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IhasjiljoMWj ok» of th® Bfeis » « "  oaasnr, plant 
rroirtontG* So essenf-Sal fas ogop production. H  to 
©s*K*ftJs»r>@fi ®s t&e "oaotrr haya to agriculture. I t  is ee 
ssftential nutrient input end often Its defietoBoy beeoseft 
a major aoantrotet far euoeessful crop protection. Jn 
Inlia, th® finite »se>sme of ibto Bcn-renewab'X© reoaai'c© 
is getting exhausted eepteaaieing the w?a foe ©fftotoat 
utilisation of available phoaphoruo resources,

the soil fertility oap compiled by Choeb t-nd Haaan 
(1979) teap-5 on raors than 8 a ill ton soil testa for available 
phosphorus indicates that about 4C.3 per tent o f the 
dintrtotp am in th® Itwr oatecojy* 31.5 p*r cent «pr«!»wt 
the oaStoc fertility clese and only 2.2 par cent of the 3f-3 
districts* In Jtesiia shoved a high phosphorus level.
However. the eituatior to xereia bused on soil t9*»t 
su«Ksartos (Anon* 1566) indicates} th«»t only frivardraa out 
oS the 12 district® have pearly 5̂  per cent of the soils 
rate! oo low. TauSdtl. Snlghrt and gaoranore districts also 
have a low rating of around 25 per cent. In short. In the 
8«ri* of Kerala* -m have soils with available phosphorus 
ototuo rangtw* from v »s f low to nedlua rea none o f the 
arete esuld be delineated i« a nap ’.?5th a easrtonesrhto unit 
ao »hig6n except ter a fee soil ptuaplco ur-ted os high is



tho soil teat sumnaries. Sell phegphesua is subject to 
considerable variation in its availability especially tn
etc© soils dns fco a variety at* reasons.

She sics crop varies considerably in its response to 
phoapltoEMfl depending t̂ on the total yield sad type off 
variety. A correct appraisal off tha various soil parameters 
that govern tha phosphorus situation Is alto s prorequiaite 
to explain sooc! of the possible reasons (as response, 
eesette response or nea-responss of riot to phoophorua 
application, She c«!fjen» of rise to phosphors** dapsads 
upon raaay factors viss., sail type* p status off tha soil, 
conditions off autawgance, various passometers off the soil 
suds as pH. organic asatte*. amount off free oRldee off Iran 
ana aluminium, clay content etc., in addition to the 
variety itself.

Stack .off rossponsa to ayglieattesa ftff phosphorus in son© 
off the rice soilo ef Kerala is oMten teteg brought forward 
ffron different iocafcieaa %  field level officers. Often 
reports off response aid Rse-respejsse emanate tews the sms 
•PafiaswMiaraa* feat <so»cl«siG»s feaeoae difficult due to  

differences in varieties used etc, 9a Kerala, rice is 
being gsotm largely in -seven major sol! types via., 
laterltic alluvium (ineeptlael), Kart (iSatlool), xeyal 
(Inccptisol), Karspaa<» {Jneepfclsoii, cowwel sandy allwius 
CEntlsol), pc&ksli (AifftettU sod Kola U.ntliol) possessing
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Characterise the rice sells of the state with 
special reference to phosphorus,

Identify the chemical nature of phosphorus in the 
rice soils.

Study the phosphorus fixing capacity of the rice soils*

Investigate the pattern of traooforaiatioa of 
phosphorus upon autasrgsace.

Study the response of rice varieties to the 
application of graded doses e£ phosphorus,

Evaluate different sources of phosphorus in the acid 
soils of Kerala with 32P.



REVIEW OF LITERATURE



«tvitd of h S S L A m m s

The literature on soil phosphorus and phosphorus 
nutrition of rice crop is voluminous. A brief review o£ the 
more resent work pertinent to various aspects of the prosent 
study on rise sails alone is attempted hero under 
1, General physico-chemical characteristics 2. Pho-. horus 
fractions 3. Phosphorus living capacity 4» pattern of 
transformation of phosphorus upon eubnergence S. Response 
of rice crop to applied phosphorus and S, Comparison of 
different sources of phosphorus for t.isis efficiency on 
rice cropo

General physico-chemical characterisetiC3 of tho rlco soils.

She physico-chemical characteristics of the rice soils 
play a dominant role in determining the yield and production 
levels of rice. Shese sail characteristics for rice growing 
areas very considerably depending upon a number of factors. 
Judicious fertilisation and economic crop production require 
cons i deration of various soil char actorastics in akUCion 
to Che crop.

2§*£!Hi

Xadav and Pathak (1963) reported that the Indian 
coastal sands were coarse tcxturcd and intensively leached



sails with p o o r phosphorus reserve. She red loam and 
latcritic soils possessed a fair amount of total P but were 
low in P availability. In a study o£ the Kerala soils, 
nJfasiardhonc.n Hair et al» (19C6) found that true and apparent 
specific gravities wore functions of coarser particles, 
while water holding capacity, pore space and volume expansion 
were related to the finer fractions.

Ghosh et al. (1973) found that Kari soils from 
Thottappelli, Worth Parur and Kottampaili of Kerala state 
wero clay loam in texture and rich in organic ratter. The 
bulk density and particle density varied from 1.24 to 1.40

*5and 2.50 to 2.65 g/est" respectively.

According to Kami© (1978), the term "rice soil" or 
"paddy soil" is not a taxonomic narae tut a generic term 
like forest soils, gross land soils ©tc. Productivity of 
rica soils depends much on the geomorpholcgy of the landscape j 
and its hydrologic character* jtics. Soil texture is the 
moot Important factor determining land suitability for rice 
because of its effects on water regime, workability when 
wet and potential fertility. Jto3t of the rice is grown in 
coarse fccxtured soils, because o£ poor water regimes.

General phyalscl._.eg!ajg£fcAga

Th® minimum apparent density was obtained by Venugonal 
(1969) for Kari soils among the different soil types of



7

Kerala, Ghildyal (1971) observed that sell compaction to a 
bulk density of 1.75 g/cm3 reduces the water requirement of 
rice to about 16 per cent over soil puddling.

Rice soils have been considered as artificial 
hydrooorphic soils or hydroisorphic associates of respective 
great soil group or low land paddy soil(Kanno, 1973). The 
Inherent soil characters as reported by Katsuzoka (1978), 
used fe) determine production capability classes of rice 
soils are thickness of top"soil, effective depth of soil, 
gravel content of top soil, permeability, redox potential. 
Inherent fertility, available nutrient content and presence 
of harmful substances.

According to Brady (1982) physical properties of rlca 
soils are generally poor if criteria commonly used to Judge 
these properties are the same as those for dryland soils 
and the two factors attributed to this are* first, paddy 
soils especially those of alluvial low lands have been derived 
generally from fine sediments which or® high in clay and 
the second, the tillage and cultural practices followed and 
in general, those changes in physical properties do not have I 
detrimental effects on rice yields and production levels 
common in the tropics. The available mineral element status | 
of rice land is subject to considerable fluctuations due to 
alternate reduced and oxidised conditions in the soils.



8

Soli characteristics far rice growing areas vary considerably 
less under flooded conditions (wet land rice) than tmSer 
normal upland conditions (dry lend rice). Submergence in 
water generally improve the suitability ©£ ©oils for rise 
production.

Ghildyal (1982) reported that submergence affects both 
the roil physical, os well as physico-chemical environment, 
under physical environment of rice are factors that affect 
soil aeration, ©oil water relations, soil temperature and 
soil tillage. Various soil management practices ad@pted to 
minimise water losses include puddling, compaction, 
addition of bentonite and sub-surface barrier of asphalt. 
oa«$>aefci.-«5 is more efficient than puddling in reducing 
percolation losses.

Chemical charaafeeriatigs

m
According to Subramoney (194?), the acidity in 

Kuttanad soils is responsible for the crop failure occurring 
in that area. She free sulphuric acid in toxic concentra
tions is produced in these soils by the biological oxidation 
of sulphur compounds present in them. She lower horizons of 
most of the profiles in Kuttanad have a pH value as low as 2
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The pH efi the soil and o£ the percolates increases on 
waterlogging ead this may foe U. c-aese of the formation of 
aowsiJia in the soil {̂ onnsmpeffuma, 3955)«

The acid soils with eomaideratly high content of 
sulphate showed extreme variability is soil reaction 
(Moorman, 1962). Seasonal Venetians is these soils 
especially when subjected to frequent inundation were 
remarkably high. On inundation,the pH values gradually 
increased apfeo neutral point end decreased rapidly to extreme 
acid range on Crying.

Nhung and PoanQffisperuraa (196S) stated that the acid 
sulphate soils are extremely acidic and unprsfiuctlve. She 
acidity of the sails has been attributed fee the presence of 
alumlniun and ferric sulphates and scmetimos zrex- sulphuric! 
acid.

According to Ponn<tmpcruna oi al. (1966), the pH values 
of acid soils Increased to a fairly stable value of 6.7 to 
7#2, twelve weeks after flooding. At fcble fcirae the solution 
pH values wore 6,5 to 7»0« The increase in soil solution 
pH of fcho acid soil was quantitatively related fcj the 
potential of y®(o!i)3-S,e4"s' system.

Dae to waterlo ,glng, soil pH tended to he neutral and 
tne water soluble Ca"*"®', Ee'8"®', S'®'*"***, Al*** Ions increase.



the last three ions being absent in the water extract of 
non flooded soil uanples (ilahapatra, 19614) a

%lho maximum and minimum values of soil pH in Is2 soil 
water extracts were observed fey Kurup ana Aiyer (1973 ) in  

Kufetanad soils. During periods of October to November the 
pH varied most in Kari uoils,

Subramoney and Gopalatwamy (1973) in their atodies on 
acid sulphate soils suitable for growing paddy founci that 
there is considerable difference between fresh and Ory soils 
and between upper and lower horizon soil pH /aluos. The 
unjisturbed soils are neutral to strongly acidic.

Xhe acidity in the seia sulphate soils of Kerala is 
mostly due to dissolved sueatenees such a& sulphuric acid, 
serrite an<j aluminium sulphates wheraso tne acidic sj.uc.iet o£ 
naturally occurring clays arc mainly H+ and remaining
bound to the clay (Panda and Koshy, 1992;.

Organic faafctor and nitrogen

hair (194S; found that the important, feature of the 
Karl soils of Kerala was their high ccntenfc of organic 
matter. She organic matter, »xcUarigosbIe hydrogen, pH and
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C/M ratio ware interrelated and had a direct bearing on 
fenelr low fertility status.

Gopalaswamy (1961) observed a high crc for Kart soils 
of Kerala and attributed this to a high content of organic 
matter.

In Ker«la soilt.^Nambisr (1962) found the C/8 ratio to 
vary from 11.9 to 27.0,the average for all tnc soils being 
18.4. 'fhe variation in the C/9 ratio was from 227.6 to as 
high as 780.0 with on average of 426.7. The 8/p ratio 
ranged from 10.4 to 44.0, the average being 24.3.

Taha et al. (196?) in their studies on microbiological 
and chemical properties of padoy soil found -chafe organic 
nafe-ser and total nitrogen fluctuated through out the experi
mental period. Ammoniacal nitrogen shouod a marked incroase 
as o result of waterlogging. Nitrate nitrogen decreased 
initially on waterlo iging and tnao decrease was more 
pronounced than that recorded for am loniacal nitrogen showing 
tfjfercby that thfe latter form of soluble nitrogen was hold 
rao-*e tightly in the clay minerals of tne coil. Drying of 
the 6wi3 increaced animoniacal nitrogen and nitrafc® nitrogen 
duo to aeration that favoured *jrw oni£icat^on and nvfcrifcicafcio 
processes.



Kesny CIS?®) reported that she Z/U ratio in £ene 

feypiaa1 Kerala soils ranged £ico 12.2 in a subnertjeti rise 
soil to 23.7 in tcari sell. Vargheae (1972) is M s  studies 
on acid soils o£ Kerala recorded 0.49 to 0.58 per sent 
nifeEwgen in Karl a^tXa, 0,13 as 0.19 per seat s«r Karagwaaara 
soils and 0.14 to 0,17 per cent far Kayel soils.

Other nafcgft,pnfcj3

tfaciav and FathJ; (19 S3) reported that the Xndljn 
Cwjaofeel sends were paorcs& ir both total and available p.
She rod leaai cad lai-critic soils possessed a fair onotmt ©£ 
total I hat usee low in p availability.

Kafeoaratehuzur.a (1969) observed thst the phes| horua 
substantially lneireasp<a in the lime® than in the unlitnod
eaajsj.es oi Kuttanad soils.

dohn (1971) in hio studios on the organic if status oi 
Kerala soils observed significant positive correlation befewes 
organic &> wAth organic carbon, total nitrogen, oesquiosKidos 
and silt content of the soil.

*he correlation betw&Ai ovaila&la Is ana auagaseoe was 
observed to he positive by Paths*; oil sl» (1972) and negative 
correlation between phosphorus and iron and olss between 
nanganese and iron.



PonnaaKsoruma (1972) provided an excellent review of 
the chemistry ol submerged soils end he reported that due 
to the decrease in redox potential in submerged soils the 
availability of t* together with nitrogen, silicon, iron, 
manganese and molybdenum increased. Ha reported that a 
pH of about S.6, sh of 0.30 to 0.14 and a specific 
conductance ot about 2 fsnfcos/em at 25°c arc nost favourable 
for nutrient uptake by the rice plant and under such 
conditions the availability of H, p, k, Ca, Kg, Fe, Mn and 
S is high, the supply of cu, zn and £JoÔ  is adequate and 
injurious concentrations of Al, fta, go, (X>2 and organic 
acids are absent.

Sanfchokusassi (1975) reported that the Karcpadan soils 
were highly deficient in phosphorus and potash, iron, 
manganese and zinc core present in fairly good quantities 
and the soils were deficient in copper.

Kanwar (1982) found that in the soils of the humid 
tropics, the severest limitation is the deficiency of 
phosphate, accentuated ay high phosphate fining capacity, 
high acidity, toxicity of Ai and Kn and deficiency of Ca,
.lg, es and B. Ho opined that phosphate mobilisation through 
toe uoo of myoorrhisao seems to held potential for 
utilising 3s»£1js with limited » availability.
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Panda and Roshy (1082) noted that seme highly acid 
soils in Kerala have as much as 20,000 ppa sulphur with 
organic carbon going opt© 20 per cent and these soils are 
generally low in phosphorus,

Alycr ©t al, <1904) reported that the coastal littoral 
sandy soils o£ Kerala ore deficient in both N and K, but 
well supplied with p.

CEO and osshangoablo baaoa

In the rice soils of Kerala, Nasabiar (194?) reported/v
that calciim was the important replaceable base followed by 
sodium and potassium,

Sonahu© (195©) considered the etc to toe s single index 
of soil fertility, ®ho mors clayey a soil, the more was 
its CSC ana henee grsstor the chances of its being fertile.

Gopalasuesny (1961) observed a high CLC for Karl soils 
of Kerala and attributed this so a high eontent of organic 
matter and the probables presence of iilitie and raontmori- 
llionitic clay in them,

Maaiekam (1961) reported a etc of more than 60 ra.e/
100 g for Mack nail clay and less than 50 m.e/100 g for 
laterito soil clays.
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Alexander ansa Durairaj (1968) noted that sec of blac& 
soils increased with incroaaa in pH. in acid soils the 
Ct-0 was negatively correlated with pH. According to ,
Krishn'waeorthy efc al. (1973; the acid soils of Tamil Kosiu 
wore Sound to bo poor In bases especially Co, Mg and K«

Sreedevi Atnuia and Aiyor (1974) recorded the highest
etc Cos Kari soils among the major rice oolis o£ Kerala.
The magnitude of exchangeable k was in the order Kari > 
Karapadam > Kayal > Kola > low level later-ito soils. 
Comparatively high varues of total, exchangeaole, difficult.,., 
exchangeable and HCi soluble K found in Kari, Karapadaffi 
and Kay si soil's of Kuttenad were attributed to sufcsucegonea 
in salt water from adjoining LacJc waters and duo to silt 
depooitlon by flood waters•

Phosphorus fractions of rice solla

Soil phosphorus fractionation io important to 
characterise the soil P and to dctermino its relative 
usefulness to crop growth since the various forms of V are ' 
related to the availability of soil P. The development of 
a system of fractionation or soil p with particular 
reference to the soil under study has a direct nearing on 
many aspects of “oil genesis, soil chemistry, soil fertilit; 
and in turn the soil productivity.
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Methods of fractionation of coll P

Fractionation of inorganic soil p has been studied 
ovor tne last three decades, The most commonly employed 
pwfchod is she chemical fractionation depending on the 
solubility oS different forma of P in different solvents. 
Williams (1937) uoiag HaOH fractionated ooxl P into (a) 
an alkali soluble fraction said to include organic *>,

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

Bean (1930) obeyed that the r compounds of the soil 
could bo divided into (o) organic compound soluble in HaOB 
Cb) inorganic compounds dissolved with SaOH followed by an 
acid and (e) insoluble ccmpoundn.

Ghani (1943 a) divided tne soil P into five groups 
(i) acetic acid soluble {none, <3i and tri calcium 
phosphate) t Cii) alkali soluble inorganic (Fe ana hl~¥)t 
(iii) alkali soluble organic P i (iv) d„S>0. solubleA •$
(phosphate of apatite typo) and (v) insoluble (an integral 
part of the clay complex}. Ghani (1943 b) further modified 
this procedure by the addition of B-hydroxy-qninoline to 
acetic acid to prevent tho re-adsorption of V daring the 
extraction of V with aeefie acid.
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Killiama (1930 a) fractionated P in flus sralian soils 
Into three fractions (1) fraction soluble in 2*3 per sent 
acetic acid plus 8-hydroxy-guinol ina (water soluble P, 
hydroxy and cartooante apatites)s (HI fraction soluble in 
0.1 tt HaOH (adsorbed p, basic Fa and nl-p end organic p ) t  

(Hi) fraction insoluble in extractants (i) and (ii)-(chloro 
ana fluorapatite, cbrystal lattice p and resistant P 
minerals)

burner and aiee (i9Vi) found that neutral a. nh^F

could dissolve A1-? but sat Fe-»P. Zt was concluded that tha 
p extracted by the above extractant which was used by Bray 
and Kurts (2945) must be largely Al«P*

The development of soil F fractionation procedure 
particularly that of Chang and Jackson (1957) and the 
modified procedure by Petersen and Coray (1966) resulted in 
a number of studies whose objectives were to critically 
examine sources of p solubilised by the extractants commonly 
employed in soil testing. The p extracted was usually 
derived from several P forms and that some extractants were 
more specific for certain p forms then others* Based on 
selective solubility of P in various extractants, Chang and 
Jackson (1957) fractionated the soil P into Al-P, Fe-P» Ca-P, 
reduefcant soluble P end occluded Al and Fe-P.
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Frink (£969) reported that the method of Chang and 

JaCkson was adequate for the fractionation of Al and 
Fe-P, but modifications ware needed for the determination 
of redudtant soluble p and Ca~f>.

Qosvami (£983) stated that if Olsen's BeHCQg method 
for extraction of available »  in the soil has stood the
test of time and by and large widely adopted and suited 
irrespective of soil® or crop situations, J» fractionation 
procedure of Chang and Jackson (Sroug's school again) has 
helped in providing a physical anti chemical basis for this 
test by relating it to plant available discreet forms 
(fractions) of soil p« Hundreds of research papers 
following Chang and Jackson (or the modified version of 
Peterson and Corey) procedure vindicate tha usefulness and 
importance of study of fractions of native soil P or those 
formed on transformation of applied fertiliser P in the soil

Aiyer et al, (£904) in their studies on the sandy 
littoral soils of Kerala reported that the extractable P 

by Chang and Jackson's procedure was less than to per cent 
of tha total P . They suggested the modification of Chang 
and Jackson V fractionation procedure for these sandy soils.
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9 forma end their rolatxonship p availability

In a study of nineteen -wfaeo and five subsurface 
calcareous sails Fuller and Me Georgs (1951) founo about 
one third ©£ the total & in trie organ ic form. She amount 
was taozo In  fcne surface soil. Koohy (1952) reported that 
tho soils of Kerala ohoacct a aide variation in organic V 

ranging £ro® C,B t o  42.4 per cent of the total 5?.
Jackman (1955) found that organic p was positively correlate 
with focal y and the orjonie carbon content.

btudaeo carried out by Oiai tfoosho and Caldwell (1959) 
observed that (i) tne majority of available P comoc from 
the inorganic fraction (ii) there was a high dcgroe of 
correlation bemoan available P and Inorganic fraction 
(lii) significant correlation exi< ted between a1-i and 
Bray Mo. 1 and 2 o?rtracteble p. Sney noted mostly Fe and 
Al-P in acid 'soils, Co-fr in alkaline soil's ano an egaol 
representation of all tho above three fors'o in neutral 
soils of Minnesota.

Gool and hgorwal (1959) studied the forms of soil 
phosphorus in genetically related soils of Kanpur and 
observed that organ?c p constituted only 10 to 20 per cent, 
o£ the total p and that it decreased with incrcosed maturi?
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of soils. They further observed that la alkaline soils, 
calcium phosphate dominated which was .supported by Kanwar 
and Qrov?al (i960).

JanardhBnsR Hair (1961), Vljayachundron (1963, 1966), 
Shat (1964) and Rajaraa (1964) studying the soils of Kerala 
noted the abundant preoenc® of Fa and Ai-s> in these ooilc. 
Similar observation was si>ade by Nathan (1964) In his study 
of high level latosolc of the Hilgiri hills in Tam il Nadu.

She dominances of surface bounded fq-p for the 
dons inanely acidic low land rica soils wan repented toy Chang 
and Juo (1963) and Al Abbas ot al. (1967).

(VcK¥.̂ Maî >iar (1962) observed that in Kerala soils the s> 
was present mainly in -die form of Fe-P followed in quantity 
by Al-P, Ca-F and occludod B in a descending order. Eha 
sandy soilo contained the highest proportion of Al-P.

Fe-F was significantly correlated fte the scsquio&id© 
content and there esiated significant linear correlation 
between the Cine sand fraction ©£ the soils end tho content 
of Fe-P, Ca-P and occluded Al-P.

Khanna (1967) studied the relationship between 
inorganic & fractions and soil test values for p using 
several extractants, fie found that the Bray S3®. 2



ostfer actable V was positively correlated with Ca-P.
Olson's P with Al and Fe-P fractions. The AX and Fe-F 
wore positively correlated with ca~P.

Cholitkul and Tyner (1971) reported that toe 
variation In total P in lowland soils of Thailand could 
probably be related to differences in the P contents of the 
parent alluviums, degree of weatherlng and soil development, 
so correlation use found bofcween the total P and the clay 
contents. Among the various inorganic p fractions tha 
surface bounced Fe»p wos the dcminant one accounting to 
34.8 per sent of thoxnan total P and the rodaeteant soluble 
& was the secona most abundant, 1(3.0 per sent oi tho mean 
total P. The mean Al-i and Ca~P fractions on an average 
were !ou» accounting for only 5.1 per seat end 3.7 per cent 
of the moan total P.

The studies by Hohta eh cl. (1971) on to® vortical 
distribution of S in tou soils of western Rajasthan 
indicated tnat too total, organic, inorganic and available 
P were found to increase with depth of the soil. Organic 
P was positively correlated with organic carbon and clay. 
Inorganic P was nearly Si.3 to 90.7 per oast of the total 
P and the Ca-P was predominant, Positive correlation was 
obtained between available P and nl-V and Fa-F.



jose (1 9 7 3) its hia study on P in neutral and alkali 
soilr of South India, observed that Ca-P dominated over 
F® and a1-j? and Ca-r increased with isjcr easing pH. The 
reUuetont sdiisle and excluded farms of inorganic P decrees ck 
witn increacin^ alkalinity and their values wore 
remarkably low in alkali soils.

Kuraarast/omy efe al, (J973<) reported that in, calcareous 
red soils Fe-p and Al-P were th® prim sources v£ 
phosphates contrifcuu) tng to the plant uptake. Xn aon- 
caleorcous rad soils ro-p, Al~p and saloid bound P were 
significantly contributing to the plant uptake. In the 
studies os acid soils, Kanwar and ’flsripatni (1977) found 
that they contain rao.jt of the inorganic P in  the form of 
Pe-P and Al-p.

Aiyer and Hair (1979) in their studios on the 
phosphate tractions oi Kerala rice soilo observed that to© 
total S* content varied between GIG and 917 ppm and the 
variation was only to tho extent of about 18 to 12 per sent 
between tho highest and lowest content o£ total p. They 
further found that Fe-P was th© most abundant fraction 
accounting far 21.8 to 39.8 per cent of vhe to*.al P, Al-P 
was the second mô ft abundant fraction of P accounting wpt© 
12,7 to 25.0 per cent o£ tne total P. Tho third abunaant
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fraction wars Ca-P, varied between 5,9 to 10.3 per cent, 
organic-p was highest in Keri, Kole and Pokkali soils.

Mishra and Khanna (1962) reported that Fe-P uao the 
dominant source of V t j the labile pool foilowed by Al»p 
in an acid oodssllc brown soil. In recently fertilised 
soils, Al-p showed higher isotopic csiehangeability than 
I'e-P. The opposite was true for unfertilised soils. Acid 
extractable soil p contributed little to labile p.

Kanvar (1902) stated that the studies on the 
distribution and forms of P in noil* provide useful 
Information in assessing the available £- status one degree 
of chemical weathering oi soils,

Cultivation and fertiliser P applications resulted 
in an increase in tho total ana ino'-yonie P content for 
five soils and a decrease in organic p content for seven 
out oi tne eight camples. Overall chanje la total, 
inorganic and organic p content of cultivate?) surface soils 
was +25, +110 and -43 per cent respectively (Sharpie/ and 
Smith, 1983).

Sundareuan Nair and Aiyer (1963) investigated the use 
of Husaoorie rockphosphate in the as it. soils of Kerala and 
concluded that Fe-P fraction was dominant in all the soils



accounting for 21,B to 39,a per cent of total 9, Ml 9 
was tho second most abundant accounting 12*7 to 25.8 per 
cant of total E> followed by Ca-s». The sails contained 
only S.© to 9.5 per c e n t reduetant 9 and 2.7 to S.6 
per cent occluded P*

M y e r  grit al. (19S4 j reported that more than 75 
per cent of the extractorle p in the sandy littoral soils 
of Kerala was seem t» be bound with iron as active Fe-p 
and occluded Fe-*> and the same was found to to© significant! 
correlated with the fine sand fraction of the soil.

Phosphorus fixing capacity (gffc) OF rice sella

m
The reaction of soils oad cloy minerals have been 

considered as toe mast important factors determining the 
extent and nature of phosphate fixation capacities (Pi'O.

At pH 2 to 5, tho fixation of P was chiefly owing to 
the gradual dissolution of iron and aluminium oxides which 
are precipitated as phosphate. At pH 4.5 to 7.5, 
phosphates w e re  fixed on toe surface of too clay particles 
and at pH 6 to 10 f> precipitated by toe divalent cations 
CKanwar and srswal, i960),
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Koshy and Brit«mtunayasara (1961) In their study on 

fixation and availability of P in Kerala soils found that 
soils differed widely in their capacities to fix P, the 
acid soils with high aiAice-sosquioxide content hod high 
capacities for P fixation,

had ct al. (1973) determined the PfG of the soils 
belonging to different major sell groups and tocy showed 
no correlation between pH and p fixation.

The specific adsorption o t phosphate, sulphate"and
molybc’ate by soil colloids was generally considered to 
decrease as the pH Increased (Parfitt, 1978).

Frciaon et al. (1980) observed that liming upto 
6,S or so, often increased P adsorption. When the saire 
soil was limed and then air dried before reaction with 
phosphate, liming deerea ed P adsorption . Similar
observations wore made by Haynes (1983).

Exchangeable ions

The nature of. tho exchangeable ions present in the 
colloid complex of tho soils play an important role in the 
P fixation.
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Patel and Viswanath (1946) reported that In India® 
soils, PPG increased with the increase in exchangeable 
calcium, exchangeable bases, total Cec and the clay content.

Kenaar and Urewal (1966) found that the PPC of the 
acidic soils of the Punjab decreased with the Increase in 
the degree of base saturation of noils. A negative 
correlation between the degree of base saturation and the
PPG of the soils was noticed.

Seaouloxldes

She sesquioxides present in the free state and in the 
hydrated form are considered the main cause of PFC in acid 
soils.

A close correlation between active Fe and Al and toe 
total PFC of the soil was established by a number of 
workers (itaychaudhuri and Mukherjae, 1941; Coleman et al., 
1960; Hsu, 1963 and Vljayachandren, 1966). Significant 
correlation between the total sesquioxides, Iron oxides, 
aluminium oxides and F fixation was obtained by Mottger 
(1941), Singh and baa (1943), Fried and Bean (1932),
Perkins et al. (1957), Hathan (1964), Vi j oyachandran 
(1966), Venkataramana Reddy (196?) and Jose (1973).



The role of sesquioxides on the P fixation was well 
brought out by Coleman (1342, 1944 a, b); Kanvar (1956)?
beavor and Russel (195/) and Fox et al. (1971).

liorhy and Brifcorautunayefjcro (1961) stated that acid 
coils with toiyh eilica-oesquloxide content had high 
capacities for P fixations.

P.ayehaudhurl and rmkherjee (1963) in 3n atter,pn to study 
the fixation of phosphates in red and lafcente soils ren jrt-ed 
that clay or free oe*.quioxides accounted for the major part 
of fixation when the amount e£ P was small. A lower 
silicons aesquioxide ratio tended to increase the fixation.

Simple and multiple correlation and regression studies
by Nad et al. (1975) showed that the amount of clay and free 
oxides in the soils were the two dominant factors detsrraiznrsg 
the MX. The clay and free oxides together accounted for 
69 per cent of the P fixed.

According to Baniio Lopez-Hernandes and Burnham (1982) 
the moot important factor related to f ratension were 
extractable Al and free iron oxides. In southern Scotland 
peat soils. Cuttle (1933) found that p sorption indices wore 
closely related to the content of extractable iron and 
aluminium when expressed on volume basis, the indices were
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low compared with fhoce published for mineral soils and soma 
peats apijeared to have sIfsosu no capacity to sorb P io n s  

from solution.

Soil texture;

It in generally accepted that most of the P fixing 
power of soil lies in its finer mechanical fractions, 
especially clay,

Among the soil separates, clay was found to fix larger 
quantities of p than did silt or sand (Payehaudhuri and 
ttokherjee, 1963).

Kojhy and Dritomutunayagom (1965) observed the 
mechanism of P fixation in soils and tho nature of the 
retained phosphate. The relative aoounfes of added P
retained »y clay and silt and the amount converted to
different chemical fori«s in the soil were determined in an 
investigation on the behaviour of P in acid soils. The
results favoured the chemical precipitation theory of P
fixation in soil but did not exclude thu possibility of 
adsorption by clay minerals as well.

Had et al. (1975) reported that silt content did not 
show any significauv correlation wish £> fixation while sand 
shewed a negative coirolution. Cloy and free oxides together 
accounted for 69 per cent of tho P fixed. Danilo liopez
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Hernandez and Burnham (1982) observed that cloy content 
affected V sorption but only at low level of si3 nlf.tc.ance.

CaCOg content

Konwar and Qrewal (2.960) stated that tho PSC of 
calcareous soils of Punjab increased with increase in CaCOg 
and about 7f»2 p jz  cent of p fixation in these soils was 
attributed to CadOg and exchangeable Cm and fig. Tho 
sJapiessxny effect of CaCOg on the sol utility of P in  acidic 
coils was also observed by a number of researchers.

Islam and Khan (2967) ano Bhawan ot al. (1969) reported 
that fixation of Z> in alkaline calcareous soil. of Rajasthan
was sAonificanfciy correlated with CsU3g e sntotsfc of tho soil* 
Similar results wore obtained by Kumaraswarny and 
Bhauapolan tfosi (1969), and Jose (1073) in the “oils of 
south Inula.

Organ is matternm iwhii 1,1 u>i’3— w w i mrwiinawniu M .

The effect of organic matter in reducing the P fixation 
capacity of soil is well known. Oatta and ferivastsnva (1963) 
reported thot the role of organic mutter in reducing the
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intensity ©£ P fixation by sowjuior.ides has long been 
statistically evaluated.

Sad et el. (107S) obcorveci a positive correlation 
between P fixation and organic carbon content for different 
major soil groups.

Soil type

Had et al. (1975) reported tnat amongst the various 
soil groups, bl^ak, red, latcrito, rained red and black, 
red and yellow and coastal alluvial soils exhibited higher 
p fixation than alluvial, grey brown, desert and other soils,

Pattern ot transformation af s o i l  $> unon su'anogcence

Various changes in moisture reginas in tho rice field 
influence the transformation of native as well as applied 
P , its availability and in turn the nutrition of the rice 
crop. Tho transforu ation is greatly influenced by the nature 
of tne soil particularly its texture, alternate wetting and 
drying mostly prevailing in upland rice fieldo.efcc.The 
beneficial effect a£ soil submergence on th® availability 
of P explains the slack of response of rice to phosphate 
fertilisers.

subeaBraeneo on p avallaollitv

The occurrence of a marked inerctaso in tho availability 
of aateivo and sddod V in flooded soilo as compared to well 
drained soils was well established by Shapiro (1958 ey
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BasaJt et al. (I960) observed that under waterlogged 

condition, soluble P occurred through reduction o~ iron and 
ulusninium uhicn added to the available h luantota or the soil.

26 was indicated iron enhanced £> water oolability
(Ponnoraperuffla, 19641 that tho availability of soil P was 
increased by subacrg«f»ee. She enaoneed S? availability was 
ottributad largely to the tils .elution of solid phase Fe-P 
fora accompanying urops. in rcdosc potentials«

Basok and Bhottacharya (1962) in t-iair study on P 
transformations isi rise soils of Bengal showed an incroaoo 
of 64 per cent in available p fron planting to tillering 
stag® and a gradual decrease after pre-flowering stago to 
the original level.

Etehapotra (2968) reported that waterlogging resulted 
in on increase in water soluble p. Bab« end rsukherjee 
(1969) showed fcnat too ferrous iror> hod a depressing effect 
on i! availability of- Ca-P and Al-p. waterlogging showed 
greater P availability fetior in moist conditions.

Islam (19 ?w) reported that tho 1 c-vcla oi soil v first 
increased and fcten decr<. as-od with tin** of uub.nargoiscs under 
rice cropping. According to Sathyanaiayana e t al. (1970). 
in flooded soils containing Fa, available P levels were



higher at all depth than In soils containing Ca 
Mohapatra and Patrickdr, (1971) observed that the Bray 
attractable p increased with waterlogging* the increase 
being greatest in soils with large amount o£ Fe-P. Kendal 
and Chat tor jcie (1978) studied the transformation oS applied 
water soluble p in latoaolie lowland rice soils and 
concluded that the concentrations o£ added P remaining in 
solution in equilibrium with soils declined sharply, tha 
rate of such decrease was low in soils poor in free iron 
oxide and native JPa-P content.

According to ponnasperuiaa (1972) in acid aoila, the 
moderating effects of submergence in soil pH and £h 
influenced p availability in two ways. First, there was 
a reduction In levels al soluble forms of elerasnts ouch as 
iron, manganese, and aluminiun which rendered P unavailable. 
Secona, there was a reduction in tho sorption and occlusion 
of p on soil solids. He further reported that dry land 
rice was raorc apt to suffer from P dot icioncles than wetland 
rice, since availability was lower under dryland then 
under submerged soil conditions, especially with oxisols 
and ulfiools, Also th© upland soils tended to be mors aeid 
than their wetland counterparts, both because the upland 
soils wore generally mote highly weathered and because 
flooding lad a general moderating affect on soil pH.
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prabhdlear et al* (1974) found that P availability 
increased with increasing soil moisture, maximum 
availability occurring when soils were incubated at 200 
per cent field moisture capacity, organic manures also 
increased available p especially at 200 per cent field 
moisture level. *he effect of moisture level was apparent 
in red sandy loam than in black clay loam or alluvial 
paddy soil,

JJandol and Khan (1975) reported that continuous 
waterlogged condition appeared to foe beneficial in 
increasing tnc availability of native P in acid soils,
Xhey (197 7) in their study on tho transformation of fixed 
P in soils under waterlogged conditions reported that the 
applied P which was left in the sail 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,

Goswaral and Banerjee (1978) considered the causes of 
the increase in available p in soil to be (i) release of P 

from organic e (ii) increase in solubility of p resulting 
from decreased sail pH due to the accumulation of COg in 
calcareous soil (lii) reduction of J?e-j?o4.2H2o to 
Fe3<P0 4)g.@H2 0  with higher solubility, (lv) higher 
solubilities of P o -PQ ^ ii^Q and Al-P04»2H2G resulting from



34

hydrolysis due to the increase of soil pH in acid and 
strongly acid soils. (v) release of phosphate ions fro® 
t.ie exchange between organic anions and phosphate ions in 
iron and aluminium phosphates and (vi) increased diffusion 
of phosphate under submerged conditions,

Veraa and Thripathi (1982) observed that waterlogging 
increased the p availability indices determined by seven 
soil chemical extractants. She stepwise regression 
analysis indicated that Ue-p was the most important 
variable contributing to the total variation in the regre
ssion of Olsen, bray 2-?, Bray 2-p, Trtsog, Peeeh and 
Morgan's extractants and ee-P in the regression ©£ Worth 
Carolina's extractant both in air dry ana waterlogged soil. 
Al-P was the second important vat iable contributing to the 
variation in the regression of Olsen, Bray 1-P, Bray 2-s? 
and North Carolina's extractants and Ca-P in the regression 
of Peach and tsorgan' s extractants under both air dry and 
waterlogged conditions. With the exception of Truog'a 
extractant, six other extractants, extract s> fro® the same 
inorganic i> fractions under both air dry and waterlogged 
conditions indicating their similarity under rice situations, 
However their suitability had to be judged) in relation to 
plant growth parameters under waterlogged conditions. '
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Katyal and Venkataramayya (1983) reported that soil 
solution P was influenced slightly by submergence and 
increased due to tho addition of fertiliser l-J» its 
concentration was about 2,5 times more in the wet season 
than in the dry season, regardless of the fertiliser 
application or tie® ot submergence, This increase in 
water soluble v was attributed to the higher temperature 
in tho first two months of the wet season than in the 
corresponding periods of the dry season. They further 
suggested that the availability of P to plants was governed 
by its conc. in soil solution and in the solid phase end
tna equilibrium dynamics of these two forme of P.

According to Sherpley and Smith (1983} fertiliser P 
application and mineralisation of organic p during
cultivation increased the available p content, All the P 
forms in the soils were relatively unaffected by cultivation

2*3,2, submergence on P fractions

Chang and Jackson (195b) showed that tho p added to 
the soil was converted into Ca, Al and Fa-P in acid and 
neutral soilc Raising the pH of the soil by tho
application of lime would help to increase the Ca activity
and fnouce the formation of Ca-P and the subsequent 
release of p in an available form.



Watts (I960) found that the decrease in pH on drying 
causes inorganic t- to become occluded. Dy prolonged 
wa ter logo &ntj» ebo occluded J? may 1 q converted to more 
available form due to iron reducing bacteria and the 
tetobilised ? may bo reversed to soma extent.

Mahapatra and PatrickJr. (1969) opined that the 
dissolution e£ quoting of hydrated ferric ok id© around 
tho soil particles poorifoly resulted in the release o£
Pe-r. Islam (1970) reported that tho increase in soluble 
V in acia soils was due to a decrease in Ca. re and 
reUuctant soluble s> eoncentrationet in near neutral soil, 
p increased with decrease in W e-' and hl-P.

Khanna and Mahajan (1971) observed that use 
transfornation oi added P in acidic soils was different 
than is alkaline and calcareous soils. Eiore than halt 
of the conversion of t-o auded p in aeio sails was in the 
form of &1-P (47 to 73 per sent at pi2 4.7 and 35 to 86 
per cent at pH 6.6) followed by Wc-P (18 to 44 per cent 
at pH 4,7 and 17.3 per cent at pll 6.6). In alkaline and 
calcareous soils saleid bound p and Ca-p were nuen more 
than rii acid ooil^.

Nahapatre and PatrickJr. (1971) found that when Al-P 
increased by 33 per cent and re-p toy S4 por cent ea-t» did

i
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net undergo metis chan go dee to waterlogging, the
redttsfeant soluble 9 decreased. Part of the increase in 
Wa—t? was apparently at the onpaaso os sc dueteat soluble 
ffe-f ana 4b eersate soils, part of tho increase in Fe-i* 
apoor©Fitly a«sae frosi ca-*p.

Manual = no Gha&terje© (1972) reported that the 
tsansiorsubioa ©~ P into Al-p and Po-C- appeared to tee 
directly rolatod «o tne quantity ®£ these Inoroonie fsrns 
o£ V already pressont in ftbo aoilc, proportionate feo the 
total amount of anorganic ooij, p.

faferiCte at ai» (1974) CousiS that alternate wetting 
am3 drying caused increased fixation or retention of 
added soluble fcr in a atsmbos of soil., usiftj labelled a W *  
**©-*• and Ca~P» Most a£ tho auded I* aas present in Al-p 
and £*e~p fractions. flooding increased tho asanoCorasation 
©i all she P sources aijsu Fs-p fraction.

Alternate wotting and drying docrt-artd ten© svaiiabi- 
litey of Al-f in all the ©oils studied by Manual and Khsn 
(3.975), Under com-lnuoue waterlogging, Ai-P recorded 
m  Initial increase followed by © ouereasing trend, 
while a lass acidic soil sorparativelj, rich in Al-p, 
rosordod progroooive decreases. Continuous waterlegging 
Cor H o  days caused as increase in Fe-P in all oods.
But did not bring about any d©excuse in reJuettante S’ end 
the Go-P decreased.



Siagh and Singh (1976) fsuotl a decreasing trend to 
Ai~s> qki ca-p and an toext-'aaiug trend in F<s»p with ago of 
tho rice plants, Oiganic ntafeter ravotirad significant 
reluofciim in Co-P o£ttr three raaaths, Increased fll-s> cad 
decreased £te-r were* observed after 30 days e>£ ifcs addition,

til® aaoimt o£ faxscd nl-fc' diu sot proeciealXy reeurd 
any ehaRyo on re-wulorlogging the soil in the next season, 
particularly during the initial period (iigndai and Khan, 
1977). the fixed Pe-i? recorded a decrease A'arodiatcly 
after re-traterlc-jgtog the soils having hi'jh imc whereas la 
low c Ji.iuirrj sails, it remained unchanged. Tne fixed Ca-P 
reewdod a gradual increase la tho sail rich in native

hut showed a slow decrease in fcne soil comparatively 
poor in this fraction of P.

Singh and 8&n (1977) studied tho transformation oi
added water soluble e at two roisstnr.'.- It,vole, i.e. 50 
per eont of <„AeM capacity end uafcerloggir.j in latorite 
alluvloX ana resent alluvial soils oS Ufetar Pradesh, in 
all tte soil.,, most, of she added P was recovered as 
inorganic fractions of u t/itehln eight days of i t . c ibnfeion. 
Urafiotor nation was higher under waterlogged condition.

sisere-asQd and Zts-P increased v l t n  time, Ga-P remained 
constant at different moisture reg?iao in latent® soils.



Slrtghaisie an<3 Goawasni {1978) investigated the
tsaiss^oswatioa of applied P in riee-srheat cropping oegusas® 
oss alluvial* folack, red end J.afeerlte soils of India. S’ 
applied to rise increased Al-P and S's—t* la all soilst 
seductaat P in alluvial and laterito soils while it 
increase3 #e-f> in black and red soil-.

Verisa and 2snpatiU {19(32} observed that all the 
native inorganic p fraetione Xnereaoea upon waterlogging
wath the ®axi»Bta increase o£ 70.7 pwr cent is £*o~S*.

Rssjjonso o£ rlc® tophi, snhorus»!Tŷ nii'aL’<«ago*jCTlgMaa'Hgx»g«^gCT''i -rwin ...r«.i: Mii'iv»««aji«-jttanxn«ii»'

Response of rice plants to applied p i- very often 
iacousistant, Work carried out by many scientists hove 
yielded conflicting results.

^arlefcal variation

Hahapafcra (1961} obtained no &espcnee to phosphorus 
by eight indica varieties ot rice during the mein season 
ia Orissa. An excess ofi e> over the actual requirement was 
suggested (Recsei, isfel) to depress tho crop yields. Fro® 
an experiment conducted at Sogwai, M»p. to study tho 
response at rice varieties fcs three levels of Verna 
(1961} concluded that the improved varieties gave higher 
response than a local variety.



Plant species differed more in their reaction to the 
supply of soil P than to sell K and is (Slack* 1968)*
Various theories vie,, the ionic equilibrium theory, the 
root character theory and the P requirement theory were 
proposed to account for the difference in response to P 
among species.

The first case of varietal difference in the 
susceptibility to P deficiency was reported in 2.970 (IRKI, 
Annual Report, 1970}. SR-e was severely injured by P 
deficiency, while IR-S and H-4 grew well on p deficient 
soils.

Dev ot al, (1971) recorded varietal differences to P 
response in rice using p tracer technique. They concluded 
that IR-8 end Jaya were loss efficient in utilising 
fertiliser P as cockered to Culture-9S andIR»622eB.

Ponnempemima (1972) screened rice varieties and lines 
resistant to mineral stresses by growing them in V 

deficient end P sufficient culture solutions in Greers House.

Xogeowara Rao et al. (1973) observed quadratic 
response functions of the rice variety XR-8 ana showed the 
optimum P rate to vary from 10 to 66 kg/ha depending on
season and P status. GopalC Eao et al. (1974) found that 
Xtt»5 rice did not respond for l> beyond 40 kg/ha.



Zn a pot experiment with five sics varieties, Gupta 
et al. (1975) observed that the varieties differed in 
their response to s? and they r©eonm®tid®i3 that the high 
yielding dwarf varieties should be given additional 
fertiliser than local varieties. Average paddy yields 
increased from 4S.1 g/pot without any P application to 
S6.0 g/pot with 200 ppra of P.

Morphological differences in root system became 
exceedingly important in determining the amount of P taken 
up by the plants (Gabelman, 1976). plant species and 
varieties differed markedly in their power to obtain P 
from the soil, The snore deficient the soil, the more 
pronounced was the difference in varieties (Gabelman, 1976 
and Gorloff, 1976).

Kamath and Oaa (1979) reported the varietal differences 
in respect of p response. They observed that the mechanism 
governing the rote of nutrient movement through the soil to 
the root was also an important consideration for soil 
nutrient availability to a particular crop and its variety, 
Besides this, tho plant roots could ehanja the pH, salt 
content and ion composition of the xhiaoaphere region,
Thosa changes affected the availability of plant nutrients 
including P. She ability of different cultivars to modify 
tho rhisosphere was different since the nature of root 
exudates might also be different.



Mahendran (1979) while investigating on the possible 
reasons for lack o£ response to P in Kerala by rice crop 
reported that the high yielding varieties absorbed higher 
amounts o£ P than traditional varieties, Further, thare 
was significant variation in the response of varieties to 
applied p in a soil with low PP® and low available p status. 
The identification oi varieties which were poor raspondere 
suggested that in a riee-ries-sice eropisiag system, 
alternation of responding and non-responding varieties raay 
enable tho skipping of P in atlesst altomate seasons.

Plant species vary in the amounts of S* they obtain 
from the soil (Sunio Ifcoh and Barber, 1963). Xfc depends 
on the nunfeor of root hairs, amount of root surissa/g ofc 
plant, rate o£ plant growth and tho P flux kinetics of the 
roots. Soots nay solublise p in tho rhisosphor© soil by 
exudates or microbiological activity. Xf solubllsation 
occurs, observed uptake will exceed tne uptake predicted 
by a mathematical modal.

Bear (1949) using radio active ieotop® ox P had shewn 
that plants generally obtained unusually high proportion of 
p frost that was already present in the soil. Stanford and
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Seise® (2949) observed an initial increase in the 
utilisation of applied t* by plante, but later the
absorption fras sell P.

ftltebell (1957) reported that maximum absorption o* 
p by plants oeeurrsd mostly in the early stages ofi growth, 
The recovery o t added P fey plants was to the entent of 
20 to 36 p m  cent oiuy and the rest converted tare 
unavailable! farms,

a strong positive iBtesractlem between the rates of 
applied nitrogen and the rates et applied & on the uptake 
of eotb soil end fertiliser p was noted fey stepson (1961). 
Thomas (2964) recorded a aaKlmas recovery of only 21.7 
per cone o£ tho added P. The fertiliser t* fractions in 
the plants increased progressively with increasing asses 
(Vcnkatecnalem et al. 19C9 a, 1969 b)«

osirstta et al. (1966) reported thet only 8  to 27 
per seat oi fch® total b in tft® rise plant was derived from 
tho epplied Pi 89 to 90 per cent of the applied i? remained 
in the soil far the succeeding crops.

venkatachalam et al. (1967) observed that direct 
method oS opplicatien of P to paddy utilised more of the 
fertiliser p than thcs indirect mathasl of utilisation of
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superphosphate applied to paddy through a preceding green 
manure crop. The fraction of P in the plant derived from 
fertiliser was significantly higher at 80 kg PgOg/ha than 
at 40 kg P2 03/ha. She soil with low available p status 
gave the highest fertiliser ®> in plant while the ether 
soils testing higher available t» had less fertiliser & In  

the giants.

Ooswami et al* (1971) found that the critical levels 
Sai P,0^ for rise were IS to 20, 30 to 46 and 67 to 69 kg/ha 

t o t rod, black and coastal alluvial soils respectively.
The wide range of critical values may fee attributed to the 
difference in toe PPG of tho soils. Gupta and flaw (2971) 
in their study on P uptake fey paddy in Vtodien soils 
reported that plant growth as well as v uptake was better 
in alluvial and Shenka sails and in both soils available P 
was bettor correlated with P uptake.

hies extracted 9 from fe-p in its earlier growth 
period for the yield and Al»P towards later stage affecting 
B uptake (RaxwKiartby and bisen, 2971). neither Bray's 
nor Olsen's extractants in. the present fora was suitable 
to evaluate p on these Mack soils of Ootebatorc Cor the 
rice crop.
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Kumaraflwafay ct al. (3.97313 reported that os the growth 
of the rise crop advanced» tho pittma had taken s-oare of 
fertiliser p which was available is greater araounts than 
the tall rj fraction. An increase"} uptake of S’ with 
increasing levels of U »y paddy crop was noted by 
<ftles?a»ateff at al. <3.974/.

Ca#9sln et oi. <39s32) fotsnd that the uptake of a, P 
and K increased with higher levels of 9 and age of the 
plant. Keraaidas and Polysopoulos <19833 reported that 
a nuofcer @L 9 intensity indicoo including 9 concentration, 
activity of the 55gP04 isao and certain chemical potentials 
were found to satisfactorily predicts P uptake by eye grass. 
Simple intensity indices such as 9 cane&txat&ou la cither 
eaCX2 or HjO estreats proved as good as mors elaborate ones,

Alyes? efc al. <19843 could not jet significant 
correlation between inorganic P fractions with the actual 
plom. uptake . t o  the sandy littoral soils ©£ KeraJ a thereby 
showing that plants pronafcly take up mare than one Harm of 
s> or the. dlss&lutif a of thorium phosphate in the various 
reagents along with normal inorganic foams fractionated, 
prevented a definite relationship to be established*

3ry natter yield

Kadam <39453 obtained csjSsstostial increase of rice 
yield in lotarite soils with t»m raoal. Igblsuka and



46

®aa@fca C19S0) found reap©nee to e when rice was grown in  

solution culture with 20 ppm of P. sSovin USSlj, 
s'ar&hot-uratby (1&M) and seoal ©t al* (1954) rejjorted 
significant increase la yield ub&n p uas supplied in 
oomblaafcioa with nitrogen. Voctq (1960) noticed necked 
increase in grain yield labae & was given along vita u» He 
alee found that p when applied alone iaereossd tho yield* 
But tnc differences were not significant.

Savido (1964) reviewing p fertilisation ora paddy 
concluded that an less a soil its deficient in f< yield 
response to adwitlon of p fertilisers in field experiments 
would not Le obtained. Very little effect of p on grain 
and straw yield wav noco« by Knyi (1964), Drat tho effective 
tillers increased with increased P supply.

oatta and ahinde (1965) had shown that the dry natter 
ylelfs of ric© to to n®ss under waterlogged condition than 
tinker upland situations.

VenkataclialesR at al* (1S6© a ) observed that the grain 
jfi eld as well ao total p uptake incroasoa das to P 

©pplica-sian. steaŝ srthy and Bisera (IS71) reported that ia 
th© Bias'8? soil af Seisaisafeoro, Ca tad F® bonded p is the 
surface sail and Ca and Al bonued p is the s«h»s©il to fee
i.Bporfeont eontributiorc to the grain yield ®£ rice*
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S3ais ©t al* (1S72J ia thalr investigations at alee 
Resaeirch Station. Pafecanbi. daring four esnoeeutivo obgsqsss 
iss tha .Jo.r.e £i©ld to study tho response at rio© to «.- 
Biaauring in conjunction with tag and Spartin £ound that  ̂
application resulted ut increased yields from second 
season onwards.

Kusnaraswa»y at al. $19 734 reported that: the «ry 
Blatter yield at rict «fc 35th day aftc- transplantation
aepesdtd upon the adJod fertilise? P to the o'itc.at oS! 68 
and 78 per cent to calcareous rau sail swa nan-calcareous 
red soil respe etlvoly sad th© contribution ef soil 
available P to dry matter yield at femis otsge was not 
significant in both soil-. She cieptnacr.e© o2 gra^n plus 
straw yiold at €s.bqI .Aaga oa the aided fr as well as soil 
available I? uas not significant under both the soils»

Both tillering end yield in laany rice eulftivaeo 
increased w.th roorfeaorrg rates of y rrora 20 to 4a Isg/foa 
in black alkali soli with a pH of 7.0 and no tillering was 
noticed due to lack of P CKatyal efe al. 1975;.

She critical sail water soluble *> content below which 
plant'* yicldvd little or no grain mit 0.05 yga and highest 
yields were obtained with 50 ppm added <?2°s to giv® an 
average soil water j» can sent of 0.004 ppsn daring vegetuativo
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growth (Katyel, 1073). Belaying P application for 14 day® 
after transplantation reduced yields m3 issereassd time to  

raaturity with a greater effect in the dry than wet season. 
Fifty per sent less s uas naedod to avoid P deficiency wtjuo 
It was applied at tronsplaotuig as superphosphate.

SJpadhyay and Pathol; <1001) observed that »  increases 
both total and percentage dry Batter and grain yield ©f 
rice. She critical p content at tillering was foisaci to be 
9.a§ per cent.•

yagoria* et al. <1032) found that upland rics responded 
upto ©7 leg P/ha. Ory raatber preduetlaB, leaf ares index 
ano number ®£ tillers par unit oxea were If'ccea&ed w-feh the 
no© oS higher levels oi p. She ©aistam number oC tillers

3per m was reached between 60 to 70 days of growth ana 
then started to decline, alee grain yields were increased 
by §54, 309 and 355 per cent respectively with 23. 44 and 
66 feg P/ha in the fitet year and by 101 and 333 per sent 
with 22 and 44 Jtg P/ha respectively in tho second year.

Application oj, p «&to 38 pj» substantially increased 
leaf, stes! and root dry satter yield of rice (Alas, 1933).

Kcapon’io of glee fca p application

Ssf'i (1940) recorded no response to P application 
singly or in combination in his erperirasDts Cor five years.



Sethi ©t oi. (19S2) concluded that unlike nitrogenous 
fcrtllicere, too ri-spans-e to & was not general, but limited
to a few stations.. In certain casco no response or 
little response was observed Ly Banorjoo and Sicjar (1957). 
In sane situation* tne/ noticed a t eoponae after Sew years 
of application. Such observations wete also ffiado by 
dhuwsn ot al. (195?) and Digar and Hondal (1957).

Ghosh ofc al. (1960) observed a positive response to 
P application is oil binds o£ soils in India, ftafcta and 
Shinde (196b) observed that though pox cent utilization o£ 
added p and °h value0 increased under waterlogged 
condition, the crop met its major demand of P iro„i the 
native p in the soil. Sohoja (1966) reviewing a series of 
experiments conducted in nadras State reported a nil or 
bo jignliieant reap on ,o  to p application. Siwari ana 
Singh (1969) faund eha& S? application haa positive 
significant response in yield, pleat height, tiller number 
and number of grains per ear head, b u t  tnero was no effect 
on tho weight of 1000 grains, shore was a general response 
in grain yield and P uptake to p application as observed 
by Venkatachala!' et al. (1969 a).
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•Sermon (1970) concluded that marked yield response by 
rice >.as obtained at much lower rates of applied j? than 
was obtained for raost oi she upland crops. Response to & 

was obtained for rice in almost ail the districts in Inula 
and it was particularly nigh in cose of districts whose 
nutrient itides S o t P was low (Geswarai et al. 1971), 
uanopatra and Patriehdr. (1971) reported that lowland rice 
showed considerably less response to p tnan did upland 
crops grown on the same soil.

Anonymous (1973) in field trails conducted in the All 
India Co-ordinated Agronomic Qcporiment schema of 1969-70 
to 1972-73 revealed that responses «© 30 k g i>2dg/ha was 
significant at Kharagpur (latericie soil). Significant 
residual responses to P application were obtained and the 
res-aua). effect was as high as direct effect giving a 
response of about 1100 kg/ha. At Dhuvaneswar, residual 
response was significant tor rabi rice. However in the 
jear 1971-72 no response to P application on kfcarif rice 
was obtained at ishuvaneswar (lateritic soil). In 291 tests 
in inwia within the period ox 1966-70 response to P ranged 
fro® 4 to IS kg gralr./ho at 60 kg I’gd^/ha (tesjutua, 19j2). 
breenivasa Raju and Katn«tn (1983) observed significant 
responses of rice to P application, .Similar observations 
were also obtained by Catta and Gupta (1984), Ram Singh 
et al. (198S) and barsiei and Singh (1965).
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Keaaeae for response

Stowat fc (194?) pointed out lack of response to p due 
to improper raathoO of application. Nelson (195?) obtained 
no responses to various rates o£ & application even on soils 
deficient in P and this lack of response was attributed to
fixation of added P , transformation ox native P to 
available ferae under flooded conditions and inadequacy 
of the analytical methods used to evaluate eh© available 
p in toe sail, eaei and ftgarwaJ. (1959) found that the 
mature soils which contained more of iron and aluminium 
phosphates responded r fertilisers, whereas the less 
eoture soilo high In Ca-P did not respond to application 
of p»

The tolerance of the plant to to® deficiency of P 
was associated with ©emetic control especially over depth 
of rooting. She difference in behaviour of p in flooded 
soil was attributed to be the reason for the poor response 
of wetland rice than did upland (Mahapatra and PatrickJr. 
1971). Aajendran et al, (1971) studied the response in 
yield of Co-25 paddy as influenced toy soil series and 
manuring in three major soil types of Samil Uadu vis,, 
black, red and alluvial soils and they found les3t of 
significant response to p in all the soils with medium t©



medium high available I? status indicating that independent 
effect o f  P could at beet b® sspected only iu soils o£ very 
lev to low I* status.

Poanaaperuwa (1076} viewed P deficiency as the most 
important factor Xisal the yield of rice* on Ulfcisols,
0«ieols, acM  suli-hst® aail^, isndaSojU asiJ ssno Vertisols. 
slot only were those seals tot? in available P, but they also 
£i*ccd eoasitte*.obic amounts o£ i? ana tnorcforo large
atpounts of p <aigivfe be required is> produce a response.

She responses to added P depends on soli type, P 
status of the soil, condition oi sisemengcncc* various 
cbesnieal parade tors of tne soli like p!5, organic matter 
ctctus, amount of free* oxides of iron and aluminium, clay 
content etc. (flsndei* 19795.

P def-ciency in paddy soil is net as ccivBon os j» 
deficiency and the racoons© or: rice to e is also not as 
significant as to N« Teio status of soil p is changeable? 
it may very significantly in a relatively short time or 
within a limited distance. This should bo token into 
account in the application of P ferfcs. liters to paddy soil



(iaj ru-kui» et al. 1982}* They farther reported that the 
soils which were responsive to P failed to give a response 
after continuous p fertiliser application, conversely, 
the coilo which were not responsive to P have become 
response when no e fertiliser has been applied for several 
/cars. Singh (1983) opined that the HEthods of evaluation 
of soil p ©ay not correctly predict tho P response as the 
determination at nutrient status An this nanncr may not

C.YCP \Sadequately simulate tho conditions under which the^groun. 

Comparison of & 3 &urcea for fcneir efficiency on rise cron

With the verification of the accuracy ane precision
32possible with levels of p , extensive use of tagged P 

fertilisers in esiperteents has betas shown to be economically 
practice!. She significance and limitations of specific 
isotope criteria such as percentage of total P in the 
plant or grain derived from the fertiliser, crop utilisation 
of the applied £> and A-Vaiucs aa inuices of soil and for 
fertiliser p availability can be i;eli studied.

Kurup and Koshy (I960) found that water soluble p 
from superphosphate was as efficient as citric acid 
soluble V in the Kuttanad aoilt,. otsnasiu (1971)
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investigated the efficiency of various forms of S* 
fertilisers in India on lateritie soils and concluded that 
the citrate soluble p had tetter affects than wafer 
salable forma. Shis was particularly so in soils, of low 
pH. The £> uptime frara eitrato soluble »  was higher than 
that from water soluble Pm

Gupta (1971) in hio green house study showed that
application of monocalciuct phosphate increased the amount 
of hi-p but Be~B m& Ca-P accounted for most of the P in
the available soil p, Motegra and bstfa (1971) compared 
tho effectiveness of sack phosphate and ..uperphosphate in 
acid soils Car the crops vlss., rico, wheat, fflcige and 
peas and found that shore were significant differences in 
yield with increase in tho gasBtity of roeh phosphate* 
Eighty kg P^Og/ha of srocfcphocphato gave the same yield as 
that obtained in an equivalent dose of superphosphate in 
the caso of paddy, wheat acd inaise, but greater yield was 
obtained with peas with rocic phosphate and superphosphate. 
In their residual study, rockphosphate was found to bo 
signliicsntiy bettor than superphosphate wish respect to 
crop yields and reeldual p status of soils.
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She effect of different p fertilizers in the soils 
of dhsnbal in Rajasthan was studied by Chauhan (1972) and 
found that the available P increased with the increasing 
doses of fertilisers and with time* 2n these areas 
superphosphate was found to be tho best P fertilizer*

batta at al. <1972) compared baric slog# blast 
furnace slag and 3 0 c© indigenous phosphatic deposits for 
their effectiveness in aei<-J soils and observed that basic 
3 lag benefited craps ttrough its supply of both Ca and p 
in acid soils*

Tho release of p in available form from insoluble 
phosphate materials such as rock phosphate, bone meal end 
basic slag by the addition of organic matter was 
investigated by Mondial and Khan (1972) one) snohod that 
within 15 days of application mora than 86 per cent of the 
P added as superphosphate was converted to unavailable 
forms, Both basic sleg and rack phosphate maintained in 
the coil a higher amount of available p than auperphoapate. 
Bone meal behaved slightly inferior to superphosphate in 
supplying available p . organic matter application did 
not bring about additional release of available p. They
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concluded that rook phosphate and basic slsg wore »©rc 
effective than superphosphate.

with haeoadiv phosphate and Musooorie phosphate in 
different soils. Singh am Satta (1973) observed that 
citrate solubility of the phosphate rodk and pH of tho 
soil appeared to be the rooot important factors governing 
the availability and tna particle sico of the rock 
phosphate had little effect on solubility at low pH.

Engelatad et al. (1974) conciuctod green house 
stuJres to evaluate several phosphate rocks for flooded 
rice and shewed that a close relationship eaioted between 
the first crop yield response to applied p and eitrato 
solubility. She residual effect of the triple superphos
phate retained higher than that of phosphate socks.

