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INTRODUCTION 
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Pho.phoru. 1. rec:ltone4 Cd the 'key to .. t:abol1_' 

because of ita inYOl~.nt: tn en.rgy r.l •••• r.actions. 

It i. al.o needed for proper roo. dev.lopaent and 

early maturity of gr.in.. This .lement .hould be 

mainly supplied as fertili.er. to plants. aa ita 

contribution from atlllosphere 1s nil and that from .oil 

i8 very 1.... Por a sub8tantlal and su.tained level 

of agricultural prodnatioa. fertil1aer con~ptioft per 

unit of arable land should be sufficiently high. 

However, the consumption rate of pho.phatlc fertilt.ers 

haa not been kept pace with that of nitrogenous 

fertilizers. One of the reasons for auch a growth 

pattern is the relatlve hi9h cost of chemically 

processed phosphatic fert111.ers. Direct application 

of cheap, unproc •••• d, react:l.e, ground pho.phate 

rocK ~ the soll haa been recogni.ed to be an at~pt 

1n this direction. Tbeoret:ically such sUb.titution 

should be possible in acid aol1s whlch contain soluble 

aliUI'R1n1W1l to complex fluor1De 'that i. rele •• ed fS'Olll 

the rockphoaphat8. 

The proce •• , patenMd in 18.', by which ordinary 

superphosphate was manufactured by tr •• ting 
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rockpboaphate with aulpbu~lc acid, 9ave an efficient 

source of phosphorus fertil t.zer whioh dominated the 

global marke1: for a 10119 tlae. Howe.er, 'the world 

ahort.age of sulphur IP'l4 ocnrrenae of high vrade 

roakphosphate depoe1.. in 80me 10ca1i.e4 apecific 

pocketa of the world, PJ'OlftP'te4 the sctenttsU i:o 

discover alternative teehDiquea ~ produce 

auperphosphate. A concentrated fOJ:Jl\ of auperpho.phau, 

namely. triple superphoapha., could be manufactured 

by treating phosphate rock with phosphoric acld 

instead of sulphuric acid. Although this technique 

eliminated the glaring demand of the industry for 

8ulphur, yet 1 t turned out to be an enervy and 

capital inten.t .... proc.... '-'hua al'though over the 

year., the need of phosphatic fertilizers for crop 

production haa been mounting at an a1~lng rate, 

the availability of traditional water soluble sources 

haa been pra.enting aerious p~bl... and eonstra1ata. 

Thus there has been • vigoroua .earch for an 

alternative, which should be equally effecti~, 

e.aily available and cheaper source of ph08ph.~c 

fertilizer ~t can be used ln lleu of tradltional 

water soluble materials. Use of reac~i •• qroun4 r.w 

rockphosphate. for 41rec't application 1. a fruldul 



attempt 1ft thla 41ree'loa. 

Th. wtal re •• rve of lalown phosphate rock in 

India is estimated to be around 140 .11110n 'tonnes, 

of which nearly 10 ml1l10n toan.s are from Rajastan 

deposita and 20 million wane. from Mussaori • 

• yncllne of u. P • The reaot,l "i_ of various depos 1 ts 

wlll vary depending on their origin. 19n_ou. 

3 

deposits are highly stable and unreactive, metamorphiC 

ona. are le.8 stable, eel aediJaenury deposits are 

the leaat stable. The le.a .~le one. are more 

reactive and phoaphorua ln ~_ DUlY become euily 

available 1:0 plant.. Among the Indian depos 1 ts, 

those from Rajaa't.&D are JIe~rpblc CUIl\ •• dimenuJ:]' 

origin, whil$ Mus.oorl. a.pos1t 1s exalusl"ely of 

.edimentary type. The younger sedimentary apat.ite. 

are not suitable as a raw material for phosphatlc 

lndustry, but, are sultable for dlrsct application •• 

a fertilizer to the soll. 

Phosphate rocks when applled to the acid solls, 

get eaaily acidulated by the so11 acldlty and 

phosphorus in them will become euily .".llable W 

the plantae It haS been •• ~ated that acid 8011s 

ln India comprise about 30 per cent of ~. to~ land 

area. Except a amall pauh of neuUal to alkaline 



soils of Chl~toor. the entire state of Kerala 

comprise. of acid soils of varying intensities of 

acidity. Direct application of powdered rockphosphates, 

which is comparatively cheap, to these acid soils has 

been considered as an economical way of phosphorus 

supply. Various reper"" show that the per£OJ:1l\ance 

of phosphate rOCKS for crop production i8 c~par.ble 

with that of superphosphate. 

Removal of phosphoru. by the first crop normally 
c does not exped 10 'to 30 per cent of the added 

phosphorus and the rest stays in the soil (Raychaudari, 

1980). This residual effect which refers to the 

carry over benefit of an application, available to 

the succeeding crops is a beneficial property of 

phosphatic fertilizers whioh will help in the skipping 

of phosphorus application to the sueceeding crops. 

Although the residual effect of phosphate rock 1. 

comparable wl'th that of superphosphate, there can be 

chances for variation among various rockpho.pha~. 

depending on their reactlvity. 

Phosphate 10n ln so11 fo~ a wlde array of 

compounds wl th varying solubllity. This is further 

complicated in waterlogged so118 by the reductive 

processes which lead to a change in the relatlve 
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proportion of the.. aoapounda. This proportion will 

also vary with t~. I~ is the relative abundance 

of these compound. ia the soil which deoide. the 

statua of availehle phosphoru.. Rice, ~. Iftajor food 

crop of Kerala, being grawn in a flooded condition, 

a knowledge regarding the transformation of various 

phosphatic fertilizers under this condition will be 

essential for evaluating their efficiency. Kuttanad 

and lateritic alluvium are the two main rice growing 

tracts of Kerala. The behaviour of thft various 

phosphatic fertilizers in the.. soils should be Known 

for a bettor phosphatic fertilizer man~qement. 

The mode of transfo~ation of various phosphate rocks 

may vary. Hence the pre.ent lltudy wa.. taken up with 

the following objectives in view. 

1) to compare t..~e direct effect of Rajastan 

rockphosphatea supplied by Rajastan State Mineral 

Develo~ent Corporation and Mus.oorie rockphosphat& 

supplied by Pyrites Phosphat •• and Chemicals Ltd. 

(U.p) with that of superphosphate on nutrient 

uptake and yield of rica in acid rice 80ils at 

different levels of application, 

2) to co~pare the residual effect of above 

rockphosphates at varying l.v.l~ with that of the 



cont.inuous applica.iol'l of superphosphate, 

3) to study the tranafomation of phosphorus from 

phosphatic fert.ilizers in acid rice 80i18 under 

submerged condition, and 

.) to study, whether the C08tly soluble phosphatic 

fertilizers can be replaced by the cheap 

rockphosphate8 in the acid riae 8011s of Kerala. 

6 



REVIEW OF LITERATURE 



8mB!! 01' kITBRATURB 

" 
1. Transformation of phosphorus in soil 

Phosphorus in soil occurs in organic and inorganic 

form but the predominant. 10m i. 'the inorganiC: one. 

Fractionation of this inorganic: form of phosphorus into 

its components has a direct bearing on soil fertility. 
/ 

The availability of added phosphorus to the current 

crop •• well as of the residual phosphorus to the 

.ucceeding crop depends JIlUch on the nature and amount 

of compounds to which the applied phosphorus is con'Yert.ed. 

Fraps in 1906 was among the first to chemically 

fractionate inorganic soil phosphorus (Hesse, 1971). 

There were many procedure. for phosphorus fractionation, 

but the commonly used one is that of Chang and Jackson 

which was later on modified by Peterson and Corey in 1966 

(Hesse, 1971). The inorganic forms identified in this 

procedure include s&1oid phosphorus, aluminium phosphate, 

iron phosphate, reductant soluble phosphorus, oCdluded 

phosphorus and calcium pho.phat... Contribution of 'the.e 

'Yarioua fractions to available phosphate pool will be 

different. The proportion of th.se components will vary 

with the soil pH and soil characteristics, moisture re9~e, 

period of incubation and le.el of application. 
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1.1 Eff.c~ of pH and aoil aharac~ris~ics 

According to Hau and Jackson (1960) the phosphorus 

transfo~ation in 80il is mainly controlled by pH. 

It is aeen that iron phosphate and aluminiua phosphate 

dominate in acid soils while calcium phosphate dominates 

in alkaline soils (Cho and Cladwell, 1959, Hsu and 

Jackson, 1960, wright and Pe.ch, 1960, Chang and Chu, 

1961, Jos., 1973, Talatl !S 51., 1975, Kad.ba and Boyl., 

1978, Shar.ma et 51., 19'0). 

Gupta and Nayan (1975) obtained lron phosphate .a 

the dominant fraction 1n Y.P. aoils with a pH upto 6.7. 

Jose (1973) indicated tha~ 1ft red, black and alluvial 

soils of South India, calciua phosphate dominated over 

iron and alumlnium phosphates ln quantlty, and lncreased 

with increasing pH, while reductant soluble and occluded 

phosphates decreased wlth lncreaslng alkalinity and 

their contents were r_arkably low. From a study of 

the forms of soil phosphorus ln Tamil Nadu, 

Balasubramanian and Raj (1969) proved that calCium 

phosphate predominated over other phosphorus fractions 

in black, alluvlal and red aoils, but occurred in traces 

ln laterite salls where iron and aluminium phosphates 

predominated. Exper~~ of Nair and Padmaja (1982) 

in the rice soils of Kerala found 'that the added phosphorus 

was mainly converted into aluminium phosphate and iron 

phosphate. 
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Slngh and aD (1977) ahowed that the converslon of 

added phosphorus to aluaalnblJll phospha'te was more 

pronounced ln laterlte so11 and the converalon to 

calclum phosphate was low. The slow rata of converslon 

of added phosphorus in~ calcium phosphate was due to 

the acldlc reaction of the aoil. Kothandaraman and 

Krishnaaoorthy (1977) obtalned high amount of lron 

phosphate, reductant soluble phosphorus and occluded 

phosphorus ln laterlte soil. 

Bapat ~!!_ (1965) reported that the Vldharbha 

so11s contalning sufficlently hlgh amount of free caco3 
and total CaO were rlch inc&lclum.phosphate and so11s 

with less free caco3 and to~ CaO contalned conslderable 

amount of lron and al\11l\1niua phosphate. _ Khanna and 

Datta (1968) studied the distributlon of lnorqan1c soil 

phosphorus 1n some Indian solls and found that calcl,. 

phosphate dominated in all alluvial .011s wlth pH 

greater 'than 7, while alUlll1ni_ and iron phosphates were 

dominant in acid and A4 solls. 

Oebnath and Hajra (1.972) in their phosphorus 

fractionation studle. of Bengal 80ils indicated that, 

most of the added phosphorus vaa recovered in the order 

of Al-P > Pe-P > Ca-P and reductant soluble phosphorus 

increased in red, laterite aDd hilly soils with no 

slgnificant change in alluylal and aallne so11a. 

Rao .!.l.l1- (1972) de'teraine4 the lnorganlc phosphorua 



.. 

10 

fractions ln black aad red so11s after treatlng thea 

separately with .-oJllum phospha'te and superphosphate. 

In both the so11s, J'e-P was more than the o1:her fOmls. 

Chang and Jackson (1958) recognlzed that 1n 

calcareous soils or 1n so11s that had not been IIlUch 

weathered, most of the iDorganlc phosphorus was pres.nt 

.s calcium phosphate. In moderately weathered 80ils 

the principal form was that sorbed in iron and a1wnln1um 

oxide films and a8 the weathering proceeded an lncreaalng 

proportion of phosphate occurred lnslde the 1ron oxide 

precipitates. Hsu and Jackson (1960) from a study on 

Wlscon~ln so11s sugoested that ln a hlghly weathered 

so11s with high iron oxide content and high iron 

activity, the content of lron phosphat~ was higher 

compared to other fractions., 

Syers .t ~. (1969) observed that only one-fifth 

of the to*a1 inorganic phosphorus was calcium phosphate 

where reductant phosphorus vas the dominant fo~ in 

older so11s whl1e lt wa. two-third in younger soils. 

Talati et ale (1975) obuiaad lower amount of alumlnl111D -- -

and lron phosphates 1n alkallne de.ert plain so11a due 

te their immaturity. Studies 1n Kera1a by Aiyer and Nair 

(1979) showed that the content of calcium phosphate v •• 

higher in kari 80il cCRnpared to lateri te so11 whlch wu 

more weathered. 

• 
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1.2 Effect of w.~erlogging aDd period of incubation 

Waterlogging has a pronounced influence on the 

transformation of phosphorus. Ponnamperuma (1955) 

confirmed the observations of many other workers that 

the solubility of phosphate both in the soil solution 

and acid extracts increased on sUbmergence. According 

to Mandal and Khan (1975) continuous waterlogged 

condition is beneficial for the availability of so11 

native phosphorus in aold solls. 

Chang and Chu (1961) .'trlbuted the increased 

availability to the greater accumulation of iroD phosphate 

in flooded soil and the greater mobility of iron in the 

reduced condition. Sasek and Bhattacharya (1962) stated 

that the increase in available phosphorus in rice so11s 

was due to the release of phosphate from mineralization 

of organic phosphorus and the reductive transfo~ation 

of ferric and aluminium phosphat.s. Mandal (1964) 

observed a slight increaae in 0.5 N acetic acid extractable -
phosphorus accompanied by a alight decrease in ferriC 

phosphate as a result of waterlogging, while aluminiua 

and calcium phosphates ramained unchanged. 

Mahapatra and Patrick (1969) found that waterlogging 

generally increased aluminium and iron phos,phates, 

decreased reductant soluble phosphates and did not much 

affect calciua phosphate. When 80il was incubated with 

iron, aluminium and caloi.. phosphates, they were ~st 
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completely recoyered in the aluminium and iron phosphate 

fractions under both opttmum and waterlogged moisture 

regLmes. Extractable phosphorus was increased by 

submergence especially in soils that were richest in 

iron phosphate. Gupta and Mayan (19=75) obtained an 

increase in iron phosphate content due to waterlogging. 

Singh and Singh (1975~ reported the conversion of 

added phosphate into iron, aluminium and calcium 

phosphates during waterlogging. 

Many reports showed that the U\ount of iron and 

aluminium phosphates enhanced markedly while that of 

calcium phosphates decreased vi~ the period of incubation 

(Islam, 1970, Mandal and Khan, 1975, Singh and Bahaman, 

197fh Rajakkannu and Ravilcwnar, 1978). 

Jose (1973) in his studies on phosphorus 

transformation found a decrease in available phosphorus, 

saloid bound phosphorus and aluminium phosphate wi~ 

increasing periods of incubation. He also stated that 

irrespective of the pH of the soil, aluminium phosphate 

vas formed in high UlOunt initially, a part of which 

was transformed to iron phosphate in soils of relatively 

low pH and to calclwn phosphate in soils originally 

predominating in calcium phosphate with lapse of tim •• 

But the changes in the reduc~t soluble and occluded 

forms of phosphorus were Degligible. 
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Islam (1910) found that as a result of waterloggtag, 

leyel of soluble phosphorus first increased and then 

decreased with tt.e of sUbmergence. Increase in soluble 

phosphorus in acid soil was due to a decrease in calcium, 

ferric: and reductant soluble phosphates. Singh and Ru 

(1976) obtained an increase in iron phosphate and a 

decrease in aluminium phosphate with ttme of incubation. 

srivastava and Pathak (1972) reported that the 

added phosphorus in soil got ~pletely converted into 

8aloid bound phosphoras, alu.inium phosphate, iron 

phosphate and calcium phosphate. But with ttme, saloid 

bound phosphorus and alumini~ phosphate were gradually 

converted into iron phosphate. They also found that the 

recovery as reductant soluble phosphorus and occluded· 

phosphate was nil. Chauhan n,tl. (1972) obtained 

inc~eased available phosphorus fram added phosphate with 

advancement of t1me. They suggested that fixation and 

release of added phosphorus may occur sLmultaneously and 

any' increase in available phosphorus at any tim. bY be 

due to greater rate of mineralization than fixation. 

Within 24 hours of incubation Debnath and Hajra 

(1972) recovered most of the added phosphorus in the 

order of Al-P :> Pe-P ~ Ca-P. On aging, the quantity of 

iron phosphate increased and that of aluminium phosphate 

decreased irrespective of soil characteristics and 
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moisture re9~s. But ~ rate of change of added 

phosphate to vario.. 1aor9anic fractions was enhanced 

by higher moisture rag~es. 

Gupta and Hayan (1972) studied the transfo~ation 

of inorganic phosphorus at field capacity and waterlogged 

condition. The amount of reduc~nt soluble phosphorus 

decreased and that of calcium phosphate and iron phosphate 

increased with time under both conditions. Aluminium 

phosphate decreased at field moisture capacity, but it. 

amount slightly increased UDder waterlogged conditions. 

Mandal and Chatterjee (1"2) showed that the amount of 

added phosphate fixed as aluminium phosphate gradually 

increased to a max~ w1th the advancement of time, 

followed by a decrease. 

Sharma et!!. (19S0) studied the transfo~ation of 

added phosphorus and found an increase in aluminium 

phosphate content up~ 7 days and later decrea.ed slowly 

with t~e till 90 days. The convers10n to iron phosphate 

fract10n increased slowly with t~e upto 90 days and 

very little change to calcium phosphate was obaerYed 

even on prolonged incubation. Exper~.nts of Singh and 

Ram (1976) on tran8fo~ation of added water soluble 

phosphate at two moisture re9~.8 (50 per cent field 

capacity and waterlogging) recorded an increase in iron 

phosphate and a decre .. e in aluminium phosphate with 



advancement of time aDd the content of saloid bound 

phosphorus was negligible. 
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According t.o S i89h and Bahaman (1976) &vailable 

phosphorus, iron phosphat.e and aluminium phosphate 

increased, calcium phosphate decreased and negligible 

change for saloid boUDd phosphorus occurred wi'th period 

of incubation. Singh and Singh (1975) obtained an 

increased content of aluminium phosphate at 1nitial 

stag.s of waterlogging due to tne transfor.mation of 

calcium phosphate to aluminiu. phosphate and later its 

content decreased because of it. t.ransformation to iron 

phosphate. This lead to aD increase in iron phosphate 

in later st&ge •• 

Gupta and Nayan (1975) _.died the transfor.mation 

of soil inorganic phosphorus in red 80il at field capacity 

and waterlogged condition.. Iron phosphate decreased at 

field capacity and increased at. waterlogged condition. 

The amount of aluminium phosphate decreased while 

reduct.ant soluble phosphorua increased with increase tQ 

time under both conditions. Singh and Ram (1 '77) 

reported a deerea.e in available pho.phorus with t~e. 

1.3 Influenc. of variou. tao~anic fractions on available 

phosphorus and plant 9rowth 

The contribution of varioa. inorganic fract.ions to 

available phosphorua will vary. Jenkins (1966) and 

Jose (1973) in their phosphorua uptake studies obtained 



a very clo.e correlatioD between labile phospborua, 

aluminiWll phosphate and iron phosphate. SJni'th (1965) 

and 'l'alatl !.i.t!. (1975) reported that none of the 

inorvanic fo~ of· soil phosphorua ..cept aluminium 

phosphate can serve as an index of phoephorua 

availabl1i~. 
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In neut.ral soils of We.t Bengal, alwninium phosphate 

was obtained as the major source of phosphorus for jute 

(Doh.ray n .!l., 1980). P\U:'aa1Jc and aapat. (1977) 

observed positive correlatioD between available phosphorus, 

al\Dllinlum phosphate and aalella phosphate. sache'd. end 

Saxena (1974) repo~d ~a. the s.10i4 bound phosphorua 

and aluminium phosphate significantly oorrelated with 

available phosphorus wh!le iron phosphate correlated 

significantly in a few cas.s only. 

The phosphorus up~e by plants was highly oorrelated 

wi th the 8l'ftOunt of iron phosphate but not wi til the amount 

of o1:har fract.ions (Gupta aad Sinqh, 1969, Slng-lachar 

and Samaniego, 1973, S1ngh and Bahaman, 1976). 

Choudhari at ale (1974) r.po~ the correlation between 

various inorganic fractions and phosphorus uptake by 

different crops. Calc::1am phosphate and alwnin:1_ 

phospha~ s:1qnlfteantly aorrelatad with the phosphorus 

uptake of jowar, cowpea and 'tU'd.. whl1e ln .able calc:1UIR 

phosphate and phosphorus up.... v.. correlatad. 
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Pbosphorua uptake was highly correlated with 

aluminium phosphate and iron phosphate 1n pine s •• dlings 

(Kadebe and Boyle, 1978), in tamato (Datta and Khera, 

1969) and in rice (Thakur et al., 1975). Mandal and Khan --
(1977) obtained 60 to 75 per cent of ~ applied 

phosphate in fixed fo~ aa aluminium, iron and calcia. 

phosphates after the harvest of rice and they stated 

that these fractions would significantly contribute to 

available phosphorus to the succeeding crop. Bapat ~t .!l.' 

(1965) reported siqniflcan~ correlation between available 

phosphorus and calcium phosphate 1n soils containing 

high a&llOunt of CaCOl , but iron _d aluminium phosphates 

were related to available phosphorus in other soils. 

2. Effect of PH on the dissolution of rockphosphate 

Soil acidity is the main factor for the dissolution 

of rockphosphate. Ellis ~.tl. (1955) reported tha~ a 

80il pH of 6.0 or lower appeared to be necessary for 

satisfactory utilization of rockphosphate. According 

to Chv. n.!!. (1962) the break down of rockpbosphate 

into both aluminium and iron phosphate fractions 

deereased with increaaiJl9 pH. The pereentage recovery 

of phosphorus added through rockpbosphate was low or 

negligible in calcareous aoil. but it was fairly high in 

acid soils (Zenda, 1983). 
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Singh and Datta (1913) observed that citrate 

solubility of rockpbosphate and pH of the soil were the 

most ~portant factors governing the phosphorus 

availability and the particle size of rockphosphate had 

little effect on solubility at low pH values. The 

availability of phosphorus from naturally occurring 

phosphate earths, rockphosphates, and basic slag was 

more in acid solls (Mandal and Khan, 1972, Motsara and 

Datta, 1971). 

According to Chaudhary aad Miahra (1980) 

transfo~ation of rockphosphate in soil was mainly 

related to soil acidity and phosphate potential, 'as 

these two parasetars accouated for 94 per cent of 

Variation in the degree of tranafoxmation of ~ckphosphate. 

In their experiment, at a pH of 5.4 there was 46 per cent 

phosphorus transformation, while it waa only 6 per cent 

in a soil with a pH of 6.8 and they obtained an 

expenential relationship for pH with aluminium phosphate 

and iron phosphate build up. 

The calcium phosphate in rockphosphate gets eaaily 

acidulated by the soil acidity and phosphorus ln it will 

become easily available to plaata. Thus the ground 

rockphosphate has been considered as a good source of 

phosphorus in acid soils due to its easy dissolution 

(Datta n.!!. 1972, Mandal aDd Khaa, 1972, Patnaik n !l., 

197., Shau !! .!l., 1974, SaraagUlath and Shinde, 1977, 
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Nair, 1978, Kadrekar n al., 1983, Luthra !!!! !&!.., 1983, 

Natarajan, 1983, Subramanian and Manjunath, 1983). 

3. Compari son between phosphoru.s source • 
• 

3.1 Rockphoaphate and water soluble phosphate 

Varying results were obtained with regard to the 

suitability of rockphosphate as a fertilizer in 

comparison to water soluble forms. 

Superphosphate could easily be replaced by 

rockphosphate in acid soils and Could become an econOlllical 
. 

source of phosphorus for plant. (Minhaa and Kick, 1974, 

Nair, 1978, Jaqqi and Luthra, 1983, Luthra ~ !l., 1983, 

Subramanian and Manjunath, 1983). 

Varadan at ale (1977)- found ~at rockphosphate, --
dicalcium phosphate and superphosphate did not differ 

significantly in their effect on grain yield of ragi. 

Nair and Aiyer (1979) indicated no difference between 

Mussoorie rockphosphate, superphosphate and factamphos 

for greengram in Kerala. They also stated that in acid 

soils of Kerala where paddy responds to phosphorus, both 

Mussoorie rockphosphate and superphosphate were found 

to be equally good. 

Singh and Datta (1974> observed Udaipur and 

Mussoorie rockphosphates to be as good as superphosphate 

in acid 80ils. Mehrotra (1968) found rockphosphate .s 

effective as superphosphate even under neutral conditions. 
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Aceord1Dg to Shukla (1973) ~. phosphorus content of 

rice graln was not slgalfioantly affected by different 

phosphorus sourae •• 

Motaara and Datta (1971) in a aeri.s of f1.1d 

exper~nts conduct.d on soils, varying in pH, showed 

that for rice, wheat, mal •• , pea and potato, differences 

between yield due to roekphoaphate and superpho.pha~e 

treatments were not signiflcant. In acid laterites of 

Hangalore, Prasad and Dixlt (1976) reported a sl9Diflcant 

response of rlce to ~e application of rockphosphate, 

but not wlth superphosphate at equal phosphorua raus. 

The cltric acid soluble and lnsoluble phosphates 

were either on par or better than waur soluble phospha.s 

in low pH soils (Atanisu, 1'71). Manda! and Khan (1972) 

reported that rockphosphate and basic slag were more 

effective than superphosphate for growing rice ln acid 

solls. Kadrekar and Thalashilkar (1'77) alao reported 

the better performance of roc:kphoaphate GODlpue" to 

auperphosphate in the paddy so11s of Mahar.shUa. 

PatDalk !!.!l. (1974), Sarang_ath aDd Shlade (1977) 

and Nalr and Padmaja (1982) from tnair expert.en~ 

suggested that rockphosphate could effectlvely replace 

water soluble phosphate 1ft rlce cu.l ture, provide4 1 t va. 

applled to the moist soil two weeks before flooding. 

8ahu ~.!!. (197.) reported .. t lDy consldering both 

direct and residual effects, BOrth Carollna, Iclaho and 



21 

Udaipur rockphosphates could be used for fertilizing 

rice in acid laterite. of orissa. Mehrotra (1968) In 

hi. field trials in U.P. concluded that the efflciency 

of Jordan and Mus.oorie rockphosphat.s vas s~ilar to 

that of superphosphate for vheat. 

Contradictory to the above results showing the 

equality of rockphospbate to vater soluble forms .s 

phosphatic fertilizers. Mishra and Gupta (1978) in a 

greenhouse study obtained lower phosphorus uptake from 

Mussoorie rockpho8phate compared to superphosphate. 

The relative agronomic effectivene.s of Mus800ria 

roakpho8phate was only 66.7 per cent for maize compared 

to superphosphate. 

Exper~enta of Maloth and Prasad (1976) indicated 

that rockphosphate was only 50 to 55 per cent as effective 

as superphosphate with regard to 9reen fodder production. 

According to Singh et Il. (1976a) superphosphate far 

excelled .s a phosphatic source to all indigenous 

rockpbosphates. They found ~t Laccadive, Mussoorle 

and Udaipur rockpho8phates were 67. 66 and 64 per cent 

effective a. that of superphosphate. 

In the work of Tiwari .!:i.!l. (1979) the maxbnuD 

efficiency of rockphosphate as seen from crop response 

and phosphorus uptake vu about 50 per cent as compared 

to superphosphate. 
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The effect of .uper.phoaphate was auperior to 

roakphoaphate in rice (aarogamath !l .!!., 1975, Ahmad 

and Jha, 1977, Tal.shilker od Patil, 1979) and in 

wheat (Ran. et al., 1975). --
3.2 Between roclcphosphatea 

Rockphoaphates from different sources will vary 

dependiDCJ on the crystallographic properties of the 

apatite mineral. (Lehr and Me Clellan, 1972, Banerjee, 

1979, Luthra et al., 1983). --
Daah et ale (1980) from CRRI, Cuttack compared --

different rockphosphatas namely Kasipatnam, Musaoorie, 

Udaipur, Hehannagar, JhaJRarkotra and Purulia, and found 

tha~ they were not as efficient aa North Carolina 

roakphosphate which was aa good as superphosphate in 

acid soils. Chaudhary and Miahr. (1978) indicated that 

sampl.s from Mussoorie, Jhsmbua, and Kasipatnam were 

more reactive than those from Udaipur and Jordan. 

Singh !S Al. (1976&) .tudied ~ ordar of efficiency 

of rockphosphates from different sourae. and found as 

follows. Laccadive:> MUsCone > Udaipur. Singh and 

Datta (1914) observed Udaipur and Mussooria rockphosphatas 

to be as good aa superphosphate in acid soils. 

Mathur !!.S.!1. (1979) compared the ipeoua and 

sedtmentary phosphate rock. of Bihar in acid red loam 

soil and reported that a"~eDtary phosphate rocks raised 



the so11 pH and available phosphorus, but igneous ones 

left more residual phosphorus. Singh and Datta (1976) 

obtained better phosphorus availability from Mussoorie 

rockphosphate than from Udaipur or Laceadive deposits 

in Karnataka soils of varying acidity. 

Shinde !1 si. (1978) in their phosphorus 

transformation studies indicated that the transformation 

from North Carolina, Gafsa and Jordan rockphosphates was 

more than that from Florida rockphosphate. 

4. Residual effect of rockphosphate 

Only about 10 to 30 per cent of the phosphorus 

applied to the soil is removed by the first crop and the 

rest will be remaining in the soil (Khanna and 

Chaudhary, 1979, Raychaudhar1, 1980). Rockphosphates 

were found to be 93 to 94 per cent as effective as 

superphosphate as far as their residual value 1s 

considered (Singh et al., 1976b, 1979). 

Gupta !l!!. (1983) found that the response of 

residual rockphosphate was curvilinear and they stated 

that for better use and efficiency of phosphates 1n a 

wheat paddy cropping system, the application of this 

element should be to the wheat crop and its residual 

effect could be harvested by the paddy crop. Sahu and 

Pal (1983) stated that the residue of rockphosphate 

left after rice harvest had increased the grain and 

straw yield of the succeeding wheat significantly. 



Shuaa S.l!1. (1.,.) o~ 41Herent pho.phoru 

.ourae. for tiutlJ1:' 41.... u4 ~ •• 1 .. a1 effec't OD potato. 

They found ~. the 41.... effect of rookphosphate vas 

DOt go04, but ~e n.1clu.a1 e'f .. t v .. s1a11ar w 'that of 

8uperpho.pha_ ad 1lO •• '.10 ..... phosphate. a_way 

and ArUnachal. (1983) .... poned 'tha. the rocJr;pho8phau 

left more available phosphoRS 1n the soil compare"- to 

.uperphosphate, afwr i:H hU!'Yest of .. he· first crop. 

Khanna and Chaudhary (1"') sated that there was 

no 8ignificant difference 1n the yield of succeeding 

crops by different. phosphorws scurees. Marwaba!!.IAo. 

(1'81) bad observed 'the re.idual effect of roekphoaphate 

to an extent of 48.7 per <:ent to 14.1 per cent compared 

'to superphosphate fer eorn. Na'tarajan.!:l.!1. (1983) 

ob •• rYQd that the re.idual effect. of Mussoorie 

rockphosphate W,1.S ver},· effec1':.1Ye 1n acid soils. The higher 

le .. ls of phosphorus added to 1:11. first crop (ml11e't) 

h.ul ted in conspicuous residual affaet. 1n the sllceeedin, 

crop of blackgram by way of significant 1ncreaee in yi.ld. 

lCl:'iahnappa .Il!!- (1'79) repoJ:1te4 that there vas aft 

. inoreue in -the yield of boU J:a9'1 gratn and .1u:'aw due 

to the residual effeot of rocltpho.pba", Ituperphoapha. 

and 41calalum phosphate. sample.!i.l1- (197.) 1n ~.lr 

exp.r~ants on pine aeedllnga indicated that ~. re.idual 
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effect of pho.phorus during 1d\e first two cropping 

seasons was mainly depending on the citrate solubility 

of the added material. while in the third cropping 

season. differenae. among Yarlou8 phosphorus source. 

disappeared. 
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MATERIALS AND METHODS 

The study consisted of two experiments namely 

1) an incubation study with two soils, three sources 

of phosphate and two levels of P in order to study the 

transfo~ation of P from the different sources under 

waterlogged condition 

2) a potculture experiment with the same soils, P 

sources and P levels using rice as a test crop grown 

continuously for two seasons in order to study the 

direct and residual effect of added P under rice 

culture in waterlogged condition 

Collection of soil samples 

A laterite soil (Kodakara, Trichur district) and 

a kari soil of Kuttanad alluvium (Karumadi, Alleppey 

district) which represented two tmportant rice soils 

of Kerala were collected (0 - 15 em depth). The soils 

were dried in shade, powdered, seived and used for 

incubation and potcultura experiment. 

INCUBATION STUDY 

A laboratory incubation study was carried out with 

two soils (the laterite and kari), three sources of P 

namely Rajastan rockphosphate (RRP), Mussoorie rockphosphate 

(MRP) and superphosphate (SP) and two levels of P (45 and 

90 kg P205/ha) in a completely randomized design with two 
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replications. RRP (100 .. sh) was supplied by Rajastan 

state Mineral Development COrporation, and MRP (100 mesh) 

was supplied by MIs Pyri tea Phosphate. and Chemicals Ltd. 

The analyses of the.e fertilizers are given in Table ~. 

The treatment combinations were 

Treatment 
No. 

1 
2 

3 

4 

S 

6 

7 

9 

9 

10 
11 
12 

13 

14 

15 

16 

Treatment 
no t.a t ion 

OL 
RRP4SL 
RRP90L 
MRP45L 
MRP90L 
SP4SL 
SP90L 
OK 
RRP4SK 
RRP90I< 
MRP4SK 
MRP90I< 
SP45I< 

SP90K 
SP(4S+4S)L 

8P(4S+4S)K 

~orms and levels of 
P20 S' kg/ha 

No P (control) 
RRP 45 
RRP 90 
MRP 45 

MRP 90 

8P 4S 
8P 90 
No P (control) 
RRP 45 
RRP 90 
MRP 45 
MRP 90 
SP ,,5 
SP 90 
SP 4S+45 (p was given 
twice, on the first 
and ninety-fir.t day 
of inaubation) 
SP 45+45 (p was given 
twice, on the first 
and ninety-first day 
of incubation) 

Soil 

Laterite 
.. 
.. 
II 

.. 
II 

It 

Kari 
II 

II 

.. 

.. 

.. 

.. 
Laterite 

Kari 

The last two treatments were included to study the 

residual effect of rockphosphates applied only once in 

comparison with the residual effect of SP applied twice, 

the second application being 90 days after the first 

application. 



1. Experimental Procedure 

The soils were weighed (500 0) and transferred into 

plastic containers of 1 kg capacity. The basic properties 

of the soil. are given in Table I. The phosphatic 

fertilizers as per the treatments desoribed &bove were 

added and thoroughly mixed with the soil. The soils 

were continuously waterlogged, maintaining water at the 

level of 2 am above the 80il and incubated at room 

temperature (2S-310C) for 180 days. Soil sampl •• were 

drawn regularly at 15 days in1;.erYal thorough out the 

period of incubation for the determination of available P 

and fractionation of inorganic P. 

2. Analytical Procedure 

The mechanical analysis of the 80ils was carried 

out by the International Pipette method (Piper, 1942). 

pH was determined using an Elico pH meter in a soil water 

suspension of 1.2.5 ratio. Specifio conductance of the 

112.5 soil vater extract vas measured using a conductivity 

bridge. 

The organic carbon content was determined by Walkley 

and Black .ethod as described by Jackson (1958). 

Available K was dete~ined f~ame photometrically in the 

neutral normal ammonium acetate extract of the 80il 

(Jackson, 1958). 
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Total elemental analysis of P, K, Ca and Kg was 

done using diacid (HC10. and HN03 in 112 ratlo) extract. 

Total P from this .xtrac~ vas determined by 

vanadomolybdophosphoric yellow colour method ln nltric 

acld system (Jackson, 1958). Total K was read in an EEL 

flame photometer. Total Ca and Mg were determined by 

RDTA titration method (Hesse, 1971). Total N was 

estimated by Kjeldahl digestion - di.stillation procedure 

descrlbed by Jackson (1958). Cation exchange capacity 

of the 80il was deter.minad by the method of Peech et al. --
(1947). Phosphorus fixing capacity of the soil was 

est~ated by the method described by Hes.e (1971). 

Dithlonate-citrate bicarbonate extraction method described 

by Jackson (1975) was used for the dete~inatlon of free 

iron oxides in the soil. 

Available P of the/wet sample was extracted using 

Bray and Kurtz No.1 and No.2 extractants. For wet analysis, 

a welghed quantity of wet sample to give 5 g of dry soil 

was used. The moisture cont.nt in each sample was 

separately estimated ~ediately on withdrawal of the 

sample and P was extracted and dete~lned by chlorostannous 

reduced molybdophosphoric blue colour method in hydrochloric 

acid system (Jackson, 1958). 

Fractionation of P was carried out using the modified 

procedure of Chang and Jackson (1957) after Peterson and 

Corey (1966) as de.cribed by a •••• (1911). 
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PO'l'CULTURE EXPERIMElft' 

A potculture expertment was conducted with twa soils, 

three sources of P and two levels of P using a 

photoinsens1tlve variety of rice (Jaya) in order to study 

the direct and residual effect of RRP and MRP in comparison 

to SP under conditions of plant growth. The so11., sources 

of P and levels of P were the same as that described under 

the incubation study. The experiment was laid out in a 

completely randomized design with four replications. 

Rice was grown continuously for two seasons (punja and 

first crop season from December 1983 to September 1984). 

The treatment combinations were 

Treatment Treatment Fo~s and levels of Soil No. noution P205, k9/ha 

1 OL No P (control) Laterite 
2 RRP45L RRP 45 • 
3 RRP90L RR.P 90 • 
4 MRP45L MRP 45 • 
5 MRP90L }OU» 90 • 
6 SP4SL SP 45 .. 
7 SP90L SP 90 • 
8 OK No P (control) Karl 
9 RRP4SK RRP 45 H 

10 RRP90K JUlP 90 • 
11 MRP45K MRP 45 • 
12 MRP90K MRP 90 • 
13 SP45K SP 4S • 
14 SP90K SP 90 .. 
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SP(45+4S)L SP 45+45 (P waa given 
1n bo'th the •• a80ns of 
crop grow'th) 

SP(45+45)K 8P 45+45 (p was 9iven 
ln both the .euon8 of 
crop growth) 

31 

Laterite 

Karl 

The re8idual effect of rockphosphat.s was a •••••• d 

by continuing the experiment for the second .ea.on without 

the application of phosphatic fertilizers. However, the 

last two treatment. (T1S and T16) received SP Doth in the 

first and second crop sea.ons 8 4S kg P2oS/ha ln order to 

compare the residual effect of rockphosphates appli.d 

one. with that of SP applied twice. 

1. Experimental Proc.dure 

Earthen pots of W11form 8ize 33 c:sn x 32 em were 

used for the study. These pots were filled with 20 kq of 

dried and powdered soil. Suffici.nt water was added to 

the pots to wet the 8011 and to bring out a puddled 

condition. Application of H, K, lime and organic mattar 

was followed .8 per the package of practices (90 kg N, 

45 leg Ka0, 600 kg lime and 5 t organic matter per ha) 

recommended by Kerala AgriCultural University (Anon, 1982). 

Phosphorus was added in different forms and levels as per 

the treatment combinations. These fertilizers were mixed 

thoroughly with the soil. 

Rice seedling. Were raised by wet method using the 

seeds obtained from Ragional Rice Research Station, Patta.bi. 
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Seed.linqs (25 day old) were transplant:ed at 1me rate of 

six hills per pot. Plant. protection and o~r intercultural 

operations were carried out. as per the recommendations 

of Kerala Agricultural University (Anon, 1982). Standing 

water was maintained till 15 days before harvest. Soil 

and plant sampl.s were drawn at. 15 days interval for 

chemical analyses. The qrain and straw were harvested 

at full maturity. 

2. Collection of Soil and Plant S.-pl.a for Analyses 

Soil samples were collected from each pot before 

transplanting and at 15 days interval in both the season. 

of crop growth to study the relea.e of P. The collected 

soil sample. were mixed tmorouqhly, air dried, ground 

and passed through 2 mm .ei ... and stored in polythene 

bags for the determination of a •• ilable P. 

Plant samples were collected from each pot. at 15 days 

interval (shoot and root separately). Theae samples were 

dried and ground in a mechanical grinder and preserved in 

separate containers to study the uptake of nutrients. 

3. Analytical Procedure 

3.1 Soil Sample 

Available P of the air dried sample was extracted 

by Bray and Kurtz No.1 and No.2 extractants and P in the 

extract was determined as in ~e incubation study. 
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3.2 Plant SaMple 

.or the determination of P and K, a dlacid extract 

was prepared by dig.sting 1 9 of powdered plant s~ple 

with perchloria and nitric acid ln 1,3 ratio. The P 

content from thls extract was determined colortmetrically 

by the vanadomolybdopbosphoric yellow colour method ln 

nitrlc acld system (Jackson, 1958). For the d.te~inatlon 

of K, the extract was diluted and read in an EEL flame 

pho~eter. Nitrogen content waa determined by the 

micro-Kjeldahl digestion-distillation method aa 

described by Jackson (1958) 

Statistical Analysis of the Data 

Statistical analysis of the data was carried out by 

adopting the standard methods described by Panss and 

Sukhat.e (1967). 



Tabl. 1. General characteristics of the 80il 

Characteristics Laterite Karl 
.011 8011 -.. -..... ~ .. .-.. --..--..... ............... -.. ---...... -....... ----.. -.. ---.. --.-... ~----

Coan. sand (%) 

Fine sand (%) 

Silt (%) 

Clay (%) 

pH 

Electrical ooni~ctivity 
(mmho/. ) 

Organic carbon (%) 

P fix1nq capact t.y (ppm) 

Pree iron oxides (%) 

Total N (%) 

Total P (ppm) 

Total K (%) 

ToUl Ca (%) 

Total. Mq (%) 

Available P (ppm) 

Available K (ppm) 

A •• llable :re (ppm) 

Cation exchange capacl~ 
( .. /100g) 

65.50 

1.30 

7.66 

25.54 

5.40 

0.31 

1.08 

333.02 

881.2 

0.014 

0.019 

0.02a 

4.79 

86.00 

221.9 

12.0 

5.88 

67.45 

15.00 

12.50 

3.10 

1.90 

1.S2 

329.60 

0.041 

793.4 

0.071 

0.113 

19.00 

211.08 

8.00 



, 
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Table 2 (a) COlRposi~lol1 of fertili.ers uaed 

Total P20S (") 200O. 20.31 16.51 -- --
water soluble 4.'t2 4.62' 158514.88 

P20S (ppm) -- -
Citrate soluble 11417.02 P20S (ppa) - - - --
Nitrogen (") - - - '3.5 -
Potassium (KaO%) - - - 56.8 

--............ -........ -........ ......-. ...... -.................. -----...-.-.--.......---......... -.. ...........-.. --.. -----~ 

Table 2(b) Inorganic: fraetiona of P fertiliz.rG 

.. .-.-.-..... ---.................... ~ ..... --....... .... -...... --...-.....~ .................. -... --------.... --... ... 
Inorganic fractions UP MRP SP 
_~_~~L-~~~~~~~~_~~. ______ ~~~ __ ~~~~_~ __ ~_~~_~ ___ _ 
Salo1.d-P 6.583 5.1'4 68113.5 

Al-P - -- 188.13 

I'e-P 144.08 181.14 3.495 

Reductant solubla-P 11.36 121.9' 22.59 

oecludad-P 16.95 4.6' 0.61 

Ca-P 57569.4 56660.9 891.51 .. --........... -~ .. -................. ------~ ....... -.. -.-.................. -.... ~ ........ -----..".-........ --...... ----



RESULTS AND DISCUSSION 



R&SULTS NIP DISCUSSION 

In order to a •• 8.S the .. i~ility of RaJastan 

rockphosphate for direct application in acid riae soils 

of Karel., a laboratory lDCubatlon study and a potc:ulture 

exper1ment were conducted the results of which are 

discussed here under. 

INCUBATION STUDY 

In this exper~ent, two acid rlce solls of Kerala 

naaely laterite and karl were incubated under submerged 

condition for a period of 180 days with and without the 

addition of RaJastan rockphosphate (RRP) Mussoorie 

rockphosphate (MRP) and superphosphate (sp) at the rata of 

45 and 90 kg P205/ha. Soil s .. ples were collected at 

fortnightly intervals (numbered as periods 0-12) and 

analy.ed for inorganic P fractions and available P. 

The laterite soil collected from Kodakara, Triahur 

district was a sandy clay 10 .. with a pH of 5.4 (Table 1). 

It contained 2.65 per cent of free iron oxide. and 221.9 ppm 

of available Fe (DTPA extractable). The P fixing capacity 

of the soll was relatively high (332.04 ppm p). The total 

P content of the soil was 887.2 p~ of which 73.15 per cent 

was in inorganic form and \ the remaining in organic fOrJR. 

The organic carbon content o~ the soll was 1.08 per cent. 

Fractionation of inorganlc P reve.led that out of a total 



of 648.9 ppm of inorganic P, 270.9 ppm (41.74%) was in the 

form of re-p and 1'1.9 ppm (2'.5~) was in ~ for-m of Al-P. 

Available P content of ~e 80il waa low (4.19 ppm for 

Bray 1 and 15.04 ppa for Bray 2). The relatively low 

content of organic P in the soil 1s obviously dUe to the 

poor content of organic mattar, and the high P fixing 

capacity is due to the preponderance of free iron and 

alumina in the 80il. Thia wa. further evidenced by the 

larger proportion of iron and alumlftium phosphates observed 

during the fractionation of inorganic P. 

