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INTRODUCTION



ANIRODUCTION

Phosphorus is reckoned as the 'key to metabolism’
because of its involvement in energy release reactions,
It is also needed for proper root development and
early maturity of grains, This element should be
mainly supplied as zortiltleri €0 plants, as its
contribution £rom atmosphere is nil and that from soil
is very less. For a substantial and sustained level
of agricultural production, fertilizer consumption per
unit of arable land should be sufficiently high,
However, the consumption rate of phosphatic fertilizers
has not been kept pace with that of nitrogenous
fertilizers, One of the reasons for such a growth
pattern is the relative high cost of chemically
processed phosphatic fertilizers, Direct application
of chéap. unprocessed, reactive, ground phosphate
rock to the soil has been recognized to be an attempt
in this direction. Theoretically such substitution
should be possible in acid soils which contain soluble
aliwainium to complex fluorine that is released f:om
the rockphosphate.

The process, patented in 1843, by which ordinary
superphosphate was manufactured by treating



rockphosphate with sulphuric aeid, gave an efficient
source of phosphorus fertilizer which dominated the
global market for a long time, However, the world
shortage of sulphur and occurrence of high grade
rockphosphate deposits in some localized specific
pockets of the world, prompted the scientiets to
discover alternative technigues to produce
superphosphate. A concentrated form of superphosphate,
namely, triple superphosphate, could be manufactured
by treating phosphate roe¢k with phosphoric acid
instead of sulphuric acid, Although this technique
eliminated the glaring demand of the industry for
sulphur, yet it turned out %o be an energy and
capital intensive process., Thus although over the
years, the need of phosphatic fertilizers for crop
production has been mounting at an alarming rate,

the availability of traditional water soluble sources
has been presenting serious problems and constraints,

Thus thers has been a vigorous search for an
alternative, which should be squally effective,
easily available and cheaper source of phosphatic
fertilizer that can be used in lieu of traditional
water soluble materials. Use of reactive ground raw

rockphosphates for direct application is a fruitful



attempt in this direction,

The total reserve of known phosphate rock in
India is estimated to be around 140 million tonnes,
of which nearly 70 million tonnes are from Rajastan
deposits and 20 million tonnes from Mussoorie
syncline of U,P. The reactivity of various daposits
will vary depending on their origin. Ignaous
deposits are highly stable and unreactive, metamorphic
ones are less stable, and sedimentary deposits are
the least stable, The less stable ones are more
reactive and phosphorus in them may become easily
availabla to plants, Among the Indian deposits,
those from Rajastan are metamorphic cum sedimentary
origin, while Mussoorie deposit is exclusively of
sedimentary type. The younger sedimentary apatites
are not suitable as a raw material for phosphatic
industry, but, are suitable for dirsct application as
a fertilizer to the soil.

Phosphata rocks when applied to the acid soils,
get easily acidulated by the soil acidity and
phosphorus in them will become easily available to
the plants. It has been estimated that acid soils
in India comprise about 30 per cent of the total land
area. Except a small patch of neutral to alkaline



soils of Chittoor, the entire state of Kerala

comprises of acid soils of varying intensities of
acidity. Direct application of powdered rockphosphates,
which 1s comparatively cheap, to these ae¢id soils has
been considered as an economical way of phosphorus
supply. Various reports show that the performance

of phosphate rocks for crop production is comparable
with that of superxphosphate,

Removal of phosphorus by the first crop normally
does not ei?ed 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 c¢rops iz a beneficial property of
phosphatic fertilizers which will help in the skipping
of phosphorus application to the succeeding crops.
Although the residual effect of phosphate rock is
comparable with that of superphosphate, there can be
chances for variation among varicus rockphosphates
depending on theilr reactivity.

Phosphate ion in soil forms a wide array of
compounds with varying solubility, This is further
complicated in waterlogged soils by the reductive

processes which lead to a change in the relative



proportion of these compounds, This proportion will

also vary with time. It i3 the relative abundance

of these compounds in the s0il which decides the

status of availeble phosphorus. Rice, the major food
crop of Kerala, being grown in a flooded condition,

a knowledge regarding the transformation of various

phosphatic fertilizers under this condition will be

essential for evaluating their efficlency. Kuttanad
and lateritic alluvium are the two maln rice growing
tracts of Kerala, The behaviour of tha various
phosphatic fertilizers in these soils should be known
for a bettar phosphatic fertilizer management.

The mode of transformation of various phosphate rocks

may vary. Hence the present study was taken up with

the following objectives in view,

1) to compare the direct effect of Rajastan
rockphosphates supplied by Rajastan State Mineral
Development Corporation and Mussoorie rockphosphate
supplied by Pyrites Phosphates and Chemicals Ltd.
(U.P) with that of superphosphate on nutrient
uptake and yield of rice in aeid rice soils at
different levels of application)

2) to compare the residual effact of above

rockphosphates at varying levels with that of the



3)

4)

continuous application of superphosphate;

to study the transformation of phosphorus from

phosphatic fertilizeri in acid rice soils under
submerged conditiony and

to study, whether the ¢ostly soluble phosphatic
fertilizers can be replaced by the cheap

rockphosphates in the acid rice soils of Kerala,
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REVIEW OF LITERATURE

1. Transformation of phosphorus in soil

Phosphorus in soil occurs in organic and inorganic
form but the predominant form is the inorganic one,
Fractionation of this inorganic form of phosphorus into
its components has a direct bearing on soil fertility.
Th; availability of added phosphorus to the current
crop as well as of the residual phosphorus to the
succeeding crop depends much on the nature and amount
of compounds to which the applied phosphorus is converted.

Fraps in 1906 was among the f£irst to chemically
fractionate inorganic soil phosphorus (Hesse, 1971).
There were many procedures for phosphorus £ractionation,
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 saloid phosphorus, aluminium phosphate,
iron phosphate, reductant séluble phosphorus, occluded
phosphorus and calcium phosphate. Contribution of these
various fractions to available phosphate pool will be
different, The proportion of these components will vary
with the soil pH and soi)l characteristics, moisture regime,

period of incubation and level of application.



1.1 Effect of pH and soil characteristics

According to Hsu and Jackson (1960) the phosphorus
transformation in soil is mainly controlled by pH.
It is seen that iron phosphate and aluminium phosphate
dominate in acid soils while calcium phosphate dominates
in alkaline soils (Cho and Cladwell, 1959; Hsu and
Jackson, 1960y wright and Peech, 19603 Chang and Chu,
1961 Jose, 1973y Talati et al., 1975y Kadeba and Boyle,
1978y Sharma et al., 1980).

Gupta and Nayan (1975) obtained iron phosphate as
the dominant fraction in U.P, soils with a pH upto 6.7,
Jose (1973) indicated that in red, black and alluvial
soils of South India, calcium phosphate dominated over
iron and aluminium phosphates in quantity, and increased
with increasing pH, while reductant soluble and occluded
phosphates decreased with increasing alkalinity and
their contents were remarkably low. From a study of
the forms of soil phosphorus in Tamil Nadu,
Balasubramanian and Raj (1969) proved that calcium
‘'phosphate predominated over other phosphorus fractions
in black, alluvial and red soils, but occurred in traces
in laterite soils where iron and aluminium phosphates
predominated. Experiments of Nair and Padmaja (1982)
in the rice soils of Kerala found that the added phosphorus
was mainly converted into aluminium phosphate and iron

phosphats.



Singh and Ram (1977) showed that the conversion of
added phosphorus to aluminium phosphate was more
pronounced in laterite soil and the conversion to
calcium phosphate was low., The slow rate of conversion
of added phosphorus into calgium phosphate was due to
the acidic reaction of the soil., Kothandaraman and
Krishnamoorthy (1977) obtained high amount of iron
phosphate, reductant socluble phosphorus and occluded
phosphorus in laterite soil,

Bapat et al. (1965) reported that the Vidharbha
soils containing sufficiently high amount of free CaCo,
and total Ca0 were rich in calcium phosphate and solls
with less free CaCo, and total Ca0 contained considerable
amount of iron and aluminium phosphates. Khanna and
Datta (1968) studied the distribution of inorganic soil
phosphorus in some Indian soils and found that calcium
phosphate dominated in all alluvial soils with pH
greater than 7, while aluminium and iron phosphates were
dominant in acid and red soils,

Debnath and Hajra (1972) in their phosphorus
fractionation studies of Bengal scils indicated that,
most of the added phosphorus was recovered in the order
of Al-P > Fe~P > Ca~P and reductant soluble phosphorus
increased in red, laterite and hilly soils with no
significant change in alluvial and saline soils,

Rao et gl. (1972) determined the inorganic phosphorus
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fractions in black and red soils after treating them
separately with ammonium phosphate and superphosphate.
In both the soils, Fe~P was more than the other forms,

Chang and Jackson (1958) recognized that in
calcareous soils or in soils that had not been much
weathered, most of the inorganic phosphorus was present
as calcium phosphate. In moderately weathered soils
the principal form was that sorbed in iron and aluminium
oxide films and as the weathering proceeded an increasing
proportion of phosphate ocgurred inside the iron oxide
precipitates. Hsu and Jackson (1960) from a study on
Wisconsin soils suggested that in a highly weathered
s80ils with high iron oxide content and high iron
activity, the content of iron phosphate‘was bigher
compared to other fractions,..

Syers et al. (1969) observed that only one=f£ifth
of the to%al inorganic phosphorus was calcium phosphate
where reductant phosphorus was the dominant form in
older soils while it was two=third in younger soils,
Talati et al. (1975) obtained lower amount of aluminium
and iron phosphates in alkaline desert plain soils due
to their immaturity. Studies in Kerxala by Aiyer and Nair
(1979) showed that the content of calcium phosphate was
higher in kari soil compared to laterite soil which was

more weathered,
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1,2 Effect of waterlogging and period of incubation

Waterlogging has a pronounced influence on the
transformation of pthphorus. 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 soil
native phosphorus in acid soils,

Chang and Chu (1961) attributed the increased
availability to the greater accumulation of iron phosphate
in flooded soil and the greater mobillity of iron in the
reduced condition. Basak and Bhattacharya (1962) stated
that the increase in available phosphorus in rice soils
was due to the release of phosphate from mineralization
of organic phosphorus and the reductive transformation
of ferric and aluminium phosphates. Mandal (1964)
observed a slight increase in 0.5 N acetic acid extractable
phosphorus accompanied by a slight decrease in ferric
phosphate as a result of waterlogging, while aluminium
and calecium phosphates remained unchanged. _

Mahapatra and Patrick (1969) found that waterlogging
generally increased aluminium and iron phosphates,
decreased reductant scluble phosphates and did not much
affect calcium phosphate, When s0il was incubated with

iron, aluminium and calcium phosphates, they were almost
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completely recovered in the aluminium and iron phosphate
fractions under both optimum and waterlogged moisture
regimes, Extractable phosphorus was increased by
submergence especially in solls that were richest in
iron phosphate. Gupta and Nayan (19975) 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 amount of iron and
alpminium phosphates enhanced markedly while that of
calcium phosphates decreased with the period of incubation
(Islam, 1970y Mandal and Khan, 1975; Singh and Bahaman,
19763 Rajakkannu and Ravikumar, 1978),

Jose (1973) in his studies on phosphorus
transformation found a decrease in aiailable phosphorus,
" saloid bound phosphorus and aluminiﬁm phosphate with
increasing periods of incubation, He also stated that
irrespective of the pH of the soil, aluminium phosphate
was'formed in high amount initially, a part of which
w;s transformed to iron phosphate in soils of relatively
low pH and to calcium phosphate in soils originally
predominating in calcium phosphate with lapse of time.
But the changes in the reductant soluble and occluded

forms of phosphorus were negligible.
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‘Islam (1970) found that as a result of waterlogging,
level of soluble phosphorus first increased and then
decreased with time of submergence. Increase in soluble
phosphorus in acid soil was due to a decrease in calcium,
ferric and reductant soluble phosphates. Singh and Ram
(1976) obtained an increase in iron phosphate and a
decrease in aluminium phosphate with time of incubation,

Srivastava and Pathak (1972) reported that the
added phosphorus in solil got completely converted into
saloid bound phosphorus, aluminium phosphate, iron
phosphate and calcium phosphate. But wigh time, saloid
bound phosphorus and aluminium phosphate were gradually
converted into iron phosphate. They also found that the
recovery as reductant soluble phosphorus and occluded.
phosphate was nil. Chauhan et al. (1972) obtained
increased avallable phosphorus f£rom added phosphate with
advancement of time, They suggested that £ixation and
release of added phosphorus may occur simultaneously and
any increase in availabla‘phosphorus at any time may Dbe
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 > Fe-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 regimes, But the rate of change of added
phosphate to various inorganic fractions was enhanced
by higher moisture regimes,

Gupta and Nayan (1572) studied the transformation
of inorganic phosphorus at field capacity and waterlogged
condition., The amount of reductant 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 its
amount slightly increased under waterlogged conditions,
Mandal and Chatterjee (1972) showad that the amount of
added phosphate fixed as aluminium phosphate gradually
increased to a maximum with the advancement of time,
followed by a decrease.

Sharma et al. (1980) studied the transformation of
added phosphorus and found an increase in aluminium
phosphate content upto 7 days and later decreased slowly
with time fill 90 days. The convaersion to iron phosphate
fraction increased slowly with time upto 90 days and
very little change to calc¢ium phosphate was observed
even on prolonged incubation., Experiments of Singh and
Ram (1976) on transformation of added water soluble
phosphate at two moisture regimes (50 per cent field
capacity and waterlogging) recorded an increase in iron

phosphate and a decrease in aluminium phosphate with
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advancement of time and the content of saloid bound
phosphorus was negligible,

According to Singh and Bahaman (1976) available
phosphorus, iron phosphate and aluminium phosphate
increased, calcium phosphate degreased and negligible
change for saloid bound phosphorus odcurred with period
of incubation. Singh and singh (1975) obtained an
increased content of aluminium phosphate at initial
stages of waterlogging due to the transformation of
calcium phosphate to aluminium phosphate and later its
content decreased because of its transformation to iron
phosphate. This lead to an increase in iron phosphate
in later stages.

Gupta and Nayan (1975) studied the transformation
of soil inorganic phosphorus in red soil at field capacity
and waterlogged conditions. Iron phosphate decreased at
field capacity and increased at waterlogged condition,
The amount of aluminium phosphate decreased while
reductant soluble phosphorus increased with increase in
time under both conditions. Singh and Ram (1977)
reported a decrease in available phosphorus with time,

1.3 Influence of various inorganic fractions on available
phosphorus and plant growth
The contribution of various inorganic fractions to
available phosphorus will vary. Jenkins (1966) and
Jose (1973) 4in their phosphorus uptake studies obtained
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a very ¢lose correlation betwean labile phosphorus,
aluminium phosphate and iron phosphate. Smith (1965)
and Talati gt al. (1975) reported that none of the
inorganic forms of soil phosphorus except aluminium
phosphate can serve as an index of phosphorus
availability.

In neutral soils of West Bengal, aluminium phosphate
was obtained as the major source of phosphorus for jute
(Doharey et al., 1980)., Puranik and Bapat (1977)
observed positive correlation between available phosphorus,
aluminium phosphate and calcium phosphate. Sacheti and
Saxena (1974)\roported that the saloid bound phosphorus
and aluminium phosphate significantly correlated with
available phosphorus while iron phosphats correlated
significantly in a few cases only.

The phosphorus uptake by plants was highly correlated
with the amount of iron phosphate but not with the amount
of other fractions (Gupta and Singh, 1969; Singlachar
and Samaniego, 1973 Singh and Bahaman, 1976).

Choudhari et al, (1974) reported the correlation between
various inorganic fractions and phosphorus uptake by
di€ferent crops, Caleium phosphate and aluminium
phosphate significantly correlated with the phosphorus
uptake of jowar, cowpea and urd, while in maize calcium
phosphate and phosphorus uptake was correlated.
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Phosphorus uptake was highly correlated with
aluminium phosphate and iron phosphate in pine seedlings
(Kadeba and Boyle, 1978), in tomato (Datta and Khera,
1969) and in rice (Thakur et al., 1975). Mandal and Khan
(1977) obtained 60 to 75 pesr cent of the applied
phosphate in fixed form as aluminium, iron and calcium
phosphates after the harvest of rice and they stated
that these fractions would significantly contribute to
available phosphorus to the succeeding crop. Bapat et al.
(1965) reported significant corralation between available
phosphorus and calcium phosphate in soils containing
high amount of Caco3. but iron and 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 gt al. (1955) reported that a
soil pH of 6.0 or lower appeared to be necessary for
satisfactory utilization of rockphosphate. According
to Chu et al. (1962) the break down of rockphosphate
into both aluminium and iron phosphate fractions
decreased with increasing pH. The percentage recovery
of phosphorus added through rockphosphate was low or
negligible in calcareous soil, but it was fairly high in
acid soils (Zende, 1983).



Singh and Datta (1973) observed that citrate
solubility of rockphosphate and pH of the s0il were the
most important factors governing the phosphorus
availability and the particle size of rockphosphate had
little effact on solubility at low pH values. The
availability of phosphorus from naturally ocﬁurring
phosphate earths, rockphosphates, and basic slag was
more in acid soils (Mandal and Khan, 1972; Motsara and
Datta, 1971).

According to Chaudhary and Mishra (1980)
transformation of rockphosphate in soil was mainly
related to solil acidity and phosphate potential, ‘as
these two parameters accounted for 94 per cent of
variation in the degree of transformation of rockphosphates.
In their experiment, at a pH of 5.4 there was 46 per cent
phosphorus transformation, while it was 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 wup. ‘

The calcium phosphate in rockphosphate gets easily
acidulated by the soil acidity and phosphorus in it will
become easily aﬁailahle to plants., Thus the ground
rockphosphate has been considered as a good source of
phosphorus in acid soils due to its easy dissolution
(Datta et al. 1972; Mandal and Khan, 1972; Patnaik et al.,
1974y Shau et al., 1974; Sarangamath and Shinde, 1977;
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Nair, 19783 Kadrekar et al., 1983; Luthra et al., 1983;

Natarajan, 1983; Subramanian and Manjunath, 1983).

3. Comparison betwean phosphorus sources

3.1 Rockphosphate 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 aeconomical
source of phosphorus for plants (ﬁinhas and Kick, 1974;
Nair, 1978y Jaggi and Luthra, 1983; Luthra et al., 1983;
Subramanian and Manjunath, 1983),

Varadan et al. (1977) found that 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 soils., Mehrotra (1968) found rockphosphate as

effective as supe;phosphate even under neutral conditions.
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Acgording to Shukla (1973) the phosphorus content of
rice grain was not significantly affected by different
phosphorus sources.

Motsara and Datta (1971) in a series of field
experiments conducécd on soils, varying in pH, showed
that for rice, wheat, maize, pea and potato, differences
between yield due to roeckphosphate and superphosphate
treatments were not significant. In acid laterites of
Mangalore, Prasad and Dixit (1976) reported a significant
response of rice to the application of rockphosphate,
but not with suparphosphate at equal phosphorus rates.

The citric acid soluble and insoluble phosphates
were either on par or better than water soluble phosphates
in low pH soils (Atanisu, 1971). Mandal and Khan (1972)
reported that rockphosphate and basic slag were more
effactive than superphosphate for growing rice in acid
soils, Kadrekar and Thalashilkar (1977) also reported
the better performance of rockphosphate compared to
superphosphate in the paddy soils of Maharashtra.

Patnaik et al. (1974); Sarangamath and Shinde (1977)
and Nair and Padmaja (1982) from their experiments
suggestaed that rockphosphate could affectively replace
water soluble phosphate in rice culture, provided it was
applied to the moist soil two weeks before flooding.
Sahu gt al. (1974) reported that by considering both
direct and residual effects, North Carolina, Idaho and
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Udaipur rockphosphates could be used for fertilizing
rice in acid laterites of Orissa. Mehrotra (1968) in
his field trials in U.P. concluded that the efficiency
of Jordan and Mussoorie rockphosphates was similar to
that of superphosphate for wheat.

Contradictory to the above results showing the
eaquality of rockphosphate to water soluble forms as
phosphatic fertilizers, Mishra and Gupta (1978) in a
greenhouse study obtained lower phosphorus uptake from
Mussoorie rockphosphate compared to superphosphate.

The relative agronomic effectiveness of Mussoorie
rockphosphate was only 66.7 per cent for maize compared
to superphosphate.

Experiments of Maloth and Prasad (1976) indicated
that rockphosphate was only 50 to 55 per cent as effective
as superphosphate with regard to green fodder production.
According to Singh et al. (1976a) superphosphate far
excelled as a phosphatic source to all indigencus
rockphosphates., They found that Laccadive, Mussoorie
and Udaipur rockphosphates were 67, 66 and 64 per cent
effective as that of superphosphate,

In the work of Tiwari et al. (1979) the maximum
efficiency of rockphosphate as seen £rom crop response
and phosphorus uptake was about 50 per cent as compared

to superphosphate,
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The affect of superphosphate was superior to
rockphosphate in rice (Sarangamath gt al., 1975y Ahmad
and Jha, 1977; Talashilkar and Patil, 1979) and in

vheat (Rana gt al., 1975).

3.2 Between rockphosphatas

Rockphosphates from different sources will vary
depending on the crystallographic properties of the
apatite mineral. (Lehr and Mc Clellan, 1972; Banerjee,
1979 Luthra et al., 1983). |

Dash et al. (1980) from CRRI, Cuttack compared
different rockphosphates namely Kasipatnam, Mussoorie,
Udaipur, Mehannagar, Jhamarkotra and Purulia, and found
that they were not as efficient as North Carolina
rockphosphate which was as good as supaerphosphate in
acid soils. Chaudhary and Mishra (1978) indicated that
samples f£rom Mussoorie, Jhambua, and Kasipatnam were
more reactive than those from Udaipur and Jordan.

Singh et al. (1976a) studied the order of efficiency
of rockphosphates from different sources and found as
follows. Laccadive > Munsba;tej>>udaipur. S8ingh and
Daita (1974) observed Udaipur and Mussoorie rockphosphates
to be as good as superphosphate in acid soils,

 Mathur gt al. (1979) compared the igneous and
sedimentary phosphate rocks of Bihar in acid red loam
soil and reported that sedimentary phosphate rocks raised
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the soil pH and available phosphorus, but igneous ones
left more residual phosphorus. Singh and Datta (1976)
obtalned better phosphorus availability f£rom Mussoorie
rockphosphate than from Udaipur or Laccadive deposits
in Karnataka soils of varying acidity.

Shinde et al. (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 Raychaudhari, 1980), Rockphosphates
were found to be 93 to 94 per cent as effective as
superphosphate as far as their residual value 1is
considered (Singh gt al.., 1976bp 1979).

Gupta et al. (1983) found that the response of
residual rockphospnate was curvilinear and they stated
that for better use and efficiency of phosphates in 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 yleld of the succeeding wheat significantly.



Sharma gt al. (1976) compared different phosphorus
sources for their diregt and residual effect on potato.
They found that the direct effect of roekphosphate was
not good, but the residual effect was similar to that of
superphosphate and moncammconium phosphate, Ramaavimy
and Arunachalam (1983) reported that the rockphosphate
lctt.moge avallable phosphorus in the scil compared to
superphosphate, after the harvest of the first crop.

Khanna and Chaudhary (1979) stated that there was
no significant difference in the yield of succeeding
crops by diffaerent phosphorus sources. Marwaha at al.
(1981) had observed the reszidual effect of rockphosphate
to an extent of 48,7 per ceant to 74,1 per cent compared
to superphcsphate for corn, Natarajan et al. (1983)
observed that the residual effect of Musscorie
rogkphosphate was very effective in acid soils, The higher |
levels of phosphorus added to the firszt crop (millat)
resulted in conapicuous residual affect in the succeeding
crop of blackgram by way of significant increase in yield.
Krishnappa gt al. (1979) reported that there was an
. inereasae in the yield of doth ragi grain and straw due
to the residual effact of rockphosphats, superphosphate
and dicalcium phosphate. Sample et al. (1974) in their
experimants on pine seedlings indicated that the residual



effect of phosphorus during the first two cropping
seasons was mainly depending on the citrate solubility
of the added material, while in the third cropping

season, differences among various phosphorus sources

disappeared.
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MATERIALS AND METHODS

The study consisted of two experiments namely
1) an incubation study with two solls, three sources
of phosphate and two levels of P in order to study the
transformation 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 karl soll of Kuttanad alluvium (Karumadi, Alleppey
district) which represented two important rice soils
of Kerala were collected (0 - 15 cm depth)., The soils
were dried in shade, powdered, seived and used for

incubation and potculture 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 (8P) and two levels of P (45 and

90 kg ons/ha) in a completely randomized design with two
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replications. RRP (100 mesh) was supplied by Rajastan
State Mineral Development Corporation, and MRP (100 mesh)
was supplied byrn/h Pyrites Phosphates and Chemicals Ltd.
The analyses of these fertilizers are given in Table 2.
The treatment combinations were

Treatment Treatment Forms and levels of Soil
No. notation P,0g, kg/ha
1 oL No P (control) Laterite
2 RRP4SL RRP 45 "
3 RRPYOL RRP 90 "
4 MRP45L MRP 45 "
5 MRPYOL MRP 90 "
6 SP45L 8P 45 "
7 SPS0L sp 90 "
8 OK No P (control) Kari
9 RRP45K RRP 45 "
10 RRP90OK RRP 90 "
11 MRP45K MRP 45 "
12 MRPYOK MRP 90 "
13 SP45K SP 45 "
i4 SP90OK SP 90 "
15 SP(45+45)L. SP 45+45 (P was given Laterite

twice, on the first
and ninety~£first day
of incubation)

16 SP(45+45)K SP 45+45 (P was given Kari
twice, on the first
and ninety-first day
of incubation)

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 ¢) and transferred into
pPlastic containers of 1 kg capacity. The basic properties
of the soils are given in Table 1. The phosphatic
fertilizers as per the treatments described above were
added and thoroughly mixed with the soil. The soils
were continuoua;y waterlogged, maintaining water at the
level of 2 cm above the soil and incubated at room
temperature (28-31°C) for 180 days. Soil samples were
drawn regularly at 15 days interval 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 soils was carried
out by the International Pipette method (Piper, 1942).
PH was determined using an Elico pH meter in a soil water
suspaension of 1:12,5 ratio. Specific conductance of the
1:2.5 s0il water extract was measured using a conductivity
bridge.

The organic carbon content was determined by Walkley
and Black method as described by Jackson (1958).
Available K was determined flame photometrically in the
neutral normal ammonium acetate extract of the soil

(Jackson, 1958),
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Total elemental analysis of P, K, Ca and Mg was
done using diacid (HC10, and HNO, in 112 ratio) extract.
Total P f£rom this extract was determined by
vanadomolybdophosphoriec yellow colour method in nitrie
acid system (Jackson, 1958). Total K was read in an EEL
flame photometaer. Total Ca and Mg were determined by
EDTA titration method (Hesse, 1971), Total N was
estimated by Kjeldahl digestion « distillation procedure
described by Jackson (1958), Cation exchange capacity
of the soil was determined by the method of Peech et al.
(1947). Phosphorus fixing capacity of the soil was
estimated by the method described by Hesse (1971).
Dithionate-citrate bicarbonate extraction method described
by Jackson (1975) was used for the determination of free
iron oxides in the soil,

Available P of the' wet sample was extracted using
Bray and Kurtz No.l and No.2 extractants, For wet analysis,
a weighed quantity of wet sample to give 5 g of dry soil
was used. The moisture content in each sample was
saparately estimated immediately on withdrawal of the
sample and P was extracted and determined by chlorostannous
reduced molybdophosphoric blue colour method in hydrochloric
acid system (Jacksoh, 1958),

Fractionation of P was carried out using the modified
procedure of Chang and Jackson (1957) after Peterson and
Corey (1966) as described by Hesse (1971).



POTCULTURE EXPERIMENRT

A potculture experiment was conducted with two soils,
three sources of P and two levels of P using a
photoinsensitive 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 soils, 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 ware

Treatment Treatment Forms and levels of Soil

No, notation P,0g, kg/ha

1 OL No P (control) Laterite

2 RRP45L RRP 45 .

3 RRPO0OL RRP 90 "

4 MRP4 5L MRP 45 "

5 MRPHOL MRP 90 "

6 SP45L SP 45 "

7 SP90L sp 90 "

8 0K No P (control) Kari

9 RRP4 5K RRP 45 n
10 RRPYOK RRP 90 »
11 MRP4 5K MRP 45 »
12 MRPOOK MRP 90 "
13 SpP45K SP 45 "

[
™

SP9OK 8p 90 e
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15 SP(45+45)L SP 45+45 (P was given Laterite
in both the seasons of
¢rop growth)

16 SP(45+45)K 8P 45+45 (P was given Kari
in both the seasons of
¢rop growth)

The residual effect of rockphosphates was assessed
by continuing the experiment for the second season without
the application of phosphatic fertilizers. However, the
last two treatments (T,; and T,.) received SP both in the
first and second crop seasons @ 45 kg ons/ha in order to
compare the residual effect of rockphosphates applied

once with that of SP applied twice.

1. Experimental Procedure

Earthen pots of uniform size 33 om x 32 om were
used for the study. These pots were f£illed with 20 kg of
dried and powdered soil., Sufficient water was added to
the pots to wet the soil and to bring out a puddled
condition. Application of N, K, lime and organic matter
was followaed as per the package of practices (90 kg N,
45 kg K,0, 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 seedlings were raised by wet method using the

seeds obtained from Regional Rice Research Station, Pattambi,
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Seedlings (25 day old) were transplanted at the rate of

six hills per pot., Plant protection and other intercultural
operations were carried out as per the recommendations

of Kerala Agricultural University (Aanon, 1982). Standing
water was maintained till 15 days before harvest. Soll

and plant samples were dkawn at 15 days interval for
chemical analyses. The grain and straw were harvested

at full maturity.

2, Collection of Soil and Plant Samples for Analyses

Soil samples were collected from each pot before
transplanting and at 15 days interval in both the seasons
of crop growth to study the release of P, The collected
soll samples were mixed thoroughly, air dried, ground
and passed through 2 mm seive and stored in polythene
bags for the determination of available P,

Plant samples were collected from each pot at 15 days
interval (shoot and root separately). These 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 8oil Sample

Available P of the air dried sample was extracted
by Bray and Kurtz No.l and No.2 extractants and P in the

extract was determined as in the incubation study.
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3.2 Plant Sample

For the determination of P and K, a diacid extract
was prepared by digesting 1 g of powdered plant sample
with perchloric and nitric acid in 1:3 ratio. The P
content from this extract was determined colorimetrically
by ihe vanadomolybdophosphoric¢ yellow colour method in
nitric acid system (Jackson, 1958). For the determination
of K, the extract was diluted and read in an EEL flame
photometer. Nitrogen content was determined by the
micro-Kjeldahl digestion-~distillation method as
described by Jackson (1958)
Statistical Analysis of the Data

Statistical analysis of the data was carried out by
adopting the standard methods described by Panse and
Sukhatme (1967).