32KusnoroowaBy and Krishnataoorthy (1974) with p 
labelled superphosphate on Co-10 finger millet found that 
tee fraction of s in plants derived from fertiliser 
increased progreosivoly with increasing uese oi added P, 
proportion of fertiliser P being significantly higher at 
harvest stage than on tee 35th day. Fertiliser P 
rensiined in more available form throughout the crop growth 
t .an the native soil p and the percentage utilisation of
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added e on the 3Sth day after transplantation increased 
with increasing dose of P in calcareous and non-calcareous 
red soils.

fUnhas and Kick (1974) in a pot experiment on the 
effect of superphosphate and rock phosphate on yield and 
p uptake by rye grass and red clover observed that 
superphosphate gave bettor results in the earlier part 
of the experiment while in later periods, rock phosphate 
gave better results. Fractionation o£ inorganic P in 
soil before and after the experiment showed that the 
major part of the added rock phosphate was transformed 
into water soluble and loosely bound Al and Fc-£> fractions 
and bee we available for plant growth. In acid soils, 
rock phosphate could thus easily replace superphosphate 
ana cecome an economical source- of p.

Coins and alack (1973) observed that the solubility 
product constant for a carbonate apatite in a Florida 
phosphate rock decreased with an increase in the propottior 
oi the phosphate rock dissolved in the solubility 
determination. She percentage efficiency of Mussoorie 
phosphate, baccadlv and Udaipur rock phosphate compared 
to superphosphate was 78, S3 and S4 respectively
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(Daaarath Singh and Manikar, 1976). Singh (1976) studied 
the order of efficiency of rock phosphate from different 
deposits in an alkaline soil and found as haccadiv > 
Muo.ioorie > Udiapur. This was related to their solubility. 
The p availability from ail these sources increased with 
increase in the levels of V application from 60 to 180 kg 
J?g0g/ha and with incubation period upto 75 days. Pam 
yard Manure C 60 tonnes/ha showed little effect on the 
availability of P from rode phosphate.

Serenganath et al. (1977) observed that citrate 
soluble and insoluble phosphates to b© as efficient as 
water soluble P for growing rice on acid soils. They 
further showed that when rock phosphate was <,/applied two 
weeks before flooding, the available p status and response 
to its application was the same as those for soluble 
phosphates.

Hadhusoodhanan Hair (197©) showed that priming of 
the rock phosphate in moist aerobic soils transformed a 
substantial part of the applied {? to Fe-p but with 
apparently no change in Al-P. On the other hand 
transformation of applied p to Al-P was more in soils 
treated wit* superphosphate at flooding.
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Suudaresan Wair and Aiyer (1983) reported an increase 
in grain yield at 45 kg s^Og/ha with superphosphate and 
busseerie phosphate in Kari and Kayal sails. In the 
KarspodeU) and Kelt, soils, increase in yield was obtained 
cnlu at higher dose*; oi nufjsoorie phosphate and super
phosphate. In the lateritic alluvium, response to both 
higher and lower levels ot fSusoourie phosphate was obtained,

Kegi (3.979) related the uptake o£ E> by wheat and
iomaise from “p labelled J? fertilisers to dry matter yields 

and P uptake iron jcil at two growth stages. The dry 
matter yield and P content oi wheat wore positively 
correlated with the uptake or P from soil and from 
fertilisers at both growth stages, the importance of 
fertiliser P in c re a s e d  and th a t oi soil p decreased at the 
laffcer growth stage. At both the* growth stages the dry 
matter yield o£ maiso was positively correlated with 
uptake irom soil and the p content was particularly 
correlated with P uptake from fertilizer.

Kcnwar et al. (1982) reported that the most important 
cnar ccfcorAetic of phc^phatie fertiliser that affected the 
response or uptake toy c ro p s was its water solubility. 
p fertilizers warled in tnelr solubility from practically 
nil to 100 per cent which had a bearing on its agronomic
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effectiveness. Chemical composition of the fertiliser, 
granule size and method of application influenced 
markedly the response to phosphatic fertilizers.

Sekhon (1982) had reviewed the works on the effect 
of different P fertilizer forms in India within the past 
20 years and accordingly (i) at low P doses i.e., less 
than 60 kg P205/ha, the water soluble or partially 
•water soluble P forms with a large water soluble component 
or partially water soluble P forms with a small water 
soluble component; at higher P doses, the differences are 
small or the relationship is reversed and (ii) besides 
pH value of the soil, other parameters influencing the 
efficiency of p forms of differ ait solubility are the 
natural supply with available P of the soil, the level of 
the applied p doses, the form of the concomitant 
fertilizers, the duration of the plant growth, the water 
supply, the P fixing capacity of soil etc.

Borthakur (1983) obtained better response for 
ramfed rice in acidic soils to a mixture of rock 
phosphate and single superphosphate m  the ratio of 1;1. 
&£ngfe and Kao (19S3) observed the residual effect of 
superphosphate, dicalcium phosphate and rock phosphate in 
latericic soils of Maharashtra. Residual response of r o c k  

phosphate is more than direct response and it is desirable 
to allow a reaction period before sowing (Tendon, 1983).
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samples were collected are given In Appendix 1* The air 
dried samples were ground and passed through a 2 ran sieve. 
The samples so prepared were kept in labelled bottles lor 
further studies.

Soil samples were analysed for the following 
phySiCo-aheraical characterlotlcs as per the method noted 
against each.

si.
HO.

Particulars of
analysis

Nafra of procedure/ 
method Author

I. Physical anal/siq;
(1) Mechanicol analysis Bsuyoucos 

Jiydrometer method
til) Physical constants Method of Keen

and Sacskow&ki

Piper, 19 7( 

Wright, 193<

II. Chemical analysis
(i) Soil reaction in 1:2.S soil 

water aascension
deckson, 
1357

(ii) Electrical conductivity 
(ill) Total H

do. do.

<iv) Total p

(v) Total K

Modified Kjeldahl
Method
Vanadomolyfedate
method

do.
Hesse, 197'

(vi) organic carbon

tvii) G.E.c. and exchange
able bases

(̂ ifi)Tofcal seaquioalcles, P©2o3, ai8o3

Plame photometer
methodwalklay ent?
Black's rapid 
titration method neutral Normal 
ammonium acetate method
in the HC1 extract 
each analysis was done

Jackson,
1967Piper, 19Vf

Jackson,
1957

do.

(ix) Total Cats and Mgs Vorsenate 'titration
method

do.
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2* gractionation-soil &

2. 1. Total phosphorus

This was estimated by perchloric acid digestion 
raet.isd as described by Jackson (1967). One gm of soil 
passed through 9.5 sm sieve was batten in 100 ml Brlenmeyer 
flask, 10 ml of concentrated nitric acid and IS ml of 
60 percent HCiO^ were aided* The digestion was carried 
out at 130°c until the solution appeared colourless.
After digestion, the flask was coaled and 30 ml of 
distilled water was added, The solution was filtered ana 
the filtrate was collected in a 10t* ml volumetric flask.
The total p was determined in an aliquot of this solution 
by the vanadoaolybdate method*

2, 2* fractionation of soil inorganic phosphorus

The fractionation of soil P excepting the reductant 
soluble P was done by the modified procedure ©£ Peterson 
and Oorey (1966) after ©sang and Jackson (1957).

(i) Ssloid bound phosphate (1 t, RH^Jl oxtrastabie i)

One gra of soil that passed through a 0,15 mm sieve 
was placed in a ISO ml centrifuge tube and 50 ml of 1 « 
MfS4cl solution was added* The suspension was shaken for



I© minutes and centrifuged* fhm saioit'botini*# in the 
supernatant solution was '#©t©»ine^ by the 0)losostifiooui«» 
saduoed molytodophcsphoric biae icolour method in 
system as. deserved by dadfesoh ■.'■(106?) •- -

lit) Muffiiniw phosphate C©*s'm iiî f entrastsfcie

■ tr® K m  soil in -the- ■ ceiabri&ga tube* 5© mi -of 
■0*5 il- itHgff solution made to pH-8*3 with KB̂ 'OH was added# 
shaken for an- hour end centrifuged* $he supernatant 
solution was filtered ; through activated- carbon' and' the M  
bound-P in a IQ ml exigent of K m  filtrate was estimated - 
by the > dhlorostannous ; redueed- s&&ytdophesphorle bin© 
eoiwjr method 'in »Si state® (JaCkson, l®d?) after ©siding 
IS mi of 0*8-8 boric acid to eliminate the interference- 
Of flUOffidOk

Ciii) Iron phosphate.(0*1 -M ftaOB entrafitabie P)

®he _ shore soil residue: ieft after the determination
mt M**P mm- washed twice with 25 ml portions of-saturated 
NaCX solution# centrifuged end- the washings discarded*
She soil wm then .sha&ten for I? hour® with SO ©1 of S«t tA 

NaOH ©a# centrifuged*' fhe supernatant' liquid'was - 
transferred to another centrifuge tube and 5 drops. of 
'eone* .were .added, to flocculate .the organic colloids»
It mem again centrifuged and filtered through estivated - ■



B5

«a®baa» She Pe*&t»inS p in the filtrate was s3eterai»Qcl 

by oso ehtoEesfcson »«o<*JcaOae®<3 molffctŝ pfeespherie blue 
colour metises tn HgSOg system*

t&a) tteduetent eoi.«toi© gha&phorus

She aott loft 4® She ccsttviSngo fctfee was washes 
twiea »&th sotov utoJ :.a»l solution a»J the wastitags wese 
disoarsteiS. ¥te sell »as then sasjseitdea in 25 as! ofi 0*3 M 
owaasB eltrate eoiatiea* I § si eoaiun dlthionita was 
a<Moa and shaken for IS minutes. Sh© ©anfeent woo IseofcesS 
so Q0WC in a water bath. diluted to S6 ml* shaken for S 
minutes a»8 centrifuged* She supernatant oblation was 
eoileetsS in a iralwetsi© flask mm c.s« soil residue? was 
washes fwieo with so m s e t& i SaCi saletios. washings 
ware aiao collected and made upt© oasis. The roducfcont 
oolU.lc 0 in the aolueltm was eatioated as deaeirllxsa i;y 
Sftata® ®s as. {1S68}.

t© S mi aliquot, S mi of »at®r, 1 ni of 0.5 n 

feylg and 4 mi of In baOH was® added. She saltation was 
heated on a hot plat© st ©0 to 09® c to ©sidlse the 
dithl€»ise and precipitate the olfcrato in alkaline 
soi'jtten* Sha dark brown precipitate formed w&s filtered 
ansi tbs filtrate was collected into 50 ml o©Ats®strie 
flash after washing th© sec. i«.te wltn S sal portion oS a
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©«&& MsOtJ. ‘ihss s«0uetant aolubl© i> was aoteeiaiaod is 
fcha solution fey she ehlosaetaraKiynâ rcxSeced rao lyfedophS’ophoE I  

toiae ea&our ©efchea to «&  ayesera®

Cwl tie e lu d e d  gltospfcste

t@ she soil Xs£ft in tho tuto a£Scr sit© ditshtoait© 
eitsato eatsraefelon ant BaCl waobieg# $0 sal o£ 0*i t) 
saeail s ®  ass&aS# Ghtik®n io r  oa te a r  and sestetfuged* "Shs 

occluded*# in t-he supernatant; solution was defcscnined fey 
fcto eMucQBtennouooreaueed aelygephosphuria isluo eolaar 
mothed in ssSl syofcea.

Cvil ssatetaa phosphate iO.SSst nase^ cBtrostufele Pi

®xs sail s m i & m  was then washed twice with 
Keel selotitn. pifi'fey mi cC 0*3SK’ woe caudod# sisafe@a
£ce ats «K»a& awl coate*'Iuusd« Sfi® CQ“*eaad»P to fete 
•sjuparoatosf liquid ttm  ostiPMfeed b$ tho chlorostannous- 
reduced nolyWophospfcOE ic b lu e eolouE itotiaaj is N2S0<a 
systfflffl,

2« 2. qgQan.ig. iofaê aaiTwa

t M s  was oata iea ta d  b y  t h o  taethoc} «£ M tw a  e t  ©I*

(1954). Ono gras ®# soil wae g»Iae©<§ to a ICO ©1 
ceatr&tog© feuLej, IS sal <s>£ ease, m il added aed the
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suspension heated on a sfcoan plate for 10 minutes. An 
additional 10 ml of cone* HC1 was added* allowed to stand 
at room temperature for an hour, diluted with 50 ml of 
water and centrifuged. She clear supernatant solution was 
collected In a 250 ml volumetric flask containing 56 ml 
of water*

Shirty ml of 0.5B RaOH was added to the soil in 
the centrifuge tube 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 aelC extract. Shan 60 ml ©f 0.5R RaOH was 
added to the tute, and kept in an oven at 90®c for 8 hours* 
She suspension was centrifuged and the supernatant liquid 
collected in the volumetric flask containing the previous 
extracts. She combined extract was diluted with water and 
made up to volume.

An aliquot of 15 ml was pipetted into a 50 ml 
beaker ana 1 ml of I t  per ccafc HCio^ added and digested 
until the colour of the solution was clear. She solution
was transferred to a 50 ral volumetric flask and made upfco 
the snark. b 10 tnl aliquot was used for the estimation of 
total P by chlorostannous-reduced molybdophoaphoric blue 
colour method in I3&1 cy-.fcera. Inorganic P was determined in 
an aliquot of combined soil extracts. She organic P was 
calculated as follows.
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Organic p a Total z- ©xtracted-Jnarganic P.

2. 4. T o ta l inorganic phosphorus

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

2. 5. Non-extractable Inorganic phosphorus

This was calculated by difference as follows#

Total P - &um of six inorganic P fractions estimated 
by fractionation 4- Organic P.

3. Phosphate fixing capacity of the soils

This was estimated by the method of Patel and 
Viswanath (1946).

Ten grans of air dried soil, passed through a 70 
mesh sieve was placed in a SO ml centrifuge tube and 100 ml 
of dianuQonium dlhydrogen phosphate solution, containing 
one rag P2 ® 5  in °ns ml o£ the solution and adjusted to pi!
7.0 was added. The content was shaken for 24 hours in a 
mechanical shaker. The suspension was centrifuged and the 
P content in the clear solution was estimated toy the 
Vanadomolybdophosphoric yellow colour method in IffiOg system
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a S3 described by Jackson (1967). The decrease la 
concentration bras taken as the amount o£ p fixed.

4. Pattern of transformation of P under submergence.

Fourteen out of the 151 soils collected were 
selected based on •che content of total P to represent tho 
major rice growing soils in Kerala. Those that recorded 
lowest and highest total P under each soil type were 
included in the study. Samples were taken from plough 
layer of cultivated fields, air dried and stored until used. 
Depending on the fractionation ana extraction methods to be 
followed, required number of soil samples were weighed into 
extraction bottles. Incubation was done at 26°C under 
waterlogged conditions. A measured amount of distilled 
water was added to submerge the soils about 4 cm above its 
surface* Glucose G 0.2 per cent was added to ell the 
waterlogged soils to provide a small amount of readily 
available energy source to stimulate reducing conditions 
(Verraa and Thrlpethi, 1382). The bottlos were stoppered 
with corks in which tiny holes were made tor gas exchange 
and kept in tho laboratory for 16 weeks corresponding to 
the period of harvest of rice crop under waterlogged 
condition.
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She sail P fractionation ufcudies execnt the 
reduefearsfc soluble V was carried out by the noaiCied 
procedure of Peterson and Corey (1966) after Chang and 
Jackson U9S7J. Tern rcduefcant soluble ires £> was analysed 
by a slightly modi-ied method of Chang et al. (196$).
®he soil available P was determined by the following methods.

(1 )  B-eay. Ko» 1 ; sactenod (Qr&y and IttjrfcE, 1943).

Five grams ©£ soil was shaken with 33 ml of the 
extracting solution (Go03b in 0.025 S3 JICl) for 5
minute.-:» She suspension was isnffiedliefcely filtered ana p in 
the iiltrate was determined by the eiuorosfcatmous-redueec) 
molytodephosphos ic blue colour method In BC1 system, after 
adding 1 ml of 0.6s< boric aeid to s 10 s*l aliquot o£ tne 
cataract.

( i i )  Bray 3-30.2 method (Bray and K u rtt, 1945).

Five grows of soil was shaken with 35 mi oi tne 
extracting solution i0.03d hH^r in 0.3X3 UGl) for 5 minutes. 
5Phe suspension was immediately filtered and r* in the 
filtrate was dewoCiuneU by the cnloroctannous>»seJuc:ec3 
EolybdoEjhOf p'uor blue colour method in 3iCl ©yuto^, after
adding I ml o£ 0.0m boric acid to a 10 ml alieuot of the 
extract*
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(ill) Olsen's method (Olsen efc al* 1954)

five grams of soil was shaken with 50 ffll of
0.5K HaHCOg solution (adjusted to pH 8.5 with NaOIl) and 
half a teaspoon of Bare® G.60 charcoal for 30 minutes,
She suspension was filtered and P in the filtrate was 
determined by the chlorostannous-reduced molybdophosphoric 
blue colour method in KCl system,

(iv) Truoo's method (Sruog, 1930)

One gram of soil was shaken with 20G ml of G.C02H 
HgSo4 (buffered to pH 3.0 with (NH^)gSO^ for 30 minutes. 
The suspension was immediately filtered and p in  the clear 
filtrate was determined by the chlorostannous reduced 
molybdophosphorlc blue colour method in H2£0^ system.

5. Response of rice to graded ciosea of phosphorus

A pot experiment in C.u.B. was conducted in 1982 
at College of Agriculture. Yellayani to study the response 
of two rice varieties to the application of graded doses of 
phosphorus and to assess the relationship between p uptake 
with available P by eifforont methods and p fractions at 
various growth stages. Tho soil used was collected from 
the Vcllayani kayal.



She details of the experiment ate given below s

Bo* of varieties
V,’1

Sts* of treatments

<* Short duration, Jyothi. 
o Medium duration, Mashsori. 
= S
w Zero t?20g (Control)

30 Kg F205/ha 
45 “

*€
ho* of replications

SO
96
120

2

Sulk soil was collected from tho Kayal area o£ tho 
College of Agriculture, Vclleyonl and spread on polythene 
sheets, sir dried and ground Co pass through a 2 mm sieve.
A representative soil sample was taken and analysed for its 
initial phyaico-chomical characteristics. Required number 
of earthen pots were filled with 10 kg each of the processed 
soil, Ite soil in the pots wan well puddled with water*
H and k as per package of practices fo x rice by the Kerala 
Agricultural University by way of urea and Muriate of 
potasn were applied basally and mixed with the noil.

SB



Phosphorus as superphosphate as per the treatments was 
also given baaally and well mixed with the soil a day 
before the sowing of seeds*

Sprouted seeds o£ Masboor* and Jyothi were sown o 
S secas per hill on 30-4—1982. After the establishment 
of the seedlings, thinning was done to get atleast 3 
seedlings per hill. Prophylactic plant protection measures 
were taken against tho pests and diseases. The pots were 
irrigated frequently so sc to provide S cm submergence 
continuously through out the crop growth,

The second dose of K and K at the time of maximum 
tillering stage and the final dose at the panicle initiation 
stage wore 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, Bray 2, 
Olsen and Truog), the soil inorganic p was fractionated 
into saloid-p, nl-p, Pe-jp, Heductant-p, Ca-i* and occluded-P. 
The total p uptake at each stage was also estimated.
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She Jyathl crop was harvested on ?~©-1962 end the
Mastoori on 4-9-1S82. At harvest, observations on yield 
characteristics via., grain, straw and total dry matter 
production in addition to the biometric characteristics 
were recorded.

6. Comparative evaluation o i two sources of phosphorus

A pot experiment in c.. <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 of the Radioisotope 
laboratory of the Tamil Nadu Agricultural Univer&ltj. 
Coimbatore in April 1983.

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

on rice crop with p.

1. Vellayani <Sj)
2. Karuvatta CSj)
3. Honcorapu (ŝ )
4. Mathikayal (Ŝ )
5. Panengad (sg)
6. Chaiekudy Jsg)

<s.) representing lateritic alluvial soils
, . Aswap/-̂CBj) " Kari soils

soils
7. Ksnjanikole (s?) Kole soils
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Bulls soils were collected from the paddy growing 
regions and transported to the Radioisotope laboratory,
Tamil Nadu Agricultural University, Colmbetore. The soils 
wore spread on p4ythene s h e e ts , a  i s  dried and ground to 
pass through a 2 saai sieve. About 500 g £rosa each soil type 
was talien for analysing the initial physico-chemical 
characteristics• seguired number o£ earthenware pots were 
filled with 5 kg each of the processed soil. The soil in 
the pots was well puddled with water. N and K as per 
package of practices by way of urea and muriate of potash 
were applied fcacally and mixed with the soil.

The treatments included two sources of phosphorus,
12labelled 'p as monocalcium mono phosphate (?5CP) and

labelled

%  •
t 2 -
T- a

JZp as tricalcium phosphate (TCP) and were

Control (zero P2°s^
Monocalcium mono phosphate (30 kg pgOg/ha)

<* Tricalcium phosphate

(60 kg 
(90 kg 
(30 kg
(60 kg 

(90 kg

itT4
u

X 5
ca n

G
T 7
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labelled monocalcium mane phosphate with the
32specific activity of 0.3 sailXicurie/g oi P and £> labelled 

tsricaleiua phosphate with the specific activity of 0.3 
mllllcerie/g of P were prepared. Upon drying, the 
fertiliser mixtures were well powdered and used for the 
experiment. Ihe specific activity and tho total P content 
of the prepared fertiliser samples wore found out following 
the method of t-icKeoaie and Doan (1948) and using a Geiger 
auller Counter (ses 1313 of SOI htd., Hyderabad) and by 
vaaadoaolyMate method respectively. Based on the total 
p content of the fertiliser samples, the required quantity 
of tho fertilisers to supply the graded doses of » as 
monocalciam mono phosphate and tricalcturn phosphate were
separately weighed and Kept in small polythene covers.

3§A day before the sawing of seeds, the p labelled 
fertilisers uore applied to the individual pots and the 
same were thoroughly mixed with the soil, well puddled again.

Sprouted seeds of paddy var, Jyothi wore sown on 
14-4-1983 us 3 seeds per hill, After the establishment of 
the seedlings, thinning was done to get atleasfc 3 seedlings 
per hill. Plant protection measures were tal:en against pests 
and diseases. She pots were Irrigated frequently so as to 
provide 3 am continuous submergence, fh e second and the 
final doss of jj and s were applied at the time of maximum
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tillering stage and at panicle initiation stage respectively.

Biometric observations were taken at the panicle 
initiation stage on height of plant# number of productive 
tillers per hill# weight oS roots, weight of straw and total 
dry matter. Soil samples were also collected at this stage. 
She root and straw samples were separately collected, dried, 
grounu end these samples along with the processed soil 
samples ware analysed for their specific activity and total 
i> content.

She crop was harvested on 16-8-4983. A t harvest stage, 
observations on yield characteristics like grain and straw 
yield, weight of roots and toual dry matter produced were 
recorded (as in the case of tho samples collected at the 
panicle initiation stage). She root, straw and grain were 
separately processed for analysis. Soil samples were also 
collected, processed and analysed. The total P content of 
the root, straw, grain and soil samples was determined by 
the vanadomolybdate method. Since there was insufficient 
counts in those sampleo, triple acid extract of the samples 
was taken and the t was precipitated as ammonium phospho- 
melybdate and the precipitate after (making moisture free) 
washing with alcohol was taken in plancbets and used for 
taking ccunts with C.-‘l. counter.



RESULTS



SLBUi/HS

1. qenazal characteristics of tha gjco soils with 
special reference to phosphorus

The rice soils selected for the present investigation 
were studied in detail for their important physico-chemical 
characteristics with special reference to phosphorus 
content, availability and such other parameters that may 
help to define or have a bearing on noil phosphorus. The 
data on the important physico-chemical characteristics of 
the soils are presented in Appendix XX.

normally the soils are categorised as lateritic 
alluvium (Xnceptlaol), Kari (Entisol), Kayal (Inceptisol), 
Karapadam (Xneeptlsol), coastal sandy alluvium (Kntlsol), 
PokKali (Alflsol) and Kole {Inceptisol) based on certain 
characteristic locally recognisable features or based on 
local names derived from such features etc. Tho broad 
categorisation under Soil Taxonomy is indicated in brackets. 
An effort to classify the soils by either the method of 
principal component analysis (xyuma, 1981) os classificatory 
analysis (Singh end 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.



79

1,1* principal component analysis

She method of principal component analysis is used for 
attaining a "parsimonious summarisation of a raasa of 
observations", in  other words. It is used te extract the 
hidden essence of a thing or material that is not directly 
measured.

Given |i samples, each of which is defined by a 
characters, they can be expressed as n points scattered in 
a g  - dimensional space, She principal component analysis

aims at reducing tha £ exes to orthogonal a axes, where m

< f>, with a minimum loss in information. Mathematically
this produces a set of new m variables from the original 
j> variables by an orthogonal transformation.

When tho two variables Xj and &2 are highly correlated, 
the axes can be rotated to the position of and 3fg, so 
that the variance along the axis becomes maximum and that 
along the Yg axis, minimum. If the latter ia sufficiently 
small, we can neglect the Vg and regard the Sj alone as a 
compound character of Xj and X2. Thua the number 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 sanples (lateritic alluvium-55, Karl-15,



Kayal-li, Kar.*ga«3aa-i7, coastal rendy aliisviB»-12,
£>oMtali-J7 end Kal©-20) coveting the rice growing areas of 
Kerala, choosing nina important parameters which govern 
*> content or e availability via*, *■ fixing capacity, pH 

HjOg, CEC, silt, day, total A, Bray 1-S> and organic carbon 
content. She first two principal components contributed 
SB.01 per cent of the total variability. ©i<=» Sigen values 
and Bigen vectors {basa<3a-l and &sBda«2) extracted frosi the 
iatereorre lotion matrix c,i the 3 par Masters of the soil 
corresponding to the two principal corqpenents are given bale

Sigen values, Sigen vectors {baala-i and tomia-3) of the 
nine chosseteristics of th© soils.

SI. Soil characters Eigen Siges vectors
*to. values tend8-1 La»da-2

■ o m i M S i H i i W H s w w w u s w w i i m i i S M *

l p fixing capacity 3.0643 S.5202 0.0986
2 pH 2.1543 -0.1S1S 0.1051
3 ®g°3 1,3955 0.4042 0.2464
4 cec; 1.1186 0.0494 -0.6024
s Silt 0.4938 0.4432 -0,1666
6 clay 0.3808 0.4473 0.1586
7 Setal-P 9.2442 0.J0SS -0.2402
6 Bray 1-S> 0.2.447 -S.3743 0.1769
9 Organic carbon 0.1044 0.0323 -0.6373



U  9%t Pz, Py s>4, Ps, ?0, Pg and pQ are tho 9 
paraastcra for any particular soil, the two principal
eesBgsessenfcis are calculated as

Xj a 0.Sa01P1-0.a6iSi>2J*0.464lP3+0.0494P4+0,4422Pg+
0. 4473i»g-j0.1 oeopy-o, 2 ?43Pg +9.0512?^

X2 a* 0,e906P1+0.1OSiS2^O.24S4g3-0.6O24Plft-0.i886P5+
0,1 S©»6«»0, 2402? ?*0.1 ?69g0-9, 63?5P9

She values of the principal components so calculated 
for tho 151 soil sables 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 senile. Such a representation 
of tho 1S1 soil sai®>los is given in fig. i» After 
examining the scatter diagram carefully, nearby points are 
grouped mC six clusters were thus obtained and they are 
described below.

Shia cluster included 16 soils (10*60 per cent of the 
total of 151 soils) from lateritle alluvium (5), Karl (3), 
coastal sandy alluvium CS) and Pokfcall (4) which bad the
total £» less, than 250 ppm as given below.
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Sablo 1. Values t>£ the Principal CspjpyBents 
(Kj anU x2) of the rice soil sasplco.

W A 0 *̂ 2
Ko* M  (**)

1. 106,13 137.2?
2. 96.61 78.0®
3. @6.65 83.0©
4. 84.26 53,94
5. 85,32 5a.14
6. 84.7© 88,21
7. 94.21 110,79
8. 101.20 90.33
y, 71.03 29.59
10, 74.31 36.1©
11. 96,13 84.35
12. 91.3S 68,06
13, 90.69 107.55
14* 96,7? 137.84
15. 90.77 54.24
16. 112.82 110.15
17. 122,59 124.07
13. 97.86 142.33
19. 111.77 150.63
20. 94.31 106.07
21. 100.53 116.12
22. 126.50 160.27
23. 12b.30 170.53
24. 120,73 190.73
26. 122.77 96.72

SI, X1 *a
____ (»3 ____ir2„

20. 166.00 245.64
27. 136.66 180.33
38. 149,11 236.32
29, 129.34 194.0©
30. 73.71 72.71
31. 131.16 i64,97
32. 124.34 107.95
33, 164,95 242.93
34. 79,34 58.3?
35. 90,60 90o«4
3 S. 72.82 S.,.b7
37. 82.52 72,00
3C. 70,31 40. S3
39. 90.68 72.75
40. 87.56 75.39
41. 123.00 169.14
42. 133.39 101.10
43. 136.16 185.82
44. 154.3? 250.64
45. 129.79 200.06
46. 236.72 366.SI
47. 120.78 165.31
40, 93.31 00.34
49* 102,83 119,08
53. 152.14 258.43

Contd
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S I ®  & -  J*,g & X #  K -  

K O * < + }  ( - )  8 ° *  ( . }  ( - )

S I # 1 6 2 . 0 5 2 6 0 * 2 4 7 0 * 1 4 6 * 9 1 1 9 0 . 6 2

5 2 * 1 1 0 . 0 2 1 7 0 . 1 4 7 7 * 1 6 0 . 2 6 2 6 4 * 6 0

5 3 # 1 3 1 . 1 7 1 7 1 * I S 7 8 # 1 5 3 * 6 3 2 3 0 . 1 8

5 4 # 1 1 4 * 0 3 1 3 0 . 1 1 1 j * 1 3 0 * 5 1 2 2 9 . 6 4

5 5 * 6 9 .  G O 3 7 * 1 4 © O . 1 5 9 . 5 4 2 4 3 * 5 1

S € o 1 2 2 * 5 5 1 6 9 * 3 3 8 1 * 1 6 1 . 3 4 2 5 4 #  2 0

« • 1 0 S . 1 S @ 4 ®  I S 8 2 * 1 2 6 * 3 3 1 6 9 * 3 9

S8*> m * M 0 1 .  O S 0 3 * 1 6 0 * 7 7 2 1 7 . 0 3

5 9 . 0 0 . 7 2 a s .  i s 8 4 # 1 4 0 . 8 7 1 9 7 . 0 1

0 0 . | . 1 0 # 8 2 1 2 2 . 1 0 a s ® 1 3 4 * 4 0 2 0 1 *  3 ©

6 1 # 1 0 4 . 5 2 1 1 0 . 0 0 8 6 * 1 5 2 . 0 0 2 2 3 * 1 8

6 2  a 1 U 0 . 3 S 1 3 U . 1 3 © 7 * 1 2 5 * 4 0 1 1 5 . 0 9

6 3 # 0 2  . 4 3 a s *  0 4 a s # 1 9 3 * 7 3 2 5 9 * 2 9

6 4 . 1 0 8 s4 3 1 2 7 * 2 5 0 9 . 1 6 3 * 0 4 2 1 © # 5 0

€ U 1 2 0 . 0 2 1 3 8 * 4 0 9 0 * 1 6 3 * 4 0 2 2 8 * 3 3

0 6 . 6 6 * 2 5 3 9 * 0 5 9 1 * 1 4 1 * 9 1 1 7 7 * 2 5

6 7 . 6 3 . 5 8 9 0 . 6 8 9 2 # 1 1 9 * 1 1 1 3 7 * 0 2

0 b . 0 9 . 0 2 1 2 1 . 5 8 9 3 # 1 0 0 . 0 0 8 0 * 4 2

6 9 . 6 4 . 0 2 5 7 * 5 2 9 4 * 0 6  * 0 3 9 4 . 0 5

1 ^ 9 0 2 * 2 1 © 3 ®  d 6 9 5 * 1 2 4 * 8 4 1 3 3 * 0 1

7 1 . 1 3 8 . 0 0 1 6 6 . 0 0 9 6 . 1 1 8 . 5 3 1 4 5 *  B 7

1 2 * 1 4 4 . S 0 1 9 0 . 8 0 9 7 . 1 4 1 . 2 7 1 7 6 * 4 5

7 3 . 2 4 4 . 0 9 4 2 1 . I S 013# 1 0 7 * a s 1 7 2 . s a

7 4  * K 0 . l l a o a # 6 0 9 9 . 1 2 2 * 5 3 1 6 4 . 2 3

7 5 . 1 4 3 . 0 0 2 0 0 * 9 9 1 0 0 . 1 1 5 * 4 5 1 4 9 * 3 1

C o n - f e d
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202. I  -36. 64 240,79 186. 52.84 33.86
102. 172.9? 260.0© 127. 47.22 54.22
203. 73,68 83.03 128, 45.2? 61 »@S
lo g . ©6.92 75,30 129, 71.32 103.SS
135a 70.92 72,7? 130. 184.31 109.94
106. ©3*95 96.77 131, 227.44 180.91
*07. 93, 00 136.00 132. 204.36 7S.04
103* 63. S3 89.39 133. 176,2© 220.38
139. 59.67 29,96 134® 152.41 176.20
u s . 55.88 40.10 13b, 159,63 194.79
111. 67.37 08. SS 136, 252.43 209.63
112. SO. 26 43.20 137* 140.03 808.95
113. 85.68 41.70 a 38. 203,17 100.18
«24. 57.34 46.04 139, 228.79 330,25
12S. 31, SS 129.23 140. 102.77 263.96
n e . ©5.61 96. 75 141. 124.19 162.09
117. 91,11 125.99 142. 174,@9 231.02
118. @^.28 302,85 143, 108.03 ©0.02
119. 90.64 140.91 144. 165.97 360.10
220. 88. 00 148.08 145. 88.63 85.33
121. 193.97 145,56 145. 143.06 202.22
222. 111.19 100*811 14?. 12.3,05 149.61
123. 68.36 79,58 148* 234,28 184.49
124. 73. 00 94.47 249, 131.35 134. S3
125, ©0,45 49.74 250. 183.82 87.68

** « 204.32 83. SO
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si, soil Sample Soll typeNO* NO*
total 8
(ppt3>

i 9 tatoritie alluvium 162
2 18 a 164
3 36 136
4 38 a 221
5 55 «« 186
6 6® Kari soil 269
7 m 245
6 109 Coastal sm d g aliuv&usa 149
9 110 i* 28S
10 112 « 129
11 113 w 244
12 114 « 108
19 125 Pokkali soli 226
14 126 « 229
IS 13? 227
16 128 » 341

*tt» p* «*> «*■*»«“  ** «i>«»»<■**«• «. Mol— «*»»«■*»»■» «a» so «■»»"■«■»<**» *Wtt'«'vngmwia«'»»'T»» aw n.—Ka«B» — W O W l

Cluster XI

Altogether 46 soils, 16 from leterifcic alluvium*
6 from Kari, 2 from Rarapadas:, 6 from coastal oandy alluvium,
S from PoWtali and 5 from Kale soils wero included in this
cluster, the total P of the soils ranged from 231 to
450 ppm. she maximum number of soils (£6.69 per cent)
belonged to this group as detailed feelow,
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i— «: aojpM*— — »■ — yiw  Hr- I— — «> ■.'«■—  «— n,jn<Mgm»»!»«»«^.tirm r»ie»

SI,
mo.

Soil sasagle 
NO. Boll type

.Ipja&jL
a 2 fetearitie sllwitan ' 362
2 3 W 381
3 4 8 283
4 S f! 200
S 6 a 445
6 a *» 422
7 ii e 383
0 12 * 322
9 IS » 263
10 30 ♦? 323
n 34 n 266
12 35 0 44$
13 37 Si 309
14 39 a 306
IS 40 a 309
16 46 & 289
17 57 Kari 365
18 58 t* 361
19 59 a 364
20 63 17 423
21 67 » 361
22 70 » 342
23 93 Karapaclsss! 423
24 94 O 409
85 103 Coastal sandy alluvium 366
26 104 a 325
27 105 « 309
28 106 « 421
29 108 ii see
30 ill a 306
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OF 151 RICE SOILS
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si,
HC.

Soil sample 
MO* Soli type ‘ioteal P

(ppm)

31 116 Fokkall 445
32 118 41 448
33 123 tt 345
34 124 » 409
35 129 ii 424
36 132 KrjlC 349
37 143 u 426
3® 145 » 384
39 ISO a 39®
40 151 0 336

Cluster m

She third cluster formed with 3S soils (23*IS 
per cent ot the total of 1S1 soils) from lateritic alluvium 
(14). Kari (6). Karapadam (5), coastal sandy alluvium Cl), 
Pokkali (S) and Role (4). As indicated bolow the total P 
content of the various soils belonging to this group 
varied from 451 to 550 ppm*
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Si*.'JO.
Soli sample 

120. Soil type Sotal(ppsi
— ™ —
1 1 k&terifcic al&iaviiaa 585
2 7 «* 461
3 13 s 461
4 14 <» S84
S 16 a 522
6 17 « 564
7 18 it 602
8 19 a 643
9 20 Cl 482
10 21 ti 583
11 23 » 464
12 32 o 507
13 40 81 402
14 §4 w 604
15 60 K a r i 533
10 61 « 523
17 68 529
18 64 « 545
19 65 ft 643
20 68 a 431
§1 87 Kasapadsm 505
82 92 '* 582
23 95 (a 584
24 96 a 6C5
as 100 » 605
28 107 Coastal sandy alluvium 460
27 US Poltkali 581
2S 117 « 543
29 119 it 691
30 120 » 625
31 121 tt 631
32 136 Kola 469
33 139 s 568
34 147 ti SOS
3S 149 w 604

n b a r a « » a i < k M ' M « a m <
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Cluster ZV

A total of 36 soils {33.84 per eoafc of fcho total soils) 
belonging to lateritic alluvium (13), Kari (1), Kayal (8), 
KarapatSain {4). Poldtali (3) ana K©le soils (7) eema under 
this group which has its total P ranging from 6SI to
900 ppm m  given below.

8D

leewepeewieeNWfWewwwwilBW

SI,
-I2i,

Soil sasBola 
so.pw.aanHKupiww*#**'' Soli type Total V

^ . ^ J e a L
1 32 bateritic alluvium 686
2 33 O 764
3 24 17 806
4 27 tt 766
S 29 t» 622
6 31 a 721
7 41 « 684
8 43 c* 783
9 43 « 306
10 45 « 882
11 47 if @88
12 52 a 721
13 S3 i* 745
14 56 Kari 706
IS 71 Kayal 900
16 72 « 841
17 74 n 884
18 73 M 843
19 76 *l 820
20 82 Cl 703
31 @4 M 842
2a 63 ($ 822



SI.
so.

Soil tanpla 
HC.

23 32 Karsi
24 97 n

25 98 H

26 99 K
27 222 sottiu
28 130 H

20 131 M
30 134 KOXO
31 135 tt

32 136 a
33 137 &

34 141 tt

35 246 «
36 143 et

®otaI  »  Soil type {ppra)

744
723
668
683
7S2
704 
783 
781 
8S3 
000 
304
705 
865 
SOI

cluster ¥

Shis cluster containing 22 soils firsts later it la 
alluvium (©), Kayai (6). Karapadem (6), and Kale C4> 
account for 14.57 per cent ofi tha total o£ 151 soils under 
study. The total P o£ the soils feelonging to this group 
ranged from 901—1250 ppm as indicated fe©l©»«



£1.
HO.

Sail sample 
So. Soil tygs® Total 5* 

(ppm)

1
2
3
4 
3 
« 
7 
e 
9
10
la
23
13
14
15
16
17
18
19
20 
21 
22

26
28
33
44
50
51 
77 
7e
79
80 
81 
83 
86 
80 
89 
©0
101
aea
133
140
162
144

lateritic alluvium

Clastor VI

Kayai

Karapadam

Kola

1062
1007
1032
1121
1101
1201
1141
1201
961

1011
1061
921
910

1101
921
960
007
1210
981

1201
loos
1101

Though two soils, on© each from lateritie alluvium and 
Xayal could not be observed as clustering together,tha 
distance between them was too short to afford aaftiag each of 
them into a separate group, further,since tho total s» of 
both has been found to be abovo 1250 ppm, they have been 
classified tmaor tha sixth cluster as noted below. This 
formed 1.32 par cent of the total of 131 soils under study.



SI. Soli sample Seta! P
Ho. So. Soil tn m  (ppm)

1 46 later it ie alluvium 1S44
2 73 Kayal 1763

1.2* Claoai£icafcory analysis

She teehnfesua of classificatory analysis for solving 
tha problems related to breading for v a r ie t ie s  in various 
crops was adopted by Singh and Chowdhuri (1979). Shis method 
has been extended to the classification of soils for 
purposes of studies on their P status end related aspects 
considering nine important parameters viz.. P fixing 
capacity. pH, HgOj.CEC, silt, clay, total £>, Bray 1-P and 
organic carbon content which were used for principal 
component analysis and presumed to toe governing phosphorus 
status of rice noils of Kerala* T h is p'efchod was attested 
since it offered greater possibility of testing the 
significance, if they could be clustered.

She mean, range of variation, standard deviation, 
coefficient of variation and the index acore for ©ash 
parameter wm worked out and presented in Sdsle 2.



$abl«3 2» Mesa, range of variation, afca’xlord deviation, coefficient 
of variation end Index score for tnc soli-?.

SI. Soil 
iso. Parameter Sleas Range of

varia^ius
Coefficient; 

faSasioard of
devl ation variation

(>■>)

Index score 

3

1. 1? fixing 
capacity

46.71 29.50 66.0® 8.16 17 < 45.39 45.40 to 48.04 > 48,04

2a pli 4.33 2.S3 » 5.70 0.S0 29 < 4.20 4.21 to 4. 46 > 4.46
3a K2°3 16.34 5.80 « 32*80 5.55 3S < 13,64 13.65 to 17.45 >17.45
4. CIvC 8.37 2.45 „ 21.13 3a64 44 < 7.77 7.78 to 0a96 > 0.96
3a a lit 16.18 2.00 - 44.00 8.17 SI < 14.85 14. as t© 17.51 > 17.52
6, Cloy 19.41 1.60 an 53 «S0 11.49 59 < 17.54 17,53 to 21.29 > 21.28
/o lotal p @03.73 108.40 -1*163,09 298,34 49 < S53a27 555,28 t© tsS2.29 >652.29
0a Sray l-&> 6.85 0.40 - 26.81 S. 01 95 < 4.44 4 .45 to 6.07 > 6.07

Organic 1.60 0.15 - 3.24 o.as 49 < l.S»S 2.56 fee 1.83 > 1.83
c s£&t>n

3

CPCJ
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Sh© -tee parameters which are most variable ©s indicated by
the coefficient of variation vis., Bray 1-p with 65 per cent
end clay with 59 per cant variations were selected.
Bray 1-p was taken in the X-axis and clay in the Y-axls.
Sh© means of t values wore plotted against the moans of X 
values for each soil sample. A particular soil sample was 
thus represented by a glyph on tho graph. Tho index score 
to turn are decided oi» the bos re of range of variability.

It has been observed that the tendency for clustering 
of soils is very sparse toy this method and hence no 
meaningful Inference on the characteristics of the soils 
could to® drawn toy this procedure.

2, Phosphorus fractions of rice soils

Analysis of variance of t o t a l  P and of different P
fractions of s e v e n  rice soils are presented in A p p e n d i x  III.
The mean v a l u e s  of t o t a l  p» v a r i o u s  p fractions and t h e  

percentage of each fraction to t o t a l  P of the soils s t u d i e d  

are given to Table 3 to 14.

Significant variations in total P and P fractions
Cor ail soil groups were noted.



Safe!® 3. fleas Values for total p

t-1,
SJO. Soil typt? iaODplO

SlSO CO, ca.

lo tofcerrtia 55 577.69
alluvium

2. Kari as 433.67
3. Kayc-1 15 962.50
€. Karap fe-s 17 741,24
5. Coastal oaaOy 12 280.63

alluvium
6. i'O&liali 17 434.34
/» Kol© 20 71.0,76

143.45

jlfipm) mo£t rice, soils

T-«tag»«i>m.M>iiai»t« mj. i■I'mip ri« m  i ii m  >..i "■ .» mi iin« j n w ^ «f  »i» »»ii. « ' i n wa«gianiccg«}g<e.».xB.«a wi—  earaJia*»t>

Critical Difference
C»3 C»4 C.Og Cl>§ co?

143.45 336.6© 1S6.91 136.66 12b.59

179.82 174,46 130.73 174.46 160.21
- 174.4© 190.73 174.46 168.22

- 105.00 168.92 162.46
- 185.68 179.62

- 162.46

rDOI
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The coastal sandy alluvium recorded the lowest total P
(230.8) and the Kayal soils, the highest (962,5). The 
total P recorded for each soil type wag between the ranges 
from 162 to 1544, 169 to 706, 703 to 1763, 409 to 1210,
108 to 460, 226 to 783 end 349 to 1201 respectively for 
laterltic alluvium (inceptisol), Kari (Entisol), Kayal 
(inceptisol), Karapada® (Inceptisol), coastal sandy alluvium 
(Lntiaol), pokkali (Alfisol) and Kol© (Inceptisol) soils, 
Laterltic alluvium has ® mean total P content significantly 
higher than that of both Karx and coastal sandy alluvium.
But total ®> content o£ Kari soil itself is significantly 
more than that of coastal sandy alluvium,

2,2*1* Salold P (asm)

The mean saloid P was found to be lowest in coastal 
sandy alluvium (7.3) and highest in Karapadao soils (35,2). 
Much significant difference in saloid P content could not he 
noticed among Kari, coastal sandy alluvium, PoWsali and 
Kole soils. Karepadam and Kayal soils were not significantly 
different in their haloid P content. The range of values 
of this P fraction for the various soil types were from 
9 to 69, 3 to 25, 13 to 54, 7 to 110. 0 to 16, 0 to 23 and 
0 to 46 for latoritic alluvium, Kari, Kayal, Karopadam, 
coastal sandy alluvium, Pokkaii and Kole soils respectively.

2.1. Solai-E (ppm)



The average percentage contribution of saloid p to total 
was 4.42, 3.07, 2.79, 4.75. 2.67, 1.92 and 2.44 respectively 
for latoritic alluvium, Karx, Kayal, Karapadam, coastal 
sandy alluvium, Pokkali and Kole soils, on an average, the 
saloid P contributed 3.22 percent to total P of the soils 
studied.

2.2.2. Al—P (ppm)

The lowest a!-P fractxon of 3ft.4 was recorded for 
Kari soils, the highest being 116.2 for Kol© soils. The 
mean Al-P levels in Kayal, Karapadam, latoritic alluvium 
and Pokkali were not significantly different from that of 
th© highest value recorded for the Kole soils. The mean 
Al-P content of coastal sandy alluvium and Pokkali soils 
was very nearly on par wxth the lowest value recorded for 
Kari soils. Laterltic alluvium, Kari, Kayal, Karapadam, 
coastal sandy alluvium, pokkali and Kole soils respectively 
recorded the Al-P content in the range from 24.6 to 368.9,
15.2 to 56.8, 25.1 to 184.5, 39.1 to 210.5, 18.4 to 112.8,
13 to 136 and 30.4 to 345? the mean percentage contribution 
of Al-P to total p for these soils were 17.21, 7.00,
10.63, 13.76, 18.71, 15.68 and 16.34 respectively• The 
mean percentage of Al-p to total p for all the soils 
collectively was found to be 13.61 per cent.



Table 4 to 13. pxaCv VAburs op vmiow p cs met *,ox ts
Ho. 4» Saloid & <ppm)

Sic
*30. soil type

batorltie aliuvissia Karl
Kayal
Karapada©
Coastal toasdy 
alluvium 
Pokfcali 
Kolo

Sample
sis©

Critical Oiffsrenc©
Saloid—p —'jt- 

CD

1.
2.
3.
4.
5.
6. 
7.

SO. So Al-P (ppn)

n i l

ss
as
is
X7
IZ

1 7
20

Sanaa!©
sise

§5.36
13.33
26.87
35.10
7. SO
9.29
17.3S

Al-P
— ■“ o n «  « * « * » « ? « •  o o q i  «»a »> D  « •  «■<*»«

1. Lateritie alluvion 55 99.41
2. Kari IS 30.36
3. Kayal IS 102.34
4. Rarayadae? 17 101.96
5. coastal candy

alluvium
12 52.53

6. voKkall 17 76.02
7. Rol© 20 116.21

S02 a»«a>r«a
7.95 7.95

9.96

.Ss
7.57
9.66
9.66

C05
ON I

8,6© 
16.56 
10. 56 
10.29

7.37
9.6®
9.66
9.36
10.39

cs>7

7.02
9.33
9.32
9.00 
9.96
9.00

CA, Ca2 
34.49

Critical aiCforene©
CD,,

34.49
43.23

»CT>«W»T< » «m |_jl |JJ» <S» O n
G0« ca. """

— «►
32.66 37.72 32.06 30.92
41.94 45. SS 41.94 40.44
41.94 45.86 41.94 40.44

*14.64 41.02 33.06
— 44.64 43.23

CO
— - 39. CG o>
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w h i l e  t h e  c o a s t a l  s a n d y  a l l u v i u m  r e c o r d e d  t h e  l o w e s t  

F e - p  c o n t e n t  of 28.1, t h e  K a y a l  soils w e r e  £**und t o  h a v e  

t h e  h i g h e s t  c o n c e n t r a t i o n  o f  151.3 f o l l o w e d  toy K o le  s o i l s  

w i t h  1 2 7 .6 . T h e  K a y a l  a n d  K o l e  soils w e re  h a v i n g  q u a n t i t i e s  

of Fe«S> 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 l d  n o t  b e  o b s e r v e d  i n  F e - r  l e v e l s  am ong l a t o r i t i c  

a l l u v i u m ,  Kari, Karapadam and p o k k a l i  s o i l s .  T h o  F e - p  

ra n g e d  f r o m  14 t o  2 1 2 , 41 t o  76, 99 t o  3 1 0 , 52 t o  14 6 ,

34 t o  4 8 , S I  t o  165 and 27 t o  217 f o r  l a t o r i t i c  a l l u v i u m ,  

K a r i ,  K a y a l ,  K a ra p a d a m , c o a s t a l  s a n d y  a l l u v i u m ,  P o k k a l i  a nd 

K o l e  s o i l s  r e s p e c t i v e l y ,  la these s o i l s ,  th® mean p e r c e n t a g e  

c o n t r i b u t i o n  o f  F e - P  t o  t o t a l  P w e r e  r s n p e c t i v e l y  1 3 .2 3 ,

1 8 .0 2 , I S . 7 2 , 1 2 .0 5 , 1 0 .0 0 , 2 0 .3 1  a n d  1 7 .9 3 .  T h e  maan 

p e r c e n t a g e  o f  F e - P  t o  total 9  f o r  a l l  t h o  s o i l s  c o l l e c t i v e l y  

w as o b s e r v e d  t o  fee 1 5 .4 9  p e r  c e n t .

2.2.4. Ca-ff (ppm)

T h e  G a -P  was found t o  b e  l o  - e s t  for coastal sandy 
a l l u v i u m  ( 1 9 .1 )  a nd highest f o r  Kayal s o i l s  ( 7 1 . 5 ) .  T h e  

mean Ca-P c o n t e n t  o i  K a y a l  s o i l s  w a s s i g n i f i c a n t l y  g r e a t e r  

t h a n  t h e  mean C a -P  o f  a l l  o t h e r  s o i l  t y p e s . T h e  d i f f e r e n c e s  

b e tw e e n  t h a  moan v a l u e s  of C a -P  of K a r i ,  K a ra p a d am  a n d  K o l e  

s o i l s  w e r e  n o t  s i g n i f i c a n t .  P o k k a l i  a nd l a t e r l t i c  a l l u v i u m  

w e re  f a i r l y  o n  p a r  w i t h  r e s p e c t  t o  t h i s  f r a c t i o n .  T h e

2.?.3. ffe-p (ppm)



So, 6. Fe-p (ppm)

«.--=ac,C-— ■— «
I. iafeeritic alluvium 55 76.4S
a# Karl 15 78.13
3# Kayal 15 151.27
4. Karapedass 17 80.35
5. Coastal saaciy

alluvium 12 28.08
6. Pokkali 17 96.47
7. Kole 20 127,60
•<»»« ________
Bo# 7. ea-P (ppaa)

Loii ^
—— **— — —
1# tafecritic alluvium SS 30.00
2. Pari 15 37.90
3, Kayal 15 71.51
4# Karapada® 17 40.17
5# Coastal sandy 

alluvium
12 19.07

6# Pokkali 1? 28.41
7# Kole 20 42.71

Critical Oiffereaco

C°2 „ 5 Z
CD.

i 
@] «u 
i

! 
i

_ ® § _ CD?

23.55 23.5$ 22.49 25.75 22.43 21.12
«» 29.52 23.63 31.31 28.63 27.61
— 30.63 32.31 20 . S3 27.61
- ~ - 30.43 2 7 . 7 3 26.67
«» vJl 30.48 29.52
*» - 26* 67

Critical. M££oronee

_^ 2 _ „ 51
/p\
8 

! IS
CD CP5 CD C0^

13.78 13.79 13.12 2 5.07 13.12 12.35
17.2? 36.75 18.32 16. 7S 16.15

— 16.75 18.32 16.7S is.is
2 7. S3 26.22 15.60

- - - - 27.83 17.27
«» « a 25.60

- - ” —
. M U O a e a --

M
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Ca-P content varied from 3 to 102, 0*4 to ©4.2, 28.1 to
167,5, 20.5 to 125.8, 3.5 to 39.1, 6.3 to 62.3 and 11,2 to
76.3 for laterltic alluvium , Kari, Kayal, Karapadam, 
coastal sandy alluvium, pofckali and Kola soils respectively} 
m d  the mean percentage contribution of Ca-P to total p
for these soils were respectively 6.23, 8.74, 7,43, 6,63, 
6,79, 5*86 and 6,01, SPhe Ca-P contribution to total 9 
expressed us a percentage for all the soils collectively 
was 6,79,

3,2,5* .. fteductant-P (ppm)

She coastal sandy alluvium and Kayal soils recorded 
the lowest (26*8) and highest (85.4) mean reductant P 
respectively, *hs reductant P in Kayal soils was signifi
cantly different from that of oil ether soil groups. Kari, 
Karapadam and Kole soils showed not much difference in this 
fraction while latoritic alluvium, coastal sandy alluvium 
and Pckkali were on par. Ibe ranges of values of this 
fraction for various soil typos were 2.1 to 100,6, 10.5 to 
74.8, 31,0 to 196.1, 24.9 to 136.0, 3.4 to 66.6, 7.6 to
70.3 and 13.4 to 93.2 respectively for laterltic alluvium, 
Karl, Kayal, Karapadam, coastal sandy alluvium, PoJskali 
and Kole soils? and tho moan percentage contribution of 
this fraction to total P in these soils were respectively
6.13, 10.50, 8.67, 8.04, 9.55, 7.75 and 7.83 with the mean 
for all the soils teeing 8,25.



2.2.6. QecluOad-P (ppsa)

The lowest concentration of eecluded-P of 8.5 was 
recorded for coastal sandy alluvium, the highest toeing 
27.6 for Kayal soils, significant difference in this 
fraction could not toe observed between laterltic alluvium, 
Kari, Karapadam and Kole soils. The pcMsall and coastal 
sandy alluvium were on par. But the difference between 
Kayal soils and all other soil groups was significant.
The occluded-!? ranged from 1.5 to 51,2, 3.7 to 30.6, 9.2 
to 34.6, 9.2 to 52.9, 0.8 to 26.4, 2.2 to 28.1 and 4.3 to 
36.1 for laterltic alluvium, Kari, Kayal, Karapadam, 
coastal sandy alluvium, Pokkali and Kale sails respectively. 
It has been observed toat the mean percentage contributions 
of occluded-p to total P Cor these soils were respectively
3.10, 3.57, 2,87, 2.46, 3,04, 2.40 and 2.67, the average 
percentage contribution of this fraction to total p for all 
the soil groups being 2,82,

2.2.7. Sum of Inoroanlc P (ppm)

The sum of inorganic P was found to be lowest for 
coastal sandy alluvium (142.5) and highest for Kayal soils
(464,9). Kayal soil amsng all the soil typos recorded 
significantly higher sum ©£ inorganic p levels compared to 
ail other soil types, significant difference in this

1 2



So. 8. Hsdtsefcsnfc i {ppm)

V' i m & u ll ty p o Bcducfcanfc-P»u« S iS©
-c~~ — —

1. kater-ifcie alluvium 55 35.42
2. ttarl IS 45.52
3. Kayal 15 85.39
4. Porapadan 17 59.59
5. Coastal nandy 

alluvium
12 26,82

6. Pokkali n 3 7.SS
7. KJl© 20 55.66

No. 9. 0celuae«3-i> (ppm)

2 : s°4i ^p° Ss i f  occiut3̂ - p
“““■™

1. Laterisis alluvium 55 17.89
2. Pnri IS 15,47
3. Kayal 15 27.62
4. Karapadam 17 13.22
h. Coastal sandy

alluvium 12 8,54
6. i okkali 17 11.62
7. Kole 70 18.90

Critical &l££eronc@

C02 , CS3
14.84 14.84
« 13.80

; 1  rw W x a g K r  w  m i a  amr»irn im

_ f f s „

o o n a o o c i c i w i  *:■ 

C°6 c o?

14.13 16.23 14.13 13.30
18,04 19.73 18.04 17.40
10.04 19.73 10.04 17.40

«. 19.20 17.47 16.80
** - 19.20 18.60
- „ - 16.00

Critical Difference
il/T

2 SB __ G!J4: 5 CD. Q&j

6.34 6.34 6.04 ©.93 6.04 5.68
7.94 7.71 a . 43 7,71 7.43

— _ 7.71 8.43 7.71 7.43
- ~ - 8.20 7.46 7.18

w 8.24 7.94
7.18



fraction, between lateritic alluvium, Kari m t3 f.dkkiili ©oils 
was not observed# the .Kola' and Karapadaia s o l la te re  on par 
whan the, difference between Pokkali and. coastal sandy 
alluvium was sigaif leasts* TShe siaa of Inorganic p ranged 
£ren ?5*S to 739*2, 106*S to 364,0, 330*0 to 862,4, 203,© 
to 592,9, 5.5*6 m  23.4*2, _ 118*8 to- 436,8, 180*2 t© 714,0 for 
lateritic alluvium, .Kari, Kayal,, Karapadsm, coastal sandy 
allavim, pokkali and Kola-soils respectively# th© .mean 
percentage contribution of this fraction to total P for 
these sollsf^ere 60*33, .30,84, 48*30, 47*68, .50*75, 53*90 
and 52*04 respectively, 'When,.all the soil groups were 
taken together,.the percentage contribution of sum of 
tftorfssftlc p to. total p was 50*37*

2,2*8* organic p (ppm.)

;|fh© lowest- content of organic p was recorded for 
coastal sandy alluvium (124*6) end the highest for Kayal 
©oils (433*9), ©spared to- other soil types,the Kayal soils 
recorded higher rang© of values for organic p*. Significant 
differences could not bm -noted- between Karspadaia and Kole;? • 
lateritic- nllwiufc, and- Role? Pokkali, Kari soils, and 
coastal sandy alluvium* Lateritic alluvium recorded 
significantly different levels of organic p compared to 
Pokkali, Kari and 'Coastal sandy alluvium, fhe organic .p 
ranged from 81,6, to 689.-8* 54*5. to 292,€5, 322*0 to 697*6,



ISo® 10. Sum ©£ inorganic p (ppra)

Bo® Soil type Sample
sise

sum of 
iaerganic

Critical Difference

CO, CD* CD* CD, CD=ncasxamiooraaoaocxuuiiDffiatuavciciraoaM>C»C3enC>CTgP—«>im»ca'ujg;»«s»<*‘«gKwts>«CT«»-«*p»»P«i»gJC»‘»o«=a«̂-anra«o>Mmjmc3-tt»qaoiaas«geBtf3C3-a»gân<a>«X3»cga'a
1. hateritic alluvia® 55 290.73 - 76.74 76.74 73 *11 93*94
2. Ka pi 15 320.48 „ o 96.20 93*33 302.04
1. Kayal 15 464.95 «Et MB ®> 93 a 33 102.04
4® Jiorapadaa a? 353.42 «• «. <* 90.34S. Coastal aondy

allwvltsa
12 142®S3 «* ** «*

6. Pokkali 3,7 261.36 «. «• <» «

7® Kole 20 369.83 «« BO *>

C06 
I B  . W B i n i B l i e n

CD^

73,11 69,79
93,33 89.93
93.33 89.98
00.37 06.9199,34 96,20

„ 06.91

as. 11® Organic & Cppsa)

bl.
so. boil typo Canpl©

sise &rganie ?

1® taterifcie alluvium 55 237,80
2, Kari 15 191.99
3® Kayal as 433.91
4® KarapaJara 17 347,27
5. Coastal sandy 

eilxvlara
2,2 124,63

6. Pekhali 17 199.69
7. Kole 20 302.2®

CD, CD„

- 33.32

Critical Di££oreRC@
cs3

K M » n v m « u «
^ 4 CD. CDj. CD?

3©.82 36. OS 64.36 S6.04 52.73
73*74 72.53 78.22 72.53 68.97

72® S3 70.21 71.53 60.97
76.14 63. 2G 66.62

- ■=* " 78.14 73.74

« * ®> 66.62

ur
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190,2 to SS2.0, 50.4 to 233,2, 91.2 to 306.2 and 251,8 to
4S6.0 respectively tor laterltic alluvium, Karl, Kayal, 
Kerapauem, coastal oandy alluvium, pokkali and Kole soils 
and the mean percentage contribution of organic p to total 
s? was also respectively in.the order 44,63, 44.27, 45*08, 
46.85, 44,38, 42.18 and 42.53. Tor all the soils taken 
together the mean Valuo for organic P to total P wan 44.32.

2.2.9. Non-eatractato le p (ppm)

The non-esitraeiable »  was lowest for coastal sandy 
alluvium (23.7) and highest for Kayal soils (56.6). 
Significant differences between Kayal soils end all other 
soil types were observed* Karapadas anti Kole soils, 
latoritic alluvium, Pc&kali end Kari sails were on par.
Kole aoilo were significantly different from latoritic 
alluvrum, Kari, coastal canny alluvium and Pokkali soils.
The ranges of values of this fraction were 2 to 215, 7 to 34, 
32 to 137, 20 to 93, 2 to 30, 15 to 60 and 24 to 88 for 
laterltic alluvium, Kari, Kayal, Karapodal, coastal sandy 
alluvium, Pokkali and Kole soils respectively and the mean 
percentage contribution of non-extractable p to total P for 
these soils respectively were 5.OS, 4,89, 5*88, 5*48, 4,87, 
4.92 and 5.43. About 5.34 per cent mean contribution was 
observed for this fraction to total P when all the soil 
types were considered together.

1 '6
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The coastal sandy alluvium and Kayal coils recorded 
the lowest (256*3) and highest (524,2) content of total 
inerganis-p respectively* Significant differences between 
Kayal soils and all other soil groups were noted. Hot much 
difference between Kole and KarapadaA coils was observed.
The differences between Kole and laterltic alluvium*
Pokkali, Kari and coastal sandy alluvium were significant. 
There was not much difference between laterltic alluvium 
with Karapadam, Kari and Pokkeli; similarly Keri with Pokkaii 
and coastal sandy alluvium. The total inorganic P ranged 
from 80.4 to 654.2, 114,5 to 393.0, 381 to 994,4, 210.0 to
685.9, 57.6 to 239.2, 134.0 to 476.8 and 197.2 to 002,0 
respectively for laterltic alluvium, Kari, Kayal, Karapadam 
coastal sandy alluvium, Pokkali and Kole soils. Tho mean 
percentage contribution ©£ the total inorganic P to the 
total P in those soils were respectively 55*50, 55.73,
54.46, 53.19, 55.65, 58,82 and 57.47. Tha mean percentage 
contribution of this fraction to total P for all soils was
55.63.

2,3. Phosphorus fractions and soil properties

The correlation coefficients between each p fraction 
and important soil properties of all soil groups vis.,

2*2*20, Total Inorganic; p {ppm)



S o , 22. Hon extractable j? (ppa)

I I I  soil type Sgffe® llon-extractable~S?