The kari .oil selected for the atudy from Karumadi, 

Alleppey district was a sandy loam which waa more acidic 

(pH 3.1) than the laterite soil (Table 1). Also, it 

contained 1.82 per cen, organic carbon. The P fixing 

capacity was relatively high (329.6 ppm) and the contents 

of free iron oxide and available Fe were 2.14 per cent and 

211.1 ppm respectively. OUt of a total of 793.4 ppm P, 

604.1 ppm was in ino~anic fo~ which accounted for 76.14 

per cent of the total P. Aaong the inorganic P fractiona, 

Pe-P and Al-P predominated over the others. The content 

of available P in this aoil waa relatively poor (3.84 ppm 

for Bray 1 and 12.64 ppm for Bray 2). Aa in the case of 

laterite aoil the relatiYely low content of organic P ia 

due to the low content of organiC matter, and the high P 

fixing capacity of the soil can be attributed to the high 



content of free iron oxide and alumina in the soil. 

The content of extr.ctable re in kari aoil w.. leas thaD 

that of lateri"te 80il. Predominance of Pe-P and Al-P 

among the inorganlc P fractions is evidently due to the 

reactions between so11 P and Pe and Al components of the 

soil. 

The incubation of the soil under submerged condition 

for a period of 180 days has increa.ed the content of 

inorganic P fractions ln the soll due to the minerallzation 

of organic P containlng compounds. This increased. 

mineralisation was conspicuous .specially during the early 

stages of incubation. on incubation, the total inorganiC 

P content of the laterite 80i1 was increased fram 648.9 ppm 

to 783.3 ppm, the increue be1n9 20.69 per cent wher •• s 

the increase in karl soil was from 604.1 ppm to 761.9 ppm, 

the increase being 26.1 per cent. The increased rate of 

mineralization of organic P during incubation may be due 

to the hlgh microbial activity ~king place in the soil 

during the initial period wbich wl11 be gradually slowed 

down as a result of dacre ••• ln the redox potential of the 

soil normally anticipated 1n sUbaerged conditions. Even the 

rate of interconversion of different 1norganic P fractions 

was high in the early stages of incubation, p~bably due to 

the changes in the concen~ation of phosphate reactlve 

components of the 8011 as • re.ult of mlcrobial actiyity 

durlng the early stages of incUbation. 



1. Inorganic frac'ion. of P 

1.1 8&10i4 bound phosphora. 

Results on the effec~ of sources and l ... ls of 

applied P on the sal01d-P content at different periods 

of incubation in later1ta and karl 801ls of Kerala are 

presented in Tables 3 to , and their analysis of varlance 

in Appendix I. The correlations of saloid-P with other 

inorganic fractions and available P are given in 

Tables 21 to 24. 

The sal01d bound phoephorua (salold-P) refers to 

the water soluble and freely exchangeable phosphate of 

the soil Which can be extracted by a neutral salt solution 

like NH4Cl. Originally, the salold-P content of the soil 

was absolutely nil. But on incubation, even without the 

addition of phosphatic fertilisers, the saloid-P content 

of the 80il increased to a .ax~ value of 1.130 and 

1.289 ppm in laterite and karl soi18 respectively (Table 3). 

The relatively hlgher content of saloid-p ln karl soll was 

attributed to ita low P f1xlng capacity. The increas. in 

the content of saloid-P was marked 1n the inltlal staV •• 

of lnaubation. Chamical aDd biological chang.s cons.quent 

to floodlng may result ln a change in the solubility of 

phosphate containlng compounds, malnly due to the 

conversion of ferric phosphate to ferrous phosphate leading 

to an increased level of sal01d-P ln submerged salls. 



Table 3. Saloid-P as influenced by the treatments at different periods of incubation. })Ia 

----~--... ------------.... ----... ....-...---....,------....... -.-.--.--....--.... .. -~--~--------~-----~ ........ ---------........... ~-----... -~ 
Treatment Period of incubation, fortnight. 

No. Notation o 1 2 3 4 5 6 7 8 9 10 11 12 _ ...... _-.. - ..... ------_ ... -_ ... -....-..------.. _-... -.-. __ ... _---.. -----_ .................. .-.. --- .... --.. _--... ---...... __ .... - ... - ... --------....... ....-... 

1 OL 

2 RRP45L 
3 RRP90L 

4 MRP45L 
5 MRP90L 

6 SP45L 
7 SP90L 

• OK 
, RRP4SK 

10 RRP90K 
11 MRP45K 
12 MRP90K 
13 SP45K 
14 SP901( 

15 SP(4S+4S)L 
16 SP(45+45)K 

0.000 0.245 0.371 0.589 0.593 0.744 1.121 1.130 1.005 0.948 1.041 0.932 0.125 

0.000 0.486 0.739 1.202 1.193 1.353 1.463 1.788 1.602 1.464 1.328 1.313 1.318 
0.000 0.489 0.867 1.175 1.293 1.487 1.788 1.809 1.805 1.680 1.665 1.3.' 1.351 
0.000 0.370 0.731 1.187 1.325 1.339 1.604 1.687 1.458 1.548 1.391 1.300 1.3sa 
0.000 0.498 0.733 1.204 1.407 1.344 1.787 1.816 1.600 1.159 1.148 1.382 1.300' 
0.000 0.745 0.980 1.330 1.488 1.7M 1.793 1.830 1.693 1.669 1.655 1.3'4 1.161 
0.809 0.895 1.099 1.500 1.636 1.173 1.822 2.148 1.745 1.775 1.765 1.314 1.179 
0.000 0.236 0.426 0.939 0.949 1.103 1.205 1.289 1.073 0.996 0.790 0.761 0.796 
0.000 0.474 0.940 1.580 1.854 1.983 2.094 2.091 2.091 1.944 1.745 1.653 1.611 
0.000 0.708 0.935 1.580 1.880 2.137 2.132 2.176 2.110 2.031 1.929 1.192 1.812 
0.000 0.581 0.685 1.570 1.432 1.836 2.096 1.999 1.988 1.913 1.114 1.695 1.588 

0.000 0.70oft 0.93' 1.590 1.730 2.003 2.206 2.144 2.181 2.061 1.921 1.097 1.623 
0.oft81 1.164 1.045 1.850 1.860 2.150 2.194 2.049 2.060 2.054 1.892 1.917 1.599 

0.627 1.419 1.oft18 2.020 2.131 2.300 2.205 2.051 2.080 2.206 1.903 1.929 1.608 

0.000 0.745 0.9~0 1.330 1.488 1.764 1.793 1.835 1.867 1.824 1.675 1.686 1.311 
0.481 1.164 1.045 1.850 1.860 2.150 2.194 2.211 2.085 2.082 2.045 1.727 1.821 

~-~--~~--------~-~-~~-~--~~~~~-----~-~--~--~~-~-~----~-~-~----~------~------~-------~----~~ 



Table 4. Mean values af saloid-P as influenced by sources o£ p, salls and levels G£ P 
application, ppm -.. ~ _____ ......... ______ .. ____________________________________ . I. TV • ________________ ~ 

Period af 
incubation, 
fortnights 

Sons Levels of p 205~kQlha ___________________ . _______ .. __ . __ .. _-- .MS._ ------------------.. -----___ ._ .Mean. Sources (/If p 

MaP SP Latter! t. ICa.d. 45 90 
----------~- .. _----------_.. --.. -.--.--_.. -.-.--------------- In •• ______ _ . ----

o 
.1 
2 

3 

4 

5 

6 

7f 

8 

9 

10 

11 

12 

0.000 

0.539 

0.870 

1.383 

1.555 
1.739 

1.889 

1 .. 965 

1.901 

1.778 

1.667 

1.536 

1~484 

0.000 

0.531 

0.771 

1.389 

1.445 
1.630 

1.923 

1.939 

1.899 
1.796 
1.670 
1.571 

1~450 

0.479 

1.054 

1.136 

1 .. 673 

1.777 
1.996 

2.003 

2.018 

1.966 

1.949 

1.804 

1.646 

1.388 

0.135 

0.579 

0.858 

1.266 

1.345 
1.509 

1.709 

1.867 

1 .. 720 

1.631 

1.575 

1.353 

1~240 

OJ. 185 

0'.237 

0.993 

1 •. 698 
1,.830 

2 .. 068 

2.168 

2.081 

2 .. 124 

2 .. 052 

1.851 

1.81S 

1~642 

0.080 

0.630 
0.853 

1.451 
1'.519 

1 .. 783 

1.892 

1'.913 
1.844 

1 .. 783 

1 .. 623 

1.542 

1.407 

0.239 
0.786 

0'.998 

1.513 

1.665 

1.794 
1'.985 
2 .. 035 

1.999 
1.899 
1.804 
1.626 

1.474 

0.159 

0.708 

0.926 

1.482 
1.592 
1.789 

1.939 
1.974 

1.922 

1.841 

1.713 
1.584 

1.441 

---------------------~------~~----------------------------~---~--------------~------Mean 1.408 1.386 1.607 1.292 1.409 1.467 
~-----~~---~----------~------------------------------------------~~-- ------ ---CD(0.05) for periods III 0.1220 CD(O.OS) for levels 1:11 0.0478 

It .. soils 1:11 0.0478 .. .. soil x period == 0.1720 
u n sources .. 0.0586 .. .. source x period 1:11 0.2110 

....... 
~ 



This may be the re .. 08 for ~ po8itive significant 

correlation obtained (Table 21 to 23) between saloid-P 

and Fe-P (r· 0.7;1, 0,.3', o.7!1 for RRP, MRP and SP 

respectively). It is interesting to observe 1:hat the 

increa.e in the mean .alold-P content of the soil by the 

addit10n of a water soluble phosphatic fert1li.er Csp) 

at the rate of '0 kg P20,lha 1. not more than 1 PPM over 

control wh1ch show. the high degr .. of reactivity of 

soluble phosphate in acid rice soils selected for the 

study (Tabl.5 and 6). It is apparent that 1:11e applied 

soluble phosphate haa been tmmadiately coverted into 

insoluble compounds, thus res1st1ng an increase 1n the 

level of saloid-P in the soil. 

A comparison between the forms of P applied revealed 

that application of SP re.ulted in more content of 

saloid-P (1.607 ppm) compared to rockphosphat •• in the 

soil (Table 4). But it should be kept in mind that this 

significant difference of 0.21 ppm over the two 

rockphosphates (1.408 and 1.386 Ppm for RRP and MRP 

respectively) is negligible 1n relation to the total 

quantity of P added to the so11 or total inorganic P 

contained in the soil. Xmmedlately on addition of P 

fertilizers, saloid-P was recovered only in treatments 

receiving SP because of its water solubility (Table 3). 

A comparison beween the roclcphosphate.' revealed that 



'fable 5. Mean valu.. of taorganic P fractions as influenced 
by P .aura.. and 80il, ppm 

----.....--. .. --.. ....... .......,.....-..--...~ .......... -..... ----.......... -............ ----------,.. ...... -...-.... -
5011 Control RRP MRP SP Inorganic P 

(No p) fractions 
.......... __ ..... --.... .. --....-....-.. .... _---.......... ----------..--.. __ .. -.... .---------.... - .................... ...-

Laterite 0.734 1.22' 1.227 1.424 8aloi4-P 
Kari 0.904 1.591 1.5"5 1.790 

Laterite 238.5 263.7 263.2 266.9 Al-P 
Kari 236.6 2S3.4 251.8 255.3 

Laterita 360.4 3.3.1 380.8 385.7 Fe-P 
Karl 336.1 377.9 376.3 379.8 

Laterlta 59.05 67.58 68.21 70.24 Reductant 
Kari 57.51 61.6' 60.7' 62.18 aoluble-P 

Laterit:e 41.78 "7.78 48.51 49.18 Occluded-P 
Karl 36.95 44.13 44.17 44.30 

Laterite 44.77 58.54 58.65 59.11 Ca-P 
Kari ·4'.84 69.21 ".38 70.9' 

Laterite 9.95 12.6' 12.74 12.88 Bray 1 
Karl 9." 16.35 16.36 16.36 

Laterl'te 27.58 33.42 33.4' 33.71 Bray 2 
Kart 27.04 35.71 35.81 36.15 

... ~--,..-.. ~---------.... -.. ----~ ..... -----..~--..... ---... -.. -... ---....... -----................. 



they were on par in re.pect of their effect on s&loid-P 

content of the soil, probably due to their similar 

transformation pattern in these soils. Saloid-P at 

different periods of inaubation .s influenced by fo~s 

of P fertili~ers 1s graphically represented in rig.l. 

Increasing the level of application of P from 45 to 

90 kg P20S/ha increased significantly the .aloid-P content 

to the extent of 0.116 PPlll (Table 4). Increasing the 

level of application of RRP, MRP and SP resulted in an 

increase in the saloid-P content from 1.36 to 1.46 ppm, 

1.33 to 1.44 ppm and 1.54 to 1.68 ppm respectively when 

the effect. of soils and perioda were pooled (Table 6). 

This increase of 8aloid-P content waS negligible considering 

the laxve amount of P added or P contained in the 80il. 

Prediction equations were worked out to establish 

sal01d-P(Y) at d1fferent period8 of incubation (x) from 

RRP, MRP and SP separately and also for the two 80ils. 

In all the cases, the response was found to be quadratic. 

The equations were 

1. For soils 

a) Laterite Y • -0.291 + O.482x - 0.028x2 (R2 
• 0.98) 

b) Kari Y • -0.259 + 0.575. - 0.034x2 (R2 • 0.97) 

2. For sources of P 

a) RRP ~ • -0.456 + 0.556x - 0.032x2 (R 2 • 0.98) 

b) MRP Y - -0.478 + 0.548x - 0.031x2 (R2 -0.98) 

c) SP Y - 0.099 + 0.481x - 0.029x 2 (R2 - 0.98) 
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Table 6. Mean value. of inorganic P fractions as influenced 
by l ••• ls of P application, • PPIIl 

... .--------....................................... ----........... ......-.--.... ...-..--.." ... -.............. -~ ..... .---....... -......... -..... 
Levels So11 Sourc.. of P Inorganic P 
of PO, ---------------- ----------------------- fractions kl/hl 5 Laterite Karl RaP MRP SP 

........-...~ ....... ---..... ~ ...... -~-------~ ........ -.-....-----....-.... ..... ----.... ~ .. .-.. ---..... -----.... 
45 1.23 1.58 1.36 1.33 1.5. Sa101d-P 
90 1.35 1.69 1 •• ' 1 ••• 1.68 

45 261.9 251.0 256.1 254.7 258.5 Al-P 
90 267.~ 255.9 261.0 260.3 263.7 

45 381.5 376.0 378.' 376.3 380.9 Fe-P 
90 384.9 380.0 382.0 380.9 38 •• 5 

.5 67.'4 60.70 63.9' 65.31 62.99 Reductant 
90 '9.72 62.38 65.98 65.56 66.85 soluble-P 

.S 47.82 .3.57 45.13 45.71 46.25 Oacluc1ed-P 
90 49.15 .4.83 46.77 46.97 47.24 

45 67.68 57.68 61.95 62.57 63.52 Ca-P 
90 72.0~ 59.85 65.81 6S.46 66.53 

45 12.27 12.85 1 .... 3 14 •• 5 14.57 Bray 1 
90 16." 16.44 14.62 14.65 14.68 

45 33.40 35.61 34.41 34.53 34.57 Bray- 2 
90 33.66 35.86 34.72 34.7. 34.82 

~----~-~-~~~~~-~-~-~~---~~----~---~~--~-~-~~~-----------~--



In general. the mean saloid-P content 'las rnaximDa 

dUring the seventh fortnight irrespectl,.-. of fOr1U and 

levels of P. and it was 1.815 ppm more 'than that of the 

initial concentration (0.159 ppm). After attaining a 

maxiJllU1n of 1.97' ppm, aaloid-P gradually decreased. to 

1.441 ppm in the final stage which was still higher than 

the initial concentration when the soils, sourc •• and 

1 ..... 1. of P application were pooled. (Table 4). Thus ~ 

period of incubation and saloid-P content were positively 

correlated (Table 24) as revealed by the linear coefflcient 

** of correlation (r - 0.509). Initially, the rate of 

increase in the salold-P was relatively high, probably 

due to the high rate of mineralization of organic P and 

conversion of insoluble phosphatic compounds into more 

solu})le forms. A slight d.ecrease observed in the later 

periods may be due to the formation of more insoluble 

secondary min.erals which can not be extrac-tad by a 

neutral salt solution. 

There was significant difference between soils with 

regard to the saloid-P content. Table" shows that Wlder 

fertilized condition, the roe&l content was significantly 

bigber in kari soil (1.642 ppm) compared to laterite aoil 

(1.292 ppm). Also when no P was added. the concentration 

was higber in kari soil than in laterite soil, tt10ugh the 

d1fference was not slgniflc~t (Tabla 5). The hivber 

content of aalold-P 1n kari so11 in the presence of 



added P vaa due to the higher .. billzatien of added P 

fertilizer. because of itS high acidity. 

The aaloid-P Wd found to be .1gaifiaantly and 

positively correlated with available P (r • 0.81' for Bray 

1 and r • 0.81t for Bray 2). Salold boVJid P being 

coapletaly water soluble or freely exchangeable, will be 

fully accounted in the estimatlon of available P and 

hence the correlation. Th1s observation i8 1n line w1th 

the findings of Sacheti and Saxeaa (197') and Nair (197'). 

1.2 Aluminium phosphate 

Effects of forms and levels of applied P on the 

content of Al-P at different periods of incubation 1n 

laterite and kari so11s are pre.ented in Tabl •• 5 to 8 

and Appendix I. 

In acid so11., one of ~ .. jor components of 

lnorqanic phosphate 1. Al-P. Orlglnally, the Al-P con'tent 

va. 191.9 ppm ln laterite so11 and 179.9 ppm in kari soil. 

which accounted for 29 1:0 30 per cent of the toul inorvan1c 

P of the.. so11s (Table 7). Even 1D the absence of adeled 

P, the content of Al-P ln the aol1 increased on incubation 

and thia lncr.ase was more proaounce4 1n kari aol1. 

In laterite SOil, the increase ta Al-P on incubation wa. 

72.8 ppm (37.94%) while it vas 89.4 ppm (49.69%) in 

karl Boil (Table 8). The relatively higher rata of 

increase in Al-P on incubatlon observed in kar1 soil can be 

attributed to 1 ta content of organic matter and high acidl ty. 



Table 7. Al-P aa influenced by the traataenta at different periods of incubation, ppm 

TreatMent Period of incubation. fortnights 
~~-~--~~ ----~~~~------~------~~~~------~--~~~--------~-~~~~~~~~~----~-
No. Rotation 0 1 2 3 • 5 6 7 8 , 10 11 12 ----...... -~-----.. ---... ---.. -----...-.-.................. -...--..... ---------..... ---------.. --.. ----------.............. ----........ -~------.. 

1 OL 
2 RRHSL 

3 RRP90L 

4 MRP4SL 
5 MRP90L 
6 SP45L 
7 SHOt. 
• OJ( 

, RRN5lC 
10 RRP90K . 
11 MRP.SIC 

12 MRP90K 
13 SP4SlC 
14 SP9OJ( 

15 SP(4S+45)L 
16 SP("5+45)lC 

191.9 207.9 223.6 254.9 242.9 233.5 238.1 237.1 244.7 242.5 255.1 264.7 263.2 
204.9 220.7 236.4 270.4 262.9 254.4 268.1 267.7 270.2 270.5 281.1 292.1 293.8 
205.8 229.5 242.5 274.8 210.6 251.7 271.2 274.4 277.2 274.8 292.7 295.9 292.5 
203.1 224.0 238.4 270.0 262.9 259.4 268.3 265.9 270.8 273.3 272.7 287.6 286.9 
205.6 231.2 242.8 277.2 267.1 262.3 269.8 271.7 279.1 278.7 289.7 294.5 289.3 
205.6 230.0 239.7 276.6 269.9 266.4 2'8.9 262.6 276.0 282.0 282.4 286.3 289.5 
206.9 a'1.1 243.6 282.6 273.7 211.4 273.4 275.9 278.5 289.8 287.2 291.1 292.2 
179.9 1'6.3 213.0 242.3 232.5 228.6 233.1 242.8 251.6 256.9 262.8 267.1 269.3 
194.2 206.3 222.9 259.0 254.1 251.4 256.7 265.2 267.4 268.9 271.0 273.4 275.1 
197.~ 207.4 226.2 262.8 257.4 245.4 265.4 266.1 269.6 275.4 279.6 279.9 284.5 
193.5 202.8 221.9 256.3 252.6 251.5 256.2 260.6 260.4 265.9 270.4 271.9 275.6 
191.3 204.0 226.9 262.2 257.6 254.1 265.3 261.9 264.4 271.2 279.4 281.8 285.9 
195.7 209.6 224.7 265.1 254.2 251.2 258.9 261.9 263.8 269.1 271.9 275.9 282.3 
196.6 217.3 228.9 278.4 256.0 253.4 260.2 269.9 270.8 214.8 278.6 283.1 283.9 
205.6 230.0 239.1 276.' 269.9 266.4 268.9 268.8 278.6 285.4 283.4 274.7 290.6 
195.7 209.6 224.7 265.1 254.2 251.2 258.9 264.3 266.4 279.7 296.6 281.8 284.4 



The increase in the content of Al-P on incubation 

may be due to the convenlon of reductant lIolu.ble-P, 

occluded-P and Ca-P into Al-P and ~.-P as a result of 

reduction taklnq plece ln the so11 subsequent to 

waterlogqing. The large amount of free Fe and Al 

released in soil on incubation would have reacted wlth 

the phosphates subsequent to its transformation UDder 

reducing conditions. Thls 1s evidenced by the decrease 

ln the content of reduatant soluble-P, occluded-P and 

Ca-P observed Wi~l increasing period of incubation. 

It is a180 possible tha~ the mineralization of organic 

phosphate would have resulted in an lncrease in the Al-P 

content of ~e soil. Table 5 showed that the mean values 

of Al-P from RRP, MRP and SP were higher in laterite soil 

263.7, 263.2 and 166.9 ppm =eepeotively) compared to 

karl soil (253.4, 251.8 and 2!5.3 ppm respectively), 

probably due to ti.le higher content of free alumina in 

the laterite soil. sal.subramanian and Raj (1969) and 

Singh and Ram (1977) also obtained higher amount of Al-P 

in the laterite so11se 

By the addition of phosphatic fertilizers therewa. 

a slqnlflcant increase of If.7 ppm in the content of Al-P 

over control during the first period which increased to 

20.15 ppm by the twelfth period. This shows that a 

considerable amount of applied P has been converted into 

Al-P within a period of 180 days. A gradual decline 1n 



Table 8. Mean values of Al-P as influenced by source. of P, soils and levels of P 
application, ppm 

Period of 
incubation, 
fortnights 

Sources of P So118 Levels of p ao5#k9/ha 
~~-~~~~~~~~~-~~~~~-~~~~~ ~--~~~~~~~~-~~-- ~~~~--~-~~----~~~ MeaD 

RRP MRP SP Later! te Karl 45 90 
----~ ............... --....... ,-. .... -........ -----... -----~-.... -.. -..... --.............. -... ......... --........ -......... -... ~ .......... --... -----.. -...... ~----........ -... -............. --................. -.. 

0 200.7 199.9 201.2 205.3 195.8 199.5 201.7 200.' 
1 215.9 215.9 222.2 227.8 208.3 215.6 220.5 218.0 
2 231.9 232.5 234.2 240.5 225.3 230.6 235.2 232.9 

3 266.7 266.4 275.1 275.3 263.9 266.2 272.9 269.6 
4 261.2 260.1 263.4 267.8 255.3 259.4 263.7 261.6 
5 253.6 256.8 260.6 261.9 252.0 255.7 258.3 256.9 
6 265.3 264.9 265.3 269.9 260.4 262.9 267.5 265.2 
7 268.3 265.0 267.6 269.7 264.3 263.9 269.9 266.9 
8 271.4 267.4 272.3 275.3 265.2 268.1 .72.4 270.2 
9 272.4 272.2 279.1 278.2 210.9 211.1 !1'.4 274.6 

10 281.1 278.0 280.0 284.3 275.2 274.9 284.5 279.7 
11 285.3 283.9 285.6 292.2 277.7 281.2 288.7 284.9 
12 287.7 284.4 286.9 291.5 281.2 283.8 288.9 286.4 ------------------------------------------____________________________________________________ J 

Mean 258.6 257.5 261.1 264.6 253.5 256.4 261.7 259.0 
~-~--~-~~--~~~--~--~~~--~~~~~~~~--~-~~-~~-~----~-~~~~---~-~~--~~~~~~~--~-~~--~~~~-~~ 

CD(O.OS) for periods - 7.170 
• • solls a 2.810 
• • levels • 2.810 

I 

I 
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the fOJ.'Bla'tloll of Al-P ob •• rY.4 dw:'ln9 the fourth and flfth 

perlou aay De 4ue to the lU'ger p.l"OponloJl of oimer 

fractlons fomed wl til 'the advaneem.nt. of period of 

incubat.lon. The oonoenuat,lon of Al-P even at ~ 

parlod8 of decline v .. stl1l higher tbaa ~e initial 

Gone.nuation. Thus the content of Ai.. aftd perlod of 

incUbatlon were posltlvely corr.late .. (r • 0.7';). Th1. 

waa ln conf1J:alty wlth the obaerYatlons of OUpu and 

Mayan (1972), Sinqh and Bah_an (1'76) and aajaltaanu and 

aavlkumar (1978). In qener.l, the incr •••• ln the 

content of Al-P In the soil wl th 1ncu:ea.1n9 period of 

incubatlon waa represented by • cUblc functlon 
2 3 2 Y • 169.4 + 33.51x - 3.84x + O.152x (R - 0.94). 

It waa oba.rved that. the fo~. of «pplied P had 

little effect in deciding the leyel of Al-P 1n the so11. 

The mean conqnts of Al-P f ... 1UlP. MRP and SP were 

258.6, 257.5 and 261.1 ppa re.pec'tlvely (Table 8) 

1. e., when the three fODU of P were COMpared, the 

perfonn&nce of the two roolc.phoapha.a waa comparable .. 

_that of SP with. resp", to the con_at. of AI-P, 'tho. 
SP contalned P in a water solel. form. Thls phenomenon 

qlye. an lndiaat.lon that the dla.olut.lon of the trlealciua 

phosphate ln the rockphospha1:e miqht ha .... started in ~ 

acidic so11 enviroament with the lapse of t~. The 1 ..... 1 

of Al-P at dlfferent perlo... of incubation .s lnfluenced 

by for:.s of P fercl11zer. is repres.nted ln -I1V.2. 
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Increa.ing 1 ••• 1 of application of P fro. 45 to 

90 leI' P 20s/ha increa.ed the con'tent of Al-P to the tUDe 

of 5.3 ppm when ~e sources, soils and periods of 

inceatioD were pooled anel. this increase waa found to be 

sic;nificant (Tal)le 8). Also when the so11s and 8oura.s 

of P were considered independently. agaln the Al-P 

content lncreased with increasing levels of P application 

(Table .). 

AlUlftulU1ft phosphate was found signiflcantly 

correlated with the available P of the soil (Table 24). 

** The correlation waa IllOre ute._ with Bray 2 (r • 0.120) 

'thaD with Bray 1 (x.-. a.,IS,. Both Bray 1 and 2 

_xtractanta contained MH,p whiah 1. a selective 

extractant for Al COJllpounda. The hig-her concentratlon 

of aald eontainecl in Bray Ro.2 would have re8ul ted in the 

hig-her .xtraetion of Al-P thereby showing better 

correlation with the a.ailable P. Al-P waS found 

poaitively and significantlr correlated with 8al01d-P 

(r • o.11~. 0.1&1. 0.611 for RRP. MRP and SP respectively) 

and Fe-P (r • o.a;;. o.,a;, 0.,31 for RRP, MR. and SP 

respectively) and negatively correlat.ed wlth occluda4-P 

(r • -O.4~~) and reductant solUble-. (r • -0.'&.). 

1.3 Iron phosphate 

Influence of varioa. tre.t.ent. on the Fe-P content 

of laterite and karl 8011. a~ different perlo4a i. 91ven 

in Table. 5, 6. 9 and 10 anA their analysl. of varlance 

1n A.ppendix I. 



Table 9. Pe-P.a influenced by the treatments at different periods of incubation, p~ 

Treatment Period of incubation, fortnights 
................... _ ... -. .. _--- ... --~----... ~-----.-~ .. ~ .. -....---...... -.-...-----.. -.... .--....------------....-... -.... -.................... -------
No. Notation 

1 OL 
2 RRP45L 

3 RRP90L 
4 MRP45L 
5 MRP90L 
, SP45L 

1 SP90L 
8 OJ( 

9 RRP'5K 
10 1UtP90K 

11 MRP45J( 

12 MRP90K 

13 SP'5K 
14 SP90K 
15 SP(4S+45)L 

16 SP(4S+'5)IC 

o 1 2 5 6 1 8 , 10 11 12 

210.9 303.8 343.6 369.5 368.3 378.7 368.4 367.0 374.2 380.5 381.' 390.1 388.4 
21 •• 4 325.4 367.4 398.6 403.1 401.5 389.5 385.0 392.8 397.4 404.4 408.0 410.4 

381.5 327.5 370.6 399.2 403.4 398.6 396.9 391.2 296.8 299.9 405.8.412.2 '09.4 
219.5 324.3 368.4 393.5 399.0 399.5 3&9.9 386.5 366.5 393.2 3S9.6 401.6 400 •• 

281.4 321.3 370.5 402.6 398.5 406.3 397.3 394.7 392.2 394.9 401.6 '10.1 404.0 
27'.6 333.5 38S.4 395.5 402.4 393.2 391.4 394.7 392.4 399.4 403.4 409.3 409.1 
281.7 338.6 389.1 '03.S 406.5 399.5 395.0 400.6 394.6 398.6 408.7 414.9 490.2 
258.1 283.3 308.5 352.8 344.9 3.5.5 344.2 337.2 349.9 354.9 351.7 36'.5 311.9 
263.5 303.2 359.2 393.8 392.5 392.1 385.2 383.4 394.1 396.4 403.9 407.7 411.8 
267.6 309.3 364.7 398.1 .01.4 396.9 388.7 388.4 397.2 391.9 407.1 410.4 412.4 
262.4 303.7 360.5 394.4 391.2 392.2 384.4 378.6 391.5 392.9 401.1 402.4 405.9 

266.5 307.5 367.7 397.1 391.9 396.4 388.6 388.0 389.6 396.2 402.1 408.6 414.1 
267.6 307.7 371.4 403.1 396.6 393.5 387.9 391.4 388.5 393.9 397.2 408.3 409.2 
210.5 307.6 378.3 407.9 405.9 398.3 388.3 392.2 392.9 395.5 399.6 410.4 410.3 
279.6 333.5 38S.4 395.5 402.4 393.2 296.6 395.6 396.2 398.4 410.8 407.3 410 •• 
267.6 307.7 371.4 403.1 396.6 393.5 389.5 392.6 392.6 395.7 399.8 402.8 408.5 



Originally, the content of re-p in ~e ~ soils 

(270.9 and 25'.1 PPM for lat.ri~ and karl so11a 

respacti velr) accoun1:ed for .1 'to ., per cent of the 

to1:al inoquia P (Table 9). on inaubaUon, without 

the adclit:1on of P, 'the nati ... Fe-P waa 1nore .. ect by 

116.5 ppm OVer the 1ni1:ial coneentra1:ion, the increase 

being ".05 per cent. In general, by the addition of 

phosphatic fertilizers, irre.pective of the for.a and 

levels of P application there was a significant 

54: 

increa.e of 9.45 ppm in laterite soil and 8.25 p~ in 

kari soil over the control during the first period, 

which incre.sed to 19.00 and 38.80 ppm in laterite and 

kari soils re.pectively with the advancement of period 

of incubation. This increase indicatea that a major 

part of the added P waa tranafo~ed into Fe-P. The rate 

of increase tn Fe-P from the added P with the increasing 

period of incubation was high in kari soil, probably 

due to ita high acidity. 'rhe relatively hlCJher mean 

values of Fe-P formed from RaP, MltP and 5P during 

incubation in laterite 8011 .s COMpared to kari soil 

was oo.io.s1y due to the high content of free iron 

oxides and available Fe in the laterite soil (Table 5). 

Balaaubramanian and Raj (1969) and Kothandaraaan aDd 

Kriahnaaoorthy (1977) alao obtained higher amount of 

.. e-P in laterite aoil. 



Table 10. Mean •• luea of .e-P as influenced by sourc.s of P, soils and level. of P 
application, ppm 

. 
~~-~~~~-~~--~-~~~-~~-~-~~-~-----~--~-~-~-~~--~--~~~~--~~----------~---~~~~-~~ 
Period of Sources of p So11s Le .... l. of P20S,lc9!ha 
incubation, ~-~--~-----~--~~~--~-----~~~~ 

.-........ -.-.._-... -.-.-... .........-...--...... ..... --------....... -~-----~ Me ... 
fortnight. RaP MaP SP Laterite Kart 45 90 
.......... -----.--~-----.-- .... -...... -----~--........-.-.-.-----------... --~--.~----- ......... ....-....-.........-..-.---~ ... ~ .. ~ .......... ------ . - ... 

0 272.7 272.4 274.8 280.3 266.3 271.8 274.8 273.3 

1 316." 315.1 321.8 329.4 306.5 316.3 319.6 317.6 

2 36S.4 366.1 380.9 375.1 366.9 368.7 373.6 371.0 

3 397.4 39'.9 402.S 398.8 399.1 396.5 401.4 398.9 

4 400.1 396.6 402.S 402.1 397.6 39'1.5 402.3 399.' 

5 391.3 398.6 396.1 399.8 394 .. 9 395.4 399.3 39'.3 , 390.1 390.4 390.7 393.3 387.7 388.1 392.9 390.5 

7 387.9 386.t 3'4.7 '92.8 38'.8 387.3 392.5 389.9 

• 395.2 389.9 392.2 392.5 392.4 391.0 393.9 392.4 

9 397.9 394.3 396.9 397.2 395.5 395.5 397.1 396.3 

10 405.3 401.1 402.2 403.9 401.8 401.6 404.1 402.3 

11 409.6 405.3 410.7 409.1 407.9 406.2 410.8 408.5 

12 410.9 406.3 409.5 407.1 410.7 407.9 409.9 408.9 
-...--~----___ ... -...._I._ .. _--_-..-.-.---.-... -... .--.. ---........ ~ ............. ---.... .......--~........,.-.-.,....".-..... - .... ---.. -_ ................ ____ ... ___ ....................... -...-_-.... ...... 

Mean 380.5 378.6 382 •• 383.2 378.0 378.7 382.5 380.5 
~-~~~---~-~--~-~~----~~--~-------~~~~~~~~-~~-~---~---~~~~-~-~--~---~~ 

co(o.OS) for perlodB - 10.00 

• • 801ls • 3.923 



ObserYa~lons reyea1e4 tha~ the cona.n~ation of 

•• -P in the soil was no~ Significantly affected by the 

yar1.tions in the fo~s and 1 ... 18 of applied P. 

The mean value. of Fe-P fO.I1l8d from RaP, MRP and SP 

were 3aO.5, 378.6 and 312.8 ppa re.pec~lvely when the 

.011., leyels and perlods were poole« (Table 10). 

Effec~ of foxa. of P, on the ~e-P content at different 

periods of incubation i. repre.anted 1nF.lCiJ. 3. In the 

acld kari and laterl'te soils, contalninq larqe UlOWlt 

of free Fe and Al, ~e solole .oDOealcium phosphate 

of SP would have b •• n CODyerted to Fe and Al phosphatase 

When the rockphosphate. wera applied, the lnsolubl. 

trio.laium phosphate qo • • olubi1ised in these acid soils 

and the pho8phate ions would have reacted with :Fe and Al 

aoaponents of ~e so11, thereby resul tlnq ln the format.ion 

of Al-P and J'e-P. Thi8 explaiu why irrespective of 

soluble or insoluble phosphate .ourc.s added, the .... 

quant.i tie8 of Fe-P and Al-P are formed on inctilbation. 

Increasing the l ... ls of P application from .5 to 

90 kg P20,lha increased the content of Fe-P in the 80il 

to the extent of 3.8 ppM when the so11s, levels and 

periods of incubation were pooled (Table 10). When the 

80il. and sources of P ware considered separately after 

poo11n9 tha perlods, avaiD re-P increased with increasing 

levels of application (Table 6). However, the increase 

vas con8iderably low, when the toul quantity of Padded 

to 'the 80il wa. con.ider .... 
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Tha Fe-. content (Y) a. 41fferant periods of 

incubation (x) froa RaP. MRP aDd. SP and 1n two so11s c .. 

be predio-'d fram ~e following equatione. 

1. tor sourcas of p 

a) RRP 2 3 
Y • 206.2 + 77.04x - '.77x + O.393x 

b) MRP 

log Y • 2.35 + O.102x - O.013x2 + 0.00053.3 

(R2 • 0.96) 

0) SP 

Y • 207.7 + 80.79. - 10.S5x2 + O.431x3 (a2 • 0.'4) 

2. "or soils 

.) Latari tAt 

Y • 219.1 + 74.59x - '.6x2 + 0.388x3 
(a2 • 0.96) 

b) Karl 

Y • 193.2 + 82.lx - 10.62x2 + 0.430.3 (a2 • 0.95) 

Por all the three soure .. , the peak content of F_P 

was observed during ~e ele.enth and twelfth fortDi9h~ in 

both the soil. Table 10 shows that 1n gan.ral. the .a .. 

Fe-P content showed a provres.ive inc ...... upto tha fourth 

fortnigh~. At this period. the content wa. 126.6 ppm more 

than that of the initial ooncenuation (273.3 p~) .. 

Prom fourth fortnight onwards. "e-P decrea •• d up~ the 

seventh period. and than gradually increasad and attained 

the max~ concentration (408.9 ppa) at the final period 

which was 49.59 par cent .ore ~aD the initial concentration. 

Evan 1n the fifth. sixth ed ..... ntb periods. tha I'e •• 



58 

oon_nt. w.. hlgher thaD tile inl tlal con_nt. '1'he 11near 

coefflclent of correlat.lon (I.") betw •• n Fe-P from 'three 

.ource. and perlod of lacaba.ion w .. O.,'J, o.,IJ, 0.61~ 

for RaP, MRP and SP re.peo.lv.ly ('1'able. 21 1:0 23). 

The rate of .hange 1n the GOnc.ntratlon of Fe-P was 

more prollOUDoed during 'the inl Uel periods of 

inCNba.tlon. Thl. wa •• aWy due to the lntenslv. r.duction 

reactloaa occurring, conaequea. to flooding. Durlng 

.ubmergence, a .ajor partlon of ~e reductant. .olubl. and 

occluded pbo.phau. might ha.... oonver1:.ed into ferrous 

phosphate. In addltion to this proce •• , in~.iv. 

.icro~ial activity would ha.e relea.ed the organically 

bound phosphate. wblah 1.MX' I" converted lnw l'e.P. 

Thi, 1. .upported by ~ g.adual inere •• e In ~e total 

lnorganic P ob.erved wl~ the adVancement of incubation. 

However, a .ligbt d.er.... b I'.-P w.a observed during 

aenain periods of incNb ... tioD wbieh can be atuibute4 

1:0 the GOnveralon of F_P 'to o~er foras. 

AS •• nitlon" earli.r, p..,.p vill contribute RNch 

to the pool of aval1abl. P. The 1taear coefficient of 

correlation (r) between 1'... aad available P w .. found 

to be 0.111 for Bray 1 and 0.811 for Bray 2 (Table 24). 

A8 in the ca •• of Al-P, the higher concentration of acld 

contalned 1D Bray 2 extract.aat. veuld bave reaul ud ln 

the higher exuaetlon of fle-P. tbereby .bovtag 



comparativ.ly h19he~ corr.la~ton with the available P. 

Iron phosphate formed f~ all the three sources was 

n .. a~ive1y correlated with re4ue-.nt 8olUble-~ 

(r • -o.,;I,-o •• &!, .0.,&1 for RRP, MRP and SP 

respectively) and ooclu4e4-P (r • -0.,11, .-o •• al, 
** -0 •• 26 for RRP, MaP and SP re.pectively). 

1.4 Reduc~t soluble phosphor.a 

Reductant solubl.-p .s 1Dflusnce4 by .arious 

trea_ena in laterite and karl soi1e 1. presented tn 

Tables S. " 11 and 12 and their analysts of .arlance 

in Appendix I. 

RedUctant solubl... refers to that part of 

lnoX'9anlc P whtch ts no. ....edlately available t.o the 

plan~. Chang andJ.-lcaoa explained the reductant 

soluble-P .s being due to aft iron oxlde prealpi uu 
foraed on t.he surface of iron and al\Uftinlum phosphate 

particle. dur!Dg weatheria. (~es.e, 1971). Ori91nally, 

1m. re4ucant .olubl ... was 13.06 ppm ln la·terite 80il 

and 67.59 ppa 1D kart sotl which accoW'lted for oaly 

11 Co 12 per cent of 1the w_1 inorvanic P (Table 11). 

The rela.lvely higher con~nt. of native reductant 

solu»le-P in the laterite so11 coapared to )cui soil is. 

at~lbuud to its highly wea'U1ered and oxic nature wi'th 

high con'tent. of iron oxid... Denatil and Haj'ra (1972) 

end Kothandar_an 04 n-ia~rthy (1977) alao 



~able 11. Reductant 801uble-P ... influenced by the treatments at different periods of 
incubat.ion, ppa 

Treatment Period of incubation, fortnl~hta -.-..-.... __ .... _______ __ .. .-.-. ________ ... _ .. ____ .--.-... ________ .-... ......... ., ____ .......-____ -.-__ ~ _____ .... ___ m_ ...... ...-_-. .... _...._-..... .. ______ ...-

Ro. Notation 0 1 2 3 4 5 6 7 8 , 10 11 12 
............. _-------.-,-....-.-. .. -----_.. ..~ ... -.-........----.. -... ~ .. -.-------...... ----...... -..-............ -------...... -........... -.... -------------... ------

1 OL 

2 RRP45L 

3 RRP9OI. 

• MRP'SL 
S MRPtOL 

.. U4SL 

., SP90L 

• OK 

9 RRP4SK 

10 RRP90K 

11 MRP4SK 
12 MRP90JC 

13 SP45K 

14 SP90K 

15 SP(45+4S)L 

16 SP(4S+45)K 

73.06 69.14 63.55 59.30 60.20 59.05 51.'7 58.55 57.05 53.85 52.10 51.85 52.0S 
80~3S 75.37 69.43 67.00 69.30 69.00 68.68 67.25 63.95 64.55 64.30 54.40 53.0S 

81.00 78.18 71.20 69.60 71.00 66.60 69.75 68.55 66.65 67.90 68.15 57.10 57.35 
SO.2S 76.52 70.00 68.80 67.75 67.80 62.55 6g.S5 64.30 65.25 62.80 54.95 58.90 

81.22 79.43 70.15 71.30 73.25 72.35 72.30 71.05 65.20 67.05 67.65 56.75 56.40 
80.92 74.62 73.20 74.25 70.85 71.50 68.80 71.45 68.95 65.60 64.7' 51.45 59.40 
82.67 79.55 15.10 1S.10 75.65 71.85 68.40 72.65 69.95 67.60 61.15 59.35 60.40 
67.59 64.28 63.05 62.25 57.80 60.60 59.25 Sg.80 51.50 53.05 51.25 '9.40 '7.85 
75.50 12.95 67.45 62.aO 63.15 62.40 61.85 58.30 57.70 58.05 55.80 50.15 ".50 
15.89 14.63 68.40 63.75 64.10 62.4S 62.40 59.15 58.20 58.9S 57.00 51.35 50.20 
15.23 72.21 67.95 62.05 62.05 62.40 61.75 51.55 58.05 58.15 56.75 50.25 50.10 
75.68 15.60 68.65 63.65 63.95 63.10 63.15 57.30 59.10 S9.4S 57.65 53.05 51.20 

75.88 72.35 68.00 63.15 62.35 63.95 62.75 57.15 58.30 59.15 56.90 52.30 50.50 
76.10 74.80 69.30 63.90 61.~5 64.40 63.10 57.95 59.60 60.05 57.95 53.25 51.30 
80.92 74.62 73.20 74.25 70.85 71.50 68.eO 72.00 65.85 64.45 69.00 58.50 61.05 
75.88 62.35 68.00 63.15 62.35 63.95 62.75 58.15 58.85 59.35 57.20 53.50 50.25 
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reported the b:Lgher contaDt. of reductant s0101e-P 1a 

laterite 11011. Table 5 .. how tilat. the conversion of 

added P to reductant. soluble.P was also higher ln laterite 

soil (61.5S, 68.21 and 10.24 ppm for RRP, MRP and SP 

respect.lvely) compared ~ karl 8011 ('1.68, 60.1', 62.18 

ppm for RRP, MRP and SP res~ vely). 

By the addition of phosphatic fert.ilizers, there 

was a significant incre .. e of 8.07 ppm reductant 

soluble-P over control. duriDg the first period and wl~ 

the lapse of time, lt. in.cu.· .... to a maxiawa of only 

9.18 ppm. Tbi. slight increase indlcated that the 

tran.for:.at.lon of added P t.o thls fract.ion was 

considerably low in t.he aabaerged so11 because of ita 

reduclng enviroDment and it. f1trther confirmed the earller 

observations that. a aaJor part of ~e added P was 

converted. into a IIlOre solule Al-P &Ad re-P in the 

sw.eEge4 so11. 

aeau ta revealed tilat. __ foms of applied P could. 

not intlu8Ilce the cOllcenuat,loa of reductant .olubl ... P 

ln the so11. Influence of souroes of P fertillzers 

on the oonoentration of this fractloB at different periods 

of incubation ls graphically repres.nted in Pig.'. 

