 per cent (lowest) while Fe-P, 49*9 
par cent (highest). In the acid rice soils* the dominance 
of F*-P fraction and hence tha availability of JFe-P will be 
more due to submergence resulting in a high absorption of 
p by rice plant* Kahapatra end Patrick Jr. (1969) opined 
that the dissolution of the coating of hydrated ferric oxide 
around the soil particles possibly resulted in. the release 
of Fe-P* They (1971) further found that when Al-P increased



FIG. 4  PERCENTAGE INCREASE OF P FRACTIONS IN RICE SOILS DUE TO
SUBMERGENCE
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by 35 per cent* Fe»P increased by 64 per cent. and- Ca~£> 
did not underqd much change due'to waterlogging# The 
©feKervationo by'Handel end Khan (1975) indicated that 
continuous waterlogging for 110 day® caused an inereas© in 
F o p  in ail soils and the work by Verna and ‘OiYipathi (19Q2) 
found a maximum increase of 70*? per cent in Fe-P t$?m 
submergence* The above view® ere in total cc-rsformity with 
the result® currently obtained*

4*3* Available PhosphorusT iam«iWiri" «nnmi i m n

The mean available P for ail the soil types heo been 
lowest C©*1 ppm) under air dry conditions and highest 
(13*5 ppm) under waterlogged conditions (Table 59)* The 
difSerene© between the ssoen values ©£ available p estimated 
by all the four nethode in all soil types is found to he 
significant (Appendix VI)« The occurence o£ a lacked 
increase in the availability of native and added P in 
flooded soils as compared to well drained soils was well 
established by Shsplro (1958 a), Fcn&asg>ertei& (1964)* 
Pad&anafehan bait and Aiyor (1966)* Mshtpatra (1963)* 
basu and HuJckcrJc® (1969)* M&hopetra and Patrick Jr# (1971)* 
Measdal and Khan (1975, 2977), Osswaml and Bonerjee (2973), 
Verm m 3  Tbrlpathi (1983) Katyal and Vankatramayya (1983) 
and sharploy and smith (2983)# Si-tough there ia difference 
between the methods in extracting the available p both under 
air dry and waterlogged conditions* their suitability has



to be judged in relation to plant growth parameter®. The 
soils have differed with respect to the P ovaliability under 
air dry and waterlogged conditions*

5?h® average per cent increase in p availability due 
to submergence is lowest (52.6) by the Bray 1 method and 
highest (244*2) by the Truog’e method (Table 60 end Fig* S). 
Basek end Ehattaoharya (1062) reported a 64 per cent 
Increase in soil available p from planting to tillering 
stage of rle© plant. The increase in p availability was 
reported to be either due to the reduction aS iron end 
aluminium (Basok ®t ol* |1960) or due to the dissolution 
of solid phase Fe-P by- the drop in redos potentials 
(ponoemperumii, 1954)* Ponnsmperusia (2972) suggested two 
way® by which increae© in p availability due to submergence* 
could be achieved* (i) a decrease in the levels of soluble 
forms of elements such as Iron* manganese and aluminium 
and <ii) a decrease In the sorption and occlusion of P on 
soil solid phase* Gcewani and Sanerjee (2970) considared 
the causes of the increase in available p in soil to be 
(i) release of P from organic ? (il) increase in solubility 
of £> resulting from decreased soil pH due to the accumula
tion of Go2 in calcareous ©oil (ill) reduction of 
Pe*sC4 *2 HgO to P©3 <p®£)2 *8 HgO with' higher solubility*
(iv) higher solubilities of FePQ4*2i^o and iUPO^*2 ^ 0  
resulting frem hydrolysis duo to the increase of soil pH
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in asid and strongly ©aid noils* (v) release of phosphate 
ions firoa the exchange* between organic anions and phosphate 
lone An iron end saltmjinlus) phosphates end (vi) increased 
diffusion of phosphate under submerged conditions. Kafcy&l 
and Vonkatrsmayya (1983) attributed high temperatures as 
one oS the reasons for the increase in water soluble P.

Sine® several inorganic P fractions have been 
investigated both under aerobic and submerged situations 
ond available p has been dotormAnsd by four different 
methods from both air dried as well as submerged soils* 
imfeercorrelation matrix between the percentage inereaa® in 
available P estimated by various methods and percentage 
increase An Anorganic p fractions due to submergence has 
aloes been worked out and tested for their significance 
(Table 61)* However none of the correlation coefficients 
has been found to be significant indicating thereby that 
the inorganic P fractions studied in detail indicate only 
on© aide of the picture* It is very ieach' possible that 
number of other, factors are differently acting so as t© 
prevent the intercorrelation matrix from becoming signifi
cant. Evidently such factors could be the organic P 
fractions* trnnofonsation of organic P by microbial 
population* variations in the content ot non-mtractable P 

(residual P) sad various factors contributing to solubilis
ing them differentially under subaargence* in fact these 
ere aspects which have not been studied in detail and vhlcl



do require very intensive further studies* However* $m~f? 
fraction being the dominant ©no# might bo influencing the 
estimate of available p by different methods as observed 
by Verna and Ttoismthi (19821 who stated that waterlogging 
increased tfo© p availability insSIeoa detectBincd by ©even 
chen&cal extractants.* Prom their ©fcsp-wiee regression 
studies cl© o Fe»P has been found to be the most import eat 
variable contributing to the total variation in the |
regression of Olson, Bray 1# Bray 2* tfruog* peach and 
Horgen9 & both in air dry and water logged soils*

In rice culture* frequently due to failure of rainfall 
or delayed monsoon# the field may be alternately flooded 
or dried* Under these conditions the p transformations 
may not-be exactly similar in nature to those under 
continuous submergence* Addition of organic or inorganic 
nutrients may also accelerate the transformation oS p*
SSiese aspects have also to be fce&en care of for predicting 
the behaviour pattern of rice orop to the application of 
phesphatic fertilisers*

5* Response of rice to graded dcsee of Phoechogua
rn n * »* *n f fw m * i* im r r ii i  n r i . i i  urtnm m i iM i'i'nm r iftftrtii i rm t r i ie i i in -% »r iu * i f  *r**> r.n u jn . fc*i*in ,-i. nr*,***■ ^ i>riir**<**im ir>w ->n ;i 'i*n w * 1 ^

Serlier results obtained by tfahendraa (1979) based on 
field experiments conducted in this institution had 
delineated Maehoorl a© a ©tedium responder and jyothi a© a

317



318

low responder to p corresponding to their medium and short 
duration. She term 9non-responder* used for the variety 
jyotfoi was however to foe further tested* The detailed pot 
culture study with Kashoori and Jyothi including observa
tions on root parameters conducted in the present study 
are intended to bring out clearly these subtle differences 
in the varieties in relation to their pattern of response 
*s guided smd controlled by the total and available p 
status of soils. Some of the salient results obtained are 
itemised and discussed below to bring out the essential 
point®.

5*1* Available phosphorus at various growth stages

The available p has been determined by four common 
Gictfoeds from the soils under various p treatments end 
grown to two different rice varieties* vis#, M&shoorl and 
Jyothi end at three stages of growth, 30 and SO days 
and at harvest* since fractionation of soil P at all these 
stages has also been carried out, considerable data on 
intercorrelafcions and stepwise regression® between 
available p estimated by various method® on the one hand 
and inorganic P fractions on the ether have been generated* 
The available p estimated by all the four methods have 
also been correlated with various yield contributing and 
or biometric factors as well as yield*

The amova (Appendix VXXX) end the moon Table (62 to 64) 
indicate that the available p as estimated by the three



methods vie., Sr&y I, eray 2 and Olsen has been influenced
by differences in tfrefvarleties ©t rice grown in the soil,
doses of phosphatic fertilisers added and the growth stage
of the crop* The estimate of available P by Truog*s method
is seen to be influenced by varieties? on 60 day and
phosphate treatment® on the 3S day of- sampling only*
Truog®£5 estimate of available p is unaffected by other

feh thparameters on the 30 end 60 day, by all the paratrtetGrs 
at harvest* These results though apparently pedestrian 
are zeelly not so, Thus, out of all the four different 
methods of available P extraction, at least three are seen 
to b© seriously affected by differences in variety ©£ rice 
grown in them prior to sampling* This may bo due to a 
modification in the total rhisasphec© and nature of the 
root ©jtudafces* Shis is an aspect of study which has not 
been systematically attested*

The observed differences in available P estimated by 
different methods for various levels of p treatment 
(S uperphc s ph a t o) have been mainly due to the partitioning 
of the soluble phosphates into various inorganic and 
organic forme*

The mean available P in soil at various growth stages 
as Indicated by all the extractants (except Truog at harvest 
©tage) is lower in pots grown with Mashoori. Hoot studies 
conducted at various stages show that s-f&shoerl has a more



extensive mid ramified root ayste® than the variety Jyothi* 
This only corroborates the faster depletion of available p 
in the soil grown to £Sa»hoori cosspered to the soil grown 
to the variety# Jyottoi® Similar attempts at establishing 
relationships of uptake patterns in relation to root 
parameters have been made by Kamath and Osa at ftew Oelhi 
U979)'# Maheadrem (1979) at Velleyani and Bumi© Itoh and 
Bashes (1903)*

fehExcepting Truog*s-p on 30 day of sampling, the
available P estimated by all the four methods at ell stages
have been positively end significantly correlated with oil
the Inorganic P fractions (3?able 72)* The extent of
contribution by each fraction an the available p determined
by the different methods has been further analysed with
stepwise regressions (Table 73)* Thus the proportion of
available £» estimated by both Bray 1 and Bray 2 derived
froM F©-F is greater to the extent o§ 90 per cent* The .
contributions of sololO P towards avoilabia p by Olsen“a
method and of the Al*p fraction on available p by Trusg*s 

thmethod on 30 day are respectively 78 and 62 per cent* 
ftlten the Al-P has contributed by about 98 per sent towards 
the available F estimated toy Bray 1 and Bray 2f reduefcant p 
did so toy 8? per cent on Olsen*3 p end saloid p by 12 
per cent on Truog's Pt all on the 6 0 ^  day* At harvest 
stage# tho C&-P fraction is responsible for about 95 per eent

32 Q



of the Cray 1 end Bray 2 eveliable P while its contribution 
fe&s been 97 per cent cm Olsen fs P* occluded P has accounted 
for 36 par cent, tm Trutg*3»p» The observed noo-unifomifcy 
in the contribution of 9 fraction to the various extractants 
is readily understood* In fact it is significant to not® 
that based on differences in the nature of tit® extractants, 
moisture regime© and stage of crop, crop exudates, crop 
residues etc*, in the soil, Pray 1 and Bray 2, the 
recommended extractants extract maximum available p in the

tillform o f  Al-P and Fe-p in  th e w aterlogged  s i t u a t io n  on 30 
and 6 0 ^  day w h ile , at h a rv e st  stag©  when c o n d it io n s  aro  

d ry , Ca-p f r a c t io n  has c o n tr ib u te d  h ig h e s t  tow ards 

a v a i la b le  p . On th e  o th e r  hand Olsen*© re a g e n t has 

e x tra c te d  a v a i la b le  p in  mostly c a lo id  and reductent P 
during p e r io d s  o f  w aterlogged  s i t u a t io n  and ca-p  during 

h a rv e s t  p e r io d  o f th e  crop  which I s  an aerobic-situation*

The r e l i a b i l i t y  o f  each  method o f  e s t im a tio n  o f  

a v a i la b le  o f  P isao been fu r th e r  judged  w ith  th e  h e lp  o f  

c o r r e la t io n s  end r e g r e s s io n s  (T able  74 to  77) between th e 

a v a i la b le  s* ea titaa ted  by th e fo u r  methods and b io m etr ic  and 

y ie ld  characteristics* s i g n i f i c a n t  p o s i t iv e  c o r r e la t io n s  

have bean observed  between a v a i l a b le  p determ ined by a l l  

th e  fo u r  methods ex cep t Truog m d  b io m etr ic  end y ie ld  

c h a r a c t e r i s t i c s ,  in  g e n e ra l , in d ic a t in g  th e re  by th a t  

Bray 1 ,  Bray 2 and O lsen can bo s u i t a b le  e x t r a c ta n t s  fo r



estimating the available p content. Further it baa fc««s 
observed that Olsen1s p is responsible for about 74 end 51 
per cant respectively among the other three methods on 
grain end straw yields (Table 76). The P uptake and grain 
yield* are highly correlated (r®0«92). The superiority 
and reliability of Glsen*s Riethod in predicting the 
available p in th© soil bav© boon further emphasised by its, 
contribution 168 per cent) on th© estimate of P uptake by 
th© rice crop at its harvest stage though Bray 1 and 
Tru3g*n«P are mainly responsible (55 and 60 per cent 
respectively) on total P uptake at 3 0 ^  and 6 0 ^  day of 
cowing* The growth stag® of th© crop may ale© play a  

decisive role in th© estimate of available P in the soil, 
th© P uptake and hence the suitability of th© extractant 
in view of the sequence of transformations of F under 
submerged situations. Further# th© P fraction which 
devaluates the available P and gets absorbed by the crop . 
also depends upon tie growth stage as observed by 
Bamamaorthy and Bison (1971) and also th© moisture regime 
and other soil conditions.

5.2. inorganic P fractions at different growth stages

The inorganic forms of phosphorus have been determined 
at 3 stages in soils treated with different doses of 
phosphorus where in the two rice voriotiss (Mashoori and 
Jyothi) have been grown. Th© relationship between various 
Inorganic P fractions and biometric as well as yield



ch-araafceristica h*tv* bean evaluated by correlations and 
stepwise regressions. Further, intercozrelation* and 
multiple regressions between & fractions and P uptake have 
also been worked out to emphasise the influence of each P 
fraction on the various crop characteristics at all sfcegca 
of observations.

In general, the influence du® to treatment on various 
inorganic P fractions at all the growth stages of the crop 
as indicated in the auova (Appendix K) has been observed 
to h9 significant unlike the varietal and the Interactional 
effects. Th© addition of phosphatic fertiliBero in the 
soil produces a change in the different fractions of 
phosphorus, The mean values of various inorganic fractions 
of p (Table 65 to 67) indicate that varieties could not 
make any significant effect on thoci. Tb# highest dose of 
p has recorded the highest values for all P fractions*
Among the various inorganic p fractions, Fe-P has bean 
found to be the highest at all stages of growth t3u© to 
varieties, treatmonta and indirectly due to their inter- 
actions. Among the p fraction®, occluded-P has recorded 
lowest values ©s influenced by varieties both on 3 0 ^  day 
and at harvest, Low values of calold-p hove been recorded 
for soils under the lowest dose of phosnhatic fertiliser

fellon 30 end 60 days sffcor sowing and occluded-*? at 
harvest, similarly law values for occluded P have been
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observed for the highest dos® of p at all growth stages 
of the crop. Varieties, Jyotbi and fiashoorl grown in the 
seme soil having identical quantities of different 
inorganic fractions of P at the beginning of the cropping 
period, treated with varying quantities of P have be«i 
able to bring about a differentiation in the spectrum of 
inorganic p fractions. Thus Hashoori grown soils 
progressively have decreased in their content of various 
inorganic P fractions.

A slight increase has bean observed in the sum of
th thinorganic P fractions from the 30 to the 60 day after- 

sowing and thereafter a decline in the concentration of 
P fractions for both the varieties and treatments at 
harvest stage.

The grain yield has been significanfcly correlated 
with all the inorganic P fractions except occludod-P but 
the correlation coefficients between straw yield with 
ffe-P, Ca-F and sum of inorganic-p have ©lone bean 
significant (Table 78). The significant relationships 
indicate the responsiveness of the rice crop to F 
fertilisation especially when the soil has a comparatively 
low P content. The P uptake has also bean highly correlated! 
with the taajor f fractions via., Pe-P and Ca-P. The 
regression between total dry matter production as dependent



variable* and P uptake and inorganic p fractions as 
independent variable© (Tebl© 79) indicate© that P uptake 
he© accounted for about 6D per cent of th© total drysattsr

feSTlproduction at tho 30 day of the crop followed by Fe~F.
Thus Fe**P is observed to be one of the most important 
fora of P taken up by the rice crop and it significantly 
Influences P uptake* Higher p uptake results in an 
increased dryaiatfcer yield. on 60fĉ  day, Ca-P end Al-P 
together have accounted for 90 por cent of the total 
variation in the dryaatfcer production. Xh« observations 
off Ram&moorthy and Bisen <1971) on tho differential uptake 
©£ P fraction by tho ric© crop with progressive maturity 
off the crop agree with the findings of the present study. 
With regard to the influence of tho p fractions on P 
uptake (Table 01), Fe-P is found to contribute 81 por cent 
of tho total p uptake by tEra crop followed by Al-p ©n the 
30th day? and 73 per cant of the F uptake has been accounted 
by y«~p both on the 60 day and at harvest stag©* 
indicating the significance off Fe-P in the total P uptefc© 
by the rice crop in the acid soils off Kerala*

5.3* BlcflBetric end yield cherectorIwtics

The response off rice to graded dhaeo off phosphorus 
has been evaluated on two rice varieties. A reference to 
the /.nova (Appendix XI and XII) indicates significant
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influence due to varieties* treatments and their 
interactions on almost all the important biometric 
characteristics such as height of plant* number of tillers* 
number of roots* weight of roots* total drymatter and 
total P uptahe of the crop at all growth stages of the 
crop. Varieties* treatments and their interactions have 
also a significant effect on grain and straw yield 
indicating the positive response of both the rice 
varieties to the application of graded doses of P 
(Appendix.XIJ. These results are thus slightly at variance 
with those of asahendren (1979) who had in microplot 
experiments obtained results indicative of poor responsive
ness by Jyothi and moderate responsiveness by frtashoori.