1. Dafeerltie
alluvium

SS 29.15

2. Kari 15 21.20
3. Kayal 15 56.60
4* Karapadaa? 17 40.59
5. Coastal sandy 

alluviaa
12 23.67

6. Pokkali 17 23.88
7. Kole 20 38.60

Ho. 13. Total inorganic P (ppm)

sl* soil tvoe sample Totalno. 0ii ty&e sise inorganic-p

1. Lateritis 
alluviun

55 320.63
2. Kari IS 241.68
3. Kayal 15 524.22
4. XorapaJam 17 394.28
S. Coastal sandy 

alluvium
12 156.27

6. Pakkali 37 265.2b
7. Kole 20 408.43

Critical Difference

20.08 20.08 9.61 11.03 9.61 9.04

22.65 22.27 13.41 12.27 21.83
~ 12.27 23.41 12.27 11.93
- ~ 13.06 11.88 11.42
- - - 13.06 12.65
- - - - 11.42

Critical Difference 

C»2 | <*>3 ^ ..°-4 ,.__________
35. SI 85. Si ©2.75 93.436 82.75 76.92
- 107,57 204.36 124.10 104.36 ICO.62
- - 104.36 114.10 104.36 100.62
~ - - 111,07 101.04 97.18
- - - - 111.07 107.57

97.18

M
03



Table 14a Mean percentage S> fraction to total P oi riee soils.

All soils Kari Kayal Karapadam Pokkali Kolefraction alluvium ■* * sandyalluvium
ppm J. Pi-® 1. pom 8 ppm % ppm a ppm O'*3! pp<n % ppm %---------------«.

Total S> 509. G ~ S77.7 433.7 - 962. S - 741.3 . 28c *8 - 484.9 - 710.7 -
keloid-
P

19.3 3.2 25.6 4.4 13.3 3.1 26.9 2 . 8 35.2 4,8 7.S 2.7 9.3 1.9 17.4 2.4

ai-p 82.7 13.8 99.4 17.2 30.4 7.0 102.3 1 0 . 6 102.9 23.3 52.5 18.7 76.0 15.7 116.2 16.4
ie-p 92.9 15.5 76.5 13.2 78.1 18.0 152.3 15.7 QJ.4 2 2 . 1 23.1 1 0 . 0 98.5 2 J*3 127. 6 18,0
Ca-P 40.7 6.8 36.0 6 .2 30.0 a.7 72.S 7.4 49.2 6.S 19.1 0.8 26.4 r>.@ 42.7 6.0
Keo.P 49.4 8.3 35.4 6 . 1 4b. S 10.5 8S.4 8.9 S9.6 8. 0 26.8 9.6 37.® 7.3 55. 7 7.8
OecluSsS- 16.9 2.0 17.9 3.1 1S.S 3.S 27.6 2.9 18.2 2.3 80 5 3.0 11.6 2.4 19.6 2. 7

*>tsm of 301.0 50.4 290.7 SC. 3 220.S 50.8 465.0 48.3 353.4 47.7 142,5 5.J.8 261.4 54.0 369.8 52.0
inorga-
nic-P
orga
nic-?

265.4 44.3 257.8 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

3un-exfe8“ 
cfiable I9

• 32.0 5.3 1 5,1 21.2 4.9 56.6 5.9 4’-.6 5.5 13.7 4.9 23.9 4.9 38.6 5.4

Total 333.7 S5.6 320.6 55. 5 241.7 55.7 524.2 54.5 394.3 53.2 156.3 55.7 28b.3 58 .8 408.4 57.5
Inorga
nic p
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pH, organic carbon, total. P, »«203. Al2Q3« CaO, Hgo,
esc, exchangeable calcium, exchangeable magnesium, sand, 
silt. clay. P fixing capacity, ether P fractions, C/P r a t i o ,  

c/n ratio, f©2o3/a12u3, active p and total of P fractions 
were worked out and are given in Tables 15 t o  24*

2*3.1* SSlSMZ

In laterltic alluvial soils, significant positive 
correlations were observed between saleid-P with total P, 
Ca-P, reluctant 9 ,  occluded V ,  sum of inorganie-P, organic I  

total inorganic p end total of P fractions and negative 
correlation with C/P ratio. When the saloid p content wau» 
positively correlated with CaO in Kayal soils, significant 
positive correlation was obtained between saloid p and 
reduetant P in Karapadam soils, significant positive 
correlations ware observed between Saloid p with total p, 
Al-P, Pe-P, Ca-P, reduetant-P, occluded P, sum of inorganic 
V, organic p, non-extractable p, total inorganic P, active I 
and total of P fractions but negative correlation with c/p 
ratio in Pokkali soils. For Kole soils, significant 
negative correlations were obtained between saloid P with 
reduetant P and occluded P.
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Table 15 Correlation Coefficients between Saloid P and Soil Properties
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4. Karapadam 17 .14 -.13 -.03.16 .09 .23 .11 .05 .28 -.30 .27 .32 .42 .15 .18 .26-.22
X
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Si Significant at 5 percent level
XX Significant at 1 percent level
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2.3.2, A l-P

Significant! positive correlations were noted between 
Al-P with organic carbon, total p, R2°3' AlgOg. CEC, 
exchangeable calcium, exchangeable magnesium, sand, Fe-P,
Ca-P, reduct ant P, occluded P, oum of inorganic p, organic P, 
non-extraefcable P, total inorganic P, active P and total 
o£ p fractions and negative correlations with clay and PFC 
for laterltic alluvial soils, al-p was negatively correlated 
with BjOg and exchangeable magnesium for Kari soils. In 
Kayal soils, Al-p was positively correlated with CaO and 
active p. Significant positive correlations between Al-p 
with total P, Fe-p, sum of inorganic p, organic P, 
non-extractable p, total inorganic P, active P and total of 
P fractions and significant negative correlations between 
Al-P with C/P and C/S ratio were obtained for Karapadam soils. 
Al-P was positively correlated with total P, sum of Inorganic 
p, non-cxtractable P, total inorganic P, c/s ratio, active P 
end total of P fractions in coastal sandy alluvium. In 
PoHhall soils, significant positive correlations between 
Al-P with total P, KgOg, FOgOg, AlgOg, PFC, all the P 
fractions, active P and total of P fractions and significant 
negative correlations between Al-P with pH, organic carbon, 
CaO, Kgo, CEC, exchangeable calcium, exchangeable magnesium



Table 16 Correlation Coefficients between Al-P and Soil Properties
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and sand were observed. She correlation coefficients 
between Al-p and pH, totai P. Pe203, Al?o3< cao, MgO, sand, 
sum of inorganic p, non-extractable P, total inorganic P, 
active P and totai oi P fractions were positive end 
significant when negative correlations between Al-p with 
SjOj, clay and FejOj/AljO^ were recorded for Kola soils,

2,3.3. Fe—P

Zn laterltic alluvium, significant positive correlations 
between Fe-P and organic carbon, CBC, exchangeable calcium, 
exchangeable magnesium, sand, all tho P fractions other than 
saloid P, active F and total of P fractions and negative 
correlations with HgOg. FejO^, clay and P fixing capacity 
were observed. Significant positive correlations were 
obtained between Fe~p and total p, sum of inorganic P, 
organic P, non-extractable P, total inorganic P and total 
of P fractions for Kari soils. Kayal soils recorded 
significant positive correlations between F©~p and total P, 
Ca-P, rcduetant P, sum 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 and total p, 
al-P, sum of inorganic p, organic P, non-extractable p, 
total inorganic P, active P and total of P fractions and



Tabla 17 Correlation Loefficients between Fe-P and Soil properties
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negative correlation with C/P rati® were noted for Karapadam 
soils* significant positive correlations between Fe-P and 
sum of inorganic p , total inorganic P and active P were 
observed for coastal sandy alluvium. For Pokkali soil's, 
significant positive correlations between Fe-P and total P, 
all £> fractions, active P and total of P fractions were 
recorded. Significant positive correlations between Fe-P 
and total 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 fractions and negative correlations with C/P 

ratio were obtained in the case of Kole soils.

2.3.4. Ca-P

Significant positive correlations between Ca-P and 
total p, reductant p, occluded P, gum of inorganie P, 
organic p, non-extractable p, total inorganic p and total 
of P fractions were noted for all soils, significant 
positive correlations between Ca-P and organic carbon, Cfc'C, 
exchangeable calcium, exchangeable magnesium, sand, saloid p, 
Al-P, Fe-P and active p and negative correlations between 
Ca-P and clay and C/p ratio were observed far laterltic 
alluvial soils. For Kari soils tree correlations between 
Ca-P and Fe2°3 ' *’*203^ft̂2°3 and active p were positive and 
significant and significant negative correlations between 
Ca-P and CSC, exchangeable calcium, exchangeable magnesium
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and C/P ratio were observed. 33a the case of Kayal soils 
significant positive correlations were noted between Ca-P 
and Pc-P and negative correlation between Ga-P and Pe^Oj/ 
AlgO^. The correlation between Ca-P and active r was 
significant and positive for Karapadam soils. Per coastal 
sandy alluvium, the Ca-P was significant end negatively 
correlated with Al2o3, C/p ratio and Fe2o3/Al2a3«
Significant positive correlations between Ca-P and saloid P, 
Al-P, Fe-P, and active P and negative correlations with pH, 
CaQ, ago, sand ana C/p ratio were observed for PoWceli 
soils. With regard to Kole soils, the correlations between 
Ca-P and Fe~i>, was positive and significant and between 
Ca-P and C/p ratio the r value was negative and significant.

2.3.S. Reductant-P

Significant positive correlations between reductant p 
and total P. Ca-P, occluded P, cun of inorganic p, organic P 
non-extractable F, total inorganic P and total of p 
fractions were observed for all soil types. Heductant P 
was positively correlated with organic carbon, CE.C, 
exchangeable calcium, exchangeable magnesium, sand, saloid P 
Al-P, Pe-P and active p and negatively correlated with 
R2°3# clay' *-/*’ 9113 FCjOj/AlgO^ ratio for lateritic alluvial 
soils, th© r values were also significant. For Karl soils, 
significant positive correlations between reductant P and 
RgOg, IOjOj, PegO^/algO^ and active P end significant
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.97

X X
.86

XX
.70

X X
.82

X
64

XX
.70

X X
-.75 .24

X
.63

X-X
.76

XX
.84

Kayal 15 .08 .09
XX
.77 .06 .22 .21 -.02 -.22- .03 -.03 -.03-.01 .03 -.04 -.04 _a Q-.24

X
.59

XX
.96

XX
.88

X X
.79

XX
. 65

**
82

XX
.82 -.49 -.16 -.51

X
.53

XX
.79

<arapadan 17 -.04 .40
X X
.62 .03 -.02 .08 -.17-.14 .30 .32 .31 .23 -.30 -.11 -.05

X
-.51 .20 .41

XX
.98

X X
95

X
61

X
.59

x *  . 4
XX
. o2 .35 .10 .28

X
.52

X X
.66

Coastal 12 -.11 -.39
XX
.82 -.05 .41- .53 -.10 .05--.36 -.37 -.37 .05 .07 -.12 .23 - i 4 09 .32

XX
.98

XX
.93

X X
.80

X X
82

X
□ 3

XX
.80

X
-.71 11 . S2 .49 .84

jandy
alluvium
Pokkal1 17

*
-.54 -.46

XX
.35 .42 .40 .47

X X
.50 .50 .43 -.42

X
-.44 .51 .33 .40 .4'

X
.58

X
.55

X
.59

XX
.98

XX
.96

xx
85 XX.35

**
.63

XX
.85

XX
-.65 .p2 -.19

X X
.76

XX
.87

Kole 20 .32 .18
XX
.78 -.17 -.21- .14 .18 .14 29 .30 .28 .19 .11 -.36 -.18

XX
-.58 .20

X
.54

XX
.93

XX
.92

X X
.70

XX
.31

X *
.o3

XX
. 59

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

bignificant at 5 percent level 
** significant at 1 percent level
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organic 9, non-a»hractable p, total inorganic p, Fe^Og/ 
a l2O y active p and total of P fractions and significant 
negative correlations with e&changcdale calciua, exchangeable 
magnesium end C/P ratio wore observed for Kari soils. For 
Kayal soils, significant positive correlations between 
occluded p and total P, Ca~P, reduetant P, sun ol inorganic 
P, non-extractable H>» total inorganic P and total of 9 

fractions and significant negative correlations with Pa203/ 
*1203 wore obtained. Karapadara soils showed significant 
positive correlations between occluded P and total p, Ga-P, 
reduetant P, sum of inorganic P, organic P, no»-esc tractable 
P, total inorganic P, active P and total of P fractions. 
Significant positive correlations between occluded P and 
total P, Ca«P, reduetant P. sum of inorganic P, organic P, 
non-extraatable P, total inorganic P end total of P 
fractions and significant negative correlations with hi203 
and C/P ratio ware obtained for coastal sandy alluvial soils, 
POtkali soils recorded significant positive correlations 
between occluded P and pH, total P, all the p fractions, 
active p and total of P fractions and significant negative 
correlations with Cao, MgO and C/p ratio. Significant 
positive correlations between occluded P and total P, Pe-P, 
Ca-p, reduetant P, swa of inorganic P, organic P, 
noB-extracfable p, total Inorganic p and total of P fractions 
end significant negative correlations with saloid P and 
C/P ratio were observed for Kole soils.



Table. 20 Correlation Coefficients between Occluded P and soil Properties

a ♦H (D O' O' x H a c-. a c 1 H □ a oX Si o Q_ a X c -J a a a o -j l •H j-J H a  hf- —l c u H H a a a u H X CD o TJ o O -»->0 X C o ro ro • • +1 X X u *o 1 l o H c 0 r~i r*H H £-i CO > u
H r*H CD .Q CD K\ o o o L U n .c *o (0 h ro •H I I c CO ► XJ CD c £•« ro ro H i—H 0H a a. O' -J O "\j CM o O' a o u c •H H a O 0 ■o £ CD O' C  CD 0 a 00 -*J 0 Uo £ U (0 O OJ 0 H CD s X X (D J CD «—H >-4 a (0 CJ r» O' u O oJ O CP X CM C M o
S) CD_n O  CJ H- cr Lu < CJ L U UJ S i a  u CDO < CJ a 0 c*O o Z  O h- uO CJ a D •—ia  < < o

t -  C L

Laterltic
alluvium 55 .24

X
.32

XX
.36 -.28 -.22 -.22 .14 .15

X X X X
.34 .34 .34 .33 -.25

X
-.31 -.27

X XX XX XX
34 .57 .64 .99

XX
.98

XX
.83

XX
.87

XX
.81 CO 

* XX
.45 -.13 -.01

XX XX
.74 .86

Kan 15 -.40 -.10
XX
.82

X
.52

X
.57 .37 -.38 .11

X X 
-.51 -.57-.52-.26 .02 .20 .41

XX
40-.31 .29 .91

XX
.86

XX
.77 .85

X
.64

X X
.77

XX
-.68 .12

X
.60

X X  * *
.69 .86

Kayal 15 .02 .11
X
.58 -.06 -.26 .29 -.01 -.38 -.001 -.004-XBE -.09 .01 -.003 .003

XX
- 47-.32 .38 .96

XX
.88

X
.54 .45

X
.64

xx
.65 -.37 -.17

X X
-.67

X
.43 .64

Karapadam 17 .06 .43
x x
.67 -.03 -.09 .02 -.08 -.08 .*3 .34 .34 .26 -.28 -.19 -.13

35 3J
- 42 .31 .45 .96

XX
. 95

XX
.69

**
.64

XX
.74

XX
.70 -.31 -.18 -.31

X XX
.61 .71

Coastal 12 -.06 -.31
XX
.77 -.15 .34

X
-.61 -.09 .001 -.33-.34-.33 .17 .05 -.24 .16-.14 .02 .20 .95

XX
.98

XX
.74

**
.78

X
.69

XX
.74

X
-.64 .10 .58

XX
.42 .78

sandy
alluvium
Pokkali 17

X
.51 .48

XX
.82 .43 .40 .48

X
-.49

X
-.49 -.43-41 -.44 -.48 .35 .29 .43

X X X XX
.o3 .56 .53 .99

X X
96

XX
.83

XX
.82

XX
.64

XX
.83

XX-.62 .27 -.28
XX XX
.77 85

kole 20 .25 .05
XX
.75 -.01 -.06 .03 .13 .08 .20 .22 .21 .08 .28 -.33 -.02

X X XX
-.46 .14 .54 .53

XX
92

XX
.69

XX
• c2

XX
.61

X*
.69

XX
— ,o6 -.15 -.18

XX
.40 .75

* significant at 5 percent l^vel 
XX significant at 1 percent lev°l

r ■>



2,3.7. Sum of inorganic P

In all soil, types , significant positive correlations 
between sum ©f inorganic p and total P, P e -P , Ca-p, 
reductant P , occluded P , organic P , non-extractable p. 
total inorganic P, active P end total of p fractions and 
significant negative correlations with C/P retio were 
recorded. Significant positive correlations between sum of 
inorganic p arid organic carbon, CSC, exchangeable calcium, 
exchangeable magnesium, sand, saloid P and Al-p and 
significant negative correlations with R203 * clay and PPG 

were obtained for lateritic alluvial soils, for Koranadam 
soils, the correlations between sum of Inorganic P and 
Al-p and Fe~p were positive and with G/n ratio, it was 
negative and the r values were significant. Significant 
positive correlations between sum. of inorganic »  and Al203 ' 
Ai-P, Pe-F and PejOj/.AlgQj were recorded for coastal sandy 
alluvial soils, when significant negative correlations 
between sum of inorganic P and pH, CsO, KgO and sand were 
obtained for pokkali soils the relationships were positive 
and significant with salold p and Al-p. Far Kole soils, 
significant positive correlations were obtained between 
sum of inorganic P with pH and Al-p*
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flgqanie. g-

ffte ooafS&eiOags Mwo*!* organic p an#
fisaw<?r sredaatianO'lP* sg» o£ inorganic- f* 

npn*^furacftable. ?# Ostsal imtffartie P* ■ acfciyo p ana total ®f
p ivaq^oiis woss pgsifcito an# with c/P ratio,, tfto r values
were slg&ltiea&fe and oogstivo So# ail so 14 ia&es*
$ig&&gioaat positive. m m 9 M t i m ®  organic p m A
o s g a a i o  oaiOcwi-*. & £ $ $ «  -eal«ii«#.

««feaiifeato4# Sttgao$£t*a* sa&d* sa&cjld f aod fti*# sod 
sifiilfteastt negative with elay and PPG if ere
noted far letotltid miitiviai soils# for ffarapMata ©oil©*' 
tii® oOssolatloa betoeao. orfasiie p and Al*# «ras pdsitipo 
hu% # %  rati© it wm  osyafeivo s$& the r valued were •
adgnidlesafe*'' fit# pdppolstibo @®eff#«4©nti: betoasQ 'organto p 
wifft A^dg aa# owe- positiva an# .si&ii£icaiit in'
tfe# m m  of. ooastal sapO? ailovioo*. drganile p with. saiold P 
sod- M h p  ■ 'wtser jmsitivetf gsreoiat&d an# with pit* dao* -ago 
and asad* nsga&ivoiy odfpoiatsd far foltesii sail# m€  the ■ 
r vo&us# teia a&gitidietoot* for R©4© soils, siffsifiessrfe ’. 
.positive ©@rr0is%la» was- notad bafcoaont osgaBl# p oa& pK» 
PignifleaBt p@0f.Mve oovgrslatiegis Oatuoso argaitle 9 »lth 
P<MP# ■0*1# ooeludod p- oaoa «©t©# sop .all soils sscapia ■ 
daastai. sandy aHovioni: land .Kegrai soils respectively* ■

mailto:p@0f.Mve


Table. 22 Correlation Coefficients between Organic P and 5oll Properties
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1. Latentic 
alluvium

55 .26
AW
.39

XX
.99

X
.33 -.27 -.24 .13 .11

xx
.39

XX
.40

XX
.39

X
.36 -.23

X
-.36

X
-.32

X
.35

XX
.83

XX
.85

XX
.88

XX
.88

XX
.87

XX
.95

X* X X
.95 .96 -

XX
-.47 -.09 -.05

XX
.92

XX
.98

2. Kari 15 .19 .11
XX
.£8 .29 .35 .14 -.15 .14 -.33 -.38 -.33 .03 .01 -.04 .17 .41 .11

X
.57

xx
.88

**
.82

XX
.85

xx
.93

X X  X X
.66 .93 -

xx
.77 .30 .41

xx
.83

XX
.98

3..Kayal 15 .30 .21 .97 -.30 -.35 -.16 .32 .15 .20 .20 .20 .22 -.15 -.20 -.14 .04 .40
XX
.91

X
.55

**
.65 .45 .94

X X XX
.87 .93 -

XX
.72 -.22 -.32 .84

XX
.96

4. Karapadam 17 -.03 .24
xx
.98 .11 .07 .14--.09 -.28 .10 .11 .10 -.04 -.02 .09 .02 -.09

XX
.60

XX
.65

XX
.62

X
.59

X
.60

X X
.92

XX XX
.91 .93 -

XX
.76 -.54 -.17

XX
.90

XX
.96

5. Coastal 
Sandy 
alluvium

12 .06
X
.32

XX
.98 .18 .35

X
.66 .17 .24 -.31 -.32 -.31 .06 .C04 -.07 .02 .14 .49 .48

XX
.90

XX
.82

X X
.78

xx
.92

XX XX
.91 .93 -

XX
.33

X
.25 .63

XX
.79

xx
.97

6. Pokkali 17
X

-.56-■%43
xx
.99 .44 .43 .45-

X
-.51

X
-.53 -.43 -.42 -.43

X
-.52 .34 .38 .42

XX
.74

XX
.86

XX
.82

XX
.83

X X
.85

xx
.82

X X
.SS

XX XX 
.82 .99 -

XX
.75 .18 .05

xx
.96.

XX
99

7. Kole 20
X
.46 .19

XX
.95 -.29 -.37 -.22 .36 .35 .29 .31 .29 .23 .06 -.33 -.34 -.25 .42

XX
.77

XX
.65

X X
.81

X X
.82

xx
.89

XX XX
.85 .89 -

XX
.69 -.06 -.44

XX
.64

XX
.94 iil•4

* Significant at 5 percent level 

xx Significant at 1 percent level

iO
C D



3,3.9. bon-extractable P

For all soil types, significant positive correlations 
between non-oxtractable P and total p, Ca-P, reductant P, 
occluded P. sura of inorganic P, organic P, total Inorganic 
P, active V and total of P fractions and significant 
negative correlation with G/P ratio were recorded. For 
lateritic alluvium, significant positive correlations 
between nan-extractable p and organic carbon, ccc, 
exchangeable calcium, exchangeable magnesium, sand and Al-P 
and significant negative correlations with EgO^, Fe^O^, 
clay and PPG were observed, significant negative correlatior 
between non-extractable p end *lg©3 was observed for 
coastal sandy alluvial toils. Th® correlation between 
non-extractable P and salold P was positive and significant 
for Po&Jtali soils. Significant negative correlations 
between non-extractable P and FSjOg/AljOj was observed for 
Kole sails, Th© correlation between non-extractable p and 
Al-p was positive and significant for all soils except for 
Kayal and Kari soils, All soil types other than coastal 
sandy alluvium recorded positive significant correlation 
between non-extractable P and Fe-P.



Table 23 Correlation Coefficients between *nn-extractable g snd Soil Properties

« CL Q)0 >* »—1 Q)
z f - G . NS *H• H ra cn

H -0o

o a.
c 

c oOJD
3  cn u  id
Q- £. *o oOCJ o CMh- a:

o'M rooCM CJ
oDr

m CP
CJ o £

• •
u j r~ j r

CJ uCJ X XUJ u

*DC
toT

>sra•—ICJ

1 CL 03 O u
"O TD U ■H ■HC H ►H CL a_ CL 1 3 O c c-4 o o 1 1 1 ■—( (3 13X RJ H r-H o (0 X5 O € O ' □>-H  D. P < Li. CJ «J CJ 3 t , i .4- <5f> <T a J7 a c

Ic c_ -« I
CJ

H
CD cxJ (D O CP

o
COc,
0.NCJ

2NU

CL
1

\  a) fO t<\ > O O -h
CM C\J xJ 

CJ H  OU_ < <

Q.
to 

4-  C  a o
ca oCDo u I— <*-

1. Lateritic 
alluvium 55 .26

XX.41 XX.95 X-.36
X

-.30 -.25 .12 .10
XX
.43

x« xx 
.42 .43

XX
.42 -.26

XX
-.42

X
-.35 .25

XX
.04

XX
.35

XX
.81

XX
.62

XX
.81

XX
.92

XX
. 35

XX
.94

X
-.34 -.13 -.06

XX
.91

XX
.94

2. Kan 15 -.15 .02 XX.90 .15 .18 .10 -.07 .05 -.32 t-.36-.29 .003 .15 -.16 .13 .30 .15 • S6
X
.64

X
.64

X
.64

XX
.88

XX
.66

XX
.90

XX
-.76 .21 .21 .30

XX
.87

3. Kayal 15 .09 -.10 XX.95 -.01 -.13 .19 .12 -.13 -.05 xx
-.65-.05 -.09 -.01 -.02 -.03-*20 .25

**
.31

XX
.76

XX
.82

XX
.64

XX
.95

XX
.37

XX
.97

XX
-.74 .02 -.39

**
.84

XX
.95

4. Karapadam 17 .08 .36 XX.96 .05 .02 .11 .003 .17 .24 .26 .26 .09 -.09 -.07 -.07 -.03
XX
.80

XX
.31

XX
. 68

XX
.64

XX
.74

XX
.95

xx
.91

XX
.96

X
-.60

X
-.59 -.33

XX
.92

XX
.95

5. Coastal 
sandy 
alluvium

6. Fokkali

12 .03 -.35
X*.92 -.32 .22

XX-.74 .10 .20 -.32 -.33-.34 .19 -.07 -.03 .02 -*01
X
.62 .44

XX
.78

»
.68

X
.69

XX
.87

XX
.91

XX
.30

xx
-.78 .50 .55

XX
.84

XX
.91

17 -.43 -.41 XX.86 .42 .41 .41 -.40 -.41 -.36 -.35-.37 -.41 .39 .05
XX

.41 .66
XX
.84

XX
.78

X
.61

XX
.63

XX
.64

XX
.87

XX
.82

XX
.38

X
-.61 .28 .10

XX
.86

XX
.85

7. Kole 20 .40 .07 XX.96 .24 .33 .16 .37 .38 .15 .17 .16 .12 -.09 -.16 -.28-.07
XX
.66

XX
.98

XX
.63

XX
.63

XX
.61

XX
.96

XX
.85

XX
.99

XX
-.66 .11

X
-.45

XX
.81

XX
.96

x Significant at 5 percent level 

XX Significant at 1 percent level u„»
” 0
CO



2.3.10. Tota l Inorganic P

Significant positive correlations between the total 
inorganic P ana total P, p fractions otter than saloid p. 
Al-P, active P and total of £> fractions, and significant 
negative correlation with C/P ratio acre observed for all 
soil types. ’Sim relationship between total inorganic P 
and Al-P was positive end significant Cor all soils other 
than Kari and Kayal. significant positive correlations 
between total inorganic p and organic carbon sad GEC, 
eischangoablo calcium, exchangeable magnesium, sand aid 
saloid P and significant negative correlations with R̂ Og, 
silt, Seg03, clay and PPG were obtained for laterltic 
alluvial soils. Significant positive corralation between 
total inorganic P and aaad {Kayal) with FOgOj/AlgOj 
(coastal sandy alluvium) with seloia p (poKfcali) and with 
pH (Kola) were recorded. Significant negative correlations 
batween total inorganic p and AigÔ  (coastal sandy alluvium) 
with ptt, Gao, MgO, and sand (pokkali) and with Pe203/Al203 
(Kole) were ill so observed.



Table. 24 Correlation CoefflCisntsbetueer total inorganic - P and 5oil Properties

CJ © u Q . a
G . W  c u D

• N CL 01 c  o t o o u s :0 K £  IM 10 S3 o o o O •
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• H CO 0 CL L, o j J CM CM Q o» o r~
H O  L ) O c O < CJ z : u >c O
o o

CD
1 - t i . X

LU

l. Lateritic XX XX X X XX XX XX XX
alluviun 55 .25 .39 .99 -.38 -.29 -.26 .13 .10 .41 .44 .41 .40

2. Kari 15 -.Cl .19
XX
.99
XX

.08 .13 -.01 -.03 <24 -.19 -.25-.19 .18
xx

3. Kayal 15 .22 .06 .99 -.19 -.29 .02 .22 -.02 .09 .09 .09 .78

4. Karapadam 17 .08 .27
XX
.99 .03 .03 .13 -.04 -.15 .11 .12 .13 -.02

5. Coastal
Sandy
Alluvium

12 -.08 -.48
XX
.99 -.22 .32

X
-.68 .04 .31 -.42 -.42-* 42 -.03

6. Pokkali X XX X X X
17 -.55 -.43 .99 .46 .45 .47 -.50 -.53 -.43 -.42-.43 -.50

7. Kole 20
X
.48 .13

XX
.98 -.27 -.36 -.20 .41 -.42 .21 .23 .22 .17

CL
1

1
C  X D .

1 Q .
(0 0 0

r<"\
O CL

Q .
cn

CP s CL CL Li | ••4 M I CM c
c * > c . *□ u a +J -U -O H 0  0

■H <H C - c . 1 OJ H X  CJ ID CO < CJ H
X  u •o 1 ■o o  c c aj - 4 L L* *S. > — 1 *J

H ro -4 D w 1 1 13 D CO CD 1 J3 •H CD O
H Cs- C . o •-H O H S  O ' O ' C  CD a . z O U> - J  CD

** CJ c H < OJ CD a <J 3  £* La a*j • S •s. CM O Q  L,
c_ O CD iL ( J o T  O O Z  O 0 u OJ <

O o Lu

XX X X XX xx XX XX XX XX xx XX X XX xx
-.29 -.38 -.35 .32 .92 .94 .84 .65 .83 .QQ .96 .94 -.35 -.09 -.02 .98 .99

CO0 •1 -.10 -.04 .46 .05
XX
.74

XX
.76

XX
.70

XX
.77

XX
.99

XX
.93

XX XX
.90 -.68 .18 .19

XX
.67 .&*

XX XX XX XX XX XX XX XX XX XX

CO0 •1 -.13 — .2G -.11 .26 .69 .76 .80 .65 .99 .93 .97 -.70 -.14 -.43 .86 . S9

-.02 .02 .01 .02
XX
.87

XX
.82

XX
.66

XX
.62

XX
.70

XX
.99

XX
.93

XX XX
.96 -.69

X
-.58 -.25

XX
.98

xx
.99

-.01 .13 .11 .15
X
.66

X
.65

XX
.85

XX
.60

XX
.74

XX
.99

XX
.93

XX XX
.90 -.86 .44

X
.61

XX
.91

XX
.99

.33 .37 .45
xx
.72

XX
.88

XX
.85

XX
.83

XX
.85

XX
.83

XX
.99

XX
.99

xx xx 
.89 -.73 .16 .03

XX
.97

XX
.99

CO04 -.23 -.51 -.11
xx
.62

XX
.89

XX
.69

XX
.69

xx
.69

XX
.99

XX
.89

xx xx 
.99 -.65 .06

»
-.45

XX
.78

XX
.98

* Significant at 5 percent level 
x* Significant at 1 percent level
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So Phosphorus fixing capacity of gleo soils

Phosphorus fixing capacity (PWG) of i S l samples of 
coils belonging to seven major rice soil types in Kerala, 
vis., lateritic alluvium <»j), Kari (&a), Kayal (®3), 
Karepadara (ŝ ), coastal om Sy alluvium C3S>» Pofckali (Sg) 
ana Kole <3?) was detcnuinad m& the moan values are 
presented to Table 25. t o  bring out the differences to the 
PS'G, analysis of variance was conducted, The aiKjVa 
(Appendix 3EV) showed significant variation to PPC among the 
soils,

Tha data on th® moan PPG bring out the differences 
among th® seven soil types with respect to this property, 
m  significant difference could be noticed among the meanLcvfercfcc. Â wvuava C$>//
pec o£ Karl <3g), Kayal CS3>, Karapadam (Ŝ ) and Kole 
soils (S7). These five soil types fixed comparatively and 
significantly higher quantities of soluble phosphates under 
experimental Situation than either coastal sandy alluvium 
(3g) or Pokkali U>&) soils. The ranges of variation of 
PPC for lateritic alluvia®, Karl, Kayal, Karapadem, 
coastal sandy alluvium, PoMcali end Kola soils wero from
36,00 to 66,00, 42.45 to 62,80, 44,90 to 55.13, 34.55 to 
60,23, 31.45 to 38.80, 24,45 to 44,50 and 41.20 to 57,25



t'abio 25» Hem i Six log capacity (per cent} of rice soils.

Sic
BIO. Soli type Sample C’eoa

sas@ BSC
C e l t i e a l difference

c%  «®2 CS3 e°4 “ s ‘̂ 6  CS?

I« katoritie alluvias
2» itasl
Jo Says!
4a Karupisdani
3c Coastal sandy 

alimriwi
S. Fafe&ali
7. Kole

SS
35
15

17

12

37
20

47.87

S2.7S

50.47

48.47 

36.10

37.7®

48.29

3.85 3.85 3.67 4.22 3.67 3.4®
-a 4,8 3 4.6® 9.13 4.69 4.52
- - 4.CS 5»13 4.S0 4.52
- » - 4,» 4,54 4.37

4.90 4.83

- - _ - « 4.37

CL 
I



1 T >u  ^  » j

percent respectively. The mean PWC was 49. S7 per cent on 
an average for the first set of five soil types, i.e. 
excluding Pokfcali ano coastal sandy alluvial nulls. While 
the same for the second set of two soil types viz., poltkali 
and coastal sandy alluvium was 36.93 per cant. Tne 
difference between the two means was also significant, 
among all the soils, the coastal sandy alluvium (dg) recorded 
the lowest mean PiC of 36.10 per cent while the Kari soils 
(&2) fixed highest amount of 52.75 ptreonfc of soluble 
phosphates.

3.1. factors governing PPG

The sure of a soil among many factors is mainly guided 
by the physico-chemical properties of the soil such as pH, 
organic carbon, total nesquioxides, total ?e203, total 
AlgO^, total CaO, total MgO, CsC, exchangeable calcium, 
exchangeable magnesium, sand, silt, clay, C/p ratio, c/« 
ratio and active B. Zn view of this, simple correlation 
coefficients and linear regressions of F2?c with soil 
characteristics wore worbed out and the results aro presented 
in Table 26 to 42. The significance of these correlation 
coefficients was tested (Qaedecor and Cochran, 1968J.

3.1.1. pH

Significant negative correlation between PFC and pH 
was noted for all soil types. The values of the correlation



EFable 26. Estimated regression models and correlation coefficients between
P f i n in g  capacity and pH

Si.
B39. Boll type Sample

sis®
Correlation
coe££iaicnt

£r)
degression modal 

£y®a«bjO SE(b)
Coefficient of 
determination

£r23
U) (2) £3) £4) £S) £6) £7)

1. Laterltic allaviura 55 -0 .9276 ¥=251.9 3 3 8 -2 .32E3BX 0.1288 0.3604
2. Kari IS -0 .9707 Ye 8 2 .3 6 3 5 -1 .i s l l x 0.0777 0.9423

3 . Kayal IS —G.93S5 ¥<=.107.0918-1.3334X 0.1449 0.Q752
4. KarspaSassi 17 -0 .8397 Ye242.1835-2.2olJx 0 .3 6 3 0 0 .7051

5. Coastal sandy 
alieviosa

12 -0 .9 1 3 7 Y » 1 0 8 .7 8 9 2 -1 .1 1 f f x 0.1571 0.8340

6. pokkali 17 -0 .9468 ¥<=68. 3 3 2 8 -0 .6 0 8 3 X 0 .0 5 3 4 0.3964
7. Kole 20 -0 .7 6 0 0 ¥«aS>7o0991-1.3&I§K 0.2747 0 .37$ !

Significant at 1 par cent probability level.
C J



coefficients ranged from *0.76 (ŝ ) to -0.97 (s2)» all the 
regression coefficients of PPC with pH were also negative 
and significant, it was found that the differences between 
the values of the correlation coefficients of Kole soils 
<S7) with lateritic alluvium (S ^ ), Kari (Sg) and Pokkali 
(Gg) wore tlgnlfiicant, in the case of Kari and Karapadam 
soils the s values were sign if leantiy different.

3.1*2. Organic carbon

Organic Carbon was negatively correlated with prc and 
was significant for all soil types. The range of variation 
Of the correlation coefficients was from -0.67 (Ŝ ) to 
-0.94 CSj). The regression coefficients were else negative 
end significant. The correlation coefficients of lateritic 
alluvium (Sj> were significantly different from that of 
Kari CSg), Kaeapadssn (Ŝ ) end Kole soils. The
r values of uarapsda® and Pokkali 9csil«jwere significant.

3.1.3* Total sescuitacldes

Significant positive correlations could fee Observed 
between ppc and total scsguioxides for all soil types. The 
values of the correlation coefficients varied from 0.61 (Sg) 
to 0*99 (Sj and s?). The range of valnes of correlation 
coefficients were narrow for this factor compared to other



Sable 27# Estimated regression models and correlation coefficients
tefeTOsa J* failing capacity and organic carbon

Si,
Eto„ Soil type Se®pl©slse

Corxolafefea 
coefficient 

C r>
Segressios ms<8©l 

{¥aaa+tesl
Coefficient o£SE(fo) determination

is2)
Cl) (2) (3)

cj»«âa».gi»g3o»î jt.-Js=»otti»iaiaaij»«xotg>K» iPat<ncr«acaoaii»a»i^«to
14) IS)

wmiwi r» mi,n»-»3»gaqBi'<3a»qiPiK»»ng»xt» M«*tpanwn»*i»B«a»tpaag>a»We» a* «*»
IS)

w«svea<»Bsnei
17)

** «SS •»» «

1® ZsQteritic allwiasa 55 »0o9«32 Xcs56.S23S-S.143K 0.0060 o.essl
2. Kari IS -0.762© Ss-77 . 597S-G.103SK 0*0244 o.ssal
3» Kayal IS -0.0118 ■fc?3. 7002-0.dsllk 0.0171 **0.6530

Eiarcg>adara 1 7 -0.6SS7 ¥®73.eaS6-0.l05lx 0.030S G.44II
“ s . Coastal sandy 

alltwissa
12 —0*8334 Y ra S l ,S@38»©o ItIIk 0.0375 e.ssll

6 . Poltfraii 17 -0,9329 1?w§0.4053-0. r/IlK 0.007S 0.87©5
?• Kole 26 -0.790S X « 4 9 ,3372-0.S^lls ©.0169 O.62I0

«* Slga&ficanfe at % pas aoat. probability level*
CJ
CD



Sable 28. Estimated regression models ami correlation coefficients between
P fixing capacity and total scsquioxiden.

Soil type 

(2)
SI.
NO.
it)

1. Laterltic alluvium
2. Kari
3. Kayal
4. Karapadam
5. Coastal sandy 

alliwiua
6. Pokkali
7. KOI®

Sample
else
(3)

15
as
17
12

17
SO

correlation
coefficient

i s )

(«)

0.9S58

0.9363
0.9875

0.9556
0,8116

0.9617

0.9878

Regression model 
(Yao+hx}

<5)

Y=~l.3603+0.2lllx 
y»-10.5183+0.400!k  
Bs 33.5938*0.1203K
l'~. 20.58S8+Q,,187lx
r<B 10.2298+0.6961K

y<=-13. S462+0. 49§?K 
Y* 1.087C+0.142lk

S£(b)

( 6 )

0.0050
0.0416

0.0053

0.0149

0.3585

0.0366

0.00S3

Coefficient of
determination

«r
(71

0.9718

6.8711
0 .9 ? ll

o.yill

o.eslf

ft*0,9240
O.Sflt

** Significant at 1 per cent probability level. Mc~>-i
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factors correlated with ps-e. Significant positive regression 
coefficients were also observed for WPG with total sesoui- 
mides. fflse difference was observed to be significant 
between fete values of the correlation eooffreivnfcs of 
coastal sandy alluvium with laterltic alluvium# Kayal and 
Kole soils. &toilarly tha correlation coefficients of 
Kari soli differed significantly with that of latoritic 
alluvium and Koio soil, when Kole and Pokkali soils differed 
significantly with respect to the r values between £-FC and 
total sesguioxidos.

3*1.4. tfotol FOghg

Significant positive correlations were observed between 
gfC with total FagOj for all soils. Sh® values of the 
correlation coefficients ranged from 0*79 (Sg) to 0.97 (ŝ }» 
The regression coefficients wore also found to be positive 
and significant. She £ values showed that the differences 
between the values of tne correlation coefficients of 
coastal sanay alluvial soils (fag} were significantly 
different fioai those of both Karopsdam (Ŝ > and Kole soils 

In respect of the relationship between pfc and total 
KegOg, the Karapadam soils (dj) were mere or less on tho 
same status as tn© Kole coils (Ŝ )>



I’aiolo 29. Estimated regression models and correlation coefficients between
F fining capacity and total $*% 03

Si.
HO.
Ci)

Soil typs 

(2)

Sample
sis©
(3)

Correlation
csofficient

M
m

RegressIon model
£3ft»a*fas3
(53

SE(b)

C61

Coefficient of 
determination

<r2)
<73

1. lateritic elluvlusa SS 0.9194 *= 7.71X2+0.211®! 0.0124 0.84II
2. Karl IS 0.3844 X» 22.3709+0.58§7X 0.0857 0.7811
3. Kayal 15 0.9319 Y« 37.3486+0.1678K 0.0181 o.seH
4, Kargpadata 17 0.974© ¥® 22.0535+0.3749X 0.0222 o.ssol
So Coasts! sandy 

alluwiua
12 0,7933 32.6527t0.99llx. 0.2376 0.6376

6. PCS* all 17 0.9S33 Y«~12.3663*0.7293X 0.0551 0-9212
7. Kole 20 0.965© y® 3. 2707+0. 30813! 0.0295 0.93II

Mc~yC£

Sl0nii.ieanfc at 1 por cent probability let?©!*
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Th© prc was positively correlate3 with AljOj for all 
soil types. The correlation and regression coefficients 
were significant for all soils except coastal sandy alluvium. 
The values of the correlation coefficients varied from a 
low value of 0.30 (ŝ ) to a high value of 0.97 (S?). 
lateritic alluvium showed significant difference in the 
correlation coefficient between PPG and ftl2 ° 3  content than 
Kari, Kayal, Karapadam, Pokkali and Kole, Coastal sandy 
alluvium showed significant difference in the correlation 
coefficient between PFC and Ai2°3 than Kari, Karapadam, 
Pokkali and Kole.

3.1.6. Total Ca0

Significant negative correlations were noted between 
PPC and total CaO considering all the soils together. The 
low and high values for the correlation coefficients were 
obtained for the Kole (-0,66) and the Pokkali soils (-0.96). 
The regression coefficients were also negative and 
significant. The a values showed that the differences 
between the magnitude of the correlation coefficients of 
Pokkali soils with lateritic^alluvium end Kole soils were 
significant. The laterltic alluvium showed significant 
difference in tho correlation coefficient between PFC end 
total CaO content than Kole soils.



Sable 30. Estimated regression models and correlation coefficients between
fixing capacity and total Al^O.^

31*
KOo
(1)

Soî i type 

i Z )

Sas.j>l©
siac
<3}

Correlation
coefficient

Cr)
(4)

Regression nodal , Pjh5 
(Y-®*tef]> "EW”

(S) (6)

Ooe££icient of
determination

<r2)
(7)

a. jueterltic alluvia® S3 0.3608 Y=> 27.0717+0.2582X 0.0861 0.14§0
2. Kari IS 0.9058 Yss-*69.485?+0. 9588X 0.1244 o 1, uw>

3. Kayoi 15 0.3592 Y« 34.0119-»O.253&L 0.0418 0.7382
4. Karapodam 17 0.8S01 Y® 21»4006+0.345§X 0.0434 o.eosl
5. Coastal candy 

alluvium
12 0.4128 Yb 29.9984+0.5561X 0.3380 0.1704

3. PoWcali n 0.9561 Y»~1S.0716+1•52S88 0.1208 O.OlIl
7. Kole 20 0.9S61 1b 0 » 50SQ+0.2445K 0.01S4 0.9333

** (Significant afc 1 per eenfe probability level.



,, Correlation Coefficient of
“ * Soil type 5S© coefficient sc{b) determination

(r3 * (r2)
(13 (2) (3) («} (53 (6) (73

Yatole 31. Estimates regression models ana correlation coefficients between
P fixing capacity aaS total CaO.

1. bateritic alluvium 35 -0,6*82 *» 96„«7<5-0.89lf& 0.0767 Q.7ill
2. Kari IS •0.8437 X« 83*7463-0«9?8§X. 0.1727 0.7lfl
3. Kayal 15 -0.7721 Y« 66.5361-0,25§6K 0.0572 o.ssll
4. Karajsadam 17 -0.8334 Y®123.2532-1.6i|Ix 0.2773 0.6&II
5. Coastal sandy 

alluvium 12 -0.7662 Y® 67.4836-1.272SX 0.3375 s.soff

6. PoMsali 17 -0.3606 Y» 61.9583—1.442154 0.1077 0.92I!
7, Kole 29 -0.6585 ¥= S6, S206-0.S20§X 0.1402 0.4336

w m x i H o a w i f ■ w i e i wm iw c a i w c i n a n i in aK iiw e o i ^ i g i i m e a i m o w M g a n a —.o e nw e w w . w w u n a a i t ' ^ a i  a , » » » w « n » ' ■»— » «

** Significant; at 1 per cent probability levels

M
h-»



She Mgo content was found to bo negatively correlated! 
with PEC in all soil typos. She correlation coefficients 
were significant at 1 per cent probability level in all 
soils except Kari. Karapadam ana coastal candy alluvium 
whose r values wore found to be significant only at S por 
coat level. Bitailor results could be obtained in the case 
of regressions alee. She values of the correlation 
coefficients ranged from -0.53 CŜ J t o  -0*93 (Sg). She 
difference between the values o£ the correlation coefficients 
between Pokkali and all other soil groups were significant.

3.1.6* Cation Exchange Capacity

She correlation coefficients between PSC and CEC were 
negative and significant for all soils, the r values ranged 
from -0.74 (Ŝ ) to -0.06 (6$). She regress.ion coefficients 
were also negative and significant. She Z statistic showed 
significant differences between the values of tho correlation 
coefficients of Kole soils with lateritic alluvium and 
Pokkali soils.

3,1.9. BKChcngagfole. calcium

Significant negative correlations and regressions were 
observed for P§\2 with exchangeable calcium in all soil types.



Table 32* Estimated regression models and correlation coefficients Between
p fixing capacity and total MgO.

Si.
K'Qo
i l )

Soil type 

(2)

Sqe5>1o
S-SSS
{3}

Correlation
coefficient

(r)
<4)

degression model 
(*<s>a+b;c)

(5)

Coefficient of 
SE(b) determination

Cr2)
(6) (7)

1. lateritic alluvium 55 -0.7848 y=»59 . 2836-2. 06S6X 0.2241 0.61II
2. Kari 15 -0.5312 7e61.7361-0.7734X 0.3421 0.2822
3. Kayal 15 -G.6G92 7=58.91S0-0.4075X 0.12S5 0.4477
4. Karopedsa 17 -0.5534 7=87.7418-3.354334 1.3037 0.3063
5. Coastal sandy 

alluvium
12 —0.5043 7=57.9333-0.8321X S.3742 0.3414

6. Polstali 17 -0.3317 7=76.4472-1.4503X 0.1460 a*0.8681
7. Kole 20 -0.6166 7=50.1453-0.51§&£ 0.1546 0.3802

*" Significant at I per cent probability levels 
4 Significant at S per cent probability level. M ‘

>A



Table 33. Estimated regression models and correlation coefficients between
U fxxrng capacity and

31.
£30.
u>

a.
2.
3.
4 .

So

©o
7.

&oil type 

C2)

Correlation

tateritic alluvium
Kari
Kayaj.
Karopaaara
Coastal sandy 
alluvium
Pokkali.
Kole

siae
(3)|—n mu ii rTTMHriii«~

i. JLCSi
(r)
<4)

55 -0.92SG

as -0.8901

tt -0.S869
17 -0.9100
12 -0.3162

1?
20

-0.9552
-0.7406

(Yaa+bK)
(5)

Y*84 . 3032-0.059031 
Y«72.6301-0.02OCX 
Y«61.57G4-O.01O3K 
Vo72.2611-0.0178S,
Y=56. 8367-0. GGsfx

&>60.0536-0.Calls 
**Y-52.2703-0.026CX

&E<b)

<61

0.0033
0.0028
0.0016
0.0021

0.0021

0.0020

0.0057

Coefficient of 
determination

<r2
<7)

0.8S67
0.7923

A A0.7901
0.8281
0.6602

**0.9124
0.5433

k*-2»

*'• a>is,<ii£iCc.nt at 1 par Cant proto&biXity level.



Correlation - . . - . - . j . .  toefiiole.it of
tel Soil typo coefficient determination

U} (zT)

Sabi© 34. Estimated regression models and correlation coaificionts between
P fixing capacity and exchangeable calcium

CD 42) O) 44) (5) (6) 47)

So
t mw * »iui o »i — n w

Lateritic alluvium 55 -Q.9012 y^SO. 7757-0.12^*51 0.0082 0.8122
2. Kari as <=0.8750 X=?3.1736-0.0467X, 0.0072 0.7670
3» Kayal is -o.aas-a YfflSl.3173-0.031OX 0.0045 0.7693
4. Karapadasa 17 •0.6606 X-71. 8330—G. M94X 0.007S 0.7406
So Coastal sandy 

alluvium
12 -0.8114 Yc5C.7777-0.02§2X 0.0053 G.65§4

6. Pokkali 17 -0.9541 Vo(S0„ 5571-0. 0661X 0.0036 * r .0*9103
7. Kelor 20 -0.7465 ¥=*52.6511—0.6776X 6.0163 0.5573

** fcig.»iilcant at 1 per cost probability level.

3
1
1



The range of variation oi the values of the correlation 
coefficients wao from -0.75 <s?) to -0.95 (Sg). Kxcept in 
the case of Pokkali and Kole soils, the differences o i th® 
r values between all other eota were found to too not 
significant.

3.1.10. Exchangeable magnaaitar

Tho PPC was negatively correlated with exchangeable 
magnesium in all cases. Both the correlation and regression 
coefficients were negative and significant. She r values 
varied from -0.74 (s?) to -0.96 (SgS. The correlation 
coefficients of Kole soils woro significantly different 
from that of laterltic alluvium and Pokkali soils*

3*1.11. Sand

She PSC deereaoed significantly us the sand content 
Increased for all soils osscspt the coastal sandy alluvium 
whose correlation was negative but sot significant. Same 
was the case with regard to regressions also. Coastal sandy 
alluvium and the Kayal soils recorded the lowest end highest 
r values (-Q.52 and -0.92) respectively. Tho values of the 
correlation coefficients of eoaotal sandy alluvium were 
significantly different from those of laterltic alluvium, 
Kari, Kayal, Karapadam end Kola soils.



Table 35, Estimated regression raoaels and correlation e-seffacleats tetseon 
& fixing capacity and exchangeable raagjKaiun

S£ ih )

m

si.
fJO. Soil type Sanple

s2e©
Correlation
ascCti ct&'t, 

<r)
Fegression trodcl

( yaaitet)
(X) (2) (3) (,$} (5)

a. Latoritic alluvium SS ->0.9260 9*84.4074—0.23!Hx
2. Kari as -0.87ft? 9-72. 9543-0.12 U X
3. Kayal as -0.3808 y»61.582i-0.0 361X
4. KarapaOdia 17 -0,30)0 9=72.3081—0.J7G5X
5. Coastal sandy 

allavium
12 -0.31x1 9* 36. 7628-0 . 0263X

6. Pokkali 17 -0.9556 9=60.0084-0.11*iX
7. Kole 20 -0.7409 7*52.3333-0.0830X

0.016S
0-0171
0.0052
0.0033
0.0050

0.0094
0.0177

Coefficient ef 
aeternination

<r2)
(7)

0.857'!
0.761!
0.7900
e.eel?
0.6S7I

0.9132
0.S489

a> Significant at 1 per cent proboDility level
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SaSsie 36. Estimated regression and eareeiatioa eoefcficierafcs between
f fixing eapaeity and sarad.

S I .
tio»

t*ni»«iBwwtow»«w»»«&«i<ci«nKtga»— cao>n»cj

S o li  ty p e

i gi~T~fn~T ̂rrini M r m r t

a i s e

C o rre la tio n
c o e f f i c i e n t

CD

a e g ro ss io n  model 
5X=a-j£si)

a»o*»<*>«jea'e®a»«

ss(fo>
C o e ff ic ie n t  o f  
d e te ru in a t& o a

i s S i
Cl) (3 ) <31

■ ■ a m i i m p i o w c i M i o .
C4i (5 ) C®3 C7J

2 . f c t c r i t i e  ali.uvi.um 55 - 0 .9 1 3 4 Y=> ? 5 .9 6 S 2 -0 .0 5 9 lx 0 .0 0 3 6 0 .8 3 IS

3a K ari IS - 0 .9 0 ® Ste 9 5 ,3 2 0 4 - 0 .©733X 0 .0 0 9 6 o . o i l s

3 . Kayal 13 -0 .9 2 3 1 Y»i02 , 1 506~0 «0943% 0 .0 1 0 9 0.&S21

<s. Karayarteffi a ? - o . s m Ye 79.72S0»0.06lS.<. © .0069 0.@ 4ll

S. C o astal taB<3y 
a l l tv iu n

12 - 0 .5 2 4 0 Ys:128» 0 2 4 0 -0 .0 8 1 SX 0 .0 4 2 1 0.374®

6 . i»©M«a2i 17 -0 .8 9 2 8 Xtal7 0 .1 4 5 1 - 0 .14lSsf 0 .0 1 8 3 0 .7 9 I I

7 . Kole 30 -0 .S 9 6 4 Yo 5 9 .3 3 0 5 - 0 .C437K 0.OOS7 © 1 Ci
s>

m n i n i r u j n i T - T W p i r i j t i i " " ^ - , - ln a m r - r i r r - u ) w ooasoi^ar eauatt «.«» «««

K-*

** Significant at 2 »̂er cent probeailifcy level



3.1.12* &|3A

A positive correlation between P&Q and elIt content 
was observed for all the soils studied. The correlations 
and regressions were significant for lateritic alluvium, 
Karapaoam, pokkali and Kole soils. The range of variation 
of tho values of th© correlation coefficients was from 
0.24 («3) to 0.82 (Sg). The correlation coefficient of 
Kayal soils differed significantly with that of Pokkali and 
Kole soils.

3.1.13. Clay

The P£C was positively correlated with the clay in
all the soils* Except for Keri and Pokkali soils, the 
correlations and regressions were significant in all cases. 
Th® lowest and highest r values were recorded by Pokkali 
(0.19) and Karapwdam (0.92) respectively. The 2 values 
showed that the differences between the values of the 
correlation coefficients of lateritic alluvium with that of 
Karl, Kayal, Pokkali and Kole soils was significant. Ths 
correlation coefficients of Karapadasn soils were significant! 
different from those of Kari, Kayal, coastal sandy alluvium 
and Kole soils.

3.1.14. C/l> ratio

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

150
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Yoblo 37. B'StteateeS zegression f’wdoAs aria eorrclatAem coefficients between
P f As-Sing capacity and silt..

SI*
Ka.
<D

— g>—«n— — m—  —  —  Oi«»q»— — — ago —

soil typ® SS e 

(2) <33

Correlation
Ga©£fies,CJ5t

Or)
<43

— — mn—«t»— — *»—fiw» mnu —<»«
Regression model 

C¥«K34te 3
<5)

sc<b)

<63

Coefficient of 
detcmlRafeioB

<r?)
(?)

1* Sateritie alluviuTi SS 0.6886 *<(1=23.6670*0.103SX 0.0149 0.4?II
So Kari IS 0.4403 Xes40o9S51*0.G308X 0.0174 0.1939
3* Kayal as 0.2422 Y=47.5116*0.0i33K 0.0147 0.0507
4o iiarayadoo 17 0.6950 fe27.?ss5*e.oal3\ 0.0226 0.4olo
So Coastal saotly 

olluviun
12 0.5638 Y=44.9SC0*O.2000X 0.0927 0.3179

0o iJ©!ckaii a? 0.8116 X=3i .8494*0.13&U 0.0243 o.sssl
Vo Kels 20 0.7793 Y=23.1041*0.0S82J. 0.02,29 ©.60?1
o—u,m ■' w t n » s *  n  *»e>iw^<h k >i h d  <« **«««—» «>'.uitnwi*a> * g»<.0» a » e H » w c u » s M » » « i > e K » l

** feigniticoal at 1 *>er sent j>robalsility level.

cn



S4&1© 36* S3t4ffior8«a Eogsoacica sasS&ls osfi eerrslstlca -scoCClsieafcs uctmttm
& £4X463 5SG,~>3S4«|? -wid slay.

Ul.
So*
U l

S®Al type 
C2>

fe a a s p fcelse
C3J

Sssttiiatle®SWBffiiSiSBt
M

m

Iiegress4©n assJel
tYaa#fesl

m

b&lfel

te>

€@©£6i®Seat o£ 
datensteofcieo

Ir2)
m

1* Saterltie alln»&u» 95 0.SS03 ©.oses 0.72§s
2. &j£l 15 9*3440 »a<J6*7S9««}*©84ai 0*6384 <s.was
3» Kayal 15 a.ssse Sa4S»«3#3-0e.ft2fS« ©.0600 ©.23lS
«. Sosa?aJa» » ©.©ISO ¥®2g»4333^*a©SK 9*011.® 0*0@ll
5. CsssCal soody 

ai.ltsvi.sa
sa 0.S89? **46*7993*M35§fc 0*0590 0*34<8§

6. i e»ali a? 0*1943 Ste4S*72,S©*«.0€s4S;* 0.0844 0.0377
7* sole so e.sase »s23.3232-*0. 0431k ©.mss *3,28®!

wm » !*'a t.<o.-aBac«wt j«i>.MiiK>M» ■»-■••'. w»q» mi

f' CignlC least at 3 per cart psobcSlllsy level. 
*-• feigaifiasafe at 2 per » e  prssSss&lia.fcy lev©!.

c n
r o



Ta»l© 39* Eafeinated regression raedeXs and earrelofcioa coaffleionfcs between
P SiKing capacity and organic C/organic p

Si*
BO. Soil typo Sampl®

sis®
Correlation
coefficient

<r)
Segrossioo node! 

Cy=a-ste)
Coefficient of 

SE(Ss) determination
<r2>

u><a«c>c»<n«
(2)) «3> MJ (5) (6) (?)

1. fcatoritic alluvium SS -0.4724 ¥ra43 .6491-0. QQXQX. 0.0002 0 .2 2 S2

2. IS -0.4182 ¥«S2 . SS27-0.O903.ii 0.0002 0.1749
3. Kayal as -0.22S9 V«54.4962-O.00O©i 0.0008 0.OS10

Korqpadam 17 -0.4377 *«53.Sb43—0.0G1CX o.oooa 0.1916
5. Coastal sandy 

alluvium
12 -0.4270 X«S4 .2404-0.0003a. 0.0002 0.1823X

6. PoXkali 17 -0.8207 *s53.63©5-O.0O8!U. 0.0001 0.6735
7. Kal® 20 -0.2714 Y®39.8G0e-e.0007K O.OJOS 0.0737

*» Significant at 2. per cant profcatoility level.

I—*cnCJ
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cniei$f fcletttfe' ranged fire®. •0*f.3 to MJ*02 CSg)» -fho 
correlation and regression coefficient? -were signif&eant 
only la&eritlc nilavion ana rofchali sails. th® a
s t a t i s t i c  .shewed s i g n i f i c a n t  d l f f e r e n c s s  ■ tottwaati. t h ©

jp in.t&e .©as© of rohfeall with, iateritle^ alltwi*si%
S a f a l  and H a l e  s e l l s §

3*.3»*-3»9®.

th© $pc was .p o s ife is ty  c o r re la te d  w ith  Q M  r a t io *  the  

tmlties of the coefficient® varied fee© O.os (sg)
to ' -Q*66 (§gK, significant -correlation an# regression 
gooff idents were obtained. -only far iaterlhie allwimo* 
'Kayal* jpokSail and sale «plls» the differ©©©©® totwesn the 
'traln̂ EF of the cosreiefeion ©©efficient© ware not significant 
for ail tho.so&J&ff

3 *-1.* 16* 2P®g

tli© re lationsh ip  feetwam tho #fS  ana ftg&g/ft&gPg 

m s  .positivog the lonasfe o»«t highest.cosretofcion ooeffiaient 
w e t e  o b t a i n e d  f o r  SS-̂  C0»3&) e n d  ft*S 3 I reepectiwely©; 

th©- correlations m &  regression. coefficients were significant 
f o r  . i a t o r i f t o ; a l l n v i q n »  I4@rf a n d  K a r s p e d # ?  s a i l s  ©fily. t h e  

'tain* of th e  oorrdiatian coefficient of f£ar& sells was 

s ig n i f ic a n t ly  d i f f e r e n t  fee®  those  oS1 l a t e r l t i c  ailiaviiaa  

« s a  p o h h a l i  soils.#.



Table Estimated regression modala and correlation coefficients between
t? fixing cap? city and C/K ratio.

SI*
130.
(1)

Soil type 

(2>

1. Lateritic alluvium
2. Kari 
3o
4.
5.

6.
7.

Karaps&aa
Coafctal sandy 
alluvium
PoM'ali
KOiC

Sampla
Sige
<3}

SS
15
15
17
12

17
20

Regression model coefficient V«a+b:<)

(4) CS)

0.5130 X~ 23.9002f0«0C84iI
0.QS85 43.6269+O.OO70X
0.6625 Y» 31.2609+0.0253}.
0,4186 Y*-C6,95?9+0.1317X
0.3200 y- 50.S697+0.0C11X

0.5401 Y« 35.7675+0.0O6?X
0.5240 7= 19.0039+0.0174m.

£E(b)

(6 )

0.0019
0.0339
0.0080
0.0738
0.0010

0.0027
0,0067

Coefficient of 
d e t e r m in a t io n

Cr2)
(7)

0.2632 
0,0034 
0.4389 
C-.l 752 
0.1024

0.2917
0.2746

* Significant at S par cant probability level.
** Significant at 1 nos coot probability level. h-CJl

cn



Sable 41® fcofeimatc-sJ regresaien models and correlation coefficients
i? fixing cspavi-c and £,02°3^Ai2<ij rati®.

between

Si.
HOo Soil type Samplesiae

Correlationcoefficient
I s )

iicgiasrion model
(V^a+texi

u> (2) 13) (4) <S) CG)
n rrj *ti,~. ■ (trja a..*.

u Lateritic alluvium 55 0.2OB2 Jfs 32.1<!13-»-O.01ofx 0.0002
2. Kari 15 0.8285 »» 19.6634+0.7997X 0.2499
3. Kayal 15 0.3425 43.8708+0.0517K 0.0394
4. Karapacksa 17 0,4891 12.1346«Q.405(lx 0.1068
S. Coastal saeiag 

alluuitan
12 0.5615 39,2647i0.0275X 0.1233

6. Pokkali 17 0.3071 2^-63.9074*0.S6C6X
?. KolO 20 0.3965 3.608410.4740X 0*2566

Coefficient; o£ 
defcerminstIon

i s 2 )
(?)

0.O03S
o.ssll
0.1173 
0.2392 
0.3153

0.0943
0.1572

* Significant at 5t~ probability levs!

** Signific.mt at l'» probability level )-*CJ1cn



157

3.2.17. ,a.efclvc P (Al-P+ge~p*Ca~P)

She correlations between PEC and active P were negative 
for all soils studied. 9?he values of the correlation 
coefficients ranged from -0.004 (coastal sandy alluvium} 
to -0.527 (pokkali). $he correlation coefficients cf only 
lateritic alluvion were significant at 1 per cent probability 
level while those of Pokkali and Kolo soils were significant 
at 5 per cent level.

3*2. Relative Influence of selected .independent, factors
SSLEE&

Stepwle© regression analy&la was carried out to assess 
the relative influonc© of selected Independent factors 
viss., pH Uj), «203 (X2), Cao (X3). Mgo (X4), CSC (X3)» 
organic matter (Xg) and clay content (x?) on th® prc of 
seven rice soils and the results are presented An $abIo 
43 to 49.