The mean value. for reductant. 801ul.-p o .... r oontrol . 
from RRP. MRP, _d SP were 11.35. 11.21 and 12.92 ppa 

r •• pectively when tn •. l..-ls, periods and soils were 

pooled (Table 12) 1 ••• , by the addltlon of sP I t.here vas 
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'-'able 12. Mean values of reductant soluble-P as influenced by sources of P, soils and 1 ... la 
of P application, ppa 

--... -....... --.-.... -.... --............ -... -.... ...... ~ ...... --........ -..................... ---... ~-----........ --~ ..... --------...... -........ ---.... ----..... ~ ............ -----~ ..... ~ 
Period of Sources of P Solls Levels of P2OS,kg/ha 
incubatioD, ~~~-~-------~~~-~~----~-~ .. -.. ---------------.-..... .-.... ---~---...................... -...... -............. Me .. 
fortnights RRP MRP SP Laterite Karl 45 to 
---.---------... -... ---.......------.-. ........ -----.... ------... --.. --... -------.........--.-.-.---~-.. -------...------~-...-. ... -.-.. -.... -... ----... -.. -

0 78.18 78.13 78.8a 81.08 75.70 78.03 78.75 18.39 
1 75.41 75.91 75.31 77.35 73.75 73.98 77.12 75.55 

2 69.13 69.19 71.40 71.52 68.30 69.35 70.47 69.91 

3 65.78 66.45 68.75 70.78 63.21 66.33 67.65 66.99 

4 67.03 66.78 67.10 71.29 63.03 6S.91 68.41 67.15 

5 65.61 '6.41 67.93 70.1S 63.12 66.1S ,.,.13 66.65 
6 65 •• 58.28 65.76 '8 .• 2 58.06 59.96 66.52 63.24 

1 61.43 63.85 64.80 70.05 58.00 63.53 64.52 64.03 
8 61.61 61.66 64.20 66.49 58.49 61.88 63.11 62.49 

t 61.11 62.60 63.10 65.48 59.06 61.89 62.65 62.27 

10 61.31 61.21 61.84 65.90 57.01 60.22 62.69 61.45 

11 53.40 53.74 55.54 56.67 51.82 53.35 55.13 54.24 

12 52.53 54.15 55.40 57.58 50.47 53.56 54.4. 54.03 
~...-.--.... --.... --... --..........--~~-----.....--~-.-........ ~---..... ----..... --....---------........ ~ ... --.. ~ ..... ----- ...... - ---~ ........ ~-. .. 

Mean '4.63 64.49 66.20 '8.68 61.54 64.17 66.05 65.11 
-~-~--.. -.... ---.-----.. -------...................... ---..-.-....... --.. --------.-....-... !II--.. ----------.. ---.. --~-----.. ---.. --..... ...-.------..... 

coco.OS) for perloda - 3.686 
• • 
• • 

solla 
levela 

- 1.«' 
- 1.446 



only 14.54 per cen't aoA re4uoUD't soluble-P compared 

to rockphoapbata8. The higher contribution of SP 1n 

lncre.sing the reductant soluble.P :<U obviously dU8 to 

ita bighar water soluble P content which can a.sily 

enter lnto chamical reactions before ~e so11 veta 

highly reduced, leading to the conv.~sion of water 

soluble forms to insoluble stable compounds 11ke 

reductant 8olUble-P. In the caM of rockphosphatea. 

because of ita water insolubility. ne.ded time tor its 

eonveraion to water soluble fo~, during which tt.e 

the so11 components might haft 'lot reduced to some 

extent, re.ulting in the for-aatioft of relatively small 

Ulount of reductant soluble-]? 

Applicat10n of P at higher level significantly 

increasad the content of reductant solUbla-P to the 

extent of 1.88 ppm wben so11.# Bources and perioda were 

pooled (Tabla 12). Increasing the level of application 

of P fra. 45 to 90 kg .20~a increased the mean 

reductant soluble-P from 67.64 to 69.72 ppm in laterite 

soil and from 60.70 to 62.38 ppa in kart so11 (Table 6). 

Irrespective of so118 and 1e .. ls of P app11cat1on# 

the lftax1lwla content of reduataat solubl..,p from all 

the three sources was recorded during the first per10d 

which on incubation ge •. c recblcec! to the axunt of 28 to 

30 per. Gent ot the initial concentration. A decrease in 
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til. conteD'" of r.dllcuat aolubl_. due to iDCUba~ioJl 

waa al.o reported })y Mabapaua and Patrick (19.'). 

1.1_ (1910) and Oupu &Il4 Rayan (1912). The rate of 

d.er .... in th. le .. l of thi. fZ'ac'tlon was .ore marked 

during the lni'tial perl0d8 of 1acRbatioD. probably 

due to the lntenslve microbial and chamical reactions 

occurring. consequ.nt 'to l100dil19. Th. d.er.... ln the 

content of reductant 801ultl_P (Y) !rosa thr.. sauro.. of 

P aDd in tva .011s wi t.h inoreu1ng perlods of incubation 

(x) can be predicted by the following equatlons. 

a) au 

lit) MRP 

c) SP 

2. por so11s 

Y • 17.03 - 1 .• 11'x 

Y • 76.'5 - 1.10'x 

y • 17.93 - 1.6'" 

a) Laterite y. 7'." - 1.607x 

lit) Kari Y • 1.816 x O.013x 

(R2 • 0.90) 

(R2 • 0.8.) 

(R2 • 0.") 

(1\2 • 0.81) 

(1\2 • 0.,1) 

The d.cr.... ln the CODtent of this fraction wa. 

.alnly due to it.a converalon W o'ther foras. The c~ical 

and biochemical reactioaa will le.d to ~ transformat1.oD 

of ferrlc ~pollDd. reaultlD9 1. lu converslon to • acre 

soluble Pe-P and Al-P. In ..... q.4 soil. the chanc •• 

of conver.lon of other 10 •• to the reductant soluble 

fom ar. very 1... ca.pare4 to 'the prebu1.11. ty of 1. to. 

traaafo~tlon to other frae.lon. UDder submergad 



conditions. In teaaral; ~8 contents of reductan~ 

aoluble-P and period of tneuDation were negatively 

correlated (r - -0.,11). 
The contribut.ion of redUctant. 801uble-P to 

available P Was nl1 beca ... of its high atabilit¥ and 

hence the negative oorr.la~lon with available P 

(r - -0.2'1, -o.,tl for Bray 1 and 2 re.pect,ively). 

1.5 OColude. pboapborua 

oaolv.ded-P as affected by sourc.. and levele of 

applied P at. d1fferent periods of incubat.1on in lat.erite 

and kari soll. are pr ••• nted in Table. 5, 6, 13 and 14 

and their analyala of Yariaace 1n Appendix I. 

Tbe content of native ocaluded-P in the 8011 before 

incubation was 68.15 ppm in laterite 8011 and 48.05 ppm 

in :kari soil, which repre •• I1~ ., 'to 11 per cent of th. 

total inorqanlc P ('1'abl. 13). on incubation, the 

contribution of thi. fra.t.ion to the total lnor9ania 

phosphate pool was red.uced .. 3 to 5 per cent. (32 •• 5 and 

27.15 ppm ln laterite an4 karl solls re.pectlvely) whlch 

cODflx:ae4 ~ oonv.r.loll of ooe1u4e4-P to other fol'll8. 

stmllar to reductant 801ubl .. P, oecluded-P on incubation 

would alao bave cODvereed to ~re solUb1. form. l1ke ~ .. P 

and Ai ... P. In general. 1:I\e ra. o. 4.erea •• in the nat-1" 

ooolucled-P wa. 52.09 per ceat ta laterite .011 and 

43." per cent 1ft kari 8011 (Table 13). Alao, ~e rate of 



Table 13. OCcluded-P as influenced by the treatments at different period. of incubation, ~ 

~~~-~--~~~-~------~~~------~------~~---~~---~~---------~~-~~~-~-----------~-~--~-
~reatm.nt Period of incubation, fo~19hta _~ _______ ~ ______ ~~~~~~~~~_.l._~_. __ ~_~_. ~~ ____ ~ ___ ~~~~~ __ ~ __ ~~~~~~ 

Ro. aotatlon 0 1 2 3 4 5 6 7 8 , 10 11 12 

1 
2 

3 
4 
5 , 
7 

• , 
10 
11 
12 
13 
14 
15 
16 

OL 

RRP45L 
RRHOL 
MRP45L 
MIlP90L 
aNSI, 

SP90L 

OK 
JUlP45K 

1tRP90K 

MRP45I< 
JmP90K 

SP45K 
SP90K 
8P(45+45)L 
8P(4S+45)X 

68.15 55.45 47.10 45.30 43.05 40.50 41.50 34.05 33.00 34.40 32.10 32.65 35.45 
75.40 56.50 50.95 47.35 46.70 43.10 44.05 43.25 39.95 40.80 38.90 39.75 41.95 
76.00 59.65 55.10 50.00 48.20 45.65 46.05 45.80 41.35 41.05 40.70 40.ts 42.45 
75.35 51.40 55.40 49.20 41.45 43.85 44.85 45.25 41.25 41.10 3'.05 41.05 40.51 
16.15 60.65 55.95 49.95 4'.05 45.90 '5.90 ".30 41.85 41.80 40.90 41.35 '3.25 
15.95 60.00 >t.35 ".90 49.50 .... 65 45.'0 42.50 42.18 43.SO 41.G5 42.1S '3.2. 
".20 10.45 5'.75 '9.65 50.25 4'.85 ".20 44.50 '3.10 44.30 42.45 43.10 '3.70 
48.05 41.65 43.65 41.85 40.55 38.25 34.30 34.25 32.35 32.80 33.'5 32.10 27.15 
53.15 '6.55 45.15 'S.95 47.35 45.45 '0.00 45.90 43.25 40.35 36.90 35.86 34.40 
54.15 49.90 48.25 48.15 48.70 '6.05 39.85 '7.45 43.65 42.55 39.'5 38.75 35.05 
53.55 .9.20 47.55 49.40 46.65 45.50 39.60 45.10 40.90 '0.35 37.45 37.05 33.95 
55.15 48.40 48.40 49.88 48.25 46.00 '5.85 43.30 42.75 '2.55 38.15 39.00 34.65 
53.45 43.30 47.95 49.40 47.15 44.55 44.60 43.50 41.'5 '2.35 38.30 37.60 34.25 
53.15 50.00 47.60 50.10 47.65 45.95 45.75 45.75 '1.85 42.50 39.95 37.95 34.30 
75.95 60.00 5'.35 47.90 '9.50 44.65 45.60 41.05 43.10 43.60 42.50 42.25 43.35 
53.'5 49.30 47.95 49.40 47.15 44.55 '4.60 48.80 43.10 43.50 39.00 38.15 35.00 

.................. ----.......... ---... -----------.... -------........ --.... ~-...... --... ---.-~----...... ----_ .... --.. .. -.... -..-_ .. _ .... _-----. .. _-....-.-.. 



deare.se ln this fraction during the first fortni9h~ of 

incubation vas higher la la~erlte 8011 for all the three 

sources (23.28. 22.01 aD4 20.8' per c.nt for RaP, MRP 

and SP respectively). slnce the chemical companen" of 

the laterite soil exts, in a hiqhly oxidized state as 

compared to that of tile karl soll. the degree of 

reduction caused by incubation vill be more inten.. 1ft 

laterite soll. thus reglstering a relatively high rate 

of &Mfr •• se ln the content of occluded-P formed by the 

coatings of iron oxide. 

Addition of fertllizus 81qnl.ficantly lncreased 

the content of occluded-P to the tune of 7.69 ppm o .... r 

control in laterite soll aad 5.'2 ppm over control in 

kari 8011 during 'he flrst period. On incubation this 

was increased to only 8.8' ppm in laterite soil and 

7.28 ppm 1n kari so11. This show. that only a small 

part of the added P 18 converted to occluded-P compared 

to Al-P and Pe-P. Tabl. 5 showed that the mean values 

of occluded-P from three sources was higher in laterite 

so11 ('7.7S~ 48.51 and .t.18 ppm for RRP, MaP and SP 

r •• pactively) than ln kari snl1 (4'.13, .'.17 and 4'.30 

ppm for RRP, MRP and SP respectively). The h1qher 

content of free iron oxt •• and alumina in laterite soil 

may be re.ponsible for i~ higher content of occluded-P. 

The concentration of occ~ud.d-P did not vary 

signifioantly wi~ ~e variations in the fo~s of Padded 
j 
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Table 14. Mean values of occluded-P as influenced by source. of P, soila and levels of P 
application, ppm 

___ ........... _ ........ ______ .. ______ ~._._, ... ._._.a._._ _____ __......._ .. _________ ........ _._~ .. __ _..._, __ ._._. ____ ..... _~ ___ ~_ .. ____ ... ......._._ __ ... ._._....._._... 

Period of Sources of P Solls Le •• ls of P2oS,kg!ha 
incubation, .. --.-.. ...,.....-...----------- .... --~ ... ----- ... -~ ... -...... ------............. - ~-~~~----~--~-- MeaD 
fortnights RRP MRP SP Laterite Karl 4S 90 -------...... -.... ---... --.......... ------------~----.~-~-.. ---.. ----------........... -......-......... ...-.-...-......... -.-.--..... ~-------.-.-----... _-

0 64.83 65.05 64.84 75.84 53.97 64.48 65.33 '''.9a 
1 53.15 53.90 54.92 59.10 48.89 53.16 54.83 53.99 

2 50.11 51.83 49.93 54.43 46.82 49.50 51.68 50.62 

3 "8.76 49.60 49.25 49.00 49.41 48.6' 49.72 ".20 

" 47.74 47.86 48.63 48.53 47.62 ".,.46 "8 •• 48.07 
5 45.19 45.31 "5.00 44.77 "5.47 ".61 45.13 .5.17 

6 42.49 44.0.1 "5.79 45.'1 "2.60 43.11 45.10 44.10 ., 45.60 "".,' "4.05 44.59 45.17 44.24 45.52 ".88 
8 42.05 41.69 42.43 "1.80 42.31 41.58 42.53 42.05 

9 41.19 41.58 43.19 42.19 41.78 41.51 42.46 41.98 

10 38.99 38.88 40.44 40.50 38.37 38.61 40.26 39.43 

11 38.84 39.61 40.35 41.49 37.71 39.02 40.18 39.60 

12 38.63 38.10 38.85 42.52 34.43 38.04 18.90 38.47 
---~~-~-~-~-~~-------~~~-~---~--~--~-~-----~~--~~-----~~~----~~~~-~---~~--~-~-

MeaD 45.9S 46.34 46.74 48.49 44.20 45.70 46.99 46.35 
--..-... .-....~ ........ -.-. ........ --... -. ....... -.....-.~ ... ....-..--... '-' ... ----.-.....--....-. ... .-~~-.................. -. ........... ---.---.. -...... ---------.... ... ----....... -------_ ... _ .. - ....... ...-. .. 

eD(O.OS) for periods • 3.263 CD(O.OS) for levels - 1.279 

• • soils • 1.279 • • 8011 x period. 4.615 
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to ~e 8011. The .... ya1"e. of occluded-P fJ:OJn RR.P, 

MRP and SP were 6.5', •• ,. and 7.38 ppm re.pectively 

over control ('1able 14) i. e., 1D veneru, there was 

only 8.78 per cent aore OOOlll4e4-P frca SP com.pared to 

the two rockphosphates. 'the effect of foras of P 

fertilisers on the concentration of occluded-. at 

41fferent periods of incubation was graphlcally 

repre.ented in Fig.S. The relatively hlgher values 

of 0001ude4-P from SP wen: Maause of ita high 

reactivity with soll caaponent8 due to the higher water 

soluble P content. Howeftr, 1me increase in the le.,el 
c of occluded-P by the addition of SP did not e~ed 

1.5 PPlll over the two .roclcpho.phates. This indicated 

that the dlssolutioD of rockpbosphates .1ght have 

started in th.se acid so11s with the advancement of tt.e. 

Application of P at higber level increased the 

content of occlude4-P t.o the enent of 1.29 ppn when the 

soll8, sources and periods were pooled, and thi. increa.e 

was fOUDd to be statistically slgn1floant. Also, vbe. 

the Boi18 and source. of P were consldered independently, 

again the occluded-P increa.ed with incre.slng level. 

of P application, though the lncrease wa. not .ignif1cant 

(Tabl. 6). 

The decrea.. in the content of occluded-P wlth the 

advancement of ttme was .. iDly due to ita cODver.loD to 

other foau. :Par all the thre. souroe., irre.pective 
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of .oils and le .... ls of P applica,ioD, the aax1aaula content 

of occluded-P was ob.erYed during the first period and 

it was seen to decrease progre •• ively and significantly 

upto the twelfth fortnight. The 11near coefficient of 

correlation (r) between occluded-P and period of 

** II ** incubation was -0.709, .0.7 , -0.1'3 for RRP, MRP aDd 

SP respectively. As in the ca.. of reductant soluble-P. 

the chances of conversion of other fractions to the 

occluded-P are less compared to the probability of its 

transformation to other fracUou under sUbmerged. 

conditions. The rate of deer.a •• was comparatively 

higher during the initial periods due to ~e rapid 

ch .. lcal and bioohemical reae~on. occurring consequent 

to floodtng. The concentx.1:ion of occluded-P (y) fro. 

different sourqes of P and In two 80i1. at different 

period8 of inaubatioD (x) eu be worked. out from the 

following equations. 

1. For sourc.s of P 

a) RRP Y • 1.165 x -0.0154 x (R.2 .. 0.87) 

b) MRP Y • 1.774 x .O.Oll'x (R2 .. 0.91) 

c) SP y. 1.768 x -O.G14,x (R.2 • 0.81) 

2. Por soil. 

a} Laterite 
log Y • 1.894 - O.0554x + O.0027x2 (R2 • 0.95) 

b) Karl 
Y • 53.47 - 1.J2Jx 
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OCcluded" belR9 aD 1.solUble and stable form CaD 

DO~ be extraa'ted ))y Bray 1 and 2 extractant. and this 

explains ita ft89a'tive aorrela'tioft (Table 24) wii:b 

available P (r. -0.211 .. 4 -0.311 for Bray 1 and 2 

respea'ti vely) • 

1.3 Calcium phosphate 

Influence of various trea~enta on the content of 

Ca-P at different periods of incubation is pre.ented in 

Tables 5, 6, 15 and 16 and their analysis of variance 

ln Appendix I. 

In the absence of &deled P. 'the contribution of 

Ca-P to the total inorganlc P pool was 6.93 per cent in 

laterite so11 (44.'5 ppm) and 8.15 per cent ln karl soil 

(50.45 ppm) during the firs, period, which on incnbation 

was reduced to 5.0 to 5.5 per cant 1n the.e solls 

(Table 15). The relatively low content of thi. frac'tloD 

compared to other fraction. 1. eYiden'tly due to the 

unstability of Ca-P ln th •• e acid aoils. 

By the addltion of phosphatic fe~ilizera, there 

was a significant increase of l'.12.to 20.02 ppm in the 

content of Ca-P over con~l durin9 the first pertod whiCh 

on incubation changed to 9.5 ppm ln laterite so11 and 

22.4 ppm in karl 8011 (Table 16). The increase in the 

Ca-P content of the 8011 oft tme addlt10n of fert111.el;s 

18 due to the fact that ail ~. fertilisers added 



Table 15. Ca-P.a influenced by the treatments at different periods of incubation. PIB 
............. ~~ ___ ~_.... ___ ... ~_ F _______ .. ___ ......... ___ ...-.-................ _ .... _ ..... _ ....................................... ......-___ ... ____ • ___ .~_ 

'1'reat:ment Period of lncubation. fortnighu 
-~-~~~----~ --------~-~---~~--~---.---~----- . -------~-- .--~~-~--~--~-~-----~-Ro. Notation 0 1 2 , 4 5 6 1 8 9 10 11 12 ---..... .-..---.. ---------~-.. ~-~...,.,--.. ---~-----.. - .. ----.... --..... - ..... --...--.. .-.-..... .... ---...... .... ----~ ... -----~----...-----

1 
2 
3 , 
5 
6 

1 

• , 
10 
11 
12 
13 
14 
15 
16 

OL 

RRP45L 
RRP90L 

MRP'SL 
MRP90L 

SP45L 

SPtOL 

OK 

RRP45K 
RRP90K 

MRP45K 
MRP90K 

SP'SI( 
SP90I( 
5P(45+45)1. 
SP(45+45)K 

44.95 41.65 4'.85 '5.65 45.80 43.60 48.55 '8.'5 '6.'5 45.25 42.15 43.05 '1.00 
62.55 61.55 62.20 66.1'5 65.40 60.95 55.25 53.90 53.05 52.25 51.30 4'.10 48.1S 
64.10 63.80 66.00 6"9.15 11.10 61.70 51.95 51.8S 5'.00 54.S0 53.00 53.20 50.60 
'4.10 61.60 61.30 16.00 ".55 '0.90 55.40 54.90 54.35 53.25 52.18 51.51 .8.40 
65.60 63.40 66.00 6'.0010.30 61.10 57.65 56.85 55.75 54.20 52.90 52.20 51.95 
65.80 63.05 64.05 6'.85 63.85 61.75 55.60 55.45 53.65 52.60 51.90 50.80 50.'5 
65.a5 65.30 66.55 12.00 69.65 51.95 56.80 56.15 56.15 54.55 53.10 52.15 50.50 

50.'5 '9.'5 '6.85 46.'0 55.25 55.55 55.95 54.90 51.00 '9.45 4'.20 46.00 40.15 
61.10 63.50 61.35 64.80 15.80 15.55 11.75 13.40 67.65 68.20 63.55 58.75 56.75 
11.95 66.45 65.80 68.50 82.50 16.60 18.20 79.10 74.15 73.20 68.85 64.35 61.65 

67."05 63.00 63.20 67.5$ 74.20 14.30 73.60 74.70 73.10 67.55 61.40 61.4$ 51.50 
13.50 65.00 65.15 67.30 81.60 77.45 79.20 79.80 ".35 13.10 66.80 58.85 62.25 
68.95 '4.05 66.35 67.55 75.15 11.60 75.65 76.60 68.20 68.70 64.95 64.85 59.45 
74.25 67.30 68.15 69.80 82.35 81.65 80.60 81.30 75.25 73.60 68.60 66.20 62.95 

-
65.80 63.05 64.05 69.85 63.85 61.75 55.60 61.40 61.40 57.50 55.60 54.70 52.10 
68.95 64.05 66.35 67.55 75.75 71.60 75.65 81.60 75.'0 12.85 67.50 66.95 62.50 

-.-.--,...-.. - ...... --.. ------------..........-~-.... .-.-..~ .. ------... -............ --....... --------.. ---...... ~-~--.... .-----... -.--.... ...--...--.----...-..--
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oontained P u Ca-P. Oa incubation, Ca-P geta gradually 

solubilized eel the larger con'tent of free 1'. and Al aDd. 

relatlvely lsss amout of ea in the laterite soil may be 

re.ponsible for the increased rate of conversion of Ca-P 

into other forms u aompare4 to karl soil. However, in 

kari soil due to the higher proportion Ca due to the 

marine influence, ~e co.tent of Ca-P was oomparatively 

high (Table 5). Thl. observation was in 11ne with that. 

of Nair (1978). 

The mean value. of Ca-P form... froJll RRP, MaP and 

SP were 16.12, 16.85 and 11.86 ppm respectively over 

control when the so11., per10ds and levels were pooled 

(Table 16). The effect of forms of P fertilizers on 

the content of Ca-P at different periods of incUbation 

i. pre.ented in 1'1g.6. The nonsignificant differenoe 

between sources of P iDdlcated that the degree of water 

solubility in the added materials was not a critical 

factor in deciding the concentrat.ion of Ca-P 1n the so11. 

It also indicated that the stable trioa1a1um phosphate 

in the two roekphosphate. might have started 1 t. 

dissolution and the released reactive pho.phate ions 

which in turn react with the Pe and Al cOI1lpon.nta ln 

the so11. 

Xt \Ias sean that when the so11s, sourc •• and periods 

wara pooled the increasing 1avels of application of P 

from 45 to '0 kg P20S/ha incr .... d the mean Ca-P content 
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Table 16. Mean values of Ca-P as lnfluenced by sources of P, solls and levels of P 
application. ppm 

Period of 
incubation. 
fortnight. 

Source. of P 5011. Levels of P20S,kg/ha 
~---.. ---...... ~--....,~--------.-.-...---.... ........ ..-.-_.. --..-... --. ......... -... ...--------..-.-.. ---~---------

RRP MaP SP Later! te Kari 45 90 
MeaD 

-..---... ,..-.. --.. --........ ---.-...... .-.. -~--.-. .. -.... --.. ..-..-.--.----............. ~--~--------~-----------.----~---...... ..-.-.-~-................. 
o 
1 

2 

3 

4 

5 
6 ., 
8 

9 

10 

11 

12 

66.43 

63.81 

63.83 

67.33 

13.10 

68 .. 70 

65.19 

66.09 

62.'6 

62.00 

59.18 
56.31 

54.33 

67.56 

63.25 

64.18 

61.46 

12.60 
68.60 

66.45 

66.36 

64.40 
62.03 

58.29 

56.01 
55.03 

68.71 

64.93 

66.23 

69.80 

72.8' 

68.24 
67.19 

67.38 

63.46 

62.34 

59.64 

58.63 

55.84 

64.67 

63.12 

64.35 
68.80 

67.43 

60.83 

56.46 

55.7. 

55.09 

53.53 
52.38 

51.56 

50.01 

70.41 

64.88 
65.17 

67.59 

78.69 

16.18 

16.49 

77.48 

72.13 

10.71 

65.68 

62.40 

60.12 

65.93 

62.18 

63.08 

61.09 
'9.S8 

61.51 

64.55 

64.83 
61.67 

60.41 
57.53 

56.08 

53.48 

69.21 
65.21 

M.43 

69.30 

"'.25 
'9.50 

68.40 
68.38 

65.55 

63.83 

60.53 

57.88 

56.65 

6'.51 
63.'9 ... ", 
''.It 
13.0' 
68.50 
66.45 

66.60 

63.61 
62.12 

59.03 
56.9. 
55.06 

...... ---~---~ ... ---... ... --------.. -.--... -.... --......... ... ---.......... --.---......... --~----------......................... ..-.----...... ...--.--......-.-- ... ---
Mean 63.88 65.02 58.76 69.85 62.68 65.93 64.30 ---........... ---.....-. .... -~ .................... ---............... ----~ ... -.-----------.-. ... -... -....... ---.... ~.-----... -------........ ---... ---... ---_ ... -.-. .. -....... _---_-..---

CD(0.05) for periods - 2.930 CD(O.05) ~or 1 ... 1a - 1.150 
• • 80ils - 1.150 • • 8011 x period - 4.147 
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from 62.68 ppm to 45.9' ppM which ~ found to be 

statistically signiflcaa_. ~ the so11s and sources 

of P were take. separately ... In ~ Ca-P lncreaaed with 

increasing leyels of applic.~ioD (Tabl.6). 

In general, 'the three sources of P shoved a gradual 

decrease with increasing periods of incubation though a 

alight increase was obaerwad duriaq the second, third 

and fo~ fortnights (Table 16). Irrespective of soils, 

sources and le.els of application" 'the miniaum Ca-P was 

observed during the twelfth fortnight. The following 

equations were used for the prediction of the 

concentration of Ca-P (y) f~ different sources and in 

two soils at d1fferent periods of incubation (x). 

1. For sources of P 

.) RRP 

Y ::I 61.16 + 3.128x ... O.313x2 + O.0068x3 

(R2 
a 0.82) 

b) MRP 
Y • 62.35 + 2."lx - 0.269.2 + 0.00679.3 

(R2 • 0.83) 

c) SF 
Y - 63.92 + 2.626. _ 0.35,.2 + 0.00789.3 

(a2 _ 0.86) 

2. For soils 

a) Laterite 

109 Y • 1.816 + 0.004'" + 0.0019,.2 - 2.042x' 

(JIl2 - 0.") 



b) Karl 

Y • 10.11 + 4.JSlx - O.'l'x2 - 0.0401.3 

2 (R ... 0.89) 

The rate of deereue tn the con'tent of this 

fraction both 1n the presenca and ab •• nce of addad P 

was IROre pronounced In kari 8011 dWt to 1 ta hlgh 

acldi ty. The general decrease ob.erved in the 

concentration of Ca-P on inoubation 18 due to It. 

conver.lon to other foxas l1ke :r ... P and Al-P. The 

76 

content of Ca-P and period of inoubation were negatively 

* correlated (r •• 0.233). 

The relatively low degr .. of correlation between 
~ *. Ca-P and av~ilable P (r. O.2.~, 0.291 for Bray 1 and 2 

re8pec~ively) may be due to 'the faot that a part. of the 

Ca-P that can be ~oltbl11z.d 1a the ac14 so11 would 

have already been converted to "e-P and Al-P and the 

remaining Ca-P of the soil may be quite stable to the 

aotlon of the chamieal exuactant. _ployed in the 

estimation of available P. A .lightly higher rate of 

correlation between Ca-P aDd Bray No.2 extractable P is 

obviously due to the higher concentration of acid .. played 

1n this extractant. 

Total 1nofSJani9 pbosrhoru 

.afore incubation. .ne ~tal inorganic P content 

of the soil waa 648.96 ppm 1ft l.~rlte soll and 60'.09 ppm 

ia kari soil. which accounted to " .15 per oent aad 
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7'.1' per .... of .. wtal p. OIl iDou.INlUoa, t."... 

taCh .... w 18 .. a, pH .... ta laterl_ ItOtl aa4 96.02 

per cent la leul aoU. ftNa.n. .......... ate of i_n_ 

ia the con_ft" of .. U .. iDoqanl.a • vi.,. ti\elape. of 

t.t.e va 23.31 ......... tfh1. s.mu.... 1ft 'the _-.1 

lDOJV_la P ".. ..... ~ .,......iOll 01 oqaalo P in. 

inoXV&lllc foa a4 It vas obaenr.a ~ ........ of 

xnlne .. :a11zatloD of orgaalo P Wall rel.,.t"..l., higher til 

karl 11011 (e'.M*~) cc.pued to lauri_ 8cll (56.-'). 

In ~a1. by 1:ba a4dS;~iOft of phoapha't1e fertili ..... , 

~ere was an 1acs'eaae of 58.19 PJlIl of lDoqan18 P Oft .. 

COIl'b:Ol during the fin't pa.:104. WIwn t;he OOft~llMl'tlo. 

tl'OIIt added P was deducted" ~ 1M..... 1n the ino.I9UH 

p in 1Ule pr ... nce of addea P aoeou1:ed t:o 3.'9 pe.. ~ 

of the tokl na1d.ve inorgant.c p. on incubation, ~i ..... 

. lacr .... d llPW 10 per Mnt of the _t.t.. lDOJ:VaI\le P. 

Thi. pl\eDoIaeDOn ln41caMd 'tha" t.n t:tte presence of adde4 P, 

tbe ra.. of mineralls.t.loft of o~aaic P was tnar • ...a due 

to the enhanoed ndC.I'Obtu ."1ft.,. oc:ounlng in the 

pl'.sence of added P arut ........ ~ miel'Oble1 .. tin1:.7 

wa. moh proDOWlced ducl., the lai d.a1 perloa. of lftfNbat.loa. 

2. Availab,le phoapboEU 

Bffact.a of Yal'lous souro.. and 1 ... 1s of e.pplle4 P 

OIl the ... 11able P (Bray 1 eM 2) conten~ of the aol1 •• 



Table 17. A •• iIable P (Bray 1) a. influenced by the treatments at different periods of 
lD.C\1l')ation, ppm 

110. Notation 

1 OL 
2 RRP4SL 
J RRP90L 

4 MRP4SL 
5 MRP90L 

, S.45L 

1 &P9Ot. 

8 OK 
9 RRP4SK 

10 RRPtolC 

11 1GP45K 
12 MRP90K 

13 SP4SK 
14 SP90J( 

15 SP(45+45)L 

16 SP(45+45)K 

4.79 5.38 8.74 9.26 14.43 14.18 14.21 11.51 9.N 9.58 9.49 9.6' 9.51 
6.72 8.11 9.11 12.21 15.35 14.13 14.58 14.39 13.99 14.13 13.13 13.57 13.'. 
1.05 7.17 9.46 12.24 15.69 14.45 14.79 14.81 14 •• 4 14.'9 13.7. 13.11 13.31 
6.99 8.23 9.29 12.36 15.34 14.23 14.59 14.63 14.23 13.98 13.56 13.52 13 ••• 
1.07 8.31 9.31 12.55 15.50 15.01 1 •• -6. 14.78 14.45 14.04 13 .... 13.80 13.4' 
1.61 8.41 9.63 12.49 15.63 13.99 14.65 14.35 14.29 14.20 13.69 14.28 13.61 
7.9' 8.53 9.71 12.65 15.6. 14.06 14.76 14.56 14.36 14.16 14.13 13.S' 13.55 
3.84 5.27 8.04 10.19 11.43 11.41 11.39 11.31 11.14 10.89 10.79 10.67 10.45 
1.75 10.14 10.75 15.86 17.49 18.78 18.96 18.86 18.69 18.46 18.26 18.22 17.76 
8.13 10.22 11.25 15.79 11.77 19.49 19.15 18.75 19.17 17.99 18.33 18.17 18.13 

7.59 10.08 11.06 15.84 17.63 18.79 19.09 18.11 18.11 18.64 18.27 18.22 18.01 
8.10 10.16 12.60 15.91 17.75 18.97 19.62 18.99 18.65 18.79 18.31 18.29 18.39 

8.54 10.24 12.48 15.86 17.51 19.02 18.94 18.66 18.44 18.28 18.09 17.93 17.82 

8.89 10.39 12.72 16.21 17.37 19.59 19.03 18.66 18.46 18.35 18.16 17.75 17.81 
7.61 8.47 9.63 12.49 15.63 13.99 14.65 14.80 14.90 15.30 14.60 14.00 13.60 
8.54 10.24 12.48 15.86 17.51 19.02 18.94 20.05 20.20 20.55 20.30 18.20 18.00 

--------...---~-.. ------......... ..-.------.-.---..... ---..-.-----. ... -...-........ -.... -.. ----------------.. .........--.----.-....--_ ... _-------------
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different perioda of incubation in laterite and kari 

soi18 are given in Tabl •• 5, 6 and 17 to 20 and 'th.ir 

analysis of variance in Appendix I. 

The original content of Bray No.1 extractable P 

i. 4.79 ppm in laterite soil and 3.84 ppm in karl aoil 

and this low content of available P in these aoila 

make them to be r&1:8d under the cla.. 'lov' as per 

the so11 fertility rating norms followed by the 

80il testing laboratori.s of the state (Table 11). 

The low content of &vailable P waa mainly attributed 

to their high P flx1D; capacity. 

Even in the absence of added P, the contant. of 

available P (Bray 1 and 2) in the soil increased Oft 

incubat.ion and thi. iDcre .. e vaa more pronounced in 

laterite 80il (Table 17 and 19). In laterite so11, 

the increaa. in available P on incubation vas 9.64 and 

20.13 ppm for Bray 1 and 2 re.pectively, while it va. 

7.59 and 19.61 ppm respectively for Bray 1 and 2 in 

karl soil (Table 18 aDd 20). The increase in the 

content of available P on incubation may be due to 'the 

increased content of saloid-P and enhanced solubility 

of ~e-P and Al-P brought about by the reduction 

r.ac~ions occurring as a result of flooding. 

In addit~.on to -this proaes., 1Ilineralization of orvanic P 



Table 18. Mean values of available P (Bray 1) as influenced by sources of P, so11s and 1 ... ls 
of P application, ppm 

Period of 
incubation, 
fortnights 

o 
1 

2 

3 
4 

5 , 
1 
8 

9 

10 

11 

12 

Mean 

Sources of P Solls Levels of P20S' kg/ha 
~~----~~--~-----~~~~~~~ ~~~~~,~-----~--~~-~ ~-----~-~-------~~ Me .. 

RRP MRP SP Laterite Karl 45 90 

7.40 

9.16 
10.89 
14.05 
16.60 

16.10 

16.8' 
16.11 

16.56 

16.25 

16.03 
15.94 
15.65 

1".53 

7.43 

9.19 

10.94 
14.18 

16.54 
16.75 
16.98 

16.78 

16.33 

16.36 

15.89 
16.03 

15.76 

14.55 

8.25 

9.45 
11.15 
14.35 
16.56 

16.69 

16.8' 
16.58 

16.38 

16.23 

16.00 

15.96 

15.65 

14.62 

7.23 

8.30 

9.45 

12.65 

15.54 
14.33 
14.83 
14.60 
14.28 

14.13 

13.73 

13.83 

13.48 

12.77 

8.15 

10.22 

12.53 

15.93 
17.59 
19.10 
19.13 

18.78 

18.56 

18.43 

18.21 

18.12 

17.90 

16.36 

1.53 

9.22 

10.91 

14.12 

16.'" 
16.50 

16.82 

16.61 
16.28 

16.26 

15.90 
16.00 

15.63 

14.48 

CD(0.05> for periods • 0.829 .. II 

II II 

soils • 
soil x period • 

0.325 

1.172 

7.85 

9.30 

11.08 

1".27 

16.64 

16.93 

17.00 

16.77 

16.57 
16.30 

16.04 
15.95 
15.74 

14.65 

1." 
'.26 

10.99 

14.1' 

16.57 

1'.72 
16.91 
16.69 

16.42 
16.28 

15.97 
15.9a 
15.69 

14.57 

00 
o 



would also ha .... contrUM .. d to the pool of available P. 

The relatively higher content o~ available P in 

laterite soil was attributed to its higher content of 

total P and enhanced rate of reduction reactions 

occurring in the so11 due to it. highly oxidi.ed 

nature campared to kari so11. 

By the addition of phosphatic f.r~ili.er.. there 

was a slgnificant increase of 2.45 and 4.81 ppa of Bray 

No.1 and 2 available P in laterite 8011 and 4.33 and 

8.99 PPM available P (Bray 1 and 2) in kari soil over 

'the con~l (ao p) during 1the first period, wh:l.ch 

changed to 3.98 ppm (Bray 1) and 8.08 ppm (Bray 2) in 

lat.erite soil and 7.54 ppm (Bray 1) and 7.69 ppm 

(Bray 2) in kari soil with the advancement of period 

of incubation (Table 18 and 20). This indicated ~at 

though the transfo~atlon of added P to different 

ino~aDic fraction. has taken place 1ts contribution ~ 

the available phosphate pool is considerably low. 

In general, the peak content of available • (Bray 1 

and Bray 2) was obaerved during the • beth and sennth 

periods of incUbation and after attalninq the maxiana 

value it t.ended 1:0 decrease upto the tve-lfth fortnight. 

But the values at the twelfth period were also higher 

than the lnit.ial concentration. The linear coefficient 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 



~able 19. Available P (Bray 2) as 'influenced by the treatments at dif~er.nt period8 o~ 
incubation, ppa 

Treatment Period of lDc:ubat.ion, fortnighta .. ~ .. ---..... --.. .....-.-. ...--.~ .. ~~ ............... --------------------........ ........-. ... -...-------~---... ----.....-----------..... -... ----....-.-.-~ ....... -....,.. 
No. Rotation 

1 OL 

2 RRP4SL 

3 RRP90L 

4 MRP4SL 

5 MRP90L 

, SPCSL 

., SPtOL 
e OK 

9 RRP45K 

10 RRP90X 

11 MRP4SK 

12 MRP90K 

13 SP45K 

14 SP90l< 

15 SP(45+4S)L 

16 SP(45+45)K 

o 1 2 3 4 5 6 7 8 9 10 11 12 

15.04 16.34 24.37 27.81 35.17 29.37 30.51 35.04 29.70 29.35 29.01 28.35 28.'1 

19.14 20.87 26.85 32.94 37.61 36.05 37.36 37.45 36.85 37.05 37.05 36.61 36.32 

19.59 21.01 27.64 32.90 38.37 36.57 37.78 38.52 37.00 37.00 36.65 37.41 36.3' 

19.13 20.59 27.16 33.03 37.61 36.23 37.38 37.92 36.'5 37.35 37.10 36.89 36.31 

19.<19 21.38 27.21 33.02 37.89 36.11 37.97 39.35 37.60 36.50 36.25 31.08 36.a5 

20.<1' 21.67 27.32 33.13 39.27 35.68 37.54 37.80 37.05 36.95 37.30 36.93 36.63 

21.26 22.49 27.49 33.52 38.28 35.87 37.38 38.73 37.15 36.75 37.20 37.09 36.'1 

12.64 1'.<13 20.68 23.84 32.25 30.'2 32 •. 01 31.68 30.85 31.30 30.60 30.35 30.33 

21.06 2'.94 29.28 35.68 40.76 38.58 39.99 39.80 38.95 38.95 38.10 38.85 37.56 

21.26 25.39 29.99 35.52 41.99 39.05 40.19 39.55 39.20 39.05 38.70 38.00 37.97 

20.69 24.74 29.74 35.66 40.34 38.59 40.27 39.83 39.30 39.75 38.'0 38.60 38.20 

21.21 25.25 30.07 35.44 41.32 38.99 40.53 40.46 39.35 39.20 38.20 38.60 38.46 

22.42 25.09 29.79 35.15 40.77 30.11 39.95 39.36 38.90 38.10 38.20 38.00 37.66 

23.16 25.47 30.36 35.09 41.19 39.24 40.13 49.36 38.55 38.70 37.95 38.10 38.26 

20.46 21.67 27.32 33.13 38.27 35.68 37.54 38.18 38.45 39.70 31.80 37.61 36.77 

22.42 25.09 29.79 35.15 40.77 39.11 39.95 40.73 41.45 42.45 41.35 38.30 38.29 

-.... ~..-..-.------... .--.---------.. --.. ----.---.. ....-.----.. -----.... --------... ----.. -.... ----...... ----.. ----------.. --.--~-........ --...... 



Table 20. Mean values of available P (Bray 2) as influenced by sources of P, soils and levels 
of P application, PPM 

.... ---... -....-. ....... -....... ---...... ,... ......... .......----...... .... --.-..-.... -...... --~..,.., ... ....--....... -...... -....... ......... ---..... .-... -.-.-.-.. ~ .. ---....... --.. ---... ----
Period of sourc •• of P Solls Levels of P2OS,kg/ha 
incubatioD, ......... -.-----------~ ..... --------.... .....--.-. ... -.-... .-..-,.-.. ..---------....-. ............. -.- .. _- --........ --------- ------------ Mean 
fortnights RaP MRP SP Laterite Karl 45 90 
--~-~--~- .... -~--~~~~----~ .... -~---~--... ---------~~-----~~~-~---~--~~-~-~------~-~~~ 

0 20.26 20.14 21.84 19.86 21.63 20.50 20.99 20.75 

1 23.06 22.96 23.68 21.33 25.12 22.98 23.48 23.23 

2 28.4S 28.55 28.73 27.27 24.88 28.36 28.79 28.58 

3 34.28 34.29 34.34 33.10 35.50 34.26 34.34 '34.30 

4 39.70 39.30 39.65 38.03 41.08 39.24 39.86 39.55 

5 37.53 37.45 31.45 36.05 38.90 37.33 37.62 37.4. , 38.83 39.06 38.73 37.57 40.18 38.75 38.99 38.87 ., 38.84 39.40 38.83 38.S1 39.73 38.70 39.34 39.02 

8 38.00 38.29 37.94 37.12 39.03 38.01 38.14 38.08 

9 38.01 38.20 37.61 36.92 38.96 38.02 31.85 '7.M 
10 37.63 37.54 37.'4 36.93 38.28 37.70 31.50 37.60 

11 31.11 37.72 37.53 36.98 38.32 37.59 37.71 37.65 

12 31.06 37.34 37.08 36.42 31.90 31.08 37.23 37.16 
------... ---.---... -......-... ...... - ----... --..... ----...... -~ ............ -~---... .-, .. --.-. ... ....-.---........ ~--......... ~..-, ... -.---..... ,------.. ---......... ~-----

Mad 34.51 34.63 34.69 33.53 35.73 34.51 34.7' 34.63 

~~~~--------~-----------~------~--~--~-~--------~~~----.----~-~~-~~~---~--~-~-~~~~-~-----

CD(O.05) for periods - 1.896 

• • soils - 0.144 



of correlation (r) between available·P and period of 

'

* ** inaubation waa 0.4 4 for Bray 1 and 0.609 for Bray 2 

(Table 24). Prediction equation. were worked out 

to establish available P (Bray 1 aDd 2) at different 

perioda of incubation (x) froJR I\RP, MRP and SP 

.eparately and alao for the two aol1.. In all the 

ca8ea 'the· reaponse waa found to be quadratic. The 

equations were 

BlaY 1 P (T 1) 

1. Por so11a 

.) Lateri'te 
Y1 a 4.823 

b) Karl 

Yl a 5.29 

2. For fertilizers 

a) RRP 

+ 2.355x - O.13Sx 

2 + 3.142x - O.173x 

Y1 • 4.74 + 2.82x - O.158x2 

b) MRP 
Y1 • 4.83 + 

2 2.79b - O.156x 

c) SP 

2 

Yl a 5.627 + 2.594_ - 0.145x 2 

Ir'f a P (Y2) 

1. Por 801la 

a) Laterite 
Y,2 a 14.51 + 5.353. - 0.2'2.