Table 1. General characteristics of the soil

_Characteristics La:;iit‘ §:§i
Coarse sand (%) 65.50 5,88
Fine sand (%) 1.30 67.45
511t (%) 7.66 15,00
Clay (%) 25.54 12.5%0
pH 5,40 3.10
Electrical conductivity 0.31 1.90
(mmho/em>)
Organic carbon (%) 1.08 1.82
P fixing capacity (ppm) 333,02 329.60
Free iron oxides (%) 2,65 2.14
Total N (%) 0.063 0.041
Total P (ppm) 887.2 793.4
Total K (%) 0.074 0.071
Total Ca (%) 0.019 0.113
Total Mg (%) 0.028 0.034
Available P (ppm) 4.79 3,84
Available X (ppm) 86.00 79.00
Available Fe (ppm) 221.9 211,08
Cation exchange capacity 12.0 8.00

(me/100g)

-
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Table 2 (a) Composition of fertilizers used

- - > .y
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RRP MRP 8P  Urea

M.0.P,.
Total szS (%) 2000‘ 20031 16;51 - -
Water soluble
P,0g (ppm) 4.992 4.626 158514,88 - -
Citrate soluble
L e 1 » - -
P,0g (ppm) 1417.02
Nitrogen (%) - - o 43.5 -
Potassium (K,0%) - - - - 56.8
Table 2(b) Inorganic fractions of P fertilizers
Inorganic Eractions VRRP MRP sP
{ppm) - -
8aloid~pP 6.583 5.784 68113.,5
Fe~-P 144.08 181.74 3.495
Reductant soluble«P 11.36 127.96 22.59
Ca=~p 57569,4 56660.9 891,51
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RESULTS AND DISCUSSION

In order to assess the suitability of Rajastan
rockphosphate for direct application in acid rice soils
of Kerala, a laboratory incubation study and a potculture
experiment were conducted the results of which are

discussed here under,

INCUBATION STUDY

In this experiment, two acid rice soils of Kerala
namely laterite and kari 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 rate of
45 and 90 kg ons/ha. Soil samples were collected at
fortnightly intervals (numbered as periods 0-12) and
analysed for inorganic P fractions and available P.

The laterite soil collected from Kodakara, Trichur
district was a sandy clay loam with a pH of 5.4 (Table 1).
It contained 2.65 per cent of free iron oxides and 221.,9 ppm
of available Fe (DTPA extractable). The P fixing capacity
of the soil was relatively high (332,04 ppm P)., The total
P content of the soil was 887.2 ppm of which 73,15 per cent
was in inorganic form and the remaining in organic form.
The organic carbon content of the soil was 1.08 per cent.

Fractionation of inorganic P revealed that out of a total



of 648.9 ppm of inorganic P, 270.9 ppm (41.74%) was in the
form of Fe-~P and 191.9 ppm (29.57%) was in the form of Al~P.
Avallable P conteant of the soil was low (4.79 ppm for

Bray 1 and 15.04 ppm for Bray 2). The relatively low
content of organic P in the soil is obviously due to the
poor gontent of organic mattery and the high P fixing
capacity is due to the preponderance of free iron and
alumina in the soil. This was further evidenced by the
larger proportion of iron and aluminium phosphatas observed
during the fractionation of inorganic P,

The kari soil selected for the study from Karumadi,
Alleppey district was a sandy loam which was more acidic
(pH 3.1) than the laterite soil (Table 1). Also, it
contained 1,82 per cent organic carbon. The P fixing
capacity was relatively high (329.6 ppm) and the contents
of free iron oxide and available Fe were 2.l14 per cent and
211.1 ppm respectively. Out of a total of 793.4 ppm P,
604.1 ppm was in inorganic form which accounted for 76.14
per cent of the total P, Among the inorganic P fractions,
Fe~P and Al-P predominated over the others. The content
of available P in this soil was relatively poor (3.84 ppm
for Bray 1 and 12.64 ppm for Bray 2). As in the case of
laterite soil the relatively low content of organic P is
due to the low content of organic mattery 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 extractable Fe in kari soil was less than
that of laterite soil, Predominance of fe-P and Al-P
among the inorganic P fractions is evidently due to the
reactions between soil P and Fe and Al components of the
soll.

The incubation of the soil under submerged condition
for a period of 180 days has increased the content of
inorganic P fractions in the soil due to the mineralization
of organic P containing compounds. This increased
mineralization was conspicuous especially during the early
stages of incubation., On incubation, the total inorganic
P content of the laterite soil was increased from 648.9 ppm
to 783.3 ppm, the increase baing 20,69 per cent whereas
the increase 1@ kari soil was from 604.1 ppm to 761.9 ppm,
the increase baing 26.1 per cent, The increased rate of
mineralization of organic P during incubation may be due
to the high microbial activity taking place in the soil
during the initial period which will be gradually slowed
down as a result of decrease in the redox potential of the
soil normally anticipated in submerged conditions, Even the
rate of interconversion of different inorganic P fractions
was high in the early stages of incubation, pwobably due to
the changes in the concentration of phosphate reactive
components of the soil as a result of microbial activity

during the early stages of incubation,



1. Inorganic fractions of P
1.1 Saloid bound phosphorus

Results on the effect of sources and levels of
gpplied P on the saloid-P econtent at different periods
of incubation in laterite and kari soils of Kerala are
presented in Tables 3 to 6 and their analysis of variance
in Appendix I. The correlations of saloid-P with other
inorganic fractions and available P are given in
Tables 21 to 24.

The saloid bound phosphorus (saloid-P) refers to
the water soluble and freely exchangeable phosphate of
the soil which can be extracted by a neutral salt solution
like NH‘Cl. Originally, the saloid~P content of the soil
was absolutely nil, But on incubation, even without the
addition of phosphatic fertilisers, the saloid-P content
of the soil increased to a maximum value of 1,130 and
1.289 ppm in laterite and kari soils respectively (Table 3).
The relatively higher content of saloid-P in kari soil was
attributed to its low P fixing capacity. The increase in
the content of saloid-P was marked in the initial stages
of incubation, Chemical and biological changes consequent
to £looding may result in a change in the solubility of
phosphate containing compounds, mainly due to the
conversion of ferric phosphate to ferrous phosphate leading
to an increased level of saloid«~P in submerged soils,



Table 3.

Saloid~P as influenced by

the treatments at different periods

of incubation, ppm

Treatment Period of incubation, fortnights
No. Notation 0 1 2 3 4 5 é 7 8 9 10 11 12
1 OL 0.000 0.245 0,371 0.589 0.593 0,744 1.121 1,130 1,005 0.948 1,041 0,932 0,825
2 RRP45L 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
3 RRPYOL 0.000 0.489 0,867 1,175 1,293 1.487 1.788 1,809 1.805 1,680 1.665 1.389 1.358
4 MRP45L 0.000 0.370 0.731 1,187 1.325 1.339 1.604 1.687 1.458 1.548 1.391 1,300 1,358
5 MRP9OL 0,000 0.498 0.733 1,204 1.407 1.344 1,787 1,816 1,600 1.659 1.648 1,382 1,300
6 SP45L 0.000 0.745 0.980 1.330 1.488 1,764 1,793 1.830 1.693 1.669 1.655 1.364 1.167
7 SP9OL 0.809 0,895 1,099 1,500 1.636 1,773 1,822 2,148 1.745 1,775 1.765 1,374 1,179
8 OK 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
9 RRP45K 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
10 RRP9OK 0.000 0.708 0,935 1,580 1.880 2,137 2,132 2,176 2,110 2,031 1,929 1,792 1,812
11 MRP45K 0.000 0.581 0.685 1,570 1.432 1.836 2,096 1,999 1.988 1,913 1,714 1.695 1,588
12 MRP9HOK 0.000 0,704 0.934 1,590 1,730 2,003 2.206 2.144 2,181 2,067 1.927 1.097 1.623
13 SP45K 0.481 1,164 1.045 1,850 1,860 2,150 2,194 2,049 2,060 2,054 1.892 1,917 1,599
14 SP90OK 0.627 1.419 1.418 2.020 2.131 2.300 2.205 2,051 2,080 2.206 1.903 1.929 1,608
15 SP(45+45)L 0.000 0.745 0,980 1.330 1.488 1,764 1.793 1.835 1.867 1.824 1.675 1.686 1.311
16 SP(45+45)K 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

0%



Table 4, Mean values of saloid—P as influenced by sources of p, soils and levels of P

application, ppm

Period of Sources of P Soils Levels of P Os.kg/ha
incubation, Mean
fortnights RRP MRP SP Laterite Kaxri 45 90
0 0.000 0.000 0.479 0.135 G.185 0,080 0.239 0.159
1 0.539 0.531 1.054 0.579 0.837 0.630 0.786 0.708
2 0,870 0.771 1,136 0.858 0,993 0.853 0,998 0.926
3 1.383 1,389 1,673 1.266 1.698 1,451 1,513 1,482
4 1,555 1.445 1,777 1,345 1.830 1,519 1,665 1,592
5 1,739 1,630 1,996 1,509 2:068 1,783 1,794 1,789
6 1,889 1,923 2,003 1.709 2.168 1,892 1,985 1,939
i 1,965 1,939 2,018 1,867 2,081 1,913 2,035 1.974
8 1,901 1,899 1,966 1,720 2:124 1,844 1,999 1,922
9 1,778 1,796 1,949 1,631 2,052 1,783 1,899 1,841
10 1,667 1.670 1.804 1,575 1,851 1,623 1,804 1,713
11 1,536 1,571 1,646 1,353 1,815 1,542 1,626 1,584
12 1,484 1,450 1,388 1,240 1,642 1,407 1,474 1,441
Mean 1.408 1,386 1.607 1.292 1,642 1,409 1,524 1,467
cD(0,05) for periods = 0.1220 cD(0.05) for levels = 0,0478
" * sgoils = 00,0478 " soil x period = 0,1720
" "  sources = 0,0586 " source X period = 0,2110

1%
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This may be the reason for the positive significant
correlation obtained (Table 21 to 23) between saloid-P
and Pe-P (r = 0,798, 0.807, 0.738 for RRP, MRP and SP
respectively). It is interesting to observe that the
increase in the mean saloid-P content of the soil by the
addition of a water soluble phosphatic fertilizer (SP)
at the rate of 90 kg onsfha is not more than 1 ppm over
control which shows the high degree of reactivity of
soluble phosphate in acid rice soils selected for the
study (Tables5 and 6). It is apparent that the applied
soluble phosphate has been immediately coverted into
insoluble compounds, thus resisting an increase in the
level of saloid-P in the soil,

A comparison between the forms of P applied revealed
that application of SP resulted in more content of
saloid-p (1.607 ppm) compared to rockphosphates 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 in relation to the total
quantity of P added to the soil or total inorganic P
contained in the soil. Immediately on addition of P
fertilizers, saloid~P was recovered only in treatments
receiving SP because of its water solubility (Table 3).

A comparison between the rockphosphates=revealad that
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Table 5. Mean values of inorganic P fractions as influenced
by P sources and soil, ppm
o Control Inorganic P
Soil (No P) RRP MRP 8p fractions
Laterite 0.734 1.226 1.227 1.424 Saloid-p
Kari 0.804 1.591 1.545 1.790
Laterite 238.5 263,7 263,2 266,9 Al-P
Kari 236.6 253,.4 251.8 255,.3
Laterite 360.4 3a3.1 380,.8 85,7 Fa=P
Kari 336.1 377.9 376.3 379.8
Laterite 59,05 67,58 68,21 70.24 Reductant
Kari 57.51 61,68 60,76 62.18 soluble~P
Laterite 41,78 47,78 48,51 49,18 Occluded-P
Kari 36.95 44.13 44.17 44.30
Latarite 44.77 58,54 58,65 59.11 Ca-p
Kﬂri ‘9.84 69021 69.38 70.9‘
Laterite 9.95 12.69 12.74 12.88 Bray 1
Kari 9,69 16,35 16,36 16,36
Laterite 27.58 33.42 33.46 3. N1 Bray 2
Kari 27.04 35,71 35.81 36,158




they were on par in respect of their effect on saloid~p

content of the soil, probably due to their similar

transformation pattern in these soils. Saloid-P at

different periods of incubation as influenced by forms

of P fertilizers is graphically represented in Fig.l.
Increasing the level of application of P from 45 to

90 kg ons/ha increased significantly the saloid-P content

to the extent of 0.116 ppm (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 o 1.44 ppm and 1,54 to 1.68 ppm respectively whaen

the effects of soils and periods were pooled (Table 6).

This increase of saloid«P content was negligible considering

the large amount of P added or P contained in the soll,
Prediction equations were worked out to establish

saloid-P(Y) at different periods of incubation (x) from

RRP, MRP and SP separately and also for the two solils.

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

The equations were

1, For solls

a) Laterite Y = -0,297 + 0,482x - 0.028x> (R? = 0,98)

b) Kari Y = -0.259 + 0.575x - 0,034x° (R? = 0,97)
2, For sources of P

a) RRP Y = -0.456 + 0,556x - 0,032x> (R = 0,98)

b) MRP Y = 0,478 + 0.548x - 0.031x° (R® = 0.98)

c) sp Y = 0.099 + 0.481x - 0.029x> (R® = 0.98)
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Table 6, Mean valuaes of inorganic P fractions as influenced
by levels of P applicatﬁen, ppm
Levels Soil Sources of P Inorganic P
of ?205. fractions
kg/ha Laterits Karl RRP MRP
45 1.23 i1.58 1.36 1,33 1.54  gai0id-p
90 1,35 1.69 1.46 1.44 1.68
45 261.9 251,0 256.1 254.7 258.5 ,,.p
90 267.3 255.9 261.0 260,3 263.7
45 381.5 376.0 378.9 376.3 380.9 FeP
90 384.9 380.0 382.0 380.,9 384.5
45 67.64 60,70 63,96 65.31 62,99 Reductant
90 69.72 62,38 65.98 65,56 66.85 soluble~P
45 47.82 43,57 45.13 45.71 46.25 occluded-P
90 49.15 44,83 46.77 46,97 47.24 ‘
45 67.68 57.68 61,95 62.57 63,52 Ca=P
90 72,02 59.885 65,81 65.46 66,53
45 12,27 12.85 14.43 14.45 14.57 Bray 1
90 16,69 16.44 14.62 14.65 14.68
45 33.40 35,61 34,41 34.53 34,37 Bray 2
90 33,66 35,86 34.72 34.74  34.82

-

——— o
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In general, the mean salold~P content was maximum
during the seventh fortnight itrespecttva‘of forms and
levele of P, and it was 1.81% ppm more tﬁan that of the
initial concentration (0.159 ppm). After attaining a
maximum of 1,974 ppm, saloid-P gradually decreased to
1.441 ppm in the final stage which was still higher than
the initial concentration when the soils, sources and
levels of P application were pooled (Table 4). Thus the
period of incubation and saloid-P content were positively
correlated (Table 245 as revealed by the linear coefficient
of correlation (r = 0.583). Initially, the rate of
increase in the saloid-P was relatively high, probably
due to the high rate of mineralization of organic P and
conversion of insoluble phosphatie compounds into more
soluvble forms., A slight decrease observed in the later
periods may be due to the formation of more insoluble
secondary minerals which can not be extractad by a
neutral éalt solution,

There was significant difference betwean soils with
regard to the saloid-P content, Table 4 shows that under
fertilized condition, the mean content was significantly
higher in kari soil (1.642 ppm) compared to laterite soil
(1.292 ppm). Also when no P was added, the concentration
was higher in kari soil than in laterite soil, though the

difference was not significaht (Table 5), The higher
content of saloid~P in kari scil in the presence of
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added P was due to the higher mobilization of added P
fertilizers because of its high aecidity.

The saloid~P was found to be significantly and
positively correlated with available P (r = 9.855 for Bray
1 and r = 0.881 for Bray 2). Saloid bound P being
completely water soluble or freely exchangeable, will be
fully accounted in the estimation of available P and
hence the correlation, This observation is in line with

the findings of Sacheti and Saxena (1974) and Nair (1978).

1.2 Aluminium phosphate

Effects of forms and levels of applied P on the
content of Al.P at different periods of incubation in
laterite and kari soils are presented in Tables 5 to 8
and Appendix I,

In acid soils, one of the major components of
inorganic phosphate is Al-P, Originally, the Al-P content
was 191.9 ppm in laterite soil and 179.9 ppm in kari soil,
which accounted for 29 to 30 per cent of the total inorganic
P of these soils (Table 7). Even in the absence of added
P, the content of Al«P in the s0il increased on incubation
and this increase was more pronounced in kari soil.

In laterite soil, the increase in Al«P on incubation was
72.8 ppm (37.94%) while it was 89.4 ppm (49.69%) in
kari soil (Table 8), The relatively higher rate of

increase in Al-P on incubation observed in kari soil can be
attributed to its content of organic matter and high acidity.



Al-P as influenced

by the treatments

at diffarent periods of

incubation, ppm

Treatment Period of incubation, fortnights
No. Notationm 0 1 2 3 4 5 6 7 8 9 10 11 12
1 oL 191.9 207.9 223.6 254.9 242.9 233.5 238.1 237.1 244.7 242.5 255.7 264.7 263.2
2 RRP4SL 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
3 RRPIOL 205.8 229.5 242.5 274.8 270.6 257.7 271.2 274.4 277.2 274.8 292.7 295.9 292.5
¢ MRP4SL 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
5 MRP9OL 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
6 SP45L 205.6 230.0 239.7 276.6 269.9 266.4 268.9 262.6 276.0 282.0 282.4 286.3 289.5
7 SPIOL 206.9 231.7 243.6 282.6 273.7 271.4 273.4 275.9 278.5 289.8 287.2 297.1 292.2
8 oK 179.9 196.3 213.0 242.3 232.5 228.6 233.1 242.8 251.6 256.9 262.8 267.1 269.3
9 RRPASK 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
10 RRPIOK 197.9. 207.4 226.2 262.8 257.4 245.4 265.4 266.1 269.6 275.4 279.6 279.9 284.5
11 MRP4SK 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
12 MRP9OK 197.3 204.0 226.9 262.2 257.6 254.1 265.3 261.9 264.4 271.2 279.4 261.8 285.9
13 SP4SK 195.7 209.6 224.7 265.1 254.2 251.2 258.9 261.9 263.8 269.7 271.9 275.9 282.3
14 SPYOK 196.6 217.3 228,9 278.4 256.0 253.4 260.2 269.9 270.8 274.8 278.6 283.1 283.9
1S SP(45+45)L  205.6 230.0 239.7 276.6 269.9 266.4 268.9 268.8 278.6 285.4 283.4 274.7 290.6
16 SP(45+45)K  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
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The increase in the content of Al-P on incubation
may be due to the conversion of reductant soluble-p,
occluded-P and Ca-~P into Al-P and Fe~P as a result of
reduction taking place in the soil subsequent to
waterlogging. The large amount of free Fe and Al
released in soil on incubation would have reacted with
the phosphates subsequent to its transformation under
reducing conditions., This is evidenced by the decrease
in the content of reductant soluble-P, occluded-P and
Ca~P observed with increasing period of incubation.

It is also possible that the mineralization of organic
phosphate would have resulted in an increase in the Al-P
content of the 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 266.9 prm regpectively) compared to
kari soil (253.4, 251.8 and 255.3 ppm respactively),
probably due to tile higher content of free alumina in
the laterite soil. Balasubramanian and Raj (1969) and
Singh and Ram (1977) also obtained higher amount of Al-pP
in the laterite soils.

By the addition of phosphatic fertilizers there¢was
a significant increase of 14.7 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 in



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

;eriod of Sources of P Soils Levels of ons,kg/ha
incubation, Lz Mean
fortnights RRP MRP sp Laterite Karil 45 90
0 200.7 199.9 201.2 205,3 195,.8 199.5 201.7 200.6
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
3 266.7 266.4 275.7 275.3 263.9 266,2 272,.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,.1 272.4 270.2
9 272.4 272.2 279,.1 278,.2 270.9 271,7 277.4 274.6
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
Mean 258,.6 257.5 261.1 264.6 253.5 256.4 261,.7 259.0

CD(0.05) for periods = 7,170
" ® solils = 2.810
" * levels = 2,810

= S
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the formation of Al-P observed during the fourth and fifth

',

— e

periods may be due to the larger proportion of other
fractions formed with the advancaement of period of
incubation. The concentration of Al-P even at the
pariods of decline was still higher than the initial
concentration, Thus the content of Al«P and period of
incubation were positively correlated (r = 0.789). This
was in confirmity with the observations of Gupta and
Nayan (1972), Singh and Bahaman (1976) and Rajakannu and
Ravikumar (1978)., In general, the increase in the
content of Al~P in the soil with inereasing period of
incubation was represented by a cubic function

Y = 169.4 + 33.51x - 3.84x* + 0.152x° (R? = 0.94),

It was observed that the forms of applied P had
little effect in deciding the level of Al-P in the soil,
The mean contents of Al~-P from RRP, MRP and SP were
258,.6, 257.5 and 261.1 ppm respectively (Table 8)

i.e,, wvhen the three forms of P were compared, the
performance of the two rockphosphates was comparable to
that of SP with respect to the content of Al-P, though

8P contained P in a water soluble form., This phenomenon
gives an indication that the dissolution of the trigalecium
phosphate in the rockphosphate might have started in the
acidic soil environment with the lapse of time, The level
of Al-P at different periods of incubation as influenced
by forms of P fertilizers is represented in Mg.2,
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Increasing level of application of P from 45 to
90 kg ons/ha increased the content of Al-P to the tune
of 5.3 ppm when the sources, soils and periéds of
incubation were pocoled and this increase was found to be
significant (Takle 8). Also when the soils and sources
of P were considered independently, again the Al-P
content increased with increasing levels of P application
(Table 6). |

Aluminium phosphate was found significantly
correlated with the available P of the soil (Table 24).
The correlation was more intense with Bray 2 (r = 0.853)
than with Bray 1 (r = 0.683). Both Bray 1 and 2
extractants contained NH‘? which ia a selective
extractant for Al compounds, The higher concentration
of acid contained in Bray No.,2 would have resulted in the
higher extraction of Al«P thereby showing better
correlation with the available P, Al-P was found
positively and significantly correlated with saloid-p
(r = 0.7%:, 0.73&. 0.653 for RRP, MRP and 5P respectively)
and Pe-P (r = 0.899, 0,909, 0,902 for RRP, MRP and SP
respectively) and negatively correlated with occluded-P
(r = —0.435) and reductant soluble~P (r = —0.455).

1.3 Iron phosphate
Influence of variocus treatments on the Fe-P content
of laterite and kari solls at different periods is given

in Tables 5, 6, 9 and 10 and their analysis of variance
in Appendix I.



Table 9.

FPe~P as influenced by the treatments at different periods of incubation, ppm
Treatment Period of incubation, fortnights
No. Notation 0 1 2 3 4 5 6 7 8 9 10 11 12
1 oL 270.9 303,8 343.6 369.5 368.3 378.7 368.4 367.0 374.2 380.5 381.4 390.1 388.4
2 RRP45L 278.4 325,.4 367.4 398,6 403,1 401.5 389,5 3565,0 352.8 397.4 404.4 408.0 410.4
3 RRPY0OL 381.5 327.5 370.6 399,2 403,.4 398,.6 396.9 391.2 296.8 299.9 405.8 412,.2 409.4
4 MRP4SL 279.5 324,3 368.4 393,.5 399,0 399,.,5 359.,9 386.5 366.,5 393.2 359.6 401.6 400,808
5 MRPYOL 281.4 327.3 370.5 402.6 398.5 406.3 397.3 394.7 392.2 394.9 401.6 410.1 404.0
6 SPASL 279.6 333.5 385.4 395.5 402.4 293,22 391,.4 394.7 392.4 399.4 403.4 409.3 4C9.1
7 SP90L 281,.7 338.6 389.1 403.5 406.5 399.5 395.0 400.6 394.6 398,6 408.7 414.9 450,2
8 OK 258,1 283,3 308.5 352.8 344.9 345.5 344.2 337.2 349,9 354.9 351.7 366.5 371.9
9 RRP45K 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
10 RRP9CK 267,.6 309,3 364.7 398.1 401.4 396.9 388,7 388.4 397.2 397.9 407.1 410.4 412.4
11 MRP45K 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
12 MRPOOK 266,.5 307.5 367.7 397.1 397.9 396.4 388,.6 388,.0 389.6 396.2 42,1 408.6 414.7
13 SP45K 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
14 sSP90K 270.5 307.6 378,33 407.9 405.9 398,33 388,3 392.2 392,9 395.5 399.6 410.4 410.3
15 SP({45+45)L 279.6 333,5 385.4 395.5 402.4 393.2 296.6 395.6 396.2 398.4 410.8 407.3 410.6
16 SP(45+45)K 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

¢cC
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Originally, the content of Pe~P in the two soils
(270.9 and 258.1 ppm for laterite and kari soils
respaectively) accounted for 41 to 43 per cent of the
total inorganic P (Table 9). On 1nauba€1on. without
the addition of P, the native Fe-P was increased by
116.5 ppm over the initial concentration, the increase
being 44.05 per cent. In general, by the addition of
phosphatic fertilizers, irrespective of the forms and
levels of P appldication there was a significant
increase of 9.45 ppm in laterite soil and 8,25 ppm in
karl soil over the control during the f£irst period,
which increased to 19,00 and 38,80 ppm in laterite and
kari s0ils respectively with the advancement of period
of incubation. This increase indicated that a major
part of the added P was transformed into Fe~-P, The rate
of increase in Fe~P from the added P with the inc¢reasing
period of incubation was high in kari soil, probably
due to its high acidity. The relatively higher mean
values of Fe-P formed from RRP, MRP and SP during
incubation in laterite soil as compared to karl soil
was obviously due to the high content of free iron
oxides and available Fe in the laterite soil (Table 5).
Balasubramanian and Raj (1969) and Kothandaraman and
Krishnamoorthy (1977) also obtained higher amount of

Fe~P in laterite soil.



Table 10. Mean values of Fe-P as influenced by sources of P, scils and levels of P
application, ppm

- . S S S s S M AT YR S

Period of Sources of P Soils Levels of ons.kg/ha
incubation, - e e e - Mean
fortnights RRP MRP spP Laterite Kari 45 90
0 272.7 272.4 274.8 280,.3 266,3 271.8 274.8 273.3
1 316.4 315,77 321.8 329.4 306,.5 316.3 319.6 317.6
2 365.4 366.7 380,.9 375.1 366.9 368.7 373.6 371,0
3 397.4 396.9 402.5 3q8.8 399.1 396.5 401 .4 398,9
4 400.1 396.6 402.8 402,.1 397.6 397.5 402.3 399.9
S 397.3 398.6 396.1 395.8 394.9 395.4 399.3 397.3
6 390.1 390.8 390,7 393.3 387.7 388.1 392.9 390,.5
7 387.9 386.9 394.7 392.8 386.8 387.3 392.5 389,.9
8 395,.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
1ce 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 41G6.9 406.3 409.5 407.1 410,7 407.9 409,9 408.9
Mean 380.5 378.6 382.8 383.2 378,.0 378.7 382.5‘~- 380.5

CD(0,05) for periods = 10.00

. * soils = 3,923 b



Observations revealed that the concentration of
Fe~P in the soil was not significantly affected by the
variations in the forms and lewvels of applied P,
The mean values of Fe-P formed from RRP, MRP and 8P
were 380.5, 378,.6 and 382.8 ppm respectively when the
soils, levels and periods were pooled (Table 10).
Effect of forms of P, on the Fe~P content at different
periods of incubation is represented in Fig.3. In the
acid kari and laterite soils, eontnininﬁ large mmount
of free Fe and Al, ghe soluble monocalcium phosphtate
of SP would have been converted to Fe and Al phosphates.
When the rockphosphates were applied, the insoluble
tricalcium phosphate got solubilized in these acid soils
and the phosphate ions would have reacted with Fe and Al
components of the soil, thereby resulting in the formation
of Al-P and Fe-~-P. This explains why irrespective of
soluble or inscluble phosphate sources added, the same
quantities of Fe«P and Al-P are formed on incubation.

Increasing the levels of P application from 45 to
90 kg P,0g/ha increased the content of Fe-P in the soil
to the extent of 3.8 ppm when the soils, levels and
periods of incubation were pooled (Table 10). When the
soils and sources of P were considered separately after
pooling the periods, again Fe~P increased with 1ncr§asinq
levels of application (Table 6). However, the increase
wvas considerably low, when the total quantity of P added
to the soll was conaidered.
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The Fe~P contant {Y) at different periods of
incubation (x) from RRP, MRP and SP and in two soils can

be predicted from the following equations,

1. For sources of P

a) RRP 3 2

Y = 206.2 + 77.04x = 9.7Tx% + 0.393x> (R? = 0.96)

b) MRP

1og ¥ = 2.35 + 0.102x = 0.013x% + 0.00053x°

(Rz = 0,96)

c) sp

2

Y = 207.7 + 80.79x = 10.58x> + 0.431x° (R? = 0.94)

2. Yor solils

a) Laterite

Y = 219.1 + T4.59x = 9.6x° + 0,388x° (RZ = 0.96)
b) Kari

Y = 193.2 + 82.8x = 10.62x% + 0.430x° (R = 0.95)

For all the three sourcas, the peak content of Fe-P
was observed during the eleventh and twelfth fortnights in
both the so0il. Table 10 shows that in general, the mean
Fe-~P content showed a progressive increase upto the fourth
fortnight. At this period, the content was 126,66 ppm more
than that of the initial concentration (273,33 ppm).
From fourth fortnight onwards, Pe~P decreased upto the
seventh period, and then gradually increased and attained
the maximum concentration (408.,9 ppm) at the f£inal period
which was 49.59 per cent more than the initial concentration,

Even in the fifth, sixth and seventh periods, the Fe-P
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content was higher than the initial content. The linear
coefficient of correlation (r) between Fe~P from three
sources and period of incubation was 0.673, 0.683, o0.633
for RRP, MRP and SP respectively (Tables 21 to 23),

The rate of change in the concentration of Pe-P was
more pronounced during the initial periods of
incubation. This was mainly due to the intensive reduction
reactions occurring, consequent to flooding. During
submergence, a major portion of the reductant soluble and
occluded phosphates might have gonverted into ferrous
phosphate, In addition to this process, intensive
microbial activity would have released the organically
bound phosphates which later get converted into Fe«P,
Thig is supported by the gradual increase in the total
inorganic P observed with the advancement of incubation,
However, a slight decrease in Fe-P was observed during
ecertain periods of incubation which can be attributed
to the gonversion of Fe~P to other forms,

As mentioned earlier, Pe~P will contribute much
to the pool of available P, The linear coefficient of
correlation (r) betwaen Fe~P and available P was found
to be 0.731 for Bray 1 and 0.833 for Bray 2 (Table 24).
As in the case of Al-P, the higher concentration of acid
contained in Bray 2 extractant would have resulted in
the higher extraction of Fe-P, thereby showing



comparatively higher correlation with the available P,
Iron phosphate formed from all the three sources was
negatively correlated with reductant soluble-~P

® . *
(r = =0.398,-0.408, -0.308 for RRP, MRP and sP
respectively) and occluded-P (r = —0.433. na.433.
-0.453 for RRP, MRP and SP respectively).