In lateritic aXitwitta aswng the seven independent 
variables studied, only two tR2 ° 3  and CaO) appear to be 
exerting any significant influence on the dependent variable. 
All the verioolos considered together however explain more 
than 98 percentage of the tobal variation observed in the 
dependent variable. In other words, the data gives



®able 42* ®sti®ate«2 regression models and correlation eocificicRfcs I otwean
4» fteing capacity and active p (Al-PtPet-P-sCa-P)

SI*
J3o.
CD

1*
2*
3.
4*
5®

0.
7.

Soil type 

(2)

Lateritic alluvium
Kari
Kayal
Korapedom
Coastal sandy 
alluvium
Pokksll
Kole

Sample
sis®

Correlation 
eoefficiens 

Cr)

f* e n » m i  » i b > m  m w i o i o  — «»■»•»»a tn tr im  k j  — —

degression model
Cfoa-4-l»j) se(b)

(i) C4) (5) (6)

S5 -0.3502 Y«41.9093—0.0029K 0.0011

IS -0 .0 3 S 3 y=>48 .75 93«0.0012X 0.0092

IS -0 .2530 ¥ = 5 4 .1 3 7 2 -0 .Q Q 1 9 X 0.0020

17 —0*0404 y«49 .2  817-0 »008SX 0.0028

12 - 0 .0 0 3 6 ¥ «5 2 .7703-0.00003d 0.0024

1? - 0 .5 2 7 3 ys= 4 l.3 3 S 5 —0 .0 0 6 1 X 0.0025

20 -0 .5 0 8 5 ¥=41.8641-0 .GOSIx 0.0013

Coefficient of 
determination

Cr?)(7)

0.1S$@
0.0012
0.0671
0.0022

0.00001

0.278&
«,2b8§

* Significant at 5 per cent probability level
** feigniileant at 1 per sent probability level vJlcc

mailto:3D@ffici.Gnt


statistically good fit to the specified model. A perusal 
of the stepwise regression models reveals that RjO^ is the 
most significant factor and it ©lone accounts for about 97 
percentage of the total variation.

The effect of pH was significant end its contribution 
to the W C  was the highest (94 per cent) In Kari soils.
About 99 per cent of the total variation was accounted by 
the seven independent variables taken together, showing a 
statistically goad fife to the specified model. When pH, 
exert significant negative influence CaO, organic matter 
and clay produce significant positive influence on the pfc 
of kari eorl®.

The maximum contribution (40 per cent) in the total 
variation of the PPC has been by CEC followed by Cao, pH, 
KgOg, organic matter, HgO and clay in Kayal soils. Xn the 
final regression equation the organic matter alone was found 
to be significant. However, ail th© variables taken together 
contributed 80 per cent of the total Variation in PFC for 
this soil typo,

Xn Karapadaw soils, 90 per cent of the total Variation 
in Vl'C. was accounted by followed by clay. All the
variables taken together explain more than 98 per cent of 
tha total variation on the dependent variable. Among the 
seven independent variables, R203 and CEC influenced the 
p f c significantly.

15'J



Safcie 43. Summary results of tho stepwise regression pnelyais for P fixing so»aeity of
loterifcie alluvial soils '

Z. % m 0.7207^2.isllx^
C0„849a) '

2. Y o  43»ia88-S.43ll5it*l.?lil3£g
(1,0907) (9.0341)

3. g o 44«41iS-S.G5l&1l4a.6sli8£g-0o2TaQSs
<1.19235 C6.M6S) {0.3360)

4 m  "it a t  4 3 „ S 2 3 9 -& .O S a 4 X 1^ 1 . 6 5 & 2-0 .2 3 3 S K s J.0.01035k7 

(1.2129) (0.1170 (0.4572) (0.0445)
5. J o  aO.aa74«.2.36SOXi>5'2-.S3|ilig»10.O6lm3»0.4399>'.g«O.OOa3K^

U.67S5) (0,1130) (4,8075) (0.43185 (0.0430)
6. 5? » 44.2939-a.a9O3&1+a.61Gli<3«14.391̂ t3-»13.Sa70S;4-O,4732,Js-O.OOOS87

(1.7425) (0.1155) (3.7333) (12.4745) (0.4520) (0.0423)
7 . ¥ a  43.6&9S-2,e68£t1+l.Cl5$SJg-14.3Sg|£3+a3.S76?Jg>-0.4384Ks4.O.GO63>.6~®»OO33H? '.'.9315

(1,7749) (0.1167)** (S.QS57) (12.6095) (Q.S3SS)J(0»C473) (G.0S21J

M Significant st ©»©S level
£* Significant at 0.01 level

figures In parenthesis indicate the standard error*

B-a
0.9720

0.9S07

0.980®

0.9602

0.9817

0.9818

HCDO

mailto:r@oa3.ts


Table 44. Summary results of the stepwise regression analysis for P fixing capacity
of Keri sails

B-2
1. Y ® 84.3457-11.3 s llx ^  8,3429

CO.7749)
2. Y = 58.1476-8 .326^+1.2035X2 0.9513

(1.8536) (0 .6790)
3. Y *  36.@479-8.97^Sx 1+1.2677X2+0.1712X& 0.9483

(2 .3554) (0.7149) (0.3603)
4. Y o 63.1330-13.76o1xi +0.9aSSK2+3®.03S>ls3.!0.iraOK5 0.S639

(2.8201) (0.6111) (15.1663) (0.3021)
5. Y m 63.2343-13.7141x2^+0.9827X2+35.9714X3-0.7821X^+0,1766X5 0.9604

(3.0281) (0.6449) (16.0039) (9.8503) (0.3190)
6. Y »  47.0696-11.17l2X1+l,530a<.2+25.8056X3+).21S9X4+0.2564X5+0.072aH6 0.9651

(3.3571) (0.7173) (26.6681) (9.4044) (0.3070) (0.0504)

7 .  Y  a  42,3323-9.174iK1+1.1592X2+34.S26§K3-7.4Slffll4-0.0075x:s+0,23?8Kfi*0.207ix7 0 . 9 7 8 7

(2 .7692) (0.5854) (13.6353) (8.2228) (0.2651) (C.0736) (0 .0855)

* Significant at 0.05 level
»' significant at 0.02 level

Figures in parentheses indicate tne standard error.



$able 45. Summary results of tne stepwise regression analysis for P fixing capacity
of Kayal coils

1. X o

2. X a

3. X ̂

4. Y a

5. X a

6. X a

7. X a.

<56. 8399-1. 7e23Xc5(0.6046)
68.7255-5.6313Xg-l.6143X2 

(27.6656X1.0375)
26.4711+13.8379X1-17.4116X3-2.2797X5 

(20.3527)”(33.1886) (1.4439)
149.2120-4.9844X1-2.6405X2-12.0949X3-3.4599Xs 

(23.7155) (1.8888) (32.0627) (1.6221)
148.1450-3. 334aKj-2.6605JC2-16.3839X.j-3. 5395Xg-0. 0824Xg 

(25.9644) (1.9872) (38.6343) (1.7406) (0.3628)
123 .2750+2. 51 SlXj-2. 3488X2-30 . 5561X3 +57 . 2512X4-4 . 0B7§X5-0.1091Xg 

(25.7245) (1.9512) (39.3538) (46.7959)'(1.7526) (0.3539)
SOI.6910-58.9524XJ+1.0146X2+31.9743X2-29.4C28X4-1.7989Xs-4.S46ixs~«.9545X? 

(29.9697) (1.9283) (37.63S4) (47.7290) (1.5S82) (1.7860) (1.8472)

* Significant at 0.05 level
** Significant at 0.01 level

Figures in par on theses indicate the standard error.

fT2
0.4006

0.3568

0.3313

0.3897

0.3325

0.37S3

0.6534

V-*cn
ro



Table 46. Swanary results at the stepwise rogroseion analysis for P fixing capacity
of Itarapudara soils

1. X a 20.6072tl.S7?lK2
(0.3545)

18. 7575-2.1. 1 7 m 2+0.491&?
(0.16963 (0.0989)

32 . 5965*1. G9$b.2-0  . SloliigtO. 2S8?X?
S0.a48i) (0.2033) (0.12533 

4. X ® 4S.0757-2„7109Sa*1.02li31g->0.SS9ls5*0.16S6Klj;
(2.0669) (0.1532) (0.2014) (0.1407)

S9 . 6752-2.03385CJ +0.G73§&s-7. SS14X.j~0. 7437Kg+0. 0SS3i>?
(1.9973) (0.10613 (S.S313) (U.23C4) <0.15413 

S7.15O9-2.6405X1+0.B5^Sx,-a. 3 64<K3-0. GS&OXg-jO. 026&£64-c 0943X7 
(2.22783 (0.2040) (6.2258) (0.3335) (0.1068) SO. 3931}

64. 7227-2.472GKj < G. S0oh.2- 9 . 564SSi3-27.206KS4-G.Sl?iK5*0
(2.3090) (G.2224) (6.6956) (41.6510) (G.3963)’(0.1100)’(0.2363)

3. X o

5. X

6. X «

7. ¥ o 0250i£6-+0.0131K?

r"2
0.9073

0.9542

0.9742

0.9757

0.9775

0.9756 

S.9744

n Significant at 0.05 level
A* Significant at 0.01 level

S'iŷ res in parentheses inoieot® the standard error. 163



£abl© 47. Sumaary results of stepuiEe regression analysis £or v fixing capacity of
Coastal sandy alluvium soils

a .  sr ®

2. x -

3. x *>

4. X ®

5. X a

G» y «

7. Y «

®2.3S76'-ai»2lIIxl
(1,6463)

59.7074-8.23205^+2.S9SG*2 
(2.1008) (1.4737) 

4&.S237-6.2a59!i;l-i3.1556Ka-0.106lX5 
(3.4000) (1.5854) (0.3039) 

60.29i5-&.8890'v1+2.888SJt2+28.88Q8X3-0.1342Xs
(6.3222) (1.7260) (51.7361) .3312)

60.1798—10.550834, *2.8107X,+40. 6623X,-Q.C974X. ,,-0.1370.4™
( 9.3854) (1.8788) (72.0374) (0.3836) (0.5375)

63.1879-9.9046^+ 3.279£K2+2-v.8o44X3 X 5. 00393.̂ -0.1133Xg-0.1333X?
(10.2739) (2.3707) (83.9090) (39.2481)‘(0.4163) (0.5982)

-38. 5082-12.4454X +8. 070^-167. 59S0K3-3. 6143^-1.2122)^-3.3013^ +0.1S9 7X?
(4.1464) (0.9232) (3».«90O)(11.4326) (0.2869) (0.4344) (9.4344)

if2
0,8227

0,3636

0.0552

0.8440

0.8237

0.8001

0.9845

« Significant at 0.05 level
** Significant at 0.01 leva!

1 inures in parentheses indicate the stanlarO error. h->
CD



Uetole 48. Swoaary results o£ the sfcopu'ise ragression analysis for f fixing capacity ‘~s£
£>Ojt>3ll OOilG

1. y ■ -24.8566«5. osS&g
(C.362S)

2. X a 10.5G12«2.7165X2-7C.346TX3
<0,9627} (27.7810)

3. y a 16.1696+2„3404X^-63.054G2C3~Q.315SXS
(1.28635 (32.7221) (0,6878)

4. V * 14.162WU3919X3+2.5769X^-28.0274X2-0.2514/2
(2.7696) (1.4060) (77.4194) (0.7199)

5. y o -1.4154-3.0701X3+3.0207X2-@7.4517X3+104.0910X.4+0.129ffi<5
(2.7999)( 1.3483) (84.4266} (64.3919) (0.71S7)

6. y * -1.882b-2.687<tK1+2.998fx3-90.2271̂ @.0613SiL|3»0.1S9S8.3+0.0678X6
(3.1157)"(3.4069) (63.0343)(70.9145)(0.7728) (0.1031)

7. y s 3.4i0B-i.7583X1+2.9424X2-8O.S623X3496.2lllX4#3.O826X5-O.O627)Ss~O.1832X7
(4.5512) (1.4831)(206.6250) (74.2030) (O.S800) (0.4363) (0.5426)

*■ Significant at o.OS level
*s significant at 3.01 level

Figures in purantheaos indicate the standard error.

0.9274

0.9469

0.9440

0.9416

0.9483

0,9443

0.9395



Safcle 49. Sussr-ary results of the sfcopulso regression analysis for p £Vxln% ojucifc;. of
Kole soils

1. t  m 13.2504.$ .«2%$K
(0,0520)

2. ¥ b 13.2645+1.12§3X2+£J.00iax,
(0.0865) (0.0525)

3. t  = 14.7615 «■!. 3S?iS2-0
(0.1144) (0.2040) CG.0S45)

4. Jf =J 16.1260 a . 28?lx2-5.
(0.1462) (5,

5. t a 20.6348-0.643SX, +1,
Ci.588®)" (0,

6. X a 20.5325-O.021C&J-S-2.
(1.5304) (0.

7. k => 20. 5816-0. &2£?XX*1.

6

1073X^*0.0060Kfi

,6307K,—0.02SSK_+0.0505X.
v  w

,2314) (0.2163) (0.0679)
,3sl&g-4.l.5S7X3-0. S014Sg Ŝ. 0663Xg 
,16625 (fe.5602) (S.230S) (0.0880) 
,26S&l2-9,74S»S3+S.6S5lK4+fji„O4®lXs#S.0763X^
,1646) '(8.1604) 57.6278) (0.2324) (0.0797) '
, 26§®t2-3. 7496K3-̂S. 6S47h.4 *0 . @402Xr, 4 0. 0?g3Xg * 0. Q008M,

(3.7676) CC. 3.73.7) (3.8239) (8.5111) (0.2739) (0.0339) (0,0609)
7

,-2ti

8.3737

8.3754

0.9744

0.9747

0.9734

9.974©

0.S72O

* Signifiewat at O.Sb level
* feiynif icant at 0,01 level y..,

Figures lu narentheses ir—iccfce the ston^arJ error. ct
* cn
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The ©!Efeet of ptt was significant and its contribution 
in the total variation ofe th® JPFC was the highest (32 par can 
in coastal eandy alluvium. in the final regression model* 
except HgO and clay, all the Independent variables 
significantly influenced th© PTC o£ the soil and all th® 
variables taken together accounted for 99 per cent of the 
total change in m e ,

m&ng th© seven indepsndenft variables RgOj explained 
for the maximum change (92 per cent) in PFC followed by CgO 
in pokkali soils. All the variables token together explain 
more than 96 pox cent on die total variation in PPC, Sn 
other words, tbs data give statistically good fit to th® 
specified model.

In Kole soils, more than 97 par cent of the total 
variation in PfC was explained by followed by organic 
matter. BgOg significantly influenced tha PPG of the soil.

4. ^atfctecdgja,,,, .transformation of nfaesphorua under submergence

4.1. Influence o£ submergence on inorganic F fractiona

Tha influence of submergence on inorganic P fractions 
in selected soils based on analysis of variance is given in 
Appendix v .  The mean values for each P fraction under



1 6 8

air dry as well as waterlogged conditions for various soil
types and the percentage increase to* S’ fractions due to 
waterlogging are presented in Sfablo SO to 57* She basic 
data an individual soils relating to these changes are 
presented its apptaSix XX,

4 * U 1 , § S M M *Z

She AS OVA revealed that there is significant difference 
in saloid S’ among different soil types.

Under sir dry condition* the ©can salold S’ was lowest 
for coastal sandy alluvium 15,00 ppm) and highest for Kole 
sails (39.S0 ppm), dhen submerged, the coastal sandy alluvia 
and Kole soils recorded the lowest (5.37 pgm) and highest 
(41,67 pjas) mean salold V respectively. She difference 
between the means os soloid 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, m e  mean salold P for Kolo coils was significant! 
superior over all ether soil type© which were m  par,

She increasa in saleid P due to waterlogging ranged 
from 4 per eeat (Kayal- soil, B Blade) to 25 per cent 
(coastal sandy alluvium# Chaiakody) with an average of 7.19 
per cent* However, even 28 per cent increase could not 
record significance.



163
ta b le  SO* Hoc® Salelfi-P (ppm) v.n-Jcs a±£ ary and 

t?atoff logged coatUtions.

Conditions0£t&H t’;k'3G «n— — ,aii®s»i=*o»e>e—,«»e» —e» *̂5, «*»«» = «,«=ce**— ''i'dCu)
* M r  sJe& (c,) Uatfc« logged (Cg)

iafcerifciC
allwisn

16.30 17. S3 17.02

Kari 1S.S0 17.37 16.94
S.ai/al 19,6© 19.07 19.49
KorppoiSara 10, SO 20, S© 20.04
Coastal ■sandy 
alluvium

3.00 S.37 5.10

P©fttali 13,30 14. m 14,02
Hole 30. 80 41.67 40.50

moeb 10,30 10,37

CiJ (0*03) Cos3sfiifc.ss.oos (C) o 8.9613
ueiis (s) » is.isso
C K S a 23.703S

Saislo SI, Hean <U-P (ppra) under air Osy end uafcerlogged
isonaifclsso.
ConditionsSoil type m> •»**•*«*»*»'»<■» «»oS«fa •*» ****•«»»«»» «■*» •»*■»«• JSOdB

Air dry (Ĉ ) Safeerlogged (Cg)

Siafcerifcie
alluvial)

163.1® 182.04 172.97

Kari 21,65 28.50 23.20
Kayal 09,03 112,68 101.32
Karspadsa 91,35 115.20 103,52
Coastal sandy 
allOTAun

42,88 S3.75 48,3©

Pokhall 82,55 101,77 92.16
Kol®

n . a » a . i o « » m i » o « > « » » W < w i p -

137,70
neat -**1 **> «• > «» »* »  «=*<* <a» cnaaes «• <=»* «

232.4©
a e » « o « a P W i  UBie»cag»e»nw»«BMS»c

210.09

Mean 97.02 117.74

CD (0.0S) Conditions (C) => 107.12
Soils (S) o 2QJ.4G
if* tsf  C .  —  *%<ws«5 A(%
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4.1.2, Al-P

difference in Ai-P due to soil types, conditions 
and the interactions between soil types and conditions was 
not significant. ®ie lowest moan Al-P was recorded for 
Kari sails (21,95 and 25.50 ppm) and the highest far Kola  

soils (187,70 and 232.48 ppm) respectively under air dry 
end waterlogged conditions. She differences between the 
moan values of Al-P for soil types, conditions asset their 
interactions were aleo not significant.

She range of variation in percentage increase of Al-P 
duo to submergences was from 11.01 (lateritic alluvium, 
Kwimappally) to 26.01 (Karapadaa, Eidangare), the average 
being 23.02,

4.1.3.

Significant variation was not observed in this 
fraction dw© to soil types, conditions and their interactions 
She lowest mean I'e-p (17.09 ppm) was noted for coastal sersdy 
alluvium sad the highest (204,50 ppm) far Kayal soils under 
air dry situation. She care soil typos recorded the lowest 
(27.28 ppm) and highest (354,86 ppra) Fe-P under submerged 
condition, She ditfarcnc© between the mean voluna of S'e-p 
for Kayal and coastal sandy alluvial soils alone was found 
significant. though waterlogging increased Fe-P in all soils



Sasol© 33. clean £o**e Cpj«>u) under air dry ond uot&rioggod
conditions.
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C©Kolli->ns
boil tsyps ess <sj«Mp#**«M*oeo c » «e

ais dry (C,}
* » < »«* « »£ »  o»**w » «*«•  eat'«* »«» es.3. «•  *ps*» e>

Watserlosi3fc0 CCg)
Mean

,« i« a  am *»*»«►«*•*** * »

tofeerifeie
alluvium

97, SO 145,00 121.25

sari 132.00 I86® SS 134,30
Xayal 204.50 3S4.8S 279,68
K&ropaU&a 94.00 3SS.14 130.07
Coastal sandy
allwiuB

17.00 27,28 8̂ *,  14

pokkali 112,30 163.03 147,7©
Kolo 145,00 2S8.83 201.92

Hess III.79 3.84* 53
=»«»«»«» «= w  ( S O

wij luoOSJ Conditions 40 » 103.2b 
Milt, (Ci) o 193.16 
C x » » 273.1?

Sable S3. Mean Sa~P Cj»j>a) under a^r dry and waterloggod
conditions

Soil tsypa
CsfJdifeiaaa

M r  dtey CCj ) s»atsfflffloo®d CC^J
fisasi

bateritic
alluvium

52,63 53.84 S5.74

Kari 34,93 43.18 39, GS
Kayal U8.3S 119.09 118.12
Kaxapadasi 73*20 00.38 16,79
Coastal candy 
alluvium

21. 75 22.59 22.17

pokkali 24.3© 23,2? 24.00
Kola 83.10 30,3? 25.73

fseen 49,79 53.79

C*» CO.05) Conditions 40 » 68.46
soils (S) = 79.43
C ss S o 113,33
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tho Increase was not significant. Th© Fa»p of Kayal sells 
wi&ox waterlogged condition was superior to the on® for 
eoastei sandy alluvium both under air dry and waterlogged 
situations.

She laterisie alluvial soils (Kusnappally) showed the 
lowest percentage increase in 8*e-p (38.00) due to 
waterlogging and the highest (107.67) by tha same soil type 
(Vellayanl). Tha average percentage ieoseas® in P®hp fee 
all soil types was S3.S3.

4.1.4. Ca»P

The variation in Ca-P was not significant with 
respect to soil types, conditions and tneir interactions. 
Under both oir dry and sufcuerged conditions, the lowest and 
highest sasao Ca-P wore observed for coastal sandy alltmusa 
sod Kayal soils. The aitfrroRCvS featwac» tho neaa values 
of ca-p for Kayal soils and coastal sandy alluvium, Pe&ltali 
and Stole soils were significant. The Ca-P was increased 
duo to ®«bmerge.»«o but th© lucres®© war net signiijcani.
The interactions between soils and conditions were also not 
significant.

The percentage increase in Ca~P dua to saJKicsrg-.ace was 
lowest (3*41) tor coastal saady alluvium (Karunagappeily) 
and highest (14.20) for Kari soils (Kurtshikari), tho sweraga 
being 6.57,



She reduetonfc P was not significantly different among 
various soils under diverse cor«3j.fcions studied. Shis p 
fraction was found to be lowest (29.00 ppm) for coastal 
sandy alluvium and highest (137*20 pymj for Kayal soils is 
air dry cituafcion and under submerged condition, these soils 
recarded the nean lowest (37*45 ppm) and highest (166.46 ppm) 
values. Kayal ©oils were superior to all the other soils 
arcept Karapadam* She difference between tho mean valuss 
of reduetant F for air dry and waterlogged conditions was 
not significant. She roductont p for Kayal soils under 
waterlogged situation was fjignificantly superior to the on® 
for coastal candy allavium both under air dry and submerged 
coaCitians.

Xhs percentage increase in reduetant s> due to aubmergerse 
ranged from 15*14 (laterltic alluvium, Vellayanl) to 28.73
(Sole soils, Kanjonlpadam) with an average of 33.92.

4.1*6. Occluded p

Significant variations duo to soil types, conditions 
and the interactions between soils and conditions were not 
observed for this p fraction. She Kayal and coastal sandy 
alluvium recorded too highest and Jotdesb moan vnlues^aB.SQ 
and ID.18 ppm respectively.

173
4*3*5. Reduetant P
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Xgble 54. Mean reductant~P (ppm) under air dry end
uatcrlogjod conditions.

Conditions
Soil type . Mean

Air dry (Cj) Waterlogged (C2)
eeee— eeeeeeee e»wea

teturitic
alluvium

52,65 65.14 50.09

Kari 74.10 39.76 56.94
Kayal 137.20 166.46 151.83
Karapada® 82.65 104,97 93.81
Coastal sandy 
alluvium

29.00 37.45 33. S3

Pokkali 34.45 43.24 30.85
Kola 39.10 49,22 44.16

Mean 64.25 72.32

Cs5 O.GS) Csnditions (C) B 46.58
feoils (d) » 90.88
C k £> «. 123,52

Xatole 55, Mean Occlts^ed-r (ppm) under air dry and
waterlogged conditions.

•eeei-ew*.«e»«*eeeBwiiKeeeiWKB.ee w*«e■»<**»**«»«»<*W*ewwwe»«ww«»ei*«ai<Be«e»aw»«w*awe»e»ie»oiiweeew«n eweuon
Conditions

Soil type Mean
Air dry <Cj) Waterlogged (Cg)

l« e i e « . « w n « » e . M e « «

Lateritie
alluvium

26.40 27.01 26.71

Kari 17.15 17.58 17.36
Kayal 39,10 39,89 39.5©
Karappdorr 31.25 31 • 32 31.54
Coastal scttdy 
alluvium

10.00 10.36 10.18

Pokkali 10.30 10.60 10.45
Kole 10.70 11.17 10,93

Mean 20,70 21.20

C« (0.0SJ Conditions (C) « 17.69
t-Ssils (S) J 33.09
C  55 S <a 4 6 . 0 0
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She coastal sandy alluvium (ChalakuUy) showed the 
lowest percentage increase (1.56) in occluded P due to 
waterlogging and highest (4.50) by Kole coils (Enanwiakkal). 
She average percentage increase for all soils s/as 2.73#

4.1.7. Sum of inorganic p

Sne cum os. Inorganic P was not significantly different 
among various soil types under air dry and waterlogged 
conditions. She coastal sandy alluvium recorded the lowest 
mean value (141.49 ppm) and Koio soils, the highest 
(709,97 ppm). She same soil types showed the lowest and 
highest values under air dry and waterlogged condition©.

She percentage increase in sum of inorganic P Cue to 
submergence was lowest (18.24) Cor lateritic alluvial soils 
(Kunnappally) and highest (51.33) for the same soil type 
(Velleyenl), the average being 32.33.

4.2. Contribution of each anorganic P fraction tin.. the 
total variation Jue to submergence

The percentage contribution of each inorganic P 
fraction in the total variation tiue to submergence is 
given in Sable 58.
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T a b l e  5 6 . M ean sum  o f  i n o r g a n i c - p  (p p m ) u n d e r  a i r  d r y  
a n d  w a t e r l o g g e d  c o n d i t i o n s .

S o i l  t y p e
C o n d i t i o n s  

A i r  d r y  (C ^ ) W a t e r l o g g e d  (C 2 )
M ean

L a t e r i t i c
a l l u v i u m

4 0 8 .8 0 4 9 6 .3 5 4 5 2 .5 7

K a r i 2 3 5 .2 5 2 9 6 .9 1 2 6 6 .0 8

K a y a l 6 0 6 .2 0 8 1 3 .7 5 7 0 9 .9 7

K a ra p a d a m 3 9 2 .4 5 5 1 9 .0 9 4 5 5 ,7 7

C o a s t a l  s a n d y  
a l l u v i u m

1 2 6 .2 0 1 5 6 .7 0 1 4 1 .4 9

P o W t a l i 2 7 7 .8 0 3 7 8 .4 7 3 2 3 .1 4

K o l e 4 4 7 .1 0 6 1 9 .7 2 5 3 3 .4 1

M ean * 3 5 6 .2 6 4 6 8 .7 2

CD ( 0 . 0 5 )  C o n d i t i o n s  (C )  =  2 9 2 .1 2  
S o i l s  ( S )  =  5 4 6 .5 1
C x  S  =  7 7 2 .8 8



Table 57. Percentage increase ©£ inorganic v fraeti ns cSuo to subE&rgence

£>1.
NO. fesii type iioeaties sals13 

P Al-P So-P Ga-t- Redcct- onfe e
Oeelu- 
<3©«i p

& UG1 O f

inorganic
a*©tal
vasla-
„-Si£2.»,'— ■— “ — — -——— ——— — — —— — — — — — — —

1. batoritle
alluvia®

tfollayanl S.00 25.49 107.67 2.S4 15.14 2.38 51.33 158.22
2. Kunnoppally 6.7X 11.01 38.00 12.29 24.30 2.31 19.24 94.62
3. Kari Karuvatta 6.25 21.23 50.60 9.IS 23.29 2.16 3y.G3 109.68
4. M Kuricbikari 4.96 20.99 32.80 14.20 19.79 2.52 22.73 95.26
5. Kayal Mathikayal

( e j e c t )
6.00 25.0? 63.90 3.40 25.90 2.29 30.93 131.51

6. n c Block (»ast) 4. SO 25.19 75.00 2.90 19.50 1.90 35.58 128.49
7. Karapadam n o n c o 'n p u 5.00 23.45 56.00 6.20 20.99 3.02 26.97 114.66
8. K Kidangara 8.00 26.01 86. GO 19.40 23,30 1.61 33.98 160.32
9. Coastal sandy alltflvitra

ChalakuUy 25.00 24.24 S C .  s o 11.97 25. 65 1.56 30.01 144.42
1 0 . « Karu B a g a p f o 1  ly 4.80 25.75 64.00 2.41 26.73 3.93 22.37 127.62
11. Po&kcii yonongaO 6.00 24.67 53.65 3,16 29.26 3.47 39.35 125.22
12. * :?aradu 7.96 28.99 64.20 3.31 24.59 2.84 35.34 i25.69
1 Kola Kan J onipadora 5.00 22.20 39.00 3.13 29.73 3.72 24.61 102.78
14. €1 £na<aakkal 6.00 24.09 92,53 ?.ie 24.69 4.50 42.14 258.90
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4.2.1. Salold P

Th© contribution from salold e in the total variation 
duo to submergence ranged from 3.11 per cent (Kayal soils,
E Block) to 17.31 per cent (coastal sandy alluvium,
Chalakudy) with an average oS 3.64 per cent.

4.2.2. Ai-P

The al-p contributed 11*64 per cent (lateritic alluvium, 
Kunnappally) to 22.03 per cent (Kari soils, Rurichikari) in 
th© total variation due to waterlogging th© soils. Th® 
average percc-ntag® contribution of Al-P in th® total 
variation due to submergence was 10.39.

4.2.3* Pe—V

In all the soil types, the contribution of Pe-P in the 
total change due to submergence was the highest, ranging 
from 34.43 per cent (Karl soils, Kurichikari) to 60*05 
per cent (latoritic alluvium, Vellayani), the average being 
40,93 per cent.

4.2.4. Ca-P

The Ca-P was responsible for the total variation due to 
waterlogging only say 1.61 per cent in a lateritic alluvium 
(Vellayani) to 14.91 par cent in a xari soil (Kurichikari) 
with an average being at 5.52 par cent.



Poreonfeago contribution of each P fractien in the total vari- 
Slo afcian

Table 38. ConferIfoufeiOR oS each P fraction (percente-jo) in the total variation cue to submergence-

So. Soil type tocafeion
Saloid-F ftl-£> Fe-P Ca-P Reduct- oecluded-o Total

..yagl̂ fcloi

150.221. lafeeritie
alluvium

OVC9 E*m0C& «»«c, m* d. r*r
Veliayeni 3,16 16.11 ©8.05 1.61 9.5? 1,50

2. ft Kunnappally 7.09 11.64 40.16 22.99 25.68 2.44 94.62
3. Raffi Karuwafcta S. 70 19.36 46.13 8,34 10.50 1.97 109.68
4. 45 Kurichikari 5.21 22*03 3-4.43 14.91 20.77 2.65 95.26
S. Kayal tefchikayal 4.56 19.03 52.39 2.59 19.69 1.74 131.51
6. 12 E Slock 3.11 19.60 53.37 2.26 15.18 1.48 128.49
7. Karapadam fijnco^pu 4.36 20.45 40.84 5.41 18.31 2.63 114.SG
8. M Kidaagara 4. 99 16.22 53.64 6.49 17,63 1.C0 260.32
9. Coastal sandy 

alluvion.
Chalakudy 17.31 15.76 38.7© a. 29 17.76 1.08 144,42

10. « KonifsctjQppaliy 3.76 20.26 50.25 2.89 20.94 3.08 127.62
11. Pokkali Pauersgad 4.79 19.70 4(5.84 2.52 23.37 2.77 123.21
12. (3 narsdu 6.33 18.29 51.08 2.47 19.36 2.26 225.69
13. Kole RanjaRxpaOam 4.86 21.60 37.95 3.05 28.93 3. 62 102.78
14. sa Lnsmokkal 3.78 15.20 58.23 4.52 15.54 2.83 15&.90
m„ a Ma>K»<»u<.ai*i<>«*«>a>wuaw --

M'Jcr
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4.2.S. Keduct&nt p

Th® contribution from reluctant P to th® total change 
consequent to submergence ranged from 9,57 per cent i n  a 
lateritic alluvium (Vellayani) to 29.93 pee cent in a Kole 
soil (Kanjanipadam). The average contribution by this 
fraction to the total variation due to submergence was 
19*39 par cent.

4.2*6. Occluded &

This fraction of p contributed th© lowest, ranging 
from 1,00 per cent (Karapadam, Kidangara) to 3.62 per cent 
(Kole soils, Kanjanipadam) and tha average share in the 
total change was 2.22 per cent.

4.3. Effect of submergence on available ff by different
extractants in different soil types

Th® amOVa of tha available p for different roil groups 
by four different extractants uncer air dry and waterlogged 
conditions is given in Appendix VI. Th© mean values of 
available £» by four different methods under both air dried 
and waterlogged conditions tor different soils studied are 
presented in Table S9.

Th® abova indicates significant difference in available 
S> extracted by various methods, due to different soil types, 
condition of extraction and the interaction between method 
of extraction and condition of extraction.



Zable S9» Kean uwailafoJe ** (ppm) ia various sail typos under a-a. dry end wav .jogged conditions
Say different eicsraete.

Isaterifetc Had Kayal Rarawadai'i Coastal PoJtJsaii Role Aisr dry «e>tcr—
allw&a/i ©array

alliviura 3eggcs3
Mean Ci-sJ

Sr«y i t u r n C»S4 2.1© b.93 7. IS 12.28 5,3., 5.17 7.74 6.45
esray 2 15.25 2.00 3. B0 7.36 1 .*,24 24.66 7,03 8,23 4.2.69 1C. 46
ttaea S. 06 0,34 2.09 2,30 4.40 7.44 2,12 2,92 4,13 3.54
‘Ssuog 25,43 a.ea 3,76 2 S. 76 82,51 53.64 6.67 8.09 as. 23 10.66
.<®30
i t  m Ck 1 4 . 8 3 1.19 2.42 /®86 13,35 24,70 S*2<, S. 10 13.45 „

Air dry 9.U 1.20 2.66 4.36 0,48 5 4.18 3.74 - - -
teatcs ~ 
logged

20.07 1.13 3.IS M.3S
*a»iBai<6s«25.<i»icai a  cm #o**a««-'2

16.22 
u^,«><a»«o mtqaaj o o o i

35.45 6.82 „

>aiC>a<l.«iiwarw a9w «

Co3» CO,OS) for ea-?airition between roilt. => 10, ?{j
» ;ieth©as (u> ® 0.21

{ c  K :} - * 2 1 . 7 2

Muo





lablo so. yoreoBtojo Ifseroaoo its available S> in til fcfpr erst soil ty^es by 2our ox bx actants
due to subraeitjGne'3.

ho. Soil type
Percentage increase 

Bray 1 bray 2
in aval 

O l s e n

1. te&cEj.tie ailuvlun VeXlayiaA 33.00 61. SI 53,06
2. » Kunaapgally 64.99 63.00 S3. SO
3. Kari Kuruvefcta 50. GO 82.86 60.71
4. B K u r i c i i i f c a r i 71.42 04.52 77.27
5. Kayal Ctathiftayal iik.-cci 58.77 45.03 51.72
6. <.} m Blcsiz (East) 63.77 43.9S 52.30
h Karegadam nonca «pw 59.75 53.95 200.00
e. tl Kiuargara 56.93 32.77 93.05
s. Coastal uaad*

aliuviiiffl
Chaiakuay 22.92 64.93 14.74

10. St K a r a n  aga,, pally 24.83 64,05 22.95
11. PokJ-ali paoangad 25.72 43.33 33.23
12. “ ilaradi <14.12 26.02 27.32
13. Koio KanjanipuJaa 80. GO 71.06 67.79
14. 89 cnarodlsl: t l 53.94 84.90 33.93

Teaeg

220.00 
230.02 
220.00 
217.65 
161.00 
177.37 
516.94 
289.92 
226.00

149.12
339.97
406.53
124.00
100.00

J—4
(JO
CO
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She percentage increase in available P by Bray £ 
eRtsaotant duo fee submergence ranged from 22.92 (coastal 
sandy alluvium, etiolekudy) to 80.00 (Kole soils.
Kanjanipadam) with an average of 52.58.

■4.3.2# graj^JZ

PoSxkzll soils (JSaradu) recorded the lowest percentage 
increase of available p (26,01) due to waterlogging and 
Kole soils (SnanmaiKKal}. the highest (84.90) and the average 
feeing 61.14,

4.3.3. Olsen

She percentage increase of available P due to eufemorgsnc 
was found to ba lowest (14,74) for coastal sandy alluvium 
(ehalakudy) and highest (100,00) for Kerapadar soils 
(MoncoBrpli). She average Insreaae in available P obtained by 
this method wao 54.51.

4.3.4. gruoa

Kole soils (snarsakkal) showed the lowest percentage 
increase of available P (100.00) by Iruog's method due to 
waterlogging and Karapadam (Moncompu), the highest (516.94) 
with an average of 244.11 per cent.

4.3.1# Brey X
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4*4* Relationship between percentage increase An available P 
by various methods and percentage Increase of 
different inorganic P fractions due to submergence

Table 61 shows the Inter-correlation raefcrix 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 aeven 
soil types under study, it has been observed that none of 
the correlations is significant*

S. Response of rice to graded doses of phosphorus

5.1. Available P by different extractants at various 
growth stages of the crop

The anOVA (Appendix VIII) for available P determined 
by 4 extractants indicated significant variations due to 
varieties# treatments, and their interactions at 30th day 
after sowing for Bray 2 end Bray 12 extractants. The 
effects due to varieties and the interactions between 
treatments and 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 2, Bray II 
and Olsen's methods. V x T interactions did not show any 
significant effect on available P as determined by Bray I



S a b l e  63-> i a t e c - e o r r e l a f c i a n  f-c te is s  fcatweeE. p e rc en t's.}©  i n c r e a s e  irs  n r a i i o i s l e  & © c -c lm to d  b y  
d l f f e r e t i t  m e th o d s  a n d  p e « s = n t a g e  i n c r e a s e  i o  i n o r g a n i c  2s f r a c t i o n s  d u e  t o

sabrscrgtnse.

B r a y  1 O m y  2 O l s e n  f e u o g  b a l o A J  A l - p Sie-p C a - P Keduet-
arafc-p

Occlu
ded P

Bsay 1 3.000 6.019 0.714 -0.179 -a.502 -0.413 -0.244 0.187 -0.240 -0.08©
Be ay 2 - 1.000 0.112 0.430 —0.021 0.004 -0.048 -O.034 —0.2©© -0.323
Olsen - - J.OCO 8.2S3 -0.4S3 -0.120 -0.04© 9.273 -©*193 -0.104
Sruog « - » 1.000 0.027 -0.043 -0.122 0.019 -0.069 -0.162
f.al©iJ P - . - _ 1.0 JO 0.11© -9.003 0*415 0.201 -0.413
A l - P - - - . - 1.000 0 .  585 —0® 40© 0.9S3 0 .0 5 7
3rc-& - - - 1.000 -0.413 —0.255 0 .0 1 1
C o » P „ » - ■CO- - - - 3.003 - 0 . 0 7 7 —0 * 417
£&aductar»t»p « - _ - - 1.000 0.333
occluded P — • - - - - - - 1*000
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ana Olsen but. responded to Bray XX and Smog's methods. 
Significant differences for Smog's extractant dee to 
varieties were also observed.

Varieties* treatments and the interactions among them 
were significant tor Bray X, Bray XX and Olsen's extractants.

She mean available j? determined by different
extractants at vase leas gsms-Ji stages is given in Sabio 62 
to 64.

She mean available V in soil was law in pots grown 
with Mashoori variety at all stages of growth and by all 
extractants except by ®ruogss method at harvest stage. She 
available p by all methods tended to decrease tilth the 
progress ©£ the crop.

Mashoori was found to 6c superior to Jyothi in its 
ability to utilise noil p by recording a low available P in 
sail by ail methods at harvest stage* itaoag tha methods 
tried* ffrueg's method recorded the soil available P as 
highest fallowed by Bray XX, Olsen and Bray X methods 
irrespective of th© varieties, ©morally* with th© except!©* 
of Smog’s method* all th© methods recorded highest values 
Cor soil available P an 30th day after sowing aid the lowest 
at harvest stage* but tho declining trend was loss marked 
with the progress ©£ the crop indicating a correspondence 
a£ the pest period of absorption or uptake of p with the 
maximum tillering stage of the crop.
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Table 62. Mean ©stteafceo of avaiisblo Is (pc®> &V
different extractants at 30feti day after sowing.

V1 ..V3 Moon Ht ., ! 
i

l»3
l

| 
|

*s
l 1 t t

Mean

6.54 S. 55 6.C4 2.4® 3.28 4.32 14.1© 6.04
7.S1 S. 22 ?«es 5.33 7.S2 B. 92 9.81 7.86

‘r3 ao.7s 0.16 9.43 7.81 10*35 10.09 9.08 9,45

*4 16.10 XX. 35 13.72 10.00 14.25 14.40 16.19 13.72

% 17.18 13.10 14.14 ii. OS 17.04 13.41 14.26 14.14

®S 20.13 18.74 19.43 13,SS 10,37 13,52 32.32 19.43

Maas 13.04 10. S2

nl 9.72 7,25

B2 13.61 10.10

M3 11.99 9*58

M4 16.03 13,09

0.49 11,0© 10.79 1S.96

C.So for comparison oi ffethods 
CO.OS) <«)

1.0793

TreatcentD (T) ® a .3219
Cn h T) o 2.6437
CV) w 0*7632
(T 35 V) e 3.0694a
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with regards to- the fcreatanent effects*' there was an
gmmeme in afailabl© p m® the dese inereased &% -ail growth 
s t a f f . fe»F ©34 methods ereept Txueg* %  showed t h e lowest 
si©*® m elM M m p by varifeasr fiethede and th© highest Jay 
#3.1 methods SKcqpt ttreog*

At 3§tfe day adtsr sowing* ©»# '%% recorded the 
lowest seati available P while 1 » » v  the highest value for
n m w  X* ?h@ mean available 9  m t i m t M  fey Bray u  was 
lowest. for fgf j a w l  highest for % % « .  See -Olsen's 

the .lowest.' and highest wean values for 
svallsfcle p -were .ehtalnad tor Vg$£ sad % %  respectively* 
the latesaetieee ^ and .raoocded the lowest and ' 
highest neah eval&hhle P'fey frsaof*® issttiod*

Oe doth day* 'the 'mess s v e i la b l©  p  fey P ra y  1 e x tra c ta n t

were lowest sfi# highest dot the interaetiens Vgf2 ana 'V̂ T̂
respectively <r '^h® iateysetisne ©pi- respectively
retarded the lowest and hipest mean P values fey Bray 12 
and oisea*s neth$ds» the available P estimated fey pjraog’s 
taethod were lowest end -highest -for the Interactions 
and respeotlvely*'' 

At harvest stage# the interaotlons j alii' % %  
respectively recorded the lowest an# highest mem available I
b y  isrisy i a n d  © r a y  rat ia!sthoas?.* t h e  l o w e s t  a n i  n i c e s t  rasae

/ p 7
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Tabl© 63. Mean estimates ©£ available p (ppm) by
different esitraefeants at 60*“ day after cowing.

*1 S. 09 3.86 4.48 3.04 2.87 2.67 10.32 4.48

** 6.11 4.51 S. 31 2.56 4.23 3.86 IC.Ssi 3.31

*3 9.19 7,44 8.33 5.92 3.09 8.64 10.63 0.32

*4 9.39 8.39 9.14 6,79 9,94 10.39 9,44 9.14

*3 11.67 9,43 10.65 ©, 77 12.31 11.69 9.93 10.65

% 14.36 11.49 12.93 12.20 16.22 13.56 10,72 12.92

■Sears 9.42 7, S3 -

«*<■» « % * » * » « , « » » *  

6.3® 8,93 8.30
wnmw mi

10.27 -
***■»>

6.91 5 .  84 C.B. for comparison between Methods
CO.OS) (S3) £ 3  0.3443

H2 9,63 8.23 t> TrcatasontB (T) => 0.6666

"3 9.26 7,34 19 Varieties (V) a 0.3849
11.87 ©,67 n |H 35 S) a 2.3333

St (n a  Vi e  S.7698
»<£._• M O t M B a i B W M C M
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SaM© 64, Mean estimates of available s> {ppm) by 
<3£££er©efc csttraetmfcs ©ft hatveofe ctag©.

V1
»■» iiii ii m«ig O  u.y

Vg B o m  na
J ! l - ~ *»3nr n i --------------

Moan
-rr-tr rvr<n t~ iw nnun ~ ~ ttt

*1 6,6© 6,31 6.25 CvS>B 1.34 1,37 20.74 6.IS

*a 6.22 4,94 S.S3 1.6? 2.97 3,2? 24.43 S. 53

®3 9.6? 9.32 9,49 4.S© 6.04 5.75 22.69 9.49

*4 s.n 10.65 10, is 5.32 7.45 7,29 20.7© 10.23

% 13.25 12*55 12,40 7.84 22.12 9,31 22.34 12.49

*0 13,02 22.62 12.83 0,2? ii.as 30.7S 21.0? 12,82

Mean ©.S3 9,23 H* 4,?# 6,70 6.32 20,01
i K r i Kra * !'* ! i>«»" iin>««a in n n n m m n m m in iim  lri "  tti «rn inn,  . I, r, ,.i im . t, ,;- m i-,n g-» n ■ m ...i m>inn«i. > '■».». i w »-m in mi|» » iT|>a <■ m u m  iw o  ri ni

e9J2» for Casparieon between Methods 
(OoOS) (Jl) S. 1.1920

" Sreatraents
(S’) « 1.4598

8 CM ss *1) a  2,919?

W«»i>na» ■»*»»<»wph» *  ■i wmirn m  »nt «8**a>y»i,«a-<»»*gmi «■»<»> *r*>ai*»s»BW«a»«*gBHPi»i»iffliii'in.«p<c — «»■«>«» «a a* gfe*»e»^aBa-»«6»WMtai»»i

% 3,22 4,2?

*8 7,23 6,09

MS 6.70 5.9g
ii4 19,36 20,65
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available P were observed by Olsen’s extractant for VgXj 
and Vglg respectively. As regards Trueg’s method V2X2 011,3 
VjTg respectively showed the mean lowest and highest values 
for available P.

Apart from analysing the data independently for each 
method, a combined analysis (Appendix XX.) 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 
significantly different for the various methods of 
estimation, a marieed Increase in available P was noted by 
using Xruog’s extractant (15*96 ppm) and a significantly 
low value with Bray I (8.49 ppm) though the estimation of P 
was different for Bray II and Olsen’s methods.

Tg contributed maximum for available P (19.43 ppn) 
and X ,̂ the least (6.04 ppm). Xho treatments X^ and 
were on par. Tg and Xg, though contributed less to 
available p. were superior to X,.

Estimates of available P for X2# x3 and X4 gave more 
or loss the same result when extractants Bray II, Olsen 
and Xruog are used, while a high estimate of P was obtained 
for treatments and Xg by Xruog’o methods. Bray 11 also



gave a high value eewpasrcd to Bray I ana Olsen for Xg and Sg. 
Bor all the methods except Xruog war© on par and th®
estimates were significantly low compared to the available P 
by Xruog. However, Bray I was found to estimate low ¥ 

values in all the cases.

She earn© sauries of soil grown fa Jyothi variety were 
found to contain more available p than the same soil after 
the same period grown to Mashoori. So interaction was noted 
for varieties and methods of estimation. But significant 
interaction was obtained for variety with treatments,
Sj, s2 end gave more or lees similar results for both 
the varieties as far as fcho available p values are concerned. 
But, for other treatments, the available P was significantly 
high for 3yothi than that of Mashoori.

She available s? estimates on the 60th day after sowing 
differed significantly for all the 4 methods tried. As 
given previously high value (10.2? ppm) of p was obtained 
toy Xsmsg’e method and low value toy Bray X (6.38 ppm).
■Chough the estimates toy Bray XX and Olsen’s extractants 
differed significantly.

when treatments are compared, Xg gave the highest 
available p value (12.92 ppm) while the lowest value 
(4,48 ppm) and the V estimate by Xg was significantly

193
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superior to th e  e s tim a te s given by other treatments, Xfc 
was found to increase with the increase in the level of
applied P.

when method of extraction and treatment interactions 
are compared, no significant difference could be noted 
either for available P estimated by Bray XX and Olsen or 
for any of the treatments except l’g. For $g, Bray II was 
found to be superior to other methods of extraction. She 
P estimate was significantly high for Xj, and ‘f3 when 
estimated by Trues’s method. Except Bray X, all other 
methods give almost similar estimates for T^. The available 
S was high for x& by Bray IX CIS. 22 ppm) and low for Tj 
by aray I (2.04 ppm) and for Tg, Bray 1 and Truog were on 
par. Samples taken from soils grown with Mashoori recorded 
a significantly lower (7,52 ppm) available p status than 
th© same soil grown with Jyothi (9.42 ppm).

For both the varieties, Bray I gave the least estimate 
of S while Truag, tho highest. Bray II and Olsen estimated P 

more or less at the Dane level in soils grown with Jyothi 
while the estimate made by Olsen method was significantly 
low witf. that of Bray XI for this variety. Also no signifi
cant difference in P estimates was obtained for Bray XX and 
Truog*s methods fcr Mashoori* Ho significant interaction 
was seen for variety and treatments at this stage.
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Baring th© harvest stag© alto 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 X (4,74 ppm ). Xio significant difference 
in P estimate was shown by Bray XX and Olsen.

When treatments are compared, the highest p estimate 
was obtained for the highest level of applied XJ but the
lowest for ®ufc 130 significant difference in the
estimate of P wao obtained between and T2» T3 and 
and I5 and

Significant interactions were noted for treatments 
with methods of extraction. Bray XX and Olsen gave more or 
less similar estimates at ail the applied dooes of P. Th® 
highest was recorded for Truog end lowest for Bray X for 
all treatments, The highest P estimate was recorded by 
Truog for Tg (21.34 ppm) which was not significantly 
different from other estimates obtained fur the treatment 
under Xruog except for Xg. The estimate obtained for 3?2 
by Xruog was significantly low with tho other estimates 
for various treatments, by Xruog,

Samples taken from soils grown to Jyothi and Mashoori 
did not show any significant difference in the estimate of



p at this stage. Ho significant interaction was noted for 
variety x treatment and variety x method of extraction. 
However, higher estimates were obtained for both the 
variety by she Sruog’3 method.

5.2. Inorganic x> fractions at various growth stages

The abstracts of a h o v a 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 treatments at 30th day after sowing,
The effectj due to variety, anti the interaction between 
variety and treatments were not significant.

At 60th day after sowing, significant variation in
all the p fractions except rcuuctant P was noted due to 
treatments. Varietal ina.iu.enee on Al-p and the interaction 
Influence on Ie*4, Ca-P and sum of inorganic P were also 
significant.

She affects of variety and treatments were significant 
on salold P« Al-p, occluded P and sum of inorganic P at 
harvest stage. Varietal variation on reductant p and
treatment variation on Fe-P were also observed. The V x X 
interaction was significant on Al-P and occluded P contents 
at this stage.
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Sabie 6i.o ffeas iisorganSe v €ireetiioiis Cppa) at Uaj? aCier seaiey.

it) Saldd g
* 1

Hi) A l~P

®2 $3
Cn«»*n.*»iaK3»*»

*5
'»>«»n«Mb*ansa«E*a^*sa»cit«a.Ka

% Meats %
w « «3«5aj>«»«.«»«.( *2 % “4 % *6 £3©an

3.6S 4.28 4.S0 5,25 5.15 4.3© 25.00 29.95 33.13 33. ®0 41.60 51.05 3®. S3
3.45 4.2S 4.70 5,16 5.S0 4.20 24.95 23.35 32.73 30.75 42,10 51.10 36.50
3.55

ci"" ffbiU!

4,23 4.75 S. 20 $.33 ** 24.98 29.65 3S.9S 38.78 41. 8S sa .oa •*

Go iis fog ecspasisoo beteuoen Varieties 
C0.05) C¥<ta 0.13

!‘ Sr^atmeats (1)«* w.83
"  V s  S  =* o . a s

0.58
6«30
a. a?

c m )  ga-p
Heaa

Civ) Ga-g
'Aa *a aeon

Va 31.05 74.2® 05.90 93®33 119.4S 129.85 63*97
V„ 30.85 75.10 39.00 98.10 111.35 124.70 07.35
Jean 30.93 74.65 87.43 03.23 115.40 127,28

6,15 10.55 S3.7S 15*15 17,30 20,90 13.80
6.75 9.05 13.45 1S.45 17.65 21.35 14.©?
6,45 10.25 13.10 15.30 17.30 21.12

0*0* Cor eo^aison t&fcwam Varieties CO. 05) (v) «* 3.45
" ®raafccients It ) « S.9Qi: V :c -a 9 8*46

0.S0
0.51
0.72 MCXI-J

s*

confca.



(v) Reductent P
% % *3

V1 7.80 9.00 9.70
V2 7.90 8.48 9.75

■Jean 7.85 *”8770
»*»►«>«■•*(**»«
9,73

% Mean

10.85 9.64
11.10 9.65

10.98

C.O. for comparison between Varieties 
(0.05) (V) - 0.31

* Treatments(T) w 0,04
• V x T » 0.7*7

(vii) Sms of Inorganic g
Tj Tg Tg Tg Tg Mean

Vg 74.95 130.40 149.35 166.40 193.90 222.85 156.38
V2 75.45 129.45 153.35 166,65 191.40 218.65 155.83

lean 75.20 129.93 151.60 166.53 192,65 220.70 -

C.o. for eocnporiS’On between Varieties (V) *» 2.52 
(0.03} ° Treatments <T) » 4.36

* V x  I * 6.17

I o?

(vi> Occluded g
*t t2 %  T4 TS *6 Me®

2.80 3.05 4.1S 4.15 4.95 4.95 4.01
2.85 3.20 4,15 4.25 4.95 5.20 4.10

.83 3.13 4.15 4.20 4.95 5.08 * 7*

0.20
0.34
0,46
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The sneano of & fractions in soil ah various growth 
stages are given in Table 65 to 67.

At 30th day after sowing the mean salold P, Al-P, 
Fe-P, Ca-P, reductant P, occluded P and sub of inorganic P 
in soils grown with Jyothi and itoahoorl varieties of 
paddy were 4,20 and 4.20, 36,59 and 36,50, 88,97 and 
87.3S, 13.80 and 14.07, 9.64 and 9.65, 4.01 and 4,10, 
and 156.36 and 155.83 ppai respectively. Th© differences 
between the moan values for all the P fractions obtained 
for the two varieties were not significant.

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 pocs and tne pots with highest dose were 2,15 and 
5.33, 24.98 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 22Q.70 ppm 
for saloid p, Al-P, Fe-P» Ca-P, reduetant p, secluded p 
and sura of inorganic P respectively. Significant 
differences in P fractions due to treatments were observed 
in all combinations except Tg and Tg for saloid P, T^ and 
Tg for Fe-P and Tg and Tg, T^ and Tg, and Tg and Tj_ for 
occluded p.

Among t h e  i n t e r a c t i o n s  V j T j  a n d  V g T j  r e c o r d e d  t h e

lowest mean saloid P and VgTg, the highest. The Al-p was
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lowest for V2*j and highest; for V2*g. 2n th© case of 
Pe-P, VjTj and VjTg showed tho lowest and highest asan 
values respectively, She interactions Vjlj and VgTg 
respectively recorded the lowest ana highest rasan values 
both for Ca«P and raducfcont P. ®h© sum a t inorganic P 
was lowest for V-l’, and highest for VjTg.

The mean saloid P, &1-F, Fc-P, Ca-P, reduetant p« 
occluded P and sura of Inorganic P at 60th day after sowing 
Jyothi and Mashoori varieties of paddy war® 2.77 and 3*17, 
37,48 and 36,42* 93,37 and 94,35, 13,85 and 14,03, 8,10 
and 8.53, 3,17 and 3.07, and 159.90 end 159.57 ppm 
respectively. Excepting for Al-P, the differences between 
the mean values obtained for all the P fractions due to 
varieties were not significant.

With regard to the influence of treatments on P 
fractions, the maan values for saloid P, Al-P, Fe-P, Ca-p, 
reduetant p, occluded P and sum of inorganic p recorded 
by the soil samples fro® the pots with aero p fertilisation 
and highest dose of P were 1.35 and 4*15, 25,30 and 51.45,
34.00 end 134.10, 6.20 and 21.60, 6.65 and 10,05, 1.80 and 
4,00, and 75,30 and 225.35 ppm respectively. Significant 
differences could not fco obtained between Tg and for 
saloid P, 3?3 and for Fe~P, 2?s and $g, and Tg and 2?̂ for 
occluded p. She other combinations showed significant



XeMe €6* Keen inorganic P fractions (ppm) at 60 a&y after sowing*

(1) Salold i> Cli) Al-P
% *2 *3 *4 % % Mean % *2 % *4 S5

V2
V2

1.30
1.40

1.50
2.40

3.20
3.10

2.30
3.90

4.10
4.10

4.26
4.2©

2.77
3.27

25.20
25.40

30.60
29.50

33.80
33.00

39.30
39.00

43,!
42.!

feaa 1.35 2.93 3.25 3,10 4,10 4,25 — 25,30 30, OS 33.40 39.15 42,:

Mean

C.O. for cougariae® between Varieties 
( 0 . 0 5 )  {Vi »  0 . 3 ?“ Treatments (X) ® 1.16

* V x * ** 1,64
6. S3 
0.92 
1.30

(ill) ffe-P Civ) ca-g
mem i’. Mean

33,10 ©3.S0 91,S0 97.00 118.10 137.00 93.3?
V2 34,90 82.80 94.80 107.40 115.00 131.20 94.3S

6.00
6*40

10.60 13.00 15.40 17.10 21.00 13.35 
9.70 13.10 15.30 17.50 22.20 14.03

Sean 34.00 83.15 93,15 102.20 116.55 234.10 6.20 20.13 13.05 25.35 17.30 21.€
C.O. £oe comparison feefcueen Varieties 
(0.05) (V) « 2,40* Treatments (2) a 4.26

» V X X o 5.88
0.320,53
0.76

roaM
Cenfed,



(v) Eedacfc&nft
Mean

(vi) oeelwded p
6

Vz 6. SO a,30 9*00 4.70 9.76 10.40 8.10
6.80 7.70 8.10 9.3© 9,60 9,70 0.53

1.80 2.80 3,20 3.40 3.70 4.10
1.80 2,60 2*90 3.40 3.SS 3.90

Mean

3,17
3.07

Mean S.SS 8,00 S.S5 7.00 9.65 10.03
e»e. for eeftpaElson between Varieties 
(0.05) m  * 1.64* Xreatoanfes (a?) a 2.86

" V x T o 4.04

1,80 2.70 3,OS 3.40 3.7S 4.00

0,14
0.24
0,33

(vii) Sam of inorganic p
o*1 2 Mean

v2
73.90 133.30 153.70 168.10 196.20 229,20 159.90
76.70 134.70 155.00 173.30 191.20 221.50 139,57

Mass 75.30 136.30 134.35 173.20 193.70 225.33 -

:«o. for comparison between Varieties 
(0.053 |V> « 2,14

2‘reafcmonts i t }  * 3.71 V X $ = 5.25 ro

5

2

I
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Among the interactions, VjTj and VjTg respectively
recorded the lowest and highest mean values for salold P, 
Al-P, Fe-P» reductant p and sum of inorganic P. The 
lowest mean values of Ca-P was obtained for VjT^ and 
highest for VgXg, The occluded P obtained for wag 
lowest and the one for V^Tj, the highest.

in the harvest stage, th® mean salold P, Al-p, Fe-P, 
Ca-P, reductant P, occluded P and sum of inorganic P in  

p o ts with tfyothi and Mashoori paddy varieties were 2.77
and l.SS, 31,98 and 26.07, 87.98 and 86.01, 13,26 and 12.66, 
7,92 and 6.03, 1.78 and 0.77, and 146.77 and 134,67 ppm , 
respectively.

As far as the influence of treatments on P fractions, 
the values for the control pots and the pots with highest 
dose were 0.95 and 3.45, 20.03 and 37.48, 29.32 and 127.79
5.90 and 20.70, 5.53 and 8.95, 0.43 and 1.30, and 62,20 
and 2O0.15 ppm for saloid P, Al-p, Fe-P, Ca-F, reductant P , 

occluded p and sum of inorganic p respectively.

With regards to the interaction effects, excepting 
for Cs-p, th® lowest and highest values for all the p 
fractions were recorded for VgTj and VjTg respectively.

differences in P fractions due to treatments *



Sable 67, Ms-m inorganic P fractions tpptt) et harvest stage.

(i) Saloia p Ui> M-»
‘2 $3 *4 *5 % Moan % *2 *3 *4 ®S Hean

2.35 3.10 3.65 2.45 4.00 2.77 23.05 29.35 30.85 32.65 37,10 39. 8S 31.90
1.35 1.40 2.15 8.65 2.90 1.88 10.00 20,50 2S.J5 26,80 30.85 35,10 26.07

1.65
ka»*wa**ar«i»in><»«

2*25 2.9© 2.SS 3. 45 • 20.03 24,93 28.00
enn'wu*«><n«

29.73 33.98 37.48 .

C.B* for cessoarlsoa between Varieties
ce.osi ~ cv) * ©.si

* ©resfeaaais (S) « 1.06
B V * $ ® 1.50

©.42
0.03
1.60

Uii) ffe-g (iv) Ca-9
Heaa Mean

v t  30.70 75.60 86.95 94.55 111.05 129.05 87.90
\t 27.95 71.90 6S.35 97.15 186.48 126.50 36.01 2

6,05 11.05 13.85 15.90 12.10 80.60 13.26
5*75 8,95 10,90 13.40 16.15 20.80 12.66

Moan 29.32 73.75 06,55 93.85 108.73 127.78 5.90 10.00 12.3© 14.65 14.13 20.70 -

C.D. for eoirparison between Varieties 
(0*05) tV) *» 2.42

" Sreatraents tS) *» 4.39
¥ k  S » 5.93

1.85
3.20
4.52

M'O

Coatd.



(v) Reductant P
Xj Xg x3 T4 Xg Xg Moan

Vj 5,85 7,65 7,85 8,25 8.5S 9,35 7.92
V2 5,28 6.40 3.55 4.15 8.35 8.S5 6.03

4en& 5.53 7.03 5.70 6.20 8.45 0,95

C.O, t o t comparison between Varieties (0.05) (V) a 1.86
B Treatments (X) » 3,22
" V x X « 4.55

(vii) Sum of inorganic P
®1 *2 S3 S4 S5 ®6 Mcaa

Vt 66,40 127.40 144.50 157.00 180,05 205.25 146.77
V2 58.00 109.65 131.85 148,00 165.45 195.05 134.67

lean 62.20 118.53 138.18 152.50 172.75 200.15

C»0« for comparison between Varieties (0.05) (V) » 2.77
“ Treatments (X) => 4.80
n V x X - 6.79

(vi) Occluded P
X2 x2 Ts T4 T5 t6 Mean

0.70 1,40 1.90 2.00 2.30 2.40 1.78
0.25 0.55 0,70 0.85 1.05 1.20 0.77

0.48 0.98 1.30 1.43 1.63 1,80

0.13
0.230.32

roocn
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In the case o£ Ca-£>, VjT^ showed the lowest value and 
VgTg, the highest.

5*3. Biometric and yield characterIsticB at various
growth stages

The abstracts of m&VA t o r the biometric characteristic 
at 30th day and 60th day after sowing for height ©f plant, 
number of tillers per hill, total number of roots per hill, 
maximum length of roots, average length of roots and total 
dry matter per hill and the biometric and yield 
characteristics such «s height of plant, number o£ 
productive fillers, weight of roots, weight of grain, 
weight of straw and total dry matter per hill at harvest 
stage of the crop are given in Appendix XI.

Significant Influences due to variety, treatments and 
their interaction on height of plant, weight of roots per 
hill and total dry matter per hill were recorded at all 
the stages of observation. The influences due to variety, 
treatments and their interactions on the total number of 
roots par hill were significant on the 30th day after 
sowing. On the 60th day, the influence due to treatroant 
alone was significant on the total natter of roots per hill. 
The maximum length of roots was significantly Influenced 
by variety, treatments and their interactions on the 30th 
and 60th day after sowing. The effect of treatments alone 
was significant on the average length of roots both at
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30th and 60th day after sowing. She influence duo to 
variety and th© interaction between variety and treatments 
were not significant.