Among the biometric characteristics (Table 69 to 70)
the height of plants is found to Increase substantially 

fellaround 60 day after sowing. Th© lowest and highest
values for the height of plant have been recorded by th©
lowest and highest dose® of P respectively. The control
treatment on Jyothi has recorded minimum height where as
the highest dose on Mashoori has recorded maximum height.
With regard to tiller production, Mashuori has been found
to b© superior to Jyothi. On 30 day# the control pots
and the pots with highest dose of P havo recorded the
minimum and maximum number of tillers respectively. At 

fell60 day and at harvest, the lowest and highest mean
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number ot tillers hav© been recorded for control pots and 
pots receiving 60 Kg P^Og/ha respectively* There haa been 
redaction in the number of tillers/hill for 90 and S20 Kg 
P2©s/ha. however 60, 90 and 120 Kg p^o^/ha are on par*
This shows that application of p at a level beyond 60 Kg 
tends to decrease the number of tillers which hitherto had 
been increased by application of P* Thus higher doses of 
P could not produce significant Influence on the tiller 
production by both the varieties*. The findings by earlier 
workers vis*, Tiwari ©nd Singh (1969) on the positive 
significant response through increased plant height, tiller 
nussber ©t*, for P application end th© reports by ©opal Rao 
©fc al* (1974), Kafcyal at el* (1975), Ittyavirah ©t al* 
(1979) support the positive response of rice to phosphorus*

A differential response in total weight of roots and 
number of roots has been observed for the two Varieties.
The control pots end the pots receiving highest dose have 
produced rainiraura and maximum weight and number of roots 
respectively* The control treatment on tfyothi and the 
highest does on Mashoori respectively have produced th© 
lowest and highest number of roofs end inturn the roof 
weight. The observations are similar with respect to the 
maximum length of roots at ©11 stages o£ observation*
Eie® variety, Hashoori, with 30 and 120 Kg P^G^/ha 
respectively have recorded the lowest end highest average



length of roots on 30***1 day. At SO*'*1 day, Jyothi with 
eero p and Mashoori with the highest dose oS r have shown 
the lowest and highest average length of roots respectively. 
The significant differences observed in root parameters 
such as weight, length end ntanber in the present study are 
indicative of the differential response of rice Varieties 
to the application of phosphorus as observed by 
aussel (1961), Black (1363), Qabalsan (1976), Gerloff 
(1976), tfahendran (1979), Kasaath anti Ora (1979) and 
Sumio Ifeoh and Barber (1933)*

ilashoorl has out yielded Jyothi (‘fable 70) by 
5.15 g/hill and the difference between them has been 
significant. Thin nay bo due to its medium duration as 
compared to Jyothi. Among th© treatrwmfcs, the control pots 
hciv® recorded the lowest yield and the highest dose, th© 
highest yield. But 90 end 120 Kg P205/ha have fcaen on per 
with respect to groin yield. Substantial increase in grain 
yield could not b© obtained after tho 4 doa© (60 Kg 
PjQg/ha), a barrier beyond which significant increase in 
yield could not be obtained. Jyothi with £©ro P and 
Hashoori with tho highest dose of p have produced the 
lowest and highest grain yield respectively. The auperiorit; 
of Mashoori on straw production is much In evidence 
(Table 70). But the treatments and the Interaction 
influences on straw yield are very similar to th© on« on 
grain yield. The varietal variation in drywatter production]

328
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has been significant;. Haehoori being a medium duration 
crop aesorbe more of P (Table 71 and S?ig» 6) due to its 
better root spread (number of roots, length and weight) 
produces higher grain, atraw and drymatfcer yields. The 
drymattor production la found to be lowest in the control 
treatment and highest in treatment under 120 Kg 
on 30th day end at harvest. But the drymatter yield has 
bean highest for the 4 ^  treatment (60 Kg P^G^/ha) at 
6 0 ^  day of ©owing* The differences between the means of 
dsrymtter duo to treatments are significant* Thus tbs 
response of these two varieties to the application of 
phosphorus ha© been well brought out by the observations 
on root eharseteristics, other biometric and yield component

The response of rice to P application has been 
further judged with the help of inter*correlations between 
p uptak© and biometric or yield characteristics (Table 80) 
at all the stages of crop growth. All th® biometric and 
yield characteristics ©specially grain end straw yields 
have been significantly and positively correlated with P 
uptake indicating there by the clear response of thee© two 
rice varieties to th© application of graded doses of 
phosphorus under the present experimental conditions.
Signifleant response of rice to P application was observed 
by a number of researcher© vis., Kadam (1945), Ishisbka 
and Tanaka (1950), bavin (1951), Parthasarathy (19S3),
Deaai ot al. (1954), Versa (I960), Venkatachaiam et al.
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(i960 a)# Katyal at al* (1975), Kafcyal (1970), Upadfcpy 
aa<2 Pafchak (2932)* Fageria et &X« (2332)* A l a r a  (1963) aad 
others. whan Ghosh «fc al. (i960) observed a positive 
response to P application In all Kinds of soils in India* 
Sethi at al* (1932) included that unlike nitrogenous 
fertilizers* tho response of rice to P woo not general* 
hut limited to a few stations. This nay bs depending upon 
the predominance of the various reasons for the non-response 
of rice to P appliceti.en such as Improper method of 
application, high fixation of P> transformation of native 
onwoi-lablo P to available forms andor flooded conditions 
etc* as observed by a mmbor o£ researchers or maturity 
of soil (<3oel and Agarwal* 2959)* P status in the noil 
(Sa Jendran at el® 1971; Ponnampcruma* 2976 and lu ot al. 
1902) end the factors as described by Handel (1979) and 
the varietal variation® in the response behaviour as 
observed by Haheodran (1979). Singh (1903) opined that the 
methods of evaluation o£ soil p  may not correctly predict 
tho P response as the determination ot nutrient status in'.;* 
this reannor may not adequately simulate th© conditions 
under which tho crop is grown®

6* Comparative evaluation o£.ntwp[ sources.
on rice

Thera is a nead for continued research on th® 
evaluation of different phosp’natie fertilisers for rice
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crop because of the increasing ntsaber ana complexity of 
fertilisers cosing into the market sjck3 because of their 
differential behaviour in different soil types* She use 
of different labelled phosphatic fertilisers both soluble 
and insoluble forms m&y pave the way to identify or 
evaluate different sources of p for their efficiency on 
rice and also the response pattern of rice to the 
application of phosphorus in-various soil situations* 
further we do not knot#- the extent of stimulatory role of 
differaot levels of the two sources via*, soluble end 
insoluble forms of phusphatie fertilisers in releasing 
native phosphorus in rice soils of high p fixing capacity. 
£he t m  sources selected viz.* sonocalclugi monophosphate 
(HSP) and tricalcium phosphate (tcp) for th© study have 
been tried at 4  isvols each on rice grown in seven major 
rice soils of Kerala* The observations on plant and soil 
at panicle initiation and harvest stegeu of th# crop 
including final yield ere discussed below.

6.1. Panicle initiation otâ e

h reference, to the m o V A  (Appendix :<xv) indicates 
that phosphorus application, has slgaifloantly influenced 
the height of plant# number of productive tillers* weight 
of roots, weight of straw, total drymattcr and p content 
(root, #traw and noil)* Sources o£ p however have no 
significant effect on height of plant, weight of roots and



contest of P in root and straw unlike its effect on the 
number of productive tillers* weight of straw and for the 
drymatter. At a lower dose# 14CP and at e higher dose* TCP 
are found to be more effective. The availability of F in 
acidic soils increases as the dose of TCP also increases.

Differential response in terms of height of plants to 
t? in two different sources or carriers applied in different 
soil type® (Tabic 02) has been recorded. A quadratic 
response In lafceritic alluvium* Karl and Kaycl soils# a 
positive linear response in Kola soil and a negative 
response in KarapGd&m# coastal candy alluvium and Pokkali 
soils have been observed with mcp on height of plant. A 
positive linear response In laforitic alluvium* Kari# Kayal, 
coastal sandy alluvium orst3 Pokkali soils and a quadratic 
response in Korapadam and Role soils have also been observed 
for TCP. These differences in the response patterns of 
height could not however manifest in yield except with 
jtfCP in lateritlc alluvium and TCP in Role soils which 
maintained a quadratic response.

The data on the ntznber of productive tiller a (Table 93) 
indicate an increase of this character with an increase in 
dose of p and the rate of increase has been found to 
decrease with on increase in dose from 60 to 90 Kg p^Gg/ha 
as TOP. In latcrltlc alluvium* Kayal* Fokkaii and Kole 
soils, with the application of KGP# a quadratic response;
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in Karapadasa and coastal sandy alluvium, a noafeive response 
and in Kari, a positive linear response have been obtained* 
But with the application of TCP, in latsritic aliuvi.ua*,
Kori, Keyal, Pofcbali and Kole, a positive linear response 
and in Karapadam end coastal sandy alluvium, a negative 
response have been observed. The response pattern on 
tiller productions however could not maintain their 
differences in yield,

A significant increase in root-weight has been 
observed with application of P (Table 84), However the 
two sources could not mah© a significant difference on 
root yield. Th© percentage increase in root weight gets 
doubled as the dose of P increases froa 60 to 90 Kg P^Gfj/ha. 
Though an increase in root weight has been recorded for 
an Increase in dose of P, in coastal sandy alluvium and 
Pohlceli soils as the dose of P is increased for the carrier 
HQ? root weight has been decreased. One of the foremost 
effects of P on crop growth ia its influence on root 
production* Thin has also been recorded in the earlier 
experiments with two different rice varieties, Mashoori 
and Jyothi*

The two sources of P on various soils have produced 
e significant differences on straw yield (Table 85)* Th e  

rate of increase in straw yield with dose has not boars 
eorafsensurate with the rat© of increase in P dos© especially 
Uroia 60 to 90 Kg ^ Q® produced more
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straw when compared to Application of P as HQ? has
resulted in a quadratic response in lateritic alluvium# 
Kayal# Karapatfam# coastal sandy alluvism and Kole soils 
and a positive linear response in Kesri and Fokkali noils*
The response' for TCP in Xateritic alluvium and Kayal soils 
has bseis quadratic? in Karl# Karapadaa# coastal ssndy 
alluvium# pokkali and Kola# positive and linear*

A significant increase in dryEsatfcer production 
(Table 66) due to P application has teen observed. The two 
sources? of j? differed significantly on their influence in 
this character, m  increase ia drynatter yield (14 per cent 
has been obtained for TCP over KCP* individual soil has 
responded in a varied manner with respect to dry&afcter 
yield. Pokkali end Kole ©oils hove respectively recorded 
the lowest and highest dryzsatfcer yields. Application of 
KCP in laterifclc alluvium# Karapadam# coastal sandy alluvia® 
and Kole soils have produced a quadratic response? while
in Kari#Kayal and Pokkali# a positive linear response.

/
Application of TCP in all the soils have recorded © positive 
linear response. The observations on biometric 
characteristics clearly indicate a prominent response of 
rice to the application of P. The differential response 
to the two source© of P in the various soil types studied 
may be .due to differences in the P status of th© soil# P 
fixing or P releasing capacities end such other parameters
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of th© ©oils which will govern th® p availability to the 
rice crop*

Th© content of p in root and straw (Tables 87 oncJ 08} 
increases significantly due to different levels o£ F 
application# tho increase being highest for P in straw 
compared to p in root# sources of p however are net 
significantly different from one another* The F 
availability in the soil become® high as the dose o£ P la 
increased resulting a condition to allow th© absorption 
of asor© p by the root* This is reflected by an increase 
in the content of P in both the root and straw* The p 
availability also depends on soil characteristics end hence 
differential response has-been observed in various soil 
types*

The total P in soil (Table 09) ha® boan significantly 
influenced both by tho source and dose of P. increasing 
doses increase it© content in laterltia alluvium# Kayel 
and Koie soils for both &cp and TCP and produce a 
differential response for k-cf and TCP in other soil types* 
ao th© dose of e through TCP is increased* th© rat© of 
increase in total p also has been increased*

Panicle initiation stage is the stag© iraaodlately 
after th© phase of tillering and maturity of th© tiller® 
corresponding to naxinuaa uptake of p* By this time a rice 
crop would have normally completed th© uptake of nearly



90 p e r  c e n t  o f  it®  t o t a l  w re q u ire m e n t*  2n v ie w  o f  t h ia  

th e  p e rc e n ta g e  o f  p h o s p h o ru s  d e r iv e d  fro m  f e r t i l i s e r *  ( p u f f )  

I n  t h o  p r e s e n t  e x p e r im e n t  has been  d e te rm in e d  f o r  se ve n  

s o i l  typ e s #  f o r  v a r io u s  l e v e l s  o f  P , f o r  b o t h  t h e  c a r r i e r s  

o f  f  and i n  m a jo r p la n t  p a r t s  su c h  so r o o t  and straw *

T h e se  e re  p re s e n te d  i n  T a b le *  90 and 91* I t  i s  s i g n i f i c a n t  

t o  n o te  t h a t  i n  none o f  th e  © o i l  typos#  t h e  s o u rc e  o f  

f e r t i l i s e r  c o u ld  make a s i g n i f i c a n t  d i f f e r e n c e  i n  th e  P W F  

(A p p e n d ix  X V ) o f  e i t h e r  th e  r o o t  o r  th e  s t ra w  sh o w ing  t h e r e  

b y  t h a t  b o th  c a r r i e r s  vie*# the s o lu b le  pho sp ha fc ic  and 

in s o lu b le  tricaloic a re  p e r fo rm in g  as e f f i c i e n t l y  as each 

o th e r*  T h e  c o m p a ris o n  betw een th e  s e ro  l e v e l  and fche 

' lo w e s t  l e v e l  v is * #  30 Kg F g 0^ ^ 3 show t h a t  b o th  th e  

f e r t i l i s e r s  a r e  e f f i c i e n t l y  f u n c t io n in g  I n  t h o  s o i l*  

C a lc u la t io n  o f  P u t i l i s a t i o n  p e rc e n ta g e  In  t h e  p la n t  b ased  

on  P a p p l ie d  in th e  c a se  o f  HCP and TCP a re  r e s p e c t i v e l y  

4*3 and 4*6 (T a b le  94)*

W ith  in c r e a s in g  doses# a s i g n i f i c a n t  in c r e a s e  i n  th® 

P0PF i n  r o o t  has been o b se rved *  However# t h e r e  i s  a 

p r o g r e s s iv e  d e c re a s e  i n  th e  ra t®  o f  incr© as©  o£ P D iF  in  

th *  r o o t  w it h  in c re m e n ta l dose© in  th e  c a s e  o f  b o th  MCP 

and TCP*. Th*  p d f f  i n  s t r a w  s i g n i f i c a n t l y  in c r e a s e  w it h  

dose  f o r  b o th  k c p  and TCP* However#- w i t h  TCP# th© c a t*  

o f  in a re a s ®  o f  &&8W w it h  in c re m e n ta l d o se  in c re a s e s  end | 

th®  in c r a s s n t a l  ra t©  betw een th e  do se s o f  60 and 30 Kg

336
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pgQ^/he. oa the on© hand and 90 and ©0 Kg p20g/ha ojri 
other is significantly different from one another*
However, in th© cos© of MGP, the rot© of increase is 
fairly;steady for the dose® 30 to 60 Kg F^Q^/ha. Free 
60 t© 90 Kg Pz° ^ tla- however, it shows a significant 
Increase in trend*

These results bring into focus three elegant point© 
for discussion vi®», the differences in the p requirement 
in the loaf as compared to the root, tS*e steady increase 
in incremental response observed In most'ifof the ric* soil 
types in Kerala with TCP and the 60 Kg P2G5/ha acting as 
a barrier beyond which such an increase is found in the 
case of soluble raonoealeium phosphate in ric© soil© with 
high p 'fixing capacity on which the®© experiments have 
been tried. Morphologically, fcha root is well known to 
act as a harrier for both essential as well a© trace 
elements a© in the nutrition of a crop plant as well as in 
protecting it against toxic element© is concerned* This 
ability to act as a harrier necessitate© th© earlier 
attainment of a threahhold level of nutrient in the root 
prior to such a level being attained in tho root*

Th© steady increase in the percentage p derived from 
fertiliser brings out the potentiality of insoluble rock 
phosphate as phosphatic fertiliser for rice soils under 
acid ©oil cohditions. it is necessary that in a judicious



national resource utilisation strategy# wo glva priority 
to the use of rock phosphate in acid soils* The occurrence 
of a 60 Kg harrier for £3CP beyond which only strew has 
been increased for increased level of applied phosphate 
may partly be due to the high P fixing capacity for soluble 
phosphate* in almost ell the soil types studied (Table 25). 
The soils included in the study differ considerably in 
their ability to maintain u n i f o r m i t y  with respect t o  the 
PDFF value* for root and straw at cams levelb of P 
application which is d u - i-  t o  t h e  variations in the total p  

status end other physico-chemical characteristics of the 
soil* which dafina available p  a n d  i t s  release from 
unavailable forms*