1,4 Reductant soluble phosphorus

Reductant soluble«P as influanced by various
treatmants in laterite and kari soils is presented in
Tables 5, 6, 11 and 12 and their analysis of variance
in Appendix I,

Reductant soluble~P refers to that part of
inorganiec P which is not i{mmediately available to the
plants. Chang and Jagkson explained the reductant
soluble«P as being due to an iron oxide precipitate
formed on the surface of fron and aluminium phosphate
particles during weathering (Hesse, 1971)., Originally,
the reductant soluble~P was 73,06 ppm in laterite soll
and 67.59 ppm in kari soil which accounted for only
11 to 12 per cent of the total inorganic P (Table 11),
The relatively higher content of native reductant
soluble~P in the laterite soil compared to kari soil is.
attributed to its highly weathered and oxic nature with
high gontent of iron oxides. Debnath and Hajra (1972)
and Kothandaraman and Krishnamoorthy (1977) also



Table 11,

Reductant soluble-P as influenced by the treatments at different perlods of
incubation, ppm
Treatment o Period of incubation, fortnights t<
Ho. Notation 0 i 2 3 4 5 6 7 8 S 10 11 12
i oL 73.06 69.14 63.55 55.30 60.20 59.05 57.97 58.55 57.05 53.85 52,10 51,85 52,05
2 RRP45SL 86,35 75.37 69.43 67.00 69,30 69.00 68,68 67.25 63,95 64,55 64.30 54.40 53,05
3 RRPYOL 81,00 78.78 71.20 6%.60 71,00 68.60 69.75 68,55 66.685 67,90 68,15 57.10 57,35
4 MRP4SL 8G.28 76.52 70,00 68,80 67.75 67.80 62,55 69.55 64.30 65.25 62,80 54,95 58,90
$ MRPYOL 81.22 79.43 70.15 71,30 73.25 T72.35 72,30 71,05 65.20 67,05 67.65 56,75 56.40
§ SP45L 80,92 74.62 73.20 74.25 70,85 T71.50 68.80 71.45 68.95 65.60 64.75 57.45 59.40
7 SPYUL 82.67 79,55 75.10 73.70 75.65 71.85 68.40 72.685 69.95 67.60 67.75 59.35 60.40
8 oK 67.59 64.28 63,05 62,25 57.80 60,80 59,25 59,80 51,50 53,05 51.25 49.40 47.85
9 RRP45K T75.50 72.95 67.45 62.80 63.15 62,40 61.85 58,30 57.70 58,05 55.80 50,75 49.50
10 RRP9OK 75.89 74,63 68.40 63.75 64,70 62.45 62.40 59,75 58,20 58,95 57,00 51,35 50,20
11 MRP45SK 75.23 72,21 67.95 62,05 62,05 62,.4C 61,75 57.55 58,05 58,75 56,75 50.25 50.10
12 MRPOOK 75.68 75.60 68.65 63.85 63,95 63,10 63,15 57,30 59.10 $9.45 57.65 53,05 51,20
13 SP45K 75.88 72.35 68.60 63,15 62.35 63.95 62.75 57.15 58.30 59,15 56,90 52.30 50.50
14 SP90OK 76.10 74.80 69.30 63.50 61.85 64.40 63.10 57.95 59.60 60,05 57.95 53.25 51.30
15 SP(45+45)L 80.92 74.62 73,20 74.25 70.85 71.50 68,80 72.00 65.85 64.45 69,00 58,50 61.05
16 8P(45+45)K 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
<2




reported the higher content of reductant soluble«P in
laterite soil. Table S shows that the conversion of
added P to reductant soluble~P was also higher in laterite
soil (67.58, 68,21 and 70.24 ppm for RRP, MRP and SP
respectively) compared to kari soil (61,68, 60,76, 62.18
ppm for RRP, MRP and SP respectively).

By the addition of phosphatic fertilizers, there
was a significant increase of 8.07 ppm reductant
soluble~P over control, during the first period and with
the lapse of time, it increased to a maximum of only
9,78 ppm. This slight increase indicated that the
transformation of added P to this fraction was
conaidorably low in the submerged soil) because of its
reducing enviromment and it further confirmed the earlier
obsarvations that a major part of the added P was
converted into a more soluble Al-P and Fe-P in the
submerged soil.

Results revealed that the forms of applied P could
not influence the concentration of reductant soluble-P
in the soil, Influence of sources of P fertilizers
on the concentration of this fraction at different périods
of incubation is graphically represented in Fig.4.
The mean values for reductant soluble-P over control
£rom RRP, MRP,and SP were 11,35, 11,21 and 12.92 ppm
respaectively when the levels, periods and soils were

pooled (Table 12) i.e., by the addition of 8P, there was
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Table 12,

Mean values of reductant soluble~P as influenced by sources of P, soils and levels
of P application, ppm

Pericd of Sources of P Soils Levels of ons,kg/ha
incubation, Mean
fortnights RRP MRP Sp Laterite Kari 45 90
4] 78.18 78.13 78.88 81,08 75.70 78.03 78.75% 78.39
1 75.41 75.91 75.31 77.35 73.75 73.98 T7.12 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 67.70 71.29 63,03 65.91 68.41 67.15%
5 65.61 66.41 67.93 70.18 63.12 66,18 67.13 66,65
6 65.68 58.28 65.76 68.42 58,06 59,96 66.52 63,24
7 63.43 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
9 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 54.48 54.03
Mean 64.63 64.49 66.20 68.68 61.54 64.17 66.05 65,11
Cp(0.05) for periods = 3,686
" * soils = 1,446 o)
" * levels = 1,446 ™



only 14.54 per cent more reductant soluble-P compared
to rockphosphates. The higher contribution of SP in
increasing the reductant soluble~P is obviocusly due to
its higher water soluble P content which can easily
enter into chemical reactions before the soil gets
highly reduced, leading to the conversion cof water
soluble forms to insoluble stable compounds like
reductant soluble-P. In the case of rockphosphates,
baecause 0of its water insolubility, needed time for its
conversion to water soluble formm, during which time
the soil components might have got reduced to some
extent, resulting in the formation of relatively small
amount of reductant soluble-pP,

Application of P at higher level significantly
incraeased the content of reductant soluble~P to the
extent of 1.88 ppm when solils, sources and periods were
pooled (Table 12). Increasing the level of application
of P from 45 to 90 kg P,05/ha increased the mean
reductant soluble-P from 67.64 to 69,72 ppm in laterite
s0il and from 60.70 to 62,38 ppm in kari soil (Table 6).

Irraspective of soils and levels of P application,
the maximum content of reductant soluble~P from all
the three sources was regorded during the first period
which on incubation get.: reduced to the extent of 28 to

30 per gant of tha initial concentration. A decrease in

|

|
|
|
|
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the content of reductant soluble-~P due to incubation
was also reported by Mahapatra and Patrick (1969),
Islam (1970) and Gupta and Nayan (1972). The rate of
decrease in the level of this fraction was more marked
during the initial periods of incubation, probably
due to the intensive microbial and chemical reactions
occurring, consequent to flooding. The decrease in the
content of reductant soluble-P (Y) from three sources of
P and in two so0ils with increasing periods of incubation
(x) can be predicted by the following equations.
1. For sources of P

a) RRP Y = 77.03 - 1.776x  (R? = 0.90)

D) MRP Y = 76.45 - 1.709x (R = 0.84)

c) sp Y = 77.93 - 1.606x  (R? = 0.94)
2, For soils
a) Laterite Y = 79.93 - 1.607x  (r? = 0.87)
b) Kari Y = 1,876 x 0.013%  (R? = 0.91)

The decrease in the content of this fraction was
mainly due to its conversion to other forms. The chemical
and biochemical reactions will lead to the transformation
of ferric compounds resulting in its conversion to a more
soluble Fe-~P and Al-P., In a subwmerged soil, the chances
of conversion of other forms to the raeductant soluble
form are very less compared to the probability of its
transfommation to other fracgtions under submerged



bo

conditions. 1In general, the contents of reductant
soluble~P and period of ineubation were negatively
correlated (r = -0,661).

The contribution of reductant soluble~P to
available P was nil because of its high stability and
hence the negative ¢orrelation with available P
{r = -o.z?i. -0.313 for Bray 1 and 2 respectively).

1.5 Ocecluded phosphorus

Oocluded~-P as affected by sources and levels of
applied P at different periods of incubation in laterite
and karl soils are presented in Tables 5, 6, 13 and 14
and their analysis of variance in Appendix I.

The content of native occluded-P in the soil before
incubation was 68.15 ppm in laterite soil and 48,05 ppm
in kari soll, which represented 7 to il per cent of the
total inorqanic‘P (Table 13), On incubation, tha
contribution of this fragtion to the total inorganic
phosphate pool was reduced to 3 to 5 per cent (32,65 and
27.15 ppm in laterite and kari soils respectively) which
confimmed the conversion of occluded~P to other forms,
Similar to reductant soluble«P, o¢cluded-P on incubation
would also have converted to more soluble forms like Fe-P
and Al«P. In general, the rate of decrease in the native
occluded~P was 52,09 par cent in laterite soil and
 43.49 per cent in kari soil (Table 13). Also, the rate of



Table 130

Occluded-P as influenced by the treatments at different periods of incubation, ppm

Treatment Period of incubation, fortnights
No. Notation 0 1 2 3 4 L3 6 7 8 9 10 11 12
1 on 68,15 55.45 47.10 45.30 43.05 40.50 41,50 34.05 33,00 34.40 32.70 32.65 35.45
2 RRP45L 75.40 56,50 50,95 47.35 46,70 43,70 44,05 43,25 39,95 40.80 38,90 39.75 41,95
3 RRP90OL 76.00 59.65 55,10 50,00 48,20 45,65 46,05 45,80 41,35 41.05 40.70 40.95 42.45
4 MRP45L 75.35 57.40 55.40 49.20 47.45 43.85 44.85 45.25 41.25 41.60 39.05 41.05 40.55
$ MRPIOL 76.15 60.65 55,95 49.95 49.05 45.90 45.90 46.30 41.85 41.80 40.90 41.35 43,25
€ S8P45L 75.95 60,00 54,35 47.90 49,50 44.65 45,60 42,50 42,70 43.60 41.05 42.75 43,20
7 SP9OL 76.20 60,45 54.75 49,65 50,25 44.85 47.20 44.50 43.70 44.30 42,45 43,10 43,70
8 OK 48.05 41.65 43,65 41.85 40,55 38,25 34.30 34,25 32.35 32.80 33.45 32.10 27.15
9 RRP45K 53.15 46.55 46,15 48,95 47.35 45.45 40.00 45,90 43.25 40,35 36,90 35.86 34.40
10 RRP9OK 54.75 49.90 48,25 48,75 48,70 46.05 39.85 47.45 43.65 42,55 39.45 38,75 35.0%
11 MRP45K 53.55 49.20 47.55 49.40 46,65 45.50 39,60 45,10 40,90 40,35 37.45 37.05 33,95
12 MRPIOK 55.15 48,40 48,40 49,88 48,25 46.00 45.85 43.30 42,75 42.55 38.15 39,00 34.65
13 S8SPASK 53.45 43.30 47,95 49.40 47,15 44.55 44,60 43,50 41,45 42,35 38,30 37.60 34.25
14 sP90K 53.75 50.00 47.60 50.10 47.65 45,95 45.75 45.75 41.85 42,50 39.95 37.95 34.30
15 SP{45+45)L 75.95 60.00 54.35 47.90 49.50 44.65 45.60 41,05 43,10 43.60 42.50 42,25 43,35
16 SP(45+45)K 53.45 49.30 47.95 49.40 47.15 44.55 48.80 43,10 43,50 39,00 38.15 35,00

44.60

99



decrease in this fraction during the first fortnight of
incubation was higher in laterite soil for all the three
sources (23,28, 22,07 and 20.83 per cent for RRP, MRP
and SP respectively). Since the chemical components of
the laterite soll axist in a highly oxidized state as
compared to that of the kari soil, the degree of
reduction caused by incubation will be more intense in
laterite soil, thus registering a relatively high rate
of degrease in the content of occluded-P formed by the
coatings of iron oxide.

Addition of faertilizers significantly increased
the content of oceluded~P to the tune of 7.69 ppm over
control in laterite soil and 5.92 ppm over control in
kari soil during the first period, On incubation this
was increased to only 8.84 ppm in laterite scoil and
7.28 ppm in kari soil, This shows that only a small
part of the added P is converted to ocecluded-P compared
to Al~P and Fe~P. Table 5 showad that the mean valuess
of occluded~P from threa sources was highar in laterite
soil (47.78, 48551 and 49.18 ppm for RRP, MRP and SP
respectively) than in kari soil (44.13, 44.17 and 44,30
ppm for RRP, MRP and SP respectively). The higher
content of free iron oxide and alumina in laterite soil
may be responsible for its higher content of oceluded-P,

The concentration of oceluded~? did not vary

significantly with the variations in the forms of P added ‘

|
|
|
|
|
|
|
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Table 14. Mean values of occluded-P as influenced by sources of P, s0ils and levels of P
application, ppm

Period of Sources of P Soils Leveles of ons.kg/ha
incubation, Mean
fortnights RRP MRP SP Laterite Kari 45 90
0 64.83 65,05 64.84 75.84 53.97 64 .48 65,33 64.98
1 53.15 53.90 54.92 59.10 48.689 53.16 54.83 53.99
2 50.11 51,83 49,93 54.43 46.82 49.50 51.68 50,62
3 48.76 49.60 49,25 49.00 49.41 48.69 49.72 49.20
4 47.74 47.86 48.63 48,53 47.62 47.46  48.68 48,07
-] 45.19 45,31 45.00 44.77 45.47 44.61 45,73 45.17
6 42.49 44.04 45.79 45.61 42,60 43.11 45.10 44.10
7 45.60 44 .99 44.05 44 .59 45.17 44.24 45.52 44 .88
8 42,05 41,69 42.43 41 .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 38.90 38.47
Mean 45.95 46,34 46.74 48.49 44.20 45.70 46.99 46.35
cD{0.05) for periods = 3,263 CcD(0.05) for levels = 1,279
" * soils = 1,279 " * 801l x period = 4,615

89
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to the soil. The mean values of occluded-P f£rom RRP,
MRP and SP were 6,59, 6.98 and 7.38 ppm respectively
over control (Table 14) i.e., in general, there was
only 8.78 per cent more oc¢cluded-P from SP compared to
the two rockphosphates., The effact of forms of P
fertilizers on the concentration of occluded-P at
different periods of incubation was graphically
represented in Fig.5. The relatively higher values
of occluded~P from SP were because of its high
reactivity with soil components due to the higher water
soluble P content. However, the increase in the level
of occluded~P by the addition of sSP did not c%?ed
1.5 ppm over the two rockphosphates. This indicated
that the dissolution of rockphosphates might have
started in these acid soils with the advancement of time.
Application of P at higher level increased the
content of occluded-~P to the extent of 1,29 ppm when the
scoils, sources and periods were pooled, and this increase
was found to be statistically significant. Also, when
the soils and sources of P were considered independently,
again the occluded~P increased with increasing levels
of P application, though the increase was not significant
(Table 6).
The decrease in the content of occluded-P with the
advancement of time was mainly due to its conversion to

other forms. For all the three sources, irrespective
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of soils and levels of P application, the maximum content
of occluded-P was observed during the first period and
it was seen to decrease progressively and significantly
upto the twelfth fortnight, The linear coefficient of
correlation (r) between oceluded-P and period of
incubation was =-0.709, -0.7i9, -0.633 for RRP, MRP and
SP raspectively. As in the case 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 fractions under submerged
conditions. The rate of decrease was comparatively
higher during the initial periods due to the rapid
chemical and biochemical reactions occurring consequent
to flooding. The concentration of occluded-P (Y) from
different sources of P and in two soils at different
periods of incubation (x) can be worked out from the
following equations,

1, For sources of P

a) RRP Y = 1,765 x =0,0154% (R? = 0.87)
b) MRP Y = 1,774 x ~0,0163% (R? = 0.91)
¢) SP Y = 1,768 x ~0.0147% (r? = 0.87)

2. Por soils

a) Laterite
log ¥ = 1,894 - 0.0554x + 0.0027x> (R

b) Kari

2 u 0.95)

Y = 53.47 = 1.320x (r? = 0.91)



Occluded-P being an insoluble and stable form can
not be extracted by Bray 1 and 2 extractants and this
explains its negative correlation (Table 24) with
available P (r = -0.255 and -9.353 for Bray 1 and 2

respectively).

1.3 Calcium phosphate

Influence of various treatments on the content of
Ca-P at diffgrent periods of incubation is presented in
Tables 5, 6, 15 and 16 and their analysis of variance
in Appendix I.

In the absence of added P, the contribution of
Ca-P to the total inorganic P pool was 6.93 per cent in
laterite so0il (44.95 ppm) and 8,35 per cent in kari soil
(50.45 ppm) during the first period, which on incubation
was reduced to 5.0 to 5.5 per cent in these soils
(Table 15). The ralaﬁively low content of this fraction
compared to other fractions is evidently due to the
unstability of Ca-P in these acid soils. .

By the addition of phosphatic fertilizers, there
was a significant increase of 19.12.to/20.02 prem in the
content of Ca-P over control during the first period whieh
on incubation changed to 9,5 ppm in laterite soil and
22.4 ppm in kari soil (Table 16). The increase in the
Ca~P content of the s0il on the addition of fertilisers
is due to the fact that all the fertilizmers added



Table 15,

Ca-P as influenced by the treatments at different periods of incubation, ppm

Treatment Period of incubation, fortnights -
No. Notation 0 1 2 3 4 5 6 7 8 9 10 11 12
1 oL 44.95 41,65 44.85 45,65 45,80 43,60 48,55 48,45 46.45 45,25 42.75 43,05 41.00
2 RRP45L 62,55 61,55 62.20 66,75 65.40 60,95 55,25 53,90 53.05 52.25 51.30 49.10 48.15
3 RRP90OL 64.10 63.80 66.00 69.15 71,10 61,70 57.95 57.85 57,00 54.30 53.00 53,20 50.60
4 MRP4SL 64.10 61,60 81,30 66.00 64.55 60,90 55.40 54.90 54.35 53.25 $2.10 51.55 48.40
S MRPOOL 65.60 63.40 66.00 69.00 70.30 61.70 57.65 56.05 55.73 54.20 $2.90 $2,20 51,95
6 SPASL 65.80 63,0% 64.05 69.85 63.85 61,75 55.60 55.45 $3.65 52.60 51.90 50,80 50.45
7 SP9OL 65.85 65,30 66.55 72,00 69.65 57.95 56,80 56.15 56,75 54.35 53.10 52,65 50,50
8 oK 50.45 49.45 46.85 46.40 55,25 55,55 55,95 54.90 51.00 49.45 46.20 46.00 40,55
9 RRP45K 67.10 63,50 61,35 64.80 75.80 75.85 71.75 73.40 67.65 68,20 63,53 58,75 56.75
10 RRPSOK 71.95 66.45 65,80 68,50 82.50 76,60 78,20 79,10 74.15 73.20 68.85 64,35 61.65
11 MRP45K 67.05 63,00 63,20 67.55 74.20 74.30 73.60 74.70 73.10 67.55 61.40 61.45 57.%0
12 MRPHOK 73.50 65.00 65,15 67.30 81,60 77.45 79.20 79.80 74.35 73.10 66.80 58.85 62,25
13 8P4SK 68.95 64.05 66,35 67.55 75.75 71.60 75.65 76.60 68,20 68,70 64.95 64.85 59.45
14 sSP9OK 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
15 SP(45+45)L 65.80 63,05 64,05 69.85 63.85 61,75 55,60 61.40 61,40 57.50 55.60 54.70 52.70
16 sP(45+45)K 68,95 64.05 66.35 67.55 75.75 71.60 75.65 81,60 75.40 72.85 67,50 66,95 62,50
-2
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contained P as Ca-P, On incubation, Ca-P gets gradually
solubilized and the larger content of free Fe and Al and
relatively lass amount of Ca in the laterite soil may be
responsible for the increased rate of conversion of Ca~P
into other forms as compared to kari soil. However, in
kari soil due to the higher proportion Ca due to the
marine influaence, the content of Ca~P was comparatively
high (Table 5). This obaservation was in line with that
of Nair (1973),

The mean values of Ca-P formed from RRP, MRP and
SP were 16,72, 16,85 and 17.86 ppm respectively over
control when the soils, periods and levels were pooled
{(Table 16), The effect of forms of P fertilizers on
the content of Ca~P at different periods of incubation
i3 presented in Pig.6. The nonsignificant difference
between sources of P indicated that the degree of water
solubility in the added materials was not a ecritical
factor in deciding the concentration of Ca<~P in the soil.
It also indicated that the stable tricalcium phosphate
in the two rockphosphates might have started its
dissolution and the released reactive phosphate ions
which in turn react with the Fe and Al components in
the soil.

It wvas seen that when the soils, sources and periods
were pooled the increasing levels of application of P
from 45 to 90 kg ons/ha increased the mean Ca-P content
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Table 16, Mean values of Ca-P as influenced by sources of P, soils and levels of P
application, ppm

Period of ‘ S8ources of P Soils Levels of ons,kg/ha
incubation, Mean
fortnights RRP MRP sp Laterite Kari 45 90
0 66.43 67.56 68.71 64.67 70.47 65.93 69.21 67.57
1 63.81 63.25 64.93 63.12 64.88 ’ 62,78 65.21 63.99
2 63.83 64.18 66.23 64,35 65,17 63.08 66.43 64.76
3 67.33 67.46 - 69,80 68,80 67.59 67.09 69.30 68.19
4 73.70 72,60 72,89 67,43 78.69 69,88 76.25 73.06
5 68,70 68,60 68,24 60.83 76.18 67.51 69.50 68,50
6 65.79 66.45 67.19 56.46 76.49 64.55 68,40 66.45
7 66.09 66,36 67.38 55,76 77.48 64,83 68,38 66.60
8 62,96 64 .40 63.46 55.09 72.13 61.67 65.55 63.61
9 62,00 62,03 62,34 53.53 70.71 60,41 63.83 62.12
10 $9.18 58,29 59.64 52,38 65,68 57.53 60.53 59,03
11 56,31 56,01 58.63 51,56 62.40 56,08 57.88 56.98
12 54.33 55.03 55.84 50.01 60,12 53.48 56.65 55.06
._nean 63.88 64,01 65.02 58.76 69.85 62,68 65.93 64.30
Cp{(0.05) for periods = 2,930 CD(0.05) for levels = 1.150
" * solils = 1,150 - * 801l x period = 4.147

YL



from 62.68 ppm to 65,93 ppm which wgs found to be
statistically significant., When the soils and sources
of P were taken separately again the Ca~P increased with
increasing levels of application (Table 6).

In general, the three sources of P showed a gradual
decrease with increasing periods of incubation though a
slight increase was observed during the second, third
and fourth fortnights (Table 16). Irrespective of soils,
sources and levels of application, the minimum Ca~P was
observed during the twelfth fortnight., The following
aquations were used for the prediction of the
congentration of Ca~P (Y) from different sources and in
two solls at different periods of incubation (x).

1. For sources of P

a) RRP

Y = 61.16 + 3,128x =~ 0.373x° + 0.0068x°

(R? = 0.82)

b) MRP 2 3
Y = 62.35 + 2.463x - 0.269x> + 0.00679x

(R® = 0.83)

e) SP 2 3
Y = 63,92 + 2,626x ~ 0,354x" + 0.00789x%

(r? = 0.86)
2. For soils

a) Laterits
log ¥ = 1.816 + 0.00449x + 0.00199x° - 2.042x°

(Rz - 0.073)‘
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b) Kari
Y = 60.11 + 4.352x - 0.916x% - 0.0407x>
(R® = 0.89)

The rate of decrease in the content of this
fraction both in the presence and absence of added P
was more pronounced in karil soil due to its high
acidity. The general decrease observed in the
concentration of Ca-P on incubation is due to its
conversion to other forms like Fe~P and Al-P. The
content of Ca~P and period of incubation were negatively
correlated (r = -6.235).

The relatively low degree of correlation between
Ca-P and available P (r = 0.243. o.zﬁf for Bray 1 and 2
respectively) may be due t0 the fact that a part of the
Ca~P that can be solubilized in the acid soil would
have already been converted to Fe~FP and Al«P and the
remaining Ca~P 0of the soll may be quite stable to the
action of the chamical axtractants employed in the
estimation of avallable P. A slightly higher rata of
correlation betwaen Ca-P and Bray No.2 extractable P is
obviocusly due to the higher concentration of acid employed
in this aextractant.

Total ani osphorus

Before incubation, the total inorganic P content
of the soil was 648,96 ppm in laterite soill and 604.09 ppm
in kari soil, which accounted to 73.1% per cent and
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76.14 per cent of the total P, On incubation, it vas
inareased to 88,29 per cent in laterite soil and 96,02
per cent in kari soil, Thus the average rate of imaresse
in the content of native inorganic P with the lapse of
time was 23,31 per sent. This increase in the total
inorganic P was due %0 the conversion of orxganie P into
inoxganic form and it was observed that the rate of
mineralization of organic P was relatively higher in
kari soil (93,34%) compared to laterite scil (%6,88%),

In general, by the addition of phosphatic fertiliszers,
there was an increase of 58,79 ppm of inorganic P over
control during the f£irst pericd. Wwhen the contribution
f£rom added P was deductad, tha increase in the inorganie
P in the presence of added P acgounted to 3,99 per cent
of the total native inorganic P. On incubation, this was
_increased upto 10 per cent of the native inorganic P,
This phenomenon indicated that in the presence of added P,
the rate of wmineralisation of oxganic P was increased due
tc the enhanced microbial activity occurring in the
presancs of added P and this enhanded microbial astivity
was more proncunced during the initial periods of ineubation,

2., Available phosphorus
Effects of various sources and lavels of applied P
on the available P (Bray 1 and 2) content of the soil at



incubation, ppm

Available P (Bray 1) as

influenced by the treatments at different periods of

_Treatment Period of incubation, fortnights _

No. Notation 0 1 2 3 4 5 6 7 8 9 1o 11 12
1 oL 4.79 5.38 8,74 9.26 14.43 14,18 14,21 11.51 9,84 9.58 9.49 9,69 9.51
2 RRP45SL 6.72 8,11 9,11 12,21 15,35 14.13 14.58 14.39 13.99 14.13 13.73 13.57 13.48
3 RRPYOL 7.05 7.17 9.46 12,24 15,69 14.45 14.79 14.81 14.44 14.39 13,78 13.71 13,31
4 MRP45L 6.99 8.23 9,29 12.36 15.34 14,23 14.59 14.63 14.23 13,98 13,56 13.52 13.49
$ MRPOOL 7.07 8.31 9.31 12,55 15,50 15.01 14.68 14,78 14.45 14,04 13.64 13,80 13.49
6 SP4SL 7.61 8.47 9,63 12.49 15,63 13,99 14,65 14,35 14.29 14,20 13.69 14.28 13.61
7 8PI0L 7.99 8.53 9.71 12,65 15,68 14.06 14,76 14.56 14.36 14.16 14.13 13.89 13.55
8 oK 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
9 RRP45K 7.75 10.14 10.75 15.86 17.49 18.78 18.96 18,86 18,69 18.46 18.26 18.22 17.76

10 RRPS0K 8,13 10,22 11.25 15,79 17.77 19.49 19,15 18,75 19.17 17.99 18,33 18,17 18,13

11 MRP45K 7.59 10.08 11.06 15.84 17,63 18.79 19,09 18,71 18,11 18,64 18.27 18,22 18,01

12 MRP90OK 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

13 sP45K 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

14 SPY0K 8.89 10.39 12,72 16.27 17.37 19,59 19,03 18.66 18.46 18,35 18,16 17.75 17.81

15 8pP(45+45)L 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

16 3P(45+45)K 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

l

QL |
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different periods of incubation in laterite and kari
soils are given in Tables 5, 6 and 17 to 20 and their
analysis of variance in Appendix I. |

The original ¢ontent of Bray No.l extragtable P
1s 4,79 ppm in laterite soil and 3.84 ppm in kari soil
and this low content of avallable P in these soils
make them to be rated under the class 'low' as per
the soil fertility rating norms followed by the
goil testing laboratories of the state (Table 17).

The low contant of avallable P was mainly attributed
to their high P fixing capacity.

Even in the absence of added P, the content of
available P (Bray 1 and 2) in the soll increased on
incubation and this increase was more pronounced in
latarite soil (Table 17 and 19). 1In latsrite soil,
the increase in available P on incubation was 9.64 and
20.13 ppm for Bray 1 and 2 respectively, while it was
7.59 and 19.61 ppm raespectively for Bray 1 and 2 in
kari soil (Table 18 and 20). The increase in the
content of available P on incubation may be due to the
lncraasedicontent of saloid«~P and enhanced solubility
cf Pe~P and Al~F brought about by the reduction
raactions occurring as a rasult of flooding.

In addition to this process, mineralization of organic P



Table 18. Mean values of available P (Bray 1) as influenced by sources of P, s0ils and levels
of P application, ppm
Period of Sources of P Soils Levels of P,0., kg/ha
incubation, - Mean
fortnights RRP MRP sSP Laterite Kari 45 90
0 7.40 T7.43 8,25 7.23 8.15 7.53 7.85 7.69
1 9.16 9.19 9.45 8.30 10.22 9.22 9.30 9.26
2 10.89 10.94 11.15 9.45 12,53 10.91 11.08 10.99
3 14.05 14.18 14.35 12.65 15,93 14.12 14.27 14.19
4 16.60 16.54 16.56 15.54 17.59 16.49 16.64 16.57
5 16.70 16.75 16.69 14.33 19,10 16.50 16.93 16.72
6 16.89 16.98 16.86 14.83 19,13 16.82 17.00 16.91
7 16.71 16,78 16.58 14,60 18,78 16.61 16.77 16.69
8 16.56 16,33 l16.38 14,28 18.56 16.28 16.57 16.42
] 16.25 16.36 16.23 14,13 18.43 16.26 16.30 16.28
10 16,03 15,89 16.00 13.73 18,21 15,90 16,04 15,97
11 15.94 16.03 15,96 13.83 18.12 16.00 15,95 15,98
12 15.65 15,76 15.65 13.48 17.90 15.63 15,74 15.69
Mean 14.53 14.55 14.62 12,77 16.36 14.48 14.65 14.57
CD(0.05) for periods = 0,829
" " soils = 0,325
. 1,172

" s80il x period =

08



would also have contributed to the pool of available P,
The relatively higher content of available P in
laterite s0il was attributed to its higher content of
total P and enhanced rate of reduction reactions
occurring in the soil due to its highly oxidized
nature compared to kari soil.

By the addition of phosphatic fartilizers, there
was a significant increase of 2.45 and 4.81 ppm of Bray
No.l and 2 available P in laterite soil and 4.33 and
8.99 ppm available P (Bray 1 and 2) in kari soil over
the control (no P) during the first period, which
changed to 3.98 ppm (Bray 1) and 8,08 ppm (Bray 2) in
laterite soil and 7,54 ppm (Bray 1) and 7.69 ppm
(Bray 2) in kari soil with the advancement of period
of inocubation (Table 18 and 20), This indicated that
though the transformation of added P to different
inorganic fractions has taken place its contribution to
the available phosphate pool is considerably low.