Significant influence an grain and straw yields per 
hill ty variety, treatments and their interaction was 
also observed.

She mean height of plant, number o f  tillers per hill, 
weight of roots per hill, total number of roots per hill, 
maximum length of rooto, average length of roots end total 
dry matter per hill at 30th day and 60th day after sowing 
are presented in Sables 68 and 69 respectively. She 
Sable 70 shows the average valves of height of plant, 
number of productive tillers per hill, weight of roots 
per hill, weigh® of grain per hill, weight of straw per 
hill and total dry matter per hill at harvest stage.

5.3.1. Height of plant (cm)

She mean height of plant for Jyothi and Mashoori 
varieties at 30th day, 60th day and at harvest stage were 
07.3 and 65.1, 74.5 and 106.5, and 86.7 and 120.3 
respectively, She height of plant Increased substantially 
by 60th day after sowing. The lowest end highest mean 
values on 30th, 60th day and at harvest stages war® 45.4 
and 76.4, 72.0 and 102.5, and 92.0 and 107.5 respectively



208

ger the control treatment ana the treatment with the 
highest dose of phosphorus. Among the Interactions VjXj 
and VgXg showed the lowest and highest rasan height of 
plant respectively at all stages of observation.

5.3*2. matter of tiilors per hill

tfyofchi produced lesser ausnbar at tillers compared to 
Mashoori, the mean values being C.S, 8.8 and 9.8 for 
dyothi at 30th day, 60th day and at harvest stages 
respectively, and 6.8, 12,7 and 14.2 for Mashoori 
respectively at tho above three stages. The lowest (0.751 
and highest (11.S) nuaber of tillers at 30th day after 
sowing were obtained far tha control pots and the pots 
with highest doao of S (128 Kg P^Og/ha) respectively.
At eoth day m& at harvest stage the lowest and highest 
seen number of tillers were recorded for the control pots 
and 00 Kg P^O^ta, fehe values being 7,3 and 23.0, sad 8.0 
and 14.0 respectively. There was a reduction in the 
number of tillers/hill for 90 and 120 Kg FgOg/ha. But the 
treatments X4, $5 and T0 woro at par. as regards to the 
interactions, vgXj vg®g produced the lowest (0.5) 
and highest (12.0) naan number of tiilera/hill at 30th day 
after sowing. On the 60th day after sowing VjTj ond VjTg 
recorded the lowest (6.0) assm number of tillers, the 
highest (15.0) by VgXg end V2Xg. ®hs lowest (7.0) mean



a
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number «£ tillers was obtained got VjT^ and tha highest 
(17,0) Eos the interactions Vj7s and at harvest stage.

5*3.3* weight c£ roots (g/hill)

tho, mean weight. of roots feat dyothi and Htshoori at 
3 0th day, SOfch day and st harvest steges were 3.66 and 
4,94, 7.58 and 13.55, and 8.68 aid 14*16 respectively.
®tie varieties differed significantly with respect So this 
character. She control pots recorded the lowest weight 
of soots shore as the highest value by tha highest p dose 
(120 Jtg/ha)# the mean weight of roots for the control and 
the highest P dose at 30th day, 60feh day and at harvest 
stage being 0.28 and 8.95, l.®3 and 16.38, sad 2.30 and 
18.13 respectively, mar# tha interactions and VgSg 
eeapaetlvely produeod the lowest (o.io) and highest 
(10.50} fjhantitjr of rests at 30th day after sowing, on the 
60th day, VjS^ and V2®6 showed the lowest (1.45} and 
highest (22.45) quantity of roots respectively. She 
interactions VgSj snd Vgfg respectively recorded thd 
lowest (2*08) and highest (23,85) quantity of roots at 
harvest atege.

5.3.4, Total nantoar of roota/hill

The moan total number of roots/hill for dyothi and 
Mashoori at 3Qth day and 60th day after sowing were 112.83
and 144,00, and 333,50 and 360,80 respectively. One to
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■ o w i n g  *

i * % i »  MaE-taim i&wBtfo a t  .resit C#©J
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-se# fiO*fi oof- ,fi$*$} r©3pe«tl^©ly# :awa % %  wese tho-
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ohtoiiiof- the'' loooot Cl©*#) tfloo for tho length -of„r©®ts , 
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9.3.6. average length of roots (em)

The average length o£ roots by tfyothi and Mashoori 
at 30th and 60fch day after sowing were 17.93 and 16.85, 
and 16.S3 and 21.17 respectively. Sue to the influence of 
treatments, the values for control pots and the one with 
hipest dose of p at 30th aid 60th day after sowing were
10.95 and 22.55, and 11.50 and 27.00 respectively. The 
interactions Vg®2 and VjTg obtained the lowest (8.90) and 
highest (22.60) values respectively for this character 
at 30th day and VjT^ and V2Tg respectively shewed the 
lowest (11.00) and highest (33.00) values at 60th day 
after sowing.

5.3.7* Total dry matter (g/hilli

The raean quantity of total dry matter produced by 
Jyothi and Mashoori at 30th day, 60th day and at harvest
stage were 5.06 and 7.61, 32.22 and 37,53, and 50.22 and
84.01 respectively. She differences between the mean 
values were significant. The average values of this 
character due to treatments were lowest for the control 
pots at all stages of observation, the values being 0.68,
13.20 and 31.20 at 30th day, 60th day end at harvest stage 
respectively, The highest quantity of dry matter was 
produced by Tg at 30th day, at 60th day and Tg at 
harvest stage, the quantity being 12,70, 46.50 and
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36.95 respectively. She difforencao between the insane 
Ssie to treatments were significant. Among the interactions 
VjSj recorded the lowest quantity of dry matter both at 
30th day (0.50) and at harvest stage (24.22), while V^Pj 
obtained the lowest quantity (10.30) at 60th day after 
sowing. 2lss- highest quantities (14.30. 34.00 and 113.33)
Of dry matter were produced respectively for the 30th day, 
60th day and harvest stages by the treatment combination
va V
5.3.0. grain yield (g/hill)

Mashoori out yielded tfyothi by S.IS. Jyofchi recorded 
grain yield o£ 20.0? whereas Mashoori 25.22. T h e  

difference between ths earns was significant. She lowest 
yield (11.25) obtained for the control pot ana the highest 
(27.50) by th® treatment resolving the highest dos© of P. 
®fee treatments ®g and ®g were, however at par.
Svfestantlal increase in grain yield was not obtained after 
the third doea of *> (45 kg PgOg/ha). Kith regard to 
interactions, VjTj recorded the lowest grain yield (10.10) 
and VjSg, the highest (32.40).

5.3.9. Straw yield (g/tUil)

She mean Straw yield by Jyethf and Mashoori varieties 
were 21.65 and 44.63, She superiority of fsashoori over



Table 68. Influence of phosphorus on the biometric characteristics at 30 flap
after sowing.

(1 )  H e i g h t  o f  p l a n t  tom ) (11) Suctbar of tillero/hlll
Mean Heat

V j 44.50 65.58 69.50 73.50 75.00 76.00 67.33
V2 46.20 62.50 65.20 68.00 71.90 76.80 65.10

1.0
0.5

3 .0
3 .0

5.5
5.0

e.s
9.5

10.0
11.0

11.0
22.0

6.3
6 .8

Mean 45.35 64.00 67.35 70.75 73.45 76.40 0.7 3.® S.3 9.® 10.5 12.5

C.O. for comparison between Varieties 
(0.05) (V>=» 1.28

* Treatments(T) ■ 2*22
0 V x T « 3.14

0.63
0.63
0.89

( i l l )  w e ig h t  o f  r o o t s  ( s t ) / h l l l C i v )  Total n u m b er o f  r o o t s / h l l l
Mean Mean

Vj 0.10 0.45 1.50 5.90 6.60 7.40 3.66
V2 0.45 1.30 2.50 6.50 7.80 10.50 4.84

41.0 76.0 89.0 116.0 142.0
46.0 71,0 87.0 180.0 225,0

213.0
255.0

112.
144,

Mean 0.28 0.88 2.00 6.20 7.2® 0.95 - 43.5 73.5 68*0 140*0 103.5 234.0

C.O* for comparison between Varieties 
(0 .0 5 ) (V) » 0.22

" Treatments (T) «> 0*37 
° V x T » 0.53

8. 75
5. 56 

21.44

roKW

C o n td .

© 
©



V j 10.38 28.90 24.10 25.10 20.00 33.00 23.32
Vg 11.50 24.10 28.70 31.90 34.30 36.70 27.87

Mean 11.15 22.SS 26*46 28.50 30.15 34.65

C.8. for comparison between Varieties 
(0 ,0 5 ) (9 )  ** 6 .64

** Treatments (X) <=> 1.45
w V x X w 2.05

(vll) Total Oct matter {q)/hj,ll
*1 *

1 M
 

1 I

%

V 1 0 .5 0 0 .7 5 2.20
» 2 0.05 2.55 8.30

lean 0.60 1.65 5,25

%  %  %  m s m

C.U. £or coo^arison batwsen Varieties 
(Q.OS) (V) © 0 .03" Trcatisenta (X) » 0.13

■ V x X «  0 .19

(vi) average length o£ roots £caa)
Xj Tg Xj ^ 4  Xg Xg Mean

—in~*-—  rr~'— 'n» rri —  r11— tn-^i-fai — t o — J-f iie>rni nufmnrrir-w rr-mir rri  m nrTn>— n-npi_iinriiK»#mMefcim i

10.30 13.20 18.20 20.30 21.10 22 .50  17.93
11.60 8 .90  17.40 19.40 22,20 22.60 16.35

awnnnwiiimiiM — i■ <m
10.95 12.05 17,00 19.05 31.15 22.55

1.83
3.18
4.49



Sable 69. Influence of phosphorus on th© biometric characteristics at 60 day
after sowing.

(i) Height of plant (cm) {11} Humber of tillers/hill
T
A 1 *2 *3 * 4 * 5 * «

Mean
% *2 *3 * 4 * 5 *6

65,00 69.00 82.00 84.09 73.00 74.00 74.50 6,0 6.0 11.0 12.0 9.0 •3.0
79.00 87.00 102.00 117.00 123.00 131.00 106. SO 8.0 10.0 14.0 14.0 15,0 15.0*2

Mean 72.00 78.00 92.00 100.50 98.00 102.SO

Mean

8.8
12.7

7,0 6.0 12.S 13.0 12.0 12.0

C.o. for comparison between Varieties 
(0.053 (V) ® 1.52* Treatments (S) *» 2.81* V M T » 3.98

1,36
2.35

(111) Weight of roots (q)/hlll (iv) Total number of roots/hill
T1 *2 %  *4 T S S6 Hean *1 *2 *3 *4 *5 T6 Mesn

Va 2.25 3.31 9.11 10.09 10.44 10.30 7.5S 116,0 220.0 390.0 422.0 424.0 428.0 333.5
V2 1.45 7.04 12.70 16.60 21.05 22.45 13.55 190.0 200,0 239.0 431.0 487.0 533.0 360.0

Mean 1.85 5.18 10.91 13.35 15.75 16,38 - 153.0 250.0 314.0 426.0 455.0 481.0

C.O. for comparison between Varieties (0.05) • (V) * 0.16 56.30 M* Treatments (T) a 0.23 97.51« V X  T » 0.40 137.90 On

I
Contd,



(v) Maximum length a t root:;; (csa)
* X T 2 %  *4 %  *6 Hesn

srs 30.0 28.0 32,0 31.0 28.0 30.0 2 8.8
tfj, 31.0 33.0 33.0 38.0 41.0 41.0 36.3

Mean 30*5 30.5 33.5 34.5 34.5 35.5

C.Q. for congericon between Varieties 
(0.05) (V) *1.15

* Treatments (T) *2.00
* V x T *2.81

(vii) Total dry matter (c)/hill
T1 *2 T4 He3a

Vj 16.10 18.10 41.20 45.10 36.20 36.70 32.22
V2 10.30 19.00 45,20 47,90 40.10 54.00 37.53

Mean islio 18.SS 43.13 46.50 42.60 45.35 -

C.JO. for comparison between Varieties 
(0.05) (?) * 0.50

11 Treatments (T) * 0.86
• V x T * 1.22

(vl) Average length of roots (cm)
T1 ®2 ’h  *4 *5 T6 MeaK

11.0 14.0 11.0 24.0 20.0 2J.0 16.8
12.0 10,0 24.0 19.0 31.0 33.0 22.2

11.5 26.0 22.5 21.5 25.5 27.0 -

6.21
10.75
15.20

ro i~.
CD



Table 70. influence of phosphorus on th® biometric and yield characteristics atharvest stage.

(1) Height of plant tem)
3

Vx 78.0 86.0 32.0 95.0 84.0 85.0
V2 106.0 111.2 121.1 125.2 128.3 130.0

(ii) Number of nroductlve tlllera/hlll
.Mean

86. 7 
120.3

Kean

Mean 92.0 90.6 106.6 110.2 206.2 207.5

7.0
9.0

8 .0

8 .0
12.0

22.0 12.0 20.0 10.0 9.8
15.0 16.0 17.0 17.0 14,3

9.5 13.5 14.0 13.5 23.5

C.O. for comparison between Varieties 
{ 0 . 0 S )  W  *  0 . 9 2

” Treatments (2) » 1.59
1.59
2.76

(ill) weight o£ roots (g3/hill (iv) weight of grain (q)/hlll
3JS T2 73 T4 Tg Ts *®an *J * 2  $ 3  mck»

Vj 2.72 3.69 9.6S 10.77 11.53 13.25 8.60 10.10 17.30 23.60 24.50 22.30 22.60 20,07
V2 1.88 7.60 23.49 17.45 21,50 23,05 24.16 12.40 29.50 26.40 28.40 32.20 32,4© 23,22

Mean 2.30 S.6S 11,37 14.11 16.52 18.15 - 11.25 10.40 25.00 26.45 27.25 27.50

0.11 0.28
0,19 0.48
0,27 0.68

C.o. for comparison between Varieties(0.05) (V) *     ..
* Treatments (X) «* 0,19 0.48 Pf
« V X <2 e 0,27 0.68 ^

Contd,
)



(

( l v )  W e ig h t  o£ s t r a w  < q ) / h i l l

T a * 2 S 3 0?4 * s  9?g  K e a n

V a 1 1 .4 0  1 6 .4 0  2 5 .1 0  2 6 ,4 0  2 4 .5 0  2 4 .S 0  2 1 .5 5

V 2 2 3 .9 0  3 2 .0 0  4 5 .0 0  5 1 .7 0  5 7 .1 0  5 8 .1 0  4 4 .6 3

fe a n  1 7 .6 5  2 4 .2 0  3 S .5 0  3 9 .0 5  4 0 .8 0  4 1 .3 0

C . D .  f o r  c o m p a r is o n  b e tw e e n  V a r i e t i e s  
< 0 .0 5 ) m  rn 0 .3 0

“ T r e a t o e n t s  < T ) «* 0 .5 3
" V  x  T  a  0 .7 7

( V )  T o t a l  d r y  b e t t e r  { g ) / h i l l  

*1 *2 *3 *4 *5 *6 Mean

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

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

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

0 .4 8
0 .8 3
1 .1 7

ro>—oo
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Jyothi was observed. With regards to the influence of 
treatments on this character, tho control pots recorded 
the lowest straw yield {17,65} and the highest dose of J?, 
the highest yield {41,40). Th© increase in straw yield 
was not prominent after the 4th dose of p {60 kg PgOg/ha),

Shore was no significant difference between the means for 
3*s and Xg. Among th© interactions VjTj and V2Tg recorded 
the lowest (11*40) and highest (SO.10) straw yield 
respectively.

5.4. p uptake (mg PgOg/pot)

She abstract of nnovA for p uptake at various growth 
stages of the crop are given in Appendix XII. The total 
p uptake was highly influenced by variety, treatments and 
the interaction between variety and treatments at 30th 
day, 60th day and at harvest stage of the crop.

The data on mean P uptake at various growth stages 
of the crop are presented in Table 71.

The mean P uptake by Jyothl and Mashoori varieties 
at 30th day, 60th day and at harvest stage were respectively 
33,32 and 42,57, 38.30 and 49.86, and 34.31 and 44*66.
The maximum uptake by then© two varieties was observed 
at the 60th day after sowing.
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Sabi® 71. influence e£ phosphorus on the s* uptabo (mg p.Og/pot) 
by rice at various growth stages.

(i) BO^dav after sowing
** Tg Mean

22.25
30,66

29.60
37.65

33.05
40.13

36.75
46.30

38.80 39.49
48.4S 51.20

33.32
42.57

Mean 26.46 33.63 36.59 41,53 44.14 45.35
C.D. for comparison between Varieties (V) =» 0.35 (0.05)
C,». for comparison between Ofreataents (T ) <= 0,61 (0,05)C.b. for csô jarison between V k ® a 0.66(0,05)
(ii) 60***. day after sowing

Masn

V1 27.55 35.65 37,09 41.08 43.35 44.30
*2 38.69 44,30 47,17 53.97 56.40 58.61
Mean 33.12 39.90 42.53 4 7I5 3"” 49,68 "sir̂ s"

38.30
49.86

C.O. for carnparieon between Varieties (V) = 0.54 (0.05)
C.S. for comparison between IreatmontsIV ) ■ 0.93 (0.05)
C.0. for comparison between V x I e 1.32(0.05)

(Hi) Harvest
Moan

*2
Mean

24.20
32.60

30.34
38.39

33.47
42.41

37.60
49,05

39.23
52,13

41.00
53.40

34,31 
44. S6

28.40 34.37 37.94 43.33 45.60 47.20
C.a. for comparison between Varieties (V) ■» 0.21 (0.03)
G.O. for comparison between tosatrc-ents W) ** 0.37

(o .o s )C,£>. for comparison between V x I =0.32
(0.05)
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With regard to the influence of treatments on P
uptake, the lowest and highest values at 30th day, 60th 
day and at harvest stage were 26.46 and 43.33, 33.12 and 
51.46 and 28.40 and 47*26 respectively. Increase in P 
uptake was recorded as the dose of P was increased at all 
stages of observation. The percentage uptake was highest 
for *2 (30 kg PgOg/ha) and th© increase in dose decreased 
the percentage uptake of P.

Among the interactions, VjS^ and VgTg recorded the
lowest aid nighest mean P uptake at all stages, the values 
being 22.23 and 51.20, 27,53 and 51.46, and 24.20 end 
53.40 respectively,

5,5. Halation between available P estimated by different 
extractants and inorganic P fractions

Correlation coefficients and the stepwise regression 
analysis between available t> estimated by four different 
methods (Bray X, Bray ZZ, Olsen and Xruog) and Inorganic P 
fractions a t various growth stages of the crop were worked 
out and presented in Table 72 and 73 respectively.

The available p estimated by all the four method* 
except by Truog, was positively and significantly 
correlated with all the inorganic P fractions at all



Table 72. Correlation coefficients between inorganic P fractions and available P by different
extractants at various growth stages of the crop.

3 0 ^  day after sowing 6 0 ^  day after sowing Harvest stage
Bray 1 Bray 2 Olsen Truog Broy 1 Bray 2 Olsen Truog Bray 1 Bray 2 Olsen Truog

Saloid P 0.88 ft*0*8© ft*0.73 0.44 0.87 0.89 0.86 -0.07 O 
1

*35 
|

o.ll •v*0.87 -0.23
Al-P 0.90 *ii'#0.90 0.69 **0.72 0.5! 0.98 0.11 0.02 * * 0.92 0.91 **0.90 -0.22
Pe-P 0.91 ft*V0*91 **0.72 0.50 * ft0.90 0.90 f. ft 0.82 -0.05 o.ll ft*0*92 **0.94 0.10
Ca-P V *0.90 **0.89 0.H ft-ft0.63 **0.96 Q.96 Aft0.85 -0.02 0.95 **0.95 0.97 -0.03
Reductant-P o.sl 0.85 0.71 0.52 ft*0.90 *■ * 0.92 0.87 0.04 «*0.91 * * 0.9i **0.91 -0.15
Occluded-P * * 0.87 ft i' 0.86 0.66 0.50 A A0.91 * * 0.93 **0.8S 0.03 **0.73 JV*0.73 0.70 -0.36
sum of 
inorganic-P ft ft0.91 lit ft0.91 ft*0.73 ft*0.56 **0.93 **0.94 0.85 -0.03 0.94 0.94 0.95 0.02

* significant at 0.05 level 
** Significant at 0.01 level.

to*0
PD



Table 73. Buranory rosulto of tee otspwiee regression anslycis far
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occof tito crop.
•e (Kp), Kea-p (X@), Ca-P'(Kg) aaS
Xudê -l5 {X1Qijs> mtctiono at various growth stages

S“2

(X ) /. =* -2.1423*0.120§X, 8.9071 (0.0120)/
(14) t , « -4,?299̂ e.O7§Sx„-eS.lSS0K(S 0.914

 __.■_tq.0308)/(0.nnj” .......
(1) X- a »2.e960+0.16slx,2 co.amr
(ii)X„ a 5 . 5549 +©. 11 9 «k . *0,191I X .

(i) x- » -a.9394+3.oailju3 (0.513533
(113 X, ® 1,8424+ 5 .3al9Xc0.19ai5t1lfl

3 ii&sigi24kS2i§irs
(13 X, a -4.0990+0.5281)6,* (0.1461r
(14) S. a -27,9453*2.66§Sxr-3«93i§K»,

4 (0*6237) (1.1199)
(lii) Y. a .4350+2.0993^-3, 033i^„+3. 430C2L,

4 °(i,4502)"(2,7G9fc)
(iv) a -44,filS«+?,S3slkg«̂ ,oa4i(p+3.S1753f0-3.5634»lo

IS,
U) Y, o -8.1246+0.3S47X, 0.979(0.0177) . . t... _...
i t )  ¥„ ® -lO.6076+G,S2(mfi 0.881
  ̂     ,...
U) Yg ® -16,6840+3.lollsta 9.871(0.3733)
(it) X, « -15.3373+2.6S3»;a+0.1566i£, 0.974

* <0.9«51)W(0.1297}6
Ciii) X, ® -17.33. S4+2. bGS&k»+C. 268GX.-0.7133K- 0.875d (2..045?)BC3»13©l)fc,(0.7Q71)a

* Significant at 0.05 level 
** Significant at 0.01 level,

crontd
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U) X, 10.8643—0.19 575i_ 0.11S
4 (0.3616r

(ii) if, e 9, 361 a-0. 3602X,.< 1.lOW,, 0.174
4 (0.6825) (0.93307

(iii) t,, a 6.9368—©• 931X5.. c.*4.C3S34.,.~Q.©SOt'H.j 0.307
_  ___  4__  _| ̂ J 0.6ba5)J(2«O8S5ru(0.0488r __
t i l ,  Hardest c-t.Zii',a

(£) X, ° 2.4479+0.540^ 0.951
a (0.0375)

(ii) X, = -2.4334 +0,43£Skl.+0.S?6iX„ 0.9SS
  r ______ (0.0702);'<0?3b4gjr  ___ ____________________

(i) t a —3.3823+0,7510X- 0.94S
1S&033Z21_____ ______________________________

tAJ X- » -2,S319<0.G66lxQ 0,969
d (0.0362)

U) S « 2S.2014-1.13iai.,A 0.356
4 (0.6326)

(ID « 20.2193-2.3olix,ft+0.0409K„ 0.534
* (0.75X3) (0*0170)

(iii) H. a 4O»?204fO,2687X,o+O.17O2S„-4.C3l2y»Q 0.744
y (0*9189) (0.0376) (1.2610)

* tlgnif letnt, afi o®05 lovcl 
s* bigniXlcom. at 0.01 Iwoi.
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growth stages of the crop, The Truog*e-P was observed 
to be significantly correlated with inorganic p fractions 
only at 39th day after bowing*

In the regressions* it has been observed that Fe-P 
accounted for about 90 per cent of the total variation 
in the available p estimated by both JSray X and Bray XX* 
Saloid P by ?S per cent for Olsen and Al-P by 62 per cent 
by Truog*® method at 30th day after sowing. At 60th day 
of the crop* about 98 per cent in the total variation of 
the available P estimated by Bray X and Bray XX methods 
was explained by Al-P* reductant P by 87 per cent for 
Olsen and aaloid P by 12 per cent for Truog‘s method.
The Ca-P fraction was observed to be responsible for about 
95 per cent of the total variation in available p estimated 
by Bray X and Bray XX while it waa about 97 per cent by 
this fraction for Olsen’s e and 36 par cent by occluded P 
for the P estimated by Truog*s method at the harvest stage*

5*6* Relation between the available, P estimated by dlfferci 
extractants and biometric or yield characteristies.

The relationship between biometric and yield 
characteristics with the available P estimated by Bray X* 
Bray XI* Olsen and Trues methods were worthed out and the
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corresponding correlation coefficients are given in 
Table 74 < The summary results o£ the stepwise regression 
for total dry matter, grain and straw yield with the p 
estimated by the four extractants are presented in Table 
75 and 76,

At 30th day after sowing, significant positive 
correlations were obtained between the available P 

estimated by all the four methods and various characters 
of the crop except the correlations for the available p 
estimated Ly Truog's method witn the maximum length of 
roots and with total P intake.

The relationships between all th® characters and th©
P estimated by Bray X, Bray XX and Olsen methods were 
positive but with she Truog's p it was negative at 60th 
day after sowing. No significant correlation was observed 
between total dry matter and Truog's P« At harvest stage, 
the correlations between available P toy Bray X, Bray XX 

and Olsen's methods and grain yield were significant but 
no significant correlation was observed for Truog's P and 
grain yield. Significant correlations were obtained botweoi 
available P estimated by the four different methods with 
total dry matter and with total p uptake but the relation
ship for the Truog's p with these characters was significant 
only at 0*05 level*



Table 74. Correlation coefficients betweea biometric or yield characteristics with available P byvarious meteods at different growth stages of V o crop.

Bioaetrie or yield characteris tics
30 day after sowing

Available p by different methods“Mr— — — — — —  — —60 day after sowing Harvest stage
Bray i Bray 2 Olsen Truog Bray 1 Cray 2 Olocs Truog Dray 1 Bray 2 Olsen Truog

Ht. of plant
Mo. of tillers/ hill
wt. of roots/ pot
iCtal Bo. of roots/hill
Xax. longth of roots
Average length of roots 
Total dryaatfcsr (g/hill)
Crain yield (g/pot)
Straw yield(g/pat)
Total V uptake (sag/pot)

*1*f0.87
0.81

* -» e.s? * * 0.87
0.77
0.74

0.42
0.15

0.3S
0.45

0.34
0.45

0.23
0.40

-0.S0
-0.52

0.12*0.48
0.12
0.48

0.36
0.51

&->0.S4*0.44

0.HI 0.73 1&- <1 0.65 ft £• 0.68 o .b i 0.C7 . * C.57 -0.37 * ■> 0.75 o.ls O.ll 0.35

0.74 0.72 0.IS O.M O.sl 0.£4 0.77 -0.13 - - _ -
*■=&0.73 ftsSi0*72 0.61 0.39 0.2S 0,26 C.09 s &■ -0.56 - - - -

0.32 & •& G.91 0,76 A 10.52 3.65 0,65 O.ll -0.36 - _ - »
0.5§ ft£-0.75 0.b7 0.61 0.ll ft *0.73 c . ’h -0.36 0.11 f t *0.59 f t  j 0.61 0.43

- - - - - - - 0.11 A *0.72 O.ll 0,27
_ - - - - - 0.«I v0*42 0.46 0.52

0*§5 o.sl 0.48 0.3S 0.1? 0.57 0.4S -G.io 0.64 ft0.65 0.81 A0.46

* Significant at 0.03 level
** Significant at 0.01 level roro
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Table 75. Suurrtory results of the stepwise regression analysis 
for total dryojtfccr (X) and the available P 
cotimotea by Bray l (x,), Bray 2 (X,), Olsen 0'-,) 
and Truog's (x4) setboHS at various growth stages of the crop.

i. 30th after sowing
(45 x ® i.7310+0,esalx,.„(0.2|g5r___

IX* 60 day aEteeg eow&Bq
(15 X o 14.7130+2.2599K.- 

(0.45265
(11) X s. 32.1080+2.31§lx,-1.7457li,

(0.44015(1.1169)
(ill) 2 a 31.2540+1,4357x„..l.7634X, +1.02JSX, 

  . (1.0086) (1.1312) (1.1114)

*-8

0.463

0.729

0.749

0.747

ill. Harvest stage
(i) X a 34.9769+3.1086?...

(1.3966)*1
(11) X 0-56. 5696+4.74llx,+4. SO10XA

a.asisru.saaor

0.S1S

0.696

* Significant at 0.05 level 
'9'1 Significant at 0.01 level



223

Sable 76* Summary results o£ t! e stepwise regression analysis 
for grain yioid {X,) and straw yield (Y„) with the 
available P estimated by acay 1 (X,), Bray 2 (X,)* 
Olsen (30 and Truog's (X.) methods at harvest "'stage.

(i) X, o 13.2703+1.48§§X,
4 (0.2301>d

(ii) X, *  2.1S07+1.445@X,+0.S«6ax,
"  (0 .2083) (0.4321)

a*2
0.738

0.747

(4) Xg » -39.7013+3.491Sxj

(ii) ® 44.3413+3.16405t„-'-l«81 £33X4
* (1.1418) (0.7617)

0.512

0.627

<* Significant at 0,05 level

®* Significant at 0,01 level
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She regressions for available p by the above fear 
methods and total dry natter Indicate that about 4© per cent 
of the total variation In dry matter produced at 30th day
of tha crop was accounted by Bray 1-P, 73 per cent of the
total variation in dry matter at ©Oth day by Bray 2-P and 
about 62 p eg cent of th® fetal variation in dry matter 
by Olsen's p at tha harvest stage ok th® crop.

when tha P estimated by all tho four methods was
regressed with grain as well as straw yield, it was 
observed that about 74 and 51 per cent of the total 
variation respectively in grain and straw yields have been 
observed to ho explained by Olsen's P.

In the regressions for total p uptake and th® 
available j? estimated by the four methods (Sable 77) it 
has been observed that about 59 per cent of the total 
variation in th© P uptake was explained by Bray l«e at 
30th day after sowing, about 60 per cent of the total 
variation in p uptske was du© to Truog's-P at 60th dsy 
after sowing and about 68 per cent of the total variation 
in P uptake was explained by Olsen's P at harvest stage 
of the crop,

5,7, Halation between blomotrle and yield characteristics 
with inorpanic g fractions

Tha correlation coefficients between biometric as 
well as yield characteristics with the inorganic P



Table 77. Summary results of the stepwise regression analysis 
for & uptake i t )  and available p cot J mated fey 
«ray 1 0 0 ,  Bray 2 (X?), Oloen (X,) and rrtiog's (X, 
met! ods at different gi'outh stages of feho crop.

flH1. 30 day affeor sawing

i i . )  t  a 28,7591+1.0S28X- 
(0.3490 )

(ii) X a 30.2654+1.3341X.-0.2439X, 
(0,432?)" (0.2479)

IS. &Q^n Uav after
(1) X « 73.a277-2.03fe,

(0,804?)®
(11) X - 6S.8848-3.1G?§X7l+2. 5726X,.

(0.5099) (S3.83487

a-a 

0,552 

0.352

0.602

0,864

111. Harvest stage
(i) ¥ o 28.63SO+1.72lox»(0.4005)
(ii) X = -1.6053+1,6052X,+1.4S72X.

(0.3516) (0.5269)

0.676

0.767

* Significant at 0.05 level 
VB Significant at S.01 level
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fractions at various growth stages of the crop are 
presented in Table 78 and the sunsnary results of the 
stepwise regression for total dry matter produced with 
inorganic P fractions and total P uptake in Table 79,

At 30th day after sowing significant positive 
correlations were obtained between th© inorganic P 
fractions and all the characters studied. Similar is the 
cass with respect to the relationship obtained on 60th 
day after sowing except the correlation between maximum 
length o f roots with Al-P, Pe-P, reduetant p , oecltded p 
and sum of inorganic P. A t harvest stage, the grain yield 
was well cotrelated with all the P fractions except 
occluded 3? and th® relationships between straw yield with 
JFe-P, Ca-P and sum of Inorganic ? were alone significant; 
the total P uptake was significantly correlated with Fe-P, 
reduetant P and sum of inorganic P at this stags of tho 
crop.

The regressions for total dry matter with all the 
inorganic P fractions and total P uptake at various growth 
stages indicate that about 68 per cent of the total 
variation in tho dry natter produced was explained by 
P uptake followed by Fe-P at 30th day after sowing and 
about 82 per cent of the total variation in dry matter 
produced was explained by Ca-P and then Al-P, both 
accounting for about §0 per cent in the total variation on 
th© dry matter produced at 60th day after sowing.



T-bl=> . 78 Gorr°l tion Coefficients betw^n bion°tnc or /i°la char ct notice \ itP inoi n F ir ctio^s
at Vj-ua^ prô rth stacks of tha crop

a l.
Inorpa m e P fr -e tion s

No. ch a ra c te r is tic s 3 0 th  day a fte r sowing 60th  day a ft^ r  sowing Harvest stage

1 . Height o f P lant (Cn)

1 cu

ri
3
C
J) _

M

a.irW

“(-------
||

a.
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hmxaskcy results of toe regression analysis far Sotol dry matter (X) an<3 inorganic 
fractions | SalolO-P (X,.), ftl-P (K_), 2?®-P (X»), Rod-j? <Xg ), Ca-R <X~) and 
Occluded-P (̂ j c ) ) and tsfcal 9 upfcaKe (*jj) at various grovth stages.

Z. 30 day after oowintin»i.i,»iiiTiiri»n~rr'irTgniwi--irim iMri>r«MMg-tic»weMgre«B^J«»& .
-11.3464+0*49«J6X..O . a m r 1
-1 0 .Si 2S+C.39olx,, 0338K-

CO,170S)1"C0.O47Or
-S.5@2Qt-0.SO3®£„-4a»2301S„-6.313S£I. 

<0.17981 (0.1135) <3.3589)

Ci) X a

(ii) X s

Siiil X =»
(iv) t C3

(v) Y

<v£) ¥ a

<.6.4109*GoS%!L0X, , +0. 307&*—S» 9319X, “0«672&ir <O.189O)AitO.l«S6),(3*4128}>><0.7943)-#
-28.?50S+0.63lfk„,*S.39SIx„-2.93e8S_<»4*S071Sc,+i.4S3®K 

{0.1884) <0.1457) (3.6092) <2*2210) <0*7712)
-<0. 45564 0. seiSx. . 4-0.418®S„-4 .e o S lK E -S . 733?X..-il .6850BL,+5.1lOTX- 

(0.1812) (C.14013 (3.S231) (2.2623) (0.7584) (3.1810)
11. SO^aav after sowing~̂ i rxui. ,TV'-r̂ rf»». ir i .^ ir ■.nrjti.m&i i.i.i \m ^

<i) X = 1.8S6245.3096K*(0.3547)
(ii) X o 43. 7375+7.7ollx0-3.14S3X,

(1.3347) (0.770S)
{£11,3 X « 37.1779^48$8Kor2*83Slbl̂ +3.90SSK~

(1.4S40) (0.74S3) (2.1Q35)
C iv i X = 42.2793+0.1ol&£o» 3 .8 9 f lx l,-j4 .2 5 4 isc,-O.2042Ji,„

(1.7330)^(0.7519) (2.6630) (0.1414)
*" Significant at 8.05 level
** significant at 0.01 level

R
0.683
0.675
0.718
0.714
0.752
0.776

0.813
0.899
0.910
0.915

M
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5*8* ftelatlop between total & uotsfee with Moreetr&c*
3^gMj^MSoagSMMse^dJrogsjal^e^.§gM^a»

She correlations between total Is uptake and th® 
various characteristics ofi the pliant are given in Sable 80 
and the summary results a* stspwis© regressions for 9 
uptake uiich inorganic w fractions at different growth 
stwes o£ the crop in Sabi© 81.

Significant positive correlations were obtained 
between f uptake and all the characteristics of the crop
via*, height of plant, annbar of tillers* weight of root, 
total number of roots* taasslmw length of root®* average 
length of roots, total dry matter, grain and straw yield.

In th o regressions between P intake and various 
inorganic P £ m efelons* it teas been observed that about 
81 per sent of the total variation in £> uptake could be 
explained ny £‘e«s» followed by Al-p at 30th dear after 
sowing and about 73 per cent of th© total variation to 
p intake was accounted by Fa-p both at 60th day after 
sowing and at harvest stage of the crop*

3* Comparative evaluation of two sources of phosphorus 
on r&ce in the acid soils of Kerala.

She abstracts of A80VA for all the characteristics
at the panicle initiation stag© of th© rise crop are given
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Sable 00# CosrolatiisE coefficients laetween blurasfcric oryield chesaatenotees ulth total » uptake at various grouta stages of fie crop#

Cl#liO. Bio«et*ie or yield aiaroeteristioa
Sofeal £> uptake i&g/pot.)

30«»aa6rafter sowing 6«thaaj? after sowing Harveststags

1. Height of plant o.9! o.SI o.ll
2. at# of tiiles-s/hlll a.l3 e.18 0.92
3. weight of Eoote/pot o.eS **0,92 0,11
4, total so# of roots/ hill o»e! 0.11 “

S, Mox, length ofi roots/ (ea>i o.l! o.ll

S. Average length orroots Sec J 0.79 oJt -

7. total Usyraatter (g/poc) S.80 o.ll 0.11
8. arain yield (g/pot) - - o.»l
9. Straw yield (g/pot) » . o.ll

a Significant at 0«0a leva!
*-• significant at 0,01 level
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Table 63., Summary results of two stepuise regression analysis 

for P upftafcs (Y) and inorganic fractions |&aioi<3~p 
(K,), Al-p <Xf), S‘e~» US-), Keu»P {..„)» Gs-P {KeJ ana 0eelas3ed-F aft various rjrcwth stages.

R"3
2. 30^ day after sewing
(i) ¥ « 18.9067+1.36SSX» 0.807{0.2131}
{ii} X a 30.1S76*3,028§K.,*^},9«aK- 6.819(2.1352)*(0.6322)
(D.i) t 9 30.47SS4.5,243lK«-.2.«Si33t„-0»1312Sfi 0.024

(2.0422) <0.¥$29) (0.1542}

.sseSss
¥ e 26.4429+3.,26§liS, 0.720,(26.4620J

(li) t <o 4O.23S3+4,03i,e4«-l,63alx(. 0.789
{1.123.8} 0„64?S3t/

<iil) ¥ a 6S.O080+4.6aIlg«-2,S66S!£r«3.1671Xe, 0.794
(i.23,65) 0.6436) {2.6577}

(IV) % o 66.300S+4.13,l&i„«1.37ilsi,w4.094S3tr,+2.1785KK 0.79S(1,2803) {0,0620) (2.7640) (1.0237)

ttX, Bagyeet.Otago
<i) ¥ a 31.9343+0.2Si'k„ 0.737(0.0394)y
(ii) ¥ ̂  §t.98«-#*.33s!k„»0.33§iK, 0.939(0.0263) (1.1663)
a&) IS *» 31,5b6S+0, 25ISk„~1S. 279§X-+6.716&r 0.949(0.04S?)* (3.3204) (3.0398}J

* Sigsifleanfc aft ©,05 level 
*H ilgoifieatt at 0,01 level
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Sa appendix XSV and XV and the data relating to tho 
influence of two sources of phosphorus in different soli 
types on the biometric and other characteristics of the
rise crop at panicle initiation stage in Sabi© $2 to 94.

5 . 1 . i .  H e ig h t o f  p la n t

while a significant increase in plant height was 
observed with tho application of P. th© different sources 
of ? have no significant affect os this character, a 
quadratic response was observed for this character with 
the application of throe levels of ». When tee dosage was 
increased from 30 to 60 kg PgOg/ha. about 8 per cant 
increase in tee height was noted. & significant interaction 
was noted for the w  sources of p with the various levels. 
At lower dose (30 kg PjOg^ha) t-aep (Moaeealeiua monophosphate 
was found to bo mom effect iva than the *CJ» C'friealeisa 
phosphate) white Sos higher doses SSP was found to Sa 
st©6ffi.or ta >K3> ft significant interaotios was observed 
for soils under different treatments. Varied response to 
application of MCP at different doses was also noted.
Bias, laterltic alluvium. Sari end Kayal soils showed a 
quadratic* Kola soils, a positive linear and Karapadam. 
coastal sandy and Pokkali soils produced a negative 
response. But a differential response was observed for



23‘J

TCP with the dosages. Plant height was found to increase 
with an increase in dose in laterltic alluvium, Kari,
Kayal, coastal sandy alluvium and PO&kali soils. A
quadratic response was observed in Karapacem and Kole soils

6.1.2. Number of productive tillers

P application increased productive tillers toy- 
16 percent. She different sources of P showed varying 
responses in the number of productive tillers, plants 
grown in soils treated with TCP produced 3 par cent more 
tillers than th® one grown with MCP. The increase in dose 
ia found to increase the number of tillers in  general. 
However the rate of increase was found t» decrees® with 
an increase in dose from 60 to 90 leg p^Og/ha of TCP.

Significant differences in the production of tillers 
wesce observed with varying soil types. Th® maximum number 
of tillers was observed for plants grown in Kole soils 
while minimum for the one in PokXali soils, Kayal and 
Karapadati soils were found to ba superior to all tha other 
sells except Kole soils in terms of tillering habit for 
rice plants, bateritic alluvium, Kayal, Folckali and Kol® 
soils produced a quadratic response for productive 
tillers with an increase in dose of & while a negative 
response was observed for Karapadam and coastal sandy- 
alluvial soils and a positive response for Kari soils with i
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Table 82. influence of mop and TCP in different soils on
height of plant (sa) at panicle initiation stage.

Soil Type (S)
Treatments (®)

Mean (s)
*6 T7

bateritie alluvium 36.5 39.5 49.3 46.2 38,7 46,5 46.7 43,3
Kari 52.3 55.1 61.3 54,1 56.6 65.1 67,4 56.8
Knrapadam 51.3 S8.4 56,6 55.3 54.7 56.6 56. 8 56.0
Kayal 52.1 54. 7 56.1 57,4 54,7 59.5 60.7 56.5
Pokkali S2.2 53.7 52.1 46.4 47.7 SO. 4 53.6 31.2
Coastal sandy 
alluvium

46.6 53.7 50.3 50.8 51,2 51.7 51.8 50,9

Kole 53,5 64.1 66.8 66,4 50.6 66.5 65.4 62.2
Mean (T) 43,2 54.2 56.1 54.4 50,6 56.9 57,5

er* ax

C.0. 8 a 0.12
<0.05)
“ X « 0.12
* S x T<s 0.32

Table 83. Influence of &NP and TCP in different soils on
productive tillers/hill at panicle initiation stage.

Soil Type (S)
Treatments <T)

— —  Kean (s)
% T 2 *3 *4 - ! s - .*‘6, x7

hateritie alluvium 6,0 7,0 10.5 10.0 5.0 7.0 8.0 7,®
Kari 6,0 7.0 9.0 10,0 7.0 9,5 10,5 8.4
Karapadam 9.0 11,0 9.5 8,7 3,6 10,0 10.0 9.5
Kayal 7,0 8.0 10.0 10.0 6.0 11.0 12,0 9,1
Pokkali s.o 4.5 5.0 4.5 6.5 7.4 S. 5 5.9
Coastal sotKiy 
alluvium

9.0 7.5 S.O 4.5 5,5 6,4 6,2 6.3

Kole 
Kean (T)

9.0 10.0 
7.3_”7.9

12.0
8.7

12.0
3.5

10.0 12.0 14.0 
6.9 9.0 9.9

11.3

C.O.
(0.05)

S =» 0.08
X » 0*08 S x X a 0.21

41 3



241

aa increase in levels of I? as ttcp. When top was applied, 
productive tillers was found to increase with an increase 
in 9 in laterltic alluvium, Kari, Kayal, PoKKaii sad Kole 
soils. It was found to deerease With highest dose Of P 

as TCP in Karapadam and coastal sandy alluvium.

6.1*3* Height of ro o ts

The root weight of P treated plants increased by 
49 per cent over those of control. 0i£f©rent sources of 
p did not produce any significant difference in root 
weight. However, an increase in dose had a significant 
effect in increasing the root weight. Thus the weight 
of roots was found t© increase fey 23 per cent for the 
first incremental increase of 30 Kg p^Og/ha from 30 to 
60 Kg/ha and then to 4i per cent far the subsequent 
incremental increase of 30 Kg P20 -/ha from 60 Kg to 90 Kg 
PgOg/ha. Weight of roots caasfcedly differed depending 
on sail type. Th© root weight was more for plants grown 
in Kari soils and least for PoKKaii soils, Kole soils 
ware nearer to Kari soils in this respect. significant 
interaction was observed between soils and different 
treatments. In general, ©11 the plants grown In all soil 
types gav® more weight of roots with an Increase in 
dose except a negative response observed in coastal sandy 
alluvium and poKKoli soils treated with MCP, where in 
the root weight was found to decrease with an increase 
in dose.
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6,1.'4. riel.qfafc o£ 3fcraw

She straw yield increased upfco 30 per cent with P 

application as compared to control. She weight of straw 
was found to foe affected fey various sources of p. Plants 
treated with TCP produced stout 10 per cent sore straw than 
those grown with MCP. The first incremental increase of 
30 kg/ha from 30 to 60 kg/ha and the second incremental 
increase from 60 to 90 fog enhanced straw yields foy 11 and 
18 per cent respectively.

Straw yield was significantly different with varying 
soil types. Maniau® ylelMwas recorded with Kole soil and 
minimum with Pokkali, Significant interaction was noted 
for soil types under treatment, foafcarltic alluvium* Kayal, 
Karapadam, coastal sandy alluvium and Kole soils treated 
with asp produced quadratic rcapons® with the dosage and 
linear increase In response with Kari and Pokkali soils. 
While lateritie alluvial and Kayal soils treated with yep 
produced quadratic response and Kari, Karapadam, coastal 
sandy alluvium, pokkali and Kole soils, a linear response,

6,1*3* -Total. drymstter

The drymafcter yield was found to increase (32 per cent) 
with p application. When TCP was applied, the drymafcter 
was found to foe 14 per cent more than that obtained with MCP
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Table 94. influence of MCP and TCP in different soils on
weight of roots (g)/hill) at panicle initiation stage.

Treatments (X)
iS d X  'X*V23© Jis) e*<»

*1 ®2 *3 *4 % ™  ' h ~

latoritic alluvium i.l 1 .3 1 .7 2 ,2 0 ,9 i.l 1 .3
Kari l.l 1 .6 2 .1 2 .4 2 .3 2 .7 2 .8
Karapadsa i.l 1 .4 1 .7 2 ,0 2 .2 2 .2 2 ,3
Kayal a .2 l.S 1 .9 2 .2 0,9 1 .3 1.5
Pokkali 0.8 0 .7 0 ,5 0 .4 0 .0 1 .0 1 .4
Coastal sandy 
alluvium

1 .1 0 ,9 0,8 0 .6 1.1 1 .3 1 .9

Kole 1 .3 2.1 2 ,5 2 ,5 1 .2 2 ,3 2 .3

Mean (S) i.l 1 .4 1.6 1*8 ~ ~ u l T . ? ” ’ilo “

c * a . 0 « 0.09

—  Mean <S

1.4
2 .2

1.9
i.a
0.3
1,1

3 .0

CO,OS)
* 3S T 0 .09

0.25
table 35, Influence of ticp and tea? in different soils an

weight o£ straw (g/hill) at panicle initiation stage,

Soil Typ® (S) •—»«

lateritic alluvium 
Kari
Karapadam
Kayal
Pokkali
coastal sandy 
alluvium

7.9
7 .1

9.2 
9 .8  
4.6 
5 ,4

‘2
8,9
9.3
12.0
10.9
4.2

10.3

Treatments (t ) 
X- T

Mean (£

10.4 9.0
10.O 11,4 
1 0 .7  1 0 .3  
1 1 .2 11,1 
2.4 2.7
6,0 3.5

K©ie
Mean «)

1 3 .6

0.3
14.3

10.0 10,4 9,6

S «• 0.13

„!§l . t7 .

7,7 9,3 9.2 8,9
9,3 9,7 10.7 9.7
13,4 16,2 1 6 ,4 12.6
i i . s W.3 12.1 11.3
4,1 5,5 S.O 4,2
9.6 7*5 7.9 7,2

14,7 22.4 26.5 1 9 .0
10.0 ii.a 12,7 -

C.O.
CO.OS)

n T o  0.13*• S i t  » 0.35
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But no significant difference in dry matter was observed 
at this stage with an increase in levels of P. Also n® 
interaction was obtained for the forms v i s * , MCP and TOP 

with doses. However, the different soils responded in 
varied manner. Maximum dry matter (24 g/hill) obtained 
for Kole soile while the minimum (S g/hill> for pokkali 
soil, haterifcic alluvium, Karapsdasa, coastal aandy 
alluvium and Kole soils produced quadratic response in 
dry matter yield with an increase in dose while a linear 
response in Kari, Kayal and Pokkali soil when Map was 
applied, n linear positive response was obtained with p  

levels for all soils applied with top.

6.1*6. p (osm) in root

P application increased tho root p by about 
30 per cent. However at the same level of P, two different 
sources had no significant difference in this effect.
But with an increase of 30 leg P2°s £rom a dos© of 30 to 
60 kg PgOg/ha. m  increase of root P to the extent of 13 
per cent has been observed. Another incidental increase 
of 30 kg PjjOg/ha. has resulted in a root p increase of 
about 23 per cent. A significant interaction was noted 
for the two sources with various doses. Hhen HOP was 
applied at 60 kg P2os/ha, 6 par cent increase in root p 
was noted when compared to 30 kg P20g application and
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Sable 86. Influence of HOP and SC? in different soils on

total dry matter (g/hlll) at panicle initiation stag®.

Treatments (T) Mean (3)Soil Type (a)
________^ _____ _ a'l 3 1 3 7 — ti3 1 3 1 „ ?7 .
Lateritic alluvium 9,0 1 0 , 2 1 2 , 1 ll. 2 8.6 1 0 . 4 1 0 . s
Kari 8.8 u.o 1 2 . 1 13.8 11.6 12,4 13.5
Karapadam 10,3 13,4 1 2 , 4 12.3 15.5 13.4 19,2
Kayal 11,0 12.4 13.1 13.3 12,4 13.6 13.6
Pokfcaii 5.4 4.9 2,9 3,1 4.9 6.5 7.2
Coastal sandy 
alluvium

6.5 11.2 6.3 4,1 10.7 8.8 9,8

Kola 14,9 16.7 24.3 21.3 15,8 24.7 23.8

10,3
11,9
14.5
13,0
5,0
0,3

81,0
Mean (T) 9.4 11,4 12,0 11,4 11*4 13,5 14,7 -

C.O. £ o 0.12
<0,051
* T o 0,12
a S x T « 0,31

Table 87, Influence of MCP and TCP in different soils on 
P (pyra) in root at panicle initiation stage.

Treatments (T)Soil Type (a) *— — —   —  --- ---------— — — — — —  m m  {£)
gl *2 *3 *4 *3 *6 * 7 _________

Lateritic alluvium 250 290 320 520 210 300 510 343
Kari 200 280 300 430 320 450 550 361
Karapadam 150 190 240 270 120 140 180 194
Kayal 90 120 140 150 120 130 140 127
Pafekali 190 190 ISO 180 180 170 210 131
Coastal sandy 260 270 280 300 290 310 260 281
alluvium
Kale 260 260 270 300 250 300 300 277
Mean h J  200* "2 2 9 " 243 307 213 S5 7  307 -~~

C.O. S a 2.96
(0.05)

H '£ a 2.96
" S x T «* 7.84
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34 per cent increase was observed with 90 kg P^Og/ha as 
MCP, the per centags increase between the higher two 
doses being 26. But with TCP, the root P increased by 
21 per cent when P increased from 30 to 60 kg P^Og/ha 
and 44 per sent with 90 kg P2°5 ' fcbe increase in root 
P for a P increase froa 60 to 90 kg P2G5/ha being 19 
per cent. The root P was significantly different with 
varying soil types, the highest (361 ppm) in Kari soils 
and lowest (127 ppm) in Kayal, about one third of that in 
tire roots grown in Kari soils, significant interaction 
was observed between soil types and varying closes. 2n 
lateritic alluvium and Kari soils, a significant increase 
in root P was observed witn an increase in dose for both 
sources of p. Though root P was increased with higher 
doses in Kayal, Karapadesa and Kole soils, the rate of 
change in increase wo3 diminishing with 90 kg P2og/ha. 
a differential type of rssponso was observed for Pokkali 
soils with #5CP, while a linear response with TCP* when 
a quadratic response in coastal sandy alluvium for TCP 
application, a linear response with MCP has been observed.

6.1.7. P (ppm) in straw.

The p application increased the p content in straw by 
65 par cent. No significant difference in this character



was observed with two sources of s>. But the increase in 
dose was found to increase the P in straw. When P was 
increased from 30 to 60 kg P2os/ha the P content in straw 
increased by 31 per cant and with an increase of i* dose 
frtsiTi 60 to 90 kg PjOg/ha it increased fey 38 per cent, 
when MSP was need, the straw »  was found to increase 
with a decrease in rat® of increase while TCP recorded 
a low content of P in straw with 90 kg P2Os/ha as 
compared to 60 kg p̂ Og/ha, The P was significantly lew 
in straw of plants grown in Kole soil and high la Kayal 
soil. A sigoificent interaction was observed for various 
soils with 9 application, She straw P was found to 
increase with p doses in all soils except Karapada* soil 
for mop, and Karapadest and Pokkali soils for TCP 
application.

6,1*S* Total & (spa) in aoil

She total P in soil was increased by about 
49 per cent with P application, Zt was significantly 
increased when TCP was applied (21 per cent), with an 
increase in level also a corresponding increase 
in soil P was observed. When the dose of P was increased 
frcra 30 to 60 kg PgQg/he the coil p was increased by 
21 per cent and then increased qpto 46 per cent 
with 90 kg PaOg/ha, the rate of Increase from 
60 to 90 kg PgOg/ha being 16 per cent. A significant 
interaction was acted for mcp ana scp with
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Treatments (T)

Sable 83, Influence of HOP ana TCP in different soils on
l? (ppm) in straw at panicle initiation stage.

Soil Type (£,) — • 
% *2 I 3 l”  * r ™ - 3 1

Mean

iatocitie alluvium 500 670 830 950 580 820 850 743
Kari 420 S40 710 760 620 950 1100 729
Karapadam 400 430 680 450 530 730 450 524
Kayal 500 800 1020 1400 850 1080 1130 969
Pofckali 210 220 250 270 80 160 180 196
Coastal sandy 
alluvium

110 190 130 220 260 220 180 187

Kole 90 140 160 170 70 120 160 130
Mean (T) 319 427 540 603 427 583 579 -

C. D. S a 3,42
(0.05)

" T *  3.42
” 8 x X «- 9.04

Sable 89. Influence of MOP and TCP on total P (ppm) in different 
soils at panicle initiation stage.

Treatments (T)Soil Type (S) — ~— — — —  Mean (3)
, > _ 3 . . 3 *4 *5 *6 *7

JUateritic alluvium 480 530 6S0 980 450 860 1100 721
Kari 300 450 660 950 610 1050 1250 753
Karapadam 430 560 S60 410 560 380 490 484
Kayal 700 750 760 930 860 1300 1350 950
PoKkali 630 760 700 640 770 780 810 727
Coastal candy alluvium

600 830 730 480 530 650 6S0 610

Kole 490 650 690 1180 850 1080 1320 094
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varying doses. When MCP, 60 kg pgOg/ha was applied, 
th© soil 3? was increased by 10 per cent only while with 
the same dosage of TCP, the soil P increased by 32 per cent 
However, the lacrosse in soil P with an additional dose 
of 30 kg resulted only 17 per cent increase in soil V 

with MCP and 14 per cent increase in soil P with TCP.
The soil P was significantly different for various soil 
types. The soil v was highest in Kayal and lowest in 
Karapadam soils. A significant interaction was observed 
for various soil types with treatments. The soil P was 
found to increase with increase in dose in lateritie 
alluvium, Kari, Kayal and Koio soils when P through both 
tho sources was applied. Zn Kar^psdam, coastal sandy 
alluvium and Pokkali soils, with an increase in P dose, 
a decrease in soil p was observed for mcp application.
While sa differential response was noted for these sails 
when TCP was applied.

6.1*9. Percentage derived from fertilizer (POPP) - Root

Th® PDPP in root wao not significantly different 
with respect to the two sources of P. But, Increased 
doses of P produced an increased PDTP value, the rate of 
change showing a diminishing trend with higher doses.
When the level o£ P was increased from 30 to 60 kg PgOg/'ha, 
8 per cent increase in POPP was observed but for a further



increase to 90 kg only 2*5 per cent increase in
PW P was observed, m  interaction was obtained for the 
various levels of P with the two sources. The PBW was 
significantly different among various soil types, the 
highest wee recorded for coastal sandy alluvium and the 
lowest for Kayal soils. This finds a ready explanation 
based on the total V statue of the coastal sandy alluvial 
sails and Kayal noils which have tended th© lowest sad 
highest levels of total P (Table 3). further, root 
proliferation rate had an inverse relationship to the I
concentration of p observed, which indicate© a dilution 
effect (Table 84). Tha p w p  (root) was found to 
increase with an increase in dose for all soil types 
except Pokkali soil which produced a quadratic trend in 
POPS' with an increase in dose* ^

6*1.10* Percenfcaae derived from fertiliser (POPP) - straw

Ho significant difference In PPPW in straw was 
observed with tha two sources of p. But the pbst was
found to increase with an increase in dose. When the p I
doso was increased from 30 to 60 kg P20g/ha, 3.4 per cent
increase in p s m  was recorded, (his increase was 4.S
per cent with a further increase in P dosage to 90 kg
PgQg/ha. Significant differences in PW P was observed 
with various soil types* The highest past value was record
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Sable 90, influence of KCP and TCP In different soils on
POPP (Root) at ganiclo Initiation stage.

Treatments (T)
Soil (S )

________________ ___ _____ 5a_I 5 I 3 I _!§.. T6iWHMdlpMM

WUKb HI

J j u

Mean (s

lateritic alluvium 0.0 21.3 23.3 24.5 14,3 15.0 16.3 16.4
Kari 0.0 18,0 19,5 20.3 19.S 20,0 21.3 16.9
Karapadam 0,0 15.5 17.0 17.5 16.3 18.0 20.0 14.9
Kayal 0.0 15. S 16.3 16.0 15.8 17.5 18,3 14.3
Pokkali 0,0 15.8 18.0 17.8 15,5 21.8 16. S 15.0
Coastal sandy 
alluvium

o.o 24,0 23.3 24,5 26.0 25,8 26,3 21.5

Kole 0.0 20.7 22,5 23.5 20,8 21.8 23.5 18.9
Mean (T) 8.0 18.7 20.0 20,7 18.3 20.0 20.3 •

C.O.
(0.05)

T
S x T

0,31
0,31
0,81

Table 91, influence of scp and TCP in different soils on 
POfi’ (straw) at panicle initiation stage.

Boil Tyje (B)

Lateritic alluvium
Kari
Karapadaa
Kayal
PoKKali
Coastal sandy aliuviura
Kole 
Macn (T)

0 .0
0.0
0,0
0,0
0.0
0,0

0,0
O.o

25.5
24.8
2 2 .8

12.5 
10,0
21.3

21.3
»a»aak «-«*,

20.6

Treatments (T)
T

26,8
24.3
24.3 
13,0 
16.8 
17.8

“ Mean (£

C.O.
(0.05)

T »
s x v

3 __ fs.. _?6... T7.. .. ..
28.3 24,8 26,0 27,5 22.7
25.3 27.5 28.S 30,0 22.9
24. S 23,5 21.8 19.5 19.5
13.0 12,0 14.3 20.0 12.1
15.3 19.3 20.0 21.0 15,5
18,3 13.3 14.8 16.3 14.5

23.8 22,5 23.3 24.5 19.7
21.2 20.4 21.2 22.7 -— — — — ~---------------- _<-
0.29
0,29
0.77

s
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for Kari followed by laterltic alluvium and lowest; for
Kayal soil. A significant interaction was observed for 
soils and th® two sources of p at different dosages. The 
POfT was found to increase with all soil types except 
Pokkali when MCP was applied. A similar result was 
obtained for all soil types except Kayal, Karapadaa end 
Pokkali soils when TCP was applied. It was found to 
decrease with highest dos© in Pokkali for mcp and in Kayal 
soil for TCP application. In Karapadam soil, application 
of TCP decreased the MPF with an increase in dose and in 
Pokkali soil, the hjpp was found to increase with an 
increase in dose.

6.1.11. A-value (ppm)

Th® A-value was not significantly different when P 
i s  applied through different sources. It significantly 
increased with the increased dose, tSxen the P le v e l  

increased from 30 to 60 kg F^Og/ha, the available P  

increased by about 98 per cent and 203 per cent at 
90 Tag P^Og/ha though the increase fsr 60 to 90 kg PgOg/ha 
was S3 per cent. In laterltic alluvium with MCP and 
60 kg P20s/ha, the available P increased by 94 psr cent 
from the initial dose of 30 kg PjOg/ha , but with TCP, 
it increased by about 102 per cent. The corresponding 
increases at 90 kg PgQg/ha ,< were 200 and 206 percentages



respectively for MCP and TCP. She available p was 
significantly different in all soil types except Karapadam 
and Pokkali soils which were found to be on par. She 
highest available p was recorded by Kayal soils and 
lowest by coastal sandy alluvial soils, & significant 
interaction was observed with the soil types for the 
treatments applied. Though an increase in available p
was observed with an increase in doses of P for both the
sources, the magnitude of increase was significantly 
different.

6.1.12. percentage utilization of p

She percentage utilisation of P was significantly 
different when different sources of p were applied. She 
utilisation increased by 7 per cent for rep application 
when compared to MCP. She percentage utilisation signifi
cantly decreased when the levels of p were increased.
For an increase in p dosage from 30 to 60 kg P2Og/ha> the 
por centage utilisation decreased by 26 and to 42
per centage at 90 kg PgQg/ha. When MCP was applied, at
60 and 90 kg PgOg/ha, the P utilization decreased 
respectively by 32 and 47 per cent while with TCP this 
decrease was respectively 19 and 37 per cent.

With various soil types a remarkable change in P 
utilization was observed. When P was tried in Kari soil,
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Table 92, Influence ®£ »Jff end TCP in different soils oa
<walue (ppm) at panic!® initiation stage.

Soil Type (3)
Treatments (T)

M®an (s)
w t i u m w MJCiftM* «»<•«»

bateriuie allavium 0.0 5,® 10.7
Kari 0,0 5,2 10,1
Karspadas 0.0 5,1 10.2
Kayal 0.0 5.8 11,4
PoJdtali 0.0 5,© 10.1
Coastal sandy 0,0 5.8 9.3
alluvium
Kole C.O 5,0 11.6

w M. *»■«■» WUsgi «,*»*«on ■*?■>sw<»e

K0OS1 (T) 0.0 5.4 10.3

20,0
16.0
15.5
17.8
15.3
11.7

5.4
S. 2 
5.1
5.7 
S.J
4.8

16,9
liTa

S. 7 
*5,3

J s -
io,e 17.1 9.9
11*3 16.2 9,1
0,3 13.1 8.6
11.9 17.S 10.0
9,9 14.9 8.6
10.4 15.1 8.1

17,1 S.8
10.7 16,2 ~

C.O.
(0.0S)

0,04
T

I x t
0,04
0.11

Table 93. influence o£ use and scy in different soils on 
percentage utilization of & at panicle initiation state.

Soil Typo Co) Treatrents (T)
-•» Hem (S>

fcatoEitic alluvium 
Kari
Karapodam
K a y o l
PeKkali
Cwasfcei seadif alluvium

0.0
0.6
0,0
0,0
0.0
0,0

9.2
7.7
6.4
6.4
1.3
4.7

7.0
5*4
4,7
4,4
0,4
1 ,2

sole 
Bean (?)