A-valuo, the concept Introduced by Fired and Dean 
(1952) is th© inherent nutrient supplying power or the 
native P supplying power of the soil* Based on A-value 
determinations using two different ooureas# the data clearly 
show that there io no significant differenc© between hop 
and TCP* This means that# TCP is as efficient as mcp in 
the acid rice soils of Kerala. Graded Coses of P applied 
through both the fortes increase the J? supplying power as 
measured by A-value eind that this ability or power increase* 
with increasing doses of fertiliser ? applications*
Table 92 show* that th© A-values arc lowest in Pokkeli 
aoils and highest in Karapeda® coils„ it further indicates 
eartein other interesting trends* For th© same dose of p
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as carrier HCP ha© created « larger spread of the /v-vaiue 
for the various ©oils than TCP* This tseanu that the water 
soluble phosphatlc fertiliser behaves differently ie !
different sell© vihile the T&*» behaviour in all the soil* 
is very nearly similar# i*e*# the spread is loss* The 
highest dose of 90 Kg of MSP has produced fs®xi«u» variation |
among tho ©oils in their A-values while the rainiea'um 
variation is scan in the case of both TCP at the lowest 
das© of 30 Kg iPgQg/'bs*

j'
The P utilisation percentage is significantly greater 

to the extent of 7 per cent its plents grown in TCP applied 
soils compsfed to MCP spiled ones (Table 93)* Further# 
p utilisation percentage has been decreasedwith increasing 
levels of P and thus there exists an inverse relationship 
between the percentage utilisation and the dose of P 
applied* The rate of decrease in the percentage of P
utilisation has been significantly higher for MCP eoapared

!
to TCP 'thus justifying the superiority TCP in the acid
rice soils of Kerala to casslnlse s> utilisation* All the 
seven coil types however, differ with respect to P 
utilisation justifying their disfcinctivenoss end consequent! 
Offering explanation to the variable response to 
applied P*

6«>2« Harvest a tape

The two P «©ursess &0F and TCP do not produce 
significant differences in grain yield (Appendix XV2)*



out soil type® produce a significant difference in yield* 
This ocph&rises the variability in soil to fee a more 
oru&ial factor In producing response than tba source of P 
®»p®oielly under Kerala rice ooil situations» Vrota the 
present radio-tracer easparisaient* the summarised result 
(Sable 95) of a comparison of grain yield of pots tilth 9 
applied m  against control# show a significant increase 
(3? per cent) in grain yield* Hhen the level of applied 
p has bean increased from 30 to 60 Kg p^o^/ha the grain 
yield has been increased by 20 per cent though there has 
tomn a marginal decrease in yield for the additional 
increase of 30 Kg P^O^/ba* The TCP has been sore effective 
at 60 Kg P^o^/ha os for m  grain yield is concerned since 
the grain yield is related to P utilisation which la also 
higher for TCP. Though the findings of Motaara and Datte 
<1971) are of great significance with respect to tiss of 
rock phosphates, the extensive spread of the soils used 
and th© variety of crops tried limit their applicability 
to different rice ooil situotionc, The present study 
restricted to acid rica soils which include acid sulphate 
noils «it one eKtfeme to coastal sandy alluvium at the 
other giving in variable response to rice under application
o f  b o t h  S 4 t p  e m u  T C P  i n d i c a t e  t h e  p o s s i b i l i t y  o f  u s i n g(
c h e a p  r o c k  p h o s p h a t e ®  u n d e r  h i g h l y  a c i d  s o i l  s i t u a t i o n s *  

t h o u g h  n o  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  g r a i n  y i e l d  a n d
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p eosafc«nt in root has beep observed* tha p content in 
root has positively influenced grain yieid vi©* ©oil p, 
p m w  (straw)# available p In soil and percentage P 
utilisation to the cactssnt of S3 per cent as obtained 
through path analysis (Table 100)* This indicates the. 
multiple of factors like bha p content In groin# soil P# 
pOFi? {straw end grain)# A-value and percentage p utilisa
tion contributing to grain yield ojs -explained by their 
total corsrolstion*

Significant difference In straw yield (appendix KVI) 
for tho two sources of P bos been observed* m  in grain 
yield# atrav yield {Table 96) has also hson increeaed by 
? per cent for the P as TCP when GOK$arati to step* a 
marked increase in straw yield (56 per cent) further 
substantiates th© good response of rice to P application 
in all ;t'se soils* TO? has recorded a higher straw yield 
c o o l e r t o  &c$> again proves the suitability of acid 
soluble fern o£ p i& tho ecId soils of Kerala* Th© strew 
yield has tes& lowest for th© poor fertile coastal sandy 
alluvial and highest for the xols soils a® in grain yield*

The higher response to F by til© root goes unnoticed 
always 'except while under research* a marked increase of 
70 per cant in root weight (Table 07) c&spaxred to only 36 
par ctsRut for ofcrw yield emphasises th$> Jteaportane® of p



application to th* rice crop though eons la tent lack of 
tm&pomet to p in (Jaiversity Miporfmantisl station* and 
Oovsmmont farms at* obtained and soy tempt farm managers 
to “skip0 phosphorus which is probably only a management 
tool not fully based on soli fertility cons iterations •
The effects of two eouresa of J? on root production have 
differed significantly in various soils which may bm due 
to the 'difference in the nature end properties of th* 
individual soil typos* The observed superiority of TCP 
over ho? in better root production is mostly due to the 
higher content of calcium? Th* enhanced root proliferation 
would have itself enhanced the utilisation of p from TCP 
resulting in increased growth end straw yield. The path 
analysis on straw yield (Table 110) and factors such as 
total s> (root and grain)# W W W  (root# straw and grain), 
/*-v«lu® end percentage P utilisation ate®, further indicate 
the cumulative influence of those factors towards & cbscge 
in straw yield* Excepting th* P content in root all the 
©ther independent factor® have fos*n positively correlated 
with straw yield#

Th® dryssatter yield (Table 93) at harvest has been
increased by 58 per cent due to P application irrespective 
of the -source* 8 Inc© all the contributing characters for 
th* drymatfeer production are higher for TCP, the total



dryasatber yield Is also higher for TCP for an increase in 
dose from 30 to 60 Kg PgO^/ha when compared to m g p * Th# 
differarice in response to' tho application of p by various

I * r

a oils is stellar to the grain yield# straw yield end root 
weight* Tho response of rice to p application' in th# 
present study substantiates the need for F application in 
all tho soils under study* ilowaver* tho degree of response 
varies from soil to soil explaining 'the differential 
behaviour of the ric© soils* Similar response have b m m  
reported from other rice soil situations by a nuafear of 
werkesqU &jfa Singh at al« 2.96S and Samioi and Singh, 1985).

The P in  roo t#  s tra w * ggain  and s o i l  (T obles99  t o  102) 

h a s been in c re a se d  w ith  in c r e a se  in  y  e i t h e r  a s  KCP o r  

TCP* When a  257 p a r  c e n t  in c r e a se  in  P c o n te n t o f  r o o t  

o v e r  c o n tro l h a s boon o b served * o n ly  S3 p e r  c e n t  in c re a se  

i s  noted f o r  P in  straw  in d ic a t in g  th e  in flu e n c e  o f  P 

a p p l ic a t io n  on r o o t  p ro d u ctio n * fu r th e r  th© r e s u l t  s t r e s s e s  

th e  aend for b a s a l  a p p lic a t io n  o f  p  f o r  th e  speedy  

e s ta b lish m e n t o f  th e  cro p * When a  11 p e r  c e n t  in c r e a se  o f  

p in  r o o t  f o r  on in c r e a s e  o f, p final 30 t o  60 Kg PgOg^ui 

co u ld  b e  observed  f o r  hcp a p p lic a t io n #  a  21 p e r  c e n t 

in c re a se  in  P co n ten t in  ro o t  co u ld  b e  n oted  f o r  T€P 

a p p l ic a t io n *  T h is  in d ic a te s  a  b e t t e r  e f f e c t  o£ TO? on 

r o o t  grow th* A m arg in al in c r e a se  o f  p  in. s tra w  cou ld  a l s o  | 

b e  obsmgved f o r  TO? f o r  an in c r e a s e  in  t o e  from 30 to  

00 Kg PgOg/ho*
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Th* s?dff value# in root, straw and grain ot harvest 
stages (Appendix XVII and Table 103 to IQS) indicate 1&* 
significant difference between Hep and TCP in their pjmw 
in root unlike th® I W P  in straw and grain. Increasing 
doses of p resulted in increasing in PbSS* of both root 
end straw* The differential response to P application in 
different rice soils could be due to the difference in 
th® pattern of p released to the crop and utilised by- the» 
as observed through the PDFS' values both at panicle 
initiation as well os at harvest stages«

The soil available p represented by jwvalue (Table 106) 
is not observed to toe significantly different for the two 
sources of p at harvest. However, an increase in this 
inherent P supplying capacity has been observed (100 per ceai 
os the dose of P increased frosa 30 to 60 Eg P^o^/ho and 
192 per cent increese for an increase In P fron 30 to 
90 Kg f^Og/ha. As the dose increases, the fixation of p 
aico increases resulting in low P availability. The 
differences in s> fixation, P availability atc», has resulted 
in the differential toahaviour of the seven ooil types

4.4under study.

At harvest atogo also, the P utilisation percentage 
(Table 10? and 100) has been significantly Influenced by 
the nature o£ the p carrier. Hhen the utilisation
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percentage has b**n higher for TCP at Panicl* initiation
stage the same has Ibsen higher for hcs> at harvest stage*
She p utilisation percentage has h m n  increased m  the
doae of P decreases* Shis may foe an© to th© more efficient
utilisation o S P  at lower levels since there fsay be mr<s
Gorspmbltim asong th© plants for ti» Halted supply of th*
nutrient* A v M q  variation in th* utilisation of P by
v a r io u s  s o i l s  h a * a l s o  h m n  ob served  f o r  hc& end h o p  a t

different doe©a* She ? utilisation percentage is 14*1 at
00 Kg PgQg/be m  ttzp ana 1S*0 per cant for UCP at th®
seise dose in the? present »fe«Cy. $fte Kole coils recorded
th* lowest percentage P utilisation CIO*7) and th*
Ker®ped*n soil®# the highest <20*1)* & number of
researchers supported th© view that in acid soli*# rock
phosphate can replace superphosphate m  it b&zoma m
oconoraical source of P* in the present study also it ha*
been .shown that £CP produces the oam© response as N6P in
all the acid soils* However* all th* earlier studios asr*
baaed en replicated trials or basic studies but with out 

32th© use of p icaterial* Situ present afcisdy being based 
32on p gives uncguivooal proof for tb© use of rocfe phosphGfc* 

ffho chemical composition of the fertiliser* granul* sit®* 
and oathed of application etc** markedly influence th* 
response of ric* to phoephatia fertilisera Kanwor ct el* 
<1902) in addition to th® type of ooil and th® crop variety*



The response a crop to added fertiliser depends to a 
great extant on the amount of applied 5? and the residual 
fertility of th* soil* If the soil is severely depleted# 
fertiliser £> will giva a significant increase in yield*
If the soil is well supplied# or if o m  is adding a large 
amount of fertiliser# a chans# In the rate of addition 
will not make much difference in yield* The low 
fertiliser use efficiency of p warrants further research 
for efficient management of p fertiliser*

Tho rosponao o£ rice to thg application of graded 
dosm o£ h z p sad TCP in th© 3oven rico soils of Kerala 
b&s frsea further judged by fading out the optimum dose of 
2? for smxlQum grain yield (Table 111 and Pig* 7}* A 
linear positive relationship could h© obtained for the 
applied doses of mop in Xaterltie alluvium and top in Kola 
soils* Ho optimum could however be worked out for these 
soils for the two sources* This may be due to the varied 
nature of the P fixing capacity of tho soils indicating 
differences in the nature of the first and subsequent 
reverted compounds in these soil©* The optimum P as HCp 
worked out for Karl# Karapadam* Knysl# Fokkall* coastal 
sandy alluvium end Kole soils are GO* 46# 52# 56# 54 end 
59 Kg PgOg/'ha respectively. Tho highest optimum 
£60 Kg PgOg/ha) for Karapadam may to due to the 
differential, behgvinur in their p fixing capacities and 
v tranefornatlons* Tho optimum dose of p as TCP for
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lpteii&t&c alluvium, Kasri, Kerapadam# Kayal* Pokkstli and 
coastal sandy alluvial soils have been observed to be 
81, 67, 39, S6* 50 and 33 Kg l>2 Os/ha respectively.
2 1 ) 3  highest optiaura observed for X&teritic alluvium 
among the seven soils may be duo to its bis!) p fixing 
capacity eoaseqaeat to high sasqui^oxido content*
2h<s availability of .P though a leas soluble p aouarc* 
Ctcpi will bs lass whan compared to wcp and bones a 
high&r ept£me& dor 4c&. Sftough Higher daaas of 2ep 
era required to reach the aptimuts, tbs unit cost of p 
will be less and henct low grade rook phosphates have 
to fee preferred under the acid sail situations of Kerala*



SU M M A R Y



SUKHAR?

Reports on lack of response to phosphorus in rice 
soils o£! Kerala ere often being brought forward but from 
non-confciguous locations* But consistent leek of response 
is being observed in some of the experiments in a few 
research stations whose soils have been saturated with 
phosphorus due to continuous addition* Though th© reasons 
for lack of response of rice to p application ere many 
and some of tr:em identified singly* no systematic integrated 
attempt to investigate the possible interactional reasons 
for the 'Occurrence of this complex problem has bean made 
so far* Thus there is a need to assess critically the 
factors* both soil and plant# which will favour or provent 
response in tho acid rice soils of Kerala* with the 
broad objective of assessing the factors governing response 
of rice plants to applications of phosphorus in tho acid 
soil* of the state# approaches in tho study include 
devising methods for categorising th© soil® with a recogni
sable parameter with well defined limits; detailed studies 
on soil p, fractionation; P fixation; pattern of transfor
mation q£ p of selected soils duo to submergence; response 
studies with graded doses of phosphorus on two ric© 
varieties# a short and a medium duration and comparative 
evaluation on the effectiveness of two sources of



phosphorus on rice in different noil# with labelled 
phosphorus* This integrated study repeals th* following,

1. Tho nine important physico-chemical parameters 
of rica soils which contribute to P fixation and P 
availability ot a 51 soil samples representing seven 
majorrica soils of Kerala have been classified by 
Principal coi^onent analysis Into six categories or 
clusters» The six categories foil within a total P 
content of<259, SSI « 450, 451 - 650, 651 - 900,
901 to 1250 aad>1251 ppffi*

2* Thus 37*09 par cant of the total soils 
(category 1 and 2} cose under low ( e total p content 
less then 450 ppm), 47*02 per cent (category 3 and 4) 
wider ftedits (a total P ranging from 4S1 to 900 ppm) 
end 15*09 par cent (categories 5 and 6) under high 
(a total P content more than 900 ppm)* Thus majority 
of the rice soils in Kerala can be c&tegorlsad under 
medium group with respect to their total p status*

3* In compering another method of classification of
isoil® based on factors of P fixation and p availability, 

the nine parameters included for grouping with the 
principal component; aothod have also been considered 
for claecificQtory analysis and index score method and 
it hen been observed that the eoile do not categorise 
themselves* Henco the classificatory analysis end 
index score imsthod la not suitable to group our soils 
based cn soil parameters governing phosphorus*
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4* th® classlficatory method* *ray-l-P has beanj
observed to b® th® most variable (coefficient o£

j
variation# 95 per cent) among the nine parametersi]
Included for th® study. Xt indicate® that profound

>!variation exists between various soils with respect to the
available P content*1!
5* The available p os estimated by Drey 1 method does‘i
not show any pattern of increase nr decrease with similar 
changesi! in total P content* Thus total P itself may not

Sbe a single factor governing P availability*
i!