In general, the peak content of available P (Bray 1 ‘

and Bray 2) was observed during the sixth and seventh
periods of incubation and after attaining the maximum
value it tended to decrease upto the twelfth fortnight,
But the values at the twelfth period were also higher
than the initial concentration. The linear coefficient

|
|
|

|
|
|



Table 19, Available P (Bray 2) as influenced by the treatments at different periods of
incubation, ppm
Treatment Period of incubation, fortnights
No. Notation (+] 1 2 3 4 - 5 6 7 8 9 10 11 12
1 oL 15,04 16.34 24.37 27.81 35,17 29.37 30,51 35.04 29,70 29,35 29,01 28,35 28.41
2 RRP4SL 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
3 RRPSOL 19.59 21,01 27.64 32,90 38,37 36.57 37.78 38,52 37.00 37.00 36.65 37.41 36.39
4 MRP45L 19.13 20,59 27.16 33,03 37.6%1 36.23 37.38 37.92 36.95 37.35 37.10 36.89 36.31
5 MRPIOL 19.49 21.38 27.21 33.02 37.89 36.11 37.97 39.35 37.60 36,50 36.25 37.08 36,65
6§ SP4ASL 20.46 21,67 27.32 33.13 38.27 35.68 37.54 37.80 37.05 36,95 37.30 36.93 36.63
7 SP9OL 21,26 22.49 27.49 33.52 38.28 35.87 37.38 38,73 37.15 36.75 37.20 37.09 36.61
8 OK 12.64 14.43 20.60 23.84 32.25 30.42 32.01 31.68 30.85 31,30 30.60 30,35 30.33
9 RRP45K 21.06 24.94 29,28 35,68 40,76 38,58 39,99 39.80 38.95 38,95 38,10 38,85 37.56
10 RRPSOK 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
11 MRP45K 20.69 24,74 29.74 35,66 40.34 38,59 40.27 39.83 39.30 39.75 38.60 38,60 38.20
12 MRP9OK 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
13 SP45K 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
14 SP9OK 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
15 sSp(45+45)L 20.46 21.67 27.32 33.13 38.27 35.68 37.54 38,18 38,45 39.70 37.80 37.61 36,77
16 SP(45+45)K 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

— - um -
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Mean values of available P (Bray 2) as influenced by sources of P, soils and levels

of P application, ppm

Period of Sources of P Soils Levels of ons.kg/ha
incubation, — Mean
fortnights RRP MRP Sp Laterite Kari 45 90
0 20.26 20,14 21.84 19.86 21.63 20,50 20,99 20,75
i 23.06 22.96 23.68 21,33 25,12 22,98 23.48 23.23
2 28,45 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 37.45 36.05 38.90 37.33 37.62 37.48
é 38,83 39,06 38.73 37.57 40.18 38.75 38,99 38.87
7 38,84 39.40 38,83 38,31 39.73 38,70 39.34 39,02
8 - 38,00 38.29 37.94 37.12 39,03 38,01 8,14 38,08
9 38,01 38,20 37.61 36.92 38,96 38,02 37.85 37.94
10 37.63 37.54 37.64 36,93 38.28 37.70 37.50 37.60
11 37.71 37.72 37.53 36,98 38.32 37.59 37.71 37.65
12 37.06 37.34 37.08 36.42 37.90 37.08 37.23 37.16
Mean 34.57 34.63 34.69 33.53 35.73 34,51 34.74 34,63
CD(0.05) for periods = 1,896

* soil

= 0,744

N
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of correlation (r) between available-~P and period of

*
incubation was 0.45: for Bray 1 and 0.605 for Bray 2

(Table 24), Prediction equations were worked out

to establish available P (Bray 1 and 2) at different

periods of incubation (x) from RRP, MRP and SP

separately and also for the two soils.

cases the response was found to be quadratic,

aquations were
Bray 1 P (Y,)
1. For soils

a) Laterite

Y, = 4.823 + 2,355x - 0.135x°

b) Kari
¥, = 5.29 + 3.142x - 0.173x%

2, Por fertilizers

a) RRP
Y, = 4.74 + 2,82x - 0.158x%°

b) MRP
11 = 4,83 + 2,799% - o.1ssx2

c) Sp

Y, = 5.627 + 2,594x = 0.145x°

Bray 2 P (¥,)
1. Por soils

a) Laterite

Y, = 14.51 + 5.353x = 0,292x°

(R

(R

(R

(R

(R

(R

In all the

The

0.88)

0.95)

0,94)
0.94)

0.93)

0.92)



Table 21,

Interrelationships of inocrganic P fractions and available P during incubation

after the addition cf RRP
{Correlation coefficients)

8aloid-P Period Fe-P

- e

Al-P Reductant Occluded- Ca-P Bray 1 Bray 2
- ) soluble-P p P P
% xR ok * %N > t X' 4
Saloid-p -— 0.550 0.796 0.788  -0.337 -0.383 0.229 o0.911 o.901
Pariod - 0.67% 085  -0.685 0,708 -0.238 0.475 o0.613
Fe-P —  0.899 -0.398 -0.489 0.234 0.765 0.88¢
Al-P -— -0.467 -0.4¥1  o0.169 o0.68%8 o0.8%%
Reductant * an * %
R tant — 0.78%  0.57% -0.303 -~0.366
* *h *k
Occluded-—P — 0,417 -0.281 -0.408
*
Ca~P -—  0.246 0.28%
Bray 1 P -  0.858
Bray 2 P —

* Significant at 5 per cent level
»* S{ignificant at 1 per cent lavel

O
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b) Kari

Y, = 17,14 + 5.416x 0.367x> (R? = 0.91)

2. Por fertilizers

a) RRP

Y, = 15.38 + 5.496x = 0.306x> (R% = 0.92)
b) MRP

Y, = 15,16 + 5.569x - 0.309x° (R? = 0.93)

c) SP

Y, = 16.92 + 5.088x 2

0.283x° (rR?2 = 0.91)

Observations revealed that the concentration of
avaiiable 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 soll 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 is 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 ons/ha. only 4,68 ppm P was recovered as
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Table 22,

{Correlation coefficlients)

Interrelationships of inorganic P fractions and avallable P during incubation
after the addition of MRP

Saloid«P Period Pe-P Al-P Reductant Occluded- Ca-P Bray 1 Bray 2

soluble-P P P P -

Saloid-P — 0.5 0.807 0.786 -0.333  -0.38% o0.214 0.90% 0.908
period -—  0.683 0.750%  -0.690 -0.718 -0.235 0.4%8 o0.613
Fe-P —  0.005 -0.401 -0.484 0.218 0.768 o0.8¢%
Al=P — -0.4353  -0.4% 0.172 o0.68% o0.813
Reductant * %4 -3 4
Reductant - 0,766 0.582 -0.288 -0.33%%
Occluded-P _— 0.435 -0.283 -0.401
Ca~pP -~  0.235 0,283
i

Bray 1 P - 0.905
Bray 2 P -—

* Significant at 5 per cent leval
** Significant at 1 per cent level

- caty W A 2
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Table 23.

(Correlation coefficients)

Intaerrelationships of inorganic P fractions and available P during incubation
after the addicion of SP

Saloid-P Period Fe-P Al-pP Reductant Oeccluded= Ca~pP

Bray 1 Bray 2
- soluble~P P b 4 P
Salold-p - 0.438 0.738 o0.686 -0.107 -0.211 0.38% o0.8%% o.8%d
Period -~ 0,683 0,785  -0.6%8  -0.653 -0.230 0.454 o0.358
Fe-P —  0.902 -0.305 -0.6438 0.265 0.731 o.e%l
Al-P - «0:33%  -0.4i1  0.238 o0.688 0.81d
o tant -— 0.785  0.588 -0.23% -c.24%
Occluded-p - 0.451 -0.2¢0 -0,385
Ca~P -~ 0,251 0.,36%
Bray 1 P - 0,898
Bray 2 P

* Significant at 5 per cent level
** gignificant at 1 per cent level

88



available P (Bray 1) and when the rxate of application
was increased from 45 kg to 90 kg P,o,/ha. the
additional increase in the available P recoversd was
practically nil (0,17 ppm) (Table 18), In general,

the increase in the level of application of P increased
the available P (Bray 1) content from 12,27 to 12,69 ppm
in latsrite soil and from 12.85 ¢to 16,44 ppm in kari
soil (Table 6), This shows that in the acid soils
under study under submerged condition, only a constang
leval of P out of the P added can be retained in
available form and further increase in the rate of
application results in the retention of P in the
unavailable pool in the soil,

The direct and indirect effects of various

inorganic fractions of P on available P (Bray 1 and 2)
from RRP, MRP and SP were brought out by the path -’
analysis, Path analysis showed that saloid-P, Fe-P,
Al-P and Ca~P were correlated with the amount of
phosphata extracted by Bray 1 and 2 extractants under
waterlogged conditions (Tables 25 to 28),



Table 24.

(Correlation coafficients)

Interrelationships of inorganic P fractions and available P during incubation
after the addition of different P fertiliszerse

Saloid=P Periocd Fe~P Al-P

Reductant Occluded- CawpP

Bray 1 Bray 2
P P

soluble~P P ‘
Salold-p — 0.50% 0.792 0.731  -0.245 -0.31%5  0.2%8 o0.88% o.s81
Period —  0.683 0,789 -0.661 -0.70% -0.233 o0.4%% o0.60%
Fe-P — 0.962 -0.388 -0.458  0.235 o0.761 o0.8%%
Al-P -— -0.407 -0.482  o0.193 o0.68%3 o0.8%5
Reductant - 0,761  o0.582 -0.2%% -0.313
Oceluded-P — 0.43{ -0.265 -0.386
ca-P -  0.243 0,251
Bray 1 P - 6.833
Bray 2 P -

* Significant at 5 per cent level
** Significant at 1 per cent level

09
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The maximum correlation values for available P
(Bray 1 and 2) were obtained with saloid-? in all the
three sources irrespective of their water solubility.
The path coefficlient analysis (Table 28) revealed
that the saloideP had maximum positive direct effecat
on available P {0,757 and 0,513 for Bray 1 and Bray ;
respectively), The direct effect of saloid-P on
Bray 1 P was 0,839, 0,834, 0,704 for RRP, MRP and SP
respectively (Tables 2% o 27), Apart from the
highly significant positive direct effact, saloldep
increases the avallable P by ita indirect positive
affeet through Fe-P, Al«P and Ca~P, These wer:
further confirmed by the higher positive wvalues of
linear coefficient of gorzelation of saloid-P with
Ye-P (0,796, 0.807 and 0,738 for RrP, MRP and 5P
respectively) and Aler (0,734, 0.785 and 0.688 for
RRP, MRP and SP respectively). The negative
correlation of salolide-P with reductant scluble and
occluded-P indicates that the increase in saloid-P
is also due to a decrease in reductant soluble and
oacluded forms of P as a result of reduction consequent
to incubation, The highly significant total correlation
of saloid~P with avallable P emphasises its role in
determining the available P (Bray 1 and 2). Saloid-p



Table 25. Path coefficlent analysis showing direct and indirect effect of inorganic P
fraction and period of incubation on available P from RRP

Saloid~ Pertiod of Pe-P Al-P Reductant Occluded- Ca~P Total Residual
P incubation sokuble~P P correlation effect
coefficiants
Bray 1

Saloid-pP 0,839 0.031 0.255% 0,051 -0,212 -0,063 0.012 0.914
Pariod of v . v
] pation 0.462 0,056 0.217 0.106 -0.226 -0.123 -0,013 0.479 0.376
) L 0.667 0.038 0,321 -0,252 0.061 -0,.079 0.013 0.769 ‘
Al-P 0.633 0.045 0.288 ~0.281 0.072 -0.081 0.009 0.685
Reductant

solubla-P -0,27% =0,039 0,128 0.131 ~0,154 0.131 0.031 -0,.302
Occluded~P ~0.305 «0,039 0,147 0,132 -0.117 0,173 0.023 -0.281

Ca-P 0.193 +0.013 0,075 -0.048 -0.089  0.071 0,054  0.244
' Bray 2
Salold-P 0,552 0.041 0,196 0.029 0,036 ©0.006 0,004  0.901
f;::ggtgjn 0.304 0,074 0,167 0.031  0.076  0.012 -0.043  0.619
Pe-P 0.439  0.049 0,247 0,036 0.044 0.008  0.042  0.864 0.338
Al-P 0.417  ©0.055  0.222 0,038 0.051 0,008 0,031 0,825
Reductant

Occluded«P ~0,201 -0,052 -0,113 -0,018 0,083 -0,016 0.075 0,408
Ca-P 0.127 ~0,017 0.058 0.006 0,063 -0,007 0.180 0.284

~ o



FiG: 8 . PATH DIAGRAM - DIRECT AND INDIRECT EFFECTS OF
INORGANIC P FRACTIONS ON AVAILARLE
P (BRAY 1) FROM RRP

RES!DUAL KFwecy

©.3788

Y = AvAILARLE P ' X4 = At.P

X, £ SaroID.P Xgp = REDUCTANT e€orvaLE P
Xg = PERR,OopDs O6F INCUDBATION x g s OceclLuPan P

xygr Fg.P Xy =z Ca -P




as a whole was axtracted dhxiag the estimation of
available P, while only a fraction of other inorganic
forms was extracted during estimation. This explains
the higher correlation values obtaineéd batwaeen saloidpP
and available P, though its concentration in the soil
was raelatively low as compared to the concantration

of othaerxr fractions,

The contribution of Fe~P in deciding the
available P (Bray 1 and 2) was mainly due to its
indirect positive effect through saloid-pP (0,667,
0,673, 0.511 for Bray 1 P f£rom RRP, MRP and S?
raespectively). The diract effect of Fe~P on
available P was also high (0.380, 0,310 for Bray 1
and Bray 2 respectively)., The indirect effect of
Fe~P through reductant soluble P and secluded-F were
negative (Tables 25 to 28)., The raelatively higher
correlation between Fe~P and Al-P (0.98%) may be due
to their intaerconversion,

The direct effect of Ca~P in incraasing the
available P (Bray 1) was relatively low compared to
saloid-pP, Fe-P and Ale~P, Alsc irrespective of the
formas of added P, the total contribution of Ca«P to
available P (Bray 1 and 2} was lass as revealed by
the gorrelation coefficientse It was seen that the
direct effect of Ca~P was high for Bray 2 P (0.126)



Table 26. Path coefficient analysis showing direct and indirect effect

fracticn and period of incubation on available P from MRP

of inorganic P

Saloid~ Period of Po-pP Al-P Reductant Ocecludades Ca-P Total Residual
P incubation soluble-pP P correlation affect
- coefficlents
Bray 1
Saloid-pP 0,834 0.020 3.293 0.047 -0.220 -0,079 0.007 0.902
Period of ‘
incubation 0.481 9,035 0.248 0.098 0,229 -0.147 -0,007 0.478
AlwP 0.638 0.028 0.331 -0,2868 0.064 -0, 097 0.008 0.682 0.397
Reductant _ - ' - - -
soluble-P 0.269 0.023 0.146 0.126 0,146 0.156 0.019 0.284
Occludad~-P «0,323 -0,025 ~0.,176 0.137 -0,112 0.204 0.014 -0,282
Ca-P 0.179 -0, 008 0.079 -0,049 -0, 085 0.089 0,032 0,235
, Brgz 3
Saloid-P 0,586 0.042 0.234 0,003 0,012 0.003 0.029 0.909
Period of ,
incubation 0.338 0,074 0.198 1,004 0.028 0.006 -0.,032 0.612
Pe-P 0.472 0.050 0.289 0.004 0.015 0.004 0.029 0.865
Al-P 0.448 0.059 0.262 0,004 0.017 0.004 6.023 0.819 0.338
Reductant - - , -
soluble-p -0.189 0,049 -0,116 0.002 0,038 0.007 Q.079 0,322
Occluded~P -0,227 -0,053 -0,140 -0,002 -~0,021 -0,009 0.591 -g,.401
Ca-pP 0.126 -0.017 0.083 0.008 -0,022 -0.004 0,136 0.282
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compared to Bray 1 P (0,004), This is due to the
higher concantration of acid in the Bray 2 extrxactant
which can extract more Ca-P compared to Bray 1
extrackant, |

Higher correlation of Al«P with available » was
mainly due to its positive indirect effect on
increasing the saloid«P, This was further confirmed
by the higher values of lineaxr c¢orrelation coefficients
batween saloid~P ana Al-P (0,754, 0.765 ana 0,638 for
RRP, MRP and &# respectively).

Both reductant soluble and ogcluded-P counvribute
little 0 the pool of available P, mainly due o their
indireck negative effect on other inovrganic fraceions.
This was again proved by the negative correlation
values obtained between reductant soluble~P and
occluded~P with other fractions,

The influence of time or pericd of incubation on
avallable P and inorganic fractions was also brought
out by the path analysis, Irrespective of the forms
of P added to the 80ll, time was positively curreiated
with available P (Bray 1 and 2), This positive
correlation of period of incubation with available P
was mainly attributed ¢ its indirect pesitive effect
on saloid~P and Fe-P, Linsar cosfficient of |
correlation revealed that the Ca-~P, reductant soluble-P



Table 27. Path coefficient analysis showing direct and indirect effect of inorganic P

fraction and period of incubation on available P from SP

S8aloid~ Periocd of JFe-P Al-P Reductant Occluded- Ca-P Total Residual
P incubation solublae«~pP P coxralation effact
— coefficients
Bray i
Saloid-p 0,704 0.023 0.287 0.018 -0, 096 -0,.048 -0,032 0.856
Paeriod of _ ;
Ye~P 0.511 0.037 0,398 0,126 0,052 -0,097 -0,022 0,751
Al-P 0.483 0,043  0.357 =0,140  0.055 =0.093 =0.020  0.685 6.453
Reductant : - ‘
sclubla~P 0,752 -0,036 -0,121 0,045 -0,172 0.174 0.049 -0.233
Occluded-P «0,149 -0.03%9 ~-0.168 0.038 -0,131 0.227 -0.373 «0.240
Ca-Pp 0.274 -8,013 0.105 -0.033 -0.,101 0,102 -0,823 0.251
Bray 2

Saloid~P 0,471 0.0%% 0.250 0.043 C.004 -0,003 0.024 0.843
Period of
" pation 0.192 0,135 0.228% 0,048 0.021 -0,010 -0,014 0.596
Pa-P 0,342 0.088 0.345 0.056 0.010 -0 .006 0.016 0.851
Al--P 0,323 0.103 0.311 0,082 0.011 -0, 006 0.014 0.819 0,398
Reductant ‘
201ubla=P -0,050 -0.085 -0.105 -0,020 -0,033 0.113 0.036 -0.246
Occludad~P =0,100 -0.009 -0,147 -0,0286 -0,025 0.015 0.028 -0.348

0,061 0.307

Ca-pP 0.184 ~0.031 0.091 0.015 «0.019% ©.007
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Table 28,

Path coefficient analysis showing direct and indirect effect of inorganic P
fraction and period of incubation on available P from different socurces of P

. v au

Salolid~ Period of Pa-P Al-p Raeductant Qccluded-~ Ca-P Total Residual
P incubation soluble~P P correlation” effect
' , coefficients

Salolid-pP

Pexiod of
incubation

Fa-p
Al~p

Reductant
soluble~-pP

' Oceluded~P
Ca~P

Saloid~p
Period of
incubation
Fao-p

Al~P

Reductant
solublae«~p

Oecluded«pP
Ca=p

Bray i
0,787 0,025 0.254 0.036 -~0,167 -0.062 0.001 0.887

0.504 0.033 0,330 ~0,206 c.057 =0,030 0.001 0.761
-0.553 0.039 0.293 0,228 0.063 =0,088 0.001 0.683

-0.242 =0,035 -0.178%  0.103 =0,118 0,194  0.002 <0.269
0.210 «0.012 0.091 =~0.,044 «0.09C 6,084 0,004  0.243

ngx.z
0.513 0.08%0 0.234 0,028 0.015 0.001 0.035 0.381

0.261 0,098 0.207 0.030 0.039%9 0.003 -0,929 0.809

0.396 0.065 0.310 0.035 0.022 0.002 0.030 0.859
0.375  0.077 0,279 0,038  0.024 0.002  0.024  0.820 0.366

~0.128 -0,085 ~0,113 -0,0168 0,032 -0,.322 0.073 -0.310

-0.,164 -0.070 ~0,141 -0,017 -0 ,045 -0, 005 0.055 -G,286
0.143 -3,023 0.074 0.007 -0,034 -0.,190 0,126 0.291

— S - .
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and occluded-P gradually and progressively decreased
with the lapse of time, This phenomenon again
indicatad that, though the P was added as Ca-P, the
contribution of Ca~P to the available phosphate

pool was conaiderably less with the advancemanr of
time beocause of its transformation to other forms.

The a:tent of gontribution of varicus inorganic
fractions to avallable P was the same in all the
thrae forms of fertilizars added to the soil as
revealed by their path analysis, This indicatad
that the transformation of RRP, MRP and SP was similar
in the two acid solls, thowgh =P contained v in a
watar soluble form, Thus {t was confirmed that the
water solubility of P in the added material was not
a c¢ritical factor 4in declding the various inorganic
fractions and avallable P content cf the zcid soils
taken for the study.

Predictinn equations were arrived at tc estimate
the avallable ? from different P scurces based nn
thae contants of various inorganic P fraections and
pariod of incubation, The sajquations are opcrassnted
balow.



1. From RRP
a) Bray 1 ® “1)
Y = 4,761 + 5.470m; + 0.062x, + 0.031xy -
0.6‘13‘ - 9.0‘7!, + Owﬁ?iag + 0.019:1
| ®* = 0.86)
b) Bray 2 P (X,)
Yz = 4,345 + 6.052:1 + e.usx, + O.Max, +
0.009:‘ - 0..0'615 - 0.0131‘ + 0;116:.'
(r? = 0.89)

2+ Pronn MRP
a) vray 1 P (¥4) -
Yl = 3,187 + 5.509‘1 + 0.031!2 + 0-03713 -
0¢ﬁ428‘ - 0.0‘285 + 0.03335 + 0.0116:7
®% = 0,86)
b) Bray 2 P (x,)
Y, = 04422 + 6.969%; + 0.144x, + 0.053x, +
0.600934 - 0.030::5 - 6.007::‘ + 6.087::7
(R? = 0,82)

3. From BP
a) Bray 1 P (¥,)
Yi - "1.‘72 + ‘0“"1 - 0.922:2 + 9.02’2(3 +
0.0031‘ - O.N’xs + 9‘“7"6 - 0.034&,
(r? = 0,80)
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b) Bray 2 P (YZ)

e 0,317x

Y2 = =2,339 + 5.,434x + 0.0663:3 -

1 2
0.004x4 -ﬂ0.024x5 + 0.018x6 + 0.042x7

(R? = 0.84)

X4 Saloid-p

x2 Period of incubation
x3 Fe~P

X, Al-p

x5 Reductant soluble=p
x6 Occluded«p

x7 Caep

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 wvarious
inorganic P fractions on available P (Bray 1) £rom
RRF, MRP and SP are represented in Fig. 8,9 and 10
respctively.
Effect of continuous application of phogphorus ag

superphogphate
Two treatments (Ti5 and T16) were incorporated to

study the effect of a single application of rockphosphate
in comparison with the continuous application of P as

SP, on the transformation of inorganic P in soil,
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the second application being done 90 days after the first
application. Observationsz revealed that the increase
in the content of various inorganic fractions and
available P by the application of 90 kg ons/ha 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 meleted for the study and the
transformations were comparable whether the phosphatic
fertilizers were applied in a single dose initially

or in two doses,
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POTCULIVURE EXPERIMENT

A potculture experimsnt was condugted in crder to
assess the direct and residual effect of rockphosphates
(RRP and MRP) i{n comparison with the water soluble
superphosphate (SP) in laterite and kari soils of
Kerala. The same two 80ils used in the incubation
study were used for the potculture experiment,
Phosphatic fertilizers werae applied at two levels (45
and 90 kg pz°§/h‘) and ‘pplication- of N and K were
done uniformily in all the treatments. Soil and plant
samples were drawn regularly at 15 days interval to
study the release of P from the phosphatic fertilizers
and the uptake of major nqtrients. The residual effeect
of rockphosphates was assessed by continuing the
experiment for the seeond season without the application
of P fertilizers. Howavar, the last two treatments
(T,5 and T,4) received SP both in the first and second
crop seasons at the rate of 45 kg Paeslha in order to
compare the residual effect of rockphosphates applied
once with that of 8P applied twice.

A. Zixst erop
1. Nutrient uptake
1.1 Nitrogen

1,1,1 Nitrogen per c¢ent of straw and root



Table 29.

Nitrogen per cent of straw and root as influenced by the treatments at different

periods of crop growth (first crop)

Treatment N%X of straw at different periods, N% of root at differant periods,
fortnights fortnights
No. Notation 1 2 3 4 5 6 1 2 3 4 S 6
1 oL 1.89 3.1 2,73 2,52 1.05 0.55 1.8 2,31 1,85 1,52 0,51 0.29
2 RRPA5SL 1.19 2,06 2,90 2,35 1.14 0.55 i1.89 2,56 2,06 1,73 0,51 0.36
3 RRPY90OL 2.19 3.45 3.11 2,31 1.14 0.51 1,98 2,77 2.19 1.85 0.59 0.40
4 MRP4SL 1.85 3.11 3,03 2,27 1,22 0.46 1.68 2,36 1,93 1.64 0,48 0,34
S MRPYOL 2.02 3,36 3.53 2.26 1.31 0,55 1.81 2,73 2.10 1,93 0,53 0.36
6 SP4ASL 2,10 3.45 3.19 2.44 1,22 0.46 1,77 2,61 1,98 1,85 0,57 0,38
7 SP0L 2.19 3,53 3,03 2.31 1,22 0.55 1.8 2.5 2,06 1.85 0.55 0.38
8 oK 1,73 2.65 2,31 2,06 1.i4 0,21 0.84 1,81 1,68 1.47 0.42 0.27
9 RRP45K 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 RRPIOK 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 MRP90OK 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 SP90OK 2.10 3.95 3.36 2,90 1.58 0,63 1,43 2.10 1,85 1.60 0.55 0.34

JiRt



Table 30.

sources of P, soils and levels of P application (first crop)

Mean values of nitrogen per cent of straw and root as influenced by

Periods of Sources of P Soils Levnls-oﬁ ons,
erop growth, - e /ha .. Mean
fortnights  ppp  MRP_ 8P Laterite Kari 45 90
N% of straw
1 2.041 1.931 2.100 2.075 1,973 1.988 2,060 2,024
2 3.465 3.411 3.690 3.360 3.680 3.440 3.610 3.520
3 3.098 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 2,580 2.520
5 1,261 1,350 1,370 1,208 1.450 1.280 1.380 1.330
6 0.477 0.477 0.546 0.511 0.490 C.466 0.535% 0,500
Mean 2.133 2.132 2,267 2,087 2.269 2.129 2.228 2,179
W% of root
1 1.660 1.540 1.590 1.820 0.373 1.547 1.645 1.597
2 2,351 2.290 2.350 2,610 2.040 2,254 2.400 2.328
3 1,960 1.880 1,920 2.050 1,790 1.875 1.966 1,921
4 1.670 1.870 1.710 0.806 1.560 1.639 1.729 1.684
S 0.535 0,509 0.554 0.536 0.529 0,507 0.558 0.533
6 0.358 0.321 0.354 0.37 0.319 0.333 0.358 0.345
Mean 1.423 1,369 1.412 1.532 1.270 1.359 1.442 1.401
N% of straw N% of root
CcD{(0.05) for periods 0.2680 CD(0.05) for periods = 00,2080

501
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Results on the effect of various sources and
levels of applied P on N per cent of straw and root
at different growth stages in laterite and karl soils
are presented in Tables 29 to 32 and their analysis of
variance in Appendix IIX.

Both in the presence and absence of added P,
levels of N in the straw and root were maximum during
the second period which represented the maximum
tillering stage of rice plant (Table 29)., During this
period, the rate of growth was more as rnvealed by the
increase in the straw yield, compared to oehetgstaqcs
which leads to the maximum absorption of nutrients
like N, From third periocd onwards, the level of N
tended to decrease. This decrease is due to the
increase in the dry matter production with less vigorxous
nutrient absorption resulting in the dilution of nutrient
concentration., The N per cent of the straw and root
during the first period showed maximum correlation
(r = 0.538) compared to other periods.

In the absence of added P, the mean N per cent of
the straw and root was 1,981 and 1,360 respectively in
laterite soil and 1.680 and 1,080 respectively in
kari{ soil (Table 32). By the addition of phosphatic
fertilizers, these values were increased to 2.087 and

1,532 per cent for straw and root respectively in



Table 31, Mean values of per cent of nutrients, nutrient
uptake and available P as influenced by levels
of P application (first crop)

Levels So£; ‘Sources of P

of P,0.., _

kg/hi 8 Laterit: Kari RRP MRP SpP
45 2.040 2.220 2.070 2.060 2,250
90 2.130 2.320 Nk of strawv 54199 2,190 2.280
45 1,480 1.240 1.380 1.310 1.400
90 1.580 1.300 N# of root 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, g/pot 0.780 0.760 0.860
45 0.086 0,086 0,085 0.081 0.085
90 0.106 0.089 F® of straw . °na¢ 1°0gs 1.250
45 0.025 0.033 0.026 0.028 0.032
90 0.029 0.034 F% of root 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, mg/pot 239.08 35,15 42,26
45 2.170 2.840 2,440 2.440 2.640
90 2.220 2.910 K¢ of strav . go05 20480 2.680
45 1.440 1.610 1,520 1,510 1.540
90 1.490 1,660 X¥ of root 1.580 1.570 1.580
45 0,776 0.010 K uptake by 0.862 0.836 0,987
90 0.826 1,150 straw, g/pot 0.977 0.910 1.070
45 38,05 36.94 Straw yleld, 36.96 36.17 39.36 .
90 39.71 40.75 g/pot 40.63 38.41 41.66
45 4.990 4.010 Available 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 Available 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 mutrients, nutrient
uptake straw yield and available P as influenced
by P sources and soil (first crop)

Control | A
So1l o5 RRP MRP Sp
Laterite 1.981 2.084 2,035 2.138
Kari 1.680 N% of straw 2.183 2.226 2.393
Laterite 1.360 1.570 1.490 1,540
Kari 1.080 N of root 1.270 1.250 1.290
Laterite 0.667 N uptake by 0,720 0.698 0.785%
Kari 0.357 straw, g/pet 0,738 0.730 0.879
Laterite 0.077 0,087 0.082 0.118
Kari 0.054 X Of straw 40554 0,087 0.092
Laterite 0.015  0.025 0,027 0.029
Kari 0.021 FrOfroot . 4°531  0.033 0.035
Laterite 33.48 P uptake by 37.56 33.95 37.26
Kari 15.62 straw, mg/pot 36.94 35,36 42,48
#
Laterite 1.090 1.480 1.440 1.480
Kari 0.780 % of root 1.620 1.640 1.630
Laterite 1.710 2.140 2.150 2.300
Kari 1.630 [% of straw 2.830 2.780 3.010
Laterite 0.687 K uptake by 0,771 0.753 0.879
Rari 0.403 straw, g/pot 0,106 0.993 1,180
Laterite 37.68 Straw yield, 38.83  37.44 40.37
Laterite 3.600 Available P 4.990 5,450 5,560
Kari 2,210 (Bray 1), ppm 3.850 4.000 5,240
Laterite 11.43 Available P 13.07 13.17 14.44
Kari 10,13 (Bray 2), ppm 16.37 16.14 17.89




laterite solil and 2,269 and 1,270 per cent respectively
in kari soil (Table 30), The increase in the level of
N 15 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 in the level
of N in plant by the application of P fertilizers to
80il indicated that the N utilization by the plant was
limited by the low availability of P and this effect
was maximum in the case of kari soil, It was seen
that a;ailable P (Bray 1 and 2) content during all the
periods of plant growth except at the time of harvest
was positively correlated with the N per cent of the
straw, but maximum correlation was obtained with
avallable P content of the soil during the second
period (r = 0.95% and 0.433 for Bray 1 and 2
respectively) and this represented the stage of maximum
level of N in the straw and root,

The increase in the 1evol.o£ N in the straw due to
the application of RRP, MRP and SP were 0,303, 0.300
and 0,435 per cent respectively over control (Table 30),
The slightly higher content of N in the treatments
receiving SP was not statistically significant.