2 

(1l2 .. 0.88) 

(R2 
IIJI 0.95) 

84 



Tabla 21. Interrelationships of inorganic P fractions and available P during incubation 
after the addition of RRP 

(Correlation coefficients) -.----.... --~-----... .-..-........ -......... ---..... --.... --~------... --.. ---...... .......... ---..-----------... --~-----.-----_ ...... _ .. -.... 
Saloia-P Period Pe-P Al-P Reductant OCOlu4~ Ca-P Bray 1 Bray 2 

aoluble-P P P P ..... -------.. ---_-..----.-... -....... -.. -... .......-...-..---........... -------....... ------.-.-----.-.-----~-....-.-----..• --.-.-----------.-.-
** ** .* -o.3~' ** '* ** O.,&t Saloid-P - 0.550 0.796 0.754 -0.353 0.229 0.914 

0.6'~ ** ** -0.,31 -0.23& 0 •• '; 0.611 Period -- 0.805 -0.689 

** -0.3;1 -0.41; * 0.71; o.aU Fe-P - 0.899 0.234 

Al-P - -0 •• " -0.4'! 0.16' o.sl! O.an 
Reductant 0.7'1' ** -.0.331 -G.s,a 
.o181e-P - 0.576 

0.,1. ** ** oactlude4-P - -0.281 -0.408 

* 0.2U Ca-P - 0.244 

Bray 1 P - O.an 
Bray 2 P --.. .-....... ------...... ---------------... ----------------.-...... ~.......-.... ~------------------------....... ..... ----------~--.. --

* SlpUica.n d 5 per cetlt level 

** Sl9Dl~lctmt ait 1 per cen~ laval 
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b) Kari 

Y2 - 17.14 + 5.416x - O.367x 2 

2. For fertilizers 

a) RRP 
Y2 = 15.38 + 5.496x - O.306x2 

b) MRP 

Y2 • 15.16 + 5.569x - O.309x2 (R2 = 0.93) 

c) SP 
Y2 • 16.92 + 5.088x -

2 O.283x 

Observations revealed that the concentration of 

available P in the soil was not significantly affected 

by the variations in the forms of applied P (Fig.7). 

The contents of available P (Bray 1) retained in the 

laterite soil over control when RRP, MRP and SP were 

added, were 4.58, 4.60 and 4.67 ppm respectively when 

the effects of levels and periods of incubation were 

pooled (Table 5). In kari soil, the contribution from 

RRP, MRP and SP to the available phosphate pool was 

4.84, 4.86 and 4.93 ppm respectively over control 

(Table 5). These values indicate. that whether the 

phosphatic fertilizer 1s applied as superphosphate or 

rockphosphate, its contribution to available phosphate 

pool remains to be the same. 

When the level of P application was at the rate 

of 45 kg P205/ha, only 4.68 ppm P was recovered as 
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Table 22. Interrelationships of inorganic P fractions ~nd available P during incubation 
after the addition of MRP 

(Correlation coefficients) 
----.-.-,-~ .. ~ .................. -----------.....~---. .. - ..... -.--------........ ------~----... ---~--... -----.... -----~----... ~--

Saloi4-P Period Pe-P Al-P Reductant Occlu4e4- Ca-P Bray 1 Bray 2 
801ubl_P P P P --------..,...----... -.--...-.--.. --.-...--.---... ~--...-.-.... -.-.-------------------.-.----.......-.-.-. ..... -.-..-.....-.......... -----.. -----

Saloid-P - 0.5" 
Period --
.i'e-P 

Al-P 

Reductant 
aoluble-P 

Occluded-P 

Ca-P 

Bra.y 1 P 

Bray 2 P 

** 0 • .,11 ** -0.3" 0.801 -0.323 

o.61J ** 0.799 -0.6'& -0.113 

0 •• &; **' ** - -0.401 -0."84 

- -0.,,1; -0 •• '6 
-- 0 • .,&& 

-

* Significant at 5 per cent level 
** Significant at 1 per cent level 

* o.93! 0.9~3 0.214 

* 0.4" O.6t! -0.235 

* 0 • .,11 0.811 0.218 

0.172 ** 0.682 o.at; 

o.sl! -a.2It ** -0.322 

** -o.21! ** 0.435 -0.401 

- O.23! 0.2S! 
** -- 0.905 

-



Table 23. Interrelationships of inorganic: P fractions and available P during incubation 
after the addition of SP 

(Correlation co.ff1cien~) -....... -... -----------... -.... --.......-.-.. .......----........... -------... ~ .. ~--.... ~-..------------------. ... ----... ---.-.--... - ........... _ ........ ...---. 
Salold-P Perlod 'e-P Al-.P Reductant OCCluded- Ca-P Bray 1 Bray 2 

soluble-P P P P --...... ---... .. --...-.-.. ... --.---......... ---.... - ..... ~-----..-.-.. -.. ----.-~----......... -----......... -----------..... --------.. -~ 
Salold-P - o.4~1 0.721 0.611 -0.107 -0.211 0.3a; o.8~1 ** 0.844 

O.6!~ 0.'&; -o.6~A ** • ** o.sA Perlod - -0.693 -0.230 0.464 

** ** -o •• !1 ** 0.,11 o.all Pa-P - 0.902 -0.305 0.265 

Al-P - .... )11 -0 •• 11 * ** .* 0.236 0.685 0.819 
Reductant. 0.7gS 0.533 -0.231 

.. 
aolUble-P - -0.246 

Occludecl-P * -0.2'& -0.3tl - 0.451 

Ca-P -- O.2S! 0.33' 
Bray 1 P - o.e;' 
Bray 2 P -
---~~-------~--~-~--~-~-~---~----~---------~~~-~--~-~----~----~~--~-~-----~--~-~~-~ 

* Significant at 5 per eent 1e .. 1 

** S ign1ficant at 1 per cent level 

00 
CO 



aval1able P (Bray 1) u4 wMa .... I'a_ of applicatloa 

"u lac ........ f .... 5 _ to " _ Pt0r/l'a. 1:he 

a44f.~ioaa1 laorea .. la idle .. allable P neove .... v •• 

pr~oa11y all (0.11 ppa) (Tabl. 18). In tenerel. 

tiae s.acn_ 1ft ~ level of applleat101l of P iacZ' .... 4 

__ ... 1101a P (Brey 1) OOIl~. f ..... 12.21 ., 12.6' ppa 

1ft la.rlw .oil and f..- 12.85 .., 16_44 ppIIl 1n Jeui 

8011 ('rule 6). Thls abow. the" 1a the acf.4 8011. 

under st.114y UCSar ......... 00Dd11d.oa. only a .,uaa't 

1 ... 1 of P out. of the P a44ecl Oaft be reuf.ae4 in 

naUabla fom ane! ftlr\'baJ:: laere ... 11l tile I'a" of 

appliaaUoD renl ta 1ft .,. ~t.t.c.D of P in *e 

un ... ll.,l. pool ill .. 8011. 

IaS!R!llVWb&R' "_ YK!op yonll&! f£MSloB. 

$If _PM'" I!A biE SAl,,","'. SO 'D,l!bll 
abPUbPw 

The d1~ aDd ladi .... effeau of vulGUS 

iDOrganla fract,loDs of P Oil ... llable P (SS'&], 1 and I) 

fJ:'Oll\ UP, MRP and SP wer. bnaght. ft" by 'the path . 

&Del1'818. Patib analysi. abGwe4 t:ba" aal01d-P, P_P, 

Al-P aaa Ca-'" were correlated vlltb ... amount. of 

pbospha. extJ:acQd b.r Bray 1 aa4 2 exuaounu UDder 

wat.eJ:'l099ed ooad1 t1o_ ('1abl_ 25 • a8). 



Table 24. Interrelationships of inorganic P fractions and available P during incubation 
after the addition of different P fertl1izere 

(Correlation coafficients) 

Salold-P Period re-p Al-P Reductant OCCluded- Ca-P Bray 1 Bray 2 
solubl_P P p p 

----.. -..... ------.. -------------~ ... ~----~----....-----................... ------.. --.....------..... ---.. ---------... -----.--
** Saloid-P - 0.509 

Period -
:re-P 

Al-P 
Re4uc~t 
.01u1 .... 

oaclu4ed-P 

Ca ... 

Bray 1 p 

Bray 2 P 

0 .. 7'2 *. * -o.3t; 0.131 -0.24' 
O.,a; ** 0.789 -o.dt -0.78' 

o.9~i -0.3&& ** - -0.455 

- -O."a, -o.41~ 

-- 0.7&1 

-

* Significant at S per cent leYel 
** Significant at 1 per cent l8Y8l 

0.2'1 o.aa, o.alt 
-0.231 O.4n 0.6'3; 
0.~3; 0.11t o.al; 
0.193 o.d! 0 •• 13 
o.sl! -0.2" -o.,t3 
O.,,!t ** -O.3.a -0.269 

-- 0.241 o.21t 
- o.a;; 

-
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'1be •• ,d._ oornlat.loa ..,.... for a.al1ab1. P 

(Bray 1 and 2) wen obtaiDM with .aloid-P in all ~ 

three .ounea lr .. 88pec1Uve of 'their "a.r solubl.ll"F. 

The pa~ coefficient analysis (Tabl. 28) nveale4 

that. the aaloS.4-P bad ~ posl_l". dlreet. effec. 
". 

aD ... llable P (0.151 and 0.513 for Bray 1 and sray 2 

respect.l .. 1!'). The 4i ..... ffect. of aalold-P on 

Bray 1 P " .. 0.839 .. 0.1,.. 0.106 for RRP. MaP end SP 

rupeet.i".1,. (Tabl.. 25 ~ 27). Ap~ frOJll the 

hlgh1y 8iqaiftcant poatt.l .. 4ireot effect.. salo1d-P 

1acr ..... iSM ... U_le P by 1u indirect poslt1 .. 

efleet 'tJu:ough Fe-P. AI... ara4 Ca-P. 'rh... weJ:e 

fv.nher oollflJ:ln8d by the ht.9l'aer postU". yalues of 

linear coeffiotut. of .eornl.Ucm of salold-P with 

...... (0.1Ii. o •• a, aa4 0_,1& for RaP. MRP and SP 

napeGt.iftly) 8ft4 Al..p (0. ,n. 0.,11 ud 0.,31 for 
, 

RRP. MRP aa4 SP r .. pecaU .. l!'). The navat.i" 

oorza1at,loD of aalold-P wi~ redQctaDt soluble and 

OGCll&d.ed-P lDrilC.UIUS that. .. increase in .al014-P 

is alao clue to a deGn_ 1D red\lc .. " soluble and 

oocluded. fo .. of P ... reault. of reducti.on conseqaat. 

'to iDcnabaUOIl. The highly alplf lcant. total con.l.t.loa 

of aaloid-P w1~ a._lIable P emphasi ••• 1ta role in 

de._ini .. 'the .".11._10 P (BA.J' 1 an4 2). Saloi4-P 



Table 25. Path coefficient aaalysis shoving direct and indirect effect of inorguic P 
fraction and period of incubation OD a •• llable P from RaP 

.... --------,..--_.......... - ._-------_ .. _-_ ...... - .............. _--.-.....-.-.-.-.. __ .• -.-.-~----------------............... ~.-....-.--.--~~ 
Salold- Period of J'a-P Al-P Reductant Occluded- Ca-P Total R_t41la1 

p tllCUbat101l aoI.uble-P P correlation effeeR 
coef~lc1_ts 

~~.......-... ---~--........ -----... -.....-.-..---........- .......... -... -.. -.. -.. --.... --~ ... ------------...--~ ............. .....-.-.----- -.................. _--.. -

8a101d-. 0,839 

Period of 0."2 
lDcn1batioD 

0.'61 
0.633 

aedue~aDt -0.275 
801ule-P 

OOCluded-P -0.305 
0.193 

Salo14-P 0,552 

.ertod of 0.304 
lacuba t.iOD 

0.'39 

0.'17 

0.031 

0,056 

0.038 

0.0.&5 

-0,039 

.... 039 

-0.013 

0.041 

2,01. 

0.049 

0.059 

Bray 1 

O.OSl -0.212 -0.063 0.012 0.91' 0.255 

0.211 0.106 -0.226 -0.123 -0.013 0.479 

0 • .", 

0 •• 5 

0.321 -0.252 
0.288 -(1.281 

0.061 -0.07' 

0.012 -0.081 

.0.12S 

...... 1., 
0.0'75 

0.131 .0.154 

0.132 -0.117 

-0.048 -0.089 

Bray 2 
0.Oa9 0.036 

0.131 

1,113 
0.0'71 

O.OM 

0.013 

0.009 

0.031 .... 102 

0.023 ·-0.281 

G,ost 0.2U 

0.004 0,901 0.196 

0.16' 

0.24'7 

0.222 

0.031 0.076 0.012 -0.043 0.619 

0,864 

0.825 
0.04' 
0.051 

0.008 

0.008 

0.04-2 

0.031 

Jteductut. soluble.. -0.181 -0,051 .0.09. -0.018 -q,109 -0.013 0.104 -0.36' 

0.015 -0.40. 

8,180 0.284 
OCcluded-P -0.201 
Ca-P 0.127 

-0.OS2 -0.113 

-0.011 0.058 
-0.018 -0.083 

0.006 .0.063 

.0,016 

.0.001 

0,371 

0.'38 



~{~, 8 PATH DIAGRAM - DIREC'r AND INDIRECT E.FI=E.CTS Or=­

INORGANIC P FRAC"TIONS ON AVAILAB1..E 

'P (BRAY") !=ROM RRP 

0.37.& 

y = AVA1\..AJa"-E P )(04 ~ .At _ P 

)(, '" -= ....... O,1:).p lc • • Ra"DUCTANT .Ol-vaLIt P 

Xli = PK.kIOO" 0"," IN.CU BATION )(6 • O~c.L.UD.O P 

)< 3 r F""E..P )t 7' :0 c::., .F" 
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••• whole vu axv ..... 4urlag the .. "tan.tiOD of 

.ftl1abl. P, whtl. only • frao~loD of other inorvanic 

forms was extracted dUring e.~~tlOD. This explalna 

the higher correlati()l'l value. obt.al~ between aaloi4-P 

and aval1able P, 'though 1u conaenU'atlon 1n the soU 

was relatively low as compa.-d to the concentration 

of other f~eotlona. 

The contribution of Fe-P to deCiding the 

avallable P (Bray 1 u4 2) was mainly due to its 

1ndirect positive eff'" through aalold-P (0.667, 

0.613, 0.511 for Bray 1 P fram RRP, MRP and S2 

r.apecU vely) • The 41.1'.0", effect of I'e-P on 

available P was also h1gh (0.380. 0.110 for Bray 1 

aDd BJ:ay 2 respect1 .. 1,.). 'the lndlftCt: effeot of 

I'a-P 1:hrough nduc1lant soluble l? and f)CCluded-.Pwere 

n0981:.1". (Tsblu 25 to 28). The l'ulat.1vely higher 

c:orralation baween Pe-!' and At.... (0.9&1) nay be due 

to their lnta~nvoralon. 

The direct effect: of Ca-P in 1ncreas1ng' the 

avallabl" P (Bray 1) was relat.i"roly low canpaJ'!'ed to 

salo1d-P. Fe-P and U-p. Also lrreapactlVfl ot-the 

fODNI of addad P, the total eontr1bUtion of Ca-P to 

available P (aray 1 and 2) was less aa revealed. by 

the correla.lon coefficients. It va. •• en t;bat the 

c.tf.1"ee't effeat of Ca-P va. hlgh to ... Bray 2 P (0.126) 



~abl. 26. Path coefficlent analysi. sbowing dl~ aDd lDdi~ effect of iaorqaDlc P 
fraction and period of lncGbatioD OR a •• llable P f~ MaP 

~ ___ ..... __ I •• rp. _ .. ,. ...... _ .. -. _____ ...... -- . ... _----- ............. ----.. ---~----~.-.. .... -..•... --... ..-..-.. ... -., .... ~ ..... 
3a1014- Period of 1' .... Al-P Reductant OCCl:w1e4- Ca-P '.rotal R_ltblal 

P lDCUbatioa soluble-P P cornlatioD effect 
c:oef11c1en-ta .......................... _-----,...-.. _- .... ----- ... -.,.-... -----... ~ ............... .-.-... -.... .. ~ ....... -.-~ ................. ...-...-~.....--~~ ... - .,---.... 

Irv 1 , 
Salold-P °la!! 0.020 G.293 0.047 -0.220 -0.01' 0.001 0.'02 
PeriOd of 0 •• 81 9.035 0.248 0.098 -0.229 -0.14' -0.001 0.". incubation 
Pe-P 0 •• ,3 0.02. O.H.!. -0.261 0.059 -0.099 0.001 0.'" 
At-. 0.638 0.028 0.331 -o.asa 0.064 -G.G97 0.005 0 •• 2 0.3'''' 
,eductant -0.269 -0.023 -0.146 0.126 -0,1.' 0.156 0.019 -0.2M aolubl.·. 

OOclu4ad-P -o.S21 .0.025 -0.176 0.13'7 -0.112 0.204 •• 014 -0.282 

Ca ... 0.1" .0.008 0.019 -0.049 .... 085 0.089 0.0'2 0.235 

BrlZ t 
Saloid-P 1.586 0.042 0.23. 0.003 0.012 0.003 0.029 0.909 

.. nod of 0.33. o 01. 0.19. 0.004 0.025 0.006 -0.032 0.612 lD<N.batloD t . 

h-P 0 •• ,2 0.050 0,289 0.004 0.015 O.OM 0.029 0.865 
., 

Al-P 0 .... 0.OS9 0.262 O.OO-t 0.017 0.004 0.023 0.819 0.33. 

Reduc'taD't -0.189 -0.049 -0.116 -0.002 -0,038 0.007 0.019 -0.322 
aolule"" 

Occlu4ed-P -0.221 -0.053 -0.140 -0.002 -0.021 -0.009 0.591 -0 •• 01 

Ca-P 0.126 -0.017 0.063 o.ooa -0.022 -O.OQ4. 2.1)6 0.282 
~~_~ __ ~_ 1M • __ .~ ___ .~~~ __ ~_ .. --...-... --~---..-.. ............. -........ -------........ -........ ---.. ....---.... --....... -------............ --.. .-.-.---

(.0 

~ 
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e0apue4 to Bray 1 P (O.OM). This ls due to the 

h19be~ GODG8I1t.1'a,loll of .. ld ill ~ Bl'ay a ..vacua" 

which can extrao ... aon c.-P GC*pare4 _ Bray 1 

Higher correl.'io. of Al-P with a.ailable ~ vas 

aa1al.y clue \;0 1u .,.,.1-' .. ladlr-=- effect oa 

lncre.-inQ 'Che salol4-P. Th1. va. ~r OODfime4 

})y the hightu: value. of 1i.lleu: ao:nelat-ion coefflele.u 

batweeft salold-P and AI... (0. in. o. 7~1 &Dei 0.61& foJ:' 

RaP, MRP and s., J: .. pect.lvely). 

Both re4uciaftt. .01ub1e and oacl\lCie4-p coui:.ribt&te 

lltUe to the pool 0' avallable P, N&1nly d\i8 '~ t:heiJ:' 

lnd~ oega,i" affec' OIl 0 ..... 1: iDbJ:'9aDie ;fr.o'lOM. 

This was &9aln pr:oved by t.be aeg •• lve corhlation 

values obM1na4 b ....... ftJCiucnaat. solubl_P G4 

oecl'Wled.-P w1~ • __ r '&'IlG1d.oma. 

Th. influence of ..... or pIIz-iod of incnwat.ion Oft 

avallable P and iDO~ .. io f~o.s was alao brouqht. 

out 'by 'the patm anal,.l.. XJ:'n.pec'Cive of tbe iODl8 

of P a<l4ed to 'the 8011. t. .... ..,.. poaltively currela'*' 

wl~ availab18 P (Bray 1 aad 2). This po8i:ci.ve 

correlation of period of ~Uo. wl~ Available , 

was .. iDly at.u1bt.l1:Ald '" 1-. i.Jkiincri:. pealt.1ft effectt 

on a.lold-P and Fa-P. Ll .... ooefflcleat of 

corral.t.loD N'ftaled t:hat. __ c.-p. re4Uctaat. .olub1 .... 



-rable 27. Pa1:h coefficient aDal.yab ahowiDg dl~ aDd iDdirec~ effect <d lDozvaala P 
fractioa aJl4 period. of lncnabatloa 011 .... Uabl. P ~roa SP 

Saloi4- P.riod of .... Al-P Redua~D~ Occludsd- Ca-. To~l a •• 14ua1 
P lQGUbatlon soltible-P P oorrelation .~fect 

aoefflcienu 1If- ______ .......... ____ .... _.........- ........... ~ _______ .. _ ....... ______ .., .............. ~ ... _ -- __ .--...~.-.-- _,.a. ........... ~.........-..-. 

Salol4-P O,7U 
Period of 0.287 
lacabaU,on 

0.511 

0.'S3 
aadue_aB~ 
aoluble-P -0.752 

OGcluded-P -0.149 

~ 0.27. 

Salold-P 

PeriOd of 0.192 
iDchIbat1cm 
Pe-P 

Al-P 
Reductant 
so luble-P 

0.142 

0.323 

-0.050 

Oocluded-P .0.100 
Ca-P 0.lS4 

0.281 

•• 258 

Bray 1 

0.018 -0.096 -0.048 -0.032 

(I.loa -0.101 -0.157 •• 019 

0.023 

0,051 

0.017 

0.043 
0,316 -0.126 

0.357 -0,142 
0.052 -0.097 -0.022 
0.055 -0.0'3 -0.020 

-0.036 -0.121 

-0.039 -0.168 
-0.013 0.105 

0.055 

!b&35 

0.088 

0.103 

-0.085 

0.250 

0.a25 

0.34, 
0.311 

-O.lOS 

-0.009 -0.14' 

-0.031 0.091 

0.045 

0.058 

-0,031 

~,ln 

-0.1)1 

-0.101 

0.17. 

9,221 
0.102 

Brg 2 
0.043 0.00. -0.083 

0.0'. 
0.056 

0.062 

-0.020 

-o.02a 
e.015 

0.010 -0.006 

0.011 -0.006 

-0.033 - .. 
-0.025 

-0.01' 

0.113 

0.015 

0.007 

-0.04' 

-0.373 

-0,821 

0.02" 

0.016 
0.014 

0.01' 

0.02. 

q,,06J. 

0.81' 

0 •• '" 

0.711 

0.A5 

-0.2" 

-0.148 
•• 251 

0 .... ' 

0.516 

0.8S1 
0.81t 

-0.2.' 
-0., •• 
0.)07 

.... 5' 

0.395 

.... _- -----------_ .. -.-'----------_ ... ----,--....-.. --~--.. -----...,~ .................... -.. --..... ~......--. ........ ---.......... ,-.. -- .. -~ .. -----
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INORGANIC P FRACTIONS ON AVAILABLE.. 

P(SRAYI) FROM SP 
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~abl. 28. Path ~ficl.nt analysis sbowinq dl.reet and Indirect ef:fect. of lnorv_~c P 
fraction and period of incubation on available P fr~ dif£arent sourc.. o~ P 

~--... ...-....-...... --- ... -......... -----.-..--... ........... .....--....... ..-..-......-.-............. -................. ...----------.. -------... -.. --.. ---....... ~~-.~ 
8&1014- Period 01 l'e-P Al-P Reductant Occludod- Ca-P Total ••• 1Cbu1l 

p tnaubatioD. solllble-P P correlation" .:ffeet 
coe~fic:1eDts • ___ ... ____ ........... __ •• __ ~ ...................... __ - .. __ ~ ............ .......,_ ....... ~_ ... _ ... _____________ ......... ~ ___ ~ .. _ tl. lid .. ~ ___ ~~ ___ .... _ 

8uol4-P 

Period of 
incubation 

Fe-P 

AI-P 

0.757 

0.385 

0.504 

-0.553 

Redu.ctaa't 
solUble-P -0.18S 

0ee1.1Ide4-P -0.2.2 
Ca-P •• 210 

SalolW 

Period 01 
incubation 
Pe-p 

Al-P 

'.513 

0.261 

0.3'6 
0.375 

Reducttan't 
soluble-P -0.128 

Occlude4-P -G.164 

Ca-P 0.1"1 

0.025 

0.050 

0.033 

0.039 

-0.033 

-0.015 

-0.012 

0.050 

$l.098 

0.065 
0.077 

0.294 

0.255 

0,380 

0.293 

-0.1..," 

-0.11' 
0.091 

0.2M 

0.201 

0.310 ._ ..... 
0.2~9 

-8.065 -G.lll 

-0.070 -0.141 

-O.G23 0.0'1. 

Bray 1 

0.036 

0.102 

.0.206 

.0,221 

0.093 

-0.167 

.... 0.180 

e.057 
0.063 

-0.155 

0.103 -0.118 
-O.OU -0.~0 

~£aI .2 
0.028 0.015 

0.035 

O,03E! 

-0.016 

-0.011 

0.001 

0.039 

0.022 

0.024 

-0.059 t , 

-0.045 

.0.034 

-O.Q62 

-G.137 

-6.030 
-0.088 

0.001 

0.003 

0.002 
0.002 

-0.522 

.0.005 
1 

-0.190 

0.001 

0.001 

0.001 

0.002 

0.002 

0.004 

0.035 

-0.029 

0 .. 030 

0.024 

0.013 

0.055 

0.126 

0.887 

0.47' 

0.161 

0.683 

-0.272 

-0.26' 

0.2'" 

0.881 

0.$0' 

0.859 

0.820 

-0.310 

-0.386 

0.:91 

1.423 

0.36. 
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and oec1uded-P qradlaally Uld progn."iftly 4ecrea ... 

wl'th the lapae of tt... "'1s pMftOIfteJlOft aga1ft 

indicated that. ~h tin. P was added as Ca-l',. the 

eon'trlbu1d.oft ot Ca"'P ~ the available pbospha'te 

pool ~laa eOl18t.det'ably le.8 w!.~ the advancamen-e of 

time b~ause of its Uanefomatlon to other foms. 

The e:':ten1: of oonuUNt1on of various inorganic 

fraa~lona ~ available P ~ the same 1n _11 the 

three forms of fert111 .... s added to the sot1 as 

revealed by their petit analysis. This indlcatad 

that the tranafomaUon of RRP. MRP and SP was s1milu 

1n the two acid solIs. ~qh SP c~n.ained P in a 

water soluble fame Thus 11! was confirmed 'hs.t. ~ 

water solUbillty of P in the ad4ed material va. not 

a critical factor 1ft deciding the var1~~ inorganic 

fractions and avallable II' coll'ten~ cf the acid sC"11s 

taken for the studf. 

Prediction equations wan ~rr! vad at 'to ~81:1ma_ 

the available P from dlff.",,~ P fv,urel98 based on 

the cont.2nte of various lno.rva.nf.~ p fraetlonSl a.t".\d 

period of incubation. ~ equ~tlons ar~ 9~3aented 

below. 



1. 1'..- JlRP 

.) a .. ay 1 • tr'l) 

Y1 -A.741 + 1 •• ''-1 + O.0I2~ + '."lKs -
O.04~ • .... ".. + 0.0,s.. + 0.01.., 

(Ill • 0.8') 

.,) any I P tr 2' 

Ya - ,.,.1 + , •• ~ + '.1.~ + O.O&S-, + 

o.oot., - o.OI6xs - O.013X, .~ 0.116., 

(R2 .. 0.89) 

2. F .r:OIn MRP 

a) Ural' 1 P (Y1) 

'Xl 1:1; 3.1137 of· 5.50-.,. ... O.031~ + 0.OJ7-, -

0.042-. - o.062xs + O.081x, ~ O.0116x, 

(a2 =: 0.84) 

, 

Ya • 0.422 + '."lx1 + O.l44XJ + 0.053-, + 

3. 1'.-. BP 

O.0009x. - 0.030., - O.001x, + O.087x, 
:2 (R • 0.89) 

a) Bray 1 P (Y1) 

Y1 - -1.612 + •• ~ - '.022~ + o.oa'-3 + 

O.OOJ~ - 0.01'-5 + 0.08'-. - O.OI.x, 

(R2 .. 0.80) 

99 



b) Bray 2 P (Y2) 

Y2 = -2.339 + S.434x1 • O.317x2 + O.066~ -

O.004x4 - O.024xS + O.018X6 + O.042x7 

Saloid-P 

Period of incubation 

Fe-P 

Al-p 

Reductant solub1e-P 

Occluded-P 

Ca-P 

(R2 _ 0.84) 

The various inorganic fractions of P along with 

the Period of incUbation contributed to more than 80 

per cent of the variability in available P during 

incubation. Direct and indrect effects of various 

inorganic P fractiOfts on available P (Bray 1) from 

RRi-. MRP and SP are represented in Fig. 8,9 and 10 

respctive1y. 

Effect of continuous application of phosphorus a, 

superphosphate 

lUV 

Two treatments (TiS and T16) were incorporated to 

study the effect of a single application of rockphosphate 

in comparison with the continuous application of P as 

SF, on the transformation of inorganic P in soil, 
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the second application being done 90 days after the first 

application. Observations revealed that the increase 

in the content of various inorganic fractions and 

available P by the application of 90 kg P20glha as 

SP twice in two equal doses was not conspicuous 

compared to the intial and single application of the 

same quantity of P as rockphosphates and SP. 

This showed that the effect of two rockphosphates 

was comparable with that of superphosphate in the 
<: 

acid soils aeleted for the study and the 

transformations were comparable whether the phosphatic 

fertilizers were applied in a single dose initially 

or in two doses. 



102 

A potcul tuft expe.riJaent was condu'-d 1n order to 

assess ~e dire .. aad xe.ldual effect of rockpbosphate8 

(RRP and MRP) 1n ..... 1.on wi'th i:be waar soluble 

superphosphate (ap) 1n laterite and kari soils of 

Kerala. The same two 8011s used in the incubation 

atudy were used for the potcul ture experiment.. 

Phosphatlc fe~11izers were applied at two 1 ... 1. (45 

and 90 k9 pz0s/ha) and application. of N and K were 

done u.nifomUy in all the 'treatments. 5011 and plant. 

samples were drawn regularly a1:. 15 days in1:erval to 

study the release of P from the phosphatic fert.ilizers 

and the uptake of aajo.J:' nutrients. 'lbe residual effact. 

of rockphosphates. was a ••• s.ed by conti.nulnq the 

experiment for the seooDd season without the applicatioa 

of P fertilizers. HoweYer, the la8t two treatments 

(T 15 and T 1') reCelved sp both in the first and 8econd 

crop aea80ns at t.lte rate of 45 kV p 20S/ha 1n order to 

compare the residUal .ffect of rockpbosphatea applied 

once with that of SP ~pl1ad twice. 

1. Nutrient uptake 

1.1 Nitrogen 

A. "Ilns eroR 

1.1.1 Nitrogen per cent of straw and root 



Table 29. M1 trogen per cent of straw and root as influenced by the treatments at dUferent 
periods of crop growth (:first crop) 

... ----~-...... -...-................. -----......... -~------.......... ----...... -...-............. -........... --...... --..... --.... -----------~--~-... -...... ---~ ....... 
Treatment H% of straw at. different perioda# M% of root at d1fferant per1oda# 

____ ~~~____ ~ ___ ~_~~ __ ~~i~~~~~~_~~~~ ___ .. ___ ................. !2!~!i~~ . --.. .....-.-.-........ ~ 
No • Notation 1 2 J 4- 5 6 1 2 , 4 5 6 
.-..-.... --...-...-...... -......... -......... ------.... -~ ... -----------------,....-..-.-. ... -.. .-........-.------........ -.. .....-.... -.. ---..---~----.. _----_ .... _ ... _--

1 OL 1.89 3.15 2.73 2.52 1.05 0.55 1.68 2.31 1.85 1.52 0.51 0.29 

2 RRP45L 1.19 2.06 2.90 2.35 1.14 0.55 1.89 2.56 2.06 1.73 0.51 0." 
3 RRP90L 2.19 3.45 3.11 2.31 1.14 0.51 1.98 2.77 2.19 1.85 0.59 0.'0 

4 MRP45L 1.85 3.11 3.03 2.27 1.22 0.46 1.6S 2.36 1.93 1.64 0.48 0.S4 
5 HRPtOL 2.02 3.36 3.53 2.26 1.31 0.55 1.81 2.73 2.10 1.93 0.53 0.'6 , SP45L 2.10 3.45 3.19 2.44 1.22 0." 1.71 2.61 1.9. 1.85 0.57 0.3. 
7 SP90L 2.19 3.53 3.03 2.S1 1.22 0.55 1.81 2.85 2.06 1.85 0.55 0.38 

• OK 1.73 2.65 2.31 2.06 1.14 0.21 0.84 1.81 1.68 1.47 0.42 0.27 

9 RRP4SK 1.93 3.45 3.11 2.52 1.31 0.40 1.31 2.02 1.77 1.56 0.53 0.35 
10 RRP90K 1.93 3.70 3.28 2.65 1.47 0.46 1.47 2.06 1.85 1.56 0.53 0.34 

11 MRP45K 1.94 3.65 3.36 2.39 1.47 0.44 1.30 2.02 1.77 1.56 0.48 0.27 

12 MRP90K 1.93 3.53 3.24 2.94 1.39 0.46 1.39 2.06 1.73 1.56 0.55 0.32 

13 SP45K 2.02 3.84 3.49 2.86 1.47 0.55 1.35 2.02 1.81 1.56 0.55 0.32 

14 SP90K 2.10 3.95 3.36 2.90 1.58 0.63 1.43 2.10 1.85 1.60 0.55 0.34 

--....--.... ---... -............ -.. --...-.....-.. ---... ~--......... --.-.--... .-.-...-........... -----....-....---... -----... --------------------------..... -... ~ 

~ 

0 
c:...: 



Ta))le 30. MeaD values o~ Dltrogen per cent of straw and root .s influenced by 
sources of P, soils and levels of P application (first crop) 

... .-~~ ...... -....... -----.. .... --~ .... -----... --.. -----...-........ ~ ......... -----... -.-. ... ~ ........... -..... --.. .-.--.... --.-,..-......... -.-.-.._-.. -
Perioda of Source. of P Salls Levels of P20S" 
crop growth, ~-~~~~-~~-~-~~~-.. - ---~~~--~-~-~ ~~---~--~~~- • Mean fortnights 

RRP MRP SP Laterite Karl 4S 90 
~--------......... ----.... ............. -...... -.........,....,-...... ----------............. --.. ---... ----.. --.-..-~---........ ---... ~--..~-----.....--

!! of straw 
1 2.041 1.931 2.100 2.075 1.'73 1.9S8 2.060 2.024 

2 3.465 3.411 3.690 3.360 3.680 3.440 3.610 3.520 

3 1.0'8 3.160 3.270 3.050 3.310 3.150 3.200 3.180 
4 2.457 2.460 2.630 2.320 2.710 2.450 2.:)80 2.520 

5 1.261 1.350 1.370 1.205 1.450 1.280 1.380 1.310 , 0.'77 0.477 0.5'6 0.511 0.490 0.466 0.535 0.500 

Me .. 2.133 2.132 2.267 2.087 2.269 2.129 2.228 2.179 
• gf roo, 

1 1."0 1.540 1.590 1.820 0.173 1.5'7 1.645 1.597 

2 2.351 2.290 2.350 2.'10 2.040 2.254 2.400 2.328 

S 1.NO 1.880 1.920 2.050 1.790 1.875 1.9" 1.921 

4 1.670 1.670 1.'710 0.806 1.560 1.639 1.729 1.684 

5 0.535 0.509 0.554 0.536 0.529 0.507 0.558 0.533 

• 0.358 0.321 0.354 0.37'=> 0.319 0.333 0.355 0.345 

Mean 1.423 1.369 1.412 1.532 1.270 1.359 1.442 1.401 ---............. -... ~---------....-..... ---..-.....---.......-.-.....-....-... --.... ---...... -.....-.-~ ... -~-........ ~ ...... -.... -.--.--... ---.. .-......... 
1m of straw 1t% of roo~ 

CD(O.05) for periods - 0.2680 CD(O.05) for periods - 0.2080 
~ 

0 
~ 
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Re8U2t8 on the efleo, of yariOU8 sauroe. and 

lavel. of applied P on » per c.n~ of .~raw and roo. 

at different qro~ stage. 1n laterite and kart 8011. 

ue presented in Tables 29 to 32 and 1lhelr analyst. of 

variance in Appendtx II. 

Both in the presence and ab •• noa of added P, 

levels of N tn the straw and root were maximuM during 

'the second period which represented the max1Jmaft 

tillering stage of rice plant (Table 2t>. Durtng tId .• 

period, the rate of growth lIaa R\Ore as revealed by the 
I 

tnorea.e in the straw yield, co.pared to other stag •• 

which leads to the lIlaxianlm abaorpt1on of nutr1enta 

l1ke N. I'rom third period onwards, the leval of N 

tended to decrea... This decrea.e is due to th. 

increase in the dry mattar production with 1 ••• vlgoxoua 

nu~ient absorption r ... ltlDg 1n the dilution of nu~l.Dt 

concentration. The N par cent of th. straw and root 

during the first period showed maxtmu. correlation 

er • 0.513) COI8pare4 to o'theJ: periods. 

In the absence of ad4ed P, 'the mean N per cent of 

the straw and root was 1.981 and 1.'60 respectively ta 

laterite soil and 1.680 and 1.080 respectively in 

kart sotl (Table 32). By tha add1tion of phosphaUc 

fert11tzers, these valu •• wera lncra.sed to 2.017 and 

1.532 per cent for straw and root re.pectively 18 



106 

Table 31. Mean value. of per cent of nutrients, nutrient 
uptake and a.aiiable P aa influenced by levels 
of P application (first crop) 

.............. ---~ ...... -.... ....-..... .. -----.-----.... .--.....-.-.---.......,.....~-...... -------.. ----

45 
90 

45 
90 

2.040 2.220 N% of straw 
2.130 2.320 

1.480 1.240 H% of root 
1.580 1.300 

source. of P ............. -.. ........... _ ..... _-_ .... 
RaP MRP SP 

2.070 2.060 2.250 
2.190 2.190 2.280 

1.380 1.310 1.400 
1.470 1.430 1.430 

45 0.710 0.730 N uptake by 0.680 0.670 0.800 
90 0.760 0.840 straw, V/pot 0.780 0.760 0.860 

45 
90 

45 
90 

0.086 0.086 P% of straw 
0.106 0.089 

0.025 0.033 P% of root 
0.029 0.034 

0.085 0.011 0.085 
0.0.' 0.088 1.250 

, 
0.026 0.028 0.032 
0.031 0.031 0.033 

45 35.83 35.51 P uptake by 35.41 34.16 37.44 
90 36.67 40.99 straw, at/pot 39.08 35.15 42.26 

45 
90 

45 
90 

2.170 2.840 ~ of straw 
2.220 2.910 

1.440 1.610 K% of root 
1.490 1.660 

2.440 2.440 2.640 
2.520 2.480 2.680 

1.520 1.510 1.540 
1.580 1.570 1.510 

45 0.776 0.010 X uptake by 0.862 0.836 0.987 
90 0.826 1.150 straw, 9/pot 0.977 0.910 1.070 

45 38.05 36.94 SUaw yield, 36.96 36.17 39.36, 
90 39.71 40.75 9/PO~ 40.63 38.41 41.66 

45 4.990 4.010 A.ailable P 4.070 4.430 4.990 
90 5.690 5.710 (Bray 1), ppm 4.960 5.020 5.810 

45 13.16 15.98 A •• llable P 14.15 14.09 15.47 
90 13.96 17.62 (Bray 2), ppm 15.29 15.22 16.87 