■ ' !|6* Significant variations in total P# Inorganic and
organic! phosphorus fractions exist between various soil 
types* j! The total P ranged from 108 to 1763 ppm indicating 
th® genetic differences among the soils* The coastal

i
sandy alluvium and Kaysl soils respectively contain th® 
lowest and hl^iest mean total P*:i i

j
7* The saloid-p content has been lowest for coastal

il

sandy alluvium and highest for Karapadam soils*;l
Comparatively th® per centage contribution by this:i
fraction to total F has been the lowest (3*22)*

!i;!
8* J£ari soils contain th® lowaat cone* of Al-p while
Kola soils# the highest* Th® mean Al-P content of coastal

Si
sandy alluvium and pokkali soils is very nearly on par



w it h  t h a  K a r l  s o i l .  T h e  aean p a r  c a n ta g e  o f  A l - P  t o  t o t a l  

P f o r  a l l  the s o i l s  c o l l e c t i v e l y  baa been fo u n d  t o  be 
13.81* ,

i , •
i

9* Th© coastal sandy alluvium and Koyal soils hove
i

re c o rd e d  th a  lo w e s t  and h ig h e s t  cone* o f  F e -P  r e s p e c t iv e ly *  

Among a l l  t h e  in o r g a n ic  P f r a c t io n s  P e -P  h a s c o n t r ib u t e d  

maximum t o  t o t a l  P and th e  a v e ra g e  p r o p o r t io n  o f  P e -P  t o
IfI.

total P being 15*49 par cent*
f

10* Tha naan Ca-i3 fraction has bean lowest for coastal
sandy alluvium and highest for Kayal soils* The par centaga'■I
contribution of C*»? to total P has been comparatively low 
(6*79} and it stay be due to tha acid nature of tha soils*

11* Tha reductant P is tha third abundant fraction of
phosphorus* She coastal sandy alluvium and Kayo! soils 
have respectively recorded tho lowest end highest content 
of this fraction. The proportion of reductant P over

i,
total P has been 0.25 per cent*

! ‘

12* Oocluded-F has been lowest in coastal sandy alluvium
and highest in Kayal soils and Its per cottage contribution
to total p for all soil types being 2.82*

I. ■
13* The sum of inorganic P is found to be lowest In
coastal sandy alluvium and highest In Keyal soils* About 
50 p e r  cant of the total P i s  accounted by tha sun of

n
in o r g a n ic  P «



14* The low organic v levels In coastal sandy alluvium 
end high In Kayal soils have beta observed* . on an average 
the organic P contributes 44*3 per cent on the total P»

j1 ' \

15* The coastal sandy alluvium which has the lowest total
p have recorded a low quantity of non*extraoteble ? end
Kayal soils with highest total p have shown a high cone*
of this .{fraction* About 5*34 par cent of the total P could

Sinot be extracted by the fractionation procedure# a defect 
of the method*

16* The total inorganic P has been lowest in coastal 
sandy alluvium and hlghost in Kayal soils and it accounts 
for 55*6 por cent on the total P when all the soils are

■ i

taken together*

17* Al' close relationship has been noted between the
■i

total P and various P fractions by way of high correlations 
(0*73).

?■
18* statistically no significant difference could beif
noticed among the mean PFC of Karl# Xayel# Xarapadam aid 
Kole soils* The mean Pfc of a set of S soils (lateritic
alluvium, Karl, Kayal# Karapedcm and Kole) has been 49*6

|

per cenjt while that of the second set with coastal sendy
i

alluvium and Pokkall# 36*9 per cent. The difference 
between the two means has also been significant*



Kari soils have recorded the lowest and highest mean PFC
i

respectively*
t/

20. Tho P FC  has been studied in detail with respect to
the factors governing it by way of correlations and 
regressions* PFC has been negatively correlated with pH, 
organic carbon, total csQ, total Mgo, CEO, exchangeable Ca, 
exchangeable *jg, sand, c/p  ratio and active P. The 
relationships between PFC with total oosqui oxides, total 
Fe203, total hl203, silt, clay, C/Nf ratio and Fe2u3/ M 2Q3 
have bean positive,

21* The relative influence of selected independent
factor® vis*, pH, caO, MgQ, GEC, organic matter and
clay on PFC of rice soils have bean worked out with 
stepwise regression analysis, in lateritic alluvium, 
Karapcdqsn, Pokkali and Kole soils, tha total sesqui oxides 
exert maximum influence on the ppc. In Kari and coastal 
sandy alluvial soils, tho pH and in Kayal soils, the CEC 
have influenced maximum on PFC, Thus the criticality of 
th© factors in controlling the PFC of the acid soil© hao 
been worked out in the present study.

22* Upon waterlogging, all the soils have registered 
an increase in all th© inorganic p fractions of Phosphorus* 
Excepting Al*»p fraction by Kari soil, the coastal sandy 
alluvium has recorded the lowest value for all the Inorganic

19* Among the soils studied, coasts! ncndy alluvium and



P fractions due to submergence* With the exception of 
Kolo soils for both saloid P end Al-P# Kayal soils have 
recorded the highest values for ail tho other inorganic P 
fractions.

23. The per centage increase in P fractions due to 
submergence differ with respect to soil types. The average 
per contage increase has bean lowest for occluded-P (2*7) 
and highest for Fe-P (63*5).

24. The oecluded-P has been observed to be contributing 
to 2.2 per cent (lowest) while Fe-P# 49.9 per cent (highest) 
in the total variation of inorganic P fractions due to 
submergence.

25. The difference between the raoen values of 
available p under air dry and waterlogged conditions has 
been found to be significant. The air dry coils have 
recorded the lowest mean available p while the submerged 
soils# the highest.

26. Among the various methods..- (Bray 1# Drsy 2# Olsen 
and Truog) tried for estimation of available p both under 
air dry end waterlogged coils, Olsen and Truog have recorded 
the lowest and highest values respectively.

27. Th© average per centage increese in P availability 
due to eubraergsnc© has been lowest by Bray 1 and highest 
by Truog's method*
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28* Intercorrelation matrix between the per csntaga
increase in available p estimated by various methods and 
per centage increase in various inorganic P fractions due 
to submergence show that none of the correlations have been 
found to be significant*

29* The response of rice to graded doses of P has been
evaluated in an experiment with two rice varieties over 
six treatments and the observations have been taken on the 
30th* 6 0 ^  day and at harvest stage of rice crop* The 
available phosphorus has been determined by four common 
extractants viz*, Bray 1* Bray 2* Olsen and Truog, in the 
soil from various P treatments such as sero, 30, 45, 60, 90 
and 120 kg p^O^/ha* as superphosphate and grown to two 
different rice varieties, Mashoori and jyothi at throe

§ r

growth stages.*

30* The available P as estimated by the three methods, 
vie*, Bray 1, Bray 2 and Olsen have been influenced by 
varieties, doses of P and the growth stages of the crop.
The ,Truogr#s P has been affected by the varieties on the 
60^* day and the treatments on the 3Qfcl1 day of sampling* 
Significant differences in the available P estimated by 
different methods for verioua levels have been observed*
The mean available p in soil at various growth stages as 
Indicated by all the extractants (except Truog at harvest 
stage) has been lower in pots grown with Hashoori•



♦r Vs ( '31. Excepting Truog*a P et 30 day of sampling, th®
available V estimated by all the four methods at all stages 
of observation have been positively and significantly 
correlated with all the inorganic P fractions.

i
32. In tho stepwise regression, it has been observed
that the proportion of available P estimated by both Bray 1 
and Bray 2 derived from ffe~P is greater to the extent of 
90 per cent, saloid P by 78 per cent on Olsen*e v and M - P  
by 62 per cant on Trucg's F on 30 day of sampling.

33« Al-p has contributed 98 per cent in the available P
estimated by Bray 1 and Bray 2, reduct ant P by 87 per cant 
on Olsen*® F and saloid-P by 12 per cent on Truog’s p on 
th© 6 0 ^  day of the crop.

34. At harvest stage# Ca-F fraction has accounted 
95 per cent on the Bray 1 and Bray 2-P# 97 par cent by 
Ca*P on Olsen** J? and 36 per cent by occluded P on Truog*s P.

35* significant positive correlations have been observed
between biometric or yield characteristics end available p 
determined by all the four methods# except Truog in general. 
Further Olsen's P has been responsible for about 74 and 51 
per cent (highest values) respectively among the three 
methods on grain end strew yields*

36* Since P uptake end grain yield ere highly correlated 
(r*0«t92) the superiority and reliability of Olsen method in 
predicting the available P in the soil has been further

356
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emphasised by its higher contribution (68 par cent) on the
j;tstiaatc off P uptake by the rice crop at its harvest stags*
S37, Significant influence has been observed due to thsj|

treatments on the inorganic F fractions at all growth stages
'sunlike the effect of varieties on p fractions* She highestjj

dose of F bee recorded highest values for all the P
ii 'fractions*
i!

38* Among the various inorganic P fractions* fe*p has!;
been the highest at all growth stages due to varieties*

!itreatments and their interactions. Occluded P has been■j
'■ fll'ilowest due to varieties both at 30 and at harvest stages

of the crop while seloid-P has been the lowest for the
' th th.lowest dose both at 30 and 60 day after sowing end

iioccluded*? at harvest stage* occluded*? has been the
Ilowest for the highest dose of P at all the growth stage* 

of the crop*
iI!39* All the inorganic p fractions have been leaser in
iisoils grown with Haahaari variety indicating possibly a
j|

higher absorption of P from various inorganic p fractions

- H - *!l40* The grain yield has been highly correlated with all
I ■the inorganic P fractions except occluded*?« The 

correlation coefficients between straw yield and ?e*P*
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Ca~P and sun o£ inorganic P alone have been observed to be 
significant* This positive ana significant relationship . 
indicates tha responsiveness of rice crop to P fertlllsatloc

41* Tha v uptake has also been highly correlated with 
major p fractions vis** Fc-P and Ca-F* Fe-P is foiaid to 
be the most important form o£ P taken up by rice*u

42* Significant influence due to varieties* treatments 
and their interactions has been observed on all tha

t
biometric and yield characteristics of the crop at all 
stages of observation* The lowest and highest values of 
height of plant as wall as nuoher of tillers have bean 
recorded for the lowest and highest doses of P. Hashoori 
has been observed to be superior to Jyothi on tiller 
production* Higher doses of P beyond 40 Kg PjO^/ha: could 
not produce significant Influence on tiller production by 
both tho varieties*

/

43* The control treatment and the highest dose have
respectively recorded ralnirsua and maximum values for both 
number and weight of roots* The control treatment on 
Jyothi and highest dose on Hashoori respectively have 
produced lowest and highest number of roots and Inturn 
the root weight* Tha observations are similar with respect 
to the maximum length of roots also*

44* Hashoori out yielded Jyothi by 5*15 g/hlll . end the
difference between them has been significant* Among the



treatments# lowest and highest doses have respectively 
produced lowest and highest yields* But 90 and 120 Kg 
P«0,/ha 'are on par with respect to grain yield and nod 5
substantial increase in yield beyond 60 Kg Po0-Aa. hasat* 9

been obtained, dyothi with aero p and Hashoori with highest 
dose of P have recorded the lowest and highest grain yield
respectively*

ji

45* The superiority of Maeboori on straw yield has also
,i

been observed* The influence of treatments end their 
interactions are very similar to the one on groin yield*

46* Varietal variation in drycotter production has also ,
bean observed* Hashoori being a medium duration crop 
absorbs more of p duo to higher root spread# produces higher 
grain* straw end drymatter yields#

47* The response of rice to p application has bean
further supported by positive and significant correlations 
between biometric or yield characteristics and P uptake*

46. The effects of nonocalciua phosphate (MCP)# a water
soluble form of P and tricalciun phosphate (TCP)* an

i
insoluble one# on seven major rice soils of Kerala have 
been evaluated by the use of radioactive labelled material*

49* At panicle initiation stage# P application has
ii

significantly influenced the height of plant* number of



»'* *

productive tillers, weight of roots, weight of straw, total 
drymatter and P content in root, straw and soil.

SO, Sources of 1? have no significant effect on height of 
plant, weight of roots and content of P In root and strew 
unlike its effect on the nunb&r of productive tillers 
(3 per cent increase for TCP than MCp) wslght of straw 
(10 per cent increase for TCP over MCP) and for th* drymatter 
(14 per cent higher for TCP than MCP), At lower doses, MCP 
and at a higher doses, TCP have been affective*

51* Differential responses for the two .sources of P in
different soil types on all the biometric characteristics 
have been recorded* An Increase in drymatter yield (14 
per cent) has been obtained for TCP over MCP. The observa
tions on bios*trie characteristics clearly indicate the 
positive response of rice to P application. The differential 
response by the two sources of P in different soils may be 
due to the difference in the P status of the soil, P fixing 
or p releasing capacities and such other parameters of the 
soil# which will govern the P availability to rica crop*

S2* Significant increase of P in root and straw has been
observed doe to different levels of P application over 
control. The response of these characters differs with soil 
types unlike the two sources* The soil total P has bean 
significantly influenced by the source and doses of P*
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53* The P b W  in root end straw have not been significantly 
affected due to the twosources of phosphafcic fertilisers. 
Though, the POFJV in root has been increased due to an increase 
in dose# the rate o£ increase has been decreased unlike tha 
PDFF in straw where in the rate of increase has been 
substantial. The soils differ with respect to the PDFF values.

54. Ho significant difference due to the two sources on 
the A»value has been observed, which again supports the 
quality of TCP for substitution of MCP in the acid rice soils. 
Soil types differ significantly in their A-valuss.

53. The per ceotage 9 utilisation has been significantly
influenced due to the sources of P# TCP producing 7 per cent 
more compared to MCP. As the dose of P Increased# the 
per centage P utilisation has been decreased* Tha soil types 
vary with respect to P utilisation explaining to the 
differential response of rice to P in various soils.

56. Ho difference between MCp end TCP could be observed
with respect to grain yield unlike the soil types which 
showed an effect* An increase of 37 per cent on grain yield 
between ? applied end P not applied has been noted. The TCP 
has been sore effective at 60 Kg PgO^/ha* Thara can be 
multiple of factors vis.#' the P content in grain# soil P#
JPGFP (straw and grain) A-value and per centage P utilisation# 
contributing to grain yield as explained by their totel 
correlation in the path analysis.
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57# Significant difference in atrow yield at harvest for 
tha two sources of P has been observed# It has-been increased 
by 7 per cent for TCP over Hep. An increase of 56 per cent 
due to P application over control further substantiate* the 
good response of rice to P application in all soils* ' The 
superiority of TCP in acid soils has been further supported 
by the increase in straw yield*

59* A marked Increase of 70 per cent In root weight at 
harvest further emphasises th* importance of P application 
to rice* The two sources differ significantly in various 
soils with respect to this character* TCP has been found 
to be superior to mgp on root proliferation*

59* Tha dryratter yield at harvest has bean increased by
58 per cent due to P application* Tha dryaatter production 
has been higher for TCP than MCP* The soils differ 
significantly In drymafcter yield aa in grain, straw and 
root yield*

60* The P in root, strew, grain and soil at harvest
increased with Increase in P either as m c p or TCP* The 
differential behaviour of rice soils to thas© characteristics 
has also besn observed*
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61* There is significant difference between MCP and 
TCP for PDFF in root unlike the P2FF In grain and straw*
The differential response of rice to P application in 
different soils has again been explained by the difference 
in,the pattern of P released to the crop and utilised by 
then as observed through the S?dff values both at panicle 
initiation stage and at harvest*

62* as at panicle initiation stage* the per centage P 
utilisation has been influenced by the two sources. As the 
dose of P increases# the P utilisation decreases which ®ay 
be due to the store efficient utilization of P at lower levels* 
A wide variation with respect to different soils on this 
character has also been observed. The p utilization has 
been 14*1 and 22*0 per cent respectively for MOP and TCP*

63* m  the present study it has been observed that the 
TCP can bo a better substitute for tfcp in all the rice soils*

64* The response of rice to p application either «cp 
or TCP has been further assessed by working out the optleun 
dose of P for saxlffium grain yield* Since linear positive 
relations could be obtained for hcp in later it ic alluvion 
and TCP in Kole soils# no optlauia could be arrived at for 
those soils for the two sources*
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65# The optieun p as KC? for Kari# Karapetian# KayoX# 
Pokkali# coastal sandy alluvium and Kolc noils are 60# 46# 
52# 56# 54 and 59 Kg P^Qg/ha?, respectively. While th© 
optimum as TCP for lateritic alluvium# Earl# Karapadam# 
Kayal# Pokfcali and coastal sandy alluvium are respectively 
81# 67, 59# 56, 50 and 55 Kg PjOg/ha. Though slightly 
higher doses of TCP are required to reach an optimum# th© 
unit coat of P which is considerably low in rock phosphates 
gives an economic advantage in its use* lienee low grade 
rock phosphates con* be preferred under acid rice soil 
situations of Kerala#
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APPEBOIX X
Soil Stapling sits* 

X* L a f  rltic alluvial ftoll&
i t P W o M M T l U  * * • * * * * < » + *
S.Katotakkada X 33.RalatUpp®4aa
3*Katofcakkada IX 34*SCutfcIppuffofli X
4*Ps?tsvatli»thDor I 35*K«tftlppuc«» XI •
§#Peas'U»p$ahofchoor XX 3G**h**®*s*®3T*

37«Co&&kal
38. BdakkutotuparaRfcu6*Avanak uahi X 

7tAva»s^shi XX 
Q*Vdlay©si X ' 
9.V«ll«yani XX 
lOcKtftAtna I 
il^KerassaBa /XX 
X2«Vfefctappara 
13*Va»fcayasr» 
X4*VasaaaapuraiE 
IStRlllmaaooX’ 
16*Bila««l 
17«Kadai&al 
iB^Chadayassaagelam 
10.Aysor
20*Hraeng&ttukonwi 
21*Valakom 
22.Karikko«n 
^ 3  .Kofctraakkara 
24.KGdtl9eti«W 
SS.Hfflkadak&aviir 
26*ER&fchu 
27»Ad3QS- 
SS.Keaaao&ttla* 
29»K©llkkera 
3$.0fcfoall*sff 
31,p*rath»vusp«da»

39 wCha&raflm&tott 
4G«Xhir«ff 
41*PORttii&d6»
42«p«ravanna 
43*PcxKfi&ia 
44UHalappus?aia 
45»ftas»3pura8#
46«Kttcnapp$lly 
47«Kallatsppillippa<3am 
4B,V*XXur
49*P&tt&&l BH3«s punj& 78*Hajapuram South 
30«Patt&2&£ Rfcs*2X P«lliyal .’
Sl.Patt&sbi 93S*zu

62*H&nnexk&i:i XX
63«V$m&an4ka££ X 
64#Vtahsnakral IX 
65*Anadha5taffi 
CG.Koruviittri X -.:
67»Kaswatot® XX 
68*Karuy«tta XIX 

^€9»Karuaadi 
7G*FO£3kk3d
^  Iggal-Spilfl 
71*Ch©rukara east' 
72'GhtirUkara West 
73»£.Block Xrat 
. 74fE«aiocic. m ot 
?S%it, Block East 
7S«H.Block H«»« 
77*Kajapur«m Rotfth

52«Piaanefce?xy 
53«l4ajamsfchy £33. 
54«Puah«Kkai 
55* etena&thavady
2* Krai Soil* '
5S*.Kurichil:orX.