Increasing the level of application of RRP, 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,

at different periods of crop growth (first crop)

Uptake of nitrogen and phosphorus by rice straw as influenced by the treatments

Uptake of N (g/pot) at different

Uptake of P (mg/pot) at different

Treatment e pericds, fortnights periods, fortnights
No. Notation 1 2 3 4 s 6 1 2 3 4 5 6
1 oL 0.303 0.959 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 RRPY0L 0,336 1,152 1.057 1.040 0,610 0.288 5.19 18.45 24.75 57.95 68,90 52,20
4 MRP4SL 0.269 0,984 1,030 0.909 0.580 0.246 4.35 18,40 24.80 48.90 60.10 48,45
S5 MRPYOL 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 SP4SL 0.371 1,106 1,210 1,030 0.609 0,267 6.63 18,15 28.15 50.80 65.80 46.20
7 SP90OL 0.375 1,202 1,250 1,050 0,652 0,336 6.19 17,70 34.15 58,80 67.70 46.80
8 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
9 RRP45K 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 RRPYOK 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 MRP45SK 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 MRPIOK 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 SP45SK 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

607
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per cent respectively when the effects of soils and
periods ware pooled (Table 31). This shownd.that the
absorption of N by the straw and root could not be
increased beyond a eortain‘lcv'l. by the application
of P,

. Linear coefficient of correlation (r) between N
per cent of straw at different periods and grain yield
revealed that the values for N per cent of straw during
the second and third fortnights were maximum ¢orrelated
with the yleld (0.569 and 0.55% for second and third
periods respectively).

1.1.,2 Uptake of nitrogen by the straw

Effects of various sources and levels of applied P
on the uptake of N by the ;txaw at different growth
stages in laterite and kari soils are furnished in
Tables 31 to 34 and their analysis of variance in
Appendix II,

In all the treatments, the uptake of N by the
straw was found to increase rapidly upto the third and
fourth period and then gradually decreased. This
decrease may be due to the translocation of the
nutrients to grain from the straw occurring after the
fourth period. Both under P treated and control (no P)
econditions, the values of N uﬁtaka at the time of harvest
(0.182 and 0.291 g N/pot for control and P treated pots)
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were significantly lower than the initial uptake,
due to the very low level of N in the straw at the
time of harvest (Table 33).

When no P was added, the uptake of R in laterite
and kari soils was 0,667 and 0,357 g N/pot which on
addition of P fertilizers increased to 0,735 and
0.782 g N/pot in laterite and kari soils respectively
(Table 32 and 34)., The relative increase in the
uptake of N due to the appliéation of P in various
forms and levels, compared to control was 6,8 per cent
in laterite soil and 118.,9 per cent in kari soil, When
no P was added, the uptake of N in laterite soil was
86.83 per cent more as gompared to kari soil, but when
P was added, N uptake was 6.44 per cent more in kari
soil compared to 1aterito soil. The higher
responsiveness of kari soil to the application of P
fertilizers compared toc laterite soil may be due to the
low content of total native P and available P in karil
soil. The general increase in the uptake of N by the
straw over control due to the application of P
fertilizers is attributed to the increased growth rate
of rice occurring in the presence of added P which
leads to the increased absorption of nutrients like N,
An increase in the uptake of N by straw in the presence
of added P was also reported by Ramanathan et al. (1979%9a)



Table 34. Mean values of nitrogen and phosphorus uptake by rice straw as influenced
by sources of P, soils and levels of P application (£first crop)

Periods of Sources of P Soils Levels of Pz 5¢

crop growth, kg/ha Mean

fortnighta RRP MRP SP Laterite Kari 45 90

N uptake (g/pot)
1 0.302 0.276 0.349 0.332 0.286 0.291 0.307 0.309
2 0,959 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
S 0.683 0.662 0,725 0.604 0.776 0.654 0.727 0.691
6 0.277 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
P_uptake (mg/pot) |
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 14.91 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 60.96
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 52,98 54.47 53.70
Mean 37.25 34.66 39.85 36.25 38.25 35.67 38,83 37.25
N uptake P _uptake

CD(0.05) for periods = 00,0890 CD(0.05) for periods = 6,255
" ®  sources = 00,0430
" ®  levels = 00,0350

" " 801l x period = 0,1263

~*T1
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and Reddy and Rao (1983). The content of available P
(Bray 2) and N uptake by straw at different stages

of plant growth were positively corrslated. The
available P and N uptake during the third and fourth
periods showed maximum corrolétien (r = 0.755 and
0.731 for thira and fourth periods respectively).

The increases in the uptake of N due to the
application of RRP, MRP and SP were 0,053, 0,031 and
0.118 g N/pot respectively over control in laterite
soil and 0,378, 0.373 and 0,522 g N/pot respectively
over control in kari 5911 {(Table 32). In general, the
N uptake f£rom treatments receiving SP was 0.11 g N/pot
more than the treatments receiving RRP (0.729 g N/pot)
and MRP (0.715 g R/pot) and this increase was found to
be significant (Table 34). However, the two
rockphosphates were on par with fﬁgard to the uptake of
N by the straw. It was seen that the N per cent and
straw yleld did not differ significantly with the
variations i{n the forms of P added, though a slight
nonsignificant increase was observed in treatments
receiving SP. This slight nonconspicuous increase
observed in the straw yield and N per cent in the stxaw
due to the application of SP was responsible for its
significant increase in the uptake of N by the straw,
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Application of P at the rate of 45 kg P,0g/ha
increased the uptake of N by 0.207 g N/pot and further
increase of P appiication to 90 kg Pzes/ha resulted in
an increase of 0.079 g R/pot which was found to be
significant (Table 34). The increases observed in
laterite and kari soils by increasing the level of
application of P was 0,050 and 0.110 ¢ N/pot
respectively when the effects of periods and fertilizers
were pooled (Table 31), the porccntagb inerease being
7.04;and 15,06 respectively. The higher rate of
increase observed in kari soil indicatses its high
responsiveness to P fertilisers.

Uptake of N during all the periods of plant growth
was positively correlated with grain yield, but maximum
correlation was obtained in the case of N uptake of
straw during the second period (r = 0.535).

1.1.3 Uptake of nitrogen by the grain

Influence of various sources and levels of applied
P on the uptake of N by the grain in laterite and kari
soils are prasented inﬂTablc 41 and the analysis of
variance in Appendix V,

Uptake of N by the grain incresased over contrel
due to the application of P in various forms and levels.
This was due to the increase in the drymatter production
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of grain and not because of the increase in the N
per cent of the graina.

In the absence of added P, the N per cent in
the grain was 1,105 and 1,090 in laterite and kari
scils respectively which on the addition of P
fertilizers increased to 1,124 and 1,130 per cent
respectively.

The uptake of N by the grain in the absence of
added P was 0,546 and 0,402 g N/pot in laterite and
kari solils respectively i.,e., there was 35.82 per cent
more N uptake in laterite soil as compared to kari
soil,

The increase in the uptake of N by the grain
due to the application of P fertilizers was 0,564 and
0.621 g N/pot for laterite and kari soils respectively,
the increase being 3.30 and 54.48 per cent respectively.
The increase in the uptake of N by the grain in the
presence of added P was in conformity with the
observations of Reddy and Rao (1983). The higher
values of N uptake over control observed in kari
soil indicates that it is more raesponsive to the
application of P fertilizers compared to laterite soil,
In this soil, among the P treatments, SP at higher
lavel of application (0.719 g N/pot) was found to be
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significantly superior %o othar forms and levels
of Pe

In the cass of lasarite soil, the F treatmants,
irrespeative of forms and levels, fall % register
significant increass in the uptake of H as acompared
to the control (no P), probably hecause of the higher
supply of native available P ooourring under |
submergence in the laterita soil due to its relatiwly
higher contant of tosal P, Howawver, relatively highar
valuss of N uptake were observed in treatments
regeiving 87 at the rata of 90 Ng vaaa/tu {0,583
g 1/pot) bacause of the higher supply of available P
from =P,

1.1.4 Total uptake of nitrogen

Bffect of various treatments on the total uptake
of N by rice in laterite and kari soils is presented
in Table 41 and the analysis of variance in Appendix V,

In the absance of addad P, the total uptake of B
by rice was 0,830 and 0,482 g H/pot in laterite and
kari soils respectively which on addicion of p
fertilisers inoreased to 0,854 and 0,913 ¢ N/pot
respsctively f.e., by the application of P fertilisers
tshe total uptake of N was W significantly
over oontrol only in kawvi soil., In latarite soil,
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the response of P fertilizers in increasing the
total uptake of N was not much comspicuous. Though
the supply of N was uniform in all the treatments,
the growth of plants would have limited by the low
laval of available P in kar{ soil and thus the
appiication of P resulted in increased dry matter
production and higher uptake of N,

The intensive reduction reactions occurring
in laterite soil release comparatively larger
quantity of avallable P from total P. Thus in
laterite soil the effeat of P fertilizers gets
masked because of this inecreased supply of native
available P. Nair and Pisharody (1970) also reported
that the laterite soils of Kerala were nonresponsive
to the applicaticn of P. Results showed that in
both the soils N uptake in treatments receiving
application of 8P at higher level (0.919 and 1,110
g N/pot in laterite and kari soils respectively)
was superior toc other forms and levels of P due to
the higher supply of water soluble P, In kari soil
values for total uptake obe from treatments
raceiving 8P at the rate of 45 kg ons/ha and RRP
at the rate of 90 kg ons/ha were on par. All other
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treatments consisting of RRP at lower level and MRP
at both levels did not differ significantly in
increasing the total uptaks,

1.2 Phosphorus
1.2.1 Phosphorus per cent of straw and root

Results on the effect of various sources and
levels of applied P on the P per cent of straw and
root at different growth stages in laterite and
karl soils are given in Tables 31, 32, 35 and 36
and their analysis of variance in Appendix II,

Both in the presance and absence of added P,
the laevel of P in the straw and root was maximum
during the third and fourth periods which represented
the pandcle initiation and flowering stages (Table 35).
The decrease thereaftar observed during the subsequent
periods may be attributed to the dilution of nutrient
concentration consequent to increase in drymatter
production and the translocation of nutrients to the
grains,

In the absence of added P, the mean per cent of
P in the straw and root was 0,077 and 0.015
respectively in laterite soil and 0,054 and 0,021
respectively in kari soil (Table 32). These values
on addition of P fertilizsers incxeasad to 0.096 and



Table 35. Phosphorus per cent of straw and root as influenced by the treatments at different
periods of crop growth (first crop)

. Preatment P% of stra:o::ngégzzrant periods, P% of rootﬁ::tgigiziant periods,
No. Notation 1 2 3 4 5 6 1 2 3 4 5 6
i oL 0.026 0,051 0,063 0,125 0,109 0,090 0.006 0.019 0.034 0,017 0,007 0,006
2 RRP45L 0.034 0.055 0,068 0.157 0.122 0,099 0.017 0,028 0.038 0,028 0.015 0,011
3 RRPIOL " 0,034 0,055 0,073 0,134 0,127 0,090 0.024 0,032 0,042 0,036 0,019 0,015
4 MRP4AS5L 0.029 0.059 0,077 0,129 0,120 0,092 0.019 0.028 0,040 0,034 0,019 0,009
5 MRPYOL 0.028 0,046 0,065 0,131 0,125 0.086 0.024 0.034 0,044 0,036 0,022 0,017
6 SP4SL 0.038 0,057 0,074 0,132 0,122 0.081 0.024 0,034 0,042 0,034 0,019 0,017
7 SPY0OL 0.036 0,053 0,086 0,129 0,127 0.077 0.027 0.034 0.046 0,036 0,026 0,019
8 OK 0.012 0,038 0,051 0,083 0,067 0,073 0.006 0.032 0.042 0,024 0,017 0,006
9 RRP45K 0.027 0.05% 0,068 0.145 0,102 0,090 0.013 0,038 0.047°0,036 0,026 0,017
10 RRP90OK 0.034 0,059 0,072 0.145 0,113 0,095 0.017 0,044 0,053 0,038 0,028 0,024
11 MRP45K 0.089 0,051 0,063 0,142 0,110 0,099 0.015 0,040 0,060 0.034 ©.024 0,019
12 MRP90OK 0.026 0.050 0.074 0,149 0,114 0,081 0.017 0,038 0,060 0,038 6.030 0,017
13 SP45K 0.030 0.068 0,072 0.137 0,112 0.110 0.021 0.846 0.058 0,038 0,032 0.024
14 SP9OK 0.038 0,073 0.078 0,157 0.124 0,119 0.019 0,036 0.060 0,038 0,030 0.022

611



Table 36. Mean values of phosphorus per cent of straw and root as influenced by
sources of P, soils and levels of P application (first crop)

Periods of Sources of P Soils Levels of P2 5
crop growth, kg/ha Mean
fortnights RRP MRP SP Laterite Kari 45 90
P% 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 0.056
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 0.105 0.096 0.087 0.086 0,097 0.092
£ 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
6 0.017 0.015 0,021 0.015 0.021 0.016 0.019 0.018
Mean 0.029 0.029 0.033 0.028 0.033 0.029 0,032 0,030
PX% of straw P% of root
CD(0.05) for periods = 0,0370 Cp(0.05) for periods = 00,0040
soils = 0,0016
sources = 00,0019
levels = 00,0016
s80il x period ® 0.0057

Oct



(G.@”%) compared to other trsatments which receivea
RRP and MRP (Table 36).

Application of RRP, MRP and SP at higher level
increased the P per cent of straw from 0,085 to
only 0.086 per cent, 0,081 ¢to 0.088 per cent and
0,085 to 1.250 per cent raespectively when the soils
and periods of sampling were pooled (Table 31),
This increase in level of P in the straw due to the
increase in the rate of application of P was not
significant., Howaver, the lavel of P in the root
increased significantly toc the extant of 0,003
per cent over the lower level, though the increase
was low when the total quantity of P added to the
soil was gonsidered (Table 36). This shows that
in acid soils under submerged condition, only a
fraction of the P added can be absorbed by the plant
and the rest wlill be remaining in the soil which can
only be used by the succeeding crops.

12

The highest correlation values for P per cent of |

straw and grain ylield was observed during the fifth
period (r = 0.45%) .

1.2.2 uptake of phosphorus by the straw
Uptake of P by the straw at different growth

stages as influenced by the scurces and levels of

l
l

l
l

r

<
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0.028 per cent for straw and root respectively in
laterite soil and 0,087 and 0.033 per cent
respectively in kari soil (Table 36). The contribution
of added P in increasing the level of P in the straw
was found to be nomsignificant, but the incresass in
the root was significant over control. The
contribution of added P in increasing the level of
P in the straw was higher in kari soil (0.034%)
compared to laterite soil (0.019%). The lower
contribution of applied P in increasing the level of
P in the straw in laterite soil was dus to the higher
native available P, Maximum correlation between
available P and P per cent ¢f styraw was cbsarved
during the third period (i = 0.7%5).

The mean valuee of P per cent in the straw due
to the application of RRP, MRP and SP wera 0,087,
0.082 and 0,118 raspectively in laterite soil and
0.084, C.087 and 0.092 respectively in kari soil
(Table 32). The highar level of P in the straw
receiving SP compared to the rockphosphates was
obviously dua to the highar available P relsased from
SP, though the increase was not significant., The mean
lavel of P in the root was significantly higher in

the treatments which received SP as the source of P
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applied P in latarite and kari soils i{s presented in
Tables 31 to 34 and their analysis of variance in
Appendix II,

Whan no P was added, the uptake of P by the
straw was 33.48 and 15.62 mg P/pot in laterite and
kari soils respectively which accounted to 1,890 and
0.984 per cent of the total P contained in these
soils (Table 32). The higher uptaka.ot P observed
in laterite solil was due to the higher availability
of native P in this soil under submergence which
in turn leads to the higher absorption of P and
drymatter production. Correlations between available
P (Bray 2) and uptake of P by the straw during all
the periods of sampling were significant and the
maximum c¢orrelation was obtained during the fourth
period (r = 0.549) .

When P was added, the uptake was increased to
36,25 and 38,25 mg P/pot in laterite and kari soils
respectively which represented 2,03 and 2.39 per cent
of the total P in these soils (Table 34).

Ramanathan et al. (1978, 1979b), Venkataramaian {(1979)
and Reddy and Rao (1983) also observed an increase in
the uptake of P by the straw in the presence of

added P. The percentage increase in 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
bettergnobilization 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
to be maxiﬁm during the fourth and f£ifth periods
due to the higher level of P in this part during these
periods and the higher drymatter production (Table 33).
Per cent of P in the stﬁh and P uptake by straw
during all the periods of sampling were positively
correlated, with the highest correlations during fourth
(r = 0.858) 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 mg P/pot respectively (Table 34). On an average,
the uptake of P by the straw in the treatments receiving
rockphosphates was %0.23 per cent of that from SP.

From these values it is clear that the uptake of P

by straw is not dependent much on the water solublility
of P in the added material, but probably on the
transformation of added P in the soils. The trigalcium
phosphata of rockphosphates might have undergone
dissolution in the aclidic soil environment, releasing

P in an available form similar to that from the

watey golgbla SP.

Results revealed that the uptake of P by the straw
was not increasing proportionateliy with the increase in
the level of application of P (Table 31 and 34).

This shows that irrespective of the gquantity of P added,
only a fraction of the P added is utilized by the
plants and hence the nonsignificant increase.

Uptake of P during the first and fourth periods
of sampling showed highest correlation with yield of
grain (r = 0.46% and 0.453 for first and fourth

periods respectively).

1.2.,3 Uptake of phosphorus by the grain
Results on the effect of sources and lévnls of

applied P on the uptake of P by the grain in laterite
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and kari soils are presented in Table 41 and the
analysis of variance in Appendix V.

It i3 seen that in both the soils, the forms and
levels of added P have little influence in increasing
the P per cent of the grain over control (no P)
treatment., However, due to the addition of P fertilizers,
the uptske of P by the grain was 0,074 g P/pot more
than that of the control (0.112 g P/pot) in kari soil,
which worked out to 65.63 per cent over control,

But in laterite soil, the uptake of P due to the
addition of P d{d not increase conspicuously over
contrel (0.169 g P/pot) due to the higher availability
of native P, However, wvhen no P was added, the uptake
of P by grain in laterite socil was 50.89 per cent more
as compared to kari scil., Thus a significant increase
in the uptake of P byktho grain over control due to the
addition of P fertilizers was observed only in kari
soil, In laterite scil, the P treatments irrespective
of the forms and levels failed to register significant
increase in the uptake of P as compared to the eontrol,

Among the various P treatmeﬂta, applications of P
as SP at both levels and rockphosphatea at higher level
were on par with regard 0 the uptake of P by the grain
in kari soil, though SP at the rate of 90 kg vzos/ha
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recorded maximum value (0.208 g P/pot), The two
rockphosphatas at lower level offapplieaﬁioa daid not
differ aignifiaantly. In laterite soil also, higher
uptake was observed in treatments receiving SP at
the rats of 90 kg P,0;/ha though the inerease was not
significant over other treatments. The superiority
of SP observed in both the soils i3 due to the higher
immediate availability of P, Ca and 8 from this form
which snhances the absorption of P and also the
production of grain.

The significant increase observed in the uptake
of P by the grain in kari soil without a significant
increase in the P per cent of the grain was obviously
due to the higher drymatter production ocecurring in
the presence of added P. Uptake of ? by the grain in
the absence of added P was 9.52 and 7.06 per cent of
that of the total P in laterite and kari soiis
raspectively which on addition of P fertilizers
increased to 9.56 and 11.83 per ¢ent in laterite And
kari soils respectively.

As in the case of uptake of P by the straw, the
uptake of P by the grain also failed to show conspicuous
increase with increasing levels of application from

45 to 90 kg chs/hl.



—_————e—. TeTAL P URPTAKE , Mg P/po-\-

260

250

=A0

=230

220

210

i9o

8o

20

10

—{ ¥

FI1G: 1. ToTAL P UPTAKE AT DIFFERENT STAGES oF croP |

GROWTH IN LATERITE SO AS INFLUENCED BY FORMS OF

P FERTILZERS

FIRST CROopP

|

3 4 = [~

PERIOD

CONTROL

' ScaLE

X Axis 'lem = | FoORrRT

{ NIGHT

. AX\IS |1 Cm « 1OMm -
f 4 ‘,Km’

//ll
.':l"’
T _-’,/.I’.l
.'.', 'l
— s
— /%
SEconvd  CROP | ]
o 1 2 3 4 = =

OF CROP GROWTH L FORTNIGHTS




128

1.2.4 Total uptake of phosphorus

Influence of vwarious sources and levels of
applied P on the total uptake of P by rice plant in
laterite and kari solls is given in Table 41 and
the analysis of variance in Appendix V. Total P
uptake as influenced by stages cf crop growth, soils
and fertilizer treatments is graphically represented
in Mg,11, 12 and 13,

The total uptake of P Iin the absence of added P
2rom laterite soil (216.4 mg P/pot) was higher than
that from kari soil (139.9 mg P/pot), the reason
being the higher availlability of native P under
submergence in latorite scil, The total P uptake
aceounted to 12,09 and 8,73 per cent of the total P
in laterite and karl soils respectively.

On addition of P fertilizers, the total uptake
was increased from 216.4 mg P/pot to 218,5 mg P/pot in
laterite s0il and from 139,9 mg P/pot to 243.6 mg P/pot
in kari soil which represented 12,21 and 15.21 per cent
of the total P in these soils. Higher dry matter
production induced by the greater supply of P would
have been able to compensate for the lesser
concentration of P in the tissues so that the total

uptake of P was high in treatments receiving P.
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When the percentage increase in the uptake of P due to
the addition of P fertilizmers over control (no P) was
considered, there was 74,17 per cent more total uptake
over control in kari soil while in laterite soil the
increase was less than 1 per cent, The lower rate

of increase in the total P uptake over control due

to the addition of P in laterite soil was due to the
increased availability of native P.

In both the soils, among the P treatments,
application of SP at higher level recorded relatively
higher values of total P uptake (221.3 and 280.9 mg P/pot
in laterite and kari soils respectively) compared to
other treatmsnts though not statistically significant.
Results showed that in karl scil the two rockphosphates
at higher level of application and SP at lower level of
application were on par which indicated that the
released P from rockphosphates applied at higher level
would be equivalent to the available P from SP at
lower level of application. The two rockphosphates did
not vary with regard to the total uptake of P, In the
case of laterite soil various forms and levels of
applied P failed to show signiticantAincreasc in the
total uptake of P over control though the maximum

uptake was from SP at higher lavel of application.
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However, in q@nernl. the total uptake of P from SP
was only 18.42 mg P/pot more than that from two
rockphosphates which indicated that the two
rockphosphates were 92.43 per cent as efficient as

SP in increasing the total uptake of P by rice.

1:3 Potassium
1.3.1 Potassium per cent of straw aﬁd root

Potassiuﬁ per cent of straw and root as influenced
by the application of various sources and levels of P
in laterite and karl soils is presented in Tables 31,
32, 37 and 38 and their analysis of variance in
Appendix IIX,

Potassium per centAin the straw was relatively
higher comparad tQ its level in the root. The level
of K in the straw and root was high during the initial
stages of growth (Table 37). The decrease observed
in the subsequent periods may'bo due to the higher
dry matter production with less vigorous absorption
of nutrients leading to the dilution of nutrient
concentration.

In the control (no P) treatments, the mean level:
of K in the straw and root was 1.71 and 1,09 per cent
respectively in laterite soll and 1.63 and 0.78 per cent
respectively in‘kari s0il which on addicion of P



Table 37. Potassium per cent of straw and root as influenced by the treatments at different
periods of crop growth (first crop)

Treatment K% of stra;ozzngéﬁizrant periods, K% of rootfgttgigﬁzzent periods, .
No. Notation i 2 3 4 ] 6 1 2 3 4 5 6
1 oL 1,65 2,45 2.83 1,70 0.85 0.78 1,15 1,43 1.20 0.95 0.98 0.78
2 RRP45L 2,10 2,50 3.40 2,05 1,33 1.30 1.60 1.85 1.68 1,38 1.,1% 1.0%
3 RRPOOL 2.10 2,75 3,70 2,00 1,23 1i1.18 1.70 1,95 1.70 1.45 1.23 1.00
4 MRP4SL 2.15 2.65 3,50 2,20 1.2% 1,10 1.49 1.85 1,55 1,33 1,23 1,03
5 MRPIOL 2.15 2,60 3.50 2.13 1.35 1.18 1,63 1,98 1.65 1.40 1.15 1,03
6 SP45L 2,25 2,90 3.40 2,25 1.45 1.33 1.8 2,03 1.70 1.4%5 1.10 0.98
7 SPHOL 2,30 2,90 3.75 2.35 1.48 1,25 1.65 1.98 1,73 1,48 1,18 0,98
8 OK 0.75 2,30 2.43 1.83 1,38 1i.08 0.63 0.93 1.03 0.85 0.73 0,58
9 RRP4ASK 2.70 2.90 3.40 2,78 2.60 2,18 i,78 2,00 2.13 1,58 1,15 0,93
10 RRP90OK 2.80 3,20 3.80 2,90 2,53 2,10 1.7 2.08 2,13 1,65 1.30 1,00
11 MRP45K 2.75 3.00 3.40 2.63 2,55 2.13 1.73 2,00 2,13 1.70 1,20 0,93
12 MRPIOK 2.85 3,10 3.63 2,60 2,53 2.20 1.73 2,13 2,13 1.68 1,28 1,05
13 SP45SK 2,90 3,15 4.00 2,93 2,55 2.15 i.68 2,08 2,10 1,58 1,28 1,00
14 SPOOK 2.70 3.50 4,13 2,93 2.58 2.25 1,73 2,10 2,15 1,60 1,30 1.00




Table 38, Mean values of potassium por cent of straw and root as influenced by
sourcaes of P, soils and levels of P application {(first erop)

Periods of Sources of P Soils Levels of ’205’
crop growth, Mean
fortnights  .pp  wmrP _ sP__ Laterite Kari 45 90
Bx of straw
1 2,430 2,480 2,540 2.180 2,780 2.480 2,480 2,480
2 2.840 32,840 3,210 2.720 3,210 2,920 3,010 2,960
3 3,580 3,510 3,820 3.540 3,730 3.5%520 3,750 3,640
4 2.430 2,390 2,620 2.160 2,790 2.470 2,490 2,400
s 1.920 1.920 2,010 1,350 2,5%0 £.950 1.950 1.950
¢ 1,690 1,650 1,740 1.220 2,170 1.690 1,690 1.690
Mean 2,480 2,430 2,660 2.190 2,87 2.%510 2,560 2.%530
B¢ of root
1 1.710 1,640 1,660 1.600 1.730 1.640 1.690 1,870
2 1.97 1.990 2,040 1,940 2,060 1.970 2,030 2.000
3 1.910 1,860 1,920 1.670 2,130 1,880 1,910 1.890
4 1,510 1,530 1,540 1.410 1,640 1,500 1,550 1,330
s 1,210 1.210 1,210 1.170 1,250 1.180 1,240 1.210
é 0.994 1,060 0,990 1,010 0,980 0.980 1,010 0.996
Mean 1.580 1,540 1,580 1.470 1,830 1.530 1,57 1.550
EX of stram B of ook
CD(0.05) for pariods = 0,2090 Cn{0.05) for periods - = 0,0707
bl * soils = 00,0020 - * solls = 0,0278
d *  sources = 0.,1002 . levels = 90,0278
ot * a0fl]l x period = 0,29%0 bt * 201}l x period = §,100}



fertilizers increased significantly to 2.19 and
1.47 per cent respectively in laterite soil and
2.87 and 1.63 per cant respectively in kari soil
{(Tables 32 and 38). This increase in the level
of K in the straw due to the addition of phosphatic
fartilizers was 28.07 per cent in laterite soil and
76,07 per cent in kari soil t.e., in the presaence
of added P, the leval of K in the straw and root was
significantly higher in kari soil compared to
laterite soll due to the better utilisation of added
P in kari soil because of its low native available P,
But in the absence of added P, the level of K was
more in laterite soil due to the higher supply of
native P. The increased growth rate of plants in
the presence of added P resulted in a higher
absorption of nutrients. Also the extended root
growth in the presence of added P would have helped
the absorption of nutrients more effectively.
In addition, the Ca contained in the phosphatic
fertilizers also would have contributed to the
increased growth of plants in P treated pots, thus
resulting in a higher absorption of nutrients,

The mean level of K in the straw in treatments
recaeiving RRP, MRP and SP wvas 2.48, 2.43 and 2,66

per cent respectivsely and it was seen that the SP



increased the K per cent in the straw significantly
ovar the two rockphosphates (Table 38), But the
level of K in the root did not vary significantly
with variations in the forms of P added to the soil
(Table 38). |

As in the case of N, the level of K in the straw
failed to register c¢onspicuous increase with
increasing levels of P application (Tables 31 and 38).

Level of K in the straw during the third period
of sampling showed maximum corxelation with grain
yield (r = 0.525) gompared to other periocds,

1.3.2 Uptake of potassium by the straw

Effects of various sources and levels of applied P
on the uptake of K by the straw at different growth
stages in 1aterita and kari soils are given in Tables
31, 32, 39 and 40 and their analysis of variance in
Appendix II,

Both in the presence and absence of added P, the
uptake of K was maximum during the third and fourth
periods which represented the stages of maximum
accumulation of K 4in this part (Table 39), Prom £1feh
period onwards, the K uptake by tie straw tended to
decrease, probably due to the tramlocation of mitrients

to the grain from the straw.

in the absence of added P, the Wtake of K by
straw was 0.687 g K/pot in laterite soil ang
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increased the K per cent in the straw significantly
ovar the two rockphosphates (Table 38). BRut the
level of K in the root did not vary significantly
with variations in the forms of P added to the soil
(Table 38).