0.0
0,0

5,6
S.9

4.7
4.0

®4 *5 - J Z u

5.7 5,3 4,0 4.2 5.2
5,0 10,3 8,4 7,6 6,3
2,S 8,0 6,4 3.2 4.4
4.1 6.7 ,5.2 4,4 4,5
0.3 0,9 0,9 0,7 0.6
0.6 4,6 1,9 1,2 2.0

3.2 4.4 4,7 4.2 3.3
3.1 S.7 4.6 3.3

C.O,
(0.05)

» 0,08 
0.0®* 0,20
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Sable 94. Mean values for various characters at the panicle
initiation stage of the crop over sources x doses of
phosphorus in different soil types.

(i) Height of plant (cm) (11) ho. of productive tillers/hill
% *2 S3
54.2 56.1 54.4
50.6 56,9 57.5
52.4 56.5 56,0

Mean Dj 0g Dg Mean

Sx 54.2 56.1 54.4 54.9 S % 7 .9 8.7 8.5 0.4
S2 50.6 S6.9 57.5 55.0 Sg 6,9 9.0 9.9 8.6
Mean 52.4 56.5 56,0 - Mean 7.4 8.9 9.2 -
C.O. for doses = 0.02 0*008
(0.05)
" for 0 x 0 » 0.03 0.012

(ill) Weight of roots (q/hill) (iv) Weight of straw (g/hill)
0j o2 »3 Mean 02 s 3 Mean

Sj 1.4 1.6 1*3 1.6 St 10.0 10.4 9.6 10.0
S2 1.3 1.7 2.0 1.7 S2 10.0 11,8 12.7 11.5
Mean 1.4 1.7 1,9 - Mean 10.0 11,1 11.2

C.0. for doses =» 0.012 0.024
(0.05)

" S x a a 0*017 0,033

(v) Total dry matter (g/hill) (vi) P content (ppm) in root
0j 02 03 Mean Dj 0g flg Mean

Sj 11.4 12,0 11.4 11.6 Sa 226.3 242,9 307.1 259. £
S2 11.4 13.5 14.7 13.2 S, 212.9 257,1 307.1 259.0
Mean 11.4 12.0 13.1 - Mean 220,8 250,0 307,1

C.0. for doses
(0,05)
* S x a

11,4 11.6 S1 226.6 :
14.7 23.2 S2 212.9 :
13.1 - Mean 220,8 ;

•*-*».«* —  Mr~m~nrr m u  mm m , *»«>,«»•

1,76 22,56
2,49 16.35

contd
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(vli) P content (pbei) in straw Cviii) 3tofcal g (aosi) In soil
Og Maen D«j 03 Kean

Sj 427.1 540.0 602.5 523,3 Sa 618,6 678,6 795.7 697.6
Sg 427.1 582.9 578.6 529.3

Kean 427,1 561.5 590,8

C.i>. for <a©se» a 13.38 
(O.OS)

« 3 J£ a a 21,76

661.4 871.4 995.7 842.8

Mean 640.0 775.0 895.7 -

14,51
20,52

(ix) gas-g (Root,) (x) POPP (Straw)
al °2 Dg Mean On a3 Moan

■> i— •>»* “****"» v-Mi•*

Sj 18,7 20.0 20.7 19.8 20.6 20.8
S2 18.3 20.0 20,3 29.5 S2 20*4 21.2

21.2 20.9
22,7 21,4

Mean 18,5 20.0 20.S
p» tm1 — n ,  hi,  w . a  im -i

w 0.12

Mean 20.5 21.0 22.0

C.0. for doses 
(0.05)

K fa X  D a 0.17
0.11
0.16

(xi) A-value (pgrt)
Oj d2 o3 m m

( x l i )

8. 5.4
5.3

10.5 16.2 10.7
10.7 16.2 10.7

Mean 5.4 10.6 16.2
2

Mean

% °2 a3

5*9 4,0 3.1
5.7 4.6 3.6

S. 8 4*3 "**3.4

Mean

4.3
4.6

C,», for doses  
(0*05)

" s x a

0.002

0.003
0.008
0.001

1
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the percentage utilisation was 6*3 while in pokkali soil* 
it was only 0.6. She utilisation of P decreased with 
soil types in the following order - Kari (6*3), lateritic 
alluvium (5,2), Kayal (4,5), Karapadara (4.4), Kole (3.3),
coastal sandy alluvium (2.0) and pokkell (0.6). a

/
significant interaction was observed for these soil types 
with the levels of p applied either as MCP or TCP.

The abstracts of Ahova for all the characteristics 
at the harvest stage are presented in Appendix XVI and 
xvil and the data relating to the influence of two sources 
of P in various soil types on all the characteristics 
of the crop at this stage in Table 95 to 108.

6.2.1. Grain yield

The grain yield was not significantly different with 
the application either as mcp or TCP. When P was increased 
from 30 to 60 kg pgGg/ha, the yield increased by 20 
per cent and then decreased by 8 per cent for 90 kg PgOg/ha 
A significant interaction was observed for MCP and TCP at ! 
various dosages. With MCP at 60 kg PgOg/ha, the yield 
increased by 13 per cent while with TCP at the same dosage 
a 27 per cent increase in yield was observed. With an 
increase from 30 to 90 kg PgOg/ha, the yield increased by 
1 per cent for xcp and 15 par cent for TCP. Prom 60 to
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90 leg PjOg/ha* the decrease was 10 per cent for both MCP 
and TCP. Significant difference in yield was observed 
with varying soil types. The highest yield was recorded 
for Kole soils and lowest for coastal sandy alluvial soils. 
A significant interaction was observed for soil typos 
with *> application. She yield was found to increase with 
an increase in the doses tried for Kari soil with both 
the sources of P. While similar type of response was 
obtained for latoritlc alluvium with MSP and Karapadam 
with TCP. On an average 37 per cent increase in grain 
yield was recorded with p application. The maximum yield 
(23.2 g/pot) was recorded from plants treated with MCP 
at 60 kg pgQg/ha and grown in Kole soil and tho minimum 
yield (4,2 g/pot) from coastal sandy alluvium without P, 
among the treated ones, the lowest was for laterltic 
alluvium at 30 kg PgOg/ha applied as MCP.

6.2.2. Straw yield

The straw yield was found to be significantly 
different when P was applied as MCP or TCP. Application 
of P as TCP increased the straw yield by 7 per cent when 
compared to MCP. Highest doses gave negative response in 
straw yield. The straw yield increased by 20 per cent 
when p dose increased from 30 to 60 kg pgOg/ha and
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Sabir 95, Influence of MCP and TCP in different soils on 

grain yield (g/pot).

Soil Type (S)

Lateritic alluvium 
Kari
Karapcda®
Kayal
PokVali
Coastal sandy 
alluvium
Kole 
Mean (T)

Treatments (T)

T1 *2 
« * * »

5.1 6.7
7.1 10.9
13.4 16.6 
9.7 19.3
10.4 33.4 
4.3 12.5

13.4 13.9
9.0 13.6

*3iwnniiwai — !§. *6 1
frt 3 1 I

7.2 9.4 7.6 14.1 12,9
11.1 12.1 12.0 13.5 13.9
16.7 14.0 12.0 15.6 16.8
16.9 15,1 18,4 19,7 16.6
20.7 16.1 16.2 19.8 12.6
10.3 9.6 8.5 8.0 7.2

25.2 19.6 13.S 21.4 21,6
15.4 13.8 12.6 16.0 14.5

Mean (0)

9.0
1 1 . 5 

15.1
16.5
15.6 

8.6

38.7

C.O.
(0.05)

T
S 11 T

"  0 . 1 2

«= C.12
«  0 .32

Table 96. Influence of HOP and TCP in different soils on 
straw yield (g/pot).

V a m M a u M

Treatments (T)
Soil Type (S)

~ T1 T2 ""” *3 I4~" T T 5 6 ‘T7
Mean (0)

Lateritic alluvium 19.5 22.6 27.4 32.5 18.0 25.6 29.4 25.0
Kari 25.3 26.2 29.3 34.0 27,3 34.1 39.0 30.7
Ksrapadam 37.7 40.4 49.8 38.5 37.0 37.5 45.2 40.9
Kayal 22,1 42,9 39.5 35,5 42.0 47.7 29.2 37.0
Pokkali 10.6 27,6 44.3 35.2 38.7 54.0 31,5 34.6
Coastal sandy 
alluvium 14.1 24.2 15.6 15,0 21.1 32,5 28.3 21.5

Kole 29.7 43.8 49.9 44.1 40.0 51.3 58.0 45.3
Mean (T) 22.7 32.5 36. S 33,5 32.0 40.6 37.2 -

c,o.
(0.05)

<9

S
T

S x T

« 0,36
sa 0.36 
>= 0.95
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decreased by 8 par cent when P increased from 60 to 
90 kg P2o5/ha. She straw yield increased by 12 and 
2? per cent at SO k g p^Og/he as MCP and TCP respectively 
and then decreased {8 per cant) at the same magnitude.
The maximum straw yield was recorded for Kole soils 
(45.3 g / p o t ) followed by Karapadam soil (40.9 g / p o t) 

and the minimum Cor coastal sandy alluvial soil 
(21.5 g / p o t ) . la lateritie alluvium and Kari soils, the 
straw yield was found to Increase with the application of 
P either as mcp or TCP. But a similar type of response 
was observed for Karapadam and Kole soils treated TCP.
In all the other cases, straw yield was found to decrease 
with the highest dose tried. Application of P increased 
the straw yield by 56 per cent. The highest straw yield 
was recorded from Kole soil (58 g/pot) treated with XC? 
at the rate of 90 kg P2os/ha and the lowest from coastal 
sandy alluvium (1S.0 g / p o t ) treated with HCP at the rate 
of 90 kg PgQ^/tia apart from control.

6.2.3. Weight of roots

Th© weight of roots was significantly different with 
respect to th© two sources of P. Plants treated with TCP 
gave 9 per cent mors root weight than those treated with 
mcp. significant increase in root weight was observed
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Table 97. influence of MCP and TCP in different soila on 
weight of roots (g/pot) at harvest stags.

Soil Type (s)
Treatments (T) M fjj|asn (S}

“■ Ml If , ■!! nil mt 3 " r3 j _________!*__ JUs.. 3 1 -!z-.
■* rivsii $

Laterltic alluvium 3,2 4.2 4.3 9.0 3.6 S .8 5.4 5.1
Kari 4.2 4.3 4.8 11.3 9.3 11.0 11.4 8.1
Karapadam 3.7 S. 3 7.9 10*3 4,7 7.0 11.6 7.2
Kayal 4.3 4.6 4,6 4.6 5.3 9.6 8.6 S.9
Pokkali 3.S 5.0 10.9 4.0 6oQ 7.2 3.3 5.8
Coastal sandy 
alluvium

2.0 4.5 3.2 3.0 5.3 3.9 3.2 3.7

Kole 3.9 S. 5 8.2 6.5 4.1 4.6 6.5 5.6
Mean (T) 3.7 4,8 6.3 7,0 5.5 7,0 7.2 ~

C.O. S as 0,3,2
(0.05)
" ® « 0,32
"  S x  T » 0.31

Table 98. Influence of MCP and TCP in different soils on 
total dry matter (g/pot) at harvest stage.

Treatments (T)
Soil Type (£) — —  ----------------------- — - Mean (S

.-f2-_- ! L — !i~ - i z -______ _
Laterltic alluvium 27.8 33.5 3@.9 50.9 29.2 45.5 47,7 39.1
Keri 36.6 41.4 45.2 57.4 49.0 58.6 64.3 50.4
Karapadam 54.8 62.3 74.4 63.7 S3.7 60.1 73.6 63.1
Kayal 36.1 66.8 61,0 55,2 65.7 77.0 54.4 59.5
Pokkali 24.5 46.0 75.9 55,3 60.9 81.0 47.9 55.9
Coastal candy 
alluvium

21.1 41.2 23.1 27.6 34.9 44,4 38.7 33.9

Kole 47,0 65,2 83.3 73.2 57.6 77.3 86.1 69.5
Mean (T) 35.4 30.9 58.3 54.iT” 50.1 63.4 59.0 -

C . D .  3 a 0.41
(0,05)
" T => 0,41" S X T -a 1,0®
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with increasing dose. Root weight Increased by 29 per cent 
when the dosage was increased fro® 30 to 60 kg p^Gg/ho 
and then increased by 9 per cent when the P increased 
from 60 to 90 kg P2oyha„ She name type of trend was 
observed when s  mm applied as MOP or TCP. Root weight 
was significantly different with the soil types. Maximum 
root weight was recorded for plants grown in Kari soil 
(8.1 g/pot) and minimum from coastal sandy alluvium 
[3.7 g/pot). Xn Kari and Karapadara soils, when P was 
applied either as MCP or TCP, root weight was found to 
increase with increasing dose, Xt was found to decrease 
in coastal sandy alluvial soil. The root weight was 
found to decrease at th© highest dose in iateritSs alluvium, 
Kayal and Pokkali soils treated with TCP and in Pokkali 
and Kole soils treated with licp . The Kayal soil treated 
with jicp did not show any change in root weight and the 
treatments recorded a root weight of 4.6 g/pot* 
hateritie alluvium treated with Mcp and Kole with TCP also 
showed an Increase in root weight with an increase in 
dose. The root weight increased by 70 per cent on an 
average for P treated plants compared to control.

6.2.4. Total dry matter

A significant increase in dry matter production was 
observed for plants treated with TCP. She dry matter
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with :«GP (220- ftptt) than w i t h  tqp m m  $£»■>* ?h® root S* 

qqs%#fit iagppifipl with ia spplisi I* ©ithsr as. hop <

fGSP*. fet# th©-magnitude qf Ingress® was rot similar* When 

HG9 ificreasea from- -S'S t o  ,60' k g  p^Og/ha th« root P 

%  1 1 p e r  qept «s$ w h e n  'tfs# p  m m m ® &  «  ttoia 69 $ »  f 0 j*g 

it .toers&red fey if p i t  cent* th® correspoitling 

incr«9«4» -®ca» were 21. ,@na 33 p e r  cent resj#etiy©ly*
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She root P content was observed to be highest for Karl 
soil (310 ppm) followed by laterltic alluvium (295.7 ppm) 
and lowest for Kayal soils (110 ppm). She root p content 
was found to increase with added P in ell oail types 
treated with two sources of P except Kayal and Kole soils 
treated with TCP. Application of P increased the p 
content in root by 2S7 percent.

6.2,6. P foam) in straw

The p content in straw was more when P was applied 
as MCP (494 ppm). It was 457 ppm when TCP was applied*
The straw P content was found to increase with an increase 
in dose, when the dosage was increased from 30 to 60 kg 
PjjOg/ha, the straw p Increased by 33 and 39 percent 
respectively for MCP and TCP and then increased by 31 and 
15 percent respectively for the two sources of P with an 
increase from 60 to 90 kg P2o5/ha. The straw p content 
was high from plants grown in Karapadam soil (775 ppm) 
and low in Kole soil (ill ppm), with increase in dose, 
the straw P content Increased in all soil types treated 
with P except in coastal sandy alluvium treated with TCP 
and Kole treated with MCP. A very significant decrease 
in straw p content recorded with 90 kg pg0g/ha as TCP 
applied in coastal sandy alluvial soil while no change in 
total P was observed in Kole soil treated with 60 aid 
90 kg P2©g/ha as MCP. The straw P content increased by 
53 per cent with P application.
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Xable 9 9 , influence of MCP and TCP in different soils on 
p (ppm) in root at harvest stage.

Soil Type (s)
Treatments (T)

»—  Mean <S)

Laterltic alluvium 
Kari
Karapadam
Kayal
Pokkali
Coastal sandy 
alluvium

210
ISO
140
80
90
130

__3_
300

*5
190270 300 420

250 280 310 280
160 200 250 100
110 120 140 100
200 210 220 140
200 210 260 140

280
320
110
110
130
170

400
550
150
110
190
ISO

296
310
159
110
169
184

Kole 
Mean (X)

110

134
150

■ ) « ■ » * «

191
170
213

200 «•«»«» «*« 
257

180
161

200

18S>"
100
251

170

C.B.
(0.05)

« 2.48
X *=

S X X a
2. 48 
6.57

Table 100. Influence of MCP and TCP in different soils on 
P (ppm) in straw at harvest stage.

Soil Type (s)
Treatments (T)

Mean (6)
w  r|| „ ,,, || M  m.-|| I, unr^ii. „ 1 l _ * 7 _
Laterltic alluvium 460 620 780 860 510 770 800 686
Kari 390 480 650 700 580 850 1000 664
Karapadam 800 905 1020 1200 100 550 850 775
Kayal 130 140 450 1150 950 700 800 617
Pokkali 200 210 240 250 80 140 150 1SZ
Coastal sandy 
alluvium

110 70 100 120 130 230 120 126

Kole 80 120 150 ISO 50 100 130 111
Mean (T) 310 364 484 633 343 477 550 -

C.0. B a 3.82
(0,05)

V a 3.82 
S X T a 10.11



2G6

The grain p content was more (S per cent) when 
treated with ncp than TCP. increase in dosage resulted 
in an increase in grain P content. When MCP was increased 
fro® 30 to 60 kg pgGg/ha the grain P increased by 40 
per cent and then increased by 7 per cent with an 
additional dose of 30 kg PgGg/ha. A differential response 
was observed with TCP. The grain P decreased by 2 per cent 
when TCP increased from 30 to 60 k g p^Og/ha. However a 
further increase of 30 kg P^Og/ha increased grain P by 
13 per cent. The groin p was high fro® plants grown in 
Kole soil (4847 ppm) followed by Kayal (4756 ppra) end low 
in Kari soil (2567 ppm), m . increase in grain P was 
observed in all soil types treated with either MCP or TCP 
with tha following exceptions. When TCP was applied in 
laterltic alluvium at 90 kg PgOg/ha a decrease in grain P 

was obtained. In Karapadara soil, the grain P increased 
from 1600 to 16S0 ppm and then to 2600 ppm at the three 
levels tried, the rate of change in increase being low at 
60 kg PgOg/ha- as TCP. In Kayal soil, the grain P 

decreased from 6800 to 5400 ppm at doses 30 and 60 kg 
PgOg/ha# respectively and then increased to 6050 ppm at 
90 kg PgOg/ha. The grain p increased by 63 per cent with 
P application.

6*2.7. Grain p (pp«)
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Application of TCP significantly improved soil P 
at harvest stage, the increase being 16 per cent. An 
increase in dosage of P also increased tha soil p. On an 
average, when P increased from 30 to 60 leg PgOg/ha. the 
soil p increased by 21 per cent and a further increase of 
30 kg helped to increase soil P by 13 per cent. A 
significant interaction was observed between the two 
sources of V applied at three doses. When mcp increased 
from 30 to 60 kg p^O^/ha, tho soil P increased by 12 
per sent. While at the same rate of TCP, the soil P 
increased by 29 per cent. Similarly, when the dosage 
increased from 60 to 90 kg PgGg/ha» the soil P increased 
by 9 and 17 per cent respectively for MCP and TCP. 
Different soil types showed significant variations in 
soil P. The maximum soil P recorded in Kayal (807 ppm) 
and a minimum in coastal sandy alluvium (341 ppm). In 
laterltic alluvium, Kari, Kayal and Kole soils, the soil P 
was found to increase with on increase in dose. In 
Karapadam, coastal sandy alluvium and pokkali soils, 
application of mcp at 90 kg P20g/ha showed a diminishing 
effect in soil p. Th© Karapadam soil, applied with TCP, 
did not show any definite trend while Pokkali soil producec 
a linear positive tread and coastal sandy alluvium, a 
quadratic type of response. The maximum soil p was records

6.2.8. Total p (octn) in soil
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Table 101. influence of mcp ana TCP in different soils on
S» (ppm) In grain.

Soil Type (S)
Treatments (T)

*s : v 3 :
Mean

lateritic alluvium 1650 2150 3050 3140 3350 3550 2950 2834
Kari 2440 I960 2520 3450 2250 2650 3680 2567
Karapadam 2100 2620 5250 5400 1600 1650 2600 3031
Kayal 1350 2300 5300 5800 6800 5400 6050 4786
Pokkali 3750 4050 4750 4000 3500 4090 4100 4021
Coastal sandy alluvium 2300 4250 4350 5000 4000 4500 5040 4206
Kole 4000 4550 5500 6000 5010 4120 4750 4847
Mean (T) 2441 3129 4389 45S4 3787 3696 4167 -

C.O.(0.05) 5,03
T a 5.03 

a x T a 13.30
Table 102. Influence of MCP and TCP in different soils on Total 9 (ppsn) in soil at harvest stage.

boil Type (S) Treatments (T)
Moan (s)

$1 T2 Tg *4 *5 T6 T?
lateritic alluvium 430 500 580 690 430 580 900 587
Kari 250 350 456 643 450 938 1020 573
Karapadara 310 430 445 390 490 230 360 379
Kayal 650 700 750 850 720 950 1030 807
Pokkali 570 6S0 680 630 750 770 790 684
Coastal sandy 220 370 410 380 120 450 440 341alluvium
Kole 350 370 460 530 420 550 380 466
Kean (T) 389 463 540 588 483 624 ”73a”

■ t * a a a > «

C.O.
10.05)

S m 3.10
T x T « 3*20

a  8 .2 1
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in Kayal soil treated with TCP at 90 leg P2Og/ha (1030 ppm) 
and minimum in coastal sandy alluvium treated with TCP 
at 30 kg p^Qg/ha (120 ppm) which was significantly lew as 
centered to even untreated soils. However, treated soils 
recorded a significant increase (4© par cent) in soil P.

6,2*9, percentage derived from fertiliser (POPP) - Root

Th© POPP in root was significantly different in plants 
treated with either mcp or TCP, But the increase in their
doses produced an increase In POPP also, Ho interaction 
was observed between the sources of P and their levels« 
Significant differences in POPP wore observed among various 
soil types, highest was found in coastal sandy alluvium 
(17,6) and lowest in laterltic alluvium (12.4). P«3?P was
found to increase in all soil types treated with KCP or 
TCP except in coastal sandy alluvium and Pokkali soils.

6.2.10. P e r c e n t a g e  derived from fertilizer (PDS'P) ~ Straw

The POPP in straw also showed no significant different 
with th© application of MCE* or TCP but th© increase in 
dose again helped to increase the POPP values. Same type 
of trend was obtained Cor both the sources at the various 
levels of P tried. Varying soil types showed varying 
amount of PDFF in straw. Highest was seen in Kari (18,9) 
and the lowest in Kayal soil (10.8). In general, POST waa 
found to increase with all soil types for an increase in 
dose except for choice deviations.
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Sabi® 103. te£l«®ae@ o£ mcp aa4 yep in aiffereBt soils on 
PSW {Boob} at harvest stay®.

sail typo {8)
Syeate.aats it)

H e m  (&)

.Hfli" twju 1-nj.arfMn. Tf . . V , "4 *S 3s ^ y7 .....
l»at:er£tie alluvium 0.0 15,8 17*3 10*0 11.2 12,0 12,5 12,4
Kari 0,0 15.5 16.3 17,5 14.5 16,3 19,3 14.2
Karop&cJam 0.0 13.5 14.5 15.3 13.0 15.0 28,3 13.0
Kayal 0*0 14,0 14.5 15.0 14.3 16,3 16,5 12.9
?©Msei4 0.0 13.0 15.0 la.e 15.0 27.S 28.3 13.3
Coastal saedy alluvium 0,0 13,7 80.3 80.0 21,3 21*© 21.5 17.6
Kale 0.0 17.8 10.5 20,0 18.0 18,8 29.5 16,1
Mean it) 0.0 15,6 16.6 17.5 15.4 'la. 8 17.7

e,s.CO. 05) 0.32
0.33S»S3T



Table 104. Influence of fWP and TCP 4a different sails onPOS’f (straw) at harvest at:age.

Soil Typo (**)

kafcerltie allavisan
Kari
Karapadem
Kayal
Pokkali
Coastal sondy alluvia®
Kole
Mean (S’)

0.0
0.0
0.0
0.0
0,0
0.0

0.0 
• »«<)(« 

0.0

Treatments

A -

8 1 .3

80.3 

19.5 
12.0 
13.0 

m.B

17.8
o-Wi*»*a
17. 2

21.8
20.0
19.8
12.3
13.8 
14,5

19,0
17.3

I S .

23,0
21.3
20.3 
12. 5
13.3
1 5 .3

ig.a
17.5

(T)
T,5
20. S 
32, S
80.3
11.3
15.0
12.0

18.8
17.2

C.0, s
(0.05)

eJJ
R a x s

0.32
0.32
0.84

6
21.3 
23,7
19.3 
J.«.'« 3
as.s
i3,e

19.0
17,9

22.0
24.5
19.0
14.5
16.0 
13.8

20,3
18.7

18.5
18,9
16,0
1 0.8
12.5 
12.1

16,4
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6.2*11* gergenfcage derived from fertilizer (oagg) «• Grain

Ho significant difference in pom was observed with 
the application of MCP ana TCP. Also the various levels 
of s> did not Influence the PQffl to grain. Bat the paPE* 
was significantly different to various sail types. It was 
high in Karapadam soil <2*1) and low in Sole soil (0.5).
No significant difference in KN?F was noted between 
laterltic alluvium and Kari soils. to all soil types 
esscept Kayal and Kole the POPP in grain was high at the 
highest dose, la coastal sandy allwviua and Kole soils 
with Hep and Kayal soil with top, the par? was 1,0 at all 
tho levels tried.

6.2.12. a~val«a (saasa)

The *»val«o was not significantly different for MOP
and tKS5. But th© A-valu© was increased with an increase 
in levels o£ P. The available P increased by 100 per cent 
when th© applied P increased from 30 'to 60 kg P2os/ha > 
and to 192 per cent at 90 kg s?2a5/ha. The increase to 
available p was only 46 per cent when P Increased from 
60 to 9© kg PgOg/ha. Both MCP and TCP responded similarly 
to the available P. The A-vaiue was significantly 
different in various soils* the highest being shewn in 
Kayal soil <9.8 ppm), the lowest to coastal sandy alluvium 
(7.5 ppm). In all the soil types* th© per eentage increasi
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Table 10S. Influence of *lCp and TCP in different soils on
PU£T in grain.

Soil Type is) Treatments (T)

bateritic alluvium 0.0 1.5 l.S 1,8 1.0 1.8 8.0
Kari 0.0 1.3 1.0 1.8 1.3 l.S 2.3
Karapedetn 0.0 1.3 1.0 1.8 3.0 4.5 3.0
Kayal 0,0 l.S 1,0 1.3 1.0 1,0 1.0
Pokkali 0,0 1.5 1.3 1.0 1.3 1.3 1.0
Coastal sandy 
alluvium

0.0 1,0 1.0 1.0 l.S l.S 2.3

Kole 0.0 1.0 1,0 1.0 0.8 1.3 1.0
Mean (T) OeO 1.3 1.2 1.4 l.S 1,8 1.9

0,0,
(0.05)

B s» 0.25

~— ■--   Mean (£
 1j __

a.s 
1 . 4  
8.1 
a.e 
i.a 
1.2

0 .9

T
S  as T

0.25
0.66

Table 106. Influence of MCP end TCP in different soils on 
A-valuo (ppm) at harvest stag®.

toil Type (3)

lateritic alluvium 
Kari
Karapadara
Kayal
Pctkkali
Coastal sandy 
alluvium
KOI®
Mean (T)

Treatments

J L - .
2 T

0.0 5.4 10.3
0.0 €.9 9.9
0.0 5,1 9.8
0,0 5*6 *1.4
0.0 4.8 9.9
0,0 4,7 6.4

0 .0 5 ,4 10 .5

0 .0

1 
1

1 *4 i 
! 
* < 
10 
! ~ 10,1

c.u.
(0.05)

15.1
%T.T

S * 0.31

m g .

2. ̂  6 IS
■ Mean

5 ,0 10,4 IS. 2 8,0
s. 2 10.7 16.2 8,9
5 . 1 9,3 14.4 8,3
5 .6 11.2 17.1 9.8
5 ,0 9.9 14.2 8.4
4.5 9.5 14.0 7»S

5.3 11.1 13. S 0,7
5.1 10.3 15.1

2 
x %

0.31
0.82



in available p was almost similar when P increased from 
30 to 60 kg PgOg/ha and from 60 to 90 kg PgOg/ha either 
as MOP or TCP.

6*2*13. Per centaga p utilisation

At harvest* P utilization was different for MCP end 
TCP. It was observed to be more (13 per cent) when P was 
applied as KOP, Increase in p was found to decrease the 
P utilisation capacity by 20 per cent when s increased 
from 30 to 60 kg PgOg/ha-r and ft© 40 per cent for an 
additional increase of 30 leg PgOg/ho. Whereas the decrease 
in P utilisation capacity was 25 per cent from 60 to 
90 kg pgOg/ha. significant interaction was observed for 
soils treated with KCP and TCP at various doses. When p 
increased from 30 to 60 kg p^o^/hm the utilization 
decreased respectively by 14, 29, 64 and 19 per cant for 
laterltic alluvium* Kari* coastal sandy alluvium and Kole 
soils. While a slight increase in P utilisation was 
observed for Karapadam soil (0 per cent), Kayal (6 per cent 
and Pokkali (2 per cent) when treated with MCP. But with 
TCP, all the soils showed a decrease in P utilization, 
the values being 7* 21, 23, 47* 17, 35 and 41 per cent 
for laterltic alluvium, Kari, Karapadam, Kayal, coastal 
sandy alluvium, Pokkali and Kole soils respectively.
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Table 107. Influence of M3S» and Tes? to different soils on 
percentage utilization of V at harvest stage*

Soil Type (S)
Treatments (T) (fean {a)

*1 ** *4 % X6 *7

beiterltic alluvium 0.0 17.4 14,6 14.2 17.6 16.3 10.7 13,0
Kari 0.0 is.s 13.1 15.4 26,2 20.7 22.9 1®.?
Karapadam 0,0 35,0 37.7 24.2 15.9 12.3 15.S 20.1

Kayal 0.0 20,9 32.1 16.7 20.3 10,8 0.0 14.2
PokKali 3,0 25.8 26,3 11. 0 31.5 26.3 12.0 10.6
Coastal sandy 0.0 30.0 10,8 8.1 23.0 27.2 11,5 14.4alluvium
Kole 0,0 17.0 13,8 9,0 16.8 9,9 8.8 10.7

Mean (T) 0,0 23.S 10.8 14.1 21.0 16,2 12.0

C«li. far S e. 0.39 
(0.031

C,&» for T = 0,30
(0.05)

C.B. for S xT® 1.02 
(0,05)
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Table 100. Mean values for various characters at the harvest stage
of the crop over sources x doses of phosphorus in
different soil types.

U> Grain yield (g/oot) (ii) Stray yield (q/pot)

2

__

13.6
12.6

13.4
16.0

03mmt*» «iiMi
14.G
14.5

ffean

14.3
14.4

S. 32.5

Mean 13.1 15.7 14.2
0.02C.n. for doses «(0.05)C.o. for St x D m 0.03 

(0.0S)

S2 32.0 
Mean 32.3 

0.02

0,24

_ ^ 2„.
36.5
40.6
38.6

»3 Mean
33.S 
37.2

34.2
36.6

35.4

(ili) Weight of root (g/pot) (iv) Total dry matter (c/pot)
*1 

4.0
c 5,5

Mean 5.2
S-

2

6.3
7.0
l~7

C.a. for doses (0.05)C.O. for s s fl 
(0.05)

°3
7.0 
7.2
a
7.1 

0.02 

0.03

Mean

6.0
6*6

S1

Mean

O D,
 1____f_
50,9 58,3
50,1 63.4
50.5 60.9

0.22

0.31

3
54,3
59.0
56.7

Mean

54.5
57.5

(v) P (ppm) in root
Mean

(vi) p (ppm) in straw
Mean

Sj 191.4 212.9 257.1 220,3
S2 161.4 108,6 251,4 200,5
Mean 176.4 200,8 254,3 -

Sj 363.6 486.3 632.9 493.6
fa2 342.9 477.1 550.0 456.7

Mean 353.3 480.7 591.5
islai ”  ”  “

27.19
C.0. for doses o 8.11 
(0.05)c.o. for s x o <* 11.46 
(0.05)

Contd,

1
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(vii) p (»»m) in grain 

a, o„ u Mean 1 ________
S j 3120.6 4300.6 4684.3 4067.2
S2 3787.1 3605.7 4167.1 3083,3

Mean 34577a 4042.2 4425.7 ’ -
C.&» for doses «* 33.23 (0,05)“ 5 X « *  47.06

(viii) Tofc<al p (ppm) soil
b„ a, Mean  3 ___ _

402.9 540,1 568.3 S37.1
482.9 624.0 731.4 @12.6
a y 1 » f  ■■ »■»■< ■  «<* m w* —

462.9 582,1 659.9 
12.68  

17.93

^1
s2
Mean

(ix) pqfp (roofe)
_ ____

Sj 1S.6
S2 15.4
Mean 15.5

17.5 

17.7

16.7 ~17.6~

ia 0.14

16.6
16.8

16.6
16.6

(x) PBgg (Straw)
 °1_ _fg..

17,3 

17.9

3

c.o. for doses 
(0,05)

” & x O » 0.19

Sj 17.2 
S2 17.2

Mean 17.2

0.13
0*10

a,

17.9
18.7

Mean

17.5
17.9

17.6 18.3

(xi) m m  (grain)

U1
JmL-.
Mean
c. D. for doses *» 0.04
(0.0S)" & X a e 0,08

__ f 1 t * 0
 

lor
 

l

1.3 1.2 1.4
1.5 1.8 1.9
1.4 1.5 1.7*

Mean

1.3
1.7

(is If) A-valoe

s.
2

Mean

°1 °2 °3 Mean
5,1 10,1 14.7 10.0
5.1 10.3 1S.1 10.2
5.1 10,2 14.9

0,13
0.13

(xiii) percentage F ufai.ltBafcj.oa

 _2_
Mean

— 3
23.5
21.6

22. 5

19.8
16.2 
QwaaMi ttnmm
18.Q

°3

14.1
12.3
13 . i ”

Mean
19.1
16.9

C.i). for doses =» 0.20 (0.05)
n & X 0 a 0.23
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With an increase from 60 to 90 5cg PgQg/ha of mcp, a 
decrease in P utilization was noticed in all soil typos 
except Kari soil (18 per cent}. All soils, except Kari 
(11 per cent) and Karapadaai (23 per cent) showed an 
increase in P utilization when TCP increased from 60 to 
90 Kg PgOg/ha. These increases ©r decreases were 
significantly different.

6.3. Path Analysis

The direct and Indirect affects of total P (root, 
grain and soil), PSFl? (root, straw and grain), available 
P by A-valuo technique end percentage p utilization on 
grain and straw yield was investigated by path analysis 
and the details are presented in Sables 109 and 110.

6.3.1. Grain yield

Ho significant correlation was observed between grain 
yield and P content in root. The correlation coefficient 
between grain yield and root p was found to be -0.20 
though its direct affect was -0,60. The P content in root 
positively influenced grain yield via. soil p, POPP 
(straw) available P in soil and percentage P utilization 
by ebout 53 per cent and negatively influenced by 14 
per cent via. grain P, PiUPP (root) and POET (grain). The 
high negative direct effect and negative indirect effects 
of !? (root) resulted in a negative correlation.



She grain p was significantly correlated with grain 
yield (0.46) though its direct affect was small (0.16).
The positive indirect effects via, all factors except 
PDF? (root) contributed by 0.42 towards Sh® correlation 
and 0.10 was nullified by the negative indirect effect.

The coil total P was found to be significantly 
correlated with grain yield (0.37) which is the sum total 
of the direct effect of soil total P (0.20), positive 
indirect effect vis. P (grain), PQSP (straw), available p 
(A-value), and percentage p utilisation (0.38) and negative 
indirect affects (-0,21) via. p (rose), PflFJ? (root) and 
POPS (grain).

The direct effect of POPP (root) was negative (-0.22) 
though its correlation with the yield was positive (0.33). 
This positive correlation is due to the positive indirect 
effect of post (root) via. P (grain), soil total P, POPP 
(straw), available I1 (A-value) and percentage P utilization 
(0.85) which was nullified by the negative indirect 
effect (-0.29) via. p (root) and popp (grain).

The correlation coefficient (0.27) between PSP®
(straw) and grain yield was not significant but the direct 
effect of POPP (straw) was high (0.SS). The low 
correlation is mainly duo to the indirect effect via.
P content in root (-0.34).



Table 109* Path analysis 1. Grain yield (?) Vs, Root p <Xj), Grain P <X2)« Soil total P (%3), 
Hoot PDPF (ag)t straw POPF OigJ* Grain PUfJ? (Xg), A-value (x^> and Percentage g 
utilization (Xg).

CXj) Cx2) C*3> U 4) ix5) < V u 7) < v Total
Correlation

xa --0.-S953 -0.0220 0.0506 -0.06S8 0.3137 -0.0489 0.1334 0.0253 -0.2040

X2 0.0833 0.1576 0.0622 -0.1036 0,0862 0.0229 0.1558 0.0315 0.4760

*3 -0.1512 0.0492 0.1992 -0.0414 0,1328 -0.0148 0.1718 0.0223 0.367§

X4 -0.1740 0.0726 0.0366 -0.2249 0.4295 -0.1146 0.2243 0.0825 0.3320

>;5 -0.3379 0.0189 0.0479 -0.1749 0.5525 -0,1347 0.2042 0.0893 0.2652

X6 -0.1431 -0.0177 0.0145 -0.1267 0.3659 -0,2034 0.1619 0.0566 0.10S1

X7 -0.2537 0.0756 0.1054 -0.1554 0.3474 -0.1015 0.3247 0.0313 0.3739

xo -0,0985 0.0324 0.0290 -0.1211 0.3220 -0.0752 0.0664 0.1532 0.3082

Residual e£f«ct *» 0*71536 
* signifleant at 0*05 level
»* Significant at 0.01 level
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She direct effect of PBPP (grain) waa negative (-30) 
end its correlation ultn grain yield was leas (0,11) and 
not significant. The negative indirect effect via. swot P. 
grain p and pppf in root and positive indirect effects 
via. soil total P. twv in straw, available P (A-value) 
and percentage P utilization as well as the direct affect 
of PCW in grain together contributed for the low 
correlation, it nay bo noted that the positive indirect 
affect of POPP (grain) via. POPP {straw) was high 0,37) 
compared to the other effects,

She correlation coefficient between available p 
(A~valua) and the grain yield was significant (0.3?) which 
is mainly due to the direst effect (0.32) via. available P 
(A-value). Though the indirect ©fleet of available p via. 
pprr (straw) uac high (0.35), the negative indirect effects 
via. P content in root, PDFP (root) end POPP (grain) 
reduced the corre)atlon.

She correlation Between percentage p utilisation and 
grain yield was 0.33. cut of which 0,13 was contributed by 
its direct affect. The indirect effects of percentage P 
utilisation via. P3EX (straw) was nora than the correlatioi 
cosfficit nt, but the negative indirect cffeeto via root P 
POPs (root and grain) contributed for the reduction in 
correlation.



6.3.2. Straw yield

The straw yield was not significantly correlated with 
the j? content in root, tho correlation coefficient being 
-0.10 though its direct effect was -0.52. The root 3? 
positively influenced (0.51} straw yield via* 2? in grain, 
soil total P, P3PP in straw, available P (A-value) and 
percentage P utilisation, and negatively influenced 
(-0.09) through porF (root and grain). The high negative 
direct effect and negative indirect effects of 9 in root 
resulted in a negative correlation.

The p content in grain was significantly correlated
with straw yield (0.34) though its direct effect was sstall 
(-0.04). Indirect positive influence (0.44) via. all 
factors except PDFS’ in root was also observed.

The soil total s was not significantly correlated 
with straw yield (0.28) and the direct affect of which wae 
only 0.07. whan SDFF (straw), available p (A-valus) and 
percentage B utilisation influenced straw yield positively 
and indirectly through soil total P, the p (root and 
grain), pdjjF (root and grain) indirectly and negatively 
influenced tha effect of sell total p on straw yield.

The direct effect of PDFf in root (-0.15) was 
negative though its correlation with straw yield wag
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positive and significant <0.38). Shi® positive correlation 
is due to the positive indirect effects (0,80) of P in 
grain, soil total P, POPE1 in atrav, available P (A-vaiue) 
and percentage P utilization which was nullified by the 
negative indirect effect {-3.28) via, P (root and grain) 
and PDFS* in grain,

Th© correlation coefficient (0,34) Jsatwesn puff in 
strew and yield of straw was positive and significant only 
at 0,05 level. The direct effect of POPP in straw was 
0,43, Th© soil total p, available P and percentage p 
utilization influenced positively and indirectly (0.46) 
through PuFr In straw on the straw yield.

The direct effect of parr in grain was negative 
(-0,19) and its correlation with straw yield was less 
(0,22). The negative indirect effects via. root p, PDKP 
(root and grain), and positive indirect effects via. P 
in grain, soil total P, PDW .in straw, available *»
(A-vaiise) and percentage S> utilization, and the negative 
direct effect of pmr in grain together contributed for 
the low correlation.

The correlation coefficient between available P 
(A-value) and straw yield was significant (0,40) and Its
direct effect was positive and comparatively high <G.48>-



Table 110. Path analysis ?. Straw yield (¥} Vs. Root p (Xj), Grain p (x̂ ), Soil total P (x̂ ), 
Soot PBa'F ix4), straw PDET IXg), Grain porr (xg>, A-value <x?) and percentage p
utilization (xg).

tXj)

*1 -0 .5184

X2 0.0726

X3
-0 .1 31 7

-0 .1515

xs -0 .2943

X6 -0 .1246

X? -0 ,2209

x 8 -0 .0857

i m a g m a  w»nn W M — M M —  ■

» 2)

0.0054
-2-0383
-0.0120
-0 .0 1 7 6

-0,0046
0.0043

-0.018*
-G.0079

U 3) (x 4 > Cx5 ) <-v <X?) (XQ) TotalCorrelation
0.0186 -0 .0 4 3 7 0.2424 -0 .0 4 6 7 0.2033 0.0408 -0 ,0 9 8 4

0.0229 -0 .0 6 8 9 0.0512 0.0219 0.2288 0.0506 0 .3 4 0 l

0.0733 -0 .0 2 7 5 0,1026 -0 .0 1 4 1 0.2524 0.0359 0.2788

0.0135 -P.*14S6 0.3319 -0 .1 0 9 4 0.3294 0.1328
4*

0*3794

0.0176 -0 .1 1 6 3 & 4 2 S 9 -0 .1 2 8 7 0.2997 0.1438 0.3442

0.0053 -0 .0 8 4 2 0.2827 -0 .1 9 4 3 0.2378 0.0912 0.2183

0.0388 -0 ,1 0 3 3 0 .2 6 8 * -0 .0 9 6 9 0.4769 0.0504 0.3950

0.0107 -0 .0 8 0 5 0,2488 -0 .0 7 1 8 0.0975 0.2467 0.3577

Residual effect «* 0.7856 
* Significant at 0.05 level 

*•* Significant at 0.01 level.

2
8

3



When soil total P, PBPE in straw and percentage P 
utilisation influenced positively and indirectly through 
available p (A-value), £? (root and grain) and t-itFF (root 
and grain) influenced tho available p on straw yield 
negatively and indirectly.

She correlation coefficient between percentage P 
utilisation and straw yield was positve and significant.
Out of the total correlation (0.36), 0.23 was contributed 
by its direct effect, She indirect effects of percentage 
P utilisation via.soil total P, PCPP in straw and 
available p (A-value) was 0,36 and the negative indirect 
effects of percentage p utilization via. P (root and grain) 
and POET (root and grain) was -0.25.

6.4, Standardisation of P response for various soils

Th® response of rice for monocalcium monophosphate 
(MO5) and tricaiclua phosphate (TCP) was independently 
investigated to determine the optimum dose o£ p for 
maximum yield. She response functions for grain yield and 
phosphorus doses for various soil typos are given in 
Table ill along with the estimate of optimum P.

Sb lateritic alluvium, with the applied dose of MCP 
the relationship between groin yield and p was found to be
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Table 111. Response functions far grain yield and P doses for monocolclum monophosphate (MOP) and fricalciumphosphate for different soil types.

Konocalciura monophosphate (Mcp)
Soil Type Optimum P,os

Regression model (kg/he)

1. haterrfcic alluvium V a S.1925+0.Q314P -
2. Kari Y o 7.3212+0.12O5P-O.QO1OP2 60
3* Karepadam X <=lO.O162-f0.4847S'-O.OG52P2 46
4, Kayal Y =.10.3333+0.3307P-0.0032P3 52
5. Rokkali Y « 9.5927+0.2711JP-O.OQ24P2 56
6. Coastal sandy alluvium Y a 4.8D27+0.2734P-0.0025P2 54
7. Kole Y »12.3130+O.2952l?-O.OG25P2 59

Soil Type Tricalclum phosphate Ctcp)
Regression model Optimum P„0=

  J W t e h L
1. lateritic alluvium Y - 4,4693+0.1937P-0.0Q12P2 81
2. Kari Y « 5.8916+0.1053P-9.0014P2 67
3. Karapadam Y ®13 .0290-0.1190P+0.001OP2 59
4. Kayal Y a 9.3537-t 0.3680P-0,0033P2 56
5. Pokkall Y ® 9*9736+0.3586P-0.G036P2 50
6. Coastal sandy Y w 4.4266+0.1557P-0.0014P2 55alluvium
7. Kole Y =»12. 6260+0,1057P
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linear and hence no optimum dose could bs determined. 
Similarly in Kole soil also with the applied dose of SCP 
no optimum could be determined. In all other soils, the 
relationship between yield and dose of P was parabolic 
and the optimum dose of P as MCP worked out war© 60, 46,
52, 56, 54 and 53 kg Pz°5^ a‘ £or Kori, Karapadam, Kayal, 
Pokkali, coastal candy alluvium and Kole soils respectively 
As icp, the optimum dose of P for laterltic alluvium,
Kari, Karapadam, Kayal, Pokkali and coastal sandy alluvium 
were 31, 67, 59, 56, 50 and 55 kg P^Og/ha respectively.
She optimum p was found to vary from soil to soli for both 
the sources tried. It varied from 46 kg p20̂ /lm for 
Karapadam soils to 60 kg PgOg/ha for Karl soils when MCP 
was applied. She range of variation for the optimum P 
was from 50 to 32 kg PgOg/ha, respectively for pokkali 
and laterltic alluvium in the case of SC? application.
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DXbCUSSION

Reports on ladk of response to phosphorus especially 
in the rise soils of Kerala are often being brought forward 
from various locations and sporadically by field officers. 
Disjointed attempts have been made in studying the lack 
of response of rice to phosphorus. Some of them attribute 
the lack of response as due to release of fixed native 
phosphorus consequent to continuous submergence 
(Padmanabhan Hair and Aiyer, 1966}, as due to varietal 
tolerance (Mahendran, 1979), fixation of added soluble 
phosphatic fertilisers and there by of being no consequence 
to meet the requirements of the growing crops (Kpshy and 
Brito-mutunayagom, 1961} etc. However, no systematic 
integrated attempt to investigate this problem of lads of 
response to phosphorus in rice soils in nearly all its 
aspects has been attempted so far especially in Kerala, 
i'he results embodied in this thesis can claim itself to be 
one in this direction in view of the varied nature of the 
approaches that have been attempted towards the solution 
of the central theme of explaining lack of response of 
rice to phosphorus under Kerala situations.

From the objectives already enunciated in the 
introduction and type of methodology adopted, tho approach® 
attempted can be abstracted and listed ass-
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it) A study of various soil parameters, at times, 
critically contributing towards increased availability 
and in contrast parameters contributing towards greater 
fixation, a balance between these obviously interacting 
soil parameters which will ultimately decide whether P 
will be fixed or made available probably is to be 
hypothesised as defining the capacity of a soil to respond 
to application of phosphorus. From among various such 
soil parameters studied, nine important parameters have 
been taken into consideration as defining the behaviour of 
rice soils of Kerala in respect of their native p vis-a-vis 
added phosphates, on this basis the soils have bean 
categorised into six categories or clusters which 
progressively indicate their pattern of native p and 
projected behaviour towards added p.

(il) Detailed studies were conducted on soil P 
fractions both organic ana inorganic and their inter
relationships with total P in particular besides working 
out their relationships with major soil parameters in 
general, Shis ecudy which has thus brought out the major 
p fractions in different rice soil types helps to explain 
the chemical nature of phosphorus in the coll end the 
conditions under which the p will be available to plants.
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Ciii) Elaborate studies on phosphorus fixing capacity 
of rice soils as one of the important parameters in 
preventing responsiveness to added P particularly soluble 
phospftafcie fertilizers have been carried out.

Uv) She studies on the pattern of transformation 
of p upon submergence help to explain changes in available 
P due to waterlogging and the shifting of a soil from one 
which is tested and rated as low in available p to one 
that is medium or high. The nature of this detailed study 
enabled how such a generalisation cannot easily be made 
and exceptions either way i.e., which decrease tha 
available P or do not increase or decrease the available t> 
on submergence exist.

(v) Two rice varieties, a short and medium duration, 
highly popular in the Virippu and Hundakan seasons, two
among the throe rice seasons in Kerala, have been tested 
under pot culture condition with graded levels of P in a 
soil low in total and available p i.e., soil conditions 
suitable for response. The response behaviour, pattern 
of uptake of P, peak periods of utilisation of P etc., as 
worked out suggest further approaches of considerable 
practical significance in the management of P fertilisation 
of rice.
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(vl) In a paradoxical situation e£ fixation of high 
amounts o£ applied soluble phosphatic fertilisers but in 
the same soils release of minute quantities of available 
forms of P especially from applied rock phosphates 
the controversy continues to rage as to uhich form viz., 
rock phosphate or soluble phosphatic fertilizer is better.
The only method of getting an answer to this vexing problem

32is to use v labelled phosphatic fertilisers in both 
soluble end insoluble forms. Conducting rosponse and uptakt 
studies in on© and the saire experiment to bring out the 
relationship and proving unequivocally the equality or 
otherwise of the two forms leaving further choice to 
economic judicious resource utilisation and other 
considerations, is probably the only recourse. Optimum P 
requirement for maximum yield, contribution 01 native and 
added P to its uptake and consequently residual effects of 
different forms of P have also bean worked out.

The results brought out by the series of experiments 
are in short, an attempt to describe tha phosphate status 
of the rice soils end to explain lack of response of rice 
to phosphorus under Kerala situations. These are discussed 
to update the state of our knowledge in the light of the 
present study.
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from which the soils age developed. Xt has to be 
realised that these soils are continuously in a state of 
being formed by alluviation and developed by pedogenio 
processes* such a dynamic situation exists ©a account of 
their being situated in the flood plains of rivers, in 

ribbon valleys of the midlands or in law lying areas 
below sea level near the coast er on the fringes of tho 
backwaters into which sons of the rivers empty themselves. 
© 10 variations in tha major physiso-chemical characteri
stics of tha rico soils in Kerala were well brought out 
by a number of workers via., Subramoney (1047), 
danardhaaen Kair at al, (3.36S), Venugopsl (1969), Roehy 
(1970), Kurup and Myos (1973), Subramoney and 
Oopalaswaray (1973), Brsodovi mn& ana Aiyor (1074),
Panda and Kosby (1983), Aiyer at al* (1984) and others.
Sh© wide variations is ghysiw-chaaieai cteraotoristics 
o f the s o il,  tho complexity of natural conditions and the 

intensity o f human activities may be responsible fo r the 

wide variations in the to ta l P content.

This grouping ftao enabled us to predict the behaviour 

pattern p£ a r ic e  o o il from its  to ta l p content which 

w ill  enable to locate tho group to  which i t  belongs. Xa 

fee t there is considerable acopa fo r furthering this work 

in  terms of responses studies based on the inclusion o f a
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soil in a category and the general pattern of response 
o£ member;* of a category. It is significant to note that 
this clustering of soils for purpose of studies on P 
fixation and availability has brohen th© conventional 
classification of soils into various noil types such as 
lateritic alluvium (inceptieol), coastal sandy alluvium 
(Entiaol), Pofckali (Incoptisol), Kole (Enfeisol) etc. based 
on certain characteristic features or based on local 
names sines in many of the clusters, soils belonging to 
more than on© type ara found to occur. The maximum number 
ox soils (2Q.49 per cant) belong fee the second category 
and the minimum (1*32 per cent) in the sixth category. 
Tentatively, if a furtter classification is mad® into low, 
medium or high based on total £># it could be observed 
that 37.09 per cent of the total soils (groups 1 end 2) 
come under low (a total p content less than 450 ppm),
47.02 per cent (groups 3 end 4) under medium (a total p 
content ranging from 451 to 900 ppm) end IS.89 per cent 
(groups S and 6) under high (a total p content more them 
900 ppm) category. Th© soil recording a total P content 
less th® 400 ppm was classified under low category for 
tropical soils (Kawaguchi and Kyuma, 1977). Thus the 
majority of the rice soils in Korola can he categorised 
under medium group with respect to their p status.



Based on this classification it has baen observed 
that majority of the lateritic alluvium fall under medium 
(49.09 per sent) or low total p <38*IB per cent). Hone 
o£ th® Kari soils have a high total p, She entire Kayal 
soils studied belong to either medium (S3.33 per cent) or 
high J? (48.6? per cent). h large number of Ksrapadam 
soils have either medium (52*94 per cent) or high p 
(35*30 per cant). Hone of the coastal sandy alluvia's and 
Pokkali aoils show a high p content. & maximum number of 
Kols soils have a median P status (55*00 per cent). The 
highly leached coastal sandy alluvium snd the Po&kaii soils 
with sandy Characteristics have poor p status.

m  attempt has been made to us© the statistical tool 
of claosificatory analysis and index score method 
(Singh and Chowdhury, 1979) contrast to the principal 
component analysis discussed earlier. Th>in is mainly with 
the intention to classify soils since it offered s greater 
possibility of testing the significance if they could be 
categorised. However, since no grouping could bo obtained, 
this had to toe given up* in classifying th© soils using 
Clossificatory analysis and index score method* the 
Bray i~p has also been considered as a parameter among the 
nine included for the study. The Bray 1-p lias been th© 
most variable among all the parameters, the coefficient 
of variation tosing 95 per cent (Table 2). It indicates

29<i
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that profound variation exists between various soils with 
respect to the available P cantent* But the available P 
as estimated by Broy 1 method has not shown any definite 
pattern o£ increase or decrease with an increase or 
decrease in total P content. Thus total P itself may not 
be a single factor governing p availability, There may 
foa factors libs prc, B2°3» pH, clay, silt, organic matter, 
SEC otc., which are as important to characterise the soils 
and define the p availability, Tha probability of 
obtaining a profitable response to p application exists 
since the majority of Indian soils (98 per cent) and also 
Kerala soils (more than 84 per cent) have either low or 
medium total P.

2. Phosphorus fractions of rice soils

A Knowledge on tho amount and chemical nature of 
various fractions of phosphorus in tha soil and the 
conditions under which they become available to plants is 
a pre-requisite sines tha availability of P to growing 
crops depends on the solubility of P fractions in the soil* 
It is well Known that th© merited variation in the different 
forms of phosphorus is a function of genetic differences 
among soils (Chang and tfaeJcson, 1958) organic matter, 
calcium carbonate and assgui-oxide content in addition to 
the cropping system appear to be guiding factors in 
determinijsjfcha distribution of different forms of phosphorus j
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She observations on various fractions of phosphorus and 
the relationship between each Sorts o£ p with important 
soil characteristics ar® discussed below. (Sables 3 to 24 
and fig. 2)

2.1, Total phosphorus

.appendix 1XX indicates significant variation in total 
2? content (108 to 1763 ppm) for various soil types, it 
may possible be doe to the differential characteristics 
ofi the parent material from which the soils were developed 
and also the profound and varied influence of htraon 
activities, A reference to Table 3 indicates that coastal 
sandy alluvium have the lowest mean total p content 
(280.8 ppm) and Kayal soils, th® highest (962.S ppm).
The low total p recorded by the coastal sandy alluvium is 
in conformity with the observation mad® by Yadov and Pathak 
(1963) for th© Indian coastal sands, The coarse tortured 
and intensively leached soils have poor reserve of 
phosphorus. But Alyar et al. (1984) observed the high 
content of P in coastal sandy littoral soils of Kerala.
The maximum variation in total P has been observed for 
latoritic alluvium and the minimum for Kayal soils*

i

2.1.1. Salold - P

As in the case of total P, the coastal sandy alluvium 
has recorded the lowest content of aaloid-P (Table 4), the
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reason may be that these soils do not contain appreciable 
amounts of sorbing or binding sites for phosphorus. The 
high content of clay or cesqui-ottides in Karapadam soils 
may possibly increase the sorption of P by these soils.
The Table 14 Indicates a comparatively low contribution 
by this fraction (1.S2 to 4.75 per cent with an average 
of 3.22 per sent for all the soils taken together) to 
total p which further defines the sorbing capacity of 
those soils for p. Major quantity of the phosphorus may 
either fee converted into Fe-p, Al-P or similar compounds 
other than loosely bound form indicating the high phosphate 
firing capacity of those acid soils.

2.1.2. Al-P

Tha mean Al-p {Table 5) has been observed to be 
lowest for Kari sails {30,4 ppm) and highest for Kole soils 
(116.2 ppm) indicating a wide variation between soil types. 
It contributes 13,81 per cent to tha total p. the second 
most dominant factor newt to Fe~P in the total pool of 
phosphorus. The high RgOg content in the soils and also 
the low pH may decide upon the dominance of this fraction 
and the presence of Al-P in soils is mostly dependent upon 
tha pH and Fa~p or soil icon content. The results of the 
present investigation are in agreement with the findings 
of earlier workers such as Mathan, (1964) and 
Vijayachandran (1966) for Tamil Hadu soils and Myer and 
Nair {1979) for Kerala soils.
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2.1.3. g c - F

The highly leached coastal sandy alluvial soils with 
low R2°3 and comparatively moderate and only pH near 
neutrality have recorded a low Fe-P content of 28.1 ppm 
(Table 6). The Kayal soils have recorded a comparatively 
high Fe-p content of 151.3 ppm among the seven soils under 
study. The acid nature of Kerala soils may possibly be 
one of the reasons for the dominance of Pe~p over ail 
other fractions contributing to total P and the average 
proportion of Fe-P to total P being 15.48 per cent. The 
low pH and high content of oesgui-oxidss may be responsible 
for the predominance of Fe-p in the laterite and other 
acid soils. The percentage contribution of Fe-P to total p 
has however been lowest (10.00) for coastal sandy alluvium 
and highest (20.31) for Pokkali soils, the latter having 
a very low pH compared to a pH slightly on the acid side 
or neutral for the coastal 3andy alluvium.

2.1.4. Ca-P

Th© mean Ca-P fraction has also been lowest for 
coastal sandy alluvium and highest for Kayal soils 
(Table 7). Th© acid nature of soils may be the reason for 
the low contribution of Ca-p (6.79 per cent) to total p.
The differences between the percentage contribution of 
Ca-P to total P in various soils is not very high. Chang 
and Jackson (19S8) opined that in calcareous noils or
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soils that had not muoh weathered, most of tha inorganic P 
was present as Ca-P. She highly weathered riverine 
alluvium, very often may contain lesser quantities of Ca-P. 
Jos© (1973) observed that in neutral ana alkali soils of 
South India, Ca-P dominated over Pe-P and Al-P, and Ga-P 
increased with increase in pH which lends support to the 
observations mad® in toe acid soils of Kerala.

2.1.5. Reductant-P

The reductant-p is observed to bo th© third abundant 
fraction oi phosphorus. As in the case of other fractions, 
reduct,ant p ha® also been low for coastal sandy alluvium 
and high for Kayal soils (Table 8), Highly weathered 
soils according to Chang and Jackson (1958) always contain©® 
appreciable amounts of reductant-P. They further observed j 
that th© reductant soluble P was due to an iron oxide 
precipitate formed on the surface of iron and aluminium 
particles during weafenoring by hydrolysis of ferric iron* 
The fact that the acid soils of Kerala contained reasonably 
a good proportion of reductant-P over total P (8,25 
per cent on an average for all soils) confirms that those 
soils are developed on recent alluvial deposits (ftlyer anc 
Hair, 1979).

2.1.6. Occluded—P

Table 9 indicates that the lowest conc. of occluded P 
of 8.5 ppm has been recorded by coastal sandy alluvium and



the highest cone, of 27.6 ppm by Kayal soils, The average 
per cent contribution of this fraction to total P for all 
soil types has been 2.82 (Table 14)# comparatively a low 
value when F®~P« Al-p# r*ductant-P and Ca-P fractions are 
compared. Significant difference in occluded-p could not 
be observed between latoritic alluvium, Kari, Karapsdam 
and Kole soils and isjmjconformity to the earlier findings 
of Aiyer and Hair (1979) for rice soils of Kerala and 
dose (1973) for the neutral and alkali soils of South India.

2.1.7. Sum of inorqar.fc-P

Th© sum of inorganic P is found to bo lowest for the 
coastal sandy- alluvium (Table 10) since majority of the 
inorganic e fractions in these soils are low due to a low 
sesqui-oxide content and also low content of other 
parameters of the soils vis., organic matter, silt, clay 
etc., responsible for the F sorbing capacity of the soils. 
The Kayal soils has registered the highest quantity of 
sum of inorganic P. Unlike coastal sandy alluvium and 
Pokkali soils, other soil types vis., lateritic alluvium, 
Kari, Kayal, Karapadana and Kale have a comparatively high 
eonc. of P sorbing parameters. About 50 per cent of the 
total extracts* le P can b© accounted by the sum of 
inorganic P and the remaining 50 per cent by the organic 
and non-ex tractable form of phosphorus for all the soils 
taken together.
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Th® present observation of the dominance of Fe—p, 
followed by Al-P in the acid soils is in conformity with 
the findings of Chai Boo Cho and Caldwell (1959} in 
Minnesota soils» Janardnanan Hair (1961), Vij ayachendran 
(1963, 1966), Hambiar (1962), Bhat (1966), fiajaram (1964), 
Myer and Nair (1979) and Sundarasan Hair and Aiyer (1983) 
in Kerala soils? Kanwar and Wipathi (1977) in acid soils, 
and Mathan (1964) in tha high level latosols of Hilgiris 
hills in Tamil Wadu and Cholitkul and Tyner (1971) in low 
land soils of Thailand,

2.1,8, Organic^

TSi© low organic ? levels in coastal sandy alluvium and 
their higher content in Kayal soils (Table 11) may be due 
to either low or high organic matter content in these soils 
when compared to ether soils- under study as observed fey 
Jackman (1955) and Mehta et al, (1971). The acid soils of 
Kerala showed a wide variation in organic P ranging from 
0,8 to 42.4 per cent to total l> as reported by Koshy and 
Brxtp-mutunayagom (1961). For all tho coil typos on an 
average, the organic P accounted 44.3 per cent on the 
total P. On® third ox the total P was observed to be in 
the organic form by Fuller and Me George (1951) for 
calcareous soils where as only ID to 20 per cent of the 
total p was the contribution by organic P for Kanpur soils 
as recorded by Goal and Agarwol (1959).
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She coastal sandy alluvium which contained a low 
total p has recorded a low quantity of non-extractable P 
and Kayal soils with highest total P have showed a high 
cone, of this fraction (Sable 12). About S.34 per cent of 
the total P could not be extracted by the fractionation 
procedure as outlined by Chang and Jackson (1958), a defect 
pointed out earlier by Aiyer et al. (1984) for coastal 
sandy littoral coils of Kerala. They attributed this to 
residual accumulation of Thorium phosphate of monoBitie 
minerals present in the littoral coastal sandy soil during 
the Chang and Jackson fractionation. The aesqui-oxid© 
corse, may decide upon the quantity of non-extractable p in 
the Chang and Jackson method of fractionation and the high I 
voice of non-oxtractable p observed in the laterito and 
acid soils may be associated with the hydrated sesqui-oxidesj

2.1.10. Total inorganic P

Th© coastal aandy alluvium and Kayal soils have bean 
observed to contain a low and high content of total 
inorganic P respectively. This may ba due to the fact that 
total p  itself has been respectively low and high for these 
soils. There is not much variation between various soil 
types for the percentage contribution of th© total inorgan1 
P to th© total P, the average being 55,6 per cent.