57*A ia»kari
56«£>uthenkePl
59«Va£€ya?
60 * Wulo ekkuim*ak«ri 
61* Mann ark art X

79*Kragalrai)cayal Erato 
OQ'K&sfalmkayal South 
61«KatMkayal East. 
82eMathlk«yai West 
63«Ss*affK?olaKk$yal Erato 
84•SrarapolojBkayal we»t 
8$»Kokkakayal
4* Karapadaia Solla 
Gfi*Hsdw»pus*a« 
87.Vallyakiliyanveli X 
88*Veliyokiliyanv*li XX

<Contd#



f/' ti'
69* Ch#un«mangttla» 
90«KochuHlliyaoveii 
91*Thai*vady 

^92*Honcoiipit RftS» X 

93*Moncospu KR3. XX 
94*Moncoinpta KAd.XXX 
9StPalli!tO0t£U3* X 
96*PulliS£0ottu»a XX 
97,chssppalaklta X 
98 « Chepp &1CJ&& XX 
99'#Beneakar& X 
100*Ramankari It 
lOl.Kidangara X 

lQ2#&ldang*ra XX

lp3.Kayam5£uiasi krs* X 
t^iOi.KeysiE^uXasj BB3* XX 
XOS.Keysafeiitoa fti&.XXX 
106«K&rimagappcl£y Seed Farm X 
1Q7*KerunagappoU.y seed Farm XX 
1 08* Karon agappally Seed Facia XZI 
1 09 *Kr ishnap ur aa 
llG.Changankolangera 
111.Pa j ikuzhi 
na.Chalskudy &R3» X 
li3«Chalaku£y ass* XX 
U4»Ch&lakuty rr£UXXX
6* Foftk«lJL..£c&Ug.

yUS.Vyttilo fifls.' X 
ii8*Vytt4Xa tu;.u * xx 
ll?*Vyttila ARStZXX 
118«Vytt.Ua REJ* XV 
UO.Vyfcfcila SfiS* V 
120.vyfctila RKS'. VI

ISl.vyfctilQ double crop 
122*Vyttil® single crop 
123»Fenagad X 
134*psaagcid XX 
125»?&aagad XXX 
126*Tfruravur X 
1 2 ? * 7 h u ra vu r XX 
128*Pafcfcanakkadu X 
129*pafctanakkado XX 
130*W aradu £ 

ISl.Haradu XX

' 133*Kan£ojnip«d2siB
■ 133«£ravupedgn 
'I34.Paahsmkole
' 135*ChaXe<3Skolepedein ■
136* Ctottuvapusha tte&$
. l3?*K©dmiko£©
138*Ranal«rthoshtm 
. 139 .AnfchikadukoXopsdesn 
. 140* Knairoskkal 
141 * Thekk&cnehlra 
, i4'2»Vadotckckcnch.ire 
. 143 » Vendorupadem 
, 144. Vesr i aaqpedevukole ■ •
. les*jaye&'tt9pa<Mkole *
. 146«PerthurperdeyUkole
■ 147*?2u.thyelaXpo^a® ■
- 148.vrubilipQ<Jafii
149 *Th©rathu3cole 
.IDQ.Kishakkukole 
151« Pexunafchukarathuruthikole• |



A P P E N D I X  II 
Physico-chemical characteristics of rice soll3
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! 1 a 1 ..... 3 4 5 6 7 8 9 10- ii 12 13 14 15 16 17 18 19 20 21 22 23 24 j

1. Perumkadavila 5.0 1.54 65.2 14.0 19.6 8.1 ' 3.5 ‘-1.6 1.2 0.3 0.12 12.1 2.9 15.0 0.70 0.12 12.8 64.2 4.2 585 1.1 40.1

2. Kattakada 1 4.9 0.82 50.4 16.3' 31.3 6.7 3.0 1.3 0.9 0.3 0.05 13.3 2.7 21.0 0.68 0.10 16.4 45.6 6.3 362 2.2 52.4
3. Kattakada II 4.3 0.76 52.1 16.0 29.6 6.7 3.1 1.3 0.9 0.3 0.04 i t.a 2.7 20.5 0.67 0.10 19.0 42.2 6.6 381 2.2 51.1
4. Perumpazhuthur4.8

T
0.97 54.5 16.0 27.5 6.6 3.0 1.3 0.6 0.0 0.05 IS.9 3.1 20.0 0.68 0.11 12.1 64.7 5.5 283 5.7 50.2

5. Perumpazhuthur
II 4.7 0.78 54.4 18.5 25.4 6.9 2.8 1.4 0.9 0.4 0.05 i a . o 3.0 21.0 0.67 0.10 15.6 54.2 6.0 280 5.1 52.0

6. Avanakuzhl I 5.4 1.98 80.0 4.3 12.5 9.3 4.2 1.9 1.3 0.4 0.15 8.2 6.0 14.2 0.75 0.15 13.2 90.0 1.4 465 3.4 38.3
7. Avanakuzhl II 5.2 1.57 65.0 11.1 22.6 8.4 3.5 1.7 1.3 0.3 0.11 11.9' 4.1 16.0 0.71 0.14 14.3 71.4 2.9 461 2.3 42.4
8. Vellayani I 4.6 0.66 46.4 18.0 33.6 6.0 2.6 1.2 0.8 0.3 0.03 18.6 4.9 23.5 0.58 0.08 22.0 31.4 3.8 422 2.6 61.1
9. Vellayani II 4.4 0.63 47.1 20.0 30.6 6.2 2.7 1.2 0.9 0.3 0.03 17.5 4.6 22.1 0.52 0.07 21.0 78.8 3.8 162 1.1 59.3
10.KaramanB R .H .!

I
11.Karamana R.R.

II
4.95.
4.8

0.96
0.84

54.4
55.4

18.5
18.0

25.6
24.6

7.0
6.a

2.8
3.1

1.4
1.4

0.9
1.0

0.2
0.2

0.08
0.05

18.9
17.0

3.6
4.0

20.5
21.0

0.69
0.65

0.11
0.09

12.0
16.8

96.0
46.7

4.7
4.3

184
383

6.7
3.4

53.1
51.2

12 .Vattappara 4.8 0.99 57.4 11.0 28.6 6.9 3.1 1.4 1.0 0.3 0.08 17.2 4.8 22.0 0.62 0.08 12.4 56;0 3.6 322 0.6 54.0
13.Vembayam 5.1 1.60 58.0 19.3 20.7 8.3 3.7 1.7 1.1 0.3 0.12 12.0 4.1 16.1 0.71 0.13 13.3 76.2 2.9 461 2.B 42.0
14.Varaanapuram 5.3 1.98 80.1 6.3 11.6 9.6 4.3 1.9 1.3 0.6 0.14 9.0 5.3 14.3 0.74 0.15 14.1 82.5 1.7 584 3.9 38.2
lS.Kilimanoor 4.4 0.60 50.4 20.1 27.4 6.2 2.8 1.2 0.9 0.3 0.03 17.B 5.2 23.0 0.50 0.06 20.0 46.2 3.4 263 3.4 59.0
16.Nilamel 4.8 0.78 58.0 18.0 22.4 7.0 2.9 1.4 0.9 0.2 0.05 16.0 ' 5.5 21.5 0.60 0.09 15.5 32.5 2.9 522 1.7 54.1
17.Kadakkal 4.6 0.69 50.8 12.5 35.0 6.5 2.9 1.3 0.9 0.1 0.04 17.5 5.0 22.5 0.56 0.07 17.3 26.5 3.5 564 3.9 58.1
lS.Chadayaman-

galam 5.3 2.05 80.9 6.0 9.5 9.9 4.5 2.0 1.4 0.5 0.22 9.3 5.2 14.5 0.75 0.15 9.3 68.9 1.8 602 5.1 39.0

contd,



1 2 3 4 5 6 7 8 9 10 11 12 13

19. Ada or 5.0 1.47 64.3 15.0 18.5 0.2 3.7 1.6 1.1 0.3 0.10
20. Marangattukonam 5.2 1.66 60.4 8.6 25.6 8.1 3.7 1.6 1.1 0.3 0.12
21. Valakom

. . I 4.9 0.B7 57.4 16.1 25.0 7.2 3.0 1.3 1.0 0.3 0.06
22. Karlkkam 4.7 1.11 58.0 19.0 20.1 7.3 3.3 1.5 1.0 0.‘4 0.11
23. Kottarakkara 5.1 1.62 63.0 14.1 20.2 8.4 3.4 1.7 1.2 0.3 0.15
24. Neduvathur 5.3 2.05 SO. 3 4.1 11.3 9.2 4.1 1.8 1.3 0.3 0.20
25. Melkadakkavuf 4.1 0.15 .33.4 20.0 44.5 4.8 2.1 1.0 0.6 0.2 0.05
28. Enathu 4.8 1.20 57.5 12.1 28.4 7.4 3.3 1.5 1.0 0.3 0.05
27. Adoor 4.8 1.23 60.0 22 .6 14.9 7.9 3.3 1.6 1.1 0.3 0.06
23 , Kunnamkulam 5.2 1.78 67.0 10.4 20.6 B.6 3,9 1.7 1.2 0.3 0.12
29. Kollkkara 5.1 1.68 70.4 12.0 15.3 8.5 3.8 1.7' 1.0 0.3 0.10
30. Othallur 5.0 1.71 70.9 6.7 20.3 8.5 3.6 1.6 1.1 0.3 0.11
31. Panthavurp'adam 4.7 1.23 60*0 14.0 23.6 7.5 3.2 1.5 1.1 0.2 0.06
32. Kalachalpadam 4.3 0.40 41.5 16.2 33.3 5.4 2.4 1.1 0.8 0.3 0.02
33. Kaladlppadam 4.7 1.33 60.0 16.3 27.7 7.8 3.3 1.6 1.1 0.3 0.07
34. Kuttipuram I 4.3 1.23 60.5 19.0 18.4 3.0 3.7 1.6 1.1 0.3 0.05
35. Kuttipuram XI 5.7 2.07 05.6 4.0 5.6 10.5 4.7 2.1 1.4 0.4 0.21
36. Thlrunavaya 5.1 1.59 73.0 16.1 8.3 8.5 3.4 1.7 1.2 0.3 0.15
37. Codakka1 5.2 1.74 75.2 12.0 10.6 8.3 . 3.6 1.8 1.2 0.3 0.12
30. EdakkaLtur

parambu
5.0 1.71 72.3 8.1 IS.6 8.6 3.7 1.7 1.2 0.4 0.12

39. Chamaravattom 4.1 0.15 44.4 18.0 34.1 5.8* 2.5 1.2 0.8 0.2 0.01
40. Thirur 4.7 1.20 60.5 12.0 23.5 8.0 3.4 1.6 1.1 0.2 0.05

14 15 16 17 18 ' 19 20 21 22 23 24

12.4 3.1 15.5 0.70 0.12 14.7 50.7 4.0 643 5.1 41.0
12.1 3.9 16.0 0.71 0.12 13.8 79.1 3.1 482 7.9 42.1

16.5 3.8 20.3 0.88 0.10 14.5 37.8 4.3 523 9.6 51.2
16.6 3.9 20.5 0.59 0.09 10.1 35.8 4.3 686 4,5 53.0
11.6 4.2 15.B 0.71 0.13 10.8 49.1 2.8 764 9.0 42.3
9.1 5,1 14.2 0.75 0.1S 10.3 55.4 1.8 806 2.5 39.0
18.9 6.1 25.0 0.45 0.04 15.0 7.1 3.1 464 5.6 64.1
16.2 3.8 20.0 0.61 0.07 24.0 28.7 4.3 1062 13.5 51.0
16.5 4.0 20.5 0.62 0.07 20.5 37.3 4.1 766 2.5 52.2
9.0 4.9 14.8 0.72 0.13 14.8 40.5 2.0 1007 10.1 41.0
12.0 3.1 15.1 0.71 0.12 16.8 36.7 3.9 822 3.9 42.0
9.1 5.2 14.3 0,70 0.12 15.6 114.0 1.8 323 4.1 40.0
16.5 4.1 20.6 0.60 0.10 20.5 36.4 4.0 721 5.6 52.4
19.2 7.3 26.5 0.51 0.07 20.0 16.7 2.6 507 5.1 65.1
16.7 4.1 20.8 0.61 0.10 19.0 30.2 4.1 1032 4.6 52.0
16.0 3.7 19.7 0.60 0.10 24.6 87.9 4.3 266 6.2 50.2
8.0 4.6 12.5 0.85 0.20 9.9 90.0 1.7 445 12.3 36.0
12.1 3.2 15.3 0.70 0.12 10.6 198.8 3.8 136 3.0 41.4
8.8 5.4 14.2 0.72 0.13 14.5 124.3 1.6 309 6.2 40.0
9,0 5.5 14.5 0.68 0.10 14.3 171.0 1.6 221 4.1 41.3

19.5 7.3 26.8 0.62 0.08 15.0 10.7 2.7 306 6.9 66.0
18.2 3.4 19.6 0.59 0.06 24.0 80.0 4.8 309 6.1 50.2
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41. Ponmundafn 5.0 1.81 70.5 12.3 12.2 8.7 3.9 1.7 1.3 0.4

42. Peruvanna 4.7 1.26 60.5 16.2 20.3 8.0 3.7 1.6 1.0 0.3
43. Ponmala 4.9 1.25 60.5 12.4 23.1 8.0 3.4 1.6 1.2 0.3
44. Malappuram 5.2 1.75 71.8 10.7 13.5 8.9 4.0 1.8 1.3 0.4
45. Ramapuram 5.2 1 .80 73.4 8.2 14.4 8.8 3.6 1.8 1.1 0.3
46. Kunnappally 5.0 1.71 73.5 14.0 8.4 9.2 3.3 1.8 1.2 0.4
47. Kallaeppilly- 

p padam 5.1 1.93 76.4 14.0 7.3 3.4 4.2 1.9 1.2 0.4
48. Vallur 4.6 0.52 50.4 18.1 29.6 6.5 2.8 1.3 0.9 0.3
49. Pattambi R.R.j}. 