~ ..... ~--.---------.. -.... ~ .. --....... --....... ---....... -. .. --......... ----. ..... -----.. -................. 
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Table 32. Mean values of per cent of nutrients, Il1Itrient 
uptake straw yield and ayailable P as influencecl 
by P sources and soil (first crop) 

~~~~~~-~~~------~~~~~--.--~~~--~~~-~--~~~-

soil Control RRP MRP SP (No p) 
~-~--~~~-~~--~~--~--~~----~~~~~~~~--~---~~~-~---~-

Laterite 1.9al N% of straw 2.084 2.035 2.138 
Karl 1.680 2.183 2.226 2.'93 

Lat.erlte 1.360 N% of root 1.570 1.490 1.540 
Kari 1.080 1.270 1.250 1.290 

Lat.erl_ 0.66' N uptake by 0.720 0.698 0.785 
Karl 0.357 straw, 91pot 0.735 0.730 0.87' 

Lat.erite 0.077 P% of st.raw .0.087 0.082 0.11S 
Karl 0.054 0.Oa4 0.087 0.092 

Laterite 0.015 P% of root 0.025 0.027 0.029 
Kari 0.021 ~ 0.031 0.033 0.035 

Lat.erite 33.48 P up'take by 37.56 33.'5 37.26 
Karl 15.62 straw, acJIpot 36.94 35.36 42.45 

" Laterite 1.0'0 K% of root 1.4&0 1.440 1.480 
Karl 0.780 1.620 1.'40 1.630 

Laterlte 1.710 K% of straw 2.140 2.150 2.300 
Karl 1.630 2.830 2.780 3.010 

Laterite 0.687 K uptake l7r 0.771 0.753 0.87' 
Kari 0.403 straw, 91pot 0.106 0."3 1.180 

Lateri1te 37.68 Straw yield. 38.83 37.44 40.37 
Kart 23.95 g/po't 38.7' 37.14 40.65 

Laterite 3.600 Available P 4."0 5.450 5.560 
Kart 2.210 (Bray 1), PPIIl 3.850 4.000 5.240 

Laterite 11.43 Available P 13.07 13.11 14.44 
ICari 10.13 (Bray 2), ppa 16.37 16.14 17.a, 

----.. .......... --.. ~ .. ~ ....... --........-. ..... --.--.. --.. -................. --..... ---...-...--... ~-.. ----~ 
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laterite soil and 2.269 and 1.270 per cent respectlvely 

in kari so11 (Table 30). The increase in the level of 

N in the straw due to the application of P over control 

accounted to 5.30 and 34.94 per cent in laterite and 

kari soils respectively. The increase 1n the level 

of N in plant by the application of P fertilizers to 

soil indicated that the N utilization by the plant was 

limited by the low availability of P and this effect 

was maxtmum in the case of kari soil. It was seen 
• 

that available P (Bray 1 and 2) content during all the 

periods of plant growth except at the ttme of harvest 

was positively correlated with t~e N per cent of the 

straw, but maximum correlation was obtalned with 

available P content of the so11 durlng the second 
It, 

** * period (r • 0.906 and 0.432 for Bray 1 and 2 

respectively) and this represented the stage of max~ 

level of N in the straw and root. 

The increase 1n the level of N 1n the straw due to 

the application of RRP, MaP and SP were 0.303, 0.300 

and 0.435 per cent respectively OYer control (Table 30). 

The slightly higher content of N in the treatments 

receiving SP was not statistically significant. 

Increasing the level of applica~on of RaP, MRP 

and SP increased the N per cent of the straw from 2.07 

to 2.19 per cent, 2.06 to 2.19 per cent and 2.25 to 2.28 



Table 33. Uptake of nt troqen and phosphorus by rice straw aa influenced by the treatmenta 
at different psriods of crop growth (first crop) 

Treatment Uptake of N (q/pot) at different Uptake of P (mg/pot) at different 
~~ _________ ~ ________ -2!!!22!L_~~i~!~_~~~ ~~~~~2!r1o~L_!2!!2!i2~_~ __ ~ 
~o. Notation 1 2 3 4 5 6 1 2 3 4 5 6 

1 OL 0.303 0.9S9 0.926 0.990 0.538 0.284 2.66 13.60 21.25 57.85 53.05 47.45 

2 RRP45L 0.332 0.998 1.050 0.943 0.570 0.302 5.33 16.60 24.40 62.20 61.05 54.75 

3 RRP90L 0.336 1.152 1.057 1.040 0.610 0.28a 5.19 18.45 24.75 57.95 68.90 St.2. 
4 MRP45L 0.269 0.984 1.030 0.909 0.580 0.246 4.35 18.40 24.80 48.90 60.10 48.45 

5 _HOL 0.311 1.120 1.120 0.916 0.605 0.302 4.37 15.40 24.25 52.75 58.30 47.30 
6 8.,45L 0.371 1.10' 1.210 1.030 0.609 0.267 6.63 18.15 28.15 50.80 65.80 46.20 

7 SP90L 0.375 1.202 1.250 1.050 0.652 0.336 6.19 17.70 34.15 58.80 67.70 46.80 

a OK 0.105 0.474 0.530 0.549 0.407 0..080 1.19 7.04 11.87 21.95 23.85 27.85 , RRP45IC 0.241 0.726 1.030 1.103 0.672 0.218 1.66 11.10 22.45 63.45 52.90 49.10 
~ 

10 RRP90K 0.299 0.961 1.150 1.240 0.882 0.302 4.50 15.30 25.10 68.15 67.80 61.75 

11 MRP4SI( 0.228 0.731 1.080 1.050 0.742 0.242 2.61 10.12 20.30 61.80 55.65 54.55 

12 MRP90K 0.297 0.880 1.130 1.400 0.720 0.270 4.04 12.60 26.00 70.55 59.85 46.40 

13 SP45K 0.309 1.050 1.290 1.300 0.752 0.325 4.61 24.60 26.45 62.35 56.80 64.80 

14 SP90K 0.342 1.180 1.340 1.380 0.889 0.391 6.39 21.70 31.00 73.80 69.55 73.40 

.. -----------...-.-................. ~-----.. -....... -.. -.. -----------............ ---....... ----............ - ... -------~-.. -------.. ------....... -..-.......... -.-
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per 'CaRt respeot1.Ye1,. wMJl the eff... of 801la and 

perlods vare pooled. (if 01. 31). Thls showed that the 

ab.orpUon of • by the svav and root could not be 

inor .... d beyond a certain 1 ... 1. by the appllcation 

of P. 

Linau coefficient of Gornlattf.on (r) babteen • 

per cent of atrav at different periods and grain yield 

ra" •• le4 that the values for N per cent of atraw duriD9 

~. 8econd and ~ir4 fortnights "er. maximuwl corr.laad 

wi th the yleld (0. Sa; and 0.51; for second and. ~1rd 

peri~ r.8pecti"ely). 

1.1.2 Up'tak. of nitrog_ .., the atraw 

Bffecta of "arioua 80uzae. and l ... ls of appli.d P 

on the upUke of N by 1tbe auaw at. different growth 

au".s 1n laterit.e and karl 8011. are furnished 1n 

Tabl •• 31 to U and 'their aaalysi. of "ariance in 

AppeD4tx IX. 

III all 1:he treatlle.ta, ~ up't.alce of H by ~ 

stra. waa found to 1nerea .. rapidly up. the third and 

fourth period and ~.D tra4ual.1y c1eoreaae4. Thi_ 

".cre .. e aay be due to tne uanalocation of the 

nutrients to gra1n fram the straw oocurring af~r the 

fourtil perlod. Both _<ler P 'treated and oontrol (no p) 

oonditiona. tile value. of • 'tIp1:alle at. the t,1ae of harY88t 

(0.182 and 0.291 g ./po~ for control and P treated pota) 



wer. slgniflcantly lover thaa the 1Dl Ual uptake, 

du. to the very low 1.".1 of N la 't.l'w s'traw at tlle 
t~e of harvest (Tabl.33). 
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When ao P vas adde4. the uptake of • 1n lateri'te 

and karl 8011a was 0.661 and 0.351 9 R/pot whlah on 

addition of P fertilizer. incr •••• d to 0.735 and 

0.182 9 H/pot in laterite and kari 8011. r.spectively 

(Tabl. 32 and 34). The relati"e increa.e in the 
. 

uptake of H due to the ~pl1ca~10n of P ln various 

fora. and le".ls, coaape.red to c:ontJ:Ol va 6.8 peX' cent 

in laterite so11 and 118.' per cent ln karl aol1. WheD' 

DO P w.s added. the uptake of N 1D laterite soil w.a 

86.83 per cent II\Ore .. Cloapared 'to 'karl .oil, but vb_ 

P wa. added, N uptake wu 6.44 per cent more ln 'kari 

soil compared to laterite soU. 'lhe hlgher 

reapon8ivane •• of kart soil to the application of P 

fertilizers compared to lateriu soll may be due to the 

low content of tot.a1 nad.v. P and available P in k.rt 

.0 il. The general increa.. in the uptake of H by tit. 

atraw over control due to 'the application of P 

fertilizers 1s attributed to 'the increased 9JrOv'th rate 

of rice occurring in the pra •• nce of added P which 

lead. to 'the 1ncreue4 •• orption of nutrients 11k. R. 

AD increa.e in the up'take of If by suaw 1n the pre.enoe 

of a4decl P va. al.o r.po~ by a_anathan u.!!. (1"9.) 



Table 34. Mean value. of nitrogen and phosphorws uptake by rice straw aa influenced. 
by sources of P, soila and 1e.e1s of P application (first crop) 

-------. ...... --.. -.......... -----~--.... -------... --......-... ... --.----~ ... -...--------....... ----....~ ... -.-.-... -.. ------...... .....-.-~ 
Periods of Sources of P Soils Levels of P20S' 
crop Vrow1:h, ---.......... -... -------~--.-.. .-........ -----.........-....-..------..... ~~~~ii!! __ ~~~~ __ Mean fortnighu UP MaP SP Laterite Kari 45 90 .......-------., ... --.... ---........ --.... -----.. -............. .-..------.. ..-...-.-.~-----...~---.-..-.--..---............ -----.-.... .... ~--------

N u;etake ,a/l)Otl 
1 0.302 0.276 0.349 0.332 0.286 0.291 0.307 0.309 

2 0.95' 0.928 1.140 1.090 0.922 0.932 1.080 1.006 

3 1.070 1.090 1.260 1.110 1.170 1.110 1.170 1.140 

4 1.080 1.070 1.190 0.979 1.250 1.060 1.170 1.115 

5 0.683 0.662 0.725 0.604 0.176 0.654 0.727 0.691 

6 0.27' 0.264 0.329 0.289 0.291 0.267 0.314 0.291 

Mean 0.729 0.715 0.832 0.735 0.782 0.719 0.798 0.759 

£ gt¥, ~!SlEt~ 
1 4.170 3.840 5.950 5.340 3.970 4.190 5.110 4.650 

2 15.36 14.14 19.04 17.45 1".91 15.48 16.88 16.18 

3 24.16 23.80 29.94 26.74 25.19 24.42 27.52 25.97 

4 62.94 58.50 61.44 55.23 66.68 58.25 63.67 '0.96 

5 62.66 58.48 64.96 63.64 60.43 58.72 65.35 62.04 

6 54.19 49.18 57.80 49.11 58.33 52.99 54.47 53.70 

Mean 37.25 34.66 39.85 36.25 38.25 35.67 38.83 37.25 
~------... -.... -.... ----..... --....... --.-...-.......-.----------.. -......,-......---.. ---... -.....-----.. ... ..-.-... --.-..... ---....... .., .. ----_ ... ....-

N uptake 

CD(0.05) for periods .. 
.. 

.. 

.. source. 
level a 

- 0.0890 

- 0.0430 

- 0.0350 .. .. soil x period - 0.1263 

P uptake 

CD(O.Os) for periods - 6.255 
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and Reddy and Rao (1983). The content of ayailabl. P 

(Bray 2) and N uptake l:JJ' straw at different st.ages 

of plant growth were positiYaly co~lated. The 

avallable P and If up'talce durln9 the . third' and fourth 

perlods Showed m~ correlation (r • o.1~1 and 

o. ,1t' for third and fO'tlrth periods respectiv.ly). 

The lncrease. 1n the uptake of N due to the 

application of RRP, MRP and SP were 0.053, 0.031 and 

0.118 9 N/pot respectively over control in laterite 

soll and 0.378, 0.373 an~ 0.522 q N/pot respectively 

over control in kari 8011 (Tabl. 32). In general, the 

N tlptake from treatmenta receiving sp wa. 0.11 9 If/pot. 

I80re than the ueatlllenu recelyi.ng RRP (0.'29 9 If/pot) 

and MRP (0.715 9 H/pot.) and 'this increase Wall found to 

be significant. (Table ,.). Ho". .. r, the two 

rockphosphates were on pu with ragard to the uptake of 

N 'by the straw. It waa .... -.hat. 'the N per cent and 

straw yield did Dot differ algalflcantly wlth the 

variat.io .. 1n 'the foms of P a44ed, tholl9h a al19ht 

aonsiplflcant. lncrea .. was ob.erved in treatments 
. . 

recelYing SP. This s11gh, ftODCOnsplCNOUs lncr .... 

obsert'ect 1n the straw yield and If per cent in the straw 

due to the application of SP was responsible for ita 

sl91'11flcant 1ncrease in the _'-ke of H by the straw. 
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Applic.~ion of p .• ~ the rate of 45 kg P20S/ha 

incre ••• d the uptake of • Dr 0.207 q B/pot and further 

increa.e of P application ~ 90 kg P20,lha resul~ 1n 

an 1ncrea.e of 0.07' " a/pot. which was found to be 

slptficaat. (Table ]4). The increa.e ob •• n84 1n . 
lat.erite and ~ar1 soils by increa.ift; the 1e .. 1 of 
application of P was 0.050 and 0.110 " R/Pot. 

re.pectively when the effects of per10da and f.rtill •• ra 

were pool.. (Table 31), ~e perc.n .... in.r .... 'betD9 

1.0. aDd 15.06 reapect.lvely. Th. hiqbet' ra •• f 

increase ob.erved in karl 8011 lndica". ita hi9h 

re.ponai .... n ... to P fenll1.en. 

Uptake of N during all the periods of plant. growth 

was positively correlated wi~'9raln y1eld, __ ~ ... ~ 

correlation w.. obtained ln tne ca •• of H uptake of 

straw during the second period (r • o.slS). 

1.1.3 Uptake of n1 trog'eJl l:»y ~e grab 

Influence of various .. uree. and lev.ls of applied 

P on the uptake of N 'by i:he "raiD. 1a l.uri u .. ad lead. 

S011. are presented in Table 41 and ~ analyst. of 

variance in Appendix V. 

Uptake of N by the grain 1D«d ...... over cOlltrol 

4\\e to the application of P 111 vartCNS fo .. an4 left1a. 

Thi8 was due to the increas. ta the ..,..,~. pzodu •• ioa 



of grain and not because of the lnc.ease in the N 

per cant of ~ qraia. 

In the 81) •• nce of a44ed P, the N per cen't In 

the gra1n was 1.105 aQd 1.090 1n later1te and karl 

so11. respectively which on ~e addition of P 

fertilizers increased to 1.124 and 1.130 per cent 

re.pectlvely. 
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The uptake of N by th. grain 1n the abaence of 

added P was 0.546 and 0.402 9 R/pot 1n laterite and 

karl 8Oil. r •• pectlvely 1 ••• , ~ere was 35.82 per cent 

IIlOre N up'talce in lateri1Ge 8011 as cOJRpared to karl 

aoll. 

The lncrease in the upalee of N by the graln 

due to the appllcation of P fe~ill.er. vas 0.564 and 

0.621 g N/pot for lateri. aDd karl so11a respectively, 

the increase being 3.30 &ad 54.4S per cent re.pectively. 

The increa.e in the up'take of N by t.he grain in 1:he 

pre •• nc. of a44.d P wu til confo_l ty with th. 

obserYationa of Reddy &D4 Reo (lt83). The higher 

values of N uptake oyer eon ... 1 obserYe4 ln karl 

aol1 indicates that S .. t 1. more re.pon.ive to the 

application of P fertiliser. co.pared to laterite .011. 

In this soil, among the P ~.a~nta, SP at hlvher 

leYel of application (0.11. 9 R/pot.) was foUDd t.o be 



................. 7 .... do ...... , ...... 1...s.a 
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......... ... the 1.-.1_ .. U .. to iu .. l."'w1y 
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of • by doe Sa I.Un_ u4 karl aot.1a 1s PftHDMd 

1n 'fable 61 and ~ ""pU of .ad ..... 1ft ~ ... V. 

18 __ ....... of added p. __ 't:oua. ....... . 

by ... t. .... 0.830 aa4 0 ... 2 , ~ La lderi. ... ... 

1cad. .. 1.1 ..... pecn.t-..1,. ""lab oa lI441-ton of p 

..... '1 .... .:. taonue4 to 0.814 ..ad 0.91J • ~ 

... ~ .. 11' f..... bt .,. epp1l.aa"" of P 'UUllaeN 

... total ..... of .. .,.. ........... 1''-d.,-

..... _UGI -'y '" ........ U. lA I ........ _U. 



the response of P f.~ili.ers in lncra .. lng the 

total uptake of H "as not much coDaplcuoua. Thou9h 

the supply of It "as uniform 1n all the treatnlenta, 

the growth of plants would have l1ai'ted by the low 

level of available P in kart soll and thus the 

application of P resulted in increased dry matter 

production and higher uptake of R. 

The intenstve reduction reactions occurring 

in laterite so11 release comparatively larger 
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quanti ty of available P froaa total P. Thus in 

laterite so11 the effect of P fe~ilizers geta 

masked because of this increased supply of native 

available P. Nair and Pisharody (1970) alao repo~ 

that the laterite soils of Karala were nonr.sponsive 

to 1tbe application of P. Results ahowed that ln 

both the 80ils N uptake ln treatment. receiving 

application of SP at higher level (0.91' and 1.110 

9 R/pot in laterite and karl soils respectively) 

waa nperior 1W o'tber foras aDd levels of P dUe to 

the higher supply of water soluble P. In kari 80il 

values for tot.al uptake of N from treatments 

receiving SP at the rate of 45 kg P2ol/ha and RaP 

at the rate of 90 k9 P20S/ha were on par. All o'ther 
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treatments eons1st1q of RRP at lower level and MaP 

at both levels did no~ differ s19nificantly ia 

increasing the total uptake. 

1.2 Phosphorua 

1.2.1 Phosphorus per o.nt of straw and root 

aesui t8 on the effect of various source. and 

le.els of applied P oa the P per cent of straw and 

root at different growth stages in laterite and 

kart aol1s are 91Y8n tn Tables 31, 32, 35 and 36 

and their analysis of Y&I'iaace in Appendix II. 

801m in 'the preaence 04 absence of added p. 

'the leftl of P ln 'the 8uaw and roo" was max1.Jnwn 

durlng the third and fourth periods whlch represented 

the p~. lnttiatloD and flowerlDg stage. (Table 35). 

The decrea.. thereafter ob.erved durlng the subsequent 

perloda may be attrlbuted to the dilution of nutrient 

concentration consequent to increase tn dryaatter 

prodUCtion and the traa.locatloD of nutrl.nts to the 

gra.tas. 

In the absence of added P, 'the mean per cent. of 

P in the straw and root waa 0.071 and 0.015 

respectively in laterlte aol1 an4 0.054 aDd 0.021 

respectively in karl 8011 (Tabl. 32). The •• yalu .. 

on addltlon of P fertllisers incr .... d to 0.0" &ftd 



Table 35. Phosphorus per cent o~ straw and root as influenced by the treatments at diff.r.n~ 
periods of crop growth (first crop) . 

Treatment P% of straw at different periods, P% of root at different period., 
~~~~~~~~~~_ __~ _____ ~~!!!i2~_~~_~~_~ ~_~ ___ ~ ___ !2~~!i~!!-~~~ _________ ~~ 
No. Rotation 1 2 J 4 5 6 1 2 J 4 5 , 

1 OL 
2 RRP45L 
, RRP90L 

4 DP45L 

5 MRP'OL 

6 SP'5L 
1 SP'OL 
• OK 

, RRP45lC 
10 RRP90J( 

11 MRP4SK 
12 MRP90K 

13 SP45K 
14 SP90lC 

0.026 0.051 0.063 0.125 0.109 0.090 
0.034 0.055 0.068 0.157 0.122 0.099 

0.034 0.055 0.073 0.134 0.127 0.090 
0.029 0.059 0.077 0.129 0.120 0.092 
0.828 0.046 0.065 0.131 0.125 0.086 
0.038 0.057 0.074 0.132 0.122 0.081 

0.036 0.053 0.086 0.129 0.127 0.077 
0.012 0.038 0.051 0.083 0.067 0.073 

0.027 0.055 0.068 0.145 0.102 0.090 
0.034 0.059 0.072 0.145 0.113 0.095 
0.089 0.051 0.063 0.142 0.110 0.099 
0.026 0.050 0.074 0.149 0.114 0.081 

0.030 0.068 0.072 0.137 0.112 0.110 
0.038 0.073 0.078 0.157 0.124 0.119 

0.006 0.019 0.034 0.017 0.007 0.006 
0.017 0.028 0.038 0.028 0.015 0.011 

0.0240.032 0.042 0.0" 0.01' 0.015 
0.019 0.021 0.040 O.OJ. 0.019 0.009 

0.024 0.0140.04' 0.0'6 0.022 0.017 
0.024 0.034 0.042 0.034 0.019 0.017 

0.027 0.034 0.046 0.036 0.026 0.01' 
0.006 0.032 0.042 0.024 0.017 0.006 

0.013 0.038 0."'~O.03' 0.026 0.017 
0.017 0.044 0.053 0.038 0.028 0.024 
0.015 0.040 0.060 0.034 0.024 0.019 
0.017 0.038 0.060 0.038 G.030 0.017 
0.021 0.146 0.058 0.038 0.032 0.024 

0.019 0.036 0.060 0.038 0.030 0.022 

--~-..... .------... .--~ .. - _. -----.-.-....-- ... --- . -.. ---------.. ~-------.. ...-....... --------.-.-........... --.----.....-..-... .-.-.-.---.--



'laDle 36. Mean "alues of phosphorus per cent of straw and root as influenced by 
sources of P, soils and levels of P application (first crop) 

-------........-.. --------~-....... -..... ---...... ---...---... -~~-.-....-----....... ...--~ .. -----.... ---~-....... ~---.. --........ 
Periods of Source. of P So11s Le".ls of P20S' 
crop growth, --... --. ... -----.. ~----------- ..... _ ....... ----_......-...-.. ..... - -~--~~~!-------- Mean fortnights RRP MRP SP Laterite Kari 45 9O ........... ----.... ---........ ~-... -----.. -..... ------~------............ ----... --.. ----...... --.-. .. - ................. --.---....... -....... .... 

~ of straw 
1 0.032 0.043 0.036 0.033 0.041 0.041 0.033 0.037 

2 0.056 0.051 0.063 0.054 0.059 0.057 0.056 0.OS6 

3 0.069 0.069 0.078 0.141 0.071 0.070 0.142 0.106 

4 0.145 0.138 0.139 0.135 0.146 0.140 0.141 0.140 

5 0.116 0.117 0.121 0.123 0.112 0.114 0.121 0.118 

6 0.093 0.089 0.093 0.087 0.097 0.093 0.091 0.092 

Mean 0.085 0.085 0.10S 0.0'6 0.087 0.086 0.097 0.092 

~2f root 
1 0;.018 0;.019 0.023 0.023 0.017 0.018 0.022 0.019 

2 0.036 0.035 0.038 0.032 0.040 0.036 0.036 0.036 

3 0.045 0.051 0.014 0.042 0.056 0.048 0.051 0.049 

4 0.035 0.036 0.037 0.034 0.037 0.034 0.037 0.036 

5 0.022 0.024 0.027 0.020 0.028 0.032 0.026 0.024 , 0.017 0.015 0.021 0.015 0.021 0.016 0.019 0.018 

Me .. 0.029 0.029 0.033 0.028 0.033 0.029 0.032 0.030 

~--------.---.---
.. ..----,.---_ .. ~--------~~-~----~~---~~~--------~~-------a of SEa!! P%of£!?!t. 

CD(O.OS) for periods • 0.0370 CD(O.OS) for periods • 0.0040 
• • 80ils • 0.0016 
• .. sources • 0.0019 

• .. 1."e1 • • 0.0016 .. .. 8011 x period • 0.0057 

~ 

N 
0 



('.1"") coapU.4 to other Un •• nlt.. whieh neet" .. 

UP and MRP (Table 31). 

Applicat.ion of RRP, MaP and SP at higher 1.".1 
increa.ed the P per CeD' of straw fram 0.085 to 

only 0.086 per cent. 0.081 to 0.088 per cent and 

0.085 to 1.250 per cent respectively when the aol1. 

and periods of a.-pling were pooled (Table 31). 

This increase in level of P in the straw due to the 

increase 1n the rate of application of P was not 

significant. However, the lavel of P in the root 

increased signifioantly to the extent Qf 0.003 

per cent. over 'the lover level, though the incre .... 

was low when iUle total quantity of P added to the 

8011 was considered (Table 36). This ahows t.hat 

in acid soil. under suanerged Qonditj.on, only a 

fraction of the P added can be absorbad by tba plan. 

and the rest will be ramaining 1n the 0011 which .a 
only be used by 'the 8ucceedin9 crops. 
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j 
j 

i j 
j 

l 

The highest. correlation values for P per cent of j 

strau' and grain yield was observed during the :fifth 

period (r - 0 •• "'. 

1.2.2 Up'talce of phosphorus by the su...., 

'O'pt.ake of P by t.!le straw at d1:fferat growth 

stages as influenced by the sources and le •• l. of 

j 
j 
j 
j 

j 
j 
j 

j 
j 
j 
j 
j 

j 
j 

j 

j 
j 



0.028 per cent for straw and root respectlvely ln 

laterite soil and 0.087 and 0.033 per c6nt 
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respectively in karl 8011 (Table 36). The contribution 

of added P in incre .. lng the level of P in the straw 

vas fO\U1d to be llOu19nificant, but the i.ncreasl3 in 

the root was significant OYer control. The 

contribution of added P in increasing the level of 

P 10 the straw was higher in kari soll (0.034%) 

compared to laterite soil (0.019%). The lower 

contribution of applied P in increasing the level of 

P 111 the s+.raw in lai!.eri tA soil W~B du~ to the higher 

native available P. Max~um correlation between 

available P and P Pet'" can::' of .straw was observed 

** during the third period (4. 0.159). 

The mean values of P per cent in the straw due 

to the application of RRP. MRP and 5P were 0.087, 

0.082 and 0.118 respectively 1n laterite soil and 

0.084, C.Oa7 and 0."2 respectively 1n karl soil 

(Table 32).. The higher leftl of P ln the straw 

receiving SP compared to the rockphosphates was 

obviously due to the h!qher available P released from 

SP, though the increase wu not significant. The mean 

level of P in the root va. significantly higher in 

the treatments t4hiah received SP as the source of P 



appli.d P ln la~" and karl aol1a 1. pr •• entad 1ft 

Table. 31 'to U aJl4 th.ll' aaaly.i. of ... arianc. in 

Appendlx II. 

When DO P vu ...... 'the uptalce of P by the 

straw waa 33.48 IUl4 15.62 .. P/pot 1n laterite an4 

kart salls r .. ~Yel7 Whlch aaeouatad to 1.890 &ad 

O. ,.. per c.nt of the _\al P contained 1n th ... 

so11. (Tabl. 12). The higher up'take of P obaeJ:'Yed 

1n laterite aoil va. due to the hivher availability 

of natlve P 1ft ~1. .011 UDd.r • .a.ezg8ftce which 

1n turn leads to the hi9her absorptlon of P and 

4r'ymatter produotion. Corral.to1ons between available 

P (Bray 2) and uptake of P by 1th. straw durill9 e.ll 

1:be periods of sa.pllng w.n aiplfleant and th. 

aax11ftum correlation WU o"'ta1aed 4wriD9 the fourth 

period (r • 0.5.;). 
When P waa adde4. 1th. 1lp1::ak. .aa 1acr ... ed to 

36.25 and 38.25 mg pIpe, in laterite aDd karl aol1a 

r •• pectively which repr •• enUcl 2.03 and 2.39 per cent 

of the total P 10 t:b ... aol1. (Table 34). 

RUlUlati\an .!l.!l. (1'78, 1'79b), Veakauraaa1ah (197') 

and R.ddy and Rao (1983) a180 ob •• rY8d an lner .... in 

the uptake of P by the aUa. ln 'the pr.a.ftCe of 

added P. The perc.n'tag. lner.... ia the uptake of P 



over control due to the addition of P was 8.27 per cent 

in laterite soil and 144.9 per cent in kari soil. 

This showed that the uptake of P in the presence of 

added P was more in kari soil compared to laterite 

soil. As already mentioned, the level of available P 

in kari soil was relatively low and therefore the 

application of P in this soil resulted in increased 

drymatter production and better utilization of plant 

nutrients since the limiting factor was eliminated 

by the addition of P. It is also possible that 

better~obiltzation of added P would have happened 

in kari soil due to the comparatively less amount of 

Fe and Al and slightly low P fixing capacity as 

compared to laterite soil 

In general, uptake of P by the straw was found 
111 

to be max~um during the fourth and fifth periods 

due to the higher level of P in this part during these 

periods and the higher dryrnatter production (Table 33). 
C\.. Per cent of P in the st~ and P uptake by straw 

during all the periods of sampling were positively 

correlated, with the highest correlations during fourth 

** ** (r = 0.896) and fifth (r = 0.888) periods. 

The mean values of uptake of P from treatments 

receiving RRP' MRP and SP were 37.25, 34.66 and 
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39.85 m9 p/pot re8pectively (Table 3.). On an average, 

'the uptake of P by the straw in the Ue.tmenu nceiving 

roakphoaphates wu. '0.23 per cent of tha~ from SP. 

~rom these values it is clear that tn. uptake of P 

by straw 1s not dependent muc:h on the water 801ubility 

of P in the added material, but probably on tba 

transformation of added P in ~e 80ils. Th. tr~.lciua 

phosphate of rockphosphates might have undergone 

dissolution in the acidic so11 ~nvironmant, releasing 

P in Otn available form similar to that from the 

wa~ soljble sp. 

Reaul t& revealed that the uptake of P by the straw 

waa not increasing proportionately with the increase in 

the level of application of P (Table 31 and 34). 

This shows that irrespective of the quantity of Padded, 

only a fraction of the Padded 18 utilized by the 

plants and hence the nonsignificant increas •• 

UptaKe of P during the first and fourth perioda 

of sasnpll119 ShO'fad highest correlation with yield of 

grain (r • 0.46' and 0.451 for first and fourth 

periods respectively). 

1.2.3 Up~e of phosphorus by the 9raln 

R •• ults on the effect of sourc •• and levels of 

applied P on the uptake of P by the grain in laterite 



&I'll. karl so11s .re pr ... n'te4 1n 'tabl. 41 and 'the 

analysis of varian •• in Appendix V. 

I~ i. .een that ift both the soils, the forau and 

1eval. of .... 4 P have littla influence in 1Dora.sing 

~e P per cent. of the grain over col'lUOl (no p) 
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tr ..... n~ However. due to the addition of P fertilisers, 

the uptake of P by the grain vaa 0.074 9 p/pot more 

thaD that of the control (0.112 9 p/pot) in,karl so11, 

whlch worked out too 65.63 per cent oyer control. 

But ln la'tarlt.e 8011. the upuka of P due to 'the 

addition of P did not increa.e consplcuoualy over 

control (0.169 9 pipet) due to the higher ayailability 

of native P. However, when no P was added, the uptake 

of P by grain in laterite 8011 was 50.89 per cent more 

•• compared to k.ri so11. Thus a significant incre.s. 

ln the uptake of P by tha grain over control due to the 

addition of P fertilizer. was observed only in k.ri 

soil. In laterite soil, the P treatment. irr •• peati .. 

of the foras and levels fatled ~ register significant 

increase in the uptake of P all C01Ilpared to the control. 

AmoDg the varloua • ~rea~nta, applica~ion. of P 

.s SP a1: both levels and .roekpboaphatea a~ h19her 1 ••• 1 

vere on par with regard to the upt.ake of P by the grain 

in kari so11, 'though SP at. 1:1\e rau of '0 kg' P20S/ha 



reoorded maximum value (0.208 9 p/pot.). The two 

rookphosphatas at lower level of application did not 

differ significantly. In laterite 80il also, higher 

uptake was observed in treatments receiving SP at 

the ra~ of 90 kg P2oS/ha though 'he increase" was not 

s ignifloant over other traa1:lnenta. The superiorl ty 

of SP observed in both the so11s 1. due to the higher 

immediate availablll ty of p, Ca and S from this fo.tll\ 

which eBhana.. the absorption of P and also the 

produotion of grain. 

Th. significant increas. observed in the uptake 

of P by the grain in kari soil without a 8ignificant 

increase in the P p€r cant ~f ~e orain was obviously 

due to the higher dryaattar production occurring in 

the presence of added P. Uptake of 2 by the grain in 

the ab.ence of added P was 9.52 and 7.06 per cant of 

that of the total P in laterite and karl 80ils . 

respectively which on addition of P fertilizers 

increased to 9.56 and 11.83 per cent in laterite and 

kari aoils respectively. 

127 

As in the cas. of uptake of P by the straw, tM 

uptake of P by the grain also £ailed to show conspicuous 

increase with 1ncreasing levele of application fraa 

45 to 90 kg P20S/ha. 
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1.2." Total uptake of pho sphorus 

Influence of "arious sources ar...d levels' of 

applied P on the total uptake of P by rice plant in 

laterite and karl so11s 1. gi~en in Table 41 and 

the analysis of variance in Appendix V. Total P 

uptake as influenced by stages of crop growth. soils 

and fertilizer treatments 1s graphically represented 

in Fig.l1, 12 and 13. 

The total uptake of P in the absence of added P 

from laterite soil (216.4 .. p/pot) waa higher than 

~at from kari soil (139.9 mg p/pot), the reason 

being the higher availability of native P under 

s.ubmerqenae in latorite soil. The total P uptake 

accounted to 12.09 and 8.73 per cent of the total P 

in laterite and karl soils re.pectively. 

On addition of P fe~i11zers, ~e total uptake 

128 

was increased from 216.' m9 p/pot to 218.5 mq p/pot in 

laterite soil and from 138.9 JIl9 p/pot to 2'3.6 m9 p/pot 

in kari soil which represented 12.21 and 15.21 per cent 

of the total P in these s011a. Higher dry matter 

produotion induced by the greater supply df P would 

have been able to compensate for the lesaer 

concentration of P in the ti •• ues 80 that the to~l 

uptake of P was high in treatments receiving P. 
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When the percentag_ 1Dcrea.e in the uptake of P due to 

the addition of p fertilisers over control (no P) waa 

considered" there vaa 14.11 per cent more total uptake 

over control in kari .oil while in laterite soil the 

lncrea.. was 1.8. than 1 par cent. The lower rate 

of increase ift the total P uptake over control due 

to the addition of P 1ft laterite soil was due to the 

lncreased avallability of natiYe P. 

In both the 80ils, among tme P treatmen'ts, 

application of SP at higher level recorded relatively 

higher values of _-.1 P uptake (221.' and 280.9 mg P;'pot 

in lat;erlt.e and karl eol1s ~.pectively) compared to 

other treatment. though not statistically slgnificant. 

Results showed that in karl soil the two rockphosphates 

at higher leval of application and SP at lower leYel of 

application were on par which indicated that the 

released P from. rockpbosphates applied at hlgher level 

would be equivalent to the available P from SP at 

lower leval of application. The two rockphosphates did 

not vary with r89ard i:O the to1:al uptake of P. In the 

case of laterite soil various fo~s and levels of 

applied P falled to show significant increase in the 

total uptake of P over control thouqh the maximUlll 

uptake was from SP at higher level of application. 
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However, in vener .. l, the total uptalce of P from ~p 

was only 18.42 IIt9 pIpet more than that from two 

rockphosphatea which tadicated that the two 

rockphosphate. were 92.43 per cent a8 efficient as 

SP in increasing the total uptake of P by rice. 

1.3 PotaaalU11l 

1.3.1 Potassium per cent of straw and root 

130 

Potassium per cent of straw and root a8 influenced 

by the application of various sourcea and level. of P 

in laterite and kari soila i8 presented in Tables 31, 

32, 37 and 38 and their analysis of variance in 

Appendix II. 

Potas.ium per cent in the straw was relatively 

higher compared tQ its level in the root. The level 

of K 1n the straw and root wu high during the in1 tial 

stages of growth (Table 37). The decrease observed 

in the subsequent period8 may be due to the higher 

dry matter production with les. vigorous absorption 

of nutrients leading to the dilution of nutrient 

concentration. 

:In the control (no p) treatments, the mean 1.,,-el· 

of K in the straw and root waa 1.11 and 1.09 per cent 

respectively in laterite soil and 1.63 and 0.78 per cent 

respectively in kari soil which on addition of P 



Table 37. Potassium per cent of straw and root aa influenced by the treatments at different 
periods of crop growth (first crop) 

Treatment IC.% of straw at different periods, K% of root at different periods, 
~~_~~_~~~_~~ _~~~~_~ ___ ~!!!!~~~~~~~~~ __ ~~~ _~ __ ~~~_~~!2~!i~!8~~~ __ ~_~~~_~~_~~~ 
Ro. Notation 1 2 .. 5 6 1 2 3 .. 5 6 
---------....---... ~ ... .-........ --............ -..... ....-......... -.....~ .......... -..... ---............ --.. ----.. -.. -..... ---...--... ----................. -----..... ~-... -...-,-

1 OL 
2 RRP45L 

3 RRP90L 

4 MRP45L 

5 MRP90L 

6 SP45L 
1 sPtOL 
a ox 
9 RRP45K 

10 RRP90K 

11 MRP45K 

12 MRP90l( 

13 5P45K 

14 SP90K 

1.65 2.45 

2.10 2.50 

2.10 2.'75 

21t15 2.65 

2.15 2.60 

2.25 2.90 

2.30 2.90 

0.75 2.30 

2.70 2.90 

2.80 3.20 

2.75 3.00 

2.85 3.10 

2.90 3.15 

2.70 3.50 

2.83 

3.40 

3.10 

3.50 

3.50 

3.40 

3.75 

2.43 

3.40 

3.80 

3.40 

J.63 

4.00 

4.13 

1.10 

2.05 

2.00 

2.20 

2.13 

2.25 

2.35 

1.83 

2.78 

2.90 

2.63 

2.60 

2.93 

2.93 

0.85 

1.33 

1.23 

1.25 

1.35 

1.45 

1.48 

1.38 

2.60 

2.53 

2.55 

2.53 

2.55 

2.58 

0.7. 

1.30 

1.18 

1.10 

1.1'. 

1.33 

1.25 

1.08 

2.18 

2.10 

2.13 

2.20 

2.1S 

2,25 

1.15 

1.60 

1.70 
1.4. 

1.63 

1.58 

1.65 

0.63 

1.78 

1.7S 

1.73 

1.73 

1.68 

1.73 

1.43 

1.85 

1.95 

1.8S 

1.98 

2.03 

1.98 

0.93 

2.00 

2.08 

2.00 

2.13 

2.08 

2.10 

1.80 0.95 
1.6. 1.38 

1.10 1.45 

1.55 1.33 

1.65 1.40 

1.70 1 •• 5 

1.73 1 •• 8 
1.03 0.8S 

2.13 1.58 

2.13 1.6S 

2.13 1.70 

2.13 1.68 

2.10 1.58 

2.15 1.60 

0.98 0.7. 
1.15 1.05 

1.23 1.00 
1.23 1.0J 
1.15 1.0S 

1.10 0.98 

1.18 0.9. 
0.73 0.58 

1.15 0.93 

1.30 1.00 
1.20 0.93 

1.28 1.05 

1.28 1.00 

1.30 1.00 



...... 38. M_..:1 ..... of potaaas.- per cea~ of eu_ aDd root. .. 1nfll1 ..... bJ' 
~ cd p • .01111 and 1 ..... 1. of P applt.caUaD (tt.ret GIl'Op) 

_..... •••• d ._ •• _a ____ ._. 11 F ..... 11 •• PI .W. _. . .. " .. _-_. _ , 1 F .1._ .......... . 

Ped.o4II of SCNrCe8 01 P sou. x....l. cd P20 S" 
=-y~ ........ __ ...... _____ .,.. .. _ . I •• ,.,11.,. __ •• __ .J.~._ •• I. "-

L F • £ I •• Q. _ •• q Wrnw •. P.!_ •.•.... Sf ._ •• r,a.~'S! __ 9£!: .•. _,..i!. lb' I ~ •• ___ • ___ ••• _a ._ 

1 
2 , 
.. 
5 

• 
Me. 

1 
2 
3 

• 
5 

• 
ICoaIl 

2.430 
2 ... 0 
3.580 
2.430 
1.920 1._ 
2.480 

1.'10 
1.910 
1.910 
1.510 
1.210 
0.9901 

1. SSG 

2.480 
2.NO 
3.510 

2.390 
1. no 
1.650 
2 •• 30 

1."0 
1.990 
1.860 
I.SS0 
1.210 
1.060 
I.HO 

2.5tO 
3.210 
3.8ao 
2.620 
2.010 

II., ... 
2.1ao 
2.120 
3.540 
2.1ao 

1.'50 
1 • .,.0 1.a20 
2.tSeO 2.190 

1.660 
2.040 
l.tQ,O 
I.NO 
1.210 
0.990 
1.560 

. ..... 
1.600 
I.NO 
1.610 
1.410 
1.1'70 
1.010 
1 •• .,0 

2.'780 

3.210 

3."'0 
2.?90 
2.550 
2.1'0 
2.870 

1.no 
2.060 
2.110 
1.MO 
1.250 
0 •• 0 
I.GO 

2 • .-0 

2.920 
3.520 
2.470 
1.950 
1.6. 
2.510 

1."0 
1.910 
1.880 
1. sao 
1.180 
0.980 
1.530 

2."0 
3.010 
3.750 
2.490 
1.950 
1.690 
2. teo 

1.690 
2.03. 
1.910 
1.5SO 
1.240 
1.01G 
1.5'70 

2.480 
2.9«10 
3.NO 

2." 
1.950 
1 .... 

2.1. 

1.670 
2.000 
1.890 
1.530 
1.210 
O.9N 
1.558 

_ ....................... , •••••••• I.V b ••••• ___ T11 I ••• M I • ....... .= .....•... ____ ..... . __ 
g"'MB 

CD(O.OS) for perloda • 0.2090 

• • .. 118 • O.OIZO 
• • ~. • 0.1002 
• • 8011 x period • 0.2950 

II Cd 51'S 
co(O.OS) ~or pedoa 

• • -'1. 
• • 
• • 

.. O.tr707 

• 0.02'" 
• 0.02'78 
• 0.1001 



fertili.ers 1aereased significantly to 2.19 and 

1.'7 per cent respectively in laterite so11 and 

2.87 and 1.63 per cent raspactlYely in kari 80il 

(Tables 32 and 38). This increase 1n tne level 

of K in the s'traw due to the addt tiOD of phosphatic 

fertilisers was 28.07 per cent in laterite soil and 

76.07 per cent in kari soil l.e., in the pres.nce 

of added P, the level of K in the straw and root was 

significantly higher in kari soil compared to 

laterite soil due to the better u~ill.ation of added 

P in kari soil beaause of its low native available p. 

But in the absence of added P, the level of K was 

more in laterite so11 due to the higher supply of 

native l? The lncreased growth rate of plants in 

the presence of added P resulted in a higher 

absorption of nutrienu. Also 'the extended root 

growth in the presence of added P would have helped 

the absorption of nutrients more effectively. 

In addition, the Ca con~ined 1n the phosphatic 

fertilizers also would have contributed to the 

increased growth of plants in P treated pota, thus 

resulting in a higher absorption of nutrients. 

The mean lev.l of 1( in the • traw in treatments 

receivlnq RRP, MaP and SP was 2.48, 2.'3 and 2.66 

per cent respectively and it was ••• n that the SP 



lncreued the K per oeat ill the .tra~ algnlftcan'tly 

oysr the two rockphosphate. (Table 38). But the 

level of K in the root did not yary aignificantly 

w1th variations in the fo~. of P added to the so11 

(Table 38). 

Aa in the case of ., the level of 1< in the straw 

failed to register GOnSplCUOU8 increas. with 

increaalng levels of P application (Tabl.s 31 and 38). 

Level of K 1n the straw during the third period 

of sampling sbowed maximum correlation with gratn 

yield (r - o.s1!) GOA1pared to other period.a. 

1.3.2 Uptake of po .... 1 .. by the st.raw 

Effects of various sources and level. of applied P 

on the up~e of K by the straw at different growth 

stages in la~lte and xari salls are given in 'fabl •• 

31, 32. 39 and 40 and th.ir analysis of variance 1n 

Appendix II. 

Both in the presence and absence of added P, the 

uptake of K YU aaxiJam durinq the 'third end fourth 

periods which repreaented the stag.. of m .. ~ 

aocumulation of K 1n this part ('flbl. 39). ~ fifth 

period onwards. the K upUke by tW atra. ten4ed to 

decrease, probably due to the tr--loca~1on of a.trientl 
to the grain from the 8~r.w. 

In the absenc. of added p. the ~t.ak. of t< by 

atraw wa. 0.6.7 g ~po. 1n laterite sol1 and 

j 
j 
j 

J 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 
j 
j 

j 
j 
j 

j 

j 
j 
j 



increued the K per C8ftt ill the straw slgnifican'tly 

over 'the two roc:kphosphat.. ('fable 38). But the 

level of K ln the root did not vary .ignificantly 

with varlations ln the forma of P added to the soil 

(Table 38). 

13ft 

Aa ln the case of N, the level of K in the straw 

fal1ed to reglster conspicuoua increase wlth 

lncreaalD9 levels of P appllcatlon (Tabl •• 31 and 38). 

Level of K ln the straw durin9 the thlrd pertod 

of sampllng snowed maximum correlation with grain 

yield (r • o.51!) oompared to other period •• 

1.3.2 Uptake of potassium by the straw 

Bffects of various sources and levels of applied P 

on the uptake of K by the straw at different qrovth 

stages ln laterite and kari 5011. are glven in Table. 

31, 32, 39 and 40 and their analysis of variance in 

Appendix II. 

Both in the presence and ab.ence of added P, the 

uptake of K was lI\axiRlum during the third and fourth 

periods whleh represented 'the staqes of maximum 

acoumulation of K 1n this part. (Table 39). Prom flf1:.b 

period onwards, the It up1:alc.e by the straw tended to 

decrease, probably due to the translocation of nutrients 

to the grain from the straw. 

In the absence of added p. the uptake of K by 

straw was 0.687 9 R/pot ln laterlte 8011 and 



'rable 39. Uptake of potassiU1ll by 'the rice straw and s't.raw yield as influenced by the 
treatlnenta I\t d1fferent periods of crop growth (first crop) 

Treatment Uptake of K (V/pot) at different 
__ --.~~~~~~ _~_~~ ____ ~2!~~L~!2:!!!i~!!~_~~~~_~ 

Yield of straw (g/pot) at d1ffereai: __________ 2!!!~!L_!2_~!ih_t! ________ __ 

No •• otation 1 2 3 4 5 6 1 2 3 5 6 

1 OL 0.284 0.727 1.112 0.823 0.580 0.5'6 14.97 30.60 34.00 40.00 49.00 55 •. 50 

2 RRP45L 0.328 0.764 1.220 0.820 0.'65 0.717 15.58 30.50 36.00 40.00 50.00 5si13 

3 RRP90L 0.321 0.921 1.260 0.900 0.660 0.673 15.30 33.50 34.50 '5~OO 13.10 57;iOo 

4 MRP45L 0.319 0.838 1.190 0.878 0.594 0.586 14.70 31.50 34.00 40.00'41.50 53.25 

5 MRP90L 0.332 0.864 1.295 0.867 0.628 0.651 15.45 33.30 37.00 40.75 4'.50 55.40 
-'4.i: 

6 SP45L 0.389 0.929 1.292 0.948 0.726 0.763 17.40 32.00 38.00 42.00 50.00 51150 
-~;, 

7 SP90L 0.394 0.986 1.500 1.069 0.789 0.763 17.20 34.00 40.00 45.50 53.50 6*0 
a OK 0.047 0.413 0.560 0.483 0.497 0.419 6.20 18.00 23.00 26.50 36.00 38.90 

9 RRP45l( 0.339 0.609 1.130 1.219 1.340 1.190 12.60 21.00 33.00 43.60 57.50 54.60 

10 RRP90K 0.584 0.826 1.330 1.370 1.520 1.370 15.50 26.00 35.00 47.00 60.00 65.25 
11 MRP45l( 0.329 0.600 1.090 1.170 1.290 1.160 11.75 20.00 32.00 44.30 50.50 54.60 

12 MRP90K 0.431 0.772 1.270 1.240 1.310 1.270 15.40 25.00 35.00 47.60 52.00 57.50 

13 SP45K 0.443 0.974 1.480 1.330 1.301 1.280 15.25 27.50 37.00 45.50 51.00 59.30 

14 SP90K 0.480 1.050 1.650 1.400 1.460 1.390 16.30 30.00 40.00 47.50 56.50 62.00 
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0.403 ; ~pot in karl so11 which on addition of P 

fertilizer. increased to 0.801 and 1.010 9 ~pot in 

laurite and kari 80ils respectively (Tabl •• 32 and 40). 

This increas. indlcated that the P fertilizers had a 

direct affect in increasing the K .~ili.atlon power 

of the plant and ~i. effect was aore pronounced 

in karl soil due to the higher IIlObillsation of added P. 

Increased supply of P enhanc.d the vege'-1:i ... e growth 

which would have resulted in a higher requirement 

of otil.r nutrients like K. Though 'th. sllpply of K • 

was unlfol."lll, the higher d_and for 'thIs nutrient and 

.xtended roo't growth indUc.d by P, would ha .... resulted. 

in a signiflaantly higher K uptake in ~e pre.enc. 

a! added P. Venkataranalah (1979) also ob.ened aD 

increase in the uptake of K by the sUaw in the 

pr.sence of added P. 

The increases in the uptake of K due to ~ 

application of RRP, MAP and SP were 0.374, 0.328 and 

0.485 g K/pot respectively oftr conuol which showed 

that the rockphosphate in general was only 72.37 

per cent as efficient as SP in increa.lng the uptake 

of K by the straw (Table 40). 'the significantly 

higher efficiency of SP 1. definl~ly dua to the 

higher 1IImediat. aval1abl11t.y of Ca and P. Application 

of P at the rat. of 45 kv P20S/ha lncre .. ad the uptake 



Tabla 40. Meaft values of potassium uptake by straw and straw yield as in~luanced 
by sources of P, 8011s and levels of P appllcation (flrst crop) 

-----------------..... -............... ---... -....--.-.-------... ---.-..---...-.---..... ~-................. -..... ----.... -...-....--..... -------

1 

2 

3 

4 

5 

6 

Meaa 

1 

2 

3 

4 

5 

6 

Mean 

0.393 

0.719 

1.240 

1.080 

1.040 

0.987 

0.919 

14."13 
27.75 

34.63 
43.91 

53.75 

58.00 

38.79 

0.353 

0.768 

1.210 

1.040 

0.956 

0.916 

0.873 

14.31 
27.46 

34.50 

43.16 

49.13 
55.19 

37.29 

K uptake 
CD(O.05) for perlods .. 

II 

.. 
.. so11s 
II 

II 

source. 
levela 

Ie uptake bY straw (qJpot) 

0.415 0.347 0.427 0.358 

0.985 

1.480 

1.190 

1.070 

1.050 

0.883 

1.290 

0.913 

0.677 

0.692 

0.805 

1.320 

1.290 

1.368 

1.280 

1.030 0.801 1.080 

S-craw yield (q1pOt~ 
16.49 

30.88 

38.75 

45.13 

52.75 

59.06 

40.51 

15.'0 

32.47 

36.58 

42.21 

50.17 

55.96 

38.88 

14.45 

24.92 

35.33 

45.92 

53.58 

58.88 

38.85 

0.796 

1.234 

1.060 

0.986 

0.948 

0.895 

14.53 

27.08 

35.00 

42.56 

50.08 

55.73 

37.49 

0.416 

0.903 

1.380 

1.140 

1.060 

1.020 

0.987 

15.82 

30.30 

36.92 

45.56 

53.67 

59.11 

40.23 

- 0.0771 

Straw yield 
CO(O.OS) for periods 

- 0.0302 
.. .. lev.ls 

0.387 

0.844 

1.309 

1.099 

1.022 

0.9M 

0.941 

15.1. 