2.1.0. Kon-extrastabia g
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In correlation studies between various P fractions 
and soil properties (Sables IS to 24 i significant positive 
relationships have been observed between all the p 
fractions except satoid P in Karl, Kayal, Karapada-n, 
coastal sandy alluvium end Kole with total p as veil as 
with sum of inorganic p indicating the presence of a close 
equilibrium between them for all the soils in general.
Sam® is the case with tne relations between various P 
fractions except seloid P and Al-P with non-extractable P.
St is interesting to net® that the p fractions Increase 
substantially as tha total p increases. She correlation 
coefficients between total p and the various P fractions 
for all the soils conaidered together have ranged between 
0.73 to 0.99.
3. Phosphorus fixing capacity of rice soils

Ihe fixation oz. native and applied phosphates it 
generally considered to be tha main cause of its loo 
availability. Research on soil phosphate is further 
complicated by tho fact that each ©i the phosphate ion forms 
a multitude of compounds of low solubility and often of 
highly variable composition, sho tom phosphorus fixation 
is the process uhersby readily soluble phosphorus ia changes 
to less salable forma by reaction with inorganic and organic 
eo3$>onente of the soil, with tho result that the phosphorus 
becomes restricted in its mobility in the soil and suffers



Among tha seven rise soils, th© mean phosphorus 
fixing capacity (Sabi© 35 and Fig. 3) has varied from 
36.10 (coastal candy alluvium) to 52.75 per cent (Kari 
soil), significant difference in J?KJ between the various 
soil types (Appendix IV) has bees noted as observed by 
Koshy and firito-autuaayagora (1961) in their studies on p 
fixation and p availability in Kerala soils and fled et al. 
(197S) in various soil groups. Ccrtpgtatlvaly a low it ion 
cone., poor d2o3 and clay content In coastal sandy alluvium 
and high cone, of H ions, KjOg and clay content in Kari 
soils may fee responsible for tbs lowest and highest P 
fixing capacities respectively fur these soils. The 
differences between the mean PPG of latoritic alluvion, 
Kari, Kayal, Karapadom and Kol© soils are not significant. 
Th® similarity of Kofetanad acid soils, lateritic alluvium 
and Kolo with respect to PSC is brought out unlike coastal 
candy alluviim aid Pokkali soils which have formed a 
separate group, Sitwa th© fixed p us added to the total 
pool of phosphorus, the coastal sandy alluvium has been 
observed to be having a lew pue has recorded a low total p 
status also.

304

a deeresr© in its availability to plants.

3.1. Factors'; governing phosphorus fixing capacity

A number of soil factors control and govern v fixation
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which itaelf is highly variable from soil, type to aoil 
type in view of both variation in governing factors as well 
as iBteeaatien and interplay of the factors there of.
Shis is an aspect critical in tha study a£ £ actors governing 
patterns »S response te applied p by a given soil* In 
view o£ this* tho Bsc has been investigated in relation to 
various factors in detail. Correlations and lin e a r 

regressions arc confuted ixst.seea PEC and various soil 
parameters CSaisle 26 to  -»2),

ffii© correlations oui regression coefficients between 
PEC and ph are negative end significant far all tho soil 
types. However, th© intensity c£ influence or pH on BSC 
has been varying with the soil typos depending upon tho 
extent of acidity. Parfitt (1973)* Ereieea et al* (1360) 
and Hynes (1983) observed the significant negative affect 
mS pH on pec* at lower pH vsines* thare will fce free Pa 
end Al ions* responsible t m  precipitating tho phosgSiot® 
aniens and thus increasing the PEC of -toe soils.

Similar to the influence of pa, negative correlations 
and regressions are obtained between BBC with organic 
carbon* total C3aO, total ago, C&c, Exch, e®., Sxsh* ag*.
C/p ratio, active & and scad content for all tho soils
studied. She negative affect of organic natter on the BSC 
Of she soil was well brought dun by the earlier work of 
Babte and Selvestsva (1963) and Kanwsr and Grewcl (2960).
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The organic matter either reduces the intensity of S» 
fixation by the seaqui-oxides or the anionic organic 
compounds released from organic matter compete with 
phosphate anion in polar adsorption by soil colloids and 
thus decreases j? fixation.

The total CSC, nature and quantity of exchangeable 
cations present in tha colloidal complex etc, play an 
in$x»rtant role on psc. The observations of Kanwar and 
Grewal {I960) on the effect of degree of base saturation
on the PTC of the acid soils of panjab are in total 
agreement with tha present findings. Since ail the soils 
included for the study ere acidic and the total Cat), total 
HgO, CSC, Escch. Co.,and Exch, tig, are comparatively less 
the pfc of the soils has boon high amending upon th® 
extant of CEO and percentage base saturation. Though the 
active P contains both Pe-P and Ai-P, the influence by Ga-P 
haa produced a net negative response for actio® P on PffC* 
Tha negative influence of sand on esc was well established 
by Patel and Viswanatfe (1946) confirming the results 
obtained in the present attidy.

The SBC is significantly and positively influenced by 
the total aaaqui-oxidas, total TOgOg, total AlgOg, oilt,
clay, c/n ratio and Ps3o3/a12Q;j. She correlation 
coefficients aro narrowest (0.81 to 0*99) between PPG and 
total sesqui-osciues for all the soils among the various 
factors. The sesciui-oxidas present in the free state and
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in the hydrated forma are considered the main cause of 
phosphate fixation in acid soils. She icon and aluminium 
containing soil minerals including clay minerals are the 
octree of iron and aluminium. She effects of sesqul-cjiicies, 
active Be and Al were widely reported by workers like 
Raychaodhuri and Htkherjea (2941), colaaon (3.942, 1944 a, b ) 
Konwar (1936), heaver and Rue tel (1957), Coleman et al. 
(1960), Hsu (1965), Vijayachandran (196S), Box et al. (1971) 
and dose (1973). She acid soils with high silica: 
sesqulvoxldas have high capacities for B fixation, the 
observation by Koaby and Brito-mutunayagom (1961) is in 
conformity with tha present finding. Stellar results were 
reposted by Baychaadhuri and ttukhsrjee (1963), Rad et al. 
(1975) and Banilo iiOpes-Hornacdes and Burnham (2992). Thm 
hydrated seagal-oxides on their positively charged exchange 
sites anionieally exchange phosphate which later undergoes 
adsorption piss reactions. Shea© later get more complicatê
to lead to complex reaction products. She variation in 
tha r values between tl» different soils may b® du© to th® 
total content and nature of seaqui-»osides. fls a conssqueraê
tha nature and quantity of the reaction products vary
considerably as influenced by other soil factors.

It has been generally accepted that most of tha 
phosphate fixing power of soils lie in its finer mechanical 
fractions, especially clay. She differential behaviour of
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various soils may be due to the amount of clay, silt, 
jfOgOg/Al^g or nature oS slay minerals present.
Rayohaudhuri and Mukherjee (1963), Koshy and 
Br£t©*®ufcunayage® (196S) end Bad et al. (1975) have 
expressed similar views on the positive Influenco of elay, 
silt, f“©2Og/Al2o3 ©a tho pffe. Zn acidic soils, th® iron 
and alUT.iniuo containing clay minerals say bo more 
resulting in a high quantity of P getting precipitated or 
the hydrated oxides ©£ iron and alurainlasa adsorb the 
phosphate to form aerae complex compound©, totally 
unavailable to the plants,

A stepwise regression analysis carried out to assess 
the relative Influence of selected independent factors 
such as pH, BgOg, CeO, Mgo, CSC, organic matter and clay 
content on the m e  of different sells are presented in 
Table 43 to 49. The results show that ths s^sgui-oxides 
eosert a maximum par cent variation on the pec of lateritic 
alluvium (97), Karagadara (90), Pokkali (92) and Kola (97) 
pH is Kati to! I (943 and coastal sandy alluvium (82) while 
CEC in the case of Royal soil (40). These results clearly 
hr lag out the subtle differences in tlie contribution of the| 
fcefesrs to BBC in different soils and aoiao of their Indiras! 
effects as well, Thug in the lateritie alluvium, Karapadanij 
pohJiali and Role soils, the sesgui-oxides contribute more
than 90 per cent towards the total M?s, Xt is known that I
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the hydrated seagal-saldes which are abundantly present in 
the waterlogged situationo ©aatsiteate Bsscimam towards anion 
axshaag® capacity to a soil, lurtbsr# p fixation is also 
ks«n ao the anion exchange plus rooetioa» Thus tna very 
inifeiabica and furtherance of anion exchange process and 
further adsorption and precipitation products of ires and 
aluminium phosphates as© initiated fey the presence o£ the 
sosgvii-oxides is the soil, Hhie ability to initiate the 
retention of p ineroases with increasing cone, of iron arid 
alaniniwa as exemplified ay a gradation shown is the PPG 
of Kerap&daa, paJs&ali# Eol© and latoritic alluvia®, fs 
Karl soil with very low pH and high amounts &£ organic 
matter an*! in eeasfesl sandy sliwiwas with moderate pH and 
with both low organic matter, iron and altssisiua. pH is the 
deniaasfc factor governing p ftoatioa, In both eases# pH 
and factors decreasing pH will Indirectly enhance aeiuhiii* 
sablca of Iran and aluminium enhancing precipitation 
reaction and v retention, 1b the Kayal aoile saturated 
with lima shells and having a pH around 6.5 to 7.0, it is 
natural so expect 90 par cent of the esc saturated with Ca 
Bader such circumstances it- is no Header that CEC Is seen 
to ba the major factor governing P fixation. She ugh Fatal 
and Viswone.th (1946), end Had et si. (1975) and other 
researchers studied tooth m'C ana factors governing it# the 
present critical studies have made it clear that in eerfcai 
acid e©41 types (latoritic alluvium, Karapadam, Fohkali
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and Kolc) while sesgui-osidas are the dominant factor in 
certain others (Karl and coastal sandy alluvium), pH 
becomes the dominant one relegating sesqui-oxidaa to the 
second position. Even a slightly acid or near neutral soil 
like the Kayal soil of Kutfeanad, which is calcareous due 
to the occurence of lirae shells have CdC as the dominating 
factor. She present study has thus brought out oho 
eriticality of the factors in controlling the prc of acid 
soils of not too widely varying pa values and all of the®
©u the acid side of neutral.

4. Pattern of transformation of ahoaahoros duo to 
subraeruwnaa

tend submergence is known to influences the transforma
tion and availability of both native and applied phosphorus. 
B fractions in rlee soils under natural situations 
(submerged conditions) in contrast to aerobic non-submerged | 
situations (prevailing usually only at the tin® of harvest 
of rice crop) needs to be differentiated and studied soil . 
typewise to interpret variations in tha pattern of response 
of rice in various rice soils of Kerala, The relationship 
between available w and crop response worked out for uplandj 
soils may not, hold good for low land rice as 9 transforma
tion is known to be associated with Bh and pH changes in 
flooded soils. Except for oorae early or preliminary afcudlc 
on the distribution of soil phosphorus and its availability
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te g&sa soils of Kerala isy Koahy (1952), Koehy and 
Srfeo-maftuaayago® (1961), aiyer and Sate 11979) and 
Alyar oft al, (1904} and others* wary lift tie authoritative 
information is available on the kinsftias of inorganic I? 
fractions and the available P due ft© sataBergeaoe. Sn the 
study, laboratory sampled rise sells were uniformly 
re-wafterlaggsd for a period of 16 weeJte corresponding to 
fttw period e£ harvest of rice crop to study tfta aseteat of 
eteJlaftie® a£ field waterlogged situations, Xa each soil 
type two smplea, one with a lew total P and another with 
a high total P were selected, fh@y belong to the first 
(liafterlftie alluvium* Sari, aoaatal randy all«vl®» and 
PsSlsali soils)* second (Karapadao eaa Kale soils) and 
fourth categories or elasters (Kayal soil) which regisftarad 
a low total P end to «1» third (coastal sandy alluvial soil 
fourth tttari and Pefeteii soils), fifth (Kae«®>ada® soil) 
and sissftb clusters (latoritic alluvion* Kayal and Kola 
soils) which registered a high total P.

Shough the transformation of P due to 8»ta®rge»e® has 
feosn studied In general, the magnitude of its variation 
especially tho inorganic P fractions and available P ia 
different rice soil tapes with both high and lew total B» 
has aeft been studied earlier. In fact such a detailed 
scrutiny in the present oftwSy has brought out signiftleant 
differences which are meaningful ia explainin'? differentia
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behaviour ©£ soils in producing response to applied 
phospbatic fertilisers. The results on the transformation 
of inorganic P fractions <iu • te submergence and available i 
as estimated by four different method vis*, Bray 1, Bray 2, 
Olsen and Truog method© are discussed below,

4.1. inorganic g fractions

under air dry conditions excepting a!-p all the other 
inorganic e fractions have been lowest in coastal sandy 
alluvium and highest in Kayai soils. Aon the Al-p content 
is lowest in Karl it is highest in Kola eaile, Upon 
waterlogging all the soils hov© registered an increase in 
all the inorganic fractions of phosphorus. (Table 50 to 
56 and Appendix V), excepting the A1~P fraction in Kari 
soil, the coastal sandy alluvium has recorded the lowest 
Valu© for all ths inorganic fractions of 9 du® te sufesergeae 
With the exception of Kole soil which has recorded the 
highest value for both seloid-P and &1~S>, Kayal sails have 
recorded the highest value for all other fractions of P. 
Those soils having a law or high content of p fractions in 
ton© air dry condition have registered correspondingly a 
low or high value under submerged situation else, This is 
in conformity with the findings toy Hands! and Chatter Jee 
(1972) fc/iat the transformation of P into Ai-P and fe-i> 
appeared to toe directly related to the quantity of these
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inorganic forms ef s already p3resent in the ©oils. The 
observations by Aiysr and Hair (1979) and Sundaresen Hair 
and Aiyar (1933) on the increase of Al«p, re-i> and Ca-P 
upon submergence in rice soiia and the Singings of Verraa 
end TMpatfti (1982) that native inorganic p fractions 
increase upon waterlogging agree with the results obtained 
in the present study.

A reference to Table 57 sad fig. 4 indicates that the 
percentage increase in p fractions due to subwtrgonce has 
been differing with respect to soil types and the sansa may 
be due to the difference in the original status of each P 
fraction before aubaergonce. The average percentage 
increase has been lowest for occludod-P (2.7) sad highest 
for Fe-p (63,5). she M-p end rsduatant-p have behaved 
a»r# or less uniformly when all the soils taken together, 
similarly with respect to the contribution of aseh P 
fraction in the total variation of Inorganic p due to 
submergence (Table 58), oeseludea-P hast been observed to be 
contributing to 2,2 per cent (lowest) while 48,9
per cant (highest). in the acid rice soils, the dominance 
of Fe-p fraction ana honce the availability of ye-p will bi 
mors due to submergence resulting to a high absorption of 
p by rice plant, Hahapatra and Patrick dr. (1969) opined 
that the dissolution of Che costing of hydrated ferric oxi‘ • 
around the soil particles possibly resulted in the release 
of fe-P. They (1971) further found that when Al-P increase
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by 3S per cent, Pe-P increased by 64 per cent and Ca-P 
Sid not undergo much change due to Haterlagging. The 
observations by Manual and Khan (1375# Indicated that 
continuous waterlogging for 110 days caused an increase in 
Fq«e> in oil soils and the work by Veras and Thlpnthi (1982) 
found a maximum increase a£ 70,7 per cent in jfe-p upon 
submergence. The above views arc in total conformity with 
the results currently obtained.

4.2. Available Phiasahoraa

The mean available p for all the soil types has beaa 
lowest (6.1 ppm) under air dry conditions and highest 
(13.5 ppm) under waterlogged conditions (Table 59). Tbs 
difference between the mean values of available P estimates 
by all the four methods in all soil types is found to be 
significant (appendix VI). The occurence of a marked 
increase in the availability of native and added p in 
flooded soils as compared to well drained soils was well 
established by Shapiro (1958 a). Ponnamoerema (1964), 
Padmanabhan Hair and Atyar (1966), Mahapatra (1966),
Bast and MUkherjee (1969), Mahnpatra and Patrick 3s, (1971, 
Hands! and Kim (1975, 1977), <3»aw«ni and Sansrje© (1978), 
Verma and Tfijipathi (1982) Katyal and VenJcatremayya (1983) 
and Sharplay and Smith (1963). Though there is difference 
between the methods in extracting the available p both unfit 
air dry and waterlogged conditions, their suitability has

314
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to ho judged in relation to plant growth parameters, ffh® 
soils have differed with respect to the P availability unde 
sir dry and waterlogged conditions.

She average per scat increase in p availability due 
to submergence is lowest CS2.6) by the Bray 1 Method and 
highest (244.1) toy the Bruog's method (Table SO and Pig. 5j 
BasaJt and Bhattacharya (1962) reported a 64 per cant 
increase in soil available E> from planting to tillering 
stage o£ rice plant. Sie increase in p availability was 
reported to be either due to the reduction of iron and 
aluminium (Basal et al. 1960) or due to the dissolution 
of solid phase Pe-P by the drop in redox potentials 
(Ponnansperuraa. 1964). Ponnampertma (1372) suggested two 
ways by which increase 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. ooowaol and Banerjee (19763 considered 
the causes of the increase in available p in soil to be 
(il release of P ison organic P (ii) increase in aolubillt] 
of p resulting from decreased soil pH due to the accumula
tion of COj in calcareous soil (iii) reduction of 
l?epo4.2HjQ to J?e3(£>03)2,8Haa with higher solubility.
(iv> higher solubilities of FsPQ4»2HgO and AlPO^.SHgO 
resulting from hydrolysis sue to the increase of soil pH



in aai<5 and strongly acid sails, tv) release of phosphate 
ions from the exchange between organic anions and phosphate 
ions in iron and aluminium phosphates and (vi) increased 
diffusion of phosphate under submerged conditions. Katyal 
and Venkatransayya (1983) attributed high temperature as 
one of the reasons for the increase in water soluble P.

Since several inorganic p fractions have been 
investigated both under aerobic and submerged situations 
and available P has been determined by four different 
methods from both air dried as well es submerged soils, 
intercorreletion matrix between the percentage increase in 
available p estimated by various: nwthads end percentage 
increase in inorganic 9 fractions due to submergence has 
also been worked out and tested for their significance 
(Tabic 61), However none of the correlation coefficients 
has bean found to be aionificant indicating thereby that 
the Inorganic P fractions studied in detail indicate only 
one aid® of the picture. St I*, very much possible that 
number of other factors are differently acting so as to 
prevent the intercorrelation matrix from becoming signifi
cant. evidently such factors could be the organic P 
fractions, transforaetion of organic p by Microbial 
population, variations in the content of non-cxtractable t 
(rasAduai p) and various factors contributing to solubilis
ing them differentially un^er 'submergence. In fact these 
are aspects which have not been studied la detail and which
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do require very intensive farther studies* However* 3Te~p 
fraction being the dominant on®, might b® influencing the 
estimate of available p by different methods as observed 
by Verma and Ufndpathi {1982) who stated that waterlogging 
increased the p availability indices determined by seven 
chemical extractants. Exam thoir atep-wlsa regression 
studios also Fe«s> has bean found to be the most important 
variable contributing to the total variation in the 
regression of olson, fray X, Bray 2, tcruog, feech and 
Morgan’s both in air dry and waterlogged toils.

In rice culture, frequently due to failure of rainfall 
or delayed monsoon, Hi© field may bo alternately flooded 
or dried, under these conditions tns X5 transformations 
may not be exactly similar in nature to those under 
continuous submergence. Addition of organic or inorganic 
nutrients may al&e accelerate the -transformation of p.
These aspects huvo also to be taken care of for predicting 
tbs behaviour pattern of rice crop to the application of 
phosphatic fertilisers.

S. Response of rlsa pp graded doses of Phosphorus

Earlier results obtained by Mshessdraa <1979) teased ©e 
field experiments conducted in this institution bad 
delineated Meshoori as a medium responder ana Jyofchi as a
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low responder -to p corresponding to their medium and short 
duration. The term ‘non-responder* used for the variety 
Jyothi was however to be further tested. The detailed pot 
culture study with Mashoori and Jyofchi 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 
as guided and controlled by the total and available p 
status of soils. Some of the salient results obtained are 
itemised and oiacussed nelow to bring out the essential 
points.

5.1. Available phosphorus at various growth stages

The availaal© p has been determined by four common 
methods from the soils under various p treatments and 
grown to two different rice varieties, viz., Mashoori and 
jyothi and at three stages of growth, 30fĉ  and SO**1 days 
and at harvest, since fractionation of soil p at all these 
stages has also boen carried out, considerable data on 
intercorrelations and stepwise regressions between 
available 5? estimated by various methods on the one hands\
and inorganic V fractions on the other have bean 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 akova (Appendix VII I) and the mam Table (62 to 6tj 
indicate tnot the available p as estimated by the three
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methods viz., Bray 1, Bray 2 and Olsen has been influenced 
toy differences in the/varlwties of rice grown in the soil, 

doses e£ phosphetlc fertilisers edced and the growth stage 

of the crop. The estimate of available P by Trueg's method 
is sees to be influenced by varieties on 60 day and 
phosphate treatments on the 30®h day of sampling only. 
Truog's estimate of available P Is unaffected by other 
parameters on the 38®^ and 60®** day, by all the parameters 
at harvest. These results though apparently pedestrian 

are really not so. Thus, out of all the fear different 
methods of available p extraction, at least three are seen 
to be seriously affected by <31fferoaees in variety of rice 
grown in the® prior to sampling. This may fee due to a 

modification in the total rhizosphere and nature of the 
root exudates. This is m  aspect of study which has not 
been systematically attempted.

The observed differences in available 9 estimated by 
different methods for various levels o£ I? treatmanfe 
(Superphosphate) have been mainly duo to the partitioning 
of the soluble phosphates into various inorganic and 
organic forma.

The moan available p in soil at various growth stages 
as indicated fey all the extractants (except Truag at harve« 
stags) is lower in pots grown witn Masheorl, Soot studies 
conducted at various stages shew that Mashoori has a mare



32-')

extensive and ramified root system than the variety Jyothi. 
This only eurraborafees the faster depletion of available P 
in the soil grown to Haahoori compared to the soil grown 
to the variety* dyothi. Similar attempts at establishing 
relationships o£ uptake patterns in relation to root 
parameter* have oeen mads by Kasath anC Ota at Sew Delhi 
{1979), Mshendran {1979) at Veilayani and Sumio Stoh and 
Barber (1903).

Excepting Truog’s-P on 30th day of sampling, the 
available P estimated by all the four methods at all atageo 
have been positively and significantly correlated with all 
the inorganic E> fractions (Table 72). Tbs extent of 
contribution by each fraction on the available p determined 
by the different methods has been further analysed with 
stepwise regressions (Sable 73). Thus the proportion of 
available p estimated by both Bray 1 and Bray 2 derived 
fro® re-p is greater to the extent of 90 per cent. The 
contributions of salold p towards available P by Olsen’s 
method and of the «\l~p fraction on available P by Truog’s 
method on 30̂ '° day are respectively 78 and 62 per cunt, 
tfhen tha Al-F has contributed by about 93 per cent towards 
the available J? estimated by Bray 1 and Bray 2, reduefcant P 
did so by 87 per cent on Olsen’s P and saloid P by 12 
per cent on Truog’e P. all on the 60th day. At  harvest 
stage, the Ca-P fraction is responsible far about 95 per car



of the Bray 1 and Bray 2 available p while its contribution
has been 97 per cent on Olsen’s p. Occluded P has account® 
for 36 per cant on Truog’a-P. The observed non-uniformity 
in t,i<s contribution of s? fraction to the various extractant 
is readily understood, in fact it is significant to note 
that based on differences in the nature of the extractants, 
moisture regimes and stage of crop, crop exudates, crop 
residues etc,, in the soil, Bray 1 and Bray 2, the 
reeomteaSed extractants attract maximum available e fen the 
for® of Al-p and Pe-P in the waterlogged situation on 30 
and 60th day while, at harvest stag© when conditions are 
dry, Ca-P fraction has contributed highest towards 
available p. On the other hand Olsen’s reagent has 
extracted available s» in mostly saloid and reductaat p 
during periods ©, waterlogged situation and Ca-P during 
harvest period of the crop which is on aerobic situation.

The reliability of each method of estimation of 
available of P nas been further judged with the help o f  

correlations and regressions (Table 74 to 771 between the 
available p estimated by the four methods end biometric and 
yield characteristic!.. Significant positive correlations 
have been observed between available F determined by all 
the four methods except Truog and biometric and yield 
characteristics, in general, indicating there by that 
Bray X, Bray 2 and Olsen can be suitable extractants for
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estimating the available) p content, further it has been 
observed that Olsen's P is responsible for about 74 and 51 
per cent respectively among the other three methods on 
grain and straw yields (Table 76). The j? tsptake and grain 
yield® are highly correlated (roO.$l). The superiority 
and reliability of Olsen's method in predicting the 
available P  in the soil have boon further emphasised by its 
contribution (68 per cent) ©a the estimate of P uptake by 
the rice strop at its harvest stag© though Bray 1 and 
Truog*a»p are raeiniy responsible (55 and 60 per cent 
respectively) on total p uptake at 30th and 60th day of 
sowing. The growth stags of the crop stay also play a 
decisive role in the estimate of available P in the soil, 
th© P uptake and hence the suitability of the extractant 
in view of the sequence of transformations of p under 
submerged situations. further, the P fraction which 
dominates the available p and gets absorbed by th© crop 
also depends upon t e growth stage as observed by 
fiamsraourthy end Bison (1971) and also the moisture regime 
and other soil conditions.

5.2. inorganic P fractions at different growth stages

The inorganic forms o£ phosphorus have been determiner 
at 3 otages in soils treated with different doses of 
phosphorus where in the two rise varieties (Mashoorl and 
Jyothi) have been grown. The relationship between various 
inorganic P fractions and biometric as well as yield
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characteristics have ibeea evaluated by correlations and 
stepwlso regressions. Further, intoreerrelstions and
multiple regressions between p fractions and ? uptake hav© 
also been worked out to emphasise the influence of each P 
fraction on the various crop characteristics at all stages 
of observations.

In general, the influence due to treatment os various 
inorganic P fractions at all the growth stages of the crop 
as indicated In the anqva (append!* X) has been observed 
to be significant unlike the* varietal and the Interactional 
affects. The addition of phosphatic fertilisers in the 
soil produces a change in the different fractions of 
phosphorus. She mean values of. various inorganic fractions 
of p (Sable 65 to 67} indicate that varieties could not 
mako any significant effect on them. The highest dose of 
P has recorded the highest values for all P fractions.
Among the various inorganic P fractions, Fe~p has been 
Sound t o  be the highest at all stages of growth due to 
varieties, treatments and indirectly duo to their inter
actions. Among the p fractions, occluded-i? has recorded 
lowest values as influenced by varieties both on 30 day 
and at harvest. fcow values of saloid-P have been recorded 
for soils under the lowest dose of phosphatic fertiliser 
on 30^ and <50̂ * days after sowing and occluded-P at 
harvest. Similarly low values for occluded P have been
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observed far the highest dose of p at all growth stages 
of the crop* Varieties, Jyothi and haehssori grown is the 
same soil having identical quantities of different 
inorganic fractions of p at the beginning of the cropping 
period, treated with varying quantities ©£ v have been 
able to bring about a differentiation is the spectrum of 
inorganic P fractions, Shua Baehoori grows sells 
progressively have decreased to their content of various 
inorganic r fractions*

A slight increase has been observed in the earn of 
inorganic 9 fractions from the 30**1 to the 60th day after 
sowing and thereafter a decline in the concentration of 
P fractious for both the varieties and treatments at 
harvest stage,

She grain yield has been significantly correlated 
with all the inorganic P fractions except occluded-P but 
the correlation coefficients between straw yield with 
ge-p, Oa-P and scat of inorganic*# have alone been 
significant (fable 78), She significant relationships 
indicate th© responsiveness of th© rice crop to p 
fertilisation ©specially when th® sell has a eoaparativaiy 
low p content, ®ha P uptake has also bean highly correlated 
with th© major P fractions vis., Pe~P and Ca~*>. She 
regression between torsi dry matter production as dependant!
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variable and p upfca3*.Q m& inorganic P fractions as 
Independent variables (Sable 73*) indicates that P uptake 
has accounted for about SS per cent of the total drynafcter 
production at the 30 Say of the crop followed by Fe*p.
S'nus Se-P ia observed to be one of the most important 
form of S  taken up by the rice crop cad it significantly 
influences p uptake. Higher p uptake results in an 
increased drymatter yioia, on 60th day, ca-p and M-P 
together have accounted for 90 per cent of the total 
variation in the drymattor production. She observations 
of RaaaKraorthy and Biaen (1971) on the differential uptake* 
of P fraction by the ric© crop with progressive maturity 
of the crop agree with the findings of the present study. 
Slith regard to the influence of the P fractions on p 

uptake (Table 8 1 ) ,  Fe-p is found to contribute Si par coat 
of the total p uptake Ssy the crop followed by Al-P on the 
30th day? and 73 per cent of the p uptake has been account©̂  
by 3?e-F both on the 60 day and at harvest stages 
indicating the significance of Pe-F in the total P uptake 
by the rice crop in the acid soils of Korols,

5.3, Bioaotrro and vivid characteristics

The response of rice to graded doses of phosphorus 
has been evaluated on two rico varieties. A reference to 
the .'UOVA (Appendix X I and XXX) indicates significant
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influence due to varieties, treatments and their 
interactions on almost all the important biometric 
characteristics ouch as height of plant, number of tillers, 
number of roots, weight or roots, total drymatter and 
total P uptake 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 £>
(Appendix x i ) .  These results are thus slightly at variance 
with tnose of Mahendran (1979) who had in eiieroplot 
experiments obtained results indicative of poor responsive
ness by Jyothi and moderate responsiveness by Mashoori.

Among the bioiaatric characteristics (Table 68 to 70) 
the height of plants is found to increase substantially

4_|»

around 60 day after sowing. The lowest and highest 
values far the height of plant have been recorded by the 
lowest and highest doses 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, Mashoori has been found 
to be superior to Jyothi. On 30** day, the control pots 
and the pots with highest dose of P have recorded the 
minimum ana maximum number of tillers respectively. At 
SO**1 day and at harvest, the lowest and highest mean
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number of tillers have been recorded for control pots and 
pots receiving 60 Kg PgOg/ha respectively. There has been 
reduction in the number of tillers/hill for 90 and 120 Kg 
P205/ha. However 60, 90 and 120 Kg pjOg/ha are on par.
Shis 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 eases of 
p could not produce significant influence an the tiller 
production toy both the varieties* She findings toy earlier 
workers viz., Tlwari and Singh (1960) on the positive 
significant response through increased plant weight, tiller 
number et., for P application and the reports by Gopal Rao 
et al. (1974), Katyal et al. (1975), Ittyavirah et al. 
(1979) support the positive response of rice to phosphorus.

& differential response in octal weight of roots and 
number of roots has been observed for the two varieties.
The control pots and She pots receiving highest dose have 
produced minimum and maximum weight and number of roots 
respectively. The control treatment on Jyothi and the 
highest dose on Mashoori respectively have produced the 
lowest and highest number of roots and intern She root 
weight. The observations are similar with respect to the 
maximum length of roots at all stages of observation.
Rice v a r i o t y ,  M a s h o o r i ,  w i t h  30 and 120 Kg £>205/ha 
respectively have recorded the lowest and highest average
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length of roots on 30th day. At 60fc?i day, Jyothi with 
eoro p and Mathoori with the highest dos® of p have shown 
the lowest and hignest average length of soots respectively 
The significant differences observed in root parameters 
such as weight, length and number in the present study are 
indicative of the differential response of rice varieties 
to the application of phosphorus as observed by 
Russel (1961), Black (1968), Gabelman (1976), G e r J o f f  

(1976), Mahendron (1979), Kamath end Oaa (1979) and 
Sucilo Xtoh and Barber (1933),

Kaahoori has out yielded Jyothi (Table 70) by 
S.15 g/hill end the difference between them has been 
significant. This may ha due to its medium duration as 
compared to Jyothi. Among the treatments, the control pots 
have recorded the lowest yield and the highest dose, the 
highest yield. But 90 and 120 Kg PjOg/ha have been on par 
with respect to grain yield. Substantial increase In grain 
yield could not ba obtained after the 6th dose (60 Kg 
PgOg/ha), a barrier beyond which significant increase in 
yield could not be obtained. Jyothi with zero p and 
Hashoori with the highest dose of p have produced the 
lowest and highest grain yield respectively. The superiorit] 
of Maahoori on straw production is much in evidence 
(Table 70). hut the treatments and the interaction 
influences on straw yield as© very similar to the one on 
grain yield. The varietal variation in dryraatter production
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h a s  b e e n  s i g n i f i c a n t .  B a o h a o r l  b o  t n g  a  m edium  (J u r a t i o n

c r o p  a b s o r b s  mora of 5> { T a b l e  71 a n a  f i g .  6 )  d e a  t o  i t s

bsfctsr root spread (number of roots, length and weight)
produces h i g h e r  grain, s t r a w  and -Jryfflatfcer y i e l d s ,  The
drymatter production is found to be lowest in the control
treatment and highest in t r e a t m e n t  under 120 Kg pg©s/ha

on 30th day and at harvest. But the dryraatfcer yield has
been highest for the 4 trcatnent (60 Kg E'̂ Og/ha) at 
th60 day of sowing. The d i f f e r e n c e s  between the means of 

d r y m a tter due to treatments are significant. T h u s  the 
response of these two varieties to the application of 
phosphorus has been veil brought out by t h e  observations 
on root c h a r a c t e r i s t i c s ,  other bionstrie and yield coaponen

The r e s p o n s e  o f  riea t o  P  application h a s  b e e n  

further judged with th© help of inter-correlations b e tw e e n  

p uptake and biometric or yield cnaracteristica ( T a b l e  80) 
at all the s t a g e s  of crop growth. All the biometric and 
yield characteristics e s p e c i a l l y  grain and straw y i e l d s  

have been significant)y and positively correlated with P 
u p ta k e  indicating there b y  the c l e a r  r e s p o n s e  oil these tw o  

rice varieties to the application of g r a d e d  doses af 
p h o s p h o ru s  u n d e r  the present e x p e r i m e n t a l  conditions. 
S i g n i f i c a n t  response of rice to P application was observed 
b y  a  n u m b e r o f  r e s e a r c h e r s  v i e . ,  Kadeia (1 1 5 4 5 ), Is h i e U k a  

and Tanaka (i960), Davie (1951), Parthasarathy (1953),
D e e a i et al. (1954), V e rm a  (I960), Venkatachalam et al.
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(1969 a), Katyal at al. (1975), Katyal (1978), Upadhfay 
and Pathak (1981), Fageria efc al. (1982), Alam (1903) and 
others. When Ghosh et al. (1960) observed a positive 
response to P application In all Kinds of soils in India, 
Sethi et al. (1952) concluded that unlike nitrogenous 
fertilisers, the response of rice to P vrae not general, 
but limited to a few stations, This may be depending upon 
the predominance of the various reasons for the non-respons 
o£ rice to p application such as improper method of 
application, high fixation of P , transformation of native 
unavailable V to available forma under flooded conditions 
etc. as observed by ® number of researchers ©r maturity 
of noil (Goal and Agarwal, 1959), I? status in  the tell 
(Kajendran et al. 1971i Ponnampexuma, 1976 and fcu at al. 
1982) and the factors as described by Mandal (1979) and 
the varietal variations in the response behaviour as 
observed by Mahendran (1979). Singh (1933) opined that the 
methods of evaluation of soil p may not correctly predict 
the p response as the determination o i  nutrient status in 
thin manner may not adequately simulate) the conditions 
under which the crop is grown.

6, Comparative evaluation of two sources of phosphorus 
on rice

There is a need for continued research on the 
evaluation of different phosphatie fertilizers for rice
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crop because of the increasing number and complexity o£ 
fertilizers coming into the market and because of their 
differential behaviour in different coil types. The use 
o f  different labelled phcsphatic fertilizers both soluble 
and insoluble forms may pave the way to identify ©r 
evaluate different sources of p for their efficiency oa 

rice and also Sne response pattern of rice to the 
application of phosphorus in various soil situations. 
Further we do not know the extent of stimulatory role of 
different levels of the two sources via., soluble and 
insoluble forms of phcsphatic fertilisers in releasing 
native phosphorus in vice soils of high p fixing capacity. 
The two sources selected viz., monocolcium monophospnat© 
(t-icp) and tricalcium phosphate (ICP) for the study have 
been tried at 4 levels each on rice grown in seven major 
rice soils of Kerala. She observations on plant and soil 
at panicle initiation ana harvest stages of the crop 
including final yield arc discussed below.

6.1. Panicle initiation stage

A reference to the AbOVA (Appendix XXV) indicates 
that phosphorus application has significantly influenced 
the height of plant, number of productive tillers, weight 
of roots, weight of straw, total drymatter and P content 
(roct, straw and soil), sources o~ P however have no 
significant effect on height of plant, weight of roots and



content oi 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, MCF and at a higher dose, TCP 
ar® found to too sore effective. She availability of P in 
acidic soils increases as the dose of TCP also increases.

Differential response in terms of height of plants to 
P in  two different coerces or carriers applied in different 
soil types (Table 82) has been recorded. A quadratic 
response in lateritic alluvium, Kari and Kayal soils, a 

positive linear response in Role soil and a negative 
response in Kaiapadasn, coastal sandy alluvium and Pokkali 
soils have been observed with MQ? on height o£ plant. A 
positive linear response in latcriois alluvium, Kori, Kayal 
coastal sandy alluvium and Pokkaii soils and a quadratic 
response in Rarapadaia and Kole soils have also been observe 
for TCP. These differences in the response patterns of 
height could not however manifest in yield except with 
ftCP in latoritic alluvium and TCP in Kole soils which 
maintained a quadratic response.

The data on the ntaaber of productive tillers (Table 83 
Indicate an increase of this character with an increase in 
dose of P and the rate of increase has been found to 
decrease with an increase in dosa from 60 to 90 Kg pgSs/ha 
as TCP, In lateritic alluvium, Kayal, Pokkali and Kole 
soils, with th® application of MCP, a quadratic response*

31,?
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in Karapada® and coastal sandy alluvium, a negative response 
and in Karl, a positive linear response have been obtained. 
But with the application of TC&, in lateritie alluvium,
Karl, K a y a l ,  Fehhali and Kole, a positive linear response 
and in Karapadam and coastal sandy alluvia®, a negative 
response have toe® observed. The response pattern on 
tiller productions however could not maintain their 
differences in yield,

a significant increase in root-waight has been 
observed with application of p (Table @4}® However the 
two sources could not raaSte a significant difference on 
seat yield, The percentage increase in root weight get® 
doubled as the dose os S» increases frosa 80 to 90 Kg P^Og/ha. 
Though an increase in root weight has been recorded for 
an increase in dose of s>, in coastal sandy alluvium and 1 
Pottall soils as the dose of » is increased for the carrier 
MSB root weight has been decreased. One of the foremost 
effects of p on crop growth to its influence on root 
production. This 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 
a significant difference on straw yield (Table 851. The 
rate of increase in straw yield with dose has not been i 
commensurate with the rate of increase in j? dose especially
from 60 to 90 Kg pjOg/ha. p as TCP has produced mere '

I
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straw whan compared to vssp. Application of P as MCP has 
resulted la a quadratic response in lateritic alluvium, 
Kayal, Karapada®, coastal sandy alluvium and Kole soils 
and a positive linear response in Kari and Pokfcali soils. 
The response for TCT in lateritic alluvium and Kayal sells 
has been quadratic? In Kari, Karapadaa, coastal sandy 
alluvium, pokhall and Kole, positive and linear.

A significant increase la drymatter production 
(Table 86) da© to £> application has been observed, Th© two 
sources of p differed significantly on their Influence In 
this character, an increase in drymatter yield (14 per cem 
has been obtained for TCP over MCP. individual soil has 
responded in a varied manner with respect to drymatter 
yield. Pokkalf and Kole soils have respectively recorded 
the lowest and highest drymatter yields. Application of 
HU? in lateritic alluvium, Karepadaia, coastal sandy alluviuf 
and Kole soils have produced a quadratic response? while 
in Karl,Kayal and Pokkali, a positive linear response. 
Application of TCP in all the soils have recorded a pooitivi 
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 sources of f in the various soil types studied 
aay be due to differences in the p status of the soil, p 

fixing or p releasing capacities and such other parameters
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of the soils which will govern the p availability to the 
trice crop,

The content o£ p in root and strew (Tables 87 and 88) 
Increases significantly dua to different: levels of 5? 
application, the increase feeing highest for P in straw 
ewparcd to s> in root, sources of P however are not 
significantly different from one another. She P 

availability in tna soil bocoir.es high as the dose a£ P Is 
increased resalting a condition to allow the absorption 
of mores r- by the root. This Is reflected toy an increase 
in tue content of S* in both the root and straw. The f 
availability also depend® on soil characteristics and bene 
differential response has bean observed to various soil 
types.

The total p in soil (Table 89) has been significantly 
influenced both toy the source end dose of p. increasing 
doses increase its content in leteritie alluvium, Eayal 
and Kale soils for both kcp and TCP and produce a 
differential response for mop and TCP in other soil types. 
as the dose of P through TCP is increased, the rate of 
increase to total P also has been increased.

Panicle initiation stage is the stage immediately 
after the phase o£ tillering and maturity o£ the tillers 
corresponding to maximum uptake of P. By thin time a riea 
crop would bav® normally completed tha uptake of nearly
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90 per cent of its total P requirement. In view of this 
the percentage of phosphorus derived from fertilisers (PSFI 
in tha present experiment has been determined for seven 
soil types, for various levels of i>, for both the carrier® 
of p and in major plant parts such ae root and straw.
These are presented in Tables 90 and 91. It is significant 
to not® that in none of the soil types, the source of 
fertiliser could stake a significant difference in the PDP3?
{Appendix XV) of either the root or the straw showing there 
toy chat tooth carriers vie., the soluble phosphatic and 
insoluble tricalcic are performing as efficiently as each 
other. The comparison between the aero level end the 
lowest level via., 30 Kg P203/ha show that both the 
fertilisers are efficiently functioning in the soil. 
Calculation of F utilisation percentage in the plant based 
on 9 applied la the case of MSP and TCP are respectively 
4.3 and 4.6 {Table 94).

Hifeh increasing dosea, a signifleant increase in thg 
POET in root has been observed. However, there Is a 
progressive decrease in the rate of increase of POPS' in 
the root with incremental doses in the case of both HOP 
and TCP. The poet in straw significantly increase with 
dose for both MSP end TCP. However, with TCP, the rate 
of increase of POPP with incremental dose increases and 
the incremental rate between the doses of 60 and 30 Kg
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P^Og/ha on the one hand and 90 and 60 Kg P2og/ha ©a the 
other is significantly different from one another. 
However, in the case of MCp, the rat® of Increase is 
fairly steady lor the doae, 30 to 68 Eg s»gGg/ha«> ffrcsn 
60 to 90 Kg FgOg/ha however, it shows a significant 
increase in trend.

These results bring into focus three elegant points
foe discussion viss.» the differences la the p requirement 
in the leaf as conpared t© the root, the steady increase 
in incremental response observed in most fif the rice soil 
types in Kerala with TCP and the 60 Kg pgQg/ha acting as 
a barrier beyond which such an increase is found is the 
ease of soluble raonocalcium phosphate in rice soils with 
high j? fixing capacity on which these experiments have 
been tried. *4orj>hologically, the root is wall Known t© 
act as a barrier for both essential as well as trace 
elements as in the nutrition of a crap plant as well as i 
protecting it against toxic elements is concerned* This 
ability to set as a barrier necessitates the earlier 
attainment of a thraohhold level of nutrient in fch® root 
prior to such a level being attained in fcha root.

The steady increase in the percentage p derived from 
fertiliser brings out the potentiality of insoluble rock 
phosphate as phosphafcic fertiliser for rice soils on’ox
acid soil conditions. It is necessary that is a judiciou
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national resource utilisation strategy, we give priority
to the use of rock phosphate in acid soils* She occurrence 
of a 60 Kg harrier for step beyond which only straw has 
been increased for increased level of applied phosphate 
raay partly bo due to the high F fixing capacity for soluble 
phosphates in almost ail the soil types studied (Sable 2S). 
She soils included in the study differ considerably in 
their ability to maintain uniformity with respect to the 
PliFF values for root and straw at same levels off P 

application which io due to the variations in the total P 

status and other physico-chemical characteristics of the 
soils which define available i? and its release fe rn  

unavailable forms,

a-value, the concept introduced by Fried and Bean 
(1952) is the inherent nutrient supplying power or the 
native P supplying power of the soil* Based on A-value 
determinations using two different sources, the data clearij 
show that there is no significant difference between MCP 
and TCP. This means that, TCP is m  efficient as mcp in 
the acid rice soils of Kerala, Srade.i deses of P applied 
through both the forms increase the p supplying power as 
measured by A-veine and that this ability or power increases 
with increasing doses of fertilizer p applications.
Table 92 shows that the A-values are lowest In Pokkali 
soils and highest in Karapadam soils, it further indicates 
certain other interesting trends. For the same dose of p
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as carrier MCP has created a larger spread of the A-value 
for the various soils than TCP. This means that the water 
soluble phossphatic fertiliser behaves differently in 
different soils while the TCP’s behaviour in all the soils 
is very nearly similar, i.e., the spread is loss. The 
highest dose of SO Kg of mcp has produced maximum variable 
among the soil© in their A-valuos while the minipfcm 
variation is seen in the case of both TCP at the lowest 
dose of 30 Kg p^Qg/m ,

The B utilisation percentage is significantly greater
to the extent of 7 per cent in plants grown in TCP applied 
soils compared to n &  applied ones (Table 93), further,
B utilization percentage has been deereard with increasing 
levels of v and thus there exists an inverse relationship 
between the percentage utilization and the dose of p 

applied, Tha rate of decrease in the percentage of p 
utilization has been significantly higher for MCP cenpared 
to TCP thus justifying the superiority of TCP in the acid 
rise soil* of Kerala to maximise £> utilisation. All the 
seven soil types however, differ with respect to P 
utilization justifying thsir distinstivoness and conaeguan 
offering explanation to the Variable response to 
applied p.

6.2. Harvest stag®

The two P sources mcp and TCP da not produce 
significant differences in grain yield (Appendix XV!).
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2 h io  EBjpnasleeB t h e  v a r i a b i l i t y  i n  s o i l  t o  b e  a  m ore  

c r u c i a l  f a c t o r  i n  p r o d u c in g  re s p o n s e  t h a n  t h e  o o u rc e  o£ 9 
e s p e c i a l l y  u n d e r  K e r a la  r i c e  s e l l  s i t u a t i o n s .  Bern t h e

p r e s e n t  r a d io -f e r a e o r  e s p e r t o o n t ,  t h e  sum m a rised  r e s u l t  

C S a b ls  9 3 )  o f  a  c a p a r i s o n  o f  g r a i n  y i e l d  o f  p o ts  w i t h  9 
a p p l ie d  as  a g a i n s t  c o n t r o l s  show a  s i g n i f i c a n t  in c r e a s e  

C39 p e r  seat) i n  g r a i n  y i e l d ,  when t h e  l e v e l  o f  a p p lie d  

S’ h a s  fesoa IjK w a a a a a  f r o m  3 0  t o  6 0  K g  p g O g/h a t h e  g r o i n  

y i e l d  h as  been in c r e a s e d  b y  SO p e r  c e n t  th o u g h  t h e r e  has 

b e e n  a m a r g in a l d e c re a s e  i n  y i e l d  f o r  t h e  a d d i t i o n a l  

i n c r e a s e  o f  30 Kg P gO g /h a , * h e  sot has b e e n  saosa e f f e c t i v e  

a t  6 0  K g  p g O g/h a as  f o r  a s  g r a i n  y i e l d  i s  c o n c e rn e d  s in c e  

t h e  g r a t e  y i e l d  i s  r e l a t e d  t o  & u t i l t e a t i o n  w h ic h  l a  a ls o  

h i g h e r  f o r  y e p .  th o u g h  t o e  f i n d i n g s  o f  t to ta e ra  a n d  B a t t a  

(1 9 7 1 ) a r e  o f  g r o a t  s i g n i f i c a n c e  w i t h  r e a p e c t  t o  a t e  o f  

r o c k  p h o s p h a te s , t h e  e x t e n s iv e  s p r e a d  o f  t h e  t o i l s  used 

aaw th e  v a r i e t y  e£ c r o p s  t r i e d  l i m i t  t h e i r  a p p l i c a b i l i t y  

t o  d i f f e r e n t  r l c a  s o i l  e i t u o t i o n s .  S h e  p r e s e n t  s tu d y  

r e s s t r ie te a  to a c id  r i c a  s o i l s  w h ic h  i n c lu d e  a c id  s u lp h a t e  

s o i l s  a t  one e u t r s o a  t o  c o a s t a l  s a n d y  a l lu v iu m  a t  tha 
o t h e r  g i v i n g  i n  v a r i a b l e  re s p o n o ©  t o  r i c e  u n d e r  application 
o f  b o th  KCP end l f 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 in g  

c h e a p  rocJs p h o s p h a te s  u n d e r  h i g h l y  s a id  s o i l  s i t u a t i o n s .  

S h ough  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 tw een g r a i n  y i e l d  ana
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V content in rout haa been observed, the P content in 
root laaiEs goa itive ly influenced grain yie ld  v ie , s o il P, 
Pi3PS (straw), available P in soil and percentage P 
utilisation to the extant o f S3 per cent as obtained 

through path analysis (I'ofelo 109), Shis indicates the 

multiple of factors life© the p content in groin, soil p, 

P im  {straw ond grain), A-value and percentage p utiliza
tion contributing to grain yield as explained by their 
total correlation.

Significant difference in straw yiold (Ĵ spendix XVI) 
fa r the two sources e£ p has been observed, he in grain 

yield, straw yield (Sable 96) haa also been increased by 

7 p e r  cent for the p  as K p  when compered to H C P . A 
marked increase la straw yield (56 per cent) further 

substantiates the goad response of rice to S> application 
in ail fcr.e soils, TCP has recorded a higher straw yield 
compared to mcp again groves the suitability of acid 

soluble form of p in the acid soils of Kerala. The straw 

yield hm teen lowest for the poor fertile coastal sandy 
alluvium and highest for the Kole soils as in grain yield.

The higher response to P by the root goes unnoticed 
alwayt except while under research. A marked increase of 
70 pur cent in root weight (Table 57) compared to only 56 
per cent for straw yield e m p h a s i s e s  t.|JO importance of p



application to the sim crop though consistent lech of 
response to p in University experinental stations and 
8aver»meat £a«w ate obtained and may tempt far® managers 
to “ship" phosphorus which is probably only a management 
tool not fully based on soil fertility considerations.
The effects of two sources of P on root production have 
differed significantly in various soils which way fee due 
to the difference ia the nature and properties of the 
individual soil types* The observed superiority of 3K®> 
over mop in better root production is mostly dus to the 
higher content of calcium. The enhanced root proliferation 
would have itself enhanced the utilisation of P fro® T® 
resulting in increased growth and strew yield. The path 
analysis on straw yield (Table lie) and factors ouch as 
total P (root and grain)* pay? (soot* straw and grain)# 
A-vaiuo and percentage P utilisation etc** farther indicate 
the cumulative influence of these factors towards a change 
in straw yield* Excepting the P content in root all the 
Other Independent factors hove been positively correlated 
with straw yield.

The drymatter yield (Table 98) at harvest has been 
increased by 59 per cent due to P application, irrespective 
of the source. Since ail the contributing characters for 
the drymatter production are higher for TCP, the total



343

drysnatter yield is also higher for sc? for an increase is 
dee® from 30 to 60 Kg PgOg/toa when compared to hop, Sh® 
difference in response to the application of p by various 
soils la similar to the grain yield, straw yield and root 
weight. The response of rice to p application in the 
present study substantiates to® need for p application in 
all the sails under study. However, the degree of response 
varies from soil to soil explaining toe differential 
behaviour of the rice sails, similar response have bean 
reported from other rice soil situations by a number of 
workers »( ®<§® Singh at al. 1985 and Samisi and Singh, 1985).

She p in root, straw, gjain and soil (Table 99 to 102) 
has toon increased with increase in P either as MCp or 
SOP. When a 257 per cent increase is p content of root 
over control has been observed, only 53 per cent increase 
ie noted for p in straw indicating the influence of P 
implication on root production. further the result stress© 
the need for basal application of p for the speedy 
establishment of the crop, when a 11 per cent increase of 
p in root for an increase of p from 38 to 60 Kg P2Og/ha 
could be observed for ms* application, a 21 per cent 
increase in P content in root could be noted for top 

application. This indicates a better effect of TCP on 
root growth. A marginal Increase of j? in straw could also 
feo observed for t s p for an Increase in dose from 30 to 
60 Mg PgOg/ha.
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The per*’ values to soot, straw and grain at harvest 
stages (appendix XVII and Table 103 to 105) indicate the 
significant difference between H C P  and T O ?  t o  their PiSFP 

in root unlike the »W T to straw and grain, increasing 
doses of p resulted to increasing to S W  of both root 
and straw. The differential response to 9 application in 
different rice soils could be due to the difference to 
the pattern of p released e» the crop and utilised by than 
as observed through the pa$9 values both at panicle 
initiation as well as at harvest stages.

The soil available p represented by n-value (Table 106 
to not observed to be significantly different far the two 
sources of p at harvest. However, g» increase to this 
inherent p supplying capacity has been observed (100 per e« 
am the dose of P increased frost 30 to 60 Kg P̂ Og/ha and 
182 per cent Increase fier an increase to p from 30 to 
90 Kg PgOg/ha. as the dose Incresses, the fixation of P 
else increases resulting to low p availability. The 
differences to P fixation, p availability etc., has results 
in the differential behaviour of the seven soil types 
under study.

At harvest stage also, the p utilisation percentage 
(Table iO? and 108) has bees significantly influenced by 
the nature of the p carrier, when the utilisation
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percentage has been higher for so* at Panicle initiation 
stage the same has baas higher far hcp at harvest stage,
Th© p utilization percentage has baen increased as to©
<S©s© of P decreases. This may fee due to the mere efficient 
utilisation of P at lower levels since fchera may be morn 
competition among the plants tor the limited supply of the 
nutrient, a wide variation in the utilisation of P by
various soils has also been observed for MSP and TCP at 
different doses. She P utilization percentage is 14.1 at 
90 Kg PjOg/ha as t®a? end IS,8 per cent for top at the 
same dose in the present study. The Kole soils recorded 
th© lowest percentage P utilization CIO.7) and th©
Karapadam soils, th® highest (28.1), a number of 
researchers exported "to© view that to acid soils, rock 
phosphate can replace superphosphate as it becomes an 
economical source of P. In the present study also it has 
been shown that TCP produces the same response a* mcp in 
all the acid soils. However, all to© earlier studies are
based an replicated trials or basic studios but with out

32the use of p material. She present study being based 
on 32P gives unequivocal proof for to® use ©£ rods phosphate 
Th® chemical composition of the fertilizer, granule size, 
and method of application etc., markedly influence the 
response of rice to phoopbatie fertilisers Kanwar ®t al. 
(1982) in addition to too type of soil and the crop variety,



She response of a crop to added fertiliser depends to a 
great extent on the amount o£ applied p and the residual 
fertility a& the soil. If the soil is severely depleted, 
fertiliser P will give a significant increase in yield.
Xf the soil is weli supplied, or if one is adding e large 
amount of fertiliser, a change in the rate of addition 
will not make much difference in yield. The low 
fertiliser use efficiency of l? warrants further research 
for efficient management of p fertiliser*

The response of rice to the application of graded 
doses o£ hOS’ and TCP in the seven r i c e  soils of Kerala 
has booa farther Judged by finding out the optimum dose of 
p for maximum grate yield (Table 111 and rig. 7). A 
linear positive relationship could be obtained for the 
applied dose of MCP in lateritic alluvium and TCP in Kole 
soils. So optimum could however be worked out for these 
soils for the two sources. This may be due to the varied 
nature of tha P fixing capacity of the soils Indicating 
differences in the nature of the first and subsequent 
reverted compounds in theae soils. The optimum P as MCE* 
worked out for Kari, Xarapadaa. Kayal, Ptfckali, coastal 
sandy alluvium and Kole soils are SO, 46, 52, 56, 54 and 
59 Kg PjOg/ha respectively. She highest optimum 
(66 Kg PjOg/ha) for Karapadaai may be due to the 
differential behaviour in their p fixing capacities and 
P transformations. The optimum dose of P as TCP for

016
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SUMMARY



SUKWsHy

Reports on lack of response to phosphorus in rice 
soils o£ Kerala are often being brought forward but from 
non-contlguous locations. But consistent lack of response 
is bsing observed in some of the experiments in a few 
research stations whoa® soils have toeon saturated with 
phosphorus due to continuous addition* Though the reasons 
for lack of response of rice to P application are many 
and some of t >em identified singly, no systematic integrated 
attempt to investigate the possible interactional reasons 
for the occurrence of this complex: problem has been made 
so far. Thus there ia a need to assess critically the 
factors, both soil and plant, which will favour or prevent 
response in the acid rice soils of Kerala. With the 
broad objective of assessing the factors governing response 
of rice plants to applications of phosphorus in the acid 
sails of the state, approaches in the study include 
devising methods for categorising the soils with a recogni
sable parameter with well defined limits? detailed studies 
on soil P fractionation? p fixation? pattern of transfor
mation of P of selected soils due to submergence? response 
studies with graded doses of phosphorus on two riea 
varieties, a short and a medium duration and comparative 
evaluation on the effectiveness of two sources of
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4. In the classlficatory method, Bray-l-P has been 
observed to be the most variable (coefficient of
variation:, 9S per seat) among the nine parameters 
included for the study. It Indicates that profound 
variation m is t s  between various soils with respect to the 
available I- content*

5. The available p as estimated by Bray 1 method does
not show any pattern of increase or decrease with similar 
change® in total P content. Tnus total P itself may not 
be a single factor governing P availability*

6. significant variations in total P* Inorganic and
organic phosphorus fractions exist between various soil 
types. The total S ranged from 108 to 1763 ppm indicating 
the genetic differences among tho soils* The coastal 
sandy alluvium and Kayal soils respectively contain the 
lowest am1 highest mean total P*

7* The saloiu-p content has been lowest for coastal
sandy alluvium and highest for Karapadara soils. 
Comparatively the per centage contribution by this 
fraction to total P has been the lowest <3*22).

6. Karl soils contain the lowest cone* of Al-p while 
Kole soils# the nigheat. The mean AX-P content of coastal 
sandy alluvium end PoWcaXi soil* is very nearly on par



with the Kari soil. The mean per eentage of Al~P to total 
p for all the soils collectively has been found to b®
13,81.

9. The coastal candy alluvium and Kayal soils have
recorded the lowest and highest cone, of Pc-P respectively. 
Among all the inorganic P fractions Pe-P hoe contributed 
maximum to total P and the average proportion of re-P to 
total P being 15.49 per cent.

10. The mean Ca-p fraction has been lowest for coastal 
sandy alluvium and highest for Kayal soils. The per centags 
contribution of Ca-p to total P has been comparatively low 
(S.79) and it may be due to the acid nature of th® soils*

11. The reductant P is the third abundant fraction of 
phosphorus. The coastal sandy alluvium end Kayal soils 
have respectively recorded the lowest and highest content 
of this fraction. The proportion of reduetaat p over 
total P has been 8.2S per cent.

12. Occluded-p has been lowest in coastal sandy alluvium 
and highest in Kayal soils and its per centaga contribution
to total P for all soil types being 2.82.

13. The sum of inorganic p is found to be lowest in
coastal sandy alluvium and highest in Kayal coils. About 
SO per cent of the total P is accounted by th© euus $& 

inorganic P.
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14* The low organic P levels in coastal sandy alluvium 
andi high in Kayal soils have been observed* on an average 
the organic P contributes 44*3 per cent an the total P.

15, The coastal sandy alluvium which has the lowest total 
p have recorded a low quantity of non-extraetaole P and 
Kayal soils with highest total p have shown a hign cone.
of this fraction. About 5,34 per cent of the total P could 
not he extracted by the fractionation procedure, a defect 
of the method.

16, The total inorganic P has bean lowest in coastal 
sandy alluvium and highest in Kayal soils and it accounts 
for 55.6 per cent on the total P when all the soils ere 
taken together,

17, A close relationship has been noted between th© 
total P and various P fractions by way of high correlations 
to.73).

13. Statistically no significant difference could foe 
noticed among tise mean PFC of Kari, Kayal, Karapadan and 
Kole soils. Th® rasan PCC of a sot of 5 soils (lateritic 
alluvium, Kari, Kayal, Karopadam and Kole) has been 49.6 
per cent while that of the second set with coastal sandy 
alluvion and PcKkali, 36.9 per cent. •2ns difference 
between the two means has also been significant.
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19, Among the soils studied, coastal sendy alluvium and
Kari soils have recorded th© lowest and highest mean PFC 
respectively,

20, Th® PFC 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 CaO, total Mgo, CEC, exchangeable Ca, 
exchangeable Mg, sand, C/P ratio and active p. The 
relationships between PPG with total aosqui oxides, total 
FegOg, total silt, clay, C/S ratio and FejO^/AlgOj
have been positive.

21, Th© relative influence of selected independent 
factors viz., pH, S203, Cao, MgO, CEC, organic matter and 
clay on PFC of rice soils h«ve been worked out with 
stepwise regression analysis, in lateritic alluvium, 
Karapadam, Pokkali and Kole soils, the total sescui oxides 
exert maximum influence on the PFC. in Kari and coastal 
sancy alluvial soils, the pH and in Kayal soils, the CEC 
have influenced maximum on PPC. Thus the criticality of 
the factors in controlling the PWC of the acid soils has 
been worked out in the present study,

22, Upon waterlogging, all the soils have registered
an increase in all the 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,;
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P  fractions duo to submergence. With the exception of 
Koio soils for both saloia p and Al-P, Kayal soils have 
recorded the highest values for all the other inorganic P 
fractions.

23. The per centage increase in P fractions due to 
submergence differ with respect to soil typos. The average 
per centage increase has been lowest for occluded-P <2.7) 
and highest for Fe-p (€3.5).

24« The occluded-P has been observed to be contributing 
to 2.2 per cent (lowest) while Fe-P, 48.9 per cent (highest) 
in tn© total variation of inorganic P fractions due to 
aubmergence.

25. The difference between the mean values of 
available P under air dry and waterlogged conditions has 
been found to be significant. The sir dry soils have 
recorded the lowest mean available P while the submerged 
soils, the highest.

26. Among the various methods (Bray 1. Bray 2, Olsen 
and Truog) tried for estimation of available r both under 
air dry and waterlogged soil̂ ., Olsen and Truog have recorded 
the lowest and highest values respectively.

27. Th© average per centage increase in p availability
due to submergence has been lowest by Bray 1 ants highest 
by Truog*s method.
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28. Xntercorrelation matrix between the per centage
increase in available p estimated by various jmthods and 
per centage increase in various inorganic t> fractions Sue 
to submergence show that none of the correlations have been 
found to be significant*

29* She response of rice to graded doses of p has been
evaluated in an experiment with two rice varieties over 
six treatments and t observations have been taken on the 
30th, 60th day and at harvest stage of rice crop. Th© 
available phosphorus has been determined by four common 
extractants via.* Bray 1* Bray 2, Olsen and Truog, in uhe 
soil from various P treatments such as zero, 30, 45, 60, 90 
and 120 Kg PjOg/ha. as superphosphate and grown to two 
different rice varieties, Mashoori and Jyothi at three 
growth stages*

30* The available P as estimated by the three methods, 
viz., Bray 1# Sray 2 and Olsen have been influenced by 
varieties, doses of P and the growth stages of the crop.
The Truog*s P has been affected by the varieties on the 
60th day and the treatments on the 30th day of sampling. 
Significant differences in the available P estimated by 
different methods for various levels have been observed.
The smsan available P in soil at various growth stages as 
Indicated by all the extractants (except Truog at harvest 
stag©) has been lower in pots grown with Mashoori.
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31. Excepting Xruog'o p at 30th Jay of saotpling, tne
available P estimated by all the four methods at all stages 
of observation have been positively and significantly 
correlated with all the inorganic P fractions.

32. In the stepwise regression, it has Leen observed
that the proportion of available £> estimated by both Sray 1 
and dray 2 derived iron Fe-t> is greater to <.ae extent o f

90 per cent, saioid P by 78 per cent on Olsen's *• and Al-P 
by 62 per cent on Xruog's P on 30 day of sampling.

33. Al-P has contributed 98 per cent in the available p
estimated by Bray 1 and aray 2, reductant P by 87 per cent 
on Oloen * s p and saloid-p by 12 per cent on Truog's p on
the 60th day of th© crop.