Fattambl R.R^J.
4.8 1.35 60.1 23.0 13.6 8.0 3.6 1.6 1.1 0.3

50. 5.0 1.42 75.4 . a . i 13.1 8.9 4.3 1.8 1.3 0.3
51. Pattaenbi 5.1 1.48 78.4 4.0 15.5 9.2 4.2 1.8 1.2 0.4
52. panachery 5.3 2.28 80.4 6.0 7.9 10.2 4.2 2.0 1.5 0.2
53. Mannuthy R.R.S. 4.7 1.32 60.0 12.7- 24.1 8.0 3.S 1.6 1.1 0.2
54. Puzhakkal 4.9 1.39 60.9 12.0 23.1 6.1 3.7 1.6 1.1 0.3
55. Hanthavadi 4.9 1.38 61.2 8.0 27.5 8.2 3.7 1.6 1.1 0.3
55. Kurichikari 3.4 3.13 70.1 12.0 15.3 12.9 5.4 2.4 0.9 2.6
57. Alankarl 2.1 1.36 44.0 28.0 25.1 8.9 4.0 1.7 0.5 1.7
58. Puthenkari 2.5 2.26 38.4 43.0 16.5 9.4 4.2 1.8 0.5 1.9
59. Vadayar 2.4 2.47 50.1 24.0 21.5 10.0 4.3 1.9 0.6 1.9
60. Mulaekunnaro-

kari 3.3 3.16 67.1 10.0 18.6 13.3 5.6 2*3 0.8 2.6

13 14 15 16 17 IB 19 20 21 22 23 24

0.13 12.2 2.8 15.0 0.67 0.09 13.9 50.4 4.4 684 5.8 41.0

0.06 12.0 4.5 16.5 0.58 0.06 21.0 35.0 2.7 783 3.6 48.1
0.05 16.5 3.4 19.9 0.61 0.10 25.0 35.7 4.9 806 6.7 50.3
0.14 12.3 3.4 15.7 0.71 0.12 12.5 36.5 3.6 1121 10.1 42.0
0.13 12.0 2.9 14.9 0.70 0.12 13.9 46.2 4.1 882 20.3 41.1
0.14 12; 2 3.5 15.7 0.63 0.11 12.9 26.2 3.5 1544 16.9 42.2

0.14 12.3 3.0 15.3 0.70 0.12 13.B 60.3 4.1 688 3.5 41.1

0.02 18.4 5.6 24.0 0.55 0.07 26.0 37.1 3.3 289 2.9 59.0
0.06 15.6 3.1 18.7 0.60 0.10 22.5 61.4 5.0 492 6.1 50.1
0.06 12.3 2.7 15.0 0.68 0.11 15.8 40.6 4.S 1101 17.7 40.0
0.10 12.0 2.9 14.9 0.68 0.10 14.8 31.5 4.1 1201 7.6 41.0

0.28 12.0 2.8 14.8 0.71 0.12 8.1 73.S 4.3 721 12.6 39.0
0.05 15.8 3.1 18.9 0.59 0.06 26.4 42.6 5.1 745 7.3 50.3
0.06 12.9 4.6 17.5 0.63 0.11 23.2 49.6 2.8 604 5.8 49.0
0.06 17.0 3.1 20.1 0.62 0.11 23.0 153.3 5.5 186 4.6 50.0
0.06 4.2 12.1 16.3 0.40 0.31 5.7 101.0 0.4 706 0.4 47.6
0.30 5.3 12.8 18.1 0.31 0.20 4.5 85.0 0.4 365 1.0 62.8
0.39 4.7 13.1 17.6 0.32 0.15 5.3 141.3 0.4 361 0.7 59. 6
0.40 4.8 12.1 17.9 0.31 0.14 6.2 154.4 0.4 364 0.6 ' 60.5

0.58 3.8 12.2 15.0 0.35 0.16 5.5 143.0 0.3 523 12.0 46.7
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I 2 5 4 5 6 7 Q 9 10 11

Bl. Mannarkari I . 2.6 2.67 59.5 22.0 15.3 105.0 4.6 1.9 0.6
62. Mennarkarl II 2.8 3.00 44 .4 30.0 21.3 9.4 4,.2 1.8 0.6
63. Vembanakarl 1 2.9 3.09 63.5 11.5 21.8 11.2 5.1 2.0 0.7
64. Vembanakarl II 2.6 2.94 55.3 18.4 24.1 10.2 5.4 1.7 0.6
65. Anadhakari 2.7 3.04 46.0 30.0 21.6 11.6 5.2 2.2 0.7
66. Karuvatta I 3.1 3.12 63.1 10.0 22.6 12.6 5.7 2.3 0.6
67. Karuvatta n 3.8 3.18 50.0 26.2 20.6 14.2 .6.3 2.7 0.9
68. Karuvatta III 3.7 3.15 50.4 25.0 20.5 14.3 6.0 2.4 0.7
69. Karimadi 3.7 3.22 50.4 25.0 20.1 16.0 7.9 3.2 1.1
70. Purakkadu 4.1 3.24 70.9 12.1 14.1 19.2 6.3 3.5 1.2
71. rCherukare East1

4.0 2.7S 52.1 20.3 24.3 8.8 3.1 2.6 0.7

72. Cherukara West 4.1 2.79 52.7 17.0 27.2 9.5 3.3 2.9 0.6
73. E. 51ock EBst 4.2 2.71 53.4 . 20.0 23.4 9.8 3.4 2.9 o.e
74. E. Block West 3.7 1.98 50.2 24.0 22.5 6.5 2.3 2.0 0.5
75. H. Block East 3.8 1.99 49.4 43.0 5.2 6.7 2.3 2.0 0.5
76. H. Block West 3.8 2.53 50.5 17.0 29.2 7.1 2.5 2.1 0.6
77. Rajapuram North 4.4 3.04 58.3 27.0 13.5 13.4 4.7 4.0 1.1
78. Rajapuram South 4.1 2.74 53.6 20.5 22.4 12.3 4.3 3.7 1.0
79. Mangalam East 4.2 2.67 50.4 17.1 28.0 13.3 4.6 4.0 1.1
80. Mangalam West 4.2 3.00 54.8 18.0 22,8 12.2 4.3 3.7 1.1

12. 13 14 15 16 17 18 19 20 21 ' 22 23 24

2.6 0.42 5.9 13.0 16.9 0.33 0.13 5.2 130.5 0.5 426 0.6 60.6
1.9 0.46 4.5 12.4 16.9 0.35 0.17 6.5 125.0 0.4 529 0.4 55.7
2.1 0.46 4.6 12.3 16.9 0.37 0.18 6.7 147.1 0.4 423 0.5 54.6
2.0 0.50 6.5 12.6 19.1 0.31 0.14 5.9 113.1 0.5 545 0.5 60.0
2.3 0.45 4.6 12.2 16.8 0.33 D.13 6.6 104.8 G.4 643 1.7 54,5
2.6 0.53 4.1 12.4 16.5 0.32 0.15 5.9 520.0 0.3 169 0.4 49.9
2.8 0.55 3.0 11.7 14.7 0.45 0.20 5.8 198.8 0.3 381 2.1 44.6
2.9 0.52 3.1 11.4 14.5 0.42 0.19 6.1 165.8 0.3 481 2.6 46.4
3.6 0.52 3.2 11.3 14.5 0.43 0.21 6.0 292.7 0.3 245 1.4 45.4
3.8 ' 0.61 3.0 11.0 14.0 0.50 0.23 5.3 231.4 0.3 342 8.1 42.5
1.2 0.40 6.5 7.4 13.9 0.65 0.20 7.0 68.1 0.9 901 2.7 50.4
1.3 0.39 7.2 6.9 14.1 0.68 0.12 7.2 73.4 1.0 8 4 / l.B 50.6
1.4 0.38 7.0 6.7 13.7 0.70 0.20 7.1 38.7 1.0 1763 2.1 49.9
0.9 0.21 9.5 8.0 17.5 0.42 0.12 9.4 52.1 1.2 884 3.2 55.2
0.9 0.21 10.0 7.4 17.4 0.45 0.15 9.5 52.4 1.4 845 2.1 54.1
1.0 0.35 10.0 6.8 17.6 0.44 0.14 7.5 6B.4 1.6 820 2.7 54.9
1.9 0.45 4.6 4.6 9.2 0.71 0.23 6.6 58.5 1.0 1141 1.8 45.1
1.7 0.39 7.3 B.7 14.0 0.71 0.24 7.0 65.2 1.1 922 0.5 51.0
1.9 0.31 7.4 6.4 13.6 0.73 0.20 8.6 62.1 1.2 961 1.6 50.1
1.7 D.43 6.5 5.0 11.5 0.71 0.21 7.0 63.8 1.3 1011 0.6 47.9

contd



1 2 3 4 5 6 7 6 9 10 11 12

81. Mathiksyal East 4.3 3.OB 56.8 16.2 23.1 13.9 ' 4.9 4.2 1.1 2.0
82. MBthikayal West 4.2 3.oo 55.5 1B.0 24.5 13.0 4. E 3.9 1.0 1.8
83. Sreemoolam East 3.9 2.56 50.5 22.0 24.3 6.0 2.8 2.4 O.o 1.1
84. Sreemoolsm West 3.9 2.70 51.4 22.0 23.2 5.9 2.1 1.8 0.6 0.8
85. Kokkakayal 4.8 3.09 60.4 24,2 14.2 13.9 4.9 4.2 1.1 1.9
86. r»NBdumpuram' 4.8 3.05 70.4 14.0 12 .2 21.1 7.4 5.3 1.9 2.5

87. Valiyklllyanvell I 3.6 1.74 34.4 26.0 37.6 B.7 3.1 2.2 0.8 1.1
88. Valiykiliysnvel i 11 3.9 1.75 34.1 28.0 35.6 9.0 3.2 2.2 0.8 1.2
89. ChennamangalBm 4.0 1.86 37.3 30.0 29.6 10.0 3.6 2.5 0.9 1.3
90. Kochukillyanvell 4.4 2.13 38.5 28.7 29.6 10.6 3.3 2.7 1.1 1.3
911 The lav adi 4.4 2.28 40.5 30.6 25.3 10.5 3.7 2.6 1.1 1.4
92. Moncompu R.R.5.1 4.4 2.28 50.2 19.3 27.3 11.5 4.1 2.8 0.9 1.4
93 .Moncompu R.R.5.11 4.3 2.49 51.2 21.0 24.6 12.0 4.3 3.0 1.1 1.6
94. Moncompu R.R.5.Ill 4.6 1 .86 59.3 22.8 13.8 17.0 6.1 4.3 1.5 2.2
95. Pallikkuttuma 1 4.0 1.84 36.4 32.0 27.3 9.6 3.4 2.3 0.9 1.2
96. Pallikkuttuma 11 4.2 2.17 53.4 20.4 23.2 14.5 5.2 3.6 1.3 1.8
97. Cheppalakke 1 4.0 1.86 38.3 30.2 28.3 9.1 3.3 2.3 0.8 1.1
98. Cheppalakka 11 4.6 3.01 65.5 12.0 18.3 17.5 5.3 4.2 1.8 2.1
99. Ramankarl 1 4.3 2.53 54.1 20.1 22.8 15.1 5.4 3.6 1.4 2.0
100 .Ramankari II 4.2 2.85 54.5 21.5 20.7 17.2 6.2 4.3 1.6 2.1

13 14 IB 15 17 18 19 20 £1 22 23 24

0.44 5.9 4.2 10.1 0.72 0.32 7.0 58.9 1.4 1DB1 3.2 45.1
0.44 7.0 4.9 11. s 0.70 0.31 6.8 93.8 1.4 703 1.1 49.0
0.30 10.8 6.7 17.5 0.60 0.20 8.5 55.7 1.7 921 1.2 55.0
0.35 10.6 6.8 17.4 0.65 0.22 7.7 71.1 1.6 842 1.1 54.2
0.45 6.0 4.3 10.3 0.75 0.25 6.9 81.3 1.4 822 1.8 44.9
0.36 3.0 3.9 6.9 0.50 0.12 8.5 74.4 0.6 910 3.3 34.7

0.19 9.2 9.3 18.5 0.38 0.09 9.2 72.5 1.0 505 1.5 60.3
0.20 8.6 8.8 17.4 0.43 0.10 8.6 31.8 1.0 1101 4.3 55.1
0.22 8.8 0.B 17.6 0.45 0.11 8.5 44.3 1.0 921 2.0 55.0
0.25 7.9 6.6 16.5 0.48 0.12 8.5 49.5 0.9 960 5.9 50.9
0.26 7.5 10.0 17.5 D.47 0.12 8.8 71.3 C.6 744 4.7 54.1
0.25 8.0 8.7 18.7 0.47 0.11 9.1 78.6 0.9 582 1.4 52.1
0.28 7.5 8.6 16.1 0.48 0.12 8.9 124.5 0.9 423 B.3 49.9
0.21 3.4 3.8 7.2 0.51 0.13 6.9 93.0 0.9 409 3.4 35.1
0.20 8.9 8.4 17.3 0.42 0.14 9.2 68.2 1.1 564 2.7 55.4
0.25 7.5 8.5 16.0 0.46 0.12 0.7 74.S 0.9 806 4.1 49.6
0.21 9.1 9.1 IB.2 0.41 0.11 8.9 54.7 1.0 723 4.5 54.7
0.35 3.4 3.6 7.0 0.55 0.14 6.6 97.1 0.9 868 5.3 35.4
0.30 6.6 6.2 15.0 0.47 0.12 8.4 72.3 0.6 683 8.6 46.1
0.32 6.8 8.3 15.1 0.46 0.11 8.9 83.6 0.6 605 1.8 44.9

contd
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

101. Kidangara I 4.3 2.80 56.4 22.0 18.4 17.0 6.0 4.3 1.5 2.0 0.33 6.9 8.1 15.0 0.45 0.11 8.7 65.5 0.9 987 2.0 46.0
102. Kidangara II 4.3 3.01 57.5 20.1 20.1 17.5 6.3 4.4 1.6 2.1 0.35 6.5 8.5 15. 0 0.46 0.12 8.6 57.9 0.8 1210 5.8 45.1

103. Kayamkulam RRS I 4.8 0.30 85.1 4.0 7.6 2.5 1.0 0.9 0.3 0.1 0.01 2.1 4.2 6.3 0.11 0.07 30.0 21.4 0.5 366 5.9 38.4
104. KayamkulBm RRS II 5.1 0.51 90.0 4.1 3.8 4.0 1.6 1.4 0.5 0.2 0.02 2.0 3.8 5.8 0.12 0.08 25.5 36.4 0.5 325 1.5 33.3
105. Kayamkulam RRS III 4.0 0.39 91.2 3.6 4.6 2.6 1.0 0.9 0.3 0.-1 0.01 2.0 4.0 6.0 0.10 0.06 39.0 30.0 0.5 309 12.5 36.4
106. Karunagappally I 5.0 0.42 88.3 3.9 3.9 2.8 1.1. ■ 0.9 0.3 0.1 0.02 2.1 3.S 5.9 0.11 0.05 21.0 23.3 1.6 421 3.0 37.3
107. Karunagappally II 5.2 0.54 89.0 4.0 3.6 4.8 1.9 1.7 0.6 0.3 0.03 2.0 3.9 5.9 0.13 0.06 18.0 23.5 0.6 460 8.8 33.4
108. Karunagappa 1 ly HI. 5.2 0.58 89.8 3.8 3.5 5.0 2.0 1.7 0.6 0.2 0.03 2.1 4.0 6.1 0.13 0.07 19.3 32.2 0.5 388 8.9 35.2
109, Krishnapuram 4.9 0.45 86.3 4.7 4.8 3.0 1.2 1.0 0.4 0.2 0.02 2.2 4.3 6.5 0.11 0.05 22.5 64.3 0.5 149 11.2 38.3
110. Changankulangara 4.9 0.46 88.2 3.7 4.8 3.5 1.4 1.2 0.4 0.2 0.03 2.1 4.2 6.3 0.12 0.05 15.3 57.5 0.5 185 3.8 37.3
111. Rayikuzhi 4.9 0.45 88.7 3.9 4.3 3.8 1.5 1.3 0.5 0.2 0.03 2.2 4.2 6.4 0.11 0.07 15.0 25.0 0.5 386 3.3 38.8
112. Chelakudi RRS I 5.5 0,72 91.1 2.0 3.6 10.7 4.3 3.6 1.3 0.5 0.05 !<. 6 4.1 5.7 0.15 0.09 14.4 120.0 0.4 129 7.0 31.5
113. Chalakudi RRS 11. 5.1 0.70 89.5 4.0 3.6 6.2 2.4 2.2 0.7 0.3 0.05 1.6 4.2 5.6 0.11 0.06 14.0 140.0 0.4 144 10.4 33.3
114. Chalakudi RRS III 4.8 0.49 68.0 5.1 4.5 3.8 1.5 1.4 0.5 0.2 0.04 2.2 4.4 6.6 0.09 0.02 12.3 98.0 0.5 108 4.0 30.3
us. . '

U  Vyttila RRS I 2.6 0.21 78.0 16.0 3.6 2.5 0.9 0.5 0.6 0.3 0.01 9.0 4.5 13.5 0.06 0.18 21.0 6.4 2.0 561 34.2 44.5
116. Vyttila RRS II 2.6 0.26 79.1 18.0 1.6 2.6 0.9 0.6 0.6 0.2 0.01 6.8 4.3 13.1 0.07 0.17 28.0 15.6 2.1 445 11.3 43.5
117. Vyttila RRS III 2.8 1.32 80.3 13.0 3.5 4.0 1.4 0.8 1.0 0.4 0.10 8.7 4.3 13.0 0 .OB 0.18 13.2 60.0 2.0 543 9.9 41.4
118. VyttllB RRS IV 2.9 1.35 80.2 '9.8 6.5 4.3 1.5 1.0 1.1 0.5 0.11 8.6 4.2 12.8 0.00 0.18 12.3 71.1 2.1 448 7.9 39.5
119. Vyttila RRS V 3.4 1.77 01.3 10.8 3.5 5.5 2.1 1.2 1.4 0.6 0.15 8.0 4.0 12.0 0.10 0.20 11.8 68.1 2.0 601 14.1 33.4
120. Vyttila RRS VI 3.3 1.78 83.5 12.0 3.6 5.9 2.2 1.2 1.5 0.7 0.15 8.2 4.0 12.0 0.10 0.19 11.9 65.9 2.1 625 14.6 34.5

contd



1 2 3 4 5 6 7 8 9 10 11

121. Vyttila double 
crop 2.5 0.48 79.5 13.7 4.6 2.7 1.0 0.6 0.7

122. Vyttila single 
crop

2.8 1.41 81.8 12.1 4.2 4.8 1.7 1.0 1.2
123. Panangad 1 2.9 1.53 81.0 12.3 3.6 4.9 1.8 1.0 1.2
124. Panangad II- 2.9 1.60 81.2 12.2 3.7 5.3 1.9 1.1 1.3
125. Pan3ngad 111 2.6 1.05 80.2 12.9 3.8 3.1 1.-1 0.6 0.8
126. Thuravour I 4.0 1.89 81.6 9.7 4.6 6.1 2.2 1.3 1.7
127. Thuravour II 4.9 2.56 90.1 3.9 2.9 7.5 2.7 1.6 1.9
126. Pattsnakadu I 5.7 3.12 91.1 4.0 1.6 11.9 4.4 2.5 3.0
129. PattanBkadu II 4.6 2.14 63.5 9.0 3.0 7.6 2.7 1.6 1.9
130. Maradu I 3.0 1.60 81.4 6.0 9.5 5.5 2.0 1.1 1.3
131. Maradu II 2.5 1.06 BO.l 12.7 3.9 3.1 1.1 0.6 0.6