28.69 

35.96 

44.06 

51.88 

57.42 

38.87 

- 3.687 

- 1.446 

- 0.0370 
.. .. so11 x parlod - 5.214 

- 0.0302 .. II soil x period - 0.1090 



1\10 

of K by 0.350 9 K/pot and further increase of P 

application to 90 kg P2oS/ha resulted in a significant 

increase of 0.092 9 K/pot. When the soils and 

sourCe8 of P were taken separately, again the K uptake 

by straw increased with increaaing le .. ls of 

application of P, though not statistically significant 

(Table 31). Uptake of K by the atraw durinq the 

second period showed maxtmum correlation with grain 

•• yield (r - 0.499). 

1.3.3 Uptake of pot.assium by the grain 

Uptake of K by the grain as affected by the 

variations in the sources and levels of applied P in 

laterite and kari so11s is pre.ented ln Table 41 and 

the analysts of variance in Appendix V. 

The per cent of K in the grain in the absence of 

added P was 0.150 and 0.158 in laterita and kari soils 

respectively which on addition of P fertili.ers 

inarea.ed to 0.186 and 0.177 per cent ln the •• soil •• 

Thus, a s1gnificantincrease in the level of K in the 

grain over control due·to the addition of P fertilizers 

was observed only in kari so11. In this soil, SP at 

both levels and roakphosphate8 at higher levels did 

not differ significantly in increasing the K per cant 

of the grain though SP registered relatively higher 



values. However the two t'Ockphoapha'tes at lower level 

of application were on par wl~ that of the control 

(no p) treatment in incr.aslng 1:1\e 1 .... 1 of K in the 

orain. In laterite &011 a180, relatively higher 

K per cent was observed in txeatmenta recelving SP 

at hi9her laval of application (G.198). 

Application of P fert11izers, signiflQantly 

increa.ed the uptake of K by the grain over control 

to the extent of 0.041 and 0.9aO 9 K/pot ln lateri'te 

an. karl 801ls respectively 1.e., the uptake of X 

In the presence of added P wea 41.84 per cent more 

in karl so11 compared to laterite 8011. The higher 

value. of K uptake ob.erYed 1n karl 8011 in the 

pre.ence of added P was obviously due to the higher 

dl.solution of added P in this 8011 leading to the 

release of Ca Which ln turn inoreased the absorpt1on 

of K. 

In kari s011, _O~ tite vart..ou.. P treataanu, 

SP at both levels and RRP at higher level were on par, 

though SP registered relatively higher value. 

Appllcation of MRP at both rates and RRP at 'the lower 

ra,e dld not differ sl .. 1fican~y ln increasing 'the 

uptake of K by the ~raln. In the case of latert te 

so11, SP and RRP at the rates of 90 kg P2oS/ha 

increased the uptake of K compared to all the 



other treatnlenU which were on par with that of 

control (no P). 

In general, the tilO rockphollphates increased 

85.12 p$r cent of the uptake pf K produced by the 

application of SP as the source of P. The 

superiority of SP over the two rookpho.~hates 1s due 

to the higher ~edlate aval1abill~ of Ca and P. 

Higher level of application of P increased the 

uptake of K by the grain though ~e increase was 

IlOt 1n proportion to the added P. 

1.3.4 Total uptake of potassium 

Total uptake of K as influenced by varlous 

treatments 1s presented 1n ~l. 41 and ~ analysis 

of variance in Appendix V. 

When no P was add&d, the total uptake was 40.55 

per cent more ln laterite soll (0.669 q ~pot) 

compared to karl so11 (0.476 g K/potj. By the 

app11cation of P fertilizers, the total uptake of 

K by rice increased significantly over control to 

the extant of 0.123 and 0.897 g K/pot in la~rit.a and 

kart s011s respectively. Though the application of 

K was done uniformly 1n all the trestlnenu, the growth 

of plants would have been 11mi te~ by the low 1 • .,.1 
of available P in the .011, and so the application of 

P resulted in an inar .... d dry matter p~ductlon 

and higher uptake of K. 



In karl soil, SP at. the h19her level of 

application w.. s1galfioantly auparlor to other 

treatments and in laterlM so11, the levels of 

application of SP were on par and slgnificantly 

superior t.o rockphosphates at both le.els of 

applicat.ion. In both the so11s, 'the t;wo 

rockpho8phat.es dld not vary much which indica~d 

lft1 

tha.t their transformation patern was similar ln these 

two so11s. In general, ~he total uptake of K 1n 

tr.a~enta receiv1n9 roekphosphate8 was 86.55 and 

92.46 per cant of those recelying SP 1n laterite and 

kari salls respectively. The incraase in the total 

uptake of K with inereasinq levels of application of 

P was not pronounced. 

2. Yield of straw and grain 

2.1 Yield of straw 

Effects of various aources and levels of applied 

P on the yield of straw at different stages of crop 

growth in latdrite and kar1 soils are given in 

Tables 31, 32, 39 and .0 and their analysis of 

'Variance 1n Append1.x I!. 

In all the treatments, the rate of increase in 

tha straw yield was max~ during the second fortnight 

(88.99 par cant) which represented the max1.mum 



till.ring stav. (Table 39). Parther increase was 

relatively low due to the 1... Y1gorous absorptioa 

of nutrients 1 •• dlng to the reduced rate of dry 

matter prodDctlon. 

Table 32 ahows that in 1:he abs.nc. of added P, 

the mean straw yield fram laterite soil (37.68 V/pot) 

was 63.56 per cent more than that from kari 8011 

(23.95 g/pot). But when P fertilizers were added, 

straw yield wa. si9nifiaantly 1ncrea.ed to 38.88 

and 38.85 g/pot in laterite and karl 8011s 

respectively (Table 40) 1.8., the straw yield in 

laterite so11 was increased by 1.2 V/POt. due to the 

addition of P fertilizer., whlle the increase ln kari 

80il was 14.9 9 /pot which accounted to 61.65 per cent. 

more than that of control. Because of t.he higher 

supply of native P in laterite soil the nutrien, 

uptake and dry matter productioa were not ltmited 

and so the effect of P fertilizers in increasin9 ~. 

straw yield was not pronounced in later! te soU. 

However, in karl soil, P is found to be a limiting 

factor and the nutrient u~take and dry matter production 

were hindered ln the ab.ence of sufficient. quantity of 

P. So in kari so11, the eff.a~ of p ferti11.a~lon 

was more pronounced with regard to the increase 1n the 

straw yield. 
'. 



The increase in the straw yield over control 

due to the addition of SP (,.a95 g/pot) wa. 

a .41 V/pot more than the two rockphosphates 

(1.225 ;/pot) and the incre •• e was not found to be 

significant (Table '0). This showed that the two 

rockpbosphat.es in qeneral waS 1'.52 per cent as 

effective as SP in increasing the straw yield. 

The superiority of SP over the two rockphosphate. 

was due to the higher 1mmedia-. availability of P 

and other nutrients 11ke C. and S which in turn 

increase the nutrient absorption and dry matter 

production. 

Application of P at ~e rate of 45 kg P20S/ha 

increased the straw yield to the extent of 21.66 

per cent of that of con~l and further increase to 

90 kg P2oS/ha cau.ed 41.05 ~ar cent increase in 

straw yield over the lower 1 ... 1. Also when the 

salls and sources of P were con.idered independently 

again the straw yield increased with increasing 

levels of application (Table 31). This increase in 

straw yield with incre .. lDg levels of application 

of P was obviously due to the increa.e in the content 

of available P. 



2.2 Yield of gra1n 

Influence of varlou. ~.atmanta on the y1e14 of 

grain 1s presented in Table 41 and F19.l' and ~e 

analysis of variance ln Appendix V. The relat.ioruships 

of grain yleld with nutri.n~ up.ake and available P 

in so11 at the ttme of harYe •• are 9iven in Table ". 

Grain yield in the absence of added P from 

lat.erite s011 (49.42 g/pot) w.s higher than that from 

kari s011 (36.79 q/pot), ~1. reason being the higher 

qrowth rate and dry matter production due to the 

higher availability of native P under 5ubme~ence 

in laterite aoil. On addition of P fertillzers, the 

grain yield was increased to 50.17 g/pot in laterite 

soil and 54.97 g/pot in karl 8011. When the 

percenta9G increase in the yield of grain 6ue to the 

addltion of P fertilizer. oYer control (no p) was 

considered there was 49.42 per cent more yield over 

control ln leari, s011 while 1n laterite soil the 

increase was only 1.52 per cent. Thus in the ca •• of 

laterit.e 80il, the P treatments lr~e.pectiv. of for-. 

and levels, failed to register significant increa •• 

in the yield of grain as compared to control due to 

the u!'lrestrleted growth and dry mat.ter production 

occurring- in the presence of an unl irai ted supply of 

nat.ive available P. HoweYer, in kari lSoil, P wa. 
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Table 41. Grain yield, nutrient per cent and uptake by grain and total uptake of nutrients 
as influenced by various treatments (first crop) 

--~------..... --.......-. .. -----........... .,.~ .......... ~-... --................................... --................................ ~-..... --.. ----........ --... ....-... ----...... --......--.-~ .. --~ ... .........--
Treatment Yield of Per cent of nutrients Uptake of nutrients Total uptake of 

grain, ~~~~~il22~~ __ ~~~_~ mttrienta .............. .-. ........... ..-.-...... -
9/pot -----. .. ~ .... ---.. --....... .-..---.... ---... -_.-._.......--.................. ---. ... --. ... -

Ho. KotatioD If • It .. P It Ii P X 
g/pot mg/pot ClJ/pot 

...-...... -.............. -.... --.-. .................... -.. -... ~ ... ~ ....... .-............ -.. --.... -----........ -------~-----..... ---...................... .--.-. ... ---... ----.--. ... -----~----.. ..." ... ..-.. 
1 OL 49.'2 1.105 0.337 0.150 0.546 0.169 0.07. 0.830 216.4 0.669 

2 RRP'5L 49.'. 1.115 0.123 0.175 0.551 0.160 0.087 0.853 214.3 0.804-

3 RRP90L 49.62 1.120 0.328 0.190 0.556 0.16. 0.098 0.844 219.2 0.770 

4 MRP45L 4'.'0 1.120 0.341 0.180 0.553 0.16' 0.089 0.799 216.9 0.700 

5 MRP90L 50.35 1.120 0.341 0.185 0.565 0.172 0.093 0.867 218.8 0.'" 
6 SP4SL 51.04 1.130 0.341 0.190 0.577 0.174 0.097 0.844 220.2 0.862 

1 sP90L 51.15 1.140 0.141 0.19. 0.583 0.175 0.107 0.919 221.3 0.86' 

a - 36.79 1.090 0.305 0.158 0.402 0.112 0.057 0.482 139.9 0.476 

t RRP451C 51.70 1.120 0.332 0.165 0.519 0.172 0.085 0.791 220.6 1.274 

10 RRP90lC 55.38 1.130 0.341 0.175 0.626 0.189 0.09. 0.928 250.3 1.468 

11 MRP45K 50.91 1.120 0.341 0.170 0.570 0.1'7. 0.081 0.812 228.6 1.247 

12 MaP90X 53.11 1.130 0.342 0.115 0.60. 0.184 0.094 0.878 230.4 1.359 

13 SP451C 55.42 1.130 0.337 0.18S 0.625 0.186 0.103 0.956 250.8 1.377 

14 sP90K 62.67 1.150 0.337 0.193 0.719 0.208 0.121 1.110 280.9 1.51' -----.--.............. -................... --.... -............ --... -.~-.-... ---.... -..-. ..... ---.. -.-..---.... --........ --.......... ~ ...... .-..... -......... --.... --................... -............ -. ... ---.......... -
CD(0.05) 5.306 1I.S N.S 0.0266 0.0631 0.0266 0.0239 0.1989 32.56 0.0438 ------... -... .-.-....... ...--, ........................... ...-----.............. ~ ..... -.-.. -----.--... ---------.. ......-~--~ ..... ------.. -... -......... -..... --.---........... -~ .... -.~---

I 



found to be a lllal ting factor which hiDdered the 

nutrient uptake leadin; to the reduced rate of dry 

matter prodUcUoa and bence the addition of P 

fertili.ers had reaulted in an aignificant increa.e 
-

in the yield of grain in this so11. 

In both the 80i18, among the P treatments, 

application of SP at higher level recorded 

relatively higher value. of grain yield complred to 

other treatment. though the increase was statistically 

siqnificant only in karl so11. aesults showed that 

the two rockphosphates at both the levels of 

application and SP at lower level of application 

were on par ln kari soil which indicated that the 

available P released from rockpho8phates at the 

higher level of application waa equivalent to the 

available P from SP a~ lower le.el of appllcation in 

lncreasing the yield of grain. However, the 'tWO 

rockphosphates did not vary wl~ regard to the yield 

of (Jrain. In general, the grain yield by the 

appllcation of SP wa. 1nG~ .. ed to the extent of 

S.86 per cent over the two rockphosphata8 tn 

laterite soil and 11.56 per cent in karl 8011. Thus. 

ln general, the two rocKphosphate. waa 93.18 per cent 

as efficient as SP in incr ... 1Dg the yleld of grain 

ln these acid so118 UDder atadr. 



3. Ayallable phosphons 

contana of anilable P (Bray 1 and 2) as 

affected by various sourc.. and level. of applied P 

in laterite and kari .alls are presented in 

Table. 31, 32, 42 and .3 and the aDalysi. of 

variance in Appendlx IV. 

In qeneral , both in the presence and ab.ence 

of added P, the eon-.nt of avallable P (Bray 1 and 2) 

decreased with the advancement of crop grolRh. 

The max~ content of available P was observed 

during the first fortnight of sampling and then 

gradually decreased up~ the tiae of harvest 

(Table 42). Higher level of available P observed 

during the first fortnight of sampling was due to 

the release of large quantity of available P due to 

flooding from the native P in addition to that from 
I' 

the added :P I and at the sarne time the absorption of 

p by ~e plant was relatively low during this period. 

The-decrease observed in the aub •• quent periods i8 due 

to 'the absorption of P by the plant. 

Originally (before transplanting) the content 

of available P (air dried 80il) was 2.77 (Bray 1) and 

11.30 (Bray 2) ppm in laterite 80il and 2.54 (Bray 1) 

and 8.03 (Bray 2) ppnt in kari soil which on addition 

of P fertilizers increa.ed to 4.42 (Bray 1) and 



~able 42. AYailable P (ppm) of air dried soil as influenced by 'the treatments at: 4ifferent: 
periods of crop growth (first crop) 

Treatment 

1 OL 

2 RRP45L 

3 RRP90L 

4 MRP45L 

I JlRP90L 
• _NIL 
, SP90L 

• OIC 

9 UP4SlC 

10 IUlPtox 
11 MB.P45J( 
12 MRP901C 

13 SP45K 
14 SP90K 

Available P (Bray 1) at different 

2.71 6.41 4.12 3.37 2.9' 3.05 2.53 
3.98 6.15 5.51 4.24 4.28 4.04 3.85 
4.06 S.92 6.19 5.23 4.47 4.19 4.25 
3.31 8.62 6.82 3.77 4.55 4.42 4.53 
4.37 9.17 8.16 4.94 4.90 4.36 4.38 

5.01 7.11 5.80 4.76 4.66 4.lt 4.58 
5.68 8.29 6.10 7.09 4.95 4.11 4.51 
2.54 3.35 2.56 1.'3 1.68 1.95 1.50 

3.52 5.94 4.10 3 •. " 2.8' 2.85 2.64 
3.98 6.38 4.51 3.58 3.65 3.56 3.27 
3.28 6.89 4.95 2.7. 2.59 2.842.?2 
3.28 7.45 5.61 3.49 3.38 3.48 3.32 
4.65 1.44 1.21 3.50 3.51 3.56 3.3. 
5.30 9.8a 9.55 4.ta 3.63 3.52 3.28 

Available P (Bray 2) at dlffereat: 
_____ .R!:!~.t_!2!:!D_!I!!!! ________ _ 

11.30 17.88 15.22 13.04 9." 7.32 
11.15 18.76 17.55 15.08 10.83 8.85 

12.19 20.20 19.01 IS.37 10.84 9.33 
12.04 19.05 17.48 14.96 10.83 a.54 6.3' 

12.51 20.64 19.26 15.77 10.84 10.21 5.91 
14.03 19.79 20.40 16.17 11.64 10.10 S.80 
16.78 21.17 18.89 16.63 12.58 9.8' 1.87 

9.03 16.01 11.87 12.12 1.75 1.42 5.70 
14.9' 23.62 20.13 17.40 12.37 11.01 9.1' 
15.32 25.91 21.19 19.13 14.6' 13.17 10.01 
14.07 23.'. 20.18 17.52 12.39 11.26 9.11 

15.21 25.99 20.98 11.45 14.21 13.34 9.1. 

18.08 25.66 21.58 19.53 15.91 9.97 8.00 
18.99 27.52 22.21 21.42 17.51 12.94 11.13 .' ---...... -----~ .. ~~ ....... ...--..... ~~------........ .......... -~---............ ---......... ~---- ....... ---.----.. ~ ........ ...-. ............... --........-..--_.-_---



Table .3. Mean values of available P (Bray 1 and 2) a8 influenced by source. of P, 
80ils and levels of P application, ppm (first crop) 

Periods of Source. of P Soila Levels of P205' crop 9 rowth, ______________ ______________ _ __ ~_!....___ Mean 

f~rtnight. RaP MRP SP Laterite Karl 4S 90 .......... --...... -...-~---.-....~-...... ...... -..---.... ------~~ ... ---..... -.. -----.-.-...-.-----........ ----.... -------.................... --
o 
1 

2 

3 

4 

5 , 
Mean 

o 
1 

2 

3 

4 

5 

6 

MeaD 

3.89 
6.85 
5.24 
4.03 
3.81 
3.66 
3.50 
4.43 

13.55 
2,.14 

3.57 
8.03 
6.38 
3.73 
3.85 
3.77 
3.74 
4.13 

13.4' 
22.29 

19.48 19.48 
16.74 16.67 
12.17 12.07 
10.59 10.84 
8.37 7.77 

14.72 14.65 

Bray 1 

CD(0.05) for periods .. 
II .. 

.. .. .. 
soils 
source. 
levels 

Available P (Bray 1)« ppa 
5.17 4.42 4.00 3.98 4.44 

8.35 

6.19 

4.8a 
4.16 
3.95 
3.83 
5.20 

8.19 8.05 7.33 7.03 
7.16 6.53 
5.07 5.00 
4.20 4.63 
4.07 4.36 
3.93 4.35 
5.39 5.34 

Available,P 

16.97 13.21 
23.95 20.22 
20.49 

18.44 

14.41 

10.73 
8.19 

16.17 

- 0.669. 

- 0.2626 
- 0.3216 
• 0.6694 

18.57 
15.66 
11.26 

9.49 
6.50 

13.56 

5.99 5.13 

3.56 3.68 
3.28 3.75 
3.29 3.72 
3.09 3.62 

4.36 4.50 
(Bray 2~, Pp! 

16.10 14.15 15.16 

23.66 25.37 21.93 
21.07 
18.91 

14.51 
11.95 
9.70 

16.79 

19.37 20.66 
16.18 17.79 

12.33 13.44 
9.95 11.48 

7.48 8.75 

14.57 15.79 

Bray 2 

CD(0.05) for periods .. .. .. 
.. 
II 

II 

soils 
levels 
sources 

4.21 

7.6' 
6.26 

4.28 

3.96 

3.83 
3.12 

4.85 

14.66 
22.19 

19.82 

17.28 

12.88 

10.12 

8.11 
15.18 

- 1.395 

- 0.5473 
- 0.5413 
- 0.6703 



4.00 (Bray 1) ppaa tn laaria and kari soila 

re.pectively (Tabl •• 42 and 43). The aean available 

P contents In ~ control treatments in laterite and 

kari soils duriD9 1the pe .. iod of plant growth were 

3.60 and 2.21 ppm re.pectively 1.e., the laterite 

s011 contained 61.31 per cent. JDOre Bray 1 P 'than 

~at of karl soil (Table 32). This significantly 

higher content of available P in laterite soil was 

due to the higher availability of native P releaaad 

after the intensive reduction reactions oocurring 

1n the laterite soil. HoweVer, the rate of increase 

in the available P due to tne a44ition of P 

fertili.er. over control was high in kari 80i1 

compared to laterite 80il due to the higher 

dis.olution of added P in kari 8011. 

The mean. contents of available P (Bray 1) from 

RaP, MRP and SP wore 1.525, 1.825 and 2.480 ppm 

respectively over control whiCh showed that the two 

rockphosphatea in general were only 67.54 per cent 

as efflcient a8 SP with regard to the content of 

available P (Table 43). Tbis indicates that major 

part of P from rockphosphat.. was remaining 1n an 

unavailable foJ:'lll for the first. crop nnd this 

remaining Pcan be utili •• d by the succeeding crops. 
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Ifable 44. Inurrelationahips of nutrient. per cent, nutrient. uptake, grain yield and a".ilable P 
at. the t.ime of harYest (first crop) 

(coefficients of linear correlation) 
.... -----...-.....-..------~---~---~ .... --~--~---... ~-.......... -... -------------~ ... --.-.-...------...... ~------.. --... -------.-....---... -------~ .. 

_ of atraw 

P% of straw 

IC% of straw 

•• ptalce by 
straw 

P lIPtalte by 
auav 

K _ptake by 
straw 

Bray 1 P 

Bray 2 P 

Yield of grain 

~ of 
straw 

--

P% of 
straw 

-0.106 

--

K'% of N uptake P uptake 1C uptake Bray 1 Bray 2 Ylel4 of 
straw by straw by straw by straw graia 

-0.037 0.1ll 0.043 0.061 

0.335 0.245 O.8'~ O.Ha 

-- 0.20. 0 •• " 0.911 

- 0 •• 45 0.369 

-- O.S,t 

--

** significant at 1 per cent laysl 

* Significant at S per cent level 

0.114 0.196 o.stl 
-0.11. O.tlt -0.1'1 

** -0.206 0.71' 0.280 

0.145 0.41' * 0 •• 64 

0.121 O.Sn 0.106 

-0.140 .* 0.129 0.318 

-- -0.314 0.291 

- 0.451 

-
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Available P (Bray 1) as influenced by foras of P 

fert.ilizers is qJ:a.phically represented lnftq.15. 

Significant increase in available P (Bray 1 

and 2) was observed when the addition of P 

fertilizers was increased to 90 kg P20S/ha from 

45 kg P2oS/ba. 'rhe increase in Bray 1 P observed 

by increasing the level of application was 0.70 and 

1.70 ppm in laterite and kari soils respect.ively 

(Table 31). In general increasing the level of 

application 1nc~eased the available P (Bray 1 and 2) 

to the extent of 11.97 per cant OVer the lower level. 

Linear coefficient of correlation between 

available P (Bray 2) and yield ot grain revealed 

~lat the contants o~ available P during all periods 

of sampling Wf1re positively correlated with grata 

yield, but maximum correlation was obtained with the 

** available P content of the second perion (r = 0.626). 

RI-31atively higher correlation values for grain yield 

va. obtained with Bray 2 P compared to Bray 1 P 

during all periods of sampling. 
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B. 8m!4 CroP 

The re.idual .:ffec:t of 1:11. two rockphosphate. 

in comparison with that of superphosphate was 

assGssed by studying the nutrient uptake and yield 

(straw and 9~ain) of the second crop. 

1. Nutrient uptake 

1.1 Nitroqen 

1.1.1 Uptake of ni troqen by the straw 

Results on the effect of various eourees and 

levels of applied P on the uptake of N by the straw 

at different periods of crop growth in lat$rite and 

karl soils are presented in Table. 45 to 50 and 

their ~nalysis of variance in Appendix III. 

By the addition of P fertilizers ~le N per cent 

in the straw increased from 2.2" to 2.39 ln laterite 

soil and from 1.59 to 1.75 per cent in karl soll 

(Table 46 and 48). Both in the P treated and control 

(no P) conditions, the uptake of N by the straw was 

h1qher ln laterite soll compared to karl so11, 

probably due to the releaa. of relatively larger 

amount of nattve available P fo~ed, iD addltlon to 

the added P, consequent to the In'-nalve reduction 

reactions oocurring in the laterlte so11 on floodln9. 

The N uptake by the straw in the control (no p) 
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Tabla 45. Nitrogen per cent o'f suaw and root as influenced by tha treatments at d1fferent 
periods of crop growth (second crop) 

i'raatlllent 1$ of straw at different periods, If!~ of root at d1fferent periods. 
~_~ ____ ~~__ ~~~_~~ ___ ~!!!!i2!!-_~~~~_~~ _~_~~~ ___ ~!~~!i~~_~~ ___ ~ __ ~~ 
NO. NotatloD 1 2 1 5 6 1 2 3 5 6 
.... _________ ..... --...-........ ______ ..... ... ___ ... ......-.-.-....-................. ___ ~_. ... ___ I _________________ • __ ... _._ ...... __ ...... _______ .-.... 

1 OL 

2 RRP45L 

3 RRP90L 

4 MRP45L 

5 _P9OL 

, SP45L 

7 SP90L 

8 OK 
, RRP45X 

10 RRP90IC 

11 MRP45K 

12 MRP90K 

13 SP4SK 

14 SP'OK 
15 SP(45+45)L 

16 SP(4S+45)K 

2.02 3.32 3.32 2.27 

2.15 3.45 

2.18 3.45 

2.14 3.4' 

2.23 3.53 

2.14 1.45 

3.40 2.48 

3.43 2.52 

::1.40 2.44 

3.43 2.56 
3.40 2.52 

2.23 3.49 3.45 2.56 

1.71 2.06 1.89 i.75 

1.85 2.19 2.01 1.77 
1.87 2.14 2.06 1.85 

1.89 2.15 2.06 1.83 

1.92 2.19 2.02 1.85 

1.94 2.23 2.06 1.89 

1.89 2.19 2.02 1.94 
2.17 3.02 2.68 2.49 

2.07 2.31 2.10 1.91 

1.60 0.93 

1.67 1.01 

1.69 1.05 

1.62 8.91 
1.68 1.55 

1.68 1.01 

1.64 1.01 

1.31 0.76 

1.52 0.84 

1.56 0.93 

1.47 0.86 

1.60 0.97 

1.64 0.97-

1.64 1.39 

1.81 1.18 

1.68 1.13 

1.52 

1.56 

1.60 

1.55 

1.60 

1.60 

1.56 

1.35 

1.43 

1.47 

1.43 

1.50 

1.51 

1.52 

1.55 

1.60 

1.64 1.47 1.10 

1.77 1.56 1.1S 

1.81 1.64 1.26 

1.72 1.51 1.0' 

1.85 1.64 1.30 

1.11 1.68 1.35 

1.76 1.68 1.31 

1.52 1.35 1.05 

1.64 1.43 1.10 

1.63 1.52 1.14 

1.68 1.47 1.14 

1.60 1.47 1.09 

1.72 1.52 1.14 

1.68 1.52 1.18 
1.85 1.79 1.43 

1.85 1.68 1.51 

0.93 

1.01 

1.14 
1.14 
1.12 

1.22 

1.14 

0.76 

0.84 
0.89 

0.80 

0.84 

0.88 

0.93 

1.22 

1.35 

0.26 

0.51 

0.51 

0.42 

0.46 

0.51 

0.51 

0.17 

0.26 

0.34 

0.30 

0.38 

0.30 

0.34 

0.59 

0.88 

--~--~--~~~-~------~-~~-~~-~-~-------~~~-----~-~~~~-~-~---~~~--~~----~~~ ~ 
CJt 
~ 



Table 46. Mean values of n1 trogen per cent of straw aDd root aa lmluenced by 
sources o~ p. so11s and l •• els of P appllcation (second crop) 

---~---~------...... -----...---........-.--.... - .. ---------............. ------... -.. -----.. ------.-.--.. -.. --.......... ---~----
Periods of Sources of P so11a Le"els of P205' 
crop Vrow1:h. .-.--.......... -.-----~ ... -----............. _.--.--_ .. _----_-.- __ ..!IL!!! __ 

Mean fortmlqhb RRP MaP SP Laterite Karl 4S 9O 
~----~-~~-~------~--~-~~~~---~-~~---~~---~-~~~---~~-.-~--~-

mi of aue 
1 2.01 2.04 2.05 2.18 2.89 2.02 2.05 2.03 

2 2.81 2.84 2.84 3.47 2.19 2.82 2.83 2.83 
3 2.72 2.73 2.73 3.42 2.04 2.72 2.73 2.73 

4 2.15 2.17 2.23 2.51 1.85 2.15 2.21 2.1S 
5 1.61 1.59 1.65 1.66 1.57 1.60 1.'3 1.61 
6 0." 1.09 1.09 1.10 0." 0.94 1.15 1.04 

Mean 2.04 2.08 2.10 2.39 1.1S 2.04 2.10 2.07 

II of %'001 
1 1.51 1.52 1.54 1.51 1.48 1.51 1.50 1.53 
2 1.12 1.71 1.13 1.78 1.67 1.72 1.73 1.72 

3 1.54 1.52 1.59 1.62 1.49 1.53 1.58 1.55 

4 1.16 1.15 1.24 1.25 1.13 1.16 1.21 1.19 

5 0.97 0.97 1.04 1.12 0.86 0.98 1.01 0.99 

6 0.37 0.39 0.41 0.46 0.32 0.36 0.42 0.39 

Mean 1.21 1.21 1.26 1.30 1.16 1.21 1.25 1.23 
--~-~.-.....---~------.--...... -------.-.--..... --........ ---...-----------------.----... ---.. -----------.... -------......... .---.. 

g of straw !! of roo!; 
Cn(0.05) for periods a 0.2190 CD(0.05) for periods a 0.1550 

• • so11s a 0.0860 • • 8011s a 0.0607 

• • aol1 X period - 0.309' 
, 

I-"" 
c:.Jl 
~ 
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'0 

4S 
'0 t. 
00 

.5 
to 

4' 
90 ., 
90 

a.J50 
2.'20 

1.2. 
1.320 

:.-2.810 

I.JIO 
1.Ito 

1.110 
1.'" 

1.lto 
1.170 

I.NO 
2.5'0 

1.110 
1.210 

2.030 2.010 2.010 
2.0&0 2.11'D 1.120 

1.180 1.190 1.2to 
1.250 1.24' J.21O 

0.087 0.... 0.081 
0.081 0.017 0.011 

0.02' 0.028 0.012 
0.031 0.032 0.012 

2.610 2.610 2.' .. 
2.730 1.'10 2.710 

1.110 1.190 1.210 
1.290 1.810 1 •• 20 

'5 1.090 0.771 K ap~ ., 0.891 o ... a 1.010 
10 1.230 0.'" .~ ... ~ 1.003 1.010 1.104 

.1 '9.'7 31 • .,2 8 __ 7le1d.t M.'l It... sa.ll 
to .3.52 14.12 .,~ 37.11 11.3. 40.11 

.5 4.240 1.210 ~9atlabl. p 3.680 1.110 •• 11D 
to 5.410 J.3~ (&.n.y 1) #,.. 4.310 4.0SO 4. no 
.5 12.53 '.320 ~ .. 11"1. P 10.7. 10.51 11.4' 
to 13.01 0.480 Car., 2). ~ 10.80 11.11 11.4 • 

••• ,., •• ___ .... ___ •• b.·a 1M ........ [I I.TI' •• I ........ a .1 ....... 1 •• aB , PI • 



(Table .,). Applic.UOR of P at highar 1.".1 

sipif1cantly incr •• sed the aean up'take of N to the 

extent of 0.091 9 R/po~ Whea soi18, .ource. and 

d1fferent growth st.at'e. wen poole4 (Table 50). 

158 

But N per cent. of straw and root did Rot lncrea.e 

signifioantly with increasing levels of application 

of P (Table 4.5, .6 and '7). The lac~a .. e 1n the 

uptake of N due to the increa.e in the level of 

appl1oation was 37.57 per cent., obYlously due to ~e 

increase in the available P con~nt of the soil 

which 1n turn enhances ~. dry matter production. 

Available P (Bray 1) and N uptake at. 41fferent. 

period8 of cZ"OP growth were poait.lftly correlated w1th 

.ax~ correlation during the first. fortnight 

(r .. 0.1;'). 
When the contribution of natlve P and Padded 

initially at the rate of 4.5 kg P2oS/ha 1n increas1ng 

the uptake of N by the straw wa. deducted, the 

contribution of second application of SP at. the rate 

of 4S k9 P20s/ha was 0.040 9 N/pot in laterite 80il 

and 0.109 9 N/pot in karl .oU (Table .9). a.sults 
1!i.~ 

re~aled that in laterite 8011 twioe ~ applicatlon 

of SP waa only 2.85 par cent .are a£f~cieDt than the 

application of the same qaantit,r of P initlally 

(for first crop) aarockphoaphau8. In the ca.e of 
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'l'able 48. Mean valu.a of aatrl.nt per Cent and uptake, 
straw yleld «Dd avallable P as lnfluenced by 
P sources and soll (aecond crop) 

~~~~~_~_~~ __ ~~~ __ ~ ____ v __ ~~~~ __ ~~~_~~_~~~_~~~~ 

Soll Control RRP MRP SP (No p) 
~~~-~~--~-~~-~~~- .. -~-~---~-~~~~~~~-~~--~~~-~~~-~-
Laterite 2.240 111% of atraw 2.310 2.420 2.380 
Karl 1.590 1.110 1.730 1.810 

Laterlte 1.150 N% of root 1.280 1.280 1.340 
Karl 1.030 1.140 1.1'0 1.180 

Laterite 0.'73 " ~.1Ir 0.871 0.885 0.97' 
Karl 0.3'S atraw, 91pot 0.513 0.518 0.594 

Laterlte 0.083 P% of sUav 0.099 o.ota 0.103 
Karl 0.0'4 0.075 0.075 o.e,.,. 
Laterlte 0.01' P% of root 0.030 0.02' 0.030 
Karl 0.013 0.033 0.030 0.030 

Lateri.te 29.84 P "PUke % 42.26 42.54 48.99 
Karl 16.'8 atrav, Ilg pot 25.59 25.75 28.14 

Latart .. 2.370 K% of aUaw 2.840 2.830 2.960 
Karl 2.300 2.550 2.530 2.580 

Latart •• 1.220 
~ of root 1.350 1.340 1.390 

Karl 1.030 1.140 1.160 1.270 

Laterl_ 0.757 l( "PUlee Dr 1.10ti 1.109 1.277 
Kart 0.519 atraw, 91pot 0.795 0.797 0.859 

Laterite 33.12 SUa" y1eld, 3".89 '0.25 44.22 
Karl 2'.09 CJlpot 32.24 32.02 3'.49 

Laterite 3.'70 Avallable P 4.830 4.240 5.420 
Kart 1.970 (Bray 1), ppm '.190 3.1iO 3.S10 

Laterite 5.530 Avallable P 12.43 12.95 13.01 
Kari '.340 (Bray 2), ppa 9.13 9.21 9.at 

....... ~ .. -...... ..... -------...~--.... ---~ ... -.... ... ~ .......... ---....... ---.. ----... ------......-.. -



Table '9. Uptake of nitroqen and phosphorus by rice straw as influenced by the trea1:ment. 
at d1fferent periods of crop growth (second crop) 

-.........-... --~-~----..... ---..............--... ---------~ .. -.--... -----------....-.---.... .. --.. ---......... ----.-..... _---------...... _ ... -----
Treatment Uptake of • (g/pot) at different Up'take of P (mg/pot) at different 
_~ __ ~_~_~~~ _~_~~:!~-L_!2~!i!~_~~ ___ ~ ~_~ __ ~_28~~~~!2!!!!i~~~ __ ~~~ __ ~ 
No. Notation 1 2 J 4 5 6 1 2 3 " 5 6 
.......... --........ ....-. ....... ~ ..... ---.... .-..... --.-.. -.... ,... .............. -~ .. ---......................... --~-----.. ----- ... ----.-....-.-.----.-.. _-----.... 

1 OL 0.252 0.747 0.,a2 0.862 0.71. 0.475 5.90 15.10 25.20 43.35 44.10 4S.50 

2 RRP45L 0.343 0.895 1.224 1.060 0.833 0.578 8.28 1'.10 41.25 58.60 58.50 53.7. 
3 RRP90L 0.413 1.080 1.340 1.190 0.921 0.637 9.83 22.20 46.30 '7.50 66.20 57.10 

4 MRP45L 0.335 0.907 1.140 1.040 0.805 0.552 7.84 19.15 38.20 58.90 54.'5 52.11 

5 MRP'OL 0.440 1.090 1.390 1.280 0.'50 0.690 9.84 23.95 46.20 10.10 68.90 61.20 

6 SP45L 0.392 1.030 1.350 1.230 0.M5 0.633 9.42 23.20 43.50 68.10 70.80 62.'5 ., SP90L 0.446 1.190 1.510 1.290 0.987 0.661 11.00 26.20 52.35 76.95 75.25 65.70 

• OK 0.102 0.350 0.475 0.479 0.420 0.277 1.79 9.34 17.50 23.50 23.60 24.95 

9 RRP45K 0.241 0.437 0.580 0.622 0.629 0.40. 5.79 12.90 24.60 34.50 35.30 33.80 
10 RRP90K 0.273 0.471 0.645 0.103 0.690 Q.455 6.53 13.45 26.60 38.50 '38.80 36.40 
11 MRP45K 0.229 0.451 0.604 0.622 0.596 0.394 5.93 13.15 25.45 34.80 36.05 33.20 

12 MRP90K 0.270 0.513 0.645 0.711 0.698 0.487 5.75 14.70 26.00 36.05 30.90 39.05 

13 SP45K 0.291 0.534 0.622 0.111 0.729 0.486 6.25 15.55 26.15 36.05 42.40 3'.05 
14 SP90K 0.282 0.526 0.634 0.763 0.806 0.745 6.13 15.35 16.10 40.20 42.70 41.30 

15 SP(4S+45)L 0.469 1.116 1.195 1.214 1.683 0.742 10.92 24.48 44.10 66.33 64.62 63.1' 
16 SP(45+45)K 0.350 0.578 0.102 0.834 0.884 0.619 10.62 11.50 32.60 45.50 57.85 51.30 

--... -------............ -.. ------...-..~----...... --...... ~-...... ----.. ------............... ---.--.. ~ ....... ---.......... ~--. .. - .... --.. -...--. ... -.. 



Table 50. Mean values of nltrogen and phosphorus uptake by rlce straw as lnfluenced. 
by sources of P, so11s and lavels of P application (second crop) 

---.---... -----.-. ... -.. ........................ ----.... -----.-..... ..,.-.-. ..... ---.....------..... ---~-... -... ... -~~-------.--... ---......-~ 
Perlods of Sources of P Soils Levels of P20S' 
crop growth. .....-,., ... _--.. ..-......-.-...--........ ......-..... ~~--..-~-----...... ~~~~---~~- Mea. fortnights RRP MaP 8P Laterite .Karl 45 90 
---.-~ ....... -.-... --... ...-.-----~--.. -.. ~-..-... ----.. ~--~~-..-.-. ..... -.. ~.....-..................... ..,--........... 

N Stake h.£eetl 
1 0.317 0.318 0.353 0.395 0.264 0.305 0.354 0.329 

2 0.705 0..739 0.819 1.0.21 0.489 0..709 0..80.0. 0.755 

3 0.947 0.946 1.029 1.330. 0.621 0..919 1.080 0..974 

4 0.89' 0.914 0.999 1.180 0.688 0..881 G.9a9 0.9'5 
5 0.768 0.762 0..872 0.902 0.691 0.759 0..842 8.800 

6 0.519 0..530 O.6l1 0.625 0.496 o.soa 0.612 I.SM 
Mean 0.692 0.702 0.784 0.'0' 0.542 0.680 0.771 0.12' 

• gblc.e SJBa.ljl!tl 
1 7.600 7.340 8.190 9.310. 6.060 7.250 8.180 7.710 

2 16.'1 17.74 20.08 22.30 14.18 1'1.18 19.31 18.24 

3 34.69 33.'6 37.18 44.63 25.92 3:1.29- 37.26 35.28 

4 49.76 49.95 55.26 66.63 36.68 48.48 54.84 51.66 

5 '9.19 49.49 57.79 65.29 39.02 49.61 54.70 52.15 

6 45.43 46.40 52.61 59.17 3i.13 45.81 50.48 48.15 

Meaa 33.93 34.15 38.52 44.57 26.49 33.60 37.46 35.53 
--.-..-...-.... ......... -.-... ----------... --...~ .................. ~~ .................... --...... --~-... .......... ----..... ---~~-------............. ----- ...... 

• u;etake P ui'take 
CD(O.OS) for periods :a 0.0689 CD(O.OS) for periods • 4.250 

II .. 801ls • 0.0270 II .. solls • 1.668 .. .. sources - 0.Ol31 .. " sources -2.043 .. II levels - 0.0270 .. II levels • 1.668 .. .. 80il x period- 0.0975 .. .. 8011 x period- 6.015 

~ 

~ 
~ 



leari aoil. app11aa"i" of SP a1t 'the rate of 90 kg 

p 2oS/ha in 'two eqalll do... v.. 22. ,. and '.19 per cent. 

more efficient thaa 1:he application of •• _ quant.ity of 

P a8 roclc.phospha.a aDd SP iDiUally respect.ively. 

Th. hlgher .fflol • .., of addad phosphat.tc fertilizers 

appl1ed tntt.ially 1ft laterl-. aoil irrespectiv. of 
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~.ir water aolubll1~ indieate. ~at. the re.idual effect 

of ~. taltially applied P waa .are pronounced in thla 

ao11 compared to karl 80il due to the lesser .t.il1s.t.ion 

of added P in the first crop. Be1:ter performance of 

the trea1:ments reoeirill9 sp twi .. was at.tributed to the 

higher ~d1ate availabili~ of P and Ca which 
• • 

efthanced the plant growth. tJp'take of N by the straw w •• 

posit.ively and signiflcantly eorrelated with the yield 

of suav and graln. Upt&1ce of If by st.raw during' t.he 

fif~ ~riod showed max~ oorrelation with the yi.ld 

of straw and grain (I' • 0.'.' Ud 0.71' for strav and 

grain respeatively). UpUlce of N by straw dur1ng the 

fourth period showed max'_ .rnlation with the 

uptake of N by grain (r • o.en,. 
1.1.2 Uptake of nitroge. by the grain 

lJpUke of N by 1tbe grain as affeeud by vulou 

.o~. and l.v.ls of applied P in lat.erite and kari 

so11s 'S presented 1n Table 51 and their analysis of 

var1ance in Appendix V. 



In lIotb 1ibe •• 11., 1a the abaen .. of a4dect P, 

the uptake of N by ..... 9hia was .ore during t:he 

firs't crop •• aao. COJapare4 ~ the second crop s ... o. 

becau.e th. ra_ of _le ... of nati". P was more 

4urlDg' the 111:1.1:.1_1 ~rtod. of 8\1laergence compared 

to the .ubsaquent pertoda. However, Whell P va. 

added, th. \lp1:alce ... IftOR ciuring 'the first crop 

8."0n 10 kart .011 aDd d\lrill9 ~ second crop •••••• 

1n laterlte so11. The lower re.poILSe of added P 

durl119 'the second crop .... OD in leut 8011 aay be 

due to the l •••• r •• ai1ablli~ of P from the added 

P dUr1n9 .hi. period. . The rele •• ed P .fl'Olll the added 

P might ha.e been al:NJon.4 by the f1r •• crop 1e.ylnv 

only a .. all quantl'tY of ..... 11.1. P for the 8econd 

crop. 

In the second crop. application of fertilizer. 

in vario\ls forms and 1 ... 1. 8ignificantly incre •• ed 

1:11e uptake of N by the ... ala f1"Olll 0 it 534 9 a/pot. 
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ta 0.663 9 N/pot in 1.-. .. 1-. soil, 1:11e incre •• e being 

24.16 per cent and fram 0.'60 9 R/pot. to 0.522 9 a/pot 

1n kart 8011, 'the lnch ... beiD9 45 per cent. Thts 

algalfieant increa.e in 'the uptake of If 1~ both 'the 

so118 1a the ab •• nc. of a .1vnlflaant increaa. in 

i:be II per cent. of 9rain vas _tnly due to the highar 

yield of gratn induced by ~ added P. In general, 
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... ~ .... of .t'l. , fa tao ........... ...... 
oJ ....... eoM.I'Ol _ t.la, • JJlpM lD 1 ..... '_ 

.oU ad 0.16 •• .,... la Icaft aoU. SIt....-.a.. 

waileld. P (D ... 1) ..... dad_ .,. fcMU'th penod 

of ._1 ..... bo ..... k'", ••• ...-..1.t.iOIt vlW\ ....,.. 

., If '" ....... '" , ..... aII,. 
1ft ... the _,la, ....... '15 .... "1. _tAIl 

.... tWld p till. aa 8 ......... NlaUwly h ...... 

tIp __ 01 ......... to ...... u.. __ - ~ w. 

t.ae_ " ......... '-. oalJ' 1a Jcari 8011. 

'I'M 4Iff ....... be..... .. lId't.all,. appl1e6 P 

v •• ___ ..,.. not. p~ ..... the eoU. 

thot.I9h hl9ha ~ ......... bOO ..... "" wu __ _ 
.: ... 1 ..... ap ".704 .. 0 .... tr II/po. la 1-.... 1_ ... 

)cui .,11e n8PM" .. 1!'). .... .... t II ... al_ 

b' ............ _. ~l.lIIf D. ftla ........ . 

... __ ..... uop a180. t:.~p .. found .. be • lMMtel: 

.01U'Ge of P "'til £"egUCS -. the ....... 1ft 'the ...... 

of IJ1 .... n4 to the ~... App1t.eeU.., 

Sp t.afteuecl .ne "P'" of II ." ... nla _ the 

...... of 0.052 • N/pot. Oft .. __ .. 1OIIcpho~ 

(0."5 • at/pot). 