As in the case of N, the level of K in the straw
failed to register conspicuous increase with
increasing levels of P application (Tiblcs 31 and 38).

Level of K in the straw during the third period
of sampling showed maximum correlation with grain

yield (r = 0.523) compared to other periods.

1.3.2 vUptake of potassium by the straw

Effects of various sources and levels of applied P
on the uptake of K by the straw at diffaerent growth
stages in laterite and kari soils are given in Tables
31, 32, 39 and 40 and their analysis of variance in
Appendix II,

Both in the presence and absence of added P, the
uptake of K was maximum during the third and fourth
periocds which represented the stages of maximum
accumulation of K in this part (Table 39). From fifth
pericd onwards, the K uptake by the straw tended to
decreasa, probably due to the translocation of mutrients

to the grain f£rom the straw.

In the absence of added P, the uptake of K by
straw was 0,687 g K/pot in laterite soil and



Table 39. Uptake of potassium by the rice straw and straw yield as influenced by the
, treatments at different periods of crop growth (first crop)

Treatment Uptake of K (g/pot) at different Yield of straw {(g/pot) at different
- { periods, fortnights periods, fortnights
No. Notation 1 2 3 4 5 (3 1 2 3 4 5 6

1 oL 0.284 0.727 1.112 0.823 0.580 0.596 14.97 30.60 34.00 40.00 49.00

2 RRP4SL 0.328 0,764 1,220 0.820 0.665 0,717 15.58 30,50 36.00 40.00 50.00 554

3 RRPOOL 0.321 0.921 1.260 0.900 0.660 0.673 15.30 33.50 34.50 45.00 53.50 57500
4 MRPASL 0.319 0.838 1,190 0.878 0.594 0.586 14.70 31.50 34,00 40.00 47.50 53,25
S MRP9YOL 0.332 0.864 1.295 0.867 0.628 0,651 15.45 33.30 37.00 40,75 46.50 55,40
6 SP45L 0.389 0.929 1,292 0.948 0,726 0.763 17.40 32,00 38.00 42.00 50.00 575
7 SP9OL 0.394 0.986 1.500 1,069 0.789 0.763 17.20 34.00 40.00 45.50 53.50 62950
8 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 RRP45K 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 RRPIOK 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 MRP45K 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 MRP9OK 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

CcFI
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0.403 g K/pot in kari soil which on addition of P
fertilizers increased to 0.801 and 1.080 g K/pot in
laterite and kari soils respectively (Tables 32 and 40).
This increase indicated that the P fertilizers had a
direct effect in increasing the K utilization power

of the plant and this effect was more pronounced

in kari{ soil due to the higher mobilization of added P.
Increased supply of P enhanced the vegetative growth
which would have resulted in a higher requirement

of other nutrients like K. Though the supply of K .
was uniform, the higher demand for this nutrient and
extended root growth induced by P, would have resulted
in a significantly higher K uptake in the presence

of added P, Venkataramaiah (1979) also observed an
increase in the uptake of K by the straw in the
presance of added P,

The increases in the uptake of K due to the
application of RRP, MRP and SP were 0,374, 0,328 and
0.485 g K/pot reapectively over control which showed
that the rockphosphate in general was only 72.37
per cent as efficient as SP in increasing the uptake
of K by the straw (Table 40). The significantly
higher efficiency of SP is definitely due to the
higher immediate availability of Ca and P. Application
of P at the rate of 45 kg onsfha increased the uptake



Table 40. Mean values of potassium uptake by straw and straw yield as influenced
by sources of P, soils and levels of P application (first crop)

Periods of Sources of P Soils Levals of on

crop growth, — _kg/ha 5° Mean
fortnights RRP MRP SP Laterite Kari 45 90
K uptake straw t
1 0.393 0.353 0.415 0.347 0.427 0.358 0.416 0.387
2 0.779 0,768 0,985 0.883 0.805 0.786 0,903 0.844
3 1.240 1.210 1.480 1.290 1.320 1.234 1.380 1.309
4 1.080 1,040 1,190 0.913 1.290 1.060 1,140 1,099
5 1.040 0.956 1.070 0,677 1,368 0.986 1.060 1.022
6 0.987 0.916 1.050 0.692 1.280 0.948 1.020 0.984
Mean c.919 0.873 1,030 0.801 1,080 0.895 0,987 0.941
Straw yield (g/pot)
1 14.73 14.31 16.49 15,90 14.45 14.53 15.82 15.18
2 27.75 27.46 30,88 32.47  24.92 27.08 30,30 28,69
3 34,63 34.50 38,75 36.58 35.33 35.00 36,92 35.96
4 43,91 43,16 45,13 42,21 45.92 42.56 45,56 44.06
8 53.75 49,13 52.75 50,17 53.58 50,08 53,67 51.88
6 58,00 55.19 59,06 55.96 58,88 55.73 59.11 57.42
Mean 38,79 37.29 40,51 3s.88 38.85 37.49 40,23 38,87
K _uptake ' Straw yleld
cD{(0.05) for periods = 00,0771 CcD{0.05) for periods = 3,687
" * soils = 00,0302 . * levels = 1,446
" * sources = 00,0370 " " 80il x period = 5,214
" "® levals = 00,0302

" " 808l x period = 00,1090

1 ET
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of K by 0,350 g K/pot and further increase of P
application to 90 kg ons/ha resulted in a significant
increase of 0,092 g K/pot. When the soils and

sources of P were taken saparately, again the K uptake
by straw increased with increasing levels of
application of P, though not statistically significant
(Table 31). Uptake of K by the straw during the
second period showed maximum correlation with grain

xR
yield (r = 0,499).

1.3.3 Uptake of potassium by the grain

Uptake of K by the grain as affected by the
variations in the socurces and levels of applied P in
laterite and kari soils is presented in Table 41 and
the analysis 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 laterite and kari soils
raspactively which on addition of P fertilizers
increased to 0.186 and 0,177 per cant in these soils,
Thus, a significant increase in the level of K in the
grain over control due to the addition of P fertilizers
was observed only in kari soil. In this solil, 8P at
both levels and rockphosphates at higher levels did
not differ significantly in increasing the K per cent
of the grain though SP registered relatively higher



10V

values, However the two rockphosphates at lower level
of application were on par with that of the control
{no P) treatment in increasing the level of K in the
grain, In laterite soil also, relatively higher

K per cent was observed in tresatments receiving sSp

at higher lavel of application (0.198).

Application of P fertilizers, significantly
increased the uptake of K by the grain over control
to the extent of 0,041 and 0.980 g K/pot in laterite
and kari soils respactively i.e., the uptake of K
in the presence of added P was 41.84 per cent more
in kari soil comparad to laterits soil. The higher
values of K uptake observed in kari soil in the
presaence of added P was obviously due to the higher
dissolution of added P in this soil leading to the
ralease of Ca which in turn increased the absorption
of K.

In kari soil, among the various P treatments,

SP at both laevels and RRP at higher level were on par,
though SP registered relatively higher value.
Application of MRP at both rates and RRP at the lower
rate did not differ significantly in increasing the
uptake of K by the greain, In the case of laterite
soll, SP and RRP at the rates of 90 kg ons/ha
increased the uptake of K compared to all the



other tresatments which were on par with that of
control (no P),

In general, the two rockphosphates increased
85.72 par cent of the uptake of K produced by ths
application of SP as the source of P. The
superiority of SP over tha two rog¢kphosphates i3 due
to the higher immediate availability of Ca and P,
Hicgher level of application of P increased the
uptake of K by the grain though the increase was
not in proportion to the added P.

1.3.4 Total uptake of potassium

Total uptake of K as influenced by various
treatments is presented in Table 41 and the analysis
of variance in Appendix VvV,

When no P was added, the total uptake was 40.55
per cent more in laterite soil (0,669 g XK/pot)
compared to kari soill (0.476 g K/pot). By the
application of P fertilizers, the total uptake of

K by rice increased significantly over control to

the extent of 0,123 and 0.897 g K/pot in laterite and

kari soils respectively. Though the application of

14v

K was done uniformly in all the treatments, the growth

of plants would have been limited by the low level

of avalilable P in the soil, and so the application of

P resulted in an increased dry matter production
and higher uptake of K,
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In kari soil, SP at the higher level of
application wvas significantly suparior to other
treatments and in latarite soil, the levels of
application of SP were on par and significantly
superior fo rockphosphates at both lavels of
application. In both the soils, the two
rockphosphatesz did not vary much which indicated
that their transformation patern was similar in these
two soils. 1In general, the total uptake of K in
t?eatments receliving rockphosphates was 86,55 and
92.46 per cent of those receiving SP in laterite and
kari soils respectively. The incrasase in the total
uptake of K with increasing levels of application of

P was not pronounced,

2. Yield of straw and grain
2.1 Yield of straw
Effacts of various sources and levels of applied
P on the yield of straw at different stages of crop
growth in laterite and kari soils are given in
Tables 31, 32, 39 and 4C and their analysis of
variance in Appendix II.
In all the treatments, the rate of increase in
tha straw yleld was maximum during the sacond fortinight

(88.99 par cent) which represented the maximum



tillering stage (Table 39). Further increase was
relatively low due to the lass vigorous absorption
of nutrients leading to the reduced rate of dry
matter production.

Table 32 shows that in the absence of added P,
the mean straw yield from laterite soil (37,68 g/pot)
was 63,56 per cent more than that from kari soil
(23.95 g/pot). But when P fertilizers were added,
straw yield was significantly increased to 38,88
and 38,85 g/pot in laterite and kari soils
respactively (Table 40) i.e., the strav yield in
laterite soil was increased by 1.2 g/pot due to the
addition of P fertilizers, while the increase in kari
soil was 14.9 g /pot which accounted to 61,65 per cent
more than that of controcl, Because of the higher
supply of native P in laterite soil the nutrient
uptake and dry matter production were not limited
and so the effect of P fertilizers in increasing the
straw yield was not pronounced in laterite soil.
However, in karl soil, P is found to be a limiting
factor and the nutrient uptake and dry matter production
were hindered in the absence of sufficient quantity of
Pe So 4in kari soil, the effect of P fertilization
was wmore pronounced with regard to the increase in the

straw yleld.

14~



The increase in the straw yield over control
due to the addition of Sp (9.695 g/pot) was
2.47 g/pot more than the two rockphosphates
(7.225 g/pot) and the increase was not found to be
significant (Table 40). This showed that the two
rockphosphatas in general was 74.52 per cent as
effective as SP in increasing the straw yield.,
The superiority of SP over the two rockphosphates
was due to the higher immediate availability of P
and other nutrients like Ca and S which in turn
increase the nutrient absorption and dry matter
production.'

Application of P at the rate of 45 kg ons/ha
increased the straw yield to the extent of 21.66

per cent of that of contrxol and further increase to

90 kg ons/ha caused 41,05 per cent increase in

straw yleld over the lower level. Also when the

14v

scils and sources of P were considered independently

again the straw yield increased with increasing

levels of application (Table 31). This increase in

straw yield with increasing levels of application

of P was obviously due ¢o the increase in the content

of available P.



2,2 Yield of grain

Influence of various treatments on the yielad of
grain is presented in Table 41 and Fig.14 and the
analysis of variance in Appendix V., The relationships
of grain yield with nutrient uptake and available P
in soil at the time of harvest are given in Table 44.

Grain yield in the absence of added P from
laterite soil (49.42 g/pot) was higher than that‘from
kari soil (36.79 g/pet), the reason being the higher
growth rate and dry matter production due to the
higher availability of native P under submergence
in laterite soil. On addition of P fertilizers, the
grain yield was increased to 50,17 g/pot in laterite
soil and 54.97 g/pot in kari soil. When the
percentage increase in the yield of grain due to the
addition of P fertilizers over control (no P) was
consldered thexe was 49.4Z2 per cent more yield cvar
control in kari soil while in lataerite soll the
increase was only 1.52 per éent. Thus in the case of
laterite soll, the P treatments irrespectivae of forms
and levels, fallad to register significant increase
in the yield of grain as comparad to control due to
the unrestricted growth and dry matter production
occurring in the presence of an unlimited supply of

native available P. Howaver, in kari scil, P was
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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 w;er cent of nutrients Uptake of nutrients Total uptake of
grain, ifkot nutrients —
No. Notation 9/pot N P K N P K N P K
g/pot mg/pot g/pot
1 oL 49.42 1.105 0.337 0.150 0.546 0,169 0.074 0.830 216.4 0.669
2 RRPASL 49.44 1.115 0.323 0.175 0.551 0.160 0,087 0.853 214.3 0.804
3 RRPYIOL 49,62 1,120 0.328 0,190 0.556 0,168 0.098 0.844 219.,2 0.770
4 MRP4SL 49.40 1,120 0.341 0,180 0.553 0.169 0,089 0.799 216.9 0.700
5 MRPIOL 50.35 1.120 0.341 0.185% 0.565 0.172 0,093 0.867 218.8 0.744
6 SP4SL 51,04 1.130 0,341 0.190 0.577 0.174 0,097 0.844 220.,2 0,862
7 5P90L 81.15 1.140 0,341 0,198 0.583 0.175 0,107 0.919 221.3 0,869
8 6x 36.79 1,090 0.305 0,188 0.402 0.112 0,057 0.482 139.9 0.476
9 RRP4SK 51.70 1,120 0,332 0.165 0.579 0.172 0,085 0.797 220.6 1,274
10 RRP9OK 55.38 1.130 0.341 0.175 0.626 0,189 0.098 0.928 250.,3 1.468
11 MRP4SK 50.91 1,120 0.341 0.170 0.570 0.174 0,087 0.812 228.6 1,247
12 MRP9OK $3.71 1,130 0.342 0,175 0.608 0,184 0,094 0.878 230.4 1.359
13 SPASK 55.42 1.130 0.337 0,185 0.625 0,186 0,103 0.956 250.8 1.377
14 SPSOK 62,67 1.150 0.337 0.193 0.71% 0,208 0.121 1,110 280.9 1.514

CD(0.05) 5.306 N.S N.S 0.0266 0.0631 0.0266 0.0239 0.1989 32,56 0.0438
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found to be a limiting factor which hindered the
nutrient uptake leading to the reduced rate of d4ry
matter production and hence the addition of p
fertilizers had resulted in an significant increase
in the yield of grain in this soil.

In both the soils, among the P treatments,
application of SP at higher level recorded
relatively higher values of grain yield compé?ad to
other treatments though the increase was statistically
significant only in kari soil. Results showed that
the ¢wo rockphosphates at both the levels of
application and SP at lower level of application
were on par in kari soil which indicated that the
avallable P released from rockphosphates at the
higher level of application was equivalent to the
available P from SP at lower level of application {n
increasing the yield of grain, However, the two
rockphosphates did not vary with regard to the yield
of 4§rain., 1In general, the grain yield by the
application of SP was increased to the extent of
3.86 per cent over the twb rockphosphates in
laterite soil and 11.56 per cent in kari soil. Thus,
in general, the two rockphosphates was 93.18 per cent
as afficient as SP in increasing the yield of grain
in these acid soils under study.
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3. Available phosphorus

Contents of available P (Bray 1 and 2) as
affected by various sources and levels of applied P
in laterite and karl scils are presented in
Tables 31, 32, 42 and 43 and the analysis of
variance in Appendix IV,

In general, both in the presence and absence
of added P, the content of availakle P (Bray 1 and 2)
daecraased with the advancaemaent of c¢rop growth.

The maximum content of avallable P was observed
during the first fortnight of sampling and then
gradually decreased upto the time 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 f£rom the native P in addition to that from
the added P, and at the same time the absf;ption of
P by the plant was relatively low during this period,
The‘hecrease obsarved in the subsequent periods is due
to the absorption of P by the plant,

Originally (before transplanting) the content
of available P (air dried soil) was 2,77 (Bray 1) and
11,30 (Bray 2) ppm in laterite scil and 2.54 (Bray 1)
and 8,03 (Bray 2) ppm in kari soil which on addition

of P fertilizers increased to 4.42 (Bray 1) and



Table 42,

Available P {(ppm) of air dried soil as influenced by the treatments at different

periods of crop growth (f£irst crop)

Treatment Available P {(Bray 1) at different Available P (Bray 2) at different
_pexicds, fortnights pexiods, fortnights
No. Notation 0 1 2 3 4. 5 6 0 1 2 3 4 S 6
1 oL 2,77 6.41 4,12 3,37 2,97 3.05 2,53 11,30 17.88 15,22 13,04 9.96 7.32 8,32
2 RRP45L 3.98 6.15 5.51 4.24 4.28 4,04 3,85 11.75 18,76 17.5% 15.08 10.83 8,85 6.46
3 RRPYOL 4,06 3,92 6.79 5.23 4.47 4.19 4.25 12.19 20,20 19,01 15.37 10.84 9.33 6.78
4 MRP45L 3.37 8.62 6,82 3,77 4.55 4.42 4,53 12,04 19,05 17.48 14,96 10,83 8,54 6.34
$ MRPYOL 4.37 9.17 8,16 4,94 4.90 4,36 4,38 12,51 20,64 19.26 15.77 10,84 10.21 5,91
¢ SPASL $.06 7.17 5,80 4,76 4.66 4.59 4,58 14.03 19,79 20.40 16,17 11.64 10,10 5,80
7 spP9OL 5.68 8,29 6.10 7.09 4.95 4.11 4.51 16.78 21.77 18.89 16,63 12,58 9.89 7.87
8 oK 2.54 3,35 2,56 1,93 1,68 1,95 1,50 8,03 16,01 11.87 12,12 9.75 7.42 5.70
$ RRP4SK 3.52 5.94 4,10 3.0 2,88 2,85 2,64 14.97 23,62 20.13 17,40 12,37 11,01 9.19A
10 RRP9OK 3,98 6.38 4,57 3,58 3,65 3,56 3.27 15,32 25,91 21.19 19,13 14.66 13,17 10,07
11 MRP45K 3.28 6,89 4,95 2,74 2,59 2.84 2.72 14,07 23.48 20.18 17,52 12.39 11.26 9.1}
12 MRPYOK 3.28 7.45 5,61 3.45 3,38 3.48 3,32 15.21 25.99 20.98 18.45 14.21 13.34 9.74
13 SP45K 4,65 7.44 7.21 3,50 3,57 3.56 3.38 18,08 25,66 21,58 19,53 15,91 9,97 8.00
14 SPOK 5,30 9.88 9,55 4,93 3,63 3,52 3,28 18,99 27.52 22221 21.42 17.51 12,94 11,13
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Table 43, Mean values of available P (Bray 1 and 2) as influenced by sources of P,
soils and levels of P application, ppm (first crop)

Lon

- -

Periocds of Sources of P Soils Levels of ons,
cxop growth, ~ kg/ha Mean
fortnights RRP MRP SP Laterite Kari 45 90
Available P (Bray 1), ppm
0 3.89 3.57 5.17 4.42 4.00 3.98 4.44 4.21
1 6.85 8.03 8.19 8,05 7.33 7.03 8.35 7.69
2 5.24 6.38 7.16 6.53 5.99 5.73 6.79 6,26
3 4.03 3.73 5.07 5.00 3.56 3,68 4.88 4.28
4 3.81 3.85 4.20 4.63 3.28 3.75 4.16 3.96
5 3.66 3.77 4.07 4.36 3.29 3.72 3,9% 3.83
6 3.50 3.74 3.93 4,35 3.09 3.62 3.83 3,72
Mean 4.43 4.73 5.39 5.34 4.36 4.50 5.20 4,85
' Available P (Bray 2), ppm
o 13,55 13.46 16,97 13,21 16.10 14,15 15.16 14.66
1 22414 22,29 23.95 20,22 25,37 21,93 23,66 22,79
2 19.48 19.48 20.49 18,57 21.07 19,37 20,66 19,82
3 16.74 16.67 18.44 15.66 18,91 16.78 17.79 17.28
4 12,17 12.07 14.41 11,26 14,51 12,33 13.44 12,88
5 10.59 10.84 10.73 9.49 11,95 9.95 11.48 10,72
6 8.37 7.77 8.19 6,50 9.70 7.48 8,75 8.11
Mean 14.72 14.65 16.17 13.56 16.79 14.57 15,79 15,18
Bray 1 Bray 2
CD{0.05) for periods = 00,6694 cp(0.05) for periods = 1,395
" " soils = 00,2626 " * soils = 0.,5473
" " sources = 00,3216 " * lavels = 00,5473
" * levels w 0.,6694 " * sources = 0,6703

671



150

4.00 (Bray 1) ppm in laterite and kari soils
respectively (Tables 42 and 43). The mean available
P contents in the control treatments in laterite and
kari soclils during the period of plant growth were
3.60 and 2,21 ppm respectively {.e., the latarite
soil contained 61.31 per cent more Bray 1 P than
that of kari soil (Table 32). This significantly
higher content of available P in laterite solil was
due to the higher availability of native P released
after tne intensive reduction reactions occurring
in the laterite soil. However, the rate of increase
in the available P due to the addition of P
fertilimers over control was high in kari soll
compared to laterite soil Gue to the higher
dissolution of added P in kari soil.

The mean contents of avallable P (Bray 1) from
RRP, MRP and SP were 1,525, 1,825 and 2,480 ppm
respectively over control which showed that the two
rockphosphates in general were only 67.54 per cent
as efficient as SP with regard to the content of
available P (Table 43). This indicates that major
part of P f£rom rockphosphates was remaining in an
unavailable form for the first crop and this

remaining P can be utilized by the succeeding crops,



Table 44. Interrelationships of nutrient per cent, nutrient uptake, grain yield and available P
at the time of harvest (first crop)

(coefficiants of linear correlation)

N% of P% of K% of N uptake P uptake K uptake Bray 1 Bray 2 Yield of
straw straw straw Dby straw by straw Dby straw grain
N% of straw - -0.106  -0.037 0.764  0.043 0.067 0.114 0.196  0.514
P% of straw - 0.338 0.245  o0.8%2 0.346 -0.118 0.411 -0.141
K% of straw - 0.208  0.4%% 0.95% -0.206 0.714 o0.280
N uptake by — - *
ptake 0.45% 0.369 0.145 0.41%  o0.464
P uptake by _ * | .
P 0.574 0.121 0.543  0.106
K uptake by . P X%
prake 0.140 0.725  o0.318
Bray 1 P - -0.314 0.291
Bray 2 P -— 0.451

Yield of grain

L ]

** significant at 1 per cent level
* Significant at $ per cent level
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Available P (Bray 1) as influenced by forms of P
fertilizers is graphically represented in Fig.l1l5,
significant increase in available P (Bray 1
and 2) was observed when the addition of P
fertilizers was increased to 90 kg ons/ha from
45 kg ons/ha. The increase in Bray 1 P observed
by increasing the level of application was 0.70 and
1.70 ppm in laterite and karl soils raspectively
(Table 31). 1In general increasing the lavel of
application increased the available P (Bray 1 and 2)
to the extent of 11,97 per cent over the lowar level.
Linear coefficient of correlation between
available P (Bray 2) and yield of grain revealad
that the contants of available P during all periods
of sampling were positively correlated with grain
yield, but maximum correlation was obtainad with the
available P contant of the second period (r = 0.653).
Ralatively higher correlation values for grain yield
Wwas obtained with Bray 2 P compared to Bray 1 P

during all periods of sampling.



B. 8 cro

The residual effect of the two rockphosphates
in comparison with that of superphosphate was
assessed by studying the nutrient uptake and yield

(straw and grain) of the second crop.

1. Rutrient uptake
1.1 Nitrogen
1.1.,1 Uptake of nitrogen by the straw

Results on the affect of various sources and
levels of applied P on the uptake of N by the straw
at different periods of crop growth in laterite and
kari soils are presented in Tables 45 to 50 and
their analysis of varliance in Appendix IIIX.

By the addition of P fertilizers thae N per cent
in the straw increased from 2.24 to 2.39 in laterite
sol)l and from 1.59 to 1,75 per cent in kari scil

(Table 46 and 48), Both in the P treated and control

(no P) conditions, the uptake of N by the straw was
higher in laterite soil compared to kari solil,
probably due to the releass of relatively larger
amount of native available P formed, in addition to
the added P, consaquent to the intensive reduction
reactions occurring in the laterite soll on f£flooding.

The N uptake by the straw in the control (no P)
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Table 45. HNitrogen per cent of straw and root as influenced by the treatments at different
periods of crop growth (second crop)

4

Treatment % of strago::hgéﬁizrent periods, N% of roo;ozthgéﬁisrcnt periods, |

No. Notaticn 1 2 3 4 5 6 1 2 3 4 5 6
1 oL 2,02 3,32 3.32 2,27 1.60 0,93 1.52 1.64 1.47 1,10 0.93 0.26
2 RRP45L 2,15 3,45 3.40 2.48 1.67 1,01 1.56 1,77 1.6 1.1i8 1,01 0.S5%
3 RRPYOL 2,18 3.45 3.43 2,52 1,68 1,05 1,60 1,81 1.64 1,26 1,14 0,51
4 MRP4SL 2,14 3.49 3.40 2.44 1i.62 Q.97 1.55 1.72 1.51 1,09 1.14 0O.42
5 MRPIOL 2,23 3.53 3.43 2,56 1.68 1.55 1.60 1,85 1,64 1.30 1.12 0.46
6 SP45SL 2.14 3.45 3.40 2,52 1.68 1,01 i1.60 1,77 1.68 1,35 1,22 0,51
7 SPI0L 2,23 3.49 3.45 2,56 1.64 1,01 1.56 1,76 1,68 1,31 1.14 0O.51
8 OK 1,77 2,06 1i.89 1,75 1.31 0,76 1.3 1,52 1,35 1.05 O0.76 0,17
9 RRP45K 1.85 2,19 2.,0% 1.77 1.52 0.84 1.43 1.64 1,43 1.10 0.84 0,26
10 RRP90K 1.87 2.14 2,06 1,85 1,56 0,93 1.47 1.63 1,52 1,14 0.89 0,34
11 MRP45K 1,89 2.15 2,06 1.83 1.47 0.886 i.43 1,68 1.47 1.14 0.80 0,30
12 MRPOOK 1,92 2,19 2,02 1.85 1,60 0,97 1.50 1,60 1.47 1,09 0.84 0.38
13 SP45K i.94 2.23 2.06 1.89 1,64 0.97 1,52 1,72 1.,%2 1.14 0,88 0.30
14 sSP90K 1.89 2,19 2,02 1.94 1.64 1.39 i.52 1,68 1,52 1.i18 0,93 0,34
15 sSp(45+45)L 2.17 3,02 2.68 2.49 1.81 1.18 1.55 1.85 1,79 1.43 1,22 0.59%
16 SP(45+45)K 2,07 2.31 2,10 1.91 1.68 1,13 1.0 1.85 1.68 1.51 1,35 0.88

{
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Table 46. Mesan values of nitrogen per cent of straw and root as influenced by
sources of P, soils and levels of P application (second crop)

Pariods of Sources of P Scils Levels of ons.
crop growth, kg/ha Mean
fortnights  .pp MRP SP Laterite Kari 45 90
% of straw
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 - 2,18
5 1.61 1.59 1,65 1.66 1.57 1,60 1,63 1.61
6 0.96 1,09 1.09 1.10 0.99 0.94 1.15 1.04
Mean 2,04 2,08 2,10 2,39 1,75 2.04 2.10 2,07
1 1,51 1.52 1.54 1.57 1.48 1,51 1.50 1.53
2 1.72 1.71 1.73 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
% of straw NX of root
CD(0.05) for periods = 0,2190 CD{(0.05) for periods = 0,1550
" * soils = 00,0860 " soils = 0,06807
" * soil x period = 0,3096

GGl
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traatment vas 0,673 and 0,348 g N/pot 1ia laterite
and kari soils respectively which on addition of »
fartilizers inoressed to 9,909 and 0,542 g K/pot 4n
these acils (Table 48 and 30), The rate of inerease
in the uptake of N over goatrol due to the addition
of P fartilisars was 335,07 per ceat in laterite soil
and 55,75 per cant in Rari soil., However, the
contribution of added P in inareasing thas uptake of

N in laterite nolil (04238 g R/pot) was 21,63 per cent
more than that of kari seil (0,194 g ¥/pot),

Uptake of B from RRP, MRP and =P was 0,181,

0.191 and 0,273 g H/pot respestivaly over control
which showed that the suparphosphats was 46,77 per eent
sore efficient than the two rogkphoaphates in
increasing the N uptake by the straw, though N per oent
in the straw and root 4id nof increase signifigantly
due to the addition of ‘P eompared to the two
rockphosphates (Table 46 and 30), In trsatments
reseiving 5P, the dzy watter production has been
increased tharedby registering high values for N

uptake in apita of low N per gent of the straw,

The maximus uptaks of ¥ in all the treatments was
ohserved during the thisd and fourth pertiods, Prom
fourth pariod onwards it tanded to decrease and
attained the mintmum value at the time of harwest
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Table 47, Hoan valuas of m:mxt of mutrionts, mugrient
uptake and aval P as influenced by lowvels
of P application (second arop)

Leveals Sof} Sourees of P

;:,{f’s' Laterite Xari PRP MRP 8P

45 2,350 1,730 2,030 2,020 2,080
90 2.420 1,780 Fh of straw oo, 9°ywn 20120
45 1,200 1,140 1,180 1.190 1,260
90 10320 1.170 X Of Xoot %05 $.240 10260
43 0,881 0,510 N uptake by 0,654 0,639 0,747
90 0,969 0,529 straw, g/pot 0.72% 0,764 0,821
43 2,098 0.076 0,087 0,086 0,088
90 0.102 0,078 T4 Of straw  atnp n.0g7 0,091
43 0,029 0,030 0,029 0,028 0,032
20 0.030 0,034 7% Of 200% %53y 5,032 0,032
43 41,56 25.64 P uptake 32,19 31.62 36,99
90 47,57 37.36 atraw, 35,67 36,68 40,94
45 2,860 2,540 | 2,670 2.680 2,760
90 2.800 32,870 KN Of strew %9y, 27400 2.780
s 1,330 1,130 . 10190 1,190 1,290
90 12390 1.310 ‘Hof oot (%5, 1lai0 1,320
s 1,090 0,778 KX uptake by  0.809 0,882 1,030
90 10230 0,849 strav, 1,003 1,010 3.104
49 39,37 31.72 setxavw yleld, 34,81 38,09 38,15
90 €3,52 34.12 q/pot 27.51 38,38 40,38
45 ‘02“ 3.220 Available P 3,630 3,360 4.1%0
90 5,410 3,360 (Bray 1), ppm 4.350 ¢.030 4,770
o3 12.53  9.320 Available P 10,76 10,52 11.43
90 13,01 9,480 (Bray 2), ppm 10.50 11,63 11.49




(Table 49). Application of P at higher level
significantly increased the mean uptake of N to the
extent of 0,091 g N/pot when soils, sources and
different growth stages were pooled (Table 50),

But N per cent of straw and root did not increase
significantly with increasing levaels of application
of P (Table 45, 46 and 47). The increase in the
uptake of N due to the increase in the level of
application was 37,57 per cent, obviously due to the
increase in the available P content of the soil
which in turn enhances the dry matter production.
Available P (Bray 1) and N uptake at different
pariods of crop growth were positively correlated with
maximum correlation during the first fortnight

(r = 0.796) .