132. Kanjanlpadaro 3.5 0.78 30.4 16.0 50.1 3.2 1.1 1.0 0.6
133. Erauupadam 4.0 0.79 34.6 25.4 37.0 3.5 1.2 1.1 0.7
134. PazhBmkole 4.3 0.88 36.5 25.0 35.6 4.1 1.5 1.3 0.8
135. Chaladikole 4.5 0.61 36.5 28.6 31.3 4.2 1.5 1.3 0.8
136. CheLLuvapuzha

West 4.7 1.57 46,0 11.1 38.7 6.5 2.3 2.1 1.3

137. Nedumkale 4.7 1.87 51.2 IB.5 27.1 6.6 2.3 2.1 1.3
136. Manalurthazhsm 4.6 1.96 53.5 8.0 34.6 6.8 2.4 2.2 1.3
139. Anthlkkadukole 4.5 1.05 40.1 22,2 34.1 5.0 1.8 1.6 1.0
140. Enammakkal 5.0 1.48 4B.4 18.0 30.5 6.7 2.3 2.1 1.3

12 13 14 15 16 17 18 19 20 21 22 23 24

0.3 0.03 9.2 4 .7 13.9 0.06 0.16 16.0 19.2 2.0 631 8.1 44.5
0.8 0.12 8.4 4.3 12.7 0.07 0.17 11.8 44.1 2.0 7B2 26.8 39.4

0.5 0.14 B.3 4.2 12.5 0.08 0. IB 10.9 102.0 2.0 345 8.2 39.5
0.6 0.15 8.1 4.1 12.2 o.oa 0,18 10.7 100.0 2.0 409 7.6 38.5
0.3 0.10 9.4 4.6 14.0 0.05 0.15 10.5 116.7 2.G 226 3.5 44.5
0.7 0.16 7.9 4.0 11.9 0.13 0.23 11.8 210.0 2.0 229 2.1 32-4
0.8 0.30 7.4 ■3.7 11.1 0.15 0.25 8.5 284.4 2.0 227 2.7 29.5
0.3 0.35 6.3 3.2 9.5 0.20 0.30 8.9 346.7 2.C 241 1.9 24.5
0.8 0.25 7.5 3.8 11.3 0.15 0.24 8.6 125.9 2.0 424 6.4 30.5
0.6 0.15 8.1 4.0 12.1 0.09 0.18 10.7 55.2 2 ,0 704 15.5 37.5
0.3 0.10 9.5 4.7 14.2 0.06 0.16 10.6 34.2 2.0 783 16.9 44.5

0.2 0.06 11.2 16.9 28.1 0.16 0.10 13.0 52.0 0.7 349 3.7 55.2
0.2 0.07 12.8 19.2 32.0 0.26 0.15 11.3 20.8 0.7 961 11.2 57.3
0.2 0.06 10. B 16.7 27.5 0.35 0.20 11.0 27.5 0.7 7B1 1.7 53.2
0.2 0.05 10.9 16.7 27.6 0.40 0.28 12.2 1S.1 0.7 853 l.B 53.2
0.4 0.15 8.1 12.4 20.5 0.44 0.30 10.5 38.3 0.7 900 1.6 42.3

0.4 0.20 8.0 12.2 20.2 0.43 0.29 9.4 44.5 0.7 894 1.1 . 41.2
0.4 0.22 8.3 12.3 20.6 0.44 0.28 6.9 98.0 0.7 489 2.8 42.3
0.3 0.10 11.8 15.3 27.1 0.41 0.30 10,5 42.0 0.6 588 3.7 58.2
0.4 0.12 8.1 12.2 20.3 0.55 0.45 12.3 37.0 0.7 1201 4.3 42.3

Contd-.



1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

141. Thekkekonchira 4.6 2.08 58.3 10.2 29.3 6.4 2.2 2.1 1.2 0.4 0.25 8.0 12.1 20.1 0.41 0.29 8.3 71.7 0.7 705 4.3 42.2
142. Vadakkekonchira 4.4 1.15 40.1 28.0 30.0 5.6 '2.0 1.9 1.1 0.3 0.11 11.0 17.0 28.0 0.40 0.30 10.5 25.6 0.7 1002 1.8 52.2
143. Vendarupadam 4.2 1. IB 31.3 25.0 41.5 5.4 1 .1 1.7 1.1 0.3 0.12 11.2 17.0 28.2 0.25 0.23 9.8 69.4 0.7 426 1.7 53.1
144. Variampadavukole 4.B 2.05 60.3 17.3 20.3 9.7 3.4 3.1 1.6 0.6 0.30 8.0 12.0 20.0 0.45 0.29 6.8 44.6 0.7 1101 8.0 42,1
145. Jayanthpadamkole 4.6 1.21 61.2 12.0 23.6 6.3 2.2 2.0 1.3 0.3 0.15 8.1 12.4 20.5 0.42 0.29 8.1 67.2 0.7 384 0.6 42.2
146. Porathurperdavukole 4.8 2.05 56.1 16.0 25.6 8.2 2.9 2.6 1.6 0.5 0.29 8.0 12.1 20.1 0.44 0.31 7.1 56.9 0.7 865 4.3 43.1
147. Muthyalalpadam 4.5 1.36 41.4 26.2 30.3 6.1 2.1 1.9 1.2 0.4 0.17 11.9 15.7 27.6 0.43 0.30 6.0 64.6 0.6 506 2.9 52.3
140. Jubileepadam 4.6 2.31 61.3 8.0 27.6 8.4 2.9 2.7 1.6 0.5 0.26 B.4 12.8 21.2 0.40 0.31 8.9 64 ;2 0.7 801 l.B 42.3
149. Therathukole 4.3 1.26 37.5 22.8 36.6 6.3 2.2 2.0 1.3 0.4 0.15 11.9 15.2 27.1 0.36 0.24 8.4 45.0 0.6 604 1.1 52.2
150. KIzhakkukole 4.4 1.51 49.5 20.9 25.4 6.5 2.2 2.1 1.3 0.4 0.14 11.6 15.4 27.0 0.41 0.28 10.8 79.5 0.8 398 0.6 53.3
151. Perunathukara- 4.5 1.59 45.4 20.4 30.9 6.5 2.3 2.1 1.2 0.3 0.15 12.0 15.5 27.5 0.41 0.28 10.6 03.7 0.8 386 0.6 52.2

thurithikole



APPgHDIX III
Abstract of the analysis of variance of total P and inorganic P fractions of rica soils.

Kean oqcar#
Source 6£ Sum of' Son trot el

Saloid P Al-P Fe-p Ca«# Ped.p SfS » isorga» «fHSo esetract- iaorga- Total P,3*a p nic P oic p «bl. p nic p__________________________________ ___________ -y— —  -fi~'— — -g— ------ — — n ----------- — ■-----n
at-
sea 6 1789*4 16116.5 23981*3 4169.3 6674*3 S34.4 162463*0 160259*7 3091.3 211988.4 740537.2
2il«

|th 144 189.6 3575.Q 1666.7 570*3 661.3 120.7 17705.5 10401*4 306.0 22136.7 61862.0
ails
.v»» - 9:i *:i i«:i 7*i » : t  «:s isti i o n  »:t » a »

** Significant at 1 per coat level*



APPSHDXX £V
Abstract of the analysis of varia&ea of the Phosphorus 

&ixlng capacity of rise soils,.

Source t3f Mean &qUBE«
«*— ta*CT'a»<Pr«»ge«»—

i 2  a

Total 150
Between soils € fsQG#!^
with in soils 144 44»23
■ n# n f  «—  MO a t m t, ctWHW

®* S ig n ific a n t a t I per cent level#



a p p e b d s k v
Abstract of th® analysis of variance for the traasforstatiea of inorganic » fractions due to

safenesgefica'.

Heaa squareSottrce df < i r a t n n r w « — b * m .hp » h h m  ii ■»■« n  ̂  n  m n. m m i  «i i. - n m o nt m n .  *»■ * < ■nmrim i . T. rr — — — - r — — -—  ■  «— -  ■'

■ SalaM p F«-P C*-P Mteeta&t P -@ccl.m1ed f i^rgsaie P
m s  m m  r m  i n ^ ei ^im  m. fir < e w e e w i w i iw  w o iw m m us <>i —  *w  i i w a e t f  ** 'm  sens snniisew iee w  m  r " i r m iM i“ -|»~*“iffrii)ii “**■*? —  »■■ —  ̂  Bi - . * . « i « . . . . , i r ■■»

1 2 3 4 S 6 7 3 ; 9

1.77 8Q637.51
552.40 239060*23

0*03 ' 3017.76
475*93 120820.94

'* Signifleant at S pox cast leval*

conditions CO 1 0.00 3005.64 37044.30 122.00 455.87
soils ( s ) 6 460.71 17232.77 24374*46 4968.42 7003.71
C  X  8 6 0.29 268*94 2275.00 20.15 422.28
.Error 14 122.28 27456.27 16228.96 0.604 3590.06



APPENPJX VI :
Abstract of analysis of variance for available p in 
rise soils by different extractants under air dry 

and waterlogged conditions* ■

Source df Bean squat*
1 2 3

Mtoae ee (hi \
Between soils <S) 6 1084,95
Conditions (G) X 1513.14
S X G e 211*48
Methods (M) 3 1200.15
B X 6 18 192*91
n k  c 3 603*9$
K 2C S X C 18 138*15
Error 36 235*96

SHBIiS»wsiiiW X iww m

* Significant at 5 per cent level
** Significant at 1 per cent level.



APPEHDaX VII
Sasic data of soils used for the p response study*
e»m»«maem»ssa»«ê aeam**̂ e»e»s»efc«»̂ «»iff«m^e»m^ im— ■HSî aaem'

Mechanical separates
Send
Silt
Clay

Chemical characteristics 
pH 
EC
Total 8 
Total P 
Total K 
Bray 1-P 
Organic carbon 
Total Cao 
Total MgO
Total sesqui-oaside#
Total Pe^O^
Total Al2o3 
C*S*G* 
sxch, cm 
JS»ch. Wg 
Exch* K 
Excb* Ha 
fleloid P 
Al-P 
Fe-P 
ca-P
fteduct&nt p 
Occluded P 
Org* P
Phosphorus fixing capacity

47*1 per cent 
20*0 par cent 
30*6 per cent

4*4
0*03 miahos/cm 
0*03 per cent 
162 ppm 
600 ppm 
1*12 ppm 
0*6 per cent 
0*5 per cent 
0*07 per cent 
22*1 per cent 
17.5 per cent 
4*6 per cent 
6*2 m.e./lOO g 
2.7 m.e/100 g 
1*2 sue/100 g 
0*9 cue/LGO g 
0*2 sue/100 g 
9*0 ppm 
24*6 ppm 
30*0 ppm 
5.9 ppm 
6*0 ppm 
2*1 ppm 
81*6 ppm 
49 per cant



J\PPSf3D2J: VIXX
Abstract of analysis of variance far available J? by various method# at different

• growth 3 tag© of the crop*

Haan square
Source df Brcy I Bray II Olsen Truog

— s ® r i 3 a r — s s r
day day vest day day vest day day vast day day vest
T*~" 4 5 6 7 8 9 10 12 12 13 14

Variety (V) 1 36*1! 8.51 ■s.» 71.58 21.79 7.81 34.61 A-*22.12 3.31 16*24

Treataaersts(T) 5 39.51 58.51 36.26 134.81 99.31 68*31 ss.§6 68.31 *■#50.16 267.15
V Jt T 5 4*2$ 0.46 0.157 A*10.20 1.11 0.376 6.09 5*43

**
1.54 Afr43.96

srror 12 0.20? 0.35
»ea w e — iefci> <>wri<

0.044 0*24 0.005 0.009 6.74 2*82 0.167 6.64

**
30*50 
11.31 

0.329 16.63

* Significant at 5 per eenfc level
** Significant at 1 per coat level.



APPEBPIX SC
! iAbstract of pooled analysis, of .variance,for available p 

estia&ted by different ssethods at various growth stages
of rice*

3 our a* c?£

Methods (M) 
Treatment® (T) 
H Jl T
Variety (V)

H » V 
T X V 
n k t x v 

Error (pooled)

3
S

25
2

3
5

as
48

eeeee—jag ■
30 day 

after sowing
T

234.SI 
309*14

A *53. 68 
252*95

3.19
25.23
23.36
3.46

Mean square
TfP*S0TO day

after sowing

62.1$
il A163.57

21*44
86.07

s .  1 6

l.£Q
1*1

2*i 

o . e o

* Significant at 5 per cent level 
** Significant at 1 per cent level.

Harvest
stage

2209./6 
149*^7 
10.05 
3.79

7.42
3.72
4.07
4.22



Abstract of analysis of variance for inorganic p fractions at various
growth stag®# of the crop*

(i> 30t{l day after sawing*
Mean square

Source df •**—
saioid p

*2*~ "***3
Total 23
Variety 1
Treatments 5 
V x J  S
Error 12

(11) 6 0 ^  day after sowing

Al-P
p «n ̂ ■■^l
4

„ _ 0 Hedtu- Occlu- ?2?J}jLca^p ct0nt p M  p toorga-
" " “ 7  **1 $

0.00 0*05 15*63 0*43 0*00 0.05 1*82
5*76 350*85 4602*93 3.08*56 3*43 3.16 10294.51
0*38 0*15 17*39 0*22 0*10 0*01 6.94
0*03 0*34 15.07 o.ii 0*12 0.05 8*02

Mean square
source d£

Peloid p a!-p

0*96
5.11
0*49
0*57

6*03
352.15

0*97
0*35

Pe-P

~5

5*00*C“4721.66
32*0§
7*29

ce-p
€

flsdu- Gcclu- 
ctanfc P dad p

7 8

Sua of 
inorga
nic p

0*20 1.13 
117*61 7*56 

0*4& 4*35 
0*12 3*44

0*06 
2* §i 
0.02 
0*02

0*67
"kiz10670*71

42.03
5.79

(111) Harvest stage

Source df
Mean square

Seloia P AIM? > » .  Crt> ^ “ p S f p '

2 3 4
23 •*“*****■
1 4*68 209*45 23*40
5 3.02 256.SS 4S7a*06
5 0.5S 2*93 6.67

12 0*46
nawiê a* setose—

0*23 7*40

8

2*16
90.SS
6.7S
4*30

Aft6*20**21*28
6*33 0*§§
3*34 0*13
4*36 0*02

SUffl of 
inorga
nic P

. 878.46
9080*13

13*03
9.70

* Significant at 5 per cunt level 
** Significant at 1 par cent level.



APPENDIX XI
.tract of analysis of variance for biometric and yield characteriutics

at different growth stages.
(1) 3 0 ^  day after sowing.

Mean square

Sourc. df HO, OS K.lght o£ Ho*0^ 1
U $ j  « $ » « /  " " c S f 1*1

Maximum Average 
length length

1IS4M ••Mweseamsaw***®• 2 _l _3l _
Total 23

29*93Variety X
Treatments 5 404*53
V x T 3 8*13
Error 12 2.0?

Total
dry

matter/1
hill
( g )

0*67 
75.1? 
0*5? 
w0.17

(11) 6 0 ^  day after eowing.

3*15
53,15
0*5?
0*059

5823*1? 
21X40.57 
1394*1? 

96.33

124.3$
260.55

7*16
0*832

39.** 87*18
7*04

93* §5 
7*16 3.15
4*25___0.00071eese«»«»̂ *e «»ted

s o u r c e d£
Mean square 

Total
* ( 2 ^ * 4 * ? $  roots/hill roots/

Maximum
length
of

roots 
tea*]

Average Total 
length dry 

of matter/ 
roots hill

Total S3
Variety 1 6144.0$ 44.08
Treatments 5 640,80 13.xi
V X T 3 322*16 1*68
Error 12 3*33e>Mpps m u ~

213*15
138. ?5
23* If 
0*0343

4213*50 
67319*§5 
8503.90 
4005.00

268*11
18*66
21.15
1.67

112*67 172*1!
176*05 008.1#«F40.67 70.4C
48.67 0*32

(111) Harvest stage*

Source d£

1 2
Total 23
Variety 1
Treatments 5 
V x T 5
Error 12

Mean square

Height 
of plant 

(cm)

2io* of Height Height
?rodttsfc<* of roots/ of grain/ 
ve till* hill hill.
ers/hill (g) (g)

Height Total di 
of straw matter/ 
hill hill
(g) <g)

8707*5!
185.71
75* §5 
1*06

56.15
13*55
2.30

I8 3 .1 &  

156.6! 
17. S i  
0*019

159.11
170.13
13*62

0*10

3197.84
388*10

78.55
o.ue

JL

6351.9
2020.0
267.1

0.2

* Significant at 0*03 level 
** Significant at 0*01 level.