WMD tile ~ ., .... ,...,. 01 • -bile 

applloaUoa 0' to kg Pa0s/M C .... tIM fun .... , ... 
....... w1~ wt. ........ 1 ........ of .... _ 



q\lantlt.y of·P a. SP (fo1:'})01th the cJ:'Ops), it. wa. fOUl'ld 

that. in laterite.,oil, twice the applicat.ion was 

17.91 per cent more effloient. than the single 

application of the same quantity as roclcphosphaU. 

and 7.37 per cant more .fli.ieat than the slngle 

applicat.ion aa SP. In kari soil, application of 

p twice as SP was '2.01 per cent more efficient 

than the single applica_lon of the s._ quantity 

of P. The higher efflcienay of the repeated 

application 1n kari soil ooapared to laterite so11 

was due to ~~e lower supply of nat.tve available P 

and that from added P in kart so11 during the second 

crop season. The released P would have been utili.ed 

by the first erop itself leaving only a .eagre amount 

of available P for the aeoond crop. 

Linear coefficient. of correlation (r) between 

** N uptake by grain and the grain yield was 0.9". 

1.1.3 Total uptake of n1 U'o9en 

Total uptake of • a. idlueoced by varlOW1 

trea1:lDenu 18 9i ven ln 'febl. 57 and the analy.1s of 

variance in Appendix V. 

In the absence Qf a4484 p. the toUl upt:ake of 
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N vas 58.39 per cent more ln la'-rite soil (1.00' 9 

N/pot) compared to kar1 soll (0.637 9 Ii/pot) pJ.'ODa»le 

reason belng the increased supply of native a.al1abte P. 



In P treat.ed pau. the 'total uptake waS increase. 

to 1.246 9 N/pot 1n later1 te 80 11. and 1.018 9 N/po't 

in kari so11, the 1noraaae being 23.49 and 59.7. 

per cent over control 1n ~e5e soils. Thus the 

contribution of added P in increasing the total 

uptake was mora prOJlO1InCed 1n karl so11, because 

this so11 1s highly deficient in available P 

compared to laterite 8011. 

In both t.he soils, the to'tal uptake of If was 

relatively higher in treatments recelving P twice 
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for the first and aecond crops ('1'15 and T16) campared 

to all other treatments, though the differenca was 

significant only in karl soU. The higher uptake 

observed in tre~~ent3 T1S and T16 may be due to 

the higher immediate aVailability of P from SP applied 

to the second crop. Among the P treatments which 

received P only once, SP applied at higher ln.l 

gave s1qniflcantly higher values of total uptake of 

N 1n kari so11 (1.593 9 N/pot). Other treatmenta 

consisting of SP at lower level of applica~ion aDd 

the two rockphosphat.es at both the leyel. vere on 

par. However. in laterite 8011 due to the 

preponderance of native available P, the aMed P 

failed to ahow .igniflcan~ .ff.o~ over control in 

increasing the total uptake of N thouqh SP at higber 



level recorded JRaXiaua "G •• (1.529 9 N/pot). 

1.2 Phosphorus 

1.2.1 Uptake of phospbon.a by the straw 

R.sul~ on the .ffect of Yarioua sources and 

levels of applied P on the uptake of P by the rice 

straw at differen~ stage. of crop growth in la~erite 

and kart soils are pre.ented in Tables 47 to 52 and 

their analysis of variance in Appendix III. 

Addition of P fertiliser. significantly 

increased the per oent of P in the straw from 0.074 

to 0.990 and in the root from 0.015 to 0.031 

(Table 48 and 52). On addition of P fertilizers, 

the uptake of P was significantly increased to 44.57 

and 26.49 mg p/pot in lateri .. and kart soils 

respeotively which acoounted to 2.49 and 1.65 per cent 

of the total P in these 8011. (Table SO). The lower 

contribution of initially applled P in increasing 

the uptake of P in kari 8011 waa due to the higher 

absorption of P released from ~. added P by the first 

crop leaving only a small quantity of available P in 

the soil for the second. orop. Uptake of P by straw 

showed positive correlation with the content of 

available P (Dray 1) during all the sampling periods 

the lUaximum correlation being obtained dllring the 

third period (r = O.5J!). 

1 U I 



Table 51. Phospborua per cent of straw and root .s influenced by the trea~ents at different 
periods of crop CJrowth (second crop) 

Treatment P% of straw at d1fferent periods, P% of root at different period., 
~ ___ ~ __ ~~~ __ ~_ _~ ____ ~~~!I2!! __ ~ ______ ~_~~ ~~~_~ _____ !2~!i2!!~ ____ ~~_~ __ ~ 
Ho. Notation 

1 OL 
2 RRP45L 

3 RRP90L 

, MRP45L 

5 MRP90L 

6 SP45L 

7 SP90L 

8 OK 
9 RRP45. 

10 RRP90K 

11 MRP45K 

1 2 3 5 , 
0.047 0.066 0.085 0.114 0.099 0.089 

0.052 0.077 0.114 0.137 0.116 0 0 093 

0.052 0.075 0.119 0.144 0.116 0.095 

0.050 0.077 0.112 0.137 0.110 0.092 

0.050 0.077 0.114 0.139 0.121 0.101 

0.052 0.077 0.110 0.140 0.123 0.101 

0.055 0.077 0.119 0.152 0.115 0.102 

0.031 0.055 0.010 0.086 0.073 0.068 

0.045 0.064 0.085 0.097 0.085 0.070 

0.044 0.061 0.085 0.100 0.088 0.073 

0.041 0.062 0.087 0.101 0.089 0.073 

12 MRP90K 0.041 0.063 0.081 0.093 0.089 0.077 

13 SP45K 0.041 0.064 0.087 0.095 0.095 0.077 

14 SP90K 0.041 0.064 0.083 0.102 0.087 0.077 

15 SP(45+45)L 0.051 0.066 0.099 0.134 0.108 0.102 

16 SP(45+45)K 0.063 0.070 0.098 0.104 0.109 0.085 

1 2 4 5 6 

0.010 0.020 0.030 0.015 0.010 0.008 

0.023 0.035 0.041 0.029 0.021 0.01. 

0.027 0.039 0.044 0.034 0.026 0.020 

0.021 0.033 0.041 0.031 0.023 0.011 

0.026 0.037 0.044 O~034 0.020 0.01' 

0.033 0.038 0.044 0.034 0.022 0~012 

0.030 0.045 0.045 0.034 0.016 0.010 

0.005 0.013 0.025 0.015 0.010 0.110 

0.033 0.039 0.045 0.029 0.021 0.016 

0.036 0.045 0.048 0.033 0.025 0.020 

0.026 0.036 0.043 0.025 0.018 0.015 

0.035 0.046 0.050 0.033 0.023 0.020 

0.030 0.045 0.050 0.035 0.022 0.016 

0.029 0.046 0.050 0.035 0.023 0.018 

0.033 0.046 0.048 0.035 0.021 0.013 

0.038 0.048 0.053 0.036 0.027 0.021 



'rable 52. Mean values of phosphorus per cent of straw and root aa influenced by 
sources of P, soils and levels of P application (second crop) -......... -............... ------...... ~~---....... ..,-.....,-.. -.. .-....... .. -....--.-.-........... -... ---........ --... ---.. ...... -... ....... .-~ .... ~ ....... -... ---

Periods of Source. of P Soils Levals of P205' 
crop growth, 

~~~~~~-~--~~--~ ... - _ .... .....-...--...... _ ............ '-- __ .,5l!!a......-. ....... ___ ... Neaa fortnight.s RRP MRP SP Laurit.e Kari 45 90 --....... ...-. ..... -... ..-..-..................... -.. ~------...... -.............. .-. ... -------.-..-. ........... -... --...................... -..... -~ .. --.....--........... ......-~~ 
!! of straw 

1 0.048 0.046 0.048 0.052 0.043 0.047 0.047 0.047 

2 0.069 0.069 0.071 0.077 0.063 0.070 0.06' 0.069 

3 0.101 0.099 0.099 0.115 0.085 0.099 0.101 0.099 

" 0.119 0.118 0.122 0.142 0.09S 0.118 0.122 0.120 

5 0.102 0.102 0.108 0.119 0.089 0.103 0.105 O.lM 
6 0.083 0.086 0.089 0.0'7 0.075 0.085 o.oaa ·O.OM 

"all 0.087 0.087 0.089 0.101 0.076 0.087 0.089 O.08e 
l! of roo~ 

1 0.010 0.028 0.031 0.021 0.032 0.028 0.031 0.029 

2 0.039 0.038 0.044 0.038 0.043 0.038 0.043 0.041 

3 0.045 0.045 0.047 0.044 0.048 0.044 0.047 0.046 

" 0.031 0.031 0.035 0.033 0.032 0.031 0.034 0.032 

5 0.024 0.021 0.021 0.022 0.022 0.022 0.020 0.022 

6 0.a19 0.016 0.014 0.015 0.018 0.016 0.017 0.016 

Mean 0.031 0.030 0.032 0.029 0.033 0.030 0.032 0.031 
.-.--..... -.. ---........ ---.....-... ...... ---.... ----.... -. ........ -............. -...... -.... -----.. ----~ .... ----........ -..... ---............ -...... __ .-. ........ --_ ... -

P% of straw !2! of root 
CD(0.05) for periods - 0.0079 CD(0.05) for periods - 0.002' 

• • 80ils a 0.0031 • • soils - 0.0044 

• • sourc •• Xperioda 0.0079 • • 1 e ... e ls a 0.00114 



The uptake of P t~ ~e initially applied RaP, 

MRP aDd 8P was 10.62, 10." and 15.21 -V p/pot over 

eontral which shoved that. 1:he two roclcphosphau. 

1 'U 

were 70.55 per cent .. afftatent as the SF (Table 50). 

The algniflcanUy hi."her effioleac:y of SP va. 

attributed to lU hi9her 8l1pply of water soluble P 

and other plant nub-ienta like Ca and S which enhance 

the uptake of P by 1acre .. iag the dry matter 

pro4uc:t.ion. The P per cant of atraw and root cU.4 not 

vary significantly· with ~e variations 1n the .ocre •• 

of P added (Tabla 52). 

In laterite 8011, appl1ca~ion of 90 kg P20S/ha 

in two equal do... dU41ng first and second C¥Op aeaaona 

re.ulted in an inerea" in the uptake of P to the 

extent of only 0.14 per cent over the application of 

the aame quantity of P as roakpho8pha'tes initially. 

But a4d1tlon of SP a~ higher level ln a single do •• 

was 12.05 per cent more efficient than the repea.ted 

application. In the case of kari so11, application of 

SP in two dos.. during the firat and second crop seaaons 

was 31.74 and 25.28 per c.n~ more efficient than the 

initial application of the __ quantity of P u 

rockphoaphate. and SP reapectlvaly. This ShOW8 that 

the r •• idual effect. of iDitlally applied P va. lea. 



ln karl soll becaus. of the higher &baorptioa of P 

by the first crop ."lanc.d by th. 24.47 per c •• t 

aore .ptak. of P by the straw ln the pr ••• nce of 

added P during the fir.t crop .... 011 1n kari 80i1. 

Uptake of P was aax1aua durlnq the fourth aDd 

fifth periods of .-.pling which r.pr.s.nted the 

stage of aaxilmBn ac:c:uan&lation of P in the straw 

(Tabl. 4' and 51). 1J.'h. deer .... ob •• rv.d at 'the 

81x'th period May b. a. 'to the translocation of P 

to the grain. Increaslll9 t:he 1.".1 of application of 

P from 45 to 90 kg PaOS/ha iDGre .... d the uptake of P 

to the ext.nt of 3.86 m9 pIpet wh.n 8011a_ source. 

and period of lncubation w.re pooled (Table 50). 

When the three sourc.. of P were considered 

1 71 " 

independently the increase in the uptake of P obaerved 

due to an increase in the 1 ... 1 of application was 

from 32.19 to 35.67 IIl9 pIpet for RRP, from 31.62 to 

36.68 aq pIpet for MRP ud from 36.99 to 40.04 Jn9 pIpet 

for SP (Table 47). Up~ of P by tJle atraw d.urlD9 

~,e fourth period showed ... ~ correlation wlth the 

yield of straw and grata (r • 0.5'. and o.s~l for 

straw and grain yield re.pactl .. 1y) 

1.2.2 Uptake of phosphOJ:Ua bf the graln 

Uptake of P by the graln as influenced bT various 

tr •• tment.a 1n laterite anel leui .011a is pr •• ented ln 



Table 57 and the aaalyal. of variance ia 

Appen4ix v. 
Pho.phorus up~e by the grain increased 

significantly over eoatxol due to the addition of 

P fertllizer., th9QOb the P per cent did not ahow 

s191l1flcant. lRQX'e •• e over control. 'fhis lncrea •• 

ln the uptake of P 1n the absence of a significant 

increaae in the P per cent was obviou.ly due to the 

increased grain yield in the presence of added P. 

When no P waa ad4e4. the u.ptake of P by the 

grain was 0.142 and 0.090 9 pIpet in laterite and 

kari soil. respectively which on addition of P 

fertilizers increased to 0.182 and 0.141 9 p/pot in 

thes. 80i1s, the p.roenta~e increase over control 

being 28.17 and 56.66 in laterite and karl .oi1s 

respectively. Available P content during the second 

period was max~ correlated with the uptake of P 

by the grain (r • 0.401,. 

In both the so11s, _ong the tni tially applied P 

treatments, SP at both le.ela of applica~on w.s found 

to be significantly Detter campared to other fo~. 

aDd levals. The two J:OO)cphosphat.s did not Yaxy 

Significantly with regard to the uptake of P by th. 

orain. This indiaat.. that the tranafor.mat1on of 

these two form. of P is similar in the two so11. under 



a-.cy ....... .., ... elf .If ...... 0....... -..J. ... 
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___ of , ... laUd. .. ..s Jcari ... 1. U "he.'*' 
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~ to .. .......... Abo. ill .. __ •••• 

of ...... p. trotal· ........ fou4 to be -- 4Ui.a9 

... 'bat. enp ...... fa Uri .. U. Bdia late .. , .. 
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21011 togl up'talte ... more ln 8econd crop se •• on. 

The hlgher ~"1 up~ o~ P ln both the so11s 

during the fir •• cu:op •• &8on compared to the second 

crop 8eason in the ab.ence of added P is .~trtbu~ed 

~ the 1ncreased supply of nattve av.ilable P durln9 

~he tnt tial periods of fl004in9 which enhances the 

absorpt.ion of P. The be-t_r padoxmance of added P 

during the .econd crop ae.SOD 1n laterite soil was 

due to the les •• r absorption of P from the added P 

during the fir.t crop bec~UBe of the hiqher supply 

of nativ. available P. This vas further confirmed 

by the nonaonspleuous increase ln the total uptake 

of P over control during the fir8t crop season in 

laterite soil due to the addition of P. 

In the control (no p) conditlons, the total 

uptake was 187.3 and 114.' mg p/pot in laterite and 

kari 8011s respectively 1.e., even in the second 

crop season, the contribution of nativ. P in 

lncr3aslng the total P uptake va. 63.01 per cent more 

ln laterite 80i1 compared 1:0 karl 80il. The tot.al 

uptake of P in the absence of added P accounted to 

10.56 and 7.24 per cent of tile 'total P 1n laterite 

and karl so11s respectlvely. on addition of P 

fertilizers the uptake was tDcre •• ad to 240.93 and 

197.40 mq p/pot in laterite aDd karl 8011. 



resp"" .... ly which .-.phS.Dt. .. 13.41 .. 4 12.33 per cent. 

of ~ .'tal • t.a ~ ... .-o11s. 'rId .•• hows that. 'the 

tot.al )it upt.aU by ~. dee plant vu et*paraU ... ly 

le.s when the to-.1 .... ~t.., of P 1n ~e.e soil. was 

considered. 

In both the 8011. UlODg 'the lnl t.la.lly applied )it 

'treataenu" SP appli_ at. higher 1 ... 1 recorded 

s19~iflcafttly higher uptak •• al ••• (Z68.1 and 19a.3 

II\g' P/pot in launt. aDd. karl .011a re.pectl .... ly) 

compar.d to the o~er 'VaataneDb" probaDle r .... on 

may be the higher .apply of aval1able P and other 

Jlu:trie.ta 11ke Ca ud S from SP which enhance. 'the 

dry mat.ter produ.c't1on end abaoS'pt.ion of P lea41ag 

1:0 the hlgher toUl llp1;ake of P. 

two rockpbo.ph .... were 89.38 per cant .. efficient. 

.a SP in increaalD9 the total llpUke of P by rice. 

R.aulu r ..... le4 that. 1;11. total upUke of P froa 

~. two rookphoapka'tea dld not dlffer oon.pl~r 

because of their .~llar transfo~at1oD or dl •• olutio. 

patten in the .. 14 8011. udar study trr •• pacUw .. 

'their or19U. 

In bo~ the 80118. application of • .eparately 

for each crop ... found to be .1p1~icUltl.J' .uperlor 

~ th. a441tlon of P only for the flxat orop becaus. 

of i:he hipeX' 8"PplJ' of P from __ aeooft4 dose. 
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Ad41~ton of P .. 8P ta -.0 equal do ...... 12.73 and 

23.45 per cent. lIOn .fft.tat. thaD the addltlon of 

'the .ame quant.i. tty of P 1D a alD91. dose .. SP tn 

laterl_ and karl aoUs respectively. Appllcat.ioD 

of P in two do.se. dud .. the flrst and 8econ4 crop 

•• aSOD U SP ... 2'.'5 .. 4 '1.19 per oat. more 

efficient than the 8lDgl. application of the .... 

"quantlt;y of P .a roalcphospbatea 11'1 la1;erite and ka~ 

.011. respectively. 

1.3 Pot.ualU11l 

1.3.1 Uptake of ~slwa by th. straw 
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Bffect. of varlou. tr.8~.nt.. 01'1 the uptake of K 

by the straw at d1fferent g~ s'-g.8 in laterite 

and kart salls are 91 ... 1n Table. 47, ,. an4 53 to 

56 and the analysi. of var1aDCe 11'1 AppeD41x IU. 

In the absenee of ...... p. the uptake of K by 

the straw waa 45.16 per cent _n in laterlte aol1 

compared to karl 8011 ~.u .. of the higher ab.O~t1.1l 

of K and dry matter producUon induo.d by the hlg11.r 

native available P In late_its 8011 caapared to the 

karl soil (Table 48). On add1tion of P fe~ili.er., 

the K uptake was signifioantly 1Dcrea •• d to the 

exunt of 0.403 and 0.294 9 K/pot. over control b. 

laterite and karl solls re.pec~1 •• 1y (Tabl. 56) 



Table 53. Pota •• lua per cent of straw and root as influenced by the treatments at different 
periods of crop growth (second crop) 