When the contribution of native P and P added
initially at the rate of 45 kg ons/ha in increasing
the uptake of N by the straw was deducted, the
contribution of second application of SP at the rate
of 45 kg ong/ha was 0,040 g N/pot in latsrite soil
and§£.109 g N/pot in kari soil (Table 49). Results

revkaled that in laterite soil twice the application

of SP was only 2,85 per cent more aefficient than the
application of the zame gquantity of P initially
{for first crop) as rockphosphates, In the case of
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Table 48, Mean values of nutrient per cent and uptake,
straw yield and available P as influenced by
P sources and soil (second crop)
Control
Soil (No B) RRP MRP sp
Latarite 2,240 2.370 2.420 2.380
Kari 1.590 W% of straw 1.710 1,730 1,810
Laterite 1.150 10280 10286 10346
Rari 1,030 % of root 1.140 1.140 1.180
Laterite 0.673 N upsake by 0.871 0.885 0.974
Kari 0.348 straw, g/pot 0.513 0,518 0,594
Kari 0.064 F% of straw 0.075 0.075 0.076
Laterite 0.016 0.030 0.029 0.030
Kari 0.013 F% of root 0.033 0.030 0.030
Laterite 29.84 P uptake 42,26 42.%4 48.89
Kari 16.78 straw, mg/pot 25,59 25.75 28.14
Laterite 2.370 2.840 2.830 2,960
Kari 2.300 [ of straw 2.850 2.530 2.580
Laterite 1.220 1,350 1.340 1.390
Kari 1.030 K% of root 1.140 1.160 1.270
Laterite 0.737 K uptake by 1.106 1,109 1,277
Kari 0.519 straw, g/pot 0.795 0,787 0,839
Laterite 33,12 Straw yield, 39.89 40,25 44,22
Kard 24.09 g/pot 32,24 32,92 34,49
Laterite 3,470 Available P 4.830 4.240 5.420
Kari 1,970 (Bray 1), ppm 3.190 3.160 3,310
Laterite 5.530 Available P 12.43 12.95 13,07
Kari 4.340 (Bray 2), ppm 9.13 9.21 9.86




Table 49,

Uptake of nitrogen and phosphorus by rice straw as influenced by the treatments
at different periods of crop growth (second crop)

-

Treatment Uptake of N (g/pot) at different Uptake of P (mg/pot) at different
periods, fortnights _ _periods, fortnights
No. Notation ) § 2 3 4 S 6 1 2 3 4 5 6
1 On 0.252 0,747 0,982 0,862 0.718 0.475 5.90 15,10 25,20 43.35 44.10 45,50
2 RRP45L 0.343 0.895 1,224 1,060 0,833 0.578 8,28 19,10 41.25 58,60 58,50 53.70
3 RRPYOL 0.413 1,080 1,340 1,190 0,921 0,637 9.83 22,20 46.30 67.50 64.20 57.80
4 MRP4ASL 0.335 0,907 1.140 1,040 0,805 0,552 7.84 19,15 38,20 58,90 54.65 52.7%
S MRPOOL 0.440 1,090 1,390 1,280 0.950 0,690 $.84 23.95 46.20 70,10 68,90 61,20
§ SP4SL 0.392 1,030 1,350 1,230 0,965 0,633 9.42 23,20 43.50 68,10 70.80 62,95
7 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
8 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 RRP45SK 0.241 0.437 0.580 0,622 0.629 0,408 5.79 12,90 24.60 34,50 35,30 33.80
10 RRPIOK 0.273 0.471 0,645 0,703 0,690 0,455 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 34.80 136,05 33,20
12 MRPOOK 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 0.711 0,729 0.486 6.25 15,55 26,75 36.05 42.40 39.05
14 SP90K 0.282 0,526 0,634 0,763 0.806 0,745 6.13 15,35 26.10 40.20 42,70 41.30
15 sSP(45+45)L, 0.469 1.116 1,195 1.234 1,683 0,742 10,92 24.48 44,10 66.33 64,62 63,19
16 SP(45+45)K 0.350 0.578 0,702 0.834 0.884 0,679 10.62 17,50 32.60 45,50 57.85 51,30
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Table 50, Mean values of nitrogen and phosphorus uptake by rice straw as influenced
by sources of P, soils and levels of P application (second crop)

Periods of Sourcaes of P Soils Laevels of P2°5’
crop growth, Mean
fortnignts RRP MRP SP Laterite Kari 45 90
N take €
1 0.317 0.318 0,353 0.395 0,264 0.305 0.354 0.329
2 0.705 0.739 0.819 1,021 0.489 0.709 0.800 0.755
3 0.947 0.946 1.029 1,330 0.641 0.919 1.080 0.974
4 0.896 0.914 0.999 1.180 0.688 0.881 0.989 0.935
S 0.768 0.762 0.872 ¢.902 0.691 0.759 0.842 0.800
6 0.519 0.520 0,621 0.625 0,496 0.508 0,612 0.560
Mean 0.692 0.702 0.784 0.%09 0.542 0.680 0.771 0.726
P _uptake (mg/pot)
1 7.600 7:.340 8.190 9,370 6.060 7.250 8,180 7.710
2 16.91 17.74 20,08 22,30 14.18 17.18 19,31 18,24
3 34.69 33.96 37.18 44.63 25,92 33.29 37.26 35.28
4 49,76 49,95 55.26 66,63 36.68 48 .48 54.84 51.66
5 49.19 49.49 57.79 65.29 39.02 49,61 54,70 52.15
3 45.43 46.40 52,61 59.17 37.13 45,81 50.48 48,15
Mean 33,93 34.15 38.52 44,57 26,49 33.60 37.46 35,53
N_uptake P uptake
Cp{0.05) for periods = 0,0689 Cp{0.05) for periods = 4,250
o * soils = 00,0270 " * solils = 1,668
" * sources = 0,0331 " " sources = 2,043
" ® levels = 00,0270 " * levels = 1,568
» » »

soll x periods 00,0975 so0ill x period= 6,015
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karli soil, application of 8P at the rate of 90 kg
Paos/ha in two equal doses vas 22,76 and 7.19 per cent
more efficient than the application of same cuantity of
P as rockphosphates and SP i{initially respectively.

The higher efficiency of added phosphatic fertilizers
applied initially in laterite soil irrespective of
their water solubility indicates that the residual effect
of the initially applied P was more pronounced in this
s0il compared to kari soil due to the lesser utiliszation
of added P in the first crop. Better performance of

the treatments receiving SP twiee was attributed to the
higher 1mmedia§a availﬁ?lltty of P and Ca which
enhanced the plant growth, Uptake of N by the straw was
positively and significantly eorrelated with the yield
of straw and grain, Uptake of N by straw during the
fifth period showed maximum ﬁnrralation with the ylelad
of straw and grajin (r = 0.78% ana 0.78% for straw ana
grain respectively). Uptake of N by straw during the
fourth period showed maximwm eorrelation with the

uptake of N by grain (r = ﬁolgg).

1.,1.2 Uptake of nitrogen by the grain

Uptake of N by the grain as affected by various
sources and levels of applied P in laterite and kari
soils is praesented in Table 57 and their analysis of

variance in Appendix V,
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In both the soils, in the absence of added P,
the uptake of N by the grain was more during the
first crop season compared to the second crop season
because the rate of release of native P was more
during the initial periods of submergence compared
to the subsequent periods, However, when P was
added, the uptake was more during the first c¢rop
season in kari soil ané during the second crop season
in laterite scil, The lower response of added P
during the second crop seascn in kari soil may be
due to the lesser availability of P from the added
P during this period,. The released P from the added
P might have bean absorbed by the first e¢rop leaving
only a small quantity of available P for the second
Crop.

In the second crop, application of fertilizers
in various forms and levels significantly increased
the uptake of N by the grain from 0.534 g N/pot
€0 0.663 g N/pot in laterits soil, the increase being
24.16 per cent and from 0,360 g N/pot to 0.522 g N/pot
in kari socil, the increase being 45 per cent, This
significant increase in the uptake of N in both the
soils in the absence of a significant increase in
the N per cent of grain was mainly due to the higher
yield of grain induced by the added P. In general,
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tha contribution of added P in increasing the uptake
of ¥ over control was 0,139 g N/pot in laterite

soil and 0,362 g H/pot in kari soil, In general,
available P (Bray 1) eontant during tha fourth period
of sampling showed highast correlation with uptaks

of N by the grain (r = 0,83D),

In both the solls, treatments T,, and T,, which
roceived P twice as SP vecordsd relatively higher
uptake of N compared €0 osher treatwments though the
tnerease was significang only in kari soil,

The differsnces hetwesn the initially applied P
treatments were not proncunced {n both the soils
though higher uptake values were recorded by treatments
roceiving 8P (8,704 and 0,349 ¢ RB/pot in laterite and
kari sofls respecatively). Per cent of N was also
higher in treatments receiving &P, This shows that
in the sevond ¢xop aleo, 5P was found to be a better
sourge of P vith ragard % the incrsase in the uptaks
of N compared to the rogkphosphates. Application of
SP ingreaved the uptakes of K by the grain to the
extent of 0,032 g N/pot over the two rogkphoaphates
(0,575 g W/pok).

When the percsentage efficieacy of a single
application of 90 kg onsm (for the Lirst arop) was
gompared with twice the applidation of the same
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quantity of P as SP (for both the crops), it was found
that in laterite soil, twice the application was
17.91 per cent more efficient than the single
application of the same quantity as rxockphosphates
and 7.37 per cent more efficient than the single
application as SP. 1In kari seoll, application of
P twice as SP was 42,01 per cent more efficient
than the single application of the same quantity
of P. The higher efficienay of the repeated
application in kari soil compared to laterite soil
was due to the lower supply of native available P
and that from added P in kari soil during the second
crop season. The raleased P would have been utilized
by the first crop itself leaving only a meagre amount
of available P for the second crop.

Linear coefficient of correlation (r) between

N uptake by grain and the grain yleld was 0.95:.

1.1.3 Total uptake of nitrogen

Total uptake of N as influenced by various
treatments is given in Table 57 and the analysis of
variance in Appendix V.

In the absance of added P, the total uptake of
N was 58.39 per cent more in laterite soil (1.009 g
N/pot) compared to kari soil (0.637 g N/pot) probable
reason being the increased supply of native available P.
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In P treated pots, the total uptake was increased
to 1.246 g N/pot in laterite =mcil and 1.018 g N/pot
in kari soil, the increase being 23.49 and 59.76
per cent over control in these zo0ils, Thus the
gontribution of added P in increasing the total
uptake was more pronounced im kari soll, because
this soll is highly deficient in avatlable P
compared to laterite soil. |

In both the soils, the total uptake cf N was
relatively higher in treatments receiving P twice
for the first and second erops (T15 and Tle) compared
to all other treatments, though the difference was
significant only in karl soil. The higher uptake
observed in treatments T;s and sz may be due to
the higher immedliate availability of P from 8P applied
to the second c¢rop. Among the P treatments which
recelived P only once, SP applied at higher lewval
gave significantly higher values of total uptake of
N in kari soil (1.593 g N/pot). Other treatments
congisting of SP at lower level of application and
the two rockphosphates at both the levels were on
par, However, in laterite soil due to the
preponderance of native available P, the added P
falled to show significant effect over control in
increasing the total uptake of N though SP at higher
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level recorded maximum value (1.529 g N/pot).
1.2 Phosphorus
1.2,1 Uptake of phosphorus by the straw

Results on the effegt of various sources and
levels of applied P on the uptake of P by the rice
straw at different stages of crop growth in laterite
and kari soils are presented in Tables 47 to 52 and
their analysis of variance in Appendix III,

Addition of P fertilizers significantly
increased the per cent of P in the straw from 0,074
to 0.890 and in the roct 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 laterite and kari soils
respectively which acocounted to 2,49 and 1.65 per cent
of the total P in these soils (Table 50). The lower
contribution of initially applied P in increasing
the uptake of P in kari soil was due to the higher
absorption of P released from the added P by the first
¢crop leaving only a small cquantity of available P in
the soll for the second ecrop. Uptake of P by straw
showed positive correlation with the content of
available P (Bray 1) during all the sampling periods
the maximum correlation being obtained during the
third period (r = 0.553).



Table 51. Phosphorus per cent of straw and root as influenced by the treatments at different
periods of crop growth (second crop)

Treatment P%X of straw at different periods, P% of root at different periods,
fortnights fortnights

No. Notation 1 2 3 4 5 6 1 2 3 4 5 6

1 on 0.047 0.066 0.085 0.114 0.099 0.089 0.010 0.020 0.030 0.015 0.010 0.008
2 RRPASL 0.052 0.077 0.114 0,137 0.116 0.093 0.023 0.035 0,041 0.029 0,021 0,018
3 RRPIOL 0.052 0,075 0,119 0,144 0.116 0.095 0.027 0,039 0,044 0.034 0.026 0,020
4 MRPASL 0.050 0,077 0,112 0.137 0,110 0,092 0.021 0,033 0.041 0,031 0,023 0,016
5 MRP9OL 0.050 0.077 0,114 0,139 0,121 0.101 0.026 0.037 0.044 0,034 0.020 0,013
6 SP45L 0.052 0,077 0,110 0.140 0,123 0,101 0.033 0.038 0,044 0.034 0,022 0,012
7 SP90L 0,055 0,077 0.119 0,152 0,135 0.102 0.030 0.045 0.045 0,034 0.016 0,010
8 OK 0.031 0.055 0,070 0.086 0,073 0.068 0.005 0,013 0,025 0.015 0,010 0,010
9 RRP45K 0.045 0,064 0,085 0,097 0,085 0,070 0.033 0,039 0.045 0,029 0.021 0,016
10 RRPIOK 0.044 0.061 0,085 0,100 0.088 0,073 0.036 0.045 0.048 0.033 0.025 0,020
11 MRP45K 0.041 0,062 0.087 0.101 0.089 0.073 0.026 0.036 0,043 0.025 0,018 0,015
12 MRPYOK 0.041 0,063 0,081 0,093 0,089 0.077 0.035 0,046 0,050 0,033 0.023 0.020
13 SP45K 0.041 0,064 0,087 0,095 0,095 0.077 0.030 0,045 0,050 0,035 0.022 0.016
14 SP9OK 0.041 0,064 0.083 0,102 0,087 0,077 0.029 0.046 0.050 0.035 0,023 0,018
15 spP(45+45)L 0.051 0,066 0.099 0.134 0,108 0,102 0.033 0,046 0.048 0,035 0,021 0.013
16 spP(45+45)K 0.063 0.070 0.098 0,104 0.109 0,085 0,038 0,048 0.053 0.036 0.027 0,021




Table 52, Mean values of phosphorus per cant of straw and root as influenced by

sources of P, soils and levels of P application (second crop)

Periods of Sources of P Soils Levels of ons,
crop growth, Mean
fortnights RRP MRP SP Laterite Kari 45 90
P% 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 0.069 0.069
3 0.101 0.099 0.099 0.115 0.085 0.099 0.101 0.099
4 0,119 0.118 0.122 0.142 0,098 0.118 0.122 0,120
5 0.102 0.102 0.108 0,119 0,089 0.103 0.105 0.104
6 0.083 0,086 0,089 0.097 0.075 0,085 0.088 - 0.088
Mean 0,087 0,087 0.089 0.101 0.076 0.087 0,089 0.088
P% of root
1 0,030 0.028 0.031 0.027 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
4 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 0.019 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 P% of root
CD(0.05) for periods = 00,0079 cn{0.05) for periods = 00,0029
» " soils = 00,0031 . * solls = 00,0044
" ®* sourcesXperiods 0,0079 » " levels = 0,00114
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The uptake of P from the initially applied RRP,
MRP and SP was 10,62, 10.84 and 15.21 mg P/pot over
control which showed that the two rockphosphates
wera 70.55 per cent as sfficlient as the sSP (Table 50).
The significantly higher efficiency of SP was
attributed to i{ts higher supply of water soluble P
and other plant nutrients like Ca and 8 which enhance
the uptake of P by increasing the dry matter
production. The P pex cent of straw and root did not
vary significantly with the variations in the souvrces
of P added (Table 52).

In laterite soll, application of 90 kg ons/ha
in two aqual deses during first and second crop seasons
resulted in an increase in the uptake of P to the
extent of only 0.14 per cent over the application of
the same quantity of P as rockphosphates initially.
But addition of SP at higher level in a single dose
was 12,05 per cent moxe efficient than the repeated
application, In the case of kari soil, application of
SP in two dosas during tha first and second crop seasons
was 37.74 and 25.28 per cent more efficient than the
initial application of the same gquantity of P as
rockphosphates and SP respectively. This shows that
the residual affects of initially applied P was less
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in kari soil because of the higher absorption of P
by the first crop evidenced by the 24.47 per cent
more uptake of P by the straw in the presence of
added P during the first crop season in kari soil.
Uptake of P was maximum during the fourth and
fifth periods of sampling which represented the
stage of maximum accumulation of P in the straw
(Table 49 and 51)., The decrease observed at the
sixth period may be due to the translocation of P
to the grain, Increasing the level of application of
P from 45 to 90 kg ons/hn increased the uptake of P
to the extent of 3.86 mg P/pot when solls, sources
and period of incubation were pooled (Table 50).
wWhen the three sources of P were considered
independently the increase in the uptske of P observed
due to an increase in the level of application was
£fxrom 32.19 to 35.67 mg P/pot for RRP, from 31,62 to
36,68 mg P/pot for MRP and from 36,99 to 40.04 mg P/pot
for SP (Table 47), Uptake of P by the straw during
the fourth period showed maximum correlation with the
yield of straw and grain (r = 6.552 and 0.532 for

straw and grain yield respactively)

1.2.2 Uptake of phosphorus by the grain
Uptake of P by the gralin as influenced by various
treatments in laterite and kari soils is presented in



Table 57 and the analysis of variance in
Appendix V.

Phosphorus uptake by the grain increasad
significantly over e¢ontrol due to the addition of
P fartilizers, though the P per cent did not show
significant increase over control. This increase
in the uptake of P in the absence of a significant
increase in the P per cent was obviously due to the
increased grain yield in the presence of added P,

wWhen no P was added, the uptake of P by the
grain was 0,142 and 0,090 g P/pot in laterite and
kari soils respectively which on addition of P
fertilizers increased to 0,182 and 0.141 g P/pot in
these soils, the percentage increase over control
being 28,17 and 56,66 in laterite and kari soils
respectively. Available P content during the second
period was maximum correlated with the uptake of P
by the grain (r = O.40§)‘

In both the soils, among the initially applied p
treatmants, SP at both levels of application was found
to be significantly better compared to other forms
and levels. The two rocgkphosphates did not vary
significantly with regard to the uptake of P by the
grain, This indicates that the transformation of

these two forms of P ig similar in the two soils under



study though they are of different origin, Results
revealed that two applisasions of P as 8P at the
rmozcsmv,a,mmmummm'mp
seasons wes superior %o the wpplication of the same
quantity of P initially for the first exop only as
P or roakphosphatas, probably dus to the highar
trmediste availabiliity of P from the sagond doze.

Linsar soeffisient of eorrelation Detwesn P
uptake by grain and grein yisld was not found to he
significant,

12243 Total uptake of phosphorus

Influsnce of various treatments on the total
uptake of P in laterite and kari seils is prosented
in Table 57 and the analysis of wvariance in
Appandix V., Total P uptake as inflivenced by stages
of crop graowth, solls and fertiliser treatments is
graphically represented in Fig.1}, 12 and 13,

When the uptakas of P during the first and
sauond Qrop sSoasons vesre comparsd, it was sesn that
in both the soils, in the absence of added P, the
total uptaks was more Quring the £irst crop season
compared to the seoond cxop, Also, in the presance
of added ¥, total uptake was found o be more during
the first erop season in Xari soil, But in lagserite
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s0il total uptake was more in second crop season,
The higher total uptake of P in both the soils
during the first ¢rop season compared to the second
crop season in the absence of added P is attributed
to the increased supply of native available P during
the initial periods of flooding which enhances the
abscorption of P. The better parformance of added P
during the second crop season in laterite soil was
due to the lesser absorption of P from the added P
during the first cropr because of the higher supply
of rnative available P, This was further confirmed
by the nonconspicuous incraease in the total uptake
of P over control during the £irst crop seazson in
laterite soil dus to the addition of p,

In the control (no P) conditions, the total
uptake was 187.3 and 114.9 mg P/pot in laterite and
kari soils respectively i.e., even in the second
crop season, the contribution of native P in
incrzasing the total P uptake was 63,01 per cent more
in laterite socll compared to kari soil. The total
uptake of P in the absence of added P accounted to
10.56 and 7.24 per cent of the total P in laterite
and kari soils respectively. On addition of P
fertilizers the uptake was increasad to 240,93 and
197.40 mg P/pot in laterite and kari soils



respectively which represented 13.47 and 12,33 per cent
of the total P in these soils. This shows that the
total P uptake by the rice plant was comparatively

less when the total quantity of P in these soils was
considered.

In both the soils among the initially applied P
treatments, SP applied at higher level recorded
significantly higher uptake values (268.7 and 198.3
ng P/pot in laterits and kari soils respectively)
compared to the other treatments, probable reason
may be the higher supply of available P and other
nutrients like Ca and S from SP which enhances the
dry matter production and absoxption of P leading
to the higher total uptake of P, In general the
twoc rockphosphates were 89,38 par cent as efficient
as SP in increasing the total uptake of P by rice.
Results revealed that the total uptake of P from
the two rockphosphates did not differ conspicuously
because of their similar transformation or dissolution
pattern in the aeid soils under study irrespective of
their origin,

In both the solls, application of p separately
for each e¢rcp was found to be significantly superior
to the addition of P only for the first grop because
of the higher supply of P from the second dose.
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Addition of P as 8P in two equal doses was 12,73 and
23.45 per cent more efficient than the addition of
the same quantity of P in a single dose as SP in
laterite and kari soils respectively, Application
of P in two doses during the first and second crop
season as SP was 24.65 and 36.19 per cent more
efficient than the single application of the same
‘quantity of P as rockphosphates in laterite and kari

soils respectively.

1.3 Potassium
1.,3.1 Uptake of potassium by the straw

Effects of various treatments on the uptake of K
by the straw at different growth stagas in laterite
and kari soils are given in Tables 47, 48 and 53 to
56 and the analysis of variance in Appendix III.

In the absence of add‘d P, the uptake of K by
the straw was 45.86 per cent more in laterite soil
compared to kari soil because of the higher absorption
of K and dry matter production induced by the higher
native available P in laterite soil compared to the
kari soil (Table 48). On addition of P fertilizers,
the K uptake was significantly increased to the
extent of 0.403 and 0,294 ¢ K/pot over control in
laterite and kari soils respectively (Table 56)



Table 53, Potassium per cent of straw and root as influenced by the treatments at different
periods of crop growth (second crop)

Treatment K% of straw at different periods, KX of root at different periods,
fortnights fortnights
No. Notation 1 2 3 4 5 6 1 2 3 4 5 6
1 oL 2.62 2,80 2,90 2,60 2,40 0,87 1.45 1.55 1,35 1.15 1,00 0.80
2 RRP4SL 2.68 2,90 3.30 3.15 2,83 1.8% 1,50 1,70 1,50 1,23 1,05 0.90
3 RRP9OL 2.85 2.93 3,63 3.25 2,88 1,90 1.65 1,80 1.58 1,33 1,08 0,90
4 MRP4SL 2.80 2.85 3,53 3,23 2,80 1.78 1.53 1.60 1.55 1,18 1.00 0.83
S MRPOOL 2.70 2.88 3,50 3.25 2,80 1.85 1.70 1.80 1.55 1.30 1.15 0,95
6 SP4SL 2.80 2,93 4.05 3.35 2.85 1,80 1.68 1,78 1,55 1.30 1,14 0,95
7 8P9OL 2,80 2,90 3,55 3.28 2,73 1.88 1,73 1.8%5 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
9 RRP4SK 2,55 2,80 2,93 2.75 2.48 1,75 1.30 1.48 1,23 1.05 0,80 0,65
10 RRP9OK 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 2,78 2,93 2.85 2,35 1,70 1.33 1,55 1.15 1,05 0,90 0.70
12 MRP9OK 2,55 2,80 2,85 2,90 2.40 1,75 1,38 1.63 1.38 1.15 0.95 0.80
13 SP4SK 2.60 2.85 2,85 2.90 2.45 1.75 1.35 1,65 1.38 1.08 0.90 0.78
14 SP90K 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(45+45)L 2.51 2,88 3,22 3,28 2.36 1.95 1.83 1,93 1,73 1.25 1,00 0.98
16 SP(45+45)K 2.70 2.95 2.93 2.95 1,80 2,00 1.55 1.80 1.48 1.18 0.95 0.85




Table 54, Mean values of potassiom per cent of straw and root as influenced by
sources of P, solls and levels of P application (second crop)

Periods of

Sources of P

Scoils

Levels of ons.
exrop growth, ' Mean
fortnights e mrp sp Laterite Kari 45 90
KX of straw
1 2,660 2.640. 2,710 2,770 2,580 2,670 2,680 2.670
2 2,870 2.830 2.890 2,900 2,820 2,850 2.880 2,860
3 3.190 3,200 3.460 3.670 2,900 3.260 3,300 3.280
4 2,990 3,060 3.130 3.270 2,850 3.040 3.080 3,060
s 2,640 2,590 2,630 2,830 2.410 2.600 2,610 2,620
6 1.640 1,770 1.810 1,840 1,780 1.770 1.840 1.810
Mean 2.69%0 2,680 2,770 2,880 2.550 2,700 2.730 2,720
K% of root
1 1,460 1,480 1,540 1.630 1,360 1.450 1,540 1.490
2 1.640 1,640 1,740 1,750 1,600 1.630 1.730 1.680
3 1.410 1,410 1.480 1,560 1,310 1.390 1.480 1.430
4 1,180 1,160 1,190 1.270 1,090 1.150 1,220 1.180
5 0.970 0.990 1,010 1.080 0,904 0.960 1,020 0.990
[ 3 0.810 0,820 0,850 0.900 0,750 0.800 0.850 0.830
Mean 1.240 1.250 1.300 1.360 1.170 1.230 1,310 1.270
K% of straw KX of root
cp(0.05) for periods = 0,2260 CD{0.05) for periods = 0,0806
“ “ solils = 00,0885 " ® soils = 00,0316
“ % 801l x period = 0,3190 . * levels = 00,0316

84T
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f.e,, the contribution of added P in increasing the

K uptake was 37,07 per cent more in laterite soil
compared to Xari soil because of the lesser absorption
of P from the added P by the first erop in laterite
801l due to the higher supply of native P, The mean
level of K in the straw and root from all the three
sources was also higher in laterite soil comparad

to kari soil (Table 48).

The mean uptake of K by the initially applied
RRP, MRP and SP was 0,313, 0.310 and 0.432 g K/pot
respectively over ccntrol (Table 56). The significantly
higher supericrity of SP over the two rockphosphates
may be due to the higher immediate availability of
Ca and P from SP. The released Ca may replace K
in the exchange complex releasing it into the soil
solution which can enhance the absorption of K.

Thé per cent of K in the straw and root was also
higher in treatments receiving SP (2.77 and 1,30 for
straw and root respaectively) compared to other
treatments, though the differences were not
significant (Table 54).

In both the soils, applications cf P twice as
8P during the first crop and seqond crop seasons vas
found to be better in increasing the uptake of K by
the straw than the single application of the same



Table 55,

Uptake of potassium by the rice straw and straw yield as influenced by the
treatments at different periods of crop growth (second crop)

Treatment Uptake of K (g/pot) at different Yield of straw (g/pot) at different
periods, fortnights periods, fortmights
No. Notation 1 2 3 4 5 6 1 2 3 4 5 6
1 OL 0.327 0.629 0,858 0,983 1,080 0.667 12.50 22,50 29,60 37.78 45.10 51,16
2 RRP45L 0.436 0,753 1,190 1,350 1.420 1,060 16.00 26,00 36,00 42,85 50,20 57.30
3 RRP90OL 0.519 0,862 1.420 1,530 1,580 1,160 18.89 29.50 39,12 47.10 54,92 60,85
4 MRP45L 0.437 0,741 1.190 1,370 1,390 1.010 15,63 26,00 33.63 42.55 49.71 56,79
5 MRP9OL 0.532 0.891 1.420 1,630 1,580 1.130 19,70 31,00 40,60 50.10 56.40 60,90
6 SPASL 0.511 0.879 1.610 1,640 1.640 1,120 18.25 30.00 39,60 48,74 57.50 62,10
7 SP90L 0.566 1.003 1.760 1,710 1,690 1,220 20,00 34,00 43,90 50,50 60.13 65,90
8 OK 0.140 0.458 0,705 0,727 0,758 0,330 5.73 17.00 25.08 27.48 32,30 36.90
9 RRP45K 0.331 0,460 0,844 0.966 1.030 0.846 13.00 20,00 28,90 35.16 41,60 48,40
10 RRP90K 0.379 0,627 0.906 1,070 1,070 0,920 14.59 22,00 31,25 38.14 44.23 49,60
11 MRP4SK 0.305 0.583 0,856 0,974 0.952 0,772 12,08 21.00 29.14 34.16 40.50 47.30
12 MRP9OK 0,357 0,659 0,911 1.120 1,070 0.880 14.03 23,50 31,95 38.39 43.80 50.40
13 sSP45K 0.386 0,684 0,862 1,090 1,090 0,881 14.90 24,00 30.25 37.61 44.40 50,40
14 SP90K 0.397 0.684 0,926 1,140 1,180 0,991 14.90 24,00 31,38 39.40 49.10 53,60
15 SP(45+45)L 0.542 1.062 1.441 1.624 1.412 1,222 21.60 36.90 44.80 49,59 59,80 62.65
16 SP(45+45)K 0.456 0,738 0,979 1.286 0.947 1,204 16.88 25,00 33.40 43.65 52,60 60.20

081



Table 56, Mean valuaes of potassium uptake by straw and straw yield as influenced by
sources of P solls and levels of P application (second crop)

:::;?::o::h ::onrc.s of P Soils Levels of P2°S'
fortnights RRP MRP  SP Laterite Kari 48 90 Hean
K wptake by strav (g/pot)
1 0.417 0.408 0.463 0.500 0,358 0.401 0.458 0.429
2 0.701 0.719% 0.813 0.855 0,633 0.700 0.788 0.744
3 1.080 1,090 1,290 1.430 0,884 1.090 1.220 1.157
4 1.230 1.270 1,390 1.540 1,060 1,230 1.364 1.297
S 1.270 1,250 1.390 1.550 1,062 1,253 1.359 1.306
6 0.990 0.950 1,050 1.120 1,880 0.948 1,050 0.999
Mean 0.951 o0.9%48 1,070 1.160 0,813 0.937 1.040 0.989
Ssxaw yvield (q/pot)
1 15.62 15,3 17.01 18,08 13.9.1 14,98 17,02 15,99
2 24.82 24.94 28,00 29.42 22,42 2¢.00 27.33 25,92
3 33.82 33.86 36,28 38,81 30.49 32.93 36,37 34.65
4 40.81 41,29 44,05 46.96 37.14 40.17 43.93 42,08
-4 47.73 47,79 52,78 S4.81 43,92 47.33 S51.41 49.37
6 54,03 53.34 57,97 60.63 49,62 53,38 56,86 55,12
Mean 36.06 36,14 39,35 41.45 32,92 35.55 38,82 37.18
K uptake Straw yield
CD(0.03) for periods = 00,0860 CDh (0,05) for periods = 3,550
' * soils = 0.0336 » * gsoils = 1,394
. * lewvels = 00,0336 . * gources = 1,707
» *  sources = 0,0411 . * levels = 1,394
" " soil x pericd = 00,1210

IST
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quantity of P as rockphosphate (Table 55). In
laterite soil, initial application of SP at the rate
of 90 kg Pzes/ha recorded higher uptake values
compared to the treatments receiving the same
quantity of P twice as SP, However, in kari soil,
the uptake of K was high in treatments receiving

SP twice compared to the treatments receiving tho
same quantity of P as SP initfially due to the higher
utilization of P from SP by the first crop.