34. At harvest stage, Ca-P fraction has accounted 
95 per cent on the Sray X and Bray 2-p, 97 par cent by
Ca-P on Olsen's P and 36 por cent by occluded P on Truog's p.

35. Significant positive correlations have fcacn observed 
between biometric or yield characteristics and available P 
determined by all tho four methods, except Truog in general, 
further Green* e p has been responsible for about 74 and 51 
per cent (highest values) respectively among the three 
methods on grain and straw yields.

36. Since P uptake and grain yield are highly correlated 
(re=0ir92) the superiority and reliability of Olsen method in 
predicting the available P in the soil has been farther



emphasised by its higher contribution (68 per cent) on the 
estimate o£ P uptake by the rice crop at its harvest stage.

37. Significant influence has been observed due to the 
treatments on the inorganic P fractlonu at all growth stages 
unlike the effect of varieties on P fractions. The highest 
dose of P has recorded highest values for all the P 
fractions.

38. Among the various inorganic P fractions, Fe-P has 
been the hignost at all growth stages duo to varieties, 
treatments and their Interactions. Occluded P has been

At
lowest due to varieties both at 30 and at harvest stages
of tho crop while aaioid-p has been the lowest for the 

th thlowest dose both at 30 and 60 day after sowing and 
oceluded-p at harvest stag©. Occluded-p has been the 
lowest for the highest dose of P at all the growth stages 
of tho crop,

39. All the inorganic p fractions have been lesser in 
soils grown with Maahoorl variety indicating possibly a 
higher absorption of P from various inorganic p fractions 
by this variety,

40. The groin yield has boen highly correlated with all 
the inorganic p fractions except occluded-P. The 
correlation coefficients between straw yield and f’e-p.
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Ca-P and sum of inorganic F alone have been observed to b© 
significant, This positive and significant relationship 
indicates the responsiveness of rice crop to p fertilisation

41. The P intake has also been highly correlated with 
major p fractions vie,, Fe-J? and Ca**F. fa-P is found to 
be tho most important form of p taken up by rice,

42. Significant influence due to varieties, treatments 
and their interactions has been observed on all the 
biometric and yield characteristics of th® crop at all 
stages of observation. The lowest and highest values of 
height of plant as well as number of tillers have been 
recorded for tn© lowest and highest doses of P» Mashoori 
has been observed to be superior to Jyothi on tiller 
production. Higher doses of p beyond 60 Kg PgOg/ha could 
not produce significant influence on tiller production toy 
both the varieties,

43. The control treatment and the highest dose have 
respectively recorded minimum and maximum values for tooth 
number and weight of roots. The control treatment on 
Jyothi and highest dose on Mashoori respectively hove 
produced lowest and highest number of roots and inturn
the root weight. The observations ere similar with respect 
t© the maximum length of roots also,

44. Mashoori out yielded Jyothi by 5,15 g/ h lX l and the
difference between them has been significant, Among the



treatments* lowest and highest doaes have respectively 
produced lowest and highest yields. But 90 and 120 Kg 
pjOg/ha ere on par with respect to grain yield and no 
substantial increase in. yield beyond 60 Kg &2Og/hn has 
been obtained. Jyotfai with aero P ead Mashoori with highest 
dose of P have recorded the lowest and highest grain yield 
respectively.

45. The superiority of Mashoori on straw yield has also
been observed. The influence of treatments and their 
interactions arc very ctoilar to tr.c one on grain yield,

46. Varietal variation in drymatter production has also
been observed. Mashoori being a medium duration crop 
absorbs more of p due to higher root spread, produces higher 
grain, straw and drymatter yields.

47. The response of rice to p application has been 
further supported by positive and significant correlations 
between biometric or yield characteristics and P uptake.

48. Tho effects of aionocalcium phosphate (MCP), a water 
soluble form of p and tricalcium phosphate (TCP), an 
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 
significantly influenced the height of plant, number of
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productive tillers* weight of roots* weight of straw* total 
dryjaattor and »  content in root* straw and soil.

50* Sources of £> have no significant effect on height of 
plant, weight of roots and content of P In root and straw 
unliko Its effect on the number of productive tillers 
(3 per cent increase for TCP than MCP) weight of straw 
<10 per cent Increase for TCP over MCP) and for tho drywattor 
(14 per cent higher for TCP than kcp). At lower doses, MCP 
and at a hlghor doses, set have been effective,

51* Differential responses for the two sourcos of p in
different soil typos on all tho biometric characteristics 
have fcsen recorded. An Increase in drymatter yield (14 
per cent) has hem obtained for TCP over MCP. The observa
tions on biometric characteristics clearly indicate the 
positive response of rice to S 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 
soils which will govern the P availability to rice crop.

52. Significant increase of P in root and straw has been
observed due to different l e v e ls  of P application over 
control. The response of these characters differs with soil 
types unlike th® two sources. Th© soil total p hoe bean 
significantly influenced by the source and doses of P.



!
S3* The 90TT in root anti straw have not been significantly
affected due to the twosources of phosphatic fertiliaers. 
Though the POPS’ in root has been increased due to an Increase 
in dose, the rate of increase has been decreased unlike the 
PDF* in straw where in the rate of increase has been 
substantial. The soils differ with respect to the puff values

54. Ho significant difference du© to the two sources on 
the A-v®lue has been observed, which again supports the 
quality of TCP for substitution of J4CP in the acid rice soils. 
Soil types differ significantly in their A-values*

55. The per centage P utilization has been significantly 
influenced due to the sources of p , TCP producing 7 per cent 
more compared to MCP. as the does of p increased, the
per centage p utilization has been decreased* The soil types 
vary with respect to P utilisation explaining to th© 
differential response of rice to P in various soils,

56. Ho difference between MCP and TCP could be observed 
with respect to grain yield unlike the sail types which 
showed an effect. An increase of 37 per cent on grain yield 
between p applied and p not applied ha® been noted. Th® TCP 
has been taore effective at 60 Kg F2Qs/ha. Ther® can be 
multiple of factors viz., the p  content in grain, soil p,
POPP (straw and grain) A-value and per centage p utilization, 
contributing to grain yield as explained by their total 
correlation in the path analysis.
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57. oignifleant difference in straw yield at harvest for 
the two sources of P has been observed. St has been increased 
by 7 per cent for TCP over MCS>» An increase of 56 per cent 
due to 9 application over control further substantiates the 
good response of rice to P application in all soils. The 
superiority of TCP in acid soris has been further supported
by the increase in straw yield.

58. a marked increase of 70 per cent in root weight at
harvest further emphasises tne importance of P application 
to rice. She two sources differ significantly in various 
soils with respect to this character, top has been found 
to be superior to HOP on root proliferation.

59. The drymatter yield at harvest has bean increased by
58 per cent due to P application. The drymatter production
has been higher for TCP than «CF, The soils differ
significantly in drymatter yield as in grain, straw and 
root yield.

60. The y in root, straw, grain and soil at harvest 
increased with increase in P eichor as MCP or TCP. The 
differential behaviuur of rice soils to these characteristicsj
has also been observed.
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61* There is significant difference! between MCP and 
TCi for PDW in root unlike the PCPF in grain and straw*
The d i f f e r e n t i a l  r e s p o n s e  of rice to P application In 
different soils hoc again been explained by th© difference 
in fcne pattern of J? released to the crop and utilised by 
thea as observed through ths pcrr values both at panicle 
initiation stage and at harvest.

6 2 .  a s  at panicle initiation stage* the per centage S> 

utilisation has been influenced fey the two sources. As the 
dose of £* increases, the P utilization d e c r e a s e s  which may 
be due to the ssore efficient utilization of P et lower levels 
A wide variation with respect to different s o i l s  on this 
character has also boon observed. The p utilization has 
been 14.1 and 12.8 per cent respectively for MCb and TCP.

6J«  In t i i e  present study it has b e a n  observed t h a t  the
T C P  can be a  b e t t e r  substitute for h c p  i n  all the rice soils.

6*. The response of rice to P application either mop

or TCs h a s  b e e n  f u r t h e r  a s c e s s e d  fcy w o r k in g  o u t  the optimum 
d o s e  of P for maximum grain yield. Since linear positive
relations could be obtained for mce> in lateritic alluvium
and TCP in Kole soils, no optimum could bo arrived at for 
these soils far the two sources.



65. She optima® P as MCS' lor Kani, Koropcd®1), Kayal, 
PoM,cli, coastal candy alluvium and Kole soils *re 69, 46, 
52* 56, 54 and 59 Kg PgOg/ha respectively. While the 
optimum as TCP for lateritic alluvitta, Kari, Karapaeara, 
Kayai, PoJtkall and coastal sandy alluvium are respectively 
81, 67, 59, 56, 50 ana 55 Kg E^Og/ha. Though slightly 
higher doses of TCP are required to reach an optimum, the 
unit coat of P which is considerately low in rock phosphates 
gives an economic advantage in its use. lienee low grade 
rock phosphates can he preferred under acid rice soli 
situations of Kerala,
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x
soil s®agliag sites 

2. teteglfclc. aiXiffiai soils
1. Parurakaievila
2.Xattok!ta<ia X
3.Katfea!sJ«a<3a IX 
«.Pesoa® ash uthooc

•32»K«iaett®4psdatn 
3 3 »
36,Ktitbippm:m j

—      j 3S*K«ttipp«scaa XX
S,Pe«sEg>as:-iiK!hoor XX 3®*®hl*«snavai»sj
®»&Vdmk!2slii 2  1 - - - - -
?»&vanakuahi xx 
g.’ifellaysai 2
S . V a U a y a n l  XX 

le.Raraaana X 
ii.l«u?aff#ana 22 
l?»Vattvappaca 
IS.VetabayaBi
14.Vasaaaapueam
15.Kilirianoor
1 6 .H ila £ > a X

17.Kadai1t.il
18.ChadayemaagalasB 
IS.AyoiMt
20.MasaagafetuJseoam
Sl.Valakoai
2 2.KaEiktan
23,Rc&t&Eakkar®
W.Steainrafc'nw
SS.Welkadafcheivur
26.E»athtt
Z7*Mboc
28.KaaBanfe«l&ffl
S9.KoXikka*a
30,O%haUt»
31 .Panthewugpadam

37.Co<3akksl 
Se.saakSatimparaafeB 
39 » Gimsm&t to®
40.59>irnr 
41»Fonfsa»dfflif,
42«p«rtwenna 
<J3»P©®aala 
4‘i,Maiappetai-»
4S.Ht*aapu*>sn 
4S.Ktmna0pall¥’ 
47,Kalleeppiilippatain 
«e,vailiar
40.p«tva*t aas.x punjs
50.Pattamfel ww.« PelUyaX
51.Psfcfesafei kss. x i i  Hotaaufe

62,Hatsaeirfcari XX 
sa.̂ â aaaJtasi X
S4. VCE&enokari XX 
es.̂ Badhakari 
SSS.Kacwafcta X
67.K9*-uv®Sw XX
68,Ksarwatta Zt% 
SSJ.Karuasadl 
70.S?ur£!3tJ®a
3. Kayal Solla 
Tl.Cttecukaxa East 
72«Cfeffittikas?B West 
73.£»Bloek Bast 
7«.S,Block west 
75.H.Blossk East 

Sleek West
77.RaiapEram Uorth
78.Kajapuram South

52.Panancneajgy
SS.Kaa&atSjy ess,
54.PuBhaJtIcal 
5S* stanaatbswady

2* K s r i  s a i ls
55.Kttsiobdsasri 
sy.A ta n ka ri 
58.Ptttii"nkari
SS.Vesayajr 
Se.KuiaekJtHBKsBifeajrt 
61.1-lamsEJteri X

79»Jsa3gaJ.a®kayQi Cast 
BO.Msjagolarafsayal South 
Bl.EfeUiikayal test 
SS.Hafchlkayal Wect
S3.sgaesn9olaBkiayal East 
84.SroeiaoolaE4Mjyal (fast
55.KoJOraJtesyal
4. Kara»aaaa Solla
56.'Jc»!!a.n»uir3iti
B7.Val.iyakiliyaBveli X 
88*Veiijreiki31yoBveXl XX

(C oEftd .



es.ChennaaangalesB 
SQ.Koshukiliyaaveli 
91.2hal®vady 
92,MonconpU HflS. 2
SS.MsncaKjpu jug. IX
S4.Moncompu RRs.IIX 
9S.Polllkoo6turoa X
se.Pailitoottuaa II 
9?.Ch<sppalakt5a 2 
98»Cheppalskfca XI 
99.Ran«mk«ri 2 
ICO.Ramankari XX 
Ifll.Kidangaca 1  
102.Ridangara II

6. ceaatal saodv alluvial r.aj.ls
iOS.Keyarakulem iStB • X 
KW.Koyaafltulom ass, II 
lOS.KayaBikulaca aas.xxx 
tOS.Rarunagappaliy Seed Paia I
107.Karunaq&B>palli* Seed far.a 21
108,Karunaga|j?silY s«e<a Far?. JTJ 
lOS.Krishnepucffl®
110.ChsnganKulsngara 
m.Pajtoatil
111.Chalokuciy RR4. X 
liS.CSialakudy SR3 . 2 1
114 .Ctalakudy i%SsL* .111

llS.Vyttila i'RC, I 
llS.Vyttila R8S. II
117.vyttila aa&.iil
118.Vyttlle RRS. IV 
llS.Vyttiia MS. v 
120.Vytciia sms. vi

ISl.Vyttila double asop 
1 2 2»Vyttlla vlnglo cm p
123.Panagad X
124.s>anagad u  
125»Faaagad III 
iZS.Thuravtx I 
127«*huravur II
428.vattanakkadu X
139,Patfcenak2sadu It 
130,SJaeadu X
m .t t a r a d t t  «

7 .  Kale S a i l s  

ISS.KaajunipaaaBs 
133,Eravupada»
134*PaBhsnataie 
13S»ehal©dSkoiepadan 
130.C3ietouVripu.iUa West 
X37*sl<sdunkal© 
ISS.HsnaturtbBshssa 
139 .ftnthlkadukolepadoiB
140,snsmsakkal
141,®»kkekott«!bl ra
142,VadUkkokonchira 
143»Vend®rupadara 
144*Vhrianpad&vuk%le 
14 S,d *yan th p a d ts«k o le  

ldS.PoEttiusperdaviatole 
147.Kutbyelalpades 
14©. cru b ilip ad aa

14© . Sher atbuJsole
150.Kithakkukole
151. yarunathukarathurutliikole.
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Physico-chemical characteristics of rice soils
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1. Perumkadavila 5.0
2. Kattakada I 4.9
3. Kattakada II 4.8
4. Perumpazhuthur4.8

I
5. Perumpazhuthur

II 4.7
6. Avanakuzhl I 5.4
7. Avanakuzhi II 5.2
8. Vellayanl I 4.5
9. Vellayanl II 4.4
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I 4.9
11.Karamana R.R.5.
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4 5 6 7 8 9 1 0 11 12 13 14 1 5 16 17 18 19 2 0 2 1 2 2 2 3  2 4  (

1 . 5 4 6 5 . 2 1 4 . 0 1 9 . 6 8 . 1 3 . 5 1 . 6 1.2 0 . 3 0 . 1 2 1 2 . 1 2 . 9 1 5 . 0 0 . 7 0 0 . 1 2 1 2 . 8 6 4 . 2 4 . 2 5 8 5 1 . 1 4 0 . 1

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

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

0 . 9 7 5 4 . 5 1 6 . 0 2 7 . 5 6 . 6 3 . 0 1 . 3 0 . 6 0 . 0 0.05 1 6 . 9 3 . 1 2 0 . 0 0 . 6 8 0 . 1 1 1 2 . 1 6 4 . 7 5 . 5 2 8 3 6 . 7 5 0 . 2

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

1 . 9 8 8 0 . 0 4 . 3 1 2 . 5 9 . 3 4 . 2 1 . 9 1 . 3 0.4 0 . 1 5 8 . 2 6 . 0 1 4 . 2 0 . 7 5 0 . 1 5 1 3 . 2 9 0 . 0 1 . 4 4 6 5 3 . 4 3 8 . 3

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

0 . 6 6 4 6 . 4 1 8 . 0 3 3 . 6 6 . 0 2 . 6 1 . 2 0 . 8 0 . 3 0 . 0 3 1 8 . 6 4 . 9 2 3 . 5 0 . 5 8 0 . 0 8 2 2 . 0 3 1 . 4 3 . 8 4 2 2 2 . 8 6 1 . 1

0 . 6 3 4 7 . 1 2 0 . 0 3 0 . 6 6 . 2 2 . 7 1 . 2 0 . 9 0 . 3 0 . 0 3 1 7 . 5 4 . 6 2 2 . 1 0 . 5 2 0 . 0 7 2 1 . 0 7 8 . 8 3 . 8 1 62 1 . 1 5 9 . 3

0 . 9 6 5 4 . 4 1 8 . 5 2 5 . 6 7 . 0 2 . 8 1 . 4 0 . 9 0 . 2 0 . 0 8 1 6 . 9 3 . 6 2 0 . 5 0 . 3 9 0  11 1 2 . 0 9 6 . 0 4 . 7 1 8 4 6 . 7 5 3 . 1

0 . 8 4 5 5 . 4 1 8 . 0 2 4 . 6 6.3 3 . 1 1 . 4 1 . 0 0 . 2 0 . 0 5 1 7 . 0 4 . 0 2 1 . 0 0 . 6 5 0 . 0 9 1 6 . 8 4 6 . 7 4 . 3 3 8 3 3 . 4 5 1 . 2

0 . 9 9 5 7 . 4 1 1 . 0 2 8 . 6 6 . 9 3 . 1 1 . 4 1 . 0 0 . 3 0 . 0 8 1 7 . 2 4 . B 2 2 . 0 0 . 6 2 0 . 0 8 1 2 . 4 5 6 . 0 3 . 6 3 2 2 0 . 6 5 4 . 0

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

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

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

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

0 . 6 9 5 0 . 8 1 2 . 5 3 5 . 0 6 . 5 2 . 9 1 . 3 0 . 9 0 . 1 0 . 0 4 1 7 . 5 5 . 0 22.5 0 . 5 6 0 . 0 7 1 7 . 3 2 6 . 5 3 . 5 5 6 4 3 . 9 5 8 . 1

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

contd..



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

19. idoor 5.0 1.47 64.3 15.0 18.5 8.2 3.7 1. o 1.1 0.3 0.10 12.4 3.1 15.5 0.70 0.12 14.7 50.7 4.0 643 5.1 41.0

20. f- arangattukonam 5.2 1.66 60.4 8.6 25.6 8.1 3.7 1.6 1.1 0.3 0.12 12.1 3.9 16.0 0.71 0.12 13.8 79.1 3.1 482 7.9 42.1

21. Valakom
i 4.9 0.87 57.4 16.1 25.0 7.2 3.0 1.3 1.0 0.3 0.06 16.5 3.8 20.3 0.68 0.10 14.5 37.8 4.3 523 9.6 51.2

22. Kariki<am 4.7 1.11 58.0 19.0 20.1 7.3 3.3 1.5 1.0 0.4 0.11 16.6 3.9 20.5 0.59 0.09 10.1 35.8 4.3 686 4.5 53.0

23. Kottarakkara 5.1 1.62 63.0 14.1 20.2 8.4 3.4 1.7 1.2 0.3 0.15 11.6 4.2 15.8 0.71 0.13 10.8 49.1 2.8 764 9.0 42.3
24. Neduvathur 5.3 2.05 SO.3 4.1 11.3 9.2 4.1 1.8 1.3 0.3 0.20 9.1 5.1 14.2 0.75 0.16 10.3 55.4 1.8 806 2.5 39.0

25. Melkadakkavur 4.1 0.15 33.4 20.0 44.5 4.8 2.1 1.0 0.6 0.2 0.05 18.9 6.1 25.0 0.45 0.04 15.0 7.1 3.1 464 5.6 64.1

26. Enathu 4.8 1.20 57.5 12.1 28.4 7.4 3.3 1.5 1.0 0.3 0.05 16.2 3.6 20.0 0.61 0.07 24.0 26.7 4.3 1062 13.5 51.0

27. Adoor 4.S 1.23 60.0 22 6 14.9 7.9 3.3 1.0 1.1 0.3 0.06 16.5 4.0 20.5 0.62 0.07 20.5 37.3 4.1 766 2.5 52.i

23. Kunnamkulam 5.2 1.73 57.0 10.4 20.6 8.6 3.9 1.7 1.2 0.3 0.12 9.0 4.9 14.8 0.72 0.13 14.8 40.5 2.0 1007 10.1 41.0
29. Kolikkara 5.1 1.68 70.4 12.0 15.3 8.5 3.8 1.7 1.0 0.3 0.10 12.0 3.1 15.1 0.71 0.12 16.8 36.7 3.9 822 3.9 42.0
30. Othallur 5.0 1.71 70.9 6.7 20.3 8.5 3.6 1.6 1.1 0.3 0.11 9.1 5.2 14.3 0.70 0.12 15.6 114.0 1.8 323 4.1 40.0
31. Fanthavurpadam 4.7 1.23 60.0 14.0 23.6 7.5 3.2 1.5 1.1 0.2 0.06 16.5 4.1 20.6 0.60 0.10 20.5 38.4 4.0 721 5.6 52.4
32. Kalachalpadam 4.3 0.40 41.5 16.2 38.3 5.4 2.4 1.1 0.8 0.3 0.02 19.2 7.3 26.5 0.51 0.07 20.0 16.7 2.6 507 5.1 65.1
33. Kaladippadam 4.7 1.35 60.0 16.3 27.7 7,8 3.3 1.6 1.1 0.3 0.07 16.7 4.1 20.8 0.61 0.10 19.0 30.2 4.1 1032 4.6 52.0
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 16.0 3.7 19.7 0.60 0.10 24.6 87.9 4.3 266 6.2 50.2
35. Kuttipuram II 5.7 2.07 05.5 4.0 5.6 10.5 4.7 2.1 1.4 0.4 0.21 8.0 4.6 12.6 0.85 0.20 9.9 90.0 1.7 445 12.3 36.0

•toK'l Thirunavaya 5.1 > .59 73.0 16.1 8.3 8.5 3.4 1.7 1.2 0.3 0.15 12.1 3.2 15.3 0.70 0.12 10.6 198.8 3.8 186 3.0 41.4
37. Codakkal 5.2 1.74 75.2 12.0 10.6 8.3 3.6 1.8 1.2 0.3 0.12 8.8 5.4 14.2 0.72 0.13 14.5 124.3 1.6 309 6.2 40.0
38. udakkattu*-

parambu
5.0 1.71 72.3 8.1 16.6 8.6 3.7 1.7 1.2 0.4 0.12 9.0 5.5 14.5 0.88 0.10 14.3 171.0 1.6 221 4.1 41.3

39. Chamaravattora 4.1 0.15 44.4 18.0 34.1 5.8 2.5 1.2 0.8 0.2 0.01 19.5 7.3 26.8 0.62 0.08 15.0 10.7 2.7 306 6.9 66.0
40. Thirur 4.7 1.20 60.5 12.0 23.5 8.0 3.4 1.6 1.1 0.2 0.05 16.2 3.4 19.6 0.59 0.06 24.0 80.0 4.8 309 S.l 50.2

contd



3 4 5 6 7 8 9 10 11 12 13

41. Ponmundam 5.0

42. Peruvanna 4.7

43. Portmala 4.9
44.' Malappuram 5.2
45. Ramapuram 5.2
46. Kunnappally 5.0
47. Kallaeppilly- 

ppadam 5.1

48. Vallur 4.6
49. Fattambi R.R.j. ■4.8
iO. Fattambi R.Rjj. 5.0
il. Fattambi -5; 1

2. Panachery 5.3
3. Mannuthy R.R.S. 4.7
4. Puzhakkal 4.9
5, Manthavadi 4.9
6. Kurichikari 3.4
7. Alankari 2.1
8. Puthenkari 2.5
9. Vadayar 2.4
3. Mulaekunnara- 

kari 3.3

1.81 70.5 12.3 12.2 8.7 3.9 1.7 1.3 0.4 0.13

1.26 60.5 16.2 20.3 ■ 8.0 3.7 1.6 1.0 0.3 0.06
1.25 60.5 12.4 23.1 8.0 3.4 1.6 1.2 0.3 0.05
1.75 71.8 10.7 13.5 8.9 4.0 1.8 1.3 0.4 0.14
1.80 73.4 8.2 14.4 8.8 3.8 1.8 1.1 0.3 0.13
1.71 73.5 14.0 8.4 9.2 3.8 1.8 1.2 0.4 0.14.
1.93 76.4 14.0 7.3 9.4 4.2 1.9 1.2 0.4 0.14
0.52 50.4 18.1 29.6 6.5 2.8 1.3 0.9 0.3 0.02
1.35 60.1 23.0 13.6 8.0 3.6 1.6 1.1 0.3 0.06
1.42 75.4 . 8.1 13.1 8.9 4.3 1.8 1.3 0.3 0.06
1.48 78.4 4.0 15.5 9.2 4.2 1.8 1.2 0.4 0.10
2.28 BO.4 6.0 . 7.9 10.2 4.2 2.0 1.5 .0.2 0.28
1.32 60.0 12.7 24.1 8.0 3.6 1.6 1.1 0.2 0.05
1.39 60.9 12.0 23‘. 1 8.1 3.7 1.6 1.1 0.3 0.06
1.38 61.2 8.0 27.5 8.2 3.7 1.6 1.1 0.3 0.06
3.13 70.1 12.0 15.3 12.9' ,5.4 2.4 0.9 2.6 0.06
1.36 44.0 28.0 25.1 8.9 4.0 1.7 0.5 1.7 0.30
2.26 38.4 43.0 16.5 9.4 4.2 1.8 0.5 1.9 0.39
2.47 50.1 24.0 21.5 10.0 4.3 1.9 0.6 '1.9 0.40

3.16 67.1 10.0 18.6 13.3 5.6 2 S3 0.8 2.6 0.58

14 15 IB 17 18 19 20 21 22 23 24

12.2 2.8 15.0 0.67 0.09 13.9 58.4 4.4 684 5.8 41.0

12.0 4.5 16.5 0.58 0.06 21.0 35.0 2.7 783 3.6 48.1
16.5 3.4 19.9 0.61 0.10 25.0 35.7 4.9 806 6.7 50.3
12.3 3.4 15.7 0.71 0.12 12.5 36.5 3.6 1121 10.1 42.0
12.0 2.9 14.9 0.70 0.12 13.9 46.2 4.1 882 20.8 41.1
12.2 3.5 15.7 0.63 0.11 12.9 26.2 3.5 1544 16.9 42.2
12.3 3.0 15.3 0.70 0.12 13.8 60.3 4.1 688 3.5 41.1
18.4 5.6 24.0 0.55 0.07 26.0 37.1 3.3 289 2.9 59.0
15.6 3.1 18.7 0.60 0.10 22.5 61.4 5.0 482 6.1 50.1
12.3 2.7 15.0 0.68 0.11 15.8 40.6 4.6 1101 17.7 40.0
12.0 2.9 14.9 0.68 0.10 14.8 31.5 4.1 1201 7.6 41.0
12.0 2.8 14.8 0.71 0.12 8.1 73.6 4.3 721 12.5 39.0
15.8 3.1 18.9 0.59 0.06 26.4 42.6 5.1 745 7.3 50.3
12.9 4.6 17.5 0.63 0.11 23.2 49.6 2.8 604 5.8 49.0
17.0 3.1 20.1 0.62 0.11 23.0 153.3 5.5 186 4.6 50.0
4.2 12.1 16.3 0.40 0.31 5.7 101.0 0.4 706 0.4 47.6
5.3 12.8 18.1 0.31 0.20 4.5 85.0 0.4 365 1.0 62.8
4.7 13.1 17.8 0.32 0.15 5.8 141.3 0.4 361 0.7 59.6
4.8 12.1 17.9 6.31 0.14 6.2 154.4 0.4 364 0.6 60.5

3.8 12.2 16.0 0.35 0.16 5.5 143.b 0.3 523 12.0 46.7

cantd



1 2 3 4 5 6 7 8 9 10 11

61. Mannarkari I 2.6 2.67 59.5 22.0 15.3 105.0 4.6 1.9 0.6

62. Mannarkeri 11 2.8 3.00 44.4 30.0 21.3 9.4 4;.2 1.8 0.6

•C
D Vembanakari I 2.9 3.09 63.5 11.5 21.8 11.2 5.1 2.0 0.7

64. Vembanakari 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 II 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 18.0 7.9 3.2 1.1
70. Purakkadu 4.1 3.24 70.9 12.1 14.1 19.2 8.3 3.5 1.2

71. P
Cherukara East'

4.0 2.79 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. Block East 4.2 2.71 53.4 20.0 23.4 9.8 3.4 2.9 0.8

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 IB 19 20 21 22 23 24

2.6 0.42 5.9 13.0 18.9 0.33 0.13 6.2 130.5 - 0.5 428 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 54.8
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 16.6 0.33 0.13 '6.8 104.8 0.4 643 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 5.6 198 ̂ 8 0.3 ■ 381 2.1 44.8
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 8411*
1.8 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 B84 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 io.o 6.8 17.8 0.44 0.14 7.5 68.4 1.6 820 2.7 54.9
1.9 0.45 4.6 4.6 9.2 0.71 D.23 . 6.8 58.5 1.0 1141 1.6 45.1
1.7 0.39 7.3 6.7 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 1.8 50.1
1.7 0.43 6.5 5.0 11.5 0.71 0.21 7.C 63.8 1.3 1011 0.6 47.9

contd v ■ • • • m
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1 2 3 4 5 6 7 8 9 10 11 12

81. Mathikayal East 4.3 3.06 56.8 16.2 23.1 13.9 4.9 4.2 . 1.1 2.0

82. Mathikayal West 4.2 3.00 55.5 18.0 24.5 13.0 4.6 3.9 1.0 1.8

83. Sreemoolam East 3.9 ' 2.56 50.5 22.0 24.3 8.0 2.8 2.4 0.6 1.1

84. 5reemoolam West 3.9 2.70 51.4 22.0 23.2 5.9 2.1 1.8 0.6 o.e
85. Kokkakayal 4.6 3.09 60.4 24.2 14.2 13.9 4.9 4.2 1.1 1.9

86. rNedumpuram*
4.8 3.05 70.4 14.0 12 .2 21.1 7.4 5.3 1.9 2.5

87. Valiyklliyanveli I 3.6 . 1.74 34.4 26.0 37.6 B.7 3.1 2.2 0.8 1.1

88. Valiykifyanveli II 3.9 1.75 34.1 28.0 35.6 9.0 3.2 2.2 0.8 1.2

89. Chennamangalam 4.0 1.86 37.3 30.0 29.6 10.0 3.6 2.5 0.9 1.3

90. Kochukiliyanveli 4.4 2.13 38.5 28.7 29.6 10.6 3.8 2.7 1.1 1.3

91. Thalav 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.3.I 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.II 4.3 2.49 51.2 21.0 24.6 12.0 4.3 3.0 1.1 1.6

94. Moncompu R.R.S.1II 4.6 1.86 59.3 22.8 13.8 17.0 6.1 4.3 1.5 2.2

95. Pallikkuttuma I 4.0 1.84 36.4 32.0 27.3 9.6 3.4 2.3 0.9 1.2

96. Pallikkuttuma II 4.2 2.17 53.4 20.4 23.2 14.5 5.2 3.6 1.3 1.8

97. Cheppalakka I 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. Ramankari I 4.3 2.53 54.1 20.1 22.6 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 15 IB 17 18 19 20 21 22 23 24

0.44 5.9 4.2 10.1 0.72 0.32 7.0 58.9 1.4 1061 3.2 45.1

0.44 7.0 4.9 11.9 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;8 910 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 8.8 31.8 1.0 1101 4.3 55.1
0.22 8.8 8.8 17.6 0.45 0.11 8.5 44.3 1.0 921 2.0 55.C
0.25 7.9 8.6 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 0.47 0.12 8.8 71.3 0.8 744 4.7 54.1
0.25 8.0 8.7 16.7 0.47 0.11 9.1 78.6 0.9 562 1.4 52.1
0.28 7.5 8.6 16.1 0.48 0.12 8.9 124.5 0.9 423 8.3 49.9
0.21 3.4 3.8 7.2 0.51 0.13 8.9 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 8.7 74.8 0.9 B O B 4.1 49.6
0.21 9.1 9.1 18.2 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 8.6 97.1 0.9 668 5.3 35.4
0.30 6.8 8.2 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 83.8 0.8 605 1.8 44.9

contd



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 IB 19 20 21 22 23 24

101. Kidangara I 4.3 2.88 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.° 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. Kayamkulan RRS I 4.8 0.30 85.1 4.0 7.6 2.5 1.0 0.° 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. Kayamkulam 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 2S.5 36.4 0.5 325 1.5 33.3
105. Kayamkulam RRS HI 4.8 0.39 91.2 3.6 4.6 2.6 l.C 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 38.4
106. Karunaaappally 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 3.8 5.9 0.11 0.05 21.0 23.3 1.6 421 3.0 37.3107. 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 B.8 33.4
108. Karunagappa 1 ly III 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 35.2109. 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 3B.3110. 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 37.3111. Payikuzhi 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. Chalakudi RRS I 5.5 0.72 91.1 2.0 3.6 10.7 4.3 3.8 1.3 0.5 0.05 1<*6 4.1 5.7 0.15 0.09 14.4 120.0 0.4 129 7.0 31.5
113. Chalakudi RRS II 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 5.8 0.11 0.06 14.0 140.0 0.4 144 10.4 33.3114. Chalakudi RRS III 4.8 0.49 88.0 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 38.3115.

U Vyttlla 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 8.4 2.0 581 34.2 44.5
116. Vyttila RRS II 2.6 0.28 79.1 18.0 1.6 2.6 0.9 0.6 0.6 0.2 0.01 8.8 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 0.08 0.18 13.2 60.0 2.0 543 9.9 41.4
118. Vyttila 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 0.08 0.18 12.3 71.1 2.1 448 7.9 39.5
119. Vyttila RRS V 3.4 1.77 81.3 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

c o n t d



. 1 2 ' 3 4 5 ’ 6 7 8 9 10 11 12

121. Vyttila double 
crop 2.5

i

0.48 79.5 13.7 4.6 2.7 1.0 0.6 0.7 0.3

122. Vyttila single 
crop

2.8 1.41 81.8 12.1 • 4.2 4.8 1.7 1.0 1.2 0.6

123. Panangad I 2.9 1.53 81.0 12.3 3.6 4.9 1.8 1.0 1.2 0.5
124. Panangad II 2.9. 1.60 81.2 12.2 3.7 5.3 1.9 1.1 1.3 0.6
125. Panangad III 2.6 1.05 80.2 . 12.9 3.8 3.1 1.1 0.6 0.8 0.3
126. Thuravour 1 4.0 1.89 81.6 9.7 4.6 6.1 2.2 1.3 1.7 0.7
127. Thuravour II 4.9 2.56 90.1 3.9 2.9 7.5 2.7 1.6 1.9 0.8
128. Pattanakadu I 5.7 3.12 91.1 4.0 1.6 11.9 4.4 2.'5 3.0 ,0.3
129. Pattanakadu II 4.6 2.14 83.5 9.0.' 3.0 7.6 2.7 1 . 8 1.9 0.8
130. Maradu I 3.0 1.60 81.4 6.0 9.5 5.5 ' 2.0 1.1 1.3 0.6

131. Maradu II 2.5 1.06 80.1 12.7 3.9 3.1 1.1 0.6 0.6 0.3

132. Kanjanipadam 3.5 0.78 30.4 16.0 50.1 3.2 1.1 1.0 0.6 0.2

133. Erauupadam 4.0 0.79 34.6 25.4 37.D 3.5 .1.2 1.1 0.7 0.2

134. Pazhamkole 4.3 0.88 36.5 25.0 35.6 4.1 1.5 1.3 0.8 0.2
135. Chaladikole 4.5 0.61 36.5 28.6 31.3 4.2 1.5 ,1.3 0.8 0.2

136. Chettuvapuzha
West

4.7 1.57 48.0 11.1 38.7 6.5 2.3 2.1 . 1.3 0.4

137. Nedumkole 4.7 1.87 51.2 ,18.5 27.1 6.6 2.3 2.1 1.3 0.4

138. Manalurthazhara 4.6 1.96 53.5 8.0 34.6 6.8 2.4 2.2 1.3 0.4

139. Anthikkadukole 4.5 1.05 40.1 22.2 34.1 5.0 1.8 1.6 • 1.0 0.3
140. Enammakkal 5.0 1.48 48.4 18.0 30.5 6.7 2.3 2.1 1.3 0.4

13 14 15 16 17 IB 19 20 21 22 23 24

0.03 9.2 4 .7 13.9 0.06 0.16 16.0 19.2 2.0 631 8.1 44.5

0.12 8.4 4.3 12.7 0.07 0.17 11.8 44.1 2.0 782 26.8 39.4

0.14 8.3 4.2 12.5 0.08 0.18 10.9 102.0 2.0 345 6.2 39.5

0.15 8.1 4.1 12.2 0.08 0.18 10.7 100.0 2.0 409 7.6 38.5

0.10 9.4 4.6 14.0 0.05 0.15 10.5 116.7 2.0 226 3.5 44.5

0.16 7.9 4.0 11.9 0.13 0.23 1 1 . 8 210.0 2.0 229 2.1 32.4
0.30 7.4 3.7 11.1 0.15 0.25 8.5 284.4 2.0 227 2.7 29.5
0.35 6.3 3.2 9.5 0.20 0.30 8.9 346.7 2.0 241 1.9 24.5
0.25 7.5 3.8 11.3 0.15 0.24 8.6 125.9 2.0 424 6.4 30.5
0.15 8.1 4.0 12.1 0.09 0.18 10.7 55.2 2.0 704 15.5 37.5

0.10 9.5 4.7 14.2 0.06 0.16 10.6 34.2 2.0 783 16.9 44.5

0.06 11.2 16.9 28.1 0.18 0.10 13.0 52.0 0.7 349 3.7 55.2

0.07 12.8 19.2 32.0 0.28 0.15 11.3 20.8 0.7 981 11.2 57.3

0.08 10.8 16.7 27.5 0.35 0.20 1 1 . 0 27.5 0.7 781 1.7 53.2

0.05 10.9 16.7 27.6 0.40 0.2B 12.2 19.1 0.7 853 1.6 53.2

0.15 8.1 12.4 20.5 0.44 0.30 10.5 . 38.3 0.7 900 1.6 42.3

0.20 8.0 12.2 20.2 0.43 0.29 9.4 44.5 0.7 894 1.1 41.2

0.22 8.3 12.3 20.6 0.44 0.28 8.9 98.0 0.7 489 2.8 42.3

0.10 11.8 15.3 27.1 0.41 0.30 10.5 42.0 0.6 588 3.7 56.2

0.12 8.1 12.2 20.3 0.55 0.45 1^.3 37.0 0.7 1201 4.3 42.3

Contd



1 2 3 4 5 6 7 8 9 10 11 12 13 15 16 17 16 19 20 21 22 23 24

141. Thekkekonchira 4.6 2.08 58.3 10.2 29 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 1.16 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. Vanampada vukole 4.6 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 6.7 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 4.6 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 8.0 64.6 0.8 506 2.9 52.3
148. Jubileepadam 4.6 2.31 61.3 8.0 27.6 6.4 2.9 2.7 1.6 0.5 D.26 8.4 12.8 21.2 0.40 0.31 8.9 64.2 0.7 801 1.8 42.3
14S. Therathukole 4.3 1.26 37.5 22.8 36.6 6.3 2.2 2.C 1.3 0.4 0.15 11.9 15.2 27.1 0.36 0.24 8.4 45.0 0.8 604 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- 

thurithikole
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 83.7 0.8 386 0.6 52.2



APPEH01X H I
.abstract s* site analysis e£ variance of total P and inorganic p fractions of rice soils.

Hean square
Source <Sf •— — --- — — — —  ---  — ■---------------- *rr— — — ~ —s«ffl or Ben Total

Saloia 9 Al-P Fe-p Ca~t> Oed.P Sf?*r inorga- rff®, extract- inorga- Total p
cma w g nxa p P nic p

~ r — -r-— 5 -"---- i— — s— — ~-g-— iq--"-— n —
st-
sea 6 1789.4 16116.5 23981.3 4168.3 6674.3 534.4 16*463.0 168259.7 3091.3 211988.4 740S87.2
sile

^  144 189.8 3575.8 2666,7 S70.3 661.® 220.7 17705,5 10401.4 306.0 22136.7 61862.0
>ils

- « a  ! m 3  ?:s ioti «3 ®:s m 3  m 3  » 3  ia:s

•* Significant at 1 per cent law©!.



AS?PJ5i$D2& »?
Ab3tres6 a i fefe© analysis o£ variance ®fi the Mjsagh&rus StKiEg capacity ®£ eioe soils*

scare®
T

««
2

lima s q m m

T

Soual
Between soils 
With ta sails

use
6

144
#08.11
44.S3

*® 3i0Bi£4ea»sfe os 4 per cent level.



Aha tract of the analysis ofi variance for the transforation of inorganic P fractions due to
cubraorgenoe.

APPSSDEt V

Mean square
Source df

Saloid p AM? Pe-P Ga~S> Hedoctaat P occluded P Sun ofinorganic I
■waee«w*»J=»**'wiw«e ■HE**

9X 2 3 4 5 6 7 8

Conditions i d 1 8.08 3005.64 37044.30 112.00 455.37 1.77 S8537.S1

Soils ts) 0 460.20 12131.77 24874.46 4906.42 7003,71 552.40 139060.28
C x S 6 0.29 158.94 2175.00 10,15 412.28 0.03 3817.76

Error 14 122.18 17456.27 16218.96 e,eo4 3590.08 475.98 129828.94

* Significant at S per cent level.



Abstract of analysis of variance for available P in 
rise soils by different extractants under air dry 

and waterlogged conditions.

A9PEN0K VS

source 
’ 1*

Between soils (S) 
Conditions (C>
s x e
Hethode (H)

n x s
H X c 
« X S X C 
Error

6
1
0
3
28
3

28

56

2084.11
1813,14
221.49
2208.13
292.91
603.97
238.15
235,96

* significant at S per cent level
Significant at 2 per cent level.



APPEH0E5. VII
Basic data of soils used for the P response study.

Mechanical aonerataa
Band 47.1 per cent
Silt 20 .0 per cent
Clay 30.6 per cent
lemieal characteristics
pH 4.4
B8 0.03 miahos/cra
Total N 0.03 per cent
Total P 102 ppm
Total R 600 ppm
Bray i-P 1 . 1 2  ppm
Organic carbon 0.6 per cent
Total CaO 0.S per cent
Total HgO 0.07 per cent
Total sesqui-oxities 2 2 .1 per cent
Total » 2o3 17*5 per cent
Total AlgOjj 4*6 per cent
C»B*C * 6 .2 I5.O./100 g
txcb. ca 2.7 ra.e/ 1 0 0 9
Exch. Mg 1 . 2  m.e/ 1 00 g
Bxch. K 0*9 m. e/100 g
Exch* Ha 0 .2 in.e/ 1 0 0 9
Salcid p 9.0 ppm
al-P 24.6 ppm
rwf 30.0 ppm
ca-B 5.9 ppm
Keductant p 6.0 ppm
Occluded P 2 . 1 ppm
Org. P 81.6 ppm
Phosphorus fixing capacity 49 per cent



mmmax v i z i

nbs&raefc of analysis of variance for available P lay various methods at different 
g r w r t b  stage of t h e  crop.

Mesa square
Source <S£ Bray 1 Bray 21 Olsen

1 3 ® -
day

Truag
36s r
day

ĝ fcS”
day

Bar*
vest

30^”""*day
■ ^ R * —
day

Bar—
vest day

~ s r ~
day

Har
vest

60
dey

Har
vest

1 2 3 4 S 6 7 0 9 IS 11 32 13 14

Variety IV ) 1 3 6 .1 1 6.11 5.11 71.$$ 11,$1 7. IS 34.81 22.11 3 . 1 ! 1 8 .2 4 6 1 .1 $ 9.88

Sreafcmersta
(X> S 39. SI 38.7$ 3 6 .1 1 134.1! 99.11 66*1$ S8.ll €8.11 so. SI 287.$$ 0.98 30.50

V X '£ s 4 .1 * 0.46 0.15$ 10.10 1.11 0.370 e.et 5,43 **1.54 43.§1 1.11 11.31
Error 12 O.207 0.3S 0,044 0.24 0.0G5 0.009 6.74 2,82 0 .2 8 7 6.64 0.320 16.63

* S i g n i f i c a n t  a t  5 p e r  c e n t  l e v s l

** Significant at 1 per cent level*



Abstract o* pooled analysis of veriancs for available p 
estimated by different rastheds et various growth stages

of rice*

AJPPSITJlS 2K

Keen square
source as

30€S day 
after soaring se^1 day 

after sewing
Harvest
stage

1 2 3
< W «i< * W w «««n »w «> w y k ««m

4 S
*-m*m m»wKmm¥nsn»n*f tm itmm «

Methods (M) 3 234.11 63.81 1209.SI
Treatments C®> 5 389.1! 163.lt 149.SS
M X T IS S3.ll 21.11 i0.ll
Variety (v) 1 151.9% 8S.lt 3,79
M X V 3 3.19 s. IS 7.42
T X V 5 25. IS i.se 3.72
M X T X V as 13.3! 2.H 4.07
srror (pooled) 48 3.46 S. 60 4,22

«■>•*»*»'■s «■».*<» «»>««»» «i»ai»«i»i ■»»*»>*» a* avgBw» «*«»*»■■ ■»■»<■>■!» iiwwi ■»»■«■«

* Significant at 5 par cent levsl
»* significant at 1 per cent level.



Abstract of analysis of variance far inorganic P fractions at various
growth stages of th® crop.

APitNDXC X

(1) 30̂ ** day after sowing.

naan square
Source d£

salold i> M-P fa-P ca-p- Refiu- Oselu- 
otant P ded P

Sum of 
Inorga
nic Pa******* mm* *•*»«»

1 3 3 4 8 6 7 8 9

Total I S
V a r i e t y 1 0.00 Q.05 IS* S3 0.43 0.00 0,05 1.82
Treatments S S . M 330,11 4602.11 108,11 5*43 3.40 ft*10294.33
V X T S 0,38 e.xs 17.39 0.22 0,10 0,01 6,94
Error 12 0.03 0,34 15.07 0.11 0,12 0.03 8,02
(11) 60̂ ** day after sowing

Mocn square
Source df

Salold P Al-P p®-p Cu-P seat- oaclu- 
efcant P ded P

Sum of Inorganic P
1 2 3 4 3 6 7 8 9

Total 23
Variety 1 9,96 6,83 5,80 0.80 1.13 0.06 0.67
Treatments 8 s.H 3S2.II 4721.11 117.62 7.56 2.54 10670.71
V x T 5 0,49 0.97 32. ol 0.48 4.35 0.02 42.&S
Error 12 0.57 0.3S 7,29 0.12 3.44 0.02 5.79
(ill) Harvest stag©

source d£ Hoars square

Salold P Al-P Ee-P ce-p «®6U- otant p Occlu
ded p

Sum of 
Inorga
nic 9r..

1 2 3 4 8 6 7 8 9
Total S3
Variety 1 4.68 209.11 23,40 2.16 21,11 6.18 870.4®
Treatments S 3*02 156.!$ 4572.0$ 98.41 S. 33 0.1$ 9038.1$
V X T 5 0.55 2.5! 6,67 6.75 3.34 o.l8 1 3 . as
Error 12 0.46 0.23 7.40 4.30 4.36 0.02 9.70

* Significant at 3 per cent level
** Significant at 1 per ©cast level.



abstract
n«l

APPENDIX XIof analysts of variance for bioaetrie and yield characteristicsat different growth stages*
(i) 30 day after sowing.

m m  square
Source d£ Haighttea)

Weight of
A -.t »  1 0 3 »

NO* Of _tillers/ roots/billbin tg) «gffy

Maximum
length
®£roots

Average length of roots (cm)
1 2 3 4 S 6 7 8

Total 23
Variety 1 29.IS 0.67 3.40 5828.!? 134,,!S 7.04
Treatments S 494,35 75.1? 53.11 31140.1? 266.18 93.11
V x t s 3.18 e.sf **0.97 1394,81 7.18 7.16

_ i S £ S * ____ M . 2. Of ,0.17 0.059 96.33 0,882 , 4.25

Totaldrymutter/hill
<g)

** 39.02
G7.Il
3.82
.SaeSSl

Ui) 50th after sowing.
Mean square

Scarce d*
Height

Total
Variety
Treatments
V 35 T 
Errora H w m w H m w m

"g^
33
i
3
S
13

(css)
*r

HO* Of tillers/ Height of roots/hill
tei

Total Ho* Of roots/ hill
-*“<r—

55QS£*tlSU®length
roots tern)  7---

average
las rroots

Total dry matter/ hill

6144,SS 
SiC.30 
333.18 
3*33

4 4 * 0 3

13.51
a.ss

213,41
138.71
23.31
0.0343

4213, §0 2C-0.II
67312,18 16,11
8505.90 21.11
4005,00 1.67

112.67
1 7 6 , 0 0

40.67
48.67

178.*#1ess.ei
70.40
0.32

(iU) Harvest stage.
Me* square

Source as Height of giant {cs)
S©» of Meif̂ JtVfe

p r o d u c t "  cfi r o o t s /  ivettU- ' •*“em/hill

weight if grain/ hill 
(0

weight cf straw hill Cg)

Total dj matter/ 1 hill ,«0> H 1_
Total

$ B &

Variety
Treatments
Vs !
Error

23
1
S
s
12

6767,11
lS5.fl

73.8S
1.06

56.13
13.18
2.30

iss.48
1 5 6 . § §

17.81
0,019

159.11
170.IS
13.11
0,10

3197,81 
338,81 

78, IS 
0,110

6051.9
2020.8

267.1

° * 3
* 8 ‘Sf'm4̂P4 «***«$•! /sf*

mailto:i@2e.lf


wv&mxa Jill
Abstract of analysis of variance for total p uptake at various growth stages of the crop.

Source df . Mean square
30th day 60“" day Harvest stag#

1 2 3 4 5

Total 23
Variety 1 Si3.Sf eoo.Se 643.SS
Treatments S 206.11 191.37 211.30
VST s 9.8 8.8 4.60
srror 12 6*1 S 0.37 0.06

»*  S i g n i f i c a n t  a t  1 p e r  c e n t  l e v e l .



Z3ZZ
Sasic 6afia of the soils asea Cor fib® 32P study,

Soil $ xp m

iP ro p e rfiy
Lafierifiie
allcviuse Karl Kerapaciam Kayal Pofcbeli Coastal sonsSy 

u ,m allwliatt__
Kol®

Sand {per cent) 
silt (per cesnfc)
Clay {per cent) 
pH
Sofia! H {par cent) 
Sofia! p (ppa) 
sr&y 1 **? {ppm)
Sofia! K (ppsa)
Or®. C (par cant)
Sofia! Ca© {par cost) 
Sofia! Mg© (per cent) 
Sstal sesyui-osi'les 

<p«r cent) 
Sofia! se2©3 {per eeafe>
Sofia! flXgo3 {per ee»fc>
see {a.e/100 g)
Bxch. Ca (ra.e/100 g )  

Eiich. Mg (m.e/100 g) 
Saseto. K (ra.e/100 g) 
Sxch. Ka {a.e/lOO g)
? rising capacity 

{per cent)

tellssyasi
< V

Karisrofcta $$&2K!9n3DtX
»,>

ststhifeayal
»«»

PaaangaS
< V

®jsl̂ kBely
< v

Kanjenipss

47*1 54.5 53.8 56.0 so,© 89.5 48.020.0 20.4 21.0 16.2 12.3 3,7 11.330.6 21.3 22.9 23.1 3.9 3.9 33. S4.4 3.6 4.4 4.2 3.9 5.1 4.7
0.03 0.53 0.28 0.44 a. u 9.04 0.20

102.0 169.0 385.0 373.0 103.0 226.0 327,0
1.12 Q.40 0.S5 8.0 0.50 1.0 0.S8

600.0 1200.0 2600.0 20GO.6 200,0 1400.0 800.000.6 3.15 2.21 3.06 1.39 e.se 1.57
0.5 0.45 0.47 ©.72 0.18 0,10 0.25
0.07 6.20 0,11 0.32 0.1S 0,0® 0.2122.! 14.7 as. 7 io.a 12.5 5.7 17,5
17.3 3.0 8.0 5.9 8.3 1.6 9.0
4.6 11.7 S. 7 4.2 4.2 4.1 8.5
6.2 13.7 13.5 13.9 4.5 6.9 6.5
2.7 6.0 4.8 4.9 1.3 2.7 2.31.2 2.5 3.4 4,2 1.0 2.3 2.10.9 2.8 1.8 2.0 1.0 0.3 1.3
0.2 0.7 2.2 1 . 1 0.8 0.0 0.4
49.0 44.6 52.3 50,0 32.6 31.5 51.3



AEapBfffiJX XXV
Ĵjsfcsaefe ©£ analysis o£ variaaee £or fefometric characteristics at the par.iaio initiation stage

of %tis crop t32P study}.

Source dfi - Mean square
Height o£ plant (exa)

Ha. of productive tillers/hill
Height of roots (g/hill)

weight of straw Sots! dry matter tg/hill)
i 8 3 4 S 6 7

sreafment
Soli

43
6 S40.il m M 3.1! 306.11 339.61

source of p 
ievele of p

1
2

0 .0 2
9.1!

s.il
t.11

0.S1
o,i!

3.11
o.l!

3.84
1.55

Between levels within aoorco a s.lo o.tS 0,01 1 . 1 1 1.37
Ireated Vs. 
control
s x $

s
36

so?.S5
ai.%

9.5!
4.S

o.l!
3JI

21.15
9.1!

30.1?
U.fl

Error 49 0.03 0.01 0 .0 2 0.03 2.32

** Significant at 1 per cast level.



&PPBHBIX x v

Abstract of analysis of variance for total P (root, straw and soil), P W B  (root, straw). A-value ana 
percentage utilization of p at panicle initiation (3%> study).

Mean square
sours® d* * lotal 9 (pp») paw A-value Percentage

atiliaafeie
of PBoot Straw Soil Boot Straw (ppm)

1 2 3 4 s 6

I « i i i

a ®

(Preotsjant
Soil
Sours® of £> 
I«evels of P

48
8
1
2

9370.SS 
0.38 

3957.11

5.536832. §1
57. 66 

15229.91

351495.I I  
31624.18 
32725.11

92. §0 
6 .1 1

z M

243.11
0.48
1.as

8.1S
0.002

50.11

S l . l f

0.14
3.SI

Between levels 
within source 2 ii i .S 's 578.90 3938.IS 0.03 0.37 o.oll c.lo
Scaafcefi Vs, 
Control
S x  s

1
36

17656.20 
7093.IS

128569.63
36103,IS

266657,03
60582.11 9.88 14.13.

384.11
a.ii

48.11
3.11

Error 49 15.22 20.25 19,10 0.16 0.15 0.Q03 0 .0 1

®* Significant at 1 per cent level.



w p sm u . xvs
Abstract of analysis of variance for yield efoaractoristicB

at harveot stage (32P study).

Kean square
Source df

©rainCe/pot) Straw
Cg/pc*)

soots
(g/pot)

Sotaldryraattsr(g/pot)
1 2 3 4 S 6

VreatsMnt 43
Soil a 212.11 looo.l! sb. Si 2323.16
Sotttea of p i 9.02 S.II 0,3! 13,So
im a l of p 2 3.11 is. IS 2*51 4,10
Between levels with in source 2 o.as 3.25 0.04 S.II
treated Vs. Control 1 ♦ 'V66.79 3S8.1I 20. IS 1023.04
a x S 36 tt.8 04.35 9,53 139.0?
Error 49 0.03 0.22 0.S2 0.29

i w m m u i  ••*»<«» Mh^i •» «>•*»»«*«*•*«■«** «•»•«» * a n n > # «  M a i w *

** Significant at 1 par sent level.



hl?P£HD2X XVII

Abstract of analysis o£ variance for total S> (root, straw, grain ana soil), pom (root, straw ana grain), A-value an cl percentage utilization of v at harvest stage (32̂  otujy)» ’

Maws square
Source

rreatmcat
Soil
Source of p
bevel of »
Between levels 
jltfc in source
created Vs,
saatrol
5 * S
2rror

df Sryeel P (ppB) POPP
ft --^.^1 t  I.A .

Percentage 
utilization 

of PHeat Straw Grain sell soot straw Crain nmraiun

2 3 4
■nuf M w»miiwwlnw«eMi^n*e u« in r— t ■» w

5 6 7
l»WWWWW«*W

8
*«««**

9 10 11

48
«
1
2

77492,11 
600, 00 
3171,11

1229S43.fr? ; 
2046,If 
28416,11

12393597.18
50710,11
475083.60

386805,11 
8588.11 
15731,§0

52. So 
0.02 
2.11

152,18
0.33
o.sl

2.18
0.28
0,03

0.06
48.81

lu3,$0 
7 M  
41.ll

2 so, IS 815.11 269951,IS asss.SS 0.03 0.09 0.02 0.02 0.71
I 21091,11 135216.11 6759511.11 129803,11 - - « . 328.IS 768,11
36 5084,11 87050.IS 1588930.11 2S70S.1I 4.11 6*67 o.SI 1.24 62,11
49 10,67 25,31 43.00 16.69 0.18 0,17 0.1$ 0.17 0.26

® Significant at S percent level.
s“1’ significant at 1 per cent level.



ABSTRACT

m  attaint to atseas the various factors and arrive 
at an integrated picture on response of rice to phosphorus 
application In rice soils of Kerala has teen read©. To 
reach certain conclutions on some of the possible reasons 
for response of rice to phosphorus in the ncid rice soils 
of Kerala, the following approaches have boon resorted to. 
Categorising tha rice soils with special reference to 
phosphorus and factors affecting them. Dotailed studies 
on the various phosphorus fractions, both inorganic and 
organic as well as toe relationships between the p fractions 
and laportact soil parameters have been worked out.
Elaborate studies have been undertaken on the p fixing 
capacity of rice soils and the factors governing it. 
Phosphorus transforation studies, both inorganic »  

fractions and available f due to waterlogging have also 
been conducted. Two rice varieties, a medium end a short 
duration have oeen tested under pot culture conditions

-lOwith graded levels of B and finally two p labelled 
sources of phosphorus, a water soluble monocalcium phosphat^ 
and water insoluble triealeiura phosphate hav® been evaluate 
in 1 soil types representing fc. e major rice soil types 
of Korale.

As against the general local clacsitication of rice 
soils such as lateritie olluvrun, Karl, Kayal, Karapadaa,



Hole etc., or their classification into various groups 
of the tFaxonossy. using the statistical approach of 
principal component analysis, six categories or clusters, 
esuia ise toontifiea tossed on the nine important soil 
parameters. She categories could however be distinguished 
by their increasing ranges of total P* Ihia stuoy has 
ensbleJ the fitting of any rise soil based m  its total 
P state® to one of sis categories* She majority of the 
rice soils of Kerala can he categorised under the medium 
gsaup.

She coastal sandy alluvium and Kayel soils respectively 
recorded the lowest asS highest content a6 -.ctal tt 
Ca-P, resStsetaafc-P, OeeliidaJ-P, sum of inorganic p and 
organic p. Saiald 0 hat* bsen Iciest Its coastal sandy 
elloviun and fei#-.*,st in Ksropaaaw sells while Al-p has 
to son lowest and highest in stori and sole soils respectively. 
The y©*»P has bem  the rejor inorganic P fraction fiollcwed 

by Al-P and ro5uetant“P in the acie rie© soils of Kerala, 
Significant positive correlations have teen observed 
between a ll fcne a? fractions except saioid-P to Kart, Kayai, 
KaSapa€ara» coastal sandy alluvium and. Kola soils, with 
total f  as well as with sum of inorganic v, 3®  

sen-extr actable P which could not also toe estimated by th e  

Chang and Jucfcaon0® procedure, lu a defect «r»leh has to 
to® rectified.



In the phocphorua fixation studies, it has been
observed that the coastal sandy alluviu® and Ksri soil® 
respectively recorded lowest and highest P fixing capacity. 
The latoritic alluvium, Ksri, Kayal, Karspadam and Kola 
soils form one group and coastal sandy alluvium and Pokksli 
formed another group and there is significant difference 
between thse two groups. Among the factors governing th® 
l> iixlng capacity of different soils, pH, Organic carbon, 
total Cao, total Hg©» CEC, exchangeable Ca, exchangeable 
fig. C/p ratio and sand content have produced negative 
relationship while KgOg, 3P«203' silt, clay, C/H ratio and 
Pe2o3/Al2o3 ratio, positive correlations with PFC. In the 
stepwise regressions between ppc with p ii, h203, GaO, MgO, 
CEC, Organic matter and clay content, it has been noted that 
the sesqui oxides exert a maximum per cant variation on 
BSC of latoritic alluvium (97) Karapada.n (90), Pokkell (92) 
and Kole (97)I pH in Karl soil (94) and coastal sandy 
alluvium (82) while CEC in Kayal soils (40).

The incubation studies have been conducted to evaluate 
the pattern of transformation of both inorgan.ic p fractions 
and available p estimated by bray 1, Bray 2, Olsen and 
Trucg's methods doe to waterlogging in selected soils 
representing all the rice soil types. 0a waterlogging, all 
th® soils have registered an increase in the inorganic 
fractions of phosphorus. Those coils with a low or high



content of p  fractions in the air dry situation have shown 
correspondingly low or high values under submerged situation 
also. Th® average per centag® increase duo to aabew-rgenca 
has been lowest for occluded J? and highest for Fe-P and 
these two fractions have contributed lowest and highest 'in 
th© total variation of inorganic e fractions due to 
submergence.

The mean available p of *li the soil types by all the 
four methods have been lowest under air dry condition and 
highest under waterlogged situations* Za the intorcorrelation 
matrix between tli® inorganic p fractions duo to submsrgcnca’ 
and available p by tno four methods, none of the 
correlations have beert found to be Significant indicating 1 
that a number of other factors vis., organic y content 
trailsforraatiom of organic P by microbial population, 
variation in the content of non-extractable v etc.* ore 
differently acting so ea to prevent, the iatercurrelation 
matrix from becoming significant, further studies on thoa* 
aspects may enlighten on tne response behaviour of rice to  ̂
P. Teensformat!on of y due to intermittent wetting and 
drying also requires further evaluation to more correctly 
predict the response pattern.

Xn a response study with two rice varieties, a medium 
and another short duration, with graded doses of P, it has 
been observed t>st Olsen*n method of estimation of



available 9  is found So be m i l  correlated with grain as 
well as straw yields. She superiority of Olden*a ¥ has 
been furtlaer emphasised by its high correlation with i> 
uptake and inturn to grain yield. Among the* various 
inorganic t> fractions, £*e«? has fcee'i the highest, at all 
growth stages of crop growth due ta varieties, treatments 
and tsseir interactions, All the inorganic P fractions 
have been lessor in soils grown with Mashoori variety, The 
correlations and regressions between biometric or yield 
characteristics with inorganic S’ fractions clearly indicate 
the positive response s£ rice to e application, a 60 Eg 
PgO^/ha barrier for yield has ween noted for both the 
varieties beyeco wmch though there is j ield increase the 
rate of increase is not substantial. But the varieties 
differ significantly to p application.

She performance of two sources of P via,, a water 
soluble monocalcium phosphate and water insoluble tricalciun 
phosphate to rice have been evaluated with labelled 
phosphatic fertilisers in tn© sics soil-*, A clear 
indication of response oi rice t® P application has been 
obtained with the observations both at panicle initiation 
ano ®fc harvest atagua. Differential response due to the 
sources and soils have also been observed* The observations 
on characters cuah as grain yield, straw yield, P 
utilisation etc,, indicate that TCP can be a better



substitute for HCP in the acid rise s o i ls  of Karela.
The optimum dose of P as M££> and TCP has also been worked 
out for getting an economic yield* Based on various 
aspects of the present study, future work on the following 
aspects may throw store light on the response of rice to 
phosphorus, screening of all the varieties of rice to 
grade them under categories of low, medium or high and find 
out their critical limits. Conduct response studies on 
soils belonging to different clusters or categories for

interpretation of response of rise eased 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 fertilizer use efficiency of P 
warrants further research for efficient Management o f p 
fertilizers In the acid rice soils of Kerala.