~~~~~~~---~--~----~~~~~-~---~------~-~~---~~-~-~-~~~~--~~~-~--~--~-~-~--
'treatment JO' of straw at different periods, Ie' of root at different periods, 
~~~_~_~_ ~_~ ___ ~_~ __ !2!!!!i~~~~~~~_~ ~~~_~~ ___ !2!!!!i~!!~~~ ___ ~~_~~_ 
80. Notation 1 2 3 .. 5 a 1 2 3 4 5 6 ---.. ....---. .................. -----------............ -.-...... ---------.. .--.-~ ... -----....... ----...--.-. ...... --------.......................... .-~------.-.-........ ---

1 OL 2.62 2.80 2.90 2.'0 2.40 0.81 1.45 1.55 1.35 1.15 1.00 0.80 

2 RRP4SL 2.68 2.90 3.30 1.15 2.83 1.85 1.50 1.10 1.50 1.23 1.0S O.to 
3 RRP90L 2.85 2.93 1.61 3.25 2.88 1.'0 1.65 1.80 1.58 1.33 1.08 0.90 

4 MRP4SL 2.80 2.85 3.53 3.23 2.80 1.1. 1.53 1.'0 1.55 1.1. 1.00 0.83 
5 MRP90L 2.70 2.88 3.50 3.25 2.80 1.85 1.70 1.80 1.55 1.30 1.15 0.95 

• SP45L 2.80 2.93 4.05 3.35 2.85 1.80 1.68 1.7. 1.55 1.30 1.14 0.95 ., 990L 2.80 2.90 3.55 3.2S 2.73 1.8S 1.73 1.85 1.63 1.30 1.05 0.88 

8 OK 2.45 2.70 2.75 2.65 2.35 0.92 1.15 1.35 1.15 0.98 0.95 0.73 , RlU'45JC 2.55 2.80 2.93 2.75 2.4' 1.75 1.30 1.48 1.23 1.05 0.80 0.65 

10 DP90K 2.60 2.85 2.90 2.80 2.40 1.85 1.38 1.60 1.33 1.13 0.95 0.90 

11 MRP45K 2.53 2.18 2.93 2.85 2.35 1.70 1.33 1.55 1.15 1.05 0.90 0.10 
12 MRP90K 2.55 2.80 2.85 2.90 2.40 1.15 1.38 1.63 1.3. 1.15 0.95 0.80 

13 SP45K 2.60 2.85 2.85 2.90 2.45 1.75 1.35 1.65 1.38 1.08 0.'0 0.18 

14 SP90lC 2.63 2.85 2.95 2.90 2.40 1.85 1.43 1.70 1.40 1.13 0.95 0.80 

15 SP(.S+4S)L 2.51 2.88 3.22 3.28 2.36 1.95 1.83 1.93 1.73 1.2S 1.00 0.'. 
16 SP(45+45)K 2.70 2.95 2.93 2.9S 1.80 2.00 1.55 1.80 1.48 1.18 0.95 0.85 

~--~~~~~-~~-~~~~--~~~~-~~~~~---~-~--~--~~~~-~--~-~~~~---~~~-~~~-----~~~ 



'1'ab18 54. ...."Mlues o~ pou.abs per cent o~ straw and root: .. t.dlueracad 'by 
~ of p. 11011_ aad leYe1. o£ P appltc:aUon (a8CODll crop' 

• IF ••• _____ • __ •• __ •• 1. ___ • _ I I._a_ •.•. _ •• __ • t •••• ___ PEl I .PI. ___ .. ____ ... _____ .. I _ 

Per10dlJ o~ Sourc:ea ~ • 8011. ~l. of P205' 

~t~' -~- --~ n .;; -- L;;;rl;;-n.~ __ - a_.~".;o an n - M_ 
._ •• _ •••• __ ..... _. I ____ •• , __ ......... I._I. L ••• ___ .• LJ ____ II. •• • .tV _ _____ ... __ • 

1 

2 

3 
... 
5 

6 

MeaD 

1 

2 
l 
... 
5 

6 

Mean 

2.660 

2.8'0 
3.190 
2.990 
2.Met 
1.610 
2.690 

1.6. 

1.". 
1.410 
1.110 
0.110 

0.810 

1.240 

2.MO~ 

2.83' 
3.2OG 3._ 
2.590 
1.110 

2." 
1 .... 

1."0 
1.410 
1.160 
0.990 

0.8aO 
1.250 

2.'110 
2.890 
3.460 
3.130 
2.630 

1.810 
2.nO 

1.HO 
1.? .. 
1.dO 
1.1to 
1.010 
0.850 

1.300 

2.770 

2.900 
3.610 
3.2'10 

2.830 

2.580 

.2.820 

2.900 
2.850 
2.fl0 

1.840 1.780 
2.880 2.5. 

A gt 1'90" 

1.'" 
1.150 
1.560 
1.270 
1.080 

0.900 

1.360 

1.'. 
1." 
1.'10 
1.090 
O.9CM . 

0.150 

1.110 

2.6"10 
2.850 

3.2aG 
3.040 

2.600 
1.170 
2.700 

1.450 
1.630 
1.390 
1.150 
0.960 

0.800 

1 •. 230 

2.MO 
2.880 
3.300 
3.080 
2.610 
1.840 
2.130 

1.540 
1.13. 

1.'.0 
1.220 
1.020 

0.850 

1.310 

2.670 
2.860 

3.2. 
3.060 

2.aO 
1.81. 
2.120 

1.4. 

1." 
1.4" 
1.1ao 
0.990 

0.830 

1.210 _ ..1 •• _._ ••• I I • III _ ••• __ ... ____ •• _.-______ ., ________ ..... ___ .. ___ F _____ • ______ .-~ __ ~ 

Pi of -V., 
CD(O.OS) for periods 

• .. eoUs 
It .. aoU x perlod 

• 0.2260 

• 0.0985 
• 0.3190 

IS! ofEOO\ 
cote.OS) for periods 

• 
• 

• .. 8011a 

1 ... 1 • 

• 0.0806 

• 0.0316 
• 0.0316 
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1 •• ., the GOnullNUon of ad .... It 1D tacre .. l_ 'the 

K u.p'take was 17.07 per cen1: aoX'. 1a laterl te 8011 

coapared to karl. so11 lMc.... of ~e l •••• r alNJorpttoa 

of p !~ the added P ., the flr •• erop in laterlte 

eol1 due to 'the hlgher INPpll' of natl.. P. The .ean 

level of K ta the straw 04 root. Ire. all the thr_ 

source. wa. alBO higher in laterite .011 compared 

to kar1 soil (Table 48). 

The mean uptake of K by the initlally applied 

RRP, MaP and SP was 0.313# 0.310 and 0.432 9 K/pot 

respectively OVer control (~ab1e 56). The slgniflaantly 

higher superiority of SP OVer the two rockphosphatea 

.ay be due to the hlgher ~adiate availability of 

Ca and P from SP. Th. releaaed Ca may repla_ K 

ill the exchange complex rel ... ln9 1 t lnto the 8011 

solution which Call enhanae the absorption of K. 

The per cent of K in the .~aw and root was a180 

higher in U'eatments reaelvlng SP (2.77 and 1.30 for 

suaw and root re.pecti .... ly) compared to other 

tre •• ents. thoWjh the d1fferences "ere not 

.tpificant (Table 54). 

In both t.he so11., applieatloa. of p twice a. 

8P duX'ing the first crop and 8ecoad crop a.eacn. waa 

found to be better in 1nore .. 1ng the uptake of K by 

the straw than the 811191. app11ca~lon of the ._. 



Tabla 55. Upt.ake of po'ta8sium by the rice straw and straw yield as influenced by the 
treatments at different periods of crop C)rovth (second crop) 

Treatment Uptake of K (g/pot) at different Yield of straw (91pot) at. different 
.................... _ .. ~_ .. ___ ......... 2!!!~!L .. ~:!!!!i!!~ ..... _____ .......... _.. _ .............. _ .. 2!!!~.f...!2!~!g!!!! ___ .. _ .... _~ .. 
Ro. Rotation 1 2 3 4 S' 1 2 3 4 5 6 
-~----.. -----.--...... -.... .. -----_ ... - ... __ ....... _--_.-_- -------....... -.. --~ ..... -.. - ... --_ .... . -~ .. ---~- ...... .-.-.... 

1 OL 

2 RRP45L 

3 RRP90L 

4 MRP45L 

5 MRP90L 

6 SP45L 

, SPIOL 

0.327 0.629 0.858 0.983 1.080 0.667 

0.436 0.153 1.190 1.350 1.420 1.060 
0.519 0.862 1.420 1.530 1.580 1.160 

0.431 0.741 1.190 1.370 1.390 1.010 

0.532 0.a91 1.420 1.630 1.580 1.130 

0.511 0.8" 1.610 1.640 1.640 1.120 

0.566 1.003 1.760 1.710 1.690 1.220 

8 OK 0.140 0.458 0.105 0.127 0.158 0.330 

9 RRP45K 0.3S1 0.4'0 0.844 0.9" 1.030 0.846 

10 RRP90K 0.379 0.621 0.906 1.010 1.070 0.920 

11 MRP45K 0.305 0.583 0.856 0.974 0.952 0.172 

12 MRP90X 0.357 0.659 0.911 1.120 1.070 0.880 

13 SP45X 0.386 0.684 0.862 1.090 1.090 0.881 

14 SP90K 0.397 0.684 0.926 1.140 1.180 0.991 

15 SP(45+45)L 0.542 1.062 1.441 1.624 1.412 1.222 

16 SP(4S+45)X 0.456 0.738 0.979 1.286 0.947 1.204 

12.50 22.50 29.60 37.7. 45.10 51.16 

16.01 26.00 36.00 42.8S 50.20 57.30 

18.89 29.50 39.12 47.10 54.92 60.8S 

15.63 26.00 33.63 42.55 49.11 56.79 

19.10 31.00 40.60 50.10 56.40 60.90 

18.25 30.00 39.60 48.14 51.5062.10 

20.00 34.00 43.90 50.50 60.13 65.90 

5.13 11.00 25.08 27.48 32.30 36.90 

13.00 20.00 28.tO 3S.16 41.60 48.40 

14.59 22.00 31.25 18.14 44.23 49.60 

12.08 21.00 29.14 34.16 40.50 47.30 

14.03 23.50 31.95 38.39 43.80 50.40 

14.90 24.00 30.25 37.61 44.40 50.40 

14.90 24.00 31.38 39.40 49.10 53.60 

21.60 36.90 44.80 49.59 59.80 62.65 

16.88 25.00 33.40 43.65 52.60 60.20 ------..---.... ---... --.... .......-.. ..... ,...-.-.-.........---..... -........ -... ---.-..-.-.. -----.... ------~ ... -.-.-................. --------~-~----. ..... -



Taid. 56. .... velu.. of po~."- ept.ake by' atraw aDd straw ylel.d .. lrafleeaoed ",. 
aouz:ces ~ P so11. aDd ItWel.s of P applicaUOIl (second amp) 

__ 1 ___ *" •••• ____ ........ _ •••••••• _ ... _ • • &A •• _ad •••• 1 •• ___ _ 

Periods of 
arop gJ:'OWttl. 

8cN1:Oea of P SOlla 

fortatghu ----RRP-· _II _._. ·---·J-Mu------------;-~-----L. --_---~-·l-;.-------K.rt_r .• -------_. , ..... , 
1 
2 

3 

4 
5 
6 ..... 
1 
2 , 
4 
5 

6 

MeaD 

•••• _.8. IT 

0.417 
0.'01 
1.080 
1.230 
1.270 
0.110 

0.151 

IS. 12 
14.82 
33.12 
40.81 
47.73 
54.03 
36.06 

I .u d __ 

0.40S 

0.71' 
1.0to 
1.270 
1.2'50 
0.'50 
0.918 

15.3. 

24.94 

33.8. 
41.29 
41.19 
53.34 
36.14 

II __ ••• a • L. .. .,._a ... 
Ii .... _ '\raw (qIpo!) 
0.463 0.500 0.358 
0.113 0.855 0.633 
1.210 1.430 0.884 
1.390 1.540 1.060 
1.390 1.550 1.062 
1.050 1.120 1.880 
1.010 1.160 0.813 

~MB 111&' Wall 
1'7.81 
28.00 
36.2. 
44.05 
52.18 
57.97 

3'.35 

18.08 
29.42 
38.81 
46.96 
54.81 
60.63 
41.45 

13.'1 
22.42 
30.49 
37.14 
43.92 
49.62 

32.'2 

1._ • 18 • ___ ... ___ ... _-____ _ 

!.eYel. of P 2°5-....... !It'!!! .. ,._Ib ___ ..... 
.5 90 __ •• ____ •• nl _____ •• __ HI •• 1 •• __ _ 

0.401 
O.?OO 
1.090 
1.230 
1.253 
O.Me 
0.91? 

14.9. 
24.00 
32.93 
40.1? 
41.33 
53.38 
35.55 

0.458 
0 • ., .. 

1.220 
1.364 
1.359 
1.050 
1.040 

1'7.02 
2.,.33 
36.31 

43.'3 
51.41 
56._ 
38.S2 

0.429 
0.1M 
1.1S? 
1.297 
1.JOe 
0.199 

0.989 

15.99 

25.'2 
M.6' 
42.05 
49~11 

55.12 
37.18 

__ ....... ____ II ._. _ ••• __ • ___ _ 

19tMt SSE- xi-Y 
CD(O.05) for periods • 0.0810 CD (0.05) for periods • 3.550 

• • 80Ua • 0.0336 • • so11s • 1.3M 

• • 1 .... 1. • 0.0336 • • sow:eea • 1.101 
• • sourcea • 0.0411 • • ItWel.. • 1.'" 
• • soU x period • 0.1210 

...... 
00 ...... 



q'UJlt\1'ty of P a. rockphosphate (Tabl. 55). III 

laterite soil, initial applica~ion of SP at the rate 

of 90 lt9 p 20S/ha recorded higher uptake value. 

compared to the tx'eatnaen .... reaelYing 'the .... 

quantity of P twice .. SP. HOWeYer, 1n karl aol1. 

'the up'talce of K wu high 1ll U'ea.ant.8 receiY11'1C1 

Sp 'twice compared to the uea_ents receivinq tho 

same quantity of P .s SP 1nlUally due to the higher 

utill.ation of P from SP by ~e first crop. 
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The par cent of K 1n straw and 'root and the 

uptake of K by straw varie. significantly at different 

growth stag... In both 'the soils, 'the maximum level 

of K ln the straw was obsene4 during the third period, 

while the .axtmum level of K in the root was noticed 

during the second period (Table 53). However, the K 

uptake was max~ during the fourth and fifth period. 

in both the s011s (Table 55).. After attaining the 

lI\uiImsm value, both the per cent and uptake decreased 

due to the dilution of nutrient brought about by the 

lncrease in the dry mat1ter proc!uct1on and translocation 

of nutrient to the grata. 

Application of P at higher level did not lDGre ••• , 

significantly the level of K in the straw, but 

1ncrea.e~ the level of K 1n the root (Table 54). 



183 

8owever. ina ...... iq ~ le .. 1 of P appllcat,ioa from 

45 to 90 kg .205/ ha bar.oed ~ mean uptake of l( 

to the extent. of 0.103 CJ K/pot. when so11s •• oure •• 

and period. were pooled (1'01e 56). When the 50115 

and sourc •• of P were con.idered tndependently. .9ain 

the uptake of K increased wl~ inar ••• ing 1 ... 18 of 

application (Table 47). ttp~k. of K during ~. first 

fortnight showed max~ correlation with the yield 

of straw (r • 0.8;1), grain (r • l.sI3, and K uptake 

by the grain (r • O.92tJ. 

1.3.2 Uptake of potdasium by the grain 

Eff.eta of various treatments on the uptake of K 

by the grain in laterite and kari soils are presented 

in Table 51 and the an&lysl$ of variance in A?pendlx V. 

When no P -was adde<1. uptake of K by the grain waa 

0.076 and 0.04. 9 ~pot 1n laterite and karl soils 

respectively which on addition of P fertilizers 

increased 8igniflcantly to 0.106 and 0.072 9 ~pot in 

these 8011s. The hlgher oontributlon of native P aa 

well as the added P in the laterite 5011 due to the 

le88 utilization by the flra~ crop was responsible 

for the higher uptake values observed in laterite so11. 

Application of ~p twice during the first and 

second crop seuons was superior to all the other 

tr.a~.nts raeeiving P initlally because of ~a higher 
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iMmediate avall&bl11~ of p f~ ~ .econd do.e. 

Among the illl~1.11'f applied P tree_uta, SP at bo'th 

le .. l. of application regi.t.re4 higher uptake of K 

eosapared to the rockpho.ph..... Tbe upt.lce of K 

fra. tre.t.ent.a recelviag the -.0 rockpbo.phate. 

did Dot vary significantly whioh indicated that 

transforaat.ion pattern of ~ .. two fom. vas s1milar 

in the.e 80i18. 

Available P content durtaq the fir.t period of 

... pling showed maxilma conelat.ton wlth the K uptake 

by grain (I' • o.a!',. Uptake of K and gratn y1e14 

"ere highly correlated (I' • 8.,It). 

1.3.3 Total uptake of po .... i,. 

'l'oUl uptake of K as lllfluence4 by Yar10ua 

sourc •• and levels of applied P in latari'te and kart 

soil. 18 pr ••• n'-d 1n T&D1e 57 and the analysis of 

var1ance in Appendix V. 

By the applicat10n of P fertil1.ers, the total 

uptake of K by rice 1aa:reaaed .• ignificantly to the 

extent of 0.715 and 0.578 • K/pot in lateri1:e and 

learl soils re.peotively. The 1I1ere ... d vevetat1ve / 

and reproductive growth of the planta induced in the 

presence of added P re.ulted ta a higher abaorptton 

of DUuleDta. Also, the iRen .. ed root qrovth 1n 'the 



absorption of mtvl_~ fJ:'C8 • luver soil .,.olum •• 

In addition, the Ca con_illed in 'the P fertili.er. 

would haft contributed 'to the 1Dcr •• sed. growth of 

plants in P treated pot. 'h .. resulting in a higher 

absorption of nutrlenU. 

In general, 1n both 'the so11., foJ:1U, le .... ls 

and frequency of P applica'Uoo failed to show 

significant difference in lncr •• aing the total 

uptake of K by rice plant though higher uptake was 

observed in treatmenta reeelYing' p wice .s SP 

because of the higher dry aat.ter production and 

higher absorption of K due to the higher supply of 

P and Ca. 

2. Yield of atraw and grata 

Results on the lnfluence of source. and le.ela 

of applled P on the yi81d of auav and grain in 

laterite and kari soUs are g1 •• n in 'fable. 4~, 4. 

and 55 'to 57 aDd tme analy.is of variance in 

Appendix III and V. Grala yleld as influenced by 

various trea.ents is r.pr .... ud in :r1g.14. 
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The increa.. obsen84 :Ln t:.'be yield of svav and 

grain over control due to the addition of • fertilisers 

was obyiously due to ~ increased dry matter 

production induced by the pres.nce of added P. 



Table 57. Grain yield, nutrient per cent and uptalce by grain and total uptake of nutrient. 
as influenced by various treatments (second crop) 

-----.-...... --------.. ~---.---~ .... -----.. ~-------..... ~~--------------.-.. ---..... -....,----... -....-.---.... ~~---.......... ~--. 
Treatment Yield of Per cent of nutrients Uptake of nutrients Total uptake of 

grain, ~_~~~22~~~~~~~ __ DU'trlenu 
-~~ ..... -.. ,...-...... g/pot ,....-----...... -.......... -----.......... -~- .-..-,--..-..... -------.. .-.-.-.~ 
Mo. Rotation M P K II P J( II P J( 

g/pot Jl\9lpot 9/pot --.-..... -.... -----------~-.-.-. ...... ~-... ----.--.... ----.......... --------......-..--..... ....-... ........ ----------~---.. -_.-_--- .. -_ ........ ----.-.-. 

1 OL 46.81 1.140 0.303 0.165 0.534 0.142 0.078 1.009 181.3 0.50. 

2 RRP45L 53.62 1.160 0.311 0.180 0.623 0.166 0.094 1.200 219.3 1.151 

3 RRP90L 56.51 1.170 0.326 0.195 0.661 0.184 0.110 1.2R 241.S 1.266 

4 MRP45L 52.'6 1.160 0.322 0.185 0.611 0.169 0.095 1.162 221.2 1.1" 
5 MRPIOL 51.51 1.170 0.318 0.190 0.674 0.113 0.109 1.113 244.'2 1.235 , SP45L 51.55 1.110 0.326 0.185 0.674 0.188 0.107 1.30' 250.5 1.223 

7 SP90L 61.16 1.180 0.326 0.195 0.133 0.202 0.118 1.39. 268.1 1.331 

• OK 32.39 1.110 0.280 0.140 0.360 0.090 0.046 0.637 11".9 0.37' 
I RRP45X 43.92 1.130 0.303 0.155 0.491 0.133 0.066 0.905 166.8 0.912 

10 RRPtOK 45.63 1.140 0.311 0.160 0.521 0.139 0.011 0.975 175.9 0.991 
11 MRP45lC 42.51 1.140 0.295 0.1"5 0.468 0.126 0.060 0.879 158.7 0.833 
12 MRP901C "6.52 1.140 0.311 0.160 0.530 0.1"5 0.07" 1.01a 183.6 0.957 
13 SP45K 46.42 1.150 0.319 0.165 0.534 0.147 0.075 1.020 186.1 0.951 
14 SP90lC 49.48 1.140 0.318 0.170 0.565 0.157 0.084 1.309 198.3 1.0'6 
15 SP(45+45)L 65.65 1.200 0.338 0.200 0.787 0.222 0.131 1.529 302.9 1.472 
16 SP(45+ .. S)X 56.55 1.350 0.342 0.190 0.'64 0.194 0.108 1.593 2 ..... 8 1.31" 
~~---~-~~~~~~~~-~~--... --~-~--~~~--~-------~~~~---~--~-~-~~----~---
CD(O.OS) 5.986 _.S R.S 0.0226 0.0997 0.0148 0.0149 0.2191 11."" 0.3942 

.. 
----~--~-----~------------~~-----~-~--~-~-~~-~~~~~------~~~~-~~-~-----~-~ 

~ 

en 
<:rJ 
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In veneral, whell ...... added. 'the graia and straw 

yield Vd JIlOft duriq 'the fir.t crop Huoa compared 

to 'the second Grop S.MOD, til. reUOD being 'the 

high.r release of nativ. available P for.aed during 

the lnl tial perloda of flooding which enhances the 

absorptlon of p. In ~ pre.ence of added P, the 

yield of straw and graln va. aon duriag the first 

crop ,ee.OD in karl .011 cd .,r. during the secoRd 

crop .... on In laterlte so11. .In laterite so11, the 

contribution of natlve a.al1eble P, fo~ed con.equent 

to flooding was hlgh durlft9 tne inti.l periOds of 

floodlng which masked the effect of added P u 

revealed by the nonaonaptc.oua increase in the yleld 

of straw and graln obeen .. durlng the first crop 

sedon in thls so11. But in kui 8011, due to the 

loweC"aont.ant of naUYe available P, the utilization 

of added P waa more b7 the first crop, leaving only 

coaparatlvely small amount of available P for th~ 

8econd crop. 

In the abs.nc. of a44ed P the yield of straw 

va. 33.12 9/pot in latert .. 8011 and 24.09 g/pot 1a 

karl soll which on add1tion of P f.~ll1z.r8 increased 

to 41.45 and 32.92 g/pot re.pectively ln th.s •• oll~ 

(Table 48 and 56). By the addltion of P fertili.ers, 

the yield of grain i~ ... ad fraM 46.81 to 56.65 V/pot 
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ln laterite soll aDd f.- 32.39 'to 45.15 91pot 1n kari 

80il (TaDle 57). 

The thre. sOurG.. of P diffared significantly 

in inareaaing the yield of BUaw (Table 56). The 

mean straw yield was significantly higher 1n 

treatments wh1ch received SP as the source of P 

(39.35 g/pot) compared to other treatments receiving 

RRP(36.06 g/pot) anti. MaP (36.14 g/pot). The t.wo 

roakpho8phates were on par. 

App11cation of P a~ hi9~,.r lavel significantly 

increased the yield of straw to the extent of 

3.27 g/pot over the lower lavel (45 kg P2oS/ha) whaa 

the soils, sources and perloda were pooled (Table 56). 

In qeneral, increasing the level of application of 

RRP, MaP and SP resul tecl 1n an increa.. in the straw 

yield from 34.61 to 37.51 g/po~. 33.89 to 38.38 9/pot 

and 36.15 to 40.56 91pot respectively when the effect 

of salls and periods were pooled (Table 47). 

In laterite soil, a.on9 the initially applied P 

treatll\.nta, SP at both le .... ls and the two 

rockphosphates at higher 1 ... 1 did not differ 

significantly in increasing the yield of grain. Also, 

the two rockphospha'te8 at lower le.,.el of applioation 

were on par. In the ca.e of kari so11, SP at higher 

level of application registered Significantly higher 
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yield amonq ~ P tre.~nta receiving P only once 

durln9 the first crop seaSOD. All other foX'RUI and 

levels dld not differ significantly in lncrea81nq the 

yleld of graia. 

In general, in trea .. enta receiv1ftg rockphoaphates 

as a source of P, the yield of 9~ain was 92.67 per cent 

of that obtained in 'traa.enu receiving SP. Thus in 

the second crop also ~3P waa found to be a better 

source of P wi th res~ct to the yield of II traw and 

grain, probable roason being ~. higher supply of P, 

Ca and 5 from SP. This is tn agreement with the 

findings of Marwaha ~ 51. (1981). The two 

rockpbosphate& did not vary significantly with regard 

to the yield of straw and q=a1n which indicated that 

~e dissolution of the two rockphosphates waa stmilar 

in these aoUs. 

Application of P twice aa SP produced 36.28 

per cent more straw yield an4 18.96 per cent more 

grain yield compared to the application of the same 

quantity of P as rockphospha'tas (Table S5 and 57). 

In karl soil application of P for the first and 

second orop sea30ns separa~ly, produced 22.16 ana 

14.29 per cent mora yield of straw and grain compared 

to tbA application of P as SP initially for the first 

crop only. In laterite 80il# the ingraase in grain 

and straw yield in ureatmenta reaelv1n9 sp twice was 



1.16 and 5.9' per .. n~ reapectively compared to the 

treatments reaal "il19 'tb4I sam_ quantity of p as SP 

during the first crop oDly. The higher ~ed1ate 

availability of plant nutrients from SP applied 

during the second crop 8&aeOn is responsible for the 

higher yleld of straw and 9rala. The relationships 

of grain aDd Btraw yield with nutrient uptake and 

available P in Boil at the ttme of harvest are 

given in Table 60. 

3. Available pho9phorua 

Resul ts on the effect of various sources and 

levels of applied P on the content of available P 

(Bray 1 and 2) in laterite and kari s011s are g1ven 

in Tables 48, 58 and 59 and. the analysis of variance 

1n Appendix IV. 

In the absence of added. P, the mean available P 

content was 3.47 ppm (Bray 1) and 5.5) ppm (Bray 2) in 

la tari te so i1 and 1.97 ppm (Br .. y 1) and 4. 34 ppm 

(Bray 2) in kari soil (Tabl.48). The •• values were 

comparatively le •• er than the mean available P content 

formed during the fir.~ crop 8eason. The lesser 

amount of native available P (Bray 1 and 2) during 

the second crop season was dua to the higher 

absorption of P by the first crop. This wu further 

confirmed by the higher up~e of P durinq the first 
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Table 58. Available P (ppn) of air drled so11 as influenced by the treatments at different: 
periods of crop growth (sec:ond crop) 

Treatment Available P (Bray 1) at different Available P (Bray 2) at different 
~ ____ ~_~_~____ __~ ____ ~~i!!!2~L-~2!!!!~!!~~~~_~_~ ~ __ ~_2!:!2~L_!2!12!i2!!-~ _______ ~~ __ ~ 
No. Notation 0 1 2 1 4 5' 0 1 2 3 4 5 , 

1 OL 2.86 5.33 4.10 3.29 2.90 2.33 2.14 5.75 9.6S 7.84 4.eO 3.89 3.49 3.11 
2 RRP45L 3.41 7.38 5.55 4.20 3.60 2.97 2.87 8.31 20.47 18.84 14.12 '.99 8.1. 6.0S 
3 RRP90L 4.72 9.18 7.00 5.68 4.60 3.49 3.01 10.75 21.49 20.40 13.1~ 1.97 6.'2 I." 
4 MRP45L 3.29 7.68 4.92 3.25 2.51 2.13 1.97 8.22 19.71 19.21 15.81 9.13 '.n 6.1' 
5 MRP90L 4.41 9.14 6.56 4.31 3.97 3.00 2.19 11.37 22.62 20.14 15.83 10.77 '.11 6.82 
6 SP45L 4.71 10.20 5.42 4.55 3.43 2.15 2.33 9.54 20.71 19.21 15.95 11.59 8.02 6.19 
7 SP90L 5.59 11.75 8.52 6.63 4.'1 3~O' 2.53 10.97 20.49 19.56 14.40 9.58 9.15 7.29 

• OK 2.27 3.15 2.21 1.97 1.33 1.27 1.52 3.82 7.37 6.86 4.60 3.47 2.57 1.73 , RRP451( 3.50 4.28 3.63 2.99 2.58 2.44 2.12 6.37 15.05 11.58 11.05 7.95 7.16 5.57 
10 RRP90K 4.0e 4.92 3.86 3.14 2.63 2.45 2.15 6.41 14.92 12.01 10.99 7.03 6.27 5.4. 
11 MRP'SK 3.55 '.16 3.95 3.07 2.45 2.10 2.10 6.51 14.41 10.28 9.56 8.21 7.21 5.59 
12 MRP901C 3.68 4.63 4.06 3.17 2.76 2.45 2.14 7.12 16.79 12.96 9.45 7.66 7.44 5.79 
13 SP4Sl( 3.81 4.98 4.29 3.59 3.05 2.70 2.30 7.73 17.12 14.41 10.81 7.82 6.42 '.79 
14 SP901( '.25 4.89 3.81 3.35 2.99 2.70 2.73 7.60 16.75 13.63 10.98 7.82 6.52 5.51 
15 SP(4S+45)L 4.79 10.54 6.02 5.25 3.98 3.01 2.78 10.01 21.08 19.99 16.45 12.56 9.99 7.3. 
16 SP(45+'5)1( 3.99 4.99 4.'4 4.01 3.95 3.01 2.95 8.21 18.19 16.46 11.56 8.27 7.01 6.95 

----~~--~~--~-~--~--~-~~--~---~-----~-~-~~--~-------~-~---~----~--~~--~---~~-~~-----~- ~ 
CD 
~ 



crop season compare~ to the second crop season in 

the absence of added P. 

On addition of P fertilizers, the available P 

was increased to 4.83 ppm (Bray 1) and 12.82 ppm 

(Bray 2) in laterite soil and 3.29 ppm (Bray 1) and 

9.39 ppm (Bray 2) in kari soil (Table 59). 

Table 59 revealed that the mean available P 
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(Bray 1) content from SP (4.46 ppm) was significantly 

higher than that from RRP (4.01 ppm) and MRP (3.69 ppm). 

When the contribution from native P is deducted the 

increase in the available P (Bray 1) content due to 

the addition SP was 0.61 ppm more than that produced 

by the rockphosphates. Thus in the second crop also 

SP was found to be better than the rockphosphates 

for rice. Available P (Bray 1) as influenced by 

for.ms of P fertilizers are represented in Fig.1S. 

Maxtmum available P (Bray 1 and 2) irrespective 

of treatments was observed during the first fortnight 

of sampling and after this period. it decreased 

gradually and significantly and attained the minLmum 

value at the time of harvest (Table 58). The absorption 

of P by plant was responsible for the decrease observed 

after the first fortnight. Increasing the level of 

application of P from 45 to 90 kg P20S/ha increased 



Table 59. Mean values of available P (Bray 1 and 2) aa influenced by sources of p. 
soils and levels of P application (second crop) 

------~---.... -............... --------.-..------... ---.-.......... .-. ... -.. ------.----------........... - ...... ----....-----... --..... _.-, 

o 
1 

2 

3 

4 

5 

6 

Mean 

o 
1 

2 

3 

4 

5 

6 

Mean 

3.930 

6.440 
5.010 
4.000 
3.350 

2.840 

2.540 

4.010 

7.96 
17.98 
15.71 

12.47 
8.48 

7.12 

5.75 

10.78 

3.730 

6.400 
4.870 

3.450 
2.920 

2.420 

2.090 

3.690 

8.30 

18.38 

15.65 

12.56 

9.04 

7.73 
5.88 

11.08 

Ay,11able P (Bray 1)« 2P! 
4.590 4.360 3.810 

7.960 9.220 4.640 
5.510 6.330 3.930 
4.530 4.770 3.220 
3.450 

2.790 

2.390 

3.740 2.740 

2.910 2.470 

2.480 2.210 
4.460 4.830 3.290 

A •• 1Iable P (Bray 2), pP 

8.96 9.86 6.96 
18.82 20.92 15.86 

16.62 19.50 12.48 

13.03 
9.20 

7.52 

6.09 

11.46 

14.91 
10.07 

8.09 

6.36 

12.82 

10.47 

7.74 
6.83 

5.45 

9.39 

3.710 
6.450 
4.620 
3.610 

2.300 
2.510 

2.280 

3 . .,'0 
7.78 

17.94 
15.56 

12.88 

9.18 

7.32 

5.82 

10.92 

4.450 
7.420 
5.630 

4.380 
3.540 
2.860 

2.410 
4.380 

9.03 

18.84 

16.42 

12.16 

8.64 
7.59 

5.99 

11.79 

4.080 

6.930 
5.130 

3.'90 
3.240 

2.690 

2."0 
4.060 

8.41 

18.39 
15.99 

12.69 

8.91 

7.46 
5.91 

11.11 -........ -,.......-.-.--. ... ~ ...... -----------...-....-..-----............ -.-.~ .... --.. -...... --.. ---- ... ---,..,--.......... ---.... --.. --............ _ .. -.--
Bray 1 P 

CD(O.OS) for so11s -
• 
• 
• 
" 

" .. 
• .. 

sources -
periods -
levels -
soil x period-

0.1841 
0.2255 
0.4693 
0.1841 
0.6637 

Bray 2 P 

CD(O.05) for soils - 0.5346 
• • periods - 1.363 
• • soil x period- 1.927 



Table 60. Interrelationships of nutrient uptake by straw and grain. yield of straw and 
grain and available P at the time of harvest (second crop) 

(coefficient of linear correlation) 
-----....-.----...-----.... -----~-......---.---....---..... ---.......... --........ ----------.-.. .......... ---............. -... -~ .. -------...---------... -----.... -___ !E!!!!_~I-!~!!___ _ __ ~~!!!!_2l_i!!!2--_ __~!!!!2!!_!-_ Yl;ld Yield 

R P K R P K Bray 1 Bray 2 a~.v ~:tn 
-~-~~-------~----~~-~~------~~--~-~~~-~------~--~~~-~-------~--~-~~-~--~~~~~~ 

N uptake by 
straw 

P uptake by 
straw 

K uptake by 
straw 

• uptake by 
gratn 

P uptake by 
grain 

K uptake by 
grain 

Bray 1 P 

Bray 2 P 

Yield of straw 

Yield of grain 

-- ** ** 0.674 0.644 

** 0.669 

-
** 0.921 

-

0.354 

0.287 

-

** 0.925 

0.298 

-

* 0.487 

** 0.518 

0.5" 

0.141 

0.51! 

--

0.342 

* 0.451 

** 0.529 

-0.089 

0.290 

-

0.9" 

0.1!1 

o.dl 

0.313 

** 0."4 

** 0.607 

* 0.456 

-

** 0.759 

** 0.'94 

0.296 

** 0.625 

-----.. -....... ----~---.. ----... --...... ------... ---....... ------------~ ........ ---.... ----_....-...._ .. ------.. ------.-............ _-----...... 
** Significant at 1 per cent leyel 
* Significant at 5 per cent level 



significantly the a.ailable P (Bray 1) from 3.73 ppm 

to 4.38 ppm. 
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Available P con'tent of the so11 in the treatmenta 

receiving Sp twice during tne first and second crop 

.ea80na was 75.31 and 73.58 per cent more than that 

in the treatments reoal ving the same quantl ty of P 

ini~ia11y fo~ ~e first crop only as rockphosphates 

in laterite and kari salls respectively. However, 

treatment receiving SP twice was only 9.65 per cent 

more efflcient than the application of the same quantity 

of p as SP initi.lly for the first crop in laterite 

80il and 47.44 more efficient than the application of 

the same quantity of P as SP initially in kari 80il. 

The high€c available P content (Bray 1 and 2) in 

treatments receiving SP twice during the first and 

second crop seascn was attributed to its higher content 

of water soluble P. 

Linear coefficient of eorrelation (r) revealed 

that the available P oontent during the third and 

fourth periods was max~ua oorrela~d with Che yield 

of straw (O.8~!) and grain (o •• ~;) respectively. 

Analysis of th~ soil for total P aft~r the 

harvest of the second crop showed that on an averaV8, 

treatments receiving ro~J~pho.phates oontained more P 

in soil than those receiving sP. wllen the soils and 



Table 61. Total residual P after the harvest of 
.econd crop 

~--~~~-~--~~~--~-~~-~~-~--
Treatmeu.t -...--_ .. --......... _---... - Residual P, 

Ho. Rotation PI'8 
~--~-~~~--~---------------~----

1 or. 616.4 

2 RRP45L 621.8 

3 RRP9Ot. 628.3 

4 MRI'45u 623.0 

5 MRP90L 627.9 

6 SP.f.5L 602.1 

7 bP90L 606.6 

8 OT' .. '" 516.4 

9 RRP45K 536.8 

10 f~P90K 538.7 

11 HRP('SK 537.9 

12 t1RP90K 543.1 

13 SP45K 508.9 

14- SP90K 514.4 

15 SP (45+45)1.. 605.7 

16 SP(45+45)K 512.2 
-~-~~----~--~~~~~~~~--
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levels were pooled, ~e 41fference in the content of 

p l.ft in the 80il was 20 ppm more in the treatments 

receiving rockphoephates compared to SP. This 

indicates that considerable antount of P applied .s 

rockphosphate remains in the soil even after growing 

rica for V~ seasons and therefore it is possible 

that the availability of p to the third or 

subsequent crops lTiay be better in pots receiving 

rockphosphates as compared to SP. In other words, 

evaluation of the performance ?f rockphosphates in 

the soil 1s possible only on a long term basis. 

The ~ounts of residual P as influenced by various 

tY:eatJrlents a.t'e given in Tabla 61 and Fig.16. 
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SUMMARY 



SUMMARY -
An incuba;tioD study and a pot.oul ture 

exper~ent were conduc~ ln order to a.se.s the 

sultabillty of Rajaatan rockPhoaphata (aRP) ln 

comparlson wl th that of Muasoorl. rockphospha'te 

(MRP) and superphosphate (sP) in laterite 

(Kodalcara, 'l'richur dlstrlct) and leari (Karumadi, 

Allappey dlstrict) solla of Karal.. In the 
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lnCNbation study, these three P sources ware aMad 

to the wo s011. at the rate of 'S and '0 kg P 20S/ha 

and their transformationa under submergence were 

studied for 190 days drawug a_pla. at regular 

intervals of 15 days. 'l'he samples were analysed 

for various inorganlc P fractions and available P. 

In the potcul ture expertJaent uslng rice as the 

test crop, the direct and resldual effects of the 

two roakphosphates ln comparison with the water 

soluble SP were studiad. The soll. and levels of P 

application were the s.e as ln the inCUbation study. 

Application of N and K w.s done uniformly in all 

the treatments. Soil aDd plaut aamples were taken 

at 15 days intervals for tha detersalnation of 

available P and the uptake of major nutrient.. 

The residual effect of phosphatic fertilizers was 



•••• ssed by continuing the exper~ent for ~. ..cond 

season w1thout the additioa of P fertilizers. 

A treatment receiving SP at the rate of 45 kg P20S/ha 

in both the seasons was also malntained for comparlson 

In both the soils (T1S and ~16). The re8ults of the 

study area 

1) The Ini tial concentration of available F 1n both 

the soils was rat.ed as 'low' as per 'the sO.'l 

fertility classification norms of Xerala. 

2) Application of phosphatic fertilizers, irrespective 

of their water solubillty increased the various 

inorganic fractions and available P content of the 

so11. 

3) Before incubation, the total inorganic p aocounted 

to 73.15 and 76.1' per cent of the total P 1n 

laterite and kari soils respectively which on 

incubation increased to 88.29 per cent in laterite 

soil and 96.02 per cent In karl soil. Addition 

of P fertilizers, lnc~ased the content of native 

inorganic P by increasing the mineralization of 

native organic P • 

• ) Among the various inorganic fractions, Pe-P waa 

the dominant fract.ion in both the soils accountinq 

to 41 to 44 per cent of the total inorganic P. 

Al-P was the second most abundant fraction 



representing 2' 'to 30 per cent of the toUl, 

lnorganle P. The C:OIl1wm~. of reduo1taDt sol\11)l.-P, 

occluded-P and Ca-P were 1... aDd that of 

.alold-P was n_vl19ible 1n the so11. 

5) With increasing periods of incubation, 8alold-P, 

Al-P, J'e-P and avallable P (Bray 1 and 2) 

increased, while the r.duatant soluble-P, 

occluded-P and Ca-P decr.ased. The rate of 

change in the various inorganic fractions was 

more durlng the lnitial period. of floodlng_ 

6) Prediction equations were worked out to establish 

various inorganic fractions of P and available P 

at different perioda of incubation. 

7) The three sources of P did not differ significantly 

in increasing the various inorgan1c fractions of 

the so11 sxcept that of saloid-P. 

8) The contents of Al-P, Fe-P, reductant soluble-P 

and occluded-P were more in laterite 8011 oo.pared 

to karl soil while aaloid-p and Ca-P were hiVh 1a 

kari soil. 

,) Saloid-P during the first period of 1ncub~tlon 

was observed only in treatments recelving SP. 

But on incubation, aal01d-p was recovered fram 

all the treatments. The mean content ofsaloid-P 

was significantly higher in treatment. recelvinq 



.s ••• sed by continuing the exper~ent for ~. s.cond 

season without the adAitioa of P fertilizers. 

A treatment receiving SP at the rate of 45 k9 P20S/ha 

in both the seasone was also maintained for comparison 

in both the so11s (T lS and T 16) • The re"ul ta of the 

study area 

1) The initial concentration of available P in both 

the 80iln was rated aa 'low' aa per the 80:41 

fertiiity claasif1oation norms of Kerala. 

2) Application of phosphatiC fertilizers, irrespective 

of their water solubility increased the various 

inorganic fractions and available P content of the 

soil. 

3) Before incubation, the total inorganic f' accounted 

to 73.15 and 76.14 per cent of the total P in 

laterite and kari soils respectively which on 

incubation increased to 88.29 per cant in laterite 

soil and '6.02 per cent in kari soil. Addition 

of P fertilizers, increased the content of native 

inorganiC P by increasing the mineralization of 

native organic P. 

4) Among the various inorganic fractions, Pe-P was 

the dominant fraction in both the soils accounting 

to 41 to 44 per cent of the total inorganic P. 

Al-P was the second JIlOst abundant fraction 



~uu 

repre.ent1nv 29 to 30 per cent of the total 

inorganic: P. The content~. of reduc'tant solubl_P, 

occluded-P and Ca-P were le.s and that of 

saloid-P was negllgible in the so11. 

S) With increasing periods of incubation, 8alold-P, 

M-P, Fe-P and available P (Bray 1 and 2) 

increased, while the r.ductant .oluble-P, 

occluded-P and Ca-P decrea.ed. The rate of 

change 11'1 the various inorganic fractions was 

more during the lnitlal perlod. of flooding. 

6) Prediction equations were worked out to establish 

various inorganlc fractions of P and available P 

at different periods of incubation. 

7) The three sources of P d1d not differ 8ignificantly 

in increasing the various inorganic fractions of 

the 80il except that of 3aloi~-P. 

8) The contents of Al-P, Fe-P, reductant. soluble-P 

and ocoluded-P were more in laterite so11 compared 

to kari 15011 while 8&101d-P and Ca-P were high in 

karl soil. 

9) Saloid-P during the first period of incubation 

was observed only in treatments receiving SP. 

But on incubat1on, 8al01d-P was recovered from 

all the treatments. The mean content of s&101d-P 

was significantly higher in treatments receiving 



sUperphosphate ca.para4 to o~.r tr.a~.nts. 

10) Irrespective of the aouzce. and levels of applied p. 

saloid-P content was max~ durinq the seventh 

period of incubation. The linear coefficient of 

correlation (r) between saloid-P and period of 

incubation was 0.5;&. 0.5". o •• al for RRP, MRP 

and SP respectively. 

11) Salold-P was positively correlated with Fe-P 

** ** ** (r • 0.772), Al-P (r • 0.731) and Ca-P (r - 0.278) 

and neqatively correlated with reductant 8oluble-P 

~ ** (r - -0.249) and oecluded-P (r - -0.319). 

12) Concentration of Al-P was max~ during the 

twelfth period. A posttive and significant 

correlation was obtained be~een Al-P and period 

of incubation (r • 0.7.'). 

13) Al-P was highly correlated wl~ the aaloid-P 

(r - O.7~t), and Fe-P (r s O.7~;) and neqativaly 

** correlated with the r.duc~t soluble-P (r • -0.407) 

and occluded-P (r • -o •• IJ). 
14) The peak content of Fe-P wae observed during the 

twelfth period. Psriod ot incubation and Fe-P 

content were positively and significantly 

** correlated (r • 0.669). 

15) Content of Fe-P showed negative correlation with 

** reductant soluble-P (r • -0.366) and oceluded-P 

~Ul 



16) ConcentraUons of reductant .oluble and ocoluded-. 

were max~ during the initial period of 

inaubation. Negative oorrelatioD wa. observed 

for period of incubation with reductant ~luble-P 

(r • -0.6&1) and oocluded-P (r • -O.,a,). 
17) The .1a~ value. of Ca-P were ob.erved during 

the twelfth fortnivht of s .. pliJ\9. Period of 

incubation and Ca-P were negatively correlated 

(r • -0.23J). 

1a) Concentration of available P (Bray 1 and 2) did 

not vary with the forau and le.els of applied p. 

19) The peak value. of available P were observed 

durlnq the seventh fortaight. 'lhe linear 

coefflcients of correlaUoD between period of 

inCUbatlon and avallable P content were 0 •• " and 

** 0.609 for Bray 1 and Bray 2 respectlvely. 

20) The contrlbution of vuiolUl inorganlc fractions 

to available P waa different. M&X~ correlation 

values for available P (Bray 1 and 2) were obtained 

with a.loid-P (r • O.aa, and o.ell for Bray 1 and 2 

*1 ** respectively) followed ~ re-p (r - 0.76 and 0.8S9 

for Bray 1 and 2 re.pect.1Y81y) and Al-P (r • 0.,11 
and 0.8J& for Bray 1 and 2 respectlvely). 



Contributlon of c... to a.ailable P vaa les. 

(r - 0.241. 0.211 for Bray 1 and 2 respectlvely) 

vh11e re4uct.ant sol .. 1.-p (r - -0.2'!, -o.sla 
for Bray 1 and 2 ~.pectl.e17) and oeoluded-P 

(r - -0.211. -0.311 for Bray 1 aDd 2 re.pectively) 

had negative correlationa with available P. 

21) Path analysis .revealed that the aa101d ... h&4 the 

.ax~ positive dlre~ effeat on available P, 

followed by I'e-P. The iDclirect effect of Jle-P 

through .alold-P ln lDare .. ing the available P 

va. highly significant.. Hlgher correlation of 

Al-P with available P va. due to its posltive 

indirect. effect on aalo14.... The negative 

correlatlon of rednctan. soluble and occluded.P 

on avallable P was due to their indlrect negative 

effect on other inorgaaic fractions. The positift 

correlatlon obtained between Ca-P and aval1able P 

vaa malnly due to lta ladlreet positive effect 

22) The extant of contribu:tloft of various lnorganic 

fractions to avail_1e P vea the a.e ln all t.he 

three aources of P .... 4 to the 8011. 
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23) Application of SP at the r.~ of 90 kg P20S/ba in 

two equal split do ... on the first and nlnet¥-first 

day of incubation 414 not iIlere... coDsplcuo".ly 



the inorganic fractions and available P COftten~ of 

the soil campa.ed to the lni~ial single appllc.~lon 

of the same quant1t7 of P as SP anu rockphospnat ••• 

24) In the potculture expertment 1n general, application 

of P fertilisers had resulted in a better 

utilJ.~a.tion of major plant nutrients by the ~cia. 

plant and this eif.ect W .. ~lJ mors pronounce6. in kari 

.3oil during the first crop season.. However, ill the 

second crop season, effect of P fertilizers on 

uptake of nutrients was pronounced 1n both soi18. 

25) During th~ first crop s€.ason.. 1~ the wsenca of 

a6df-ld P, the 'l1~)uke of nutrieuu and yield of straw 

and g'rain \H?re n)ore in laterl.te sotl comparl3d to 

ki::tr~ soil, while in the ,f)rGsence of added P, uptake 

c)f t.1utrientf; ::&..."16. yiald wer~ higher ir. kari soil. 

Howe'Ter, in the second crop season., both In. the 

pres.:Ilce and absenc~ C'f add~d p.. the uptake of 

nutrien.t.s and y1.eld were more 1n laterite 15011. 

26) rhEl ·xj?t.ake vf Nand i( by the straw was roaximUlll 

dUl:illg the third W)d fOl1rth fortnight I');f sampllnq, 

while ~~at of ? was maxtmum durin9 the fo~rth and 

fifth periods. The rHte oi: lncl.~ease in the yield 

of straw .as m=rc dvring the second fortnight of 

aam~li·':lg. 
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27) Up~e of H and K by the straw dllr1nq the fira't. crop 

season was s1gnificantly bigher in treatments 

race1 ving SP compared to other treatmsn ts recei nng 

rookphosphates though the uptake of P by 'the atraw 

d1d not vary significantly with tt~ variations 1n 

the source of P. However, 1n the second crop 

season, uptake of N, P and K by the straw vas 

significantly higher in treatments reeeiy1ng SP. 

28) The efficiency of two roclcphoapha.. (RRP and MRP) 

1n terml'l of ltp'ta'lce of P by the st.raw was 73.68 and 

70.55 per cent as that of SP during the first and 

seeond crop s~aaon8 respectiv.ly. 

2') Increasing the level of app11cstion of P from '5 to 

90 kg P20S/ha increased 'the uptake of Nand K 

s1g:"'lificantly whila ~pt.alc. of i' by the straw and 

straw yield did not increa .. significantly with 

increasing the level of application. But in the 

second crop season, the uptake of H, P and K by the 

straw and straw yield increased oonspicuously with 

increasing the leyel of application. 

30) Content of available P and the upt.al<e of N, P and K 

by the straw at different 8tag~S of plan~ growth 

were positively correlated. 

31) By the application of P fortil1zera uptake of N 

and P by the grain of the first crop did no~ 



incre.s. sign1ficaatly o .. r cOD~ol 1D la~rita 

so11, whlle that of K showed slguiflcant 1Mb.se 

OYer control 1n both the so11s. Howyer, 1n 'the 

second crop, up'take of H, P ad K by grain 

increased conspicuously ln both theae salls 1n 

the presence of added P. 

32) Xn the first crop aea80n, total uptake of K was 

significantly higher over control in both ~e 

soils, while that of N and P was higher only in 

kart soil. But the total uptake of N, P and K 

increasec over control 10 both the soils 1n the 

second crop season. 

33) In ~eneral, application of SP was found to be 

superior to the application of rockphcsphates with 

respect of the uptake of the N, P and K by grain 

and their total uptake by rica plant in both the 

seasons of crop qrmrth. 

34) On an average, the ~ rockphosphataa (RRP and 

MRP) were 92.43 and 89.3' per cent as efficient 

.s SP vl~ regard to the total uptake of P by rice 

plant during the f1ra't anc! second arop seasons 

raspea't1vely. 

35) In the absence of add.e4 p. up'taka "f nutrients, 

yield of straw and grain were more during thEi 

first crop season coapared to ~e second crop. 
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Also, in the presence of added P, uptake and 

yield were found to be more during the flrat 

crop season in kari 8011. But in laterite 80il, 

uptake and yield were more in 'the second crop 

season. 

36) The yield of grain by ~e application of 

phosphatic fertilizers showed significant increase 

over control only in karl soil during the firat 

crop season. In the second crop season both the 

s011s w~re found ~o be responsive to the 

application of P fertilizers with respect to the 

increas~ in the yield of qrain. 

37) In the treatments receiving rockphosphate aa 

a source of P, the field cf grain wasJ3.18 and 

92.67 p~r cont of that obtained in tL'eatments 

receiving SP d 1.lr1.ng the first crop and second 

crop seasons reepeetlYely. 

38) In both the SCdSCJIlS of crop gro'Jtt., avail;ilile ? 

in soil was significantly higher in treatments 

receiving SP than that in treatments r~ceiving 

rockphosphates. Increasing the rate o! 

application of P from 45 to 90 kg P2oS/ha 

increased ~1e available P content of the soil to 

the ey-te!l t of 11. ~1 end 17-. ~ 3 per cent over the 

lower level during the first and seaond crop 

seasons respectively. 



39) Application of SP at the rate o~ 45 kq P20S/ha 

separately for the first crop and .econd crop 

seasons increased the uptake of nutrients, y10ld 

of grain, .traw and aY8ilable P aontent of the 

soil compared to application of the same total 

quantity of P initially for the first crop o~ly 

as SP and rockphosphate. 

40) ~he residual P in soil left after the harvent of 

the second crop va. much higher in treatments 

receiving rockphos~hates as compnred to 

snpe~hOBphate. 
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APPENDICES 



Appendtx I. An abstract of the 
(Incubation ~tudy) 

analysis of variance of inorganic P fractions and ayailable P 

(Mean sum of squares) 
--~-~~-~~--------~-~~~--~~-~--~~---~--~~----~--~-----~--~-----~-~~-~-~----~-

Degrees Salold-P Al-P Fe-P Reductant Occluded-P Ca-P Bray 1 Bray 2 
Souroes of soluble-P p P 

freedom 
-~~~~~~~--~--~~-~-~~~-----~-----~-~-~~~~-----.~~~~---~--~--------------

9.s11 96al 201~ 39'~ ** 95.' ** ** Soll 1 1434 1002 379.1 

Sources of P 2 1.st~ 352.9 453.2 94.10 16.24 .0.69 0.262 0.426 

Soil x Sources 2 0.019 11.42 13.11 32.79 10.02 11.22 0.262 1.051 

1.0'~ 21J~ ** * ** Leysl 1 1094 275.3 130.9 826.5 2.170 5.150 

Soil x Level 1 8.610 5.5.7 5.980 3.180 0.090 91.76 0.005 0.00.& 

Source x La .... l 2 0.013 2.619 16.33 24.10 2.740 7.130 0.0.8 0.041 

Period 12 7.1;3 lul3 38318 111~ 267:J ** 237:1 ** 60..9 952.3 

Soil x Period 12 0.1!1 81.'1 286.5 38.24 a.a!7 ** a.,;~ 331.2 3.510 

Source x~Period 24 * 0.081 29.62 65.08 13.34 4.260 3.'60 0.209 0.910 

Leval x Period 12 0.01. 23.27 8.930 15.37 1.090 8.090 0.OR9 0.440 

Ehl!t.ween Control 1 0.063 44.68 71Sf 31.08 ** ** 302.4 334.1 0.889 3.820 

Higher order 86 0.018 15.12 11.29 11.20 1.910 3.390 0.069 0.172 interactions 
Control Vs 21.~t ** 4671; 20~' 21'~ ** ** 2311 treated 1 20601 12877 10'l2 

Error 206 0.046 157.4- 306.2 41.58 32.59 26.32 2.102 11.00 
.... ----.-. ................ .--------....... -. ......... ~ ... -....--... ...,..~---........... -~-------.... ---~-~ .... ---.... ....... --..... ~--------............... -... -... -------.. -

* Significant at 5 per cent 1 ... 1 

** Significant at 1 per cent level 



Appendix II. An abstract of 'the analysis of variance of nutrient uptake, nutrient per cent 
and straw yield during first crop season 

(Mean :sum of square.) 

Degrees " of nutrient " of nutrient Nutrient uptake Straw 
Source. fr::cks --;--!!!-;~!~-i-- -- N .• __ !!;!~2! __ ~__ --;--~;~~-;-- yield 

---------.. ~---- ... -------....... -..... --.. --------...... .-...---... .......,-~ .. ---.....-------.... ~-.... --..... .-..--.---....... __ ... _---...--... ..----_ ....... _----
Soil 
Sources of P 

soil x Sources 

Level 

Soil x La .. l 

Source x Level 

Period 

SolI x Period 

Source x Period 

Level x Period 

Between Control 

H19her order 
interactions 

Control Vs 
treated 

Error 

1 

2 

2 

1 

1 

2 

5 

5 

10 

5 

1 

37 

1 

'4 

* ** 1.191 0.002 16.61 
* 0.285 0.006 0.557 

0.075 0.003 0.021 

0.339 0.005 0.111 

&.001 0.003 0.006 

0.042 0.008 0.008 

31.3; 0.011 11.1& 
0.233 0.006 O.7a! 
0.021 0.005 0.044 

0.012 0.005 0.051 

0.542 0.003 0.042 

0.014 0.005 0.023 

-It." ** 2.461 0.014 15.45 

0.220 0.004 0.133 

2.475 

0.039 

0.011 

0.250 

0.011 

0.022 
** 

1 .... " 
0.285 

0.005 

0.011 

0.464 

0.004 

** 3 1.2xl0-

1.;x10-' 

4.6x10-6 

2.'xlO-4 

9.1xlO-5 

S.2x10-5 

... :3xJ,O-3 

Z!lxlO-4 

1.6x10-S 

6.3xl0-6 

** -4 2.Szl0 

a.7x10-6 

** 0.975 

0.005 

0.010 
* 0.083 

0.0001 

0.003 

3.6ta 
** 0.164 

0.005 

0.002 
** 0.586 

0.005 

*~ ** 3 ** 0.677 2.2xl0- 7.640 

1.320 4.9x10-S 0.015 

** 0.078 143.9 2.830 

0.1;; 324.4 0.3rt 
0.022 104.5 0.015 

0.2~' 359.6 0.,31 
0.012 

0.003 
** 3.650 

O.lt' 
0.012 

0.012 
** 0.576 

194.2 0.063 

46.30 0.005 

147;r 2.3;& 

255.9 

22.03 

33.64 
it* 1912 

** 0.601 

0.020 

0.001 
** 0.483 

0.004 26.17 0.006 

** ** ""* 1.250 3319 3.230 

0.024 119.8 0.018 

0.045 

12 •• 6 
1.030 

* 268.' 

"'1." 
7.810 

** 5824 

* 113.6 

9.790 

5.030 
** 1130 

4.590 

** 1332 

41.59 
---~-~~-~~~-~~--~~------~~~---~--~~~~-~-~~-~~-~---~~----~----~-~------~-~-----~~------~~ 

* Significant at 5 per cent level. 

** Significant at 1 per cent 1 ... 1 



Appendix III. An abstract of the analysis of variance of nutrient uptake. nutrient per cent 
and straw yield during second crop •• ason 

(Mean sum of square.) 

-~--~~~---------------~~~-~~~~----~--~~~---~-~--- ~---~--~-------~-----------~-~ 
De9rees % of nutrient % of l'JUuient Nutrient uptake Straw 

Source. fr~---,--~-~!!!------ _______ !!_!2~____ _ __ ~!!!!! ______ = yield 

-..... ---..---....... ---....... -.-----.-. ..... -.......... ------... ---.--...... ~--.-......-... -----.-.---.......--........... -...._-... - .... .-_ ... - .... -----------..._----
Soil 

Sources 

Soil x Source 

Level 

Soil x Level 

Source x L~l 

Period 

soil x Per1.od 

Source x Period 

Level x Period 

Between Control 

Hlqber order 
interaction 

Control Va 
treated 

Error 

1 

2 

2 
1 

1 
2 

5 
5 

10 

5 

1 

37 

1 

94 

*..* ~ ** *~ ** -4 ** 14.58 2.2x10-6 3.750 0.75Z 3.0xlO 0.235 

0.038 2.9xl0-4 0.120 0.039 S.7xl0-5 0.052 

0.046 3.6xl0-5 0.030 0.001 1.1xlO-6 0.002 
r.: ** ~ ** 0.125 8.6xl0-J 0.029 0.053 3.0xlO-· 0.216 

0.005 1.6xl0-4 0.009 0.004 S.1x10-5 0.004 

0.016 6.0x10-7 0.008 0.019 6.3xl0-6 0.027 

10.;1 1:1x1o-2 6.2;& 5.';& 3!lxl0-3 2.513 
2.013 9:1x10-4 O.43~ 0.022 J.9xl0-5 0.017 

0.007 2.4xl0-S 0.030 0.003 2.SxlO-5 0.003 
0.033 1.4x10-S 0.006 0.002 2.0x10-S 0.003 
2.5&& 2:3310-3 0.024 0.087 3.5x10-5 0.2~! 

0.014 1.Sxl0-S 0.013 0.004 1.lxlO-5 0.003 

0.510 4:txl0-2 2.99& O.3;~ S:'xlO-3 0.4!~ 

0.147 1.9x10-" 0.160 0.073 2.6x10-5 0.019 

* Significant at 5 per cent 1.Ye1 

** Significant at 1 par cent l.vel 

** ** ** 4.880 11751 4.430 

O.l!; 321:' O.2!; 
0.001 64.00 0.041 

** . ** ... 
0.296 536.5 0.384 
0.028 165.5 0.01' 

0.010 
** 1 •. 420 
** 0.351 

13.43 0.011 
** t:* 8488 2.870 
** ** 650.2 0.175 

0.003 22.85 0.008 

0.003 24.06 0.005 

O.6~! 10!~ O~3~' 
0.004 4.340 0.005 

0.g;1 30~J 2.5$& 

0.015 55.31 0.022 

26~! 
169.1 
13.1. 
38S!! 
27.43 

14.19 

5111 
41.85 

5.160 

3.190 
** 488.9 

1.350 

38.64 



Appen41x IV. All abatrac:t of the analysis of yariance of 
available. (Potculture expertmeD~) 

(Mean .... of squares) 
.............. ---......... -............. ---~ ... --- .... --, .. ---~ ................ ------....... --........ ..,-...-...-.-

Source. 

So11 

Sourc:_ 

5011 x Source 

Level 

Soil x Level 

Source x Level 

Period 

Soil x Period 

Sourc. x Period 

Level x Period 

Beween Control 

Higher order 
lnt.er~1d .. oD 
Con'trol v. 
treata4 
Error 

089;-" __ .!!!!!_!!!2___ __-!!~2~~_g:O-2_ 
fr:e4oIa Bray 1 Bray 2 Bray 1 Bray 2 

1 

2 

2 

1 

1 

2 

6 

6 

12 

«5 

1 

•• 
1 

110 

39.&1 
ls.lt 
4.783 

20.1& 
0.001 

0.180 

55.1; 
1.020 

1.'30 

1.3'0 

13 •• 1 

0.876 

,0.1' 
1.310 

** "0.4 

** 41.90 

0.831 

62.11 
7.510 

0.316 

** 637.2 

4.930 

4.110 

0.562 

11.92 

0.77' 

5.960 

'9.!1 
a.!! 
2.53~ 

0.012 

59.11 
** '.060 

0.733 

0.625 

lS.'! 

0.61' 

6.560 

1.099 

5.560 

1.780 

5.860 

527!! 

29.!! 

0.357 

2.760 

9.780 

1.390 

** 914.2 

5.6'0 

* Significant at 5 per cent level 

** Significant at 1 per cent level 



Appendix V. An abstract of analysis of Yariance of nutrient uptake, nutrient per cent and grain 
yield 

(Mean sum of square.) ----..... ---.... --~--.. ------.. -.-...--------... ----.. -........... ---...... --..... ------------..-....-..-.-.. ----~.......------------~---........ -.. -----
Deqr

f 
.. • _~!!!2~~_i!!!!.. ___ ~~!!2~_!E~!_~:!!!.. ..!2..~_!!!~!~_!~~ Yl~ld 

Source. 0 R P . K N P K R P K o~ 
_~ ___ ~ ____ £!!!~~_~~_~ ___ ~ ________ ~~ ___ ~ ___ ~~~~~~~ __ ~~ __ ~~-~_~ ___ ~ ___ i!!!~ 

First cro2 

Treatment 13 3.9x10-4 3.9x10-4 4.blo·4 9:lx1o·3 a!Axl0-' ** -4 ** 2 S.2x10 3.6x10- ** 1724 ** 3 4.5x10· ** 61.15 

Error 14 1.6x10·2 1.9x10-4 1.Sx10'" 8.7x10'" 1.Sxl0·4 6.6x10-S 8.6xl0·3 230.4 1.2xlO'" 6.120 

Sec2nd croll! 

TreatmeDt 15 S.7xl0·3 4.9x10·4 7:&x10'" 2:&x10·2 ** 3 2.2xl0· 1!txl0·3 1:!x10-1 4511 1:'xlO·1 ** 140.0 

Error 16 3.6x10·3 3.4x10'" 1.1x10-4 2.2x10-3 4.9xlO·S 4.9x10·S 1.7xl0·2 61.65 3.5xl0-2 7.970 

--------...-...... ---....... --.-....---~ ........... ....----.-....... ............ -~ ....... -----... ,....~-............ .-.----... --------.... ---------------------.. -

* Significant at 5 per cent level 
** Significant at 1 par cent level 
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ABS'l'RAC'!' 

An incubation study and a potculture axpertment 

were conducted to assesa th& suitability of Rajastan 

rockphosphate (RR~) suppllad from Raja.tan State 

Mineral nevelOllment corporation. in comparison with 

that of Mussooria rockphosphate (MnP) supplied from 

Pyrites Phosph~tes ~d Chemicals Ltd. {U.P' an~ 

superphosphate (Sp) in two acid rice 3011s of Karala 

namely laterite (Kodakara, Trlchur d1s·trict) andkar., 

(F:arumc:.di, l'~lappey dlotric1d 8011.. Tranllfol:miltions 

of P fertilizers applied at the rata of 45 and 90 kg 

P2o~a in the.~ soils under continuous 5ul~erqenae 

werl! studl.ed 1n the incubation exp~r1m.:''lt. 5011 

aamp13s were drcl\l{n <:l.t 15 day. interval for the 

deternllnation of various inorganic P fr~ctiona and 

avai.lable P. The direct aad residual d£fecta of the 

two rockphosphat\3s in compa.rison with the water: ~olubl. 

SP were studied 1n the potoulture experi.ment using 

rice (Jaya) ·lS t.~e test Cl.·op. Thft SCJi!3 and lEoYfills of 

P applications were the RflIDe as in thEi :\ncubation 

study. Applicati.:Jn of N and K was done uniformly in 

all the traat:ments. Soil and plant samples were drawn 

at 1S days interval for the determination of available P 



and 'the uptake of •• jor nutrient.. The residual 

effect of phosphatio fertilizers was •• sed by 

continuing the exper~ent for the second .... on wi~ 

out the addition of P f.r~illzer.. However. for the 

•• cond season a treatment receiving P at the rate of 

45 kg P2oS/ha u SP 1n bo~ the s.ason waa incorporated 

for comparison in both the salls. 

Application of phosphatic fertilizers 

irrespective of their water ~olubility increa,ed the 

various inorganic fractions and available P content 

of the solI. The total nati .. inorganic P increased 

in the presence of added P due to the enhanced 

mineralization of organ1c P. ~ng the various 

inorganic tractions. Fe-P was the dominant torm 

accounting for 41 to 4-4 p4Ilr cen't of the total inorganic 

P. Second most abundant fraction was AI-P. The contanu 

of reductant soluble-P. ooclude4-P and Ca-P were 

relatively lass and that of .alold-P was negligible. 

The three sources of P did not differ 

significantly in increasing the various inorganic 

tractions of the so11 except that of saloid-P. 

The contents of Al-P # Fe-P, reductan't soluble-P and 

occ1uded-P were more in laterite so11 compared to karl 

5011. while saloid-P and Ca-P were hlgh ln kari soil. 

Prediction equations were worked out to establish 

F 



·arioua inorganic P fraction. and available-P at 

different perioda of incubation. 

The pee-Jc .al".. of a&lold-P were observed. during 

the !Seventh fortnight. Saloid-P was found to be 

positively correlated with Fe-P (r • O.1'~), Al-P 
.* ~* (r • 0.731) and Ca-P (r • 0.278) and negatively 

• correlated with reductant soluble-P (r • -0.249) and 

** occluded-P (r • -0.319). Concentrations of Al-P and 

Fe-P were max!nlum during the twelfth period of 

sampling and they were negatively correlated with 

reductant soluble-P and occluded-P. Highest valu.s 

of reductant soluble-P aDeI ocoluded-P were observed 

during the first period of incubation and the 

concentration of Ca-P waa .1n~ 1n the twelfth 

fortnight. 

Fo~ and level. of applied P had little effeat 

on increasing the available P content of the soil. 

The contribution of various inorganic fractions to 

available P vas different. D1rect and indirect 

effects of various inorganic P fractions on available 

P frcm RRP, MAP and SP were brought out by the path 

analysis. Saloid-P, Fe-P, Al-P and Ca-P were 

positively correlated w1th a •• tlable P (Bray 1 and 2) 

and reductant 8Oluble-P and occluded-P were 



negatively correlated. The extent of contribution of 

various inorganio frae~ions to available P yea the 

same in all the three sourc.. of P added to the 

soil. 

Application of SP at the rate of 90 kg P20S/ha 

twice 1n two equal do... during the first and 

ninety-first day of incUbation did not increase 

conspicuously the inorganio fractions and available P 

con'tent of the aoil compared to the initial 

application of the same quantity of P as SP and 

rockphosphate. 

In the potcul ture experiment in general. 

application of P fertilizers had resulted in a better 

utilization of major ftu~1.nts by the rice plant and 

this effect was more pronounced in kari so11 during 

the first crop season. H~r. 1n the second crop 

season. the effect of p fertilisers on uptake of 

nutrients was pronounced 1D both the soils. During 

the first crop season, in the &baence of added P, 

the uptake of nutrients and 1"le14 of straw and grain 

were more in laterite 80il coaparad to kari soll 

while in 'the presence ()f added P, uptake of nutrients 

and yield were higher in karl soll. However, in the 

second crop season, both i. the presence L~d ab •• nee 

of added P, the uptake of mtVienu and yield were 



more in laterite aoU. 

uptake of H and Ie 1»1' 'the straw during the first 

crop s.aaon was significantly higher in trea~.nt8 

receiving SP compared to other treatments receiving 

rockphosphata8 though the uptake of P by the str.w 

did not vary significantly with the variations in 

the source of. P. However, in the second crop 88a.on, 

uptake of H, P and K by the straw W88 significantly 

higher in treamenta recel.1nv ap. Increasing the 

1 ••• 1 of application of P fro. 4S to 90 kg PaoS/ha 

increased the uptake of H and K .ignificantly while 

uptake of P by the str.w and straw yield did not 

incre.se significantly with increasing the level of 

application. But in the second crop •• a.on, the 

uptake of H, P and K by the straw and "traw yi.ld 

incr •••• d markedly with increasing the 1 ••• 1 of 

application. 

Uptake of N and P by the grain of the first crop 

did not increase significantly over control in laterite 

soil, while that of K showed sigDificant increa.. over 

control in bo1:h the soils. HOlMver, in the •• cond 

crop, uptake of N, P and K by the gratn increased 

conspicuously in both the •• 80118. In the first crop 

season, total uptake of K was significantly hi9her 



over control in both 'the soils, wh1.1e that of N ad 

P was higher only 1n kari 80il. But the total uptake 

of N, P and K inoreased over control in both the 

so11a in the second crop season. In oeneral~ 

application of SP was found to be superior to the 

application of rockphosphatea with re8pect of the 

uptake of N, P and K by grain and their total uptake 

by rice plant in both the seuona of crop growth. 

The yield of grain by the applicat.ion of phosphatic 

fertilizers showed significant lncreaae over control 

only in karl so11 during the first crop ae.80n. 

In the second crop season, bo~ the soila were found 

to be responsive to the application of P fertili.ers 

with respect to the lncre ••• in the yield of grain. 

In the treatments receiving rockpbo~hate8 as a 

source of P, the yield of grain was 93.18 and 92.67 

per cent of that obtained ln treatlllenta recelving SP 

during the first crop and •• coad crop seasons 

respectively. 

In both the sauons of crop growth, available P 

in the 8011 was significantly higher in treatment. 

receiving Sp than that in treatments receiving 

rockphosphates. Increasing the level of application 

of P from 45 to 90 kg pzos/ha increased the available 

P cont.ent of the 80il to the extent of 11.97 and 



17.43 per cent over ~. lower level during the first 

and second crop aeasons respectively. 

Application of BP at the rate of 90 kg P20S/ha 

applied twice in two eqa.l doses separately for the 

first crop and second crop seasona increased the uptake 

of nutrients, yield of grain and straw and available 

P content of the 80il compared to the application of 

the same total quantity of P initially for the first 

crop only .s SP and rockphoaphat8. 
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