APPENDIX. XII
Abstract of analysis of variance for total P upfes&e at 

various growth stages of ttoe crop*

Source dff
30th day

w *bo square 

6 0 ^  day Harvest stage

Total 23
Variety 1 513*61 eoe.Ss

4b dr643.56
Treatments 5 206*78 191 J ? *  *211*30
V 55 T 5 #*3*01 «a5*08 # iA-4*60
E rr o r 12 0*23 0.37 0*06

** Significant at 1 par cent level-



AFP3I3DX& X.ZZZ
8aslc data of the soils used for tibia P stud̂ y,32

Soil Types

Property

Sand (par cant) 
silt (par cant) 
clay (par cant) 
pH
Total ti (par cant) 
Total P (pp®)
Bray l**p (ppm)
Total K (pp*)
Qrg. c (per cent) 
Total Cao (par cant) 
Total HgO (per cent) 
Total sesgul-oxldea 

(per cent)
Total Pe203 

^ 2°3
(par cant)

Total Al^O^ (per cent)
CSC (ra.a/200 g)
Each. Ca (m* a/1 GO g)
Ess eh. Hg (&«o/10Q g) 
Exch* K (fn.a/lGO g) 
Sxch. Ha (a*a/100 g)
P fixing capacity 

(par cent)

Lafcaritlc
alluvium
a>̂ aaia»^o —n»**ai
Valloyani

(Sa)

Karl Karapadasa ' Kayal Folded! Coastal seady Kola 
GllUWiUR

47*1
20*0
30*6
4.4
0*03

162*0
1 .1 2

600.0
0.6
0.5
0.07

22.1

17. S
4.6
6 .2
2.7 
1 . 2  
0.9 
0.2

49.0

Karuvatta<s„) tfonccspu Hathikayal Panangatf Ch&lakudy Kanlanipadat®

54.5 
20.4 
21.33.6
0*53

169*0
0.40

1200.0
3.15
0.45
0*20

14.7
3.0

11.7
1 3 .7
6.0 
2.5 
2.0 
0.7

44.6

(s3>
53.6 
2 1 .0  
21.9
4.4 0*20

385*0
0*55

1809*0
2.21
0.47
0.11

16.7
e .o
3*7

13.5
4.8
3.4
1 .8  
1.2

52.1

<sp
36.0 
16.2
23.1 
4.2 
0.44

373*0
2 .0

2000.0
3.06
0.72
0.32

< V
80.012.3
3.9
3.9 
0*11

108.9
0*50

200.0
1 .3 9
0.18
0 .1 5

10.2 22.5
5.9 8.3
4.2 4.2

23.9 4*5
4*9 1.3
4.2 2.0
2.0 2.0
1.1 0.8
50.0 32*6

< v
89.5
3.7
3.9 
3*1 
0*04

226.0
1.0

1400*0
0.60
0.10
0*03
5.7
1.6
4.1
6 .9
2.7 
2.3 
0.3 
0 .8

31.5

CS?)
48.0
12.3
38.5 
4.7
0.20

327.0 
0.58

800.00 
1.S7 
0.25 
0.22

17.5
9.0 
8*5
6*5
2.3
2.1
1.3 
0*4

51.3



XIV
.abstract of analysis of varicnca f&r biomtric characteristics at tJu* panicle Initiation stage

of the crop (o25? study).

Scare* df
Kcisht of 

p l a n t  ( a » )

So* of
productive
fciXXera/hill»■** W »WW*11

Mean square
iteight of 

root*

1 2 ►s. ****** 3 4 s

Treatment 
G O i l

Sotarc* o f. p  

Levels of P

4a
6
1
2

540*61
0*02
O.qI

ft*49*71*<aC-OS
ftft1.82

«ft3*56
0.61
G*SS

Between levsla
WlthiG 8G12TCG <■>«* ft*5*eo 0*?l 0.01
Treated Vs* 
control
s & T

1

36
107.19 
21.?2

fr9.65
4*34

ft*0.97**3*36
Error 49 0.03 0.01 0*02

Maigtefc of 
straw 

(■q/blll)
6

306.ltftjfr3*30#«0.83

x * M
’Hist£i*<&

9* II
0.03

Total dry 
matter 
(g/frill)

7

359.6?
3.64
1.S5

1.37

30.67**
1 1 . 1 2
2.32

** significant at 1 per csnfc level*



APJPSC2D3X SV
abstract of analysis of variance for total P (n?ot„ straw and soil)* FDFF <root, straw), &«valua and

percentage utilisation of P at panicle initiation (32P study).

Kean square
source d£ Totol P Cppfii)

Treatment

2
4 8

Root
3

Straw Soil RSOt
■Si— Sip
6

A«valu*
(pgcs)

percentage 
utilisation 

of P
9

Soil € 9370.00 1S36892.!! 351495. II 92.30 243.IB e.24 si.!!
Source of p 
levels of P

1 0*33
3857.41

57.66
15229.M

31624*11
32725*31

0 . U
2*1$

0*48
1*51

0*002 
58* SS

wiP0*14
3.6S

Between levels
within source 2 * *111*85 578*Bo 3933.61 0*03 0*37 0.012 0 *1 5
Treated Vs. 
Control
& % T

1
36

**17650.20
7093.80

123569.81 
36103.6§

266657.03
60582.SI S.©8 ft?*14*91

304.3$
i.SI

43.5$
3.5©

Error 49 15,22 20.25 19.20 0*16 0.15 0.003 0.01
ipgiieat imwwTTWitjB , jj!

** Significant at 1 per cent level



APPE^SX XV X
Abstract of analysis o£ varieno© for yl<sld characteristics32at hsrvesc stage ( p study).

Source fit

penr^fPW  r> ticr-niwT!KtffitoC. »■»**»<
35ean squere

rffi »«-*« igwu«^fa

Srein straw i;oott* fuSJ!jS«r(g/pQt) (g/bcvb) Cg/pot) (|/^t)

s 6

®re*toesrt 40
Soil 6 212*3} looo.SS * ̂ 25.59 2323,30
Source of p 1 0.02 #«0.43 13.15
feevel of P 2 ★ * 3.42 29.13 2.09 4.13
Between levels 
with is couree 2 0.46 3»S§ 0*04 fra.5.44
Treated V*. 
Control 1 Hrfr66.79 300.44 2 0 ,is 1023.04
£ X 5 ' 36 11.79 @4.4} 9*04 139.07
Error 49 0*03 0.22 0.02 0*29

■̂pi»i*e»<M»w0ta,w<wf eteetwwei wieê e n»î niiiiW *tw<.n>4HMmo* op ***** «m *«i

** Significant at 2 per cent level.



i\Pi?ErtlUX XV2I
Abstract of analysis of variance £or total P (root* straw, grain ana soil), PDFP (root* straw and grain), 

A~valu© and percentage utilisation of V at harvest stag© (32p study).

source m

Treatment
Soil
Source of p
L«Vo2 of P
Between level® 
with Id source
Treated Vo* 
Control
Q x. T
Error

Hean square
Total P (ppe) PDWW

48
6
1
2
2

X

38
49

ROOt
T

*«

77492.52 
600. 00 
3171.65

80. 

21091,
5084.! 

10.67

straw 
4

1229543.66
2046.11

26416.10
815.13

135216.26
87050.13

25.31

Grain 
5

Soil
6

BOOt Straw
Percentage 

/rvalue utilisation 
Grain of P

12393597.20
50710,40

475083.60
269931.90

AW306865.95
8588.15

15731.60
2585.10

6759511.11 129803.
1580930.54

43.80
,25705.31

16,69
4.94
0.10

10 11

52.16 152.20 **2.30 6.78 153.18
0.01 0.33 0.28 0.06 7.61
2.15 O.sls 0.03 ■»*48.05 41.41
0,03 0,09 0*02 0.02 0.71

- 328,49
■ 6.67 0.55
0.17 0,11

1,24
0.17

768,51
62.48
0,26

-* Slgnifleant at 5 percent level. 
** Significant at 1 per cent level.
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ABSTRACT

An attempt to assess the various factors and arrive 
at an i n t e g r a t e d  picture on response of rice to phosphorus 
application in rice soils of Kerala has been made* To reach 
certain conclusions on some of the possible reasons for 
response of rice to phosphorus in the acid rice soils of 
Kerala, the following approaches have been resorted to* 
Gategorioing tha rice soils with special reference to 
phosphorus and factors affecting them. Detailed studies on 
the various phosphorus fractions, both Inorganic end organic 
as well as the relationships between the p fractions and 
Important soil parameters have bean worked out. Elaborate 
studies have been undertaken on the P fixing capacity of rice 
soils and the factors governing it* Phosphorus transforma
tion studies, both Inorganic P fractions and available P due 
to waterlogging have also been conducted. Two rice 
varieties, a medium and a short duration have been tested
under pot culture conditions with graded levels of P and 

32finally two P labelled sources of phosphorus, a water 
soluble monocalcium phosphate and water insoluble tricalcium 
phosphate have been evaluated in 7 soil types representing 
the major rice soil types of Kerala*



identified based on the nine important soil parameters.
The categories could however be distinguished by their 
increasing ranges of total *** This study has enablsd the 
fitting of any rice soil based on its total P status to one 
of six categories, The majority of the rice aulls of 
Kerala can be categorised under the medium group,

The coastal sandy alluvion and Kayal soils respectively 
recorded the lowest and highest content of total P# Fe~P# 
Ca-P« reducfcant-P# Occluded-P# sum of Inorganic P end organic 
P, Saloid p has been lowest in coastal sandy alluvium and 
highest in Karepadam soils while hl-P has been lowest and 
highest in Karl and Kola soils respectively, The F«-P has 
been the major Inorganic P fraction followed by Al-P and 
raductant-p in the a d d  rice soils of Kerala, significant 
positive correlations have bean observed batwean ell ths P 
fractions except saloid-P in Kari# Kayal# Karapadam* 
coastal sandy alluvium and Kole soile# with total P as trail 
as with sum of inorganic P, The non-extractable p which 
could not also be estimated by the Chong and Jackson's 
procedure# is a defect which has to be rectified.

In the phosphorus fixation studies# It has been 
observed that the coastal sandy alluvium and Karl soils 
respectively recorded lowest end highest p fixing capacity. 
The lateritlc alluvium# Karl# Kayal# Karapedam and Kole I
soils form one group and coastal sandy alluvium and Pokkall



formed another group and,there la significant difference 
between these two groups. Among the factors governing the 
P fixing capacity of different soils, pH, Organic carbon# 
total Gao# total Mgo# GEC, exchangeable Ca* exchangeable 
Mg# C/p ratio and sand content have produced negative
relationship while H203' ye2°3# A^2°3' clay# C/N
ratio and Se203/Al203 ratio* positive correlations with 
PEC. in the stepwise regressions between PPG with pH,
RgCg# CaO# MgO, CSC, organic matter end clay content# it 
has been noted that tho sesgui oxides exert a maximum 
per cent variation on peg of Xator1tic alluvium (97) 
Karspadem (90)# Poftfcali (92) and Role (97)? pli in Karl 
soil (94) and coastal sandy alluvium (02) while CEC in 
Kayal soils (40).

The Incubation studleo irnve been conducted to evaluate
t

the pattern of transformation of both inorganic P fractions 
and available P estimated by Bray 1# Bray 2# Olsen and 
Trcog*a methods duo to waterlogging in selected soils 
representing all tho rice coil types. On waterlogging# all 
the soils have registered an increase in the inorganic 
fractions of phosphorus. Those soils with a low or high 
content of p fractions in the air dry situation have shown 
correspondingly Xou or high values under submerged 
situation also. Tho average por aoutage increase due to 
subrr.orgc-nc© has been lowest for occluded P and highest for



jpe-p and these two fractions have contributed lowest and 
highest In the total variation of inorganic P fractions due 
to submergence#

She mean available P of oil the coil types by all the
four methods have been lowest under air dry condition end
highest under waterlogged situations# Zn the intercorrela-
tlon matrix between the inorganic P fractions due to
submergence and available p by the four methods, non© of the
correlations have been found to be significant Indicating
that a number of other factors,-, viz*, organic P content,
transformation of organic p by microbial population,
variation in th© content of non-extractable p etc., are
differently acting so as to prevent the Intercorrelatlon
matrix from becoming significant# Further studies on these
aspects may enlighten on the response behaviour of rice to

♦
p. Transformation of P due to intermittent wetting and 
drying also requires further ©valuation to more correctly 
predict the response pattern.

In a response study with two rice varieties, a medium 
and another short duration, with graded doses of P, it has 
been observed that Olsen*© method of estimation of 
available P is found to bo wall correlated with grain as 
well as straw yields# The superiority of Olsen*© p has 
bean further emphasised by its high correlation with P 
uptake and inturn to grain yield# Among the various



inorganic p fractions* has bean tho highest at nil
growth stages of crop growth due to varieties# treatments 
and their interactions* All the inorganic P fractions have 
been lessor in soils grown with Hashoori:variety* The 
correlations and regressions between biometric or yield 
characteristics with inorganic P fractions clearly indicate 
the positive response of rice to p application* A 60 Kg 
P^Og/ha barrier for yield has been noted for both the 
varieties beyond which though there is yield increase the 
rate of increase is hot substantial# But the varieties 
differ significantly to P application*

The performance of two sources of p vis*# a water 
soluble monocalclum phosphate and water insoluble 
trlcalclum phosphate to rice have boon evaluated with 
labelled phocphatic fertilisers in the rice soils* A clear 
indication of response of rice to P application has been 
obtained with the observations both at panicle initiation 
and at harvest stages* Differential response due to the 
sources and soils have also been observed* The observations 
on characters such as grain yield# straw yield* V . 
utilisation etc*# indicate that TCP can be a better 
substitute for mop in the acid rice soils of Kerala* The 
optimum dose of P as.HOP and tcp has also been worked out 
for getting an economic yield. Baaed on various aspects of 
the present study# future work on the following aspects may



throw more light on fcho response of rica to phosphorus* 
screening of all the varieties of rica to grade them under 
categories of low# jsedium or high and find out their 
critical limits* Conduct response studies on soils 
belonging to different clusters or categories for 
interpretation of response of rice based on phosphorus 
status and availability and delineate locations that will 
respond* Microbial transformation of organic P may be 
studied under different moisture regimes corresponding to 
field situations* A low fertiliser uoe efficiency of P 
warrants further research for efficient m&raegac&nt of P 
fertilisers in the a d d  rice soils of Kerala*



Table. 23 Correlation Coefficients between t'rsn-extractable P and Soil Properties

1 . Lateritic
alluvium - 55 .26 .41 XX.35 X-.36 X-.30 -.25 .12 .10 X X

.43 xx xx .42 .43 XX.42 X X-.26 -.42 -.35 -25
xx
.34

xx
.35

X X
.81

XX
.82

X X
.81

XX
.92

X X
.95

X X
.94

X
-.34 -.13 -.06

XX

.91
XX
.94

2. Karl 15 -.15 .02 XX.SO .15 .13 .10 -.07 .05 -.32 W36-%29 .003 .15 -.16 .13 .30 .15
X X.56

X
.64

«
.64

X
.64

XX
.88

X X
.85

X X
.90

XX
-.76 .21 .21

XX
.80

X X
.87

3. Kayal 15 .03 -.10 X X.35 -.01 -.15 .19 .12 ^ 1 3 -.05 X X
-.65-.05 -.09 -.01 -.02 -.03-.20 .25

X X
.81

X X
.76

X X
.32

X X
.64

xx
.95

X X
.87

X X
.37

X X
-.74 .02 -.39

xx
.84

X X
.95

4. Karapadam 17 .06 .36 X X.96 .05 .02 .11 .003 .17 .24 .26 .26 .09 -.09 -.07 -.07-.03
X X
.30

X X
.31

X X
.58

X X
.64

X X
.74

X X
.95

X X
.91 .96

X
-.60

X
-.59 -.33

X X
.92

X X
.95

5. Coastal
Sandy
alluvium
Pokkali

12 .03 -.35 X X.92 -.32 .22 -.74 .10 .20 -.32 -.33 -*34 .19 -.07 -.03 .02-.01
X
.62 .44

X X
.78

X
.58

X
.69

X X
.67

X X
.91

XX
.90

X X
-.78 .50 .55

X X
.84

X X
.91

6. 17 -.43 -.41 xx.66 .42 .41 .41 -.40 -.41 -.36 -.35-%37 -.41 .39. .05
X X

.41 .66
X X
.84

X X
.78

X
.61

X X

.53
xx'
.64

X X
.67

xx
.82

X X
.38

X
-.61 .28 .10

X X
.86

X X
.85

7. Kole 20 .40 .07 X X.96 .24 .33 .16 .37 .38 .15 .17 .16 .12 -.09 -.16 -.28-.07
xx
.66

X X
.38

X X
.63

XX
.63

XX
.61

xx
.98

X X
.85

X X
.99

xx
-.66 .11

X
-.45

X X
.81

X X
.96

____i

X Significant at 5 percent level
XX- Significant at 1 percent level Mroco