The per cent of K in straw and root and the
uptake of K by straw varied significantly at different
growth stages. In both the soils, the maximum level
of K in the straw was observed during the third period,
while the maximum level of K in the root was noticed
during the second period (Table 53)., However, the K
uptake was maximum during the fourth and fifth periods
in both the soils (Table 55), After attaining the
maximum value, both the per ¢cent and uptake decrsased
due to the dilution of nutrient brought about by the
in¢rease in the dry matter production and traaslocation
of nutrient to the grain,

Application of P at higher level 4id not increase
significantly the level of K in the straw, but

increased the level of K in the root (Table 54).
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Howaver, increasing the level of P application from
45 to 90 kg P,0./ ha increased the mean uptake of K
to the axtent of 0,103 g X/pot when soils, sources
and periods wera pooled (Table 56), When the soils
and sources of P ware considared independently, again
the uptake of K increased with increasing levels of
application (Table 47). Uptake of X during the firat
fortnight showed maximum correlation with the yield
of straw (r = 6.835), grain (r = B.Bﬁa) and K uptake
by the grain (r = 0.92!Y.

1.3.2 vUptake of potassium by the grain

Effects of various treatments on the uptake of K
by the grainm in laterite and karl scils are presented
in Table 57 and the analysis of variance in Appendix V.

When no P was added, uptake of X by the grain was
0.078 and 0.046 g K/pot in laterite aand kari soils
respectively which on addition of P fertilizers
increased significantly to 0,106 and 0.072 g K/pot in
these soils. <The higher c¢ontribution ¢of native P as
wall as the added P in the laterite soll due to the
less utilization by the f£irat crop was responsirle
for the higher uptake values obsaerved in laterite soil.

Application of oP twice during the first and
sacond crop seasons was superior to all the other

treatments receiving P initially bacause of the higher
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irmediate availability of P from the second doge.
Among the initially applied P treatments, SP at both
levels of application registered higher uptake of K
compared to the rockphosphates, The uptake of K
from treatments receiving the two rockphosphates

did not vary significantly which indicated that
transformation pattern of these two forms was similar
in these soils,

Available P content during the first period of
sampling showed maximum correlation with the K uptake
by grain (r = 0.83%). Uptake of K and grain yield
were highly correlated (r = e.e&I).

1.3.3 Total uptake of potassium

Total uptake of K as influenced by various
sources and levels of applied P in laterite and kari
scils is presented in Table 57 and the analysis of
variance in Appendix V.

By the application of P fertilizers, the total
uptake of K by rice increased significantly to the
extent of 0,715 and 0.378 g K/pot in laterite and
kari soils respectively. The increased vegetative
and reproductive growth of the plants induced in the
presence of added P resulted in a higher absorption
of nutrients. Also, the increased root growth in the
presence of added P would have helped in the



185

absorption of nutrients from a larger soil volume,
In addition, the Ca contained in the P fertilizers
would have contributed to the increased growth of
plants in P treated pots thus resulting in a higher
absorption of nutrients,

In general, in both the soils, forms, levels
and frequency of P application failed to show
significant difference in increasing the total
uptake of K by rice plant though higher uptake was
observed in treatments receiving P twice as SP
because of the higher dry matter production and
higher absorption of K due to the higher supply of

P and Ca.,

2. Yield of straw and grain

Results on the influence of sources and levels
of applied P on the yield of straw and grain in
laterite and karl soils are given in Tables 47, 48
and 55 to 57 and the analysis of variance in
Appendix III and V. Grain yield as influenced by
various treatments is represented in rig.id.

The increase observed in the yleld of straw and
grain over control due to the addition of P fertilizers
was obviously due to the increased dry matter
production induced by the presence of added P,



Table 57.

as influenced by various treatments (second crop)

Grain yield, nutrient per cent and uptake by grain and total uptake of nutrients

Treatment

Yield of Per cent of nutrients

Uptake of nutrients

Total uptake of

grain, g/pot nutrients
No. Notation 9/pot N P K N P K N P K
- g/pot mg/pot g/pot
1 oL 46.81 1,140 0,303 0.165 0.534 0.142 0,078 1.009 187.3 0.506
2 RRP45L 53,62 1,160 0,311 0,180 0.623 0.166 0,094 1.200 219.3 1,187
3 RRP9OL 56.51 1,170 0,326 0.195 0.661 0.184 0,110 1,298 241.8 1.266
4 MRP4SL 52,66 1,160 0.322 0.185 0.611 0.169 0,095 1.162 221.2 1.106
5 MRPYOL 57.51 1,170 0,318 0.190 0.674 0.183 0,109 1.113 2442 1,238
6 SPASL 57.55 1,170 0.326 0,185 0.674 0.188 0.107 1.306 2%0.5 1,223
7 SPYOL 61,96 1.180 0.326 0.195 0,733 0.202 0.118 1.394 268.7 1,337
8 OK 32.39 1,110 0.280 0,140 0.360 0.090 0,046 0,637 114.9 0,376
9 RRP45K 43.92 1,130 0,303 0.155 0.497 0.133 0.066 0.905 166.8 0.912
10 RRP9OK 45.63 1,140 0,311 0.160 0.521 0.139 0,071 0.975 175.9 0,991
11 MRP45K 42,51 1,140 0,295 0,145 0.468 0.126 0,060 0.879 158.,7 0.833
12 MRP9OK 46.52 1,140 0,311 0.160 0.530 0.145 0,074 1.018 183.6 0.957
13 SP45K 46.42 1,150 0,319 0,165 0.534 0.147 0,075 1.020 186.1 0.957
14 SP9OK 49.48 1,140 0.318 0.170 0.565 0.157 0,084 1.309 198.,3 1,076
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+45)K 56.55  1.350 0.342 0.190 0.764 0.194 0,108 1.593 244.8 1,314
cp{0.05) 5.986 R.S N.S 0.0226  0.0997 0.2791 17.44 0.3942

0.0148 0.0149

981
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In general, when no P was added, the grain and straw
vield was more during the first crop season compared
to the second crop season, the reason being the
higher release of native available P formed during
the initial perilods of flooding which enhances the
absorption of P, In the presence of added P, the
yield of straw and grain was more during the first
erop season in kari scll and more during the second
cerop season in laterite soil. In laterite soil, the
contribution of native available P, formed consequent
to flooding was high during the intial periods of
flooding which masked the effect of added P as
revealed by the nonconspicuous increase in the yileld
of straw and grain observed during the first crop
season in this soil. But in kari soil, due to the
lower ‘content of native available P, the utilization
of added P was more by the first crop, leaving only
comparatively small amount of available P for the
second crop.

In the absence of added P the yield of straw
was 33.12 g/pot in laterite soil and 24.09 g/pot in
kari soil which on addition of P fertilizers increased
to 41,45 and 32,92 g/pot respectively in these soil:
(Table 48 and 56). By the addition of P fertilixzers,
the yleld of grain increased from 46.81 to 36,65 g/pot



188

in laterite soil and from 32,39 to 45.75 g/pot in kari
scil (Table 57).

The three sources of P differed significantly
in increasing the yield of straw (Table 56), The
mean straw yield was significantly higher in
treatments which received SP as the source of P
(29,35 g/pot) compared to other treatments receiving
RRP (36,08 g/pot) and MRP (36.14 g/pot). The two
rockphosphates were on par.

Application of P at higher level significantly
increased the yield of straw to the extent of
3.27 g/pot over the lower level (45 kg ons/ha) when
the soils, sources and periods were pooled (Table 56).
In general, increasing the level of application of
RRP, MRP and SP resulted in an increase in the straw
yield from 34.61 to 27.51 g/pot, 33,89 to 38,38 g/pot
and 38,15 to 40,56 g/pot respectively when the effect
of soils and periods werxe pooled (Table 47).

In laterite soil, among the initially applied P
treatmsents, SP at both levels and the two
rockphosphates at higher level did not differ
significantly in increasing the yield of grain. Also,
the two rockphosphates at lower level of application
were on par., In the case of kari soil, SP at higher

level of application registered significantly higher
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yield among the P treatmsnts receiving P only once
during the first crop season. All other forms and
levels did not Aiffer significantly in increasing the
yield of grain.

In general, in treatments receiving rockphosphates
as a source of P, the yield of grain was 92,67 per cent
of that obtained in treatments receiving SP. Thus in
the second crop also 3P was found to be a better
source of P with respect to the yleld of straw and
grain, probable reason being the higher supply of P,
Ca and s from SP. This {s in agreement with the
findings of Marwaha gt al. (1981). The two
rockphosphates did not vary significantly with regard
to the yield of straw and grain which indicated that
the dissolution of the two rockphosphates was similar
in these solls.

Application of P twice as SP produced 36,28
per cent more straw yield and 18,96 per cent more
grain yield compared to the application of tha same
quantity of P as rockphosphates (Table 55 and 57).

In kari soil aprlication of P for the first and
sacond crop sea3ons 3eparately, produced 22,16 and
14.29 per cent more yield of straw and grain compared
to the application of P as SP initially for the first
crop only. In laterite soil, the increase in grain

and straw yield in treatments receiving 5P twice was
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1.16 and 5.96 per cent respectively compared to the
treatments receiving the same quantity of P as SP
during the first crop only. The higher immediate
availability of plant nutrients from SP applied
during the second crop season is responsible for the
higher yield of straw and grain. The relationships
of grain and straw yield with nutrient uptake and
available P in soil at the time of harvest are

given in Table 60,

3. Available phosphorus

Results 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 soils are given
in Tables 48, 58 and 59 and the analysis of variance
in Appendix IV,

In the absence of added P, the mean available P
content was 3.47 ppm (Bray 1) and 5.53 ppm (Bray 2) in
laterite soil and 1.97 ppm (Bray 1) and 4.34 ppm
(Bray 2) in kari soil (Table 48). These valuas waere
comparatively lesser than the mean available P content
formed cduring the first ¢rop season, The lesser
amount of native available P (Bray 1 and 2) during
the second crop season was due to the higher
absorption of P by the first c¢rop. This was further
confirmed by the higher uptake of P during the first



Table 58, Available P (ppm) of air dried soil as influenced by the treatments at different
periods of crop growth {second crop)
Treatment Available P (Bray 1) at different Available P (Bray 2) at different
—— periods, fortnights e __periods, fortnights
No. Notation 0 1 2 3 4 5 6 0 1 2 3 4 S 6
i on 2,86 5.33 4.10 3.29 2,90 2.33 2.14 5.75 9.68 7.84 4.80 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 9,99 8,16 6,05
3 RRPY0L 4.72 9.18 7,00 5,68 4,60 3.49 3,01 10.75 21.49 20,40 13,73 8,97 6.92 5.89
4 MRP4SL 3.29 7.68 4.92 3.25 2.51 2,13 1,97 8.22 19,71 19.21 15.81 9.53 6.97 6.13
S MRPYOL 4.41 9.14 6.56 4,31 3,97 3.00 2,19 11,37 22.62 20.14 15.83 10.77 9,31 6.02
6 SP45SL 4.71 10,20 5.42 4.55 3.43 2.75 2.33 9.54 20.77 19,21 15,95 11.59 8,02 6,79
7 SP9OL 5.59 11,75 8,52 6.63 4.31 3.09 2.53 10.97 20.49 19.56 14.40 9,58 9,15 7,29
8 OK 2.27 3,15 2,27 1.97 1,33 1,27 1,52 3.82 7.37 6.86 4,60 3.47 2.57 1,73
9 RRP45K 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 RRPOOK 4.08 4.92 3.86 3.14 2,63 2.45 2,15 6.41 14.92 12,01 10,99 7.03 6.27 5.46
11 MRP45K 3.55 4.16 3.95 3.07 2.45 2.10 2.10 6.51 14.41 10,28 9.56 3.21'7.21 5.59
12 MRP90OK 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 SP45SK 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 4.79
14 sSPYOK 4.25 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(45+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 7.38
16 SP{(45+45)K 3.99 4.99 4.64 4.01 3,95 3,01 2,95 8.21 18,19 16.46 11,56 8,27 7,01 6.95%

161
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¢rop season compared to the second crop season in
the absence of added P,
On addition of P fertilizers, the avallable 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
9.59 ppm (Bray 2) in kari soil (Table 59).

| Table 59 revealed that the mean available P
(Bray 1) content from SP (4.46 ppm) was significantly
higher than that from RRP (4,01 §pm) and MRP (3,69 ppm).
When the contribution from native P 1s 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. Avallable P (Bray 1) as influenced by
forms of P fertilizers are represented in Fig.15.

Maximum 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 minimum
value at the time of harvaest (Table 58)., The absorption
of P by plant was responsible for the decrease observed
after the first fortnight. Inereasing the level of

application of P from 45 to 90 kg ons/ha increased



Table 59. Mean values of available P (Bray 1 and 2) as influenced by sources of Pp,
soils and levels of P application (second crop)

Periods of Sources of P Soils Levels of ons.
crop growth, kg/ha Mean
fortnights RRP MRP sP Laterite Kari_ 45 90
Available P (Bray 1), ppm
0 3.930 3,730 4,590 4.360 3,810 3.710 4.450 4.080
1 6.440 6.400 7.960 9,220 4.640 6.450 7.420 6.930
2 5.010 4.870 5.510 6.330 3,930 4.620 5.630 5.130
3 4.000 3.450 4.530 4.770 3.220 3.610 4.380 3.990
4 3.350 2,920 3.450 3.740 2.740 2,300 3,540 3.240
5 2,840 2.420 2,790 2,910 2.470 2.510 2.860 2,690
6 2,540 2.090 2,390 2.480 2,210 2,280 2.410 2.340
Mean 4,010 3.690 4.460 4.830 3.290 3.730 4.380 4.060
Available P (Bray 2), ppm
0 7.96 8.30 8,96 9.86 6.96 7.78 9.03 8.41
1 17.98 18,38 18,82 20,92 15.86 17.%94 18,84 18.39
2 15.71 15.65 16.62 19.50 12.48 15.56 16.42 15.99
3 12,47 12.56 13.03 14.91 10.47 12.88 12,16 12.69
4 8.48 9.04 9.20 10,07 7.74 9.18 8.64 8.91
5 T.12 7.73 7.52 8.09 6.83 7.32 7.59 T.46
8 5.75 5.88 6.09 6.36 5.45 5.82 5.99 5.91
Mean i0.78 11,08 11.46 12,82 9.39 10,92 11.79 11,11
Bray 1 P Bray 2 P
CcD(0.05) for soils = 0.,1841 CD(0.05) for soils = 0,5346
" " sources = 00,2255 - * periods = 1,363
" ® periods = 0,4693 " " 8301l x period= 1,927
: : levels = 0.1841

s0il x period= 0,6637

£61



Table 60. Interrelationships of nutrient uptake by straw and grain, yileld of straw and
grain and available P at the time of harvest (second crop)

(coefficient of linear correlation)

___Uptake by straw Uptake by grain Available P Yield Yield

N P K N P K Bray 1 Bray 2 ,‘Zf,“ __gg‘ﬁin

N “gtiiz bY . 0.674 0.684 0.783 o0.198 0.73%5 o0.487 0.342 0.767 0.75%

P uptake by ~—~  0.669 0.931 0.354 0.938 0.507 0.451 o0.93% o0.93%
straw

K uptake by — 0.716 -0.136 0.653 o.s18 o0.535 o.7¢ 0.733

N uptake by -— 0.287 0.960 0.578 o0.46f 0.983 0.95%
grain

P uptake by —-— } -

prake 0.298 0.141 -0.089  0.313 0.296

K uptake by — 0.595 0.406 0.9%4 0.984

grain ak R

Bray 1 P - 0.290 0.607 0.625

Bray 2 P - 0.456 0.42§

Yield of straw — 0.986

Yield of grain

** Significant at 1 per cent level
* Significant at 5 per cent level

761
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significantly the available P (Bray 1) from 3.73 ppm
to 4.38 ppm,

Avallable P content of the soil in the treatments
receiving SP twice during the first and second crop
seasons was 75,31 and 73,58 per cent more than that
in the treatments rageiving the same quantity of P
initially fox the firxrst crop only as rockphosphates
in laterite and karl soils respectively. However,
treatment receiving SP twiece was only 9.65 per cent
more efficient than the application of the same gquantity
of P as SP initially for the first crop in laterite
soll and 47.44 more efficient than the application of
the same quantity of P as SP initially in kari soil.
The higher 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 correlation (r) revealed
that the available P content during the third and
fourth periods was maximum correlated with &the yield
of straw (0.85&) and grain (0.832) respectively,

Analysis of the soil for total F after the
harvest of the second crop showed that on an average,
treatments receiving rockphosphates contained more P

in soil than those receiving SP. When the soils and



Table 61,

Total residual P after the harvest of

saecond ¢rop

Treatment
No. _ Notation

b JL

2 RRP4S5L

3 RRPYOL

4 MRPA5L,

5 MRPOCL

6 SP45L

7 SPOOL

8 OK

9 RKP45K
10 PRPOOK
11 MRP45K
12 MRPOOK
13 SP45K
14 SP9OK
i5 SP(45+45)L
16 SP(45+45)K

Residual P,
pp=

- ——— T . o T - . -
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levels were pooled, the difference in the content of
P left in the s0il was 20 ppm more in the treatments
receiving rockphosphates ¢ompared to SP, This
indicates that considerable amount of P applied as
rceckphosphate remains in the soil even after growing
rice for two seasons and therefore it is possilble
that the availability of P to the third or
subsecuent crops may be better in pots receiving
rockphosphates as compared to SP, 1In other words,
evaluation of the performance of rockphosphates in
the scill 1is possible only on a long tarm basis.

The amounts of residual P as influenced by various

reatments are given in Table 61 and Fig,.16.
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BUMMARY

An incubation study and a potculture
axperiment were conducted in order to assess the
suitability of Rajastan rockphosphate (RRP) in
comparison with that of Mussoorie rockphosphate
(MRP) and superphosphata (SP) in laterite
(Kodakara, Trichur district) and kari (Karumadi,
Alleppey district) soils of Kerala. In the
incubation study, these three P sources were added
to the two soils at the rate of 45 and 90 kg chs/ha
and their transformations under submergence were
studied for 180 days drawing samples at regular
intervals of 15 days. The samples were analysed
for vartous inorganic P fractions and available P.
In the potculture experiment using rice as the
test crop, the direct and residual effects of the
two rockphosphates in comparison with the water
soluble SP were studied. The soils and levels of P
application were the same as in the incubation study.
Application of N and K was done uniformly in all
the treatments. Soil and plant samples were taken
at 15 days intervals for the determination of
avajilable P and the uptake of major nutrients.

The residual effect of phosphatic fertilizers was
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assessaed b& contimuing the experiment for the second

season without the addition of P fertilizers.

A treatment receiving SP at the rate of 45 kg ons/ha

in both the seasonz was also wmaintained for comparison

in both the soils (T15 and T,4). The results of the
study ares

1) The initial concentration of available F in both
the soils was rated as 'low' as per the soil
fertility classification norms of Kerala,

2) Application of phosphatic fertilizers, irrespective
of their water solubility increased the various
inorganic fraetions 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 cent in laterite
soil and 96.02 per cent in kari soll. Addition
of P fertilizers, incraased the content of native
inorganic P by increasing the mineralization of
native organic P,

4) Among the various inorganic fractions, Fe-P was
the dominant fraction in both the soils accounting
to 41 to 44 per cent of the total incrganic P.

Al-P was the second most abundant fraction



5)

6)

7)

8)

9)

representing 29 €0 30 per cent of the total
inorganic P, The contents of reductant soluble-P,
occluded«P and Ca~P were less and that of
salold~P was negligible in the soil.

With increasing periods of incubation, saloid-P,
Al-P, Fe-P and available P (Bray 1 and 2)
increased, while the raductant soluble-P,
occluded~P and Ca~P decreased, The rate of
change in the various inorganic fractions was
more during the initial periods of flooding.
Prediction equations were vworked out to establish
various inorganic fractions of P and available P
at different periods of incubation,

The three sources of P did not differ significantly
in increasing the various inorganic fractions of
the soil except that of szaloid-P.

The contents of Al-P, Fe-P, rsductant soluble~P
and occluded~P were more in laterite soil compared
to kari soil while saloid-P and Ca~P were high in
karl soil.

Saloid-P during the first period of incubation

was observad only in treatments receiving SP,

But on incubation, saloid~P was recovered from

all the treatments. The mean content of saloid~-pP

was significantly higher in treatments receiving
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assassed bf continuing the experiment for the second

season without the addition of P fertilizers.

A treatment receiving SP at the rate of 45 kg chs/ha

in both the seasons was also maintained for comparison

in both the soils (Tis and Tlﬁ)’ The results of the

study ares

1)

2)

3)

4)

The initial concentration of available P in both
the soils was rated as 'low' as per the soil
fertility classification norms of Kerala,
Application of phosphatic fertilizers, irrespective
of their water solubility increased the various
inorganic fractions and available P content of the
soil,

Before incubation, the tcoctal inorganic F accounted
to 73.15 and 76.14 per cent of the total P in
laterite and kari scils respectively which on
incubation increased to 88,29 per cent in lataerite
soil and 96.02 per cent in kari soll. Addition

of P fertilizers, incraased the content of native
inorganic P by increasing the mineralization of
native organic¢ P,

Among the various inorganic fractions, Fe~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 most abundant fraction



5)

6)

n

8)

9)

TAVAY,

representing 29 to 30 per cent of the total
inorganic P, The contents of reductant soluble-P,
occluded«P and Ca~P were lass and that of
saloid~P was negligible in the soil,

With increasing periods of incubation, saloid-pP,
Al-P, Fe~P and available P (Bray 1 and 2)
increased, while the reductant soluble-P,
occluded«P and Ca-P decreased, The rate of
change in the various inorganic fractions was
more during the initial periods of flooding,
Prediction equations were worked out to establish
various inorganic fractions of P and available P
at different periods of incubation,

The three sources of P did not differ significantly
in increasing the various inorganic fractions of
the so0il except that of szaloid-pP,

The contents of Al-P, Fe-P, rajuctant soluble«P
and occluded-P were more in laterite soil compared
to kari soil while saloid~pP and Ca-P were high in
kari soil,

Saloid-P during the £irst period of incubation
was observad only in treatments receiving 8P,

But on incubation, saloid~P was recovered from
all the treatments. The mean content of saloid-P

was significantly higher in treatments receiving



10)

11)

12)

13)

14)

15)

£U1

superphosphate compared to other treatments.
Irrespective of the sources and levels of applied P,
saloid~P content was maximum during the saventh
period of incubation. The linear coefficient of
correlation (r) between saloid~P and period of
incubation was 0.550, 0.5%%, 0.408 for rRrRP, MrP
and SP respectively.,

Sfaloid«P was positively corrslated with Fa.p

(r = 0.793), A1-P (r = 0.737) ana ca-P (r = 0.278)
and negatively correlated with reductant soluble-P
(r = =0.243) and occluded-P (r = -0.313).
Concantration of Al«P was maximum during the
twelfth period. A positive and significant
correlation was obtained between Al-P and period
of incubation (r = 0.733).

Al-P was highly correlated with the saloid~p

(r = 0.751), and Fa-P (r = 6.7§3) and negatively
correlated with the reductant soluble~P (r = —0.45%)
and occluded~P (r = —0.433).

The psak content of Fe-~P was observed during the
twelfth period., Parlod of incubation and Fe-P
content ware positively and significantly
correlated (r = 0.669).

Content of Fe-P showed negative correlation with

reductant soluble-P (r = -0.323) and occluded-pP



16)

17)

18)

19)

20)

2G2

(r = -0.455),

Concentrations of reductant soluble and ocecluded-P
were maximum during the initial period of
incubation. Negative correlation was observed

for period of incubation with reductant soluble-P
(r = -0.681) and occluded-P (r = -0.707).

The minimum values of Ca~P were obsexrved during
the twelfth fortnight of sampling. Period of
incubation and Ca-P were negatively correlated

(r = -0,233).

Concentration of available P (Bray 1 and 2) d4id
not vary with the forms and levels of applied P,
The psak values of available P were observed
during the seventh fortnight, The linear
coefficients of correlation between period of
incubation and available P content were 0.474 and
6.633 for Bray 1 and Bray 2 respectively.

The contribution of variocus inorganic fractions

to available P was different, Maximum correlation
values for available P (Bray 1 and 2) were obtained
with saloid-P (r = 0,887 and 0,881 for Bray 1 and 2
respectively) followed by Fe~P (r = 0.731 and 0.8§5
for Bray 1 and 2 respectively) and Al-P (r = 0.635
and 0.855 for Bray 1 and 2 respectively).
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Contribution of Ca~P to available P was less

(r = 0.243, 0.281 for Bray 1 and 2 respectively)
while reductant soluble~P (r = ~0.2§§. -0.318

for Bray 1 and 2 respectively) and oeccluded~P

(r = -0.235. -9.333 for Bray 1 and 2 respectively)
had negative correlations with available P.

21) Path analysis revealed that the saloid-P had the
maximum positive direct effect on available P,
followed by Fe~P. The indirect effect of Fe~P
through saloid-P in increasing the available P
was highly significant. Higher correlation of
Al~P with available P was due to its positive
indirect effect on saloid~P, The negative
correlation of reductant soluble and occluded-P
on available P was due t0o their indirect negative
effect on other inorganic fractions. The positive
correlation obtained between Ca~P and available P
was mainly due to its indire¢t positive affect
on saloid-P and Fe-P,. .

22) The extent of contribution of various inorganic
fractions to available P was the same in all the
three sources of P added to the soll,

23) Application of SP at the rate of 90 kg Paos/ha in
two equal split doses on the first and ninety-first
day of incubation did not increase conspicuously



24)

26)

the inorganic fractions and available P content of
the soll compared to the initial single application
of the same uantity of P as SP and rockphosphates,
In the potculture experiment in general, application
of P fartilizers had resultad in a better
utilization of major plant nutriants by the rice
plant and thils afifect waa more pronounced in kari
3011 during the first crop season., However, in the
second crop season, affect of P fertilizers on
uptake of nutrients was pronounced in both soils.
During tha first crop scason, in the ahsence of
adgded P, the untske of nutrients and yleld of straw
and grain were mora in laterite soil comparad to
kari soil, while in the presence of added P, uptake
of mutrients ana vield were higher irn kari secil.
dowever, in the second erop seasoun, both in the
presence and abhsence of addad P, the uptake of
nutrients and vield were more in laterite soil,

The aptake of N and K by tha straw was maximum
during the third and fourth Ffortnight »~f gampling,
while that of ? was maximum during the fourth and
£ifth perlods. The rate of incyresase in the yield
of straw was mcre dvring the second fortnight of

samliage.

LUX
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27) uUptake of N and K by the straw during the first crop
season was significantly higher in treatments
receiving SP compared to other treatmants receliving
rockphosphates though the uptake of P by the straw
dld not vary significantly with the variations in
the source of P, However, in the second crop
season, uptake of N, P and K by the stréw was
significantly higher in treatments receiving SP.

28) The efficiency of two rockphosphates (RRP and MRP)
in terms of uptake of P by the straw was 73,68 and
70,55 per cent as that of SP during the first and
second «¢rop s«asons raspesctively.

29) Increasing the level of application of P from 45 to
90 kg ons/ha increased the uptake of N and K
siganificantly while uptake of P by the straw and
straw yield A4id not increase significantly with
increasing the level of application. But in the
second e¢rop season, the uptake of N, P and K by the
straw and straw yield increased conspicuously with
increasihg the levoi cf application,

30) Content of available P and the uptake of N, P and K
by the straw at different stages of plant growth
wvare positively correlated,

31) By ths application of P fartilizers uptéke of N
and P by the grain of the first crop did not



32)

33)

34)

35)

increase significantly over contrxol in laterite
s0il, while that of K showed significant increase
over control in both the soils, However, in the
second c¢rop, uptake of N, P and X by grain
increased conspicuously in both these soils in
the presence of added P,

In the first crop season, total uptake of K was
significantly higher over control in both the
soils, while that of N and P was higher only in
kari soil, But the total uptake of N, P and XK
increased over control in both the soils in the
second Crop season,

In general), 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 graln
and thsir total uptake by rice plant in both the
scasons of crop growth.

On an average, the two roekphosphates (RRP and
MRP) were 92,43 and 89,38 par cent as efficient
as SP with ragard to the total uptake of P by rice
plant during the flrst and second c¢rop seasons
raspaectivaly.

In the absence of added P, uptakae of nutrients,
yield of straw and grain were more during ths

£irst crop season comparead to the second crop.

206



36)

a7

38)

LUt

Also, in the presence of added P, uptake and
yield were found to be more during the first
crop season in kari soil. But in laterite soil,
uptake and yield were more in the second crop
season.

The yield of grain by the application of
phosphatic fertilizers showed significant increase
over control only in karl soil during the first
crop season, In the second crop season both the
80ils ware found %o be responsive to the
application of P fertilizers with respact to the
increase in the yield of grain,

In the treatments receiving rockphosphate as

a source of P, the yleld ¢f grain was 33.18 and
92,67 pexr cent of that obtained in treatments
recaiving SP during the £irst crop and second
Crop ssasons ;espectively.

In both the scasouns of crop growtl, available ?
in s0ll was significantly higher in treatments
recaelving SP than that in treatments receiving
rockphosphates., Increasing the rate of
application of P from 45 to 90 kg ons/ha
increased the available P content of the solil ¢o
the extent of 11,97 and 17.43 per cent over the
lower level during the first and second crop

8easons respectively.



39) Application of SP at tha rate of 45 kg ons/ha
separately for the first crop and second crop
seasons increased the uptake of nutrients, yielad
of grain, straw and available P content of tha
soll compared to application of the same total
quantity of P initiaily for the firat crop orly
as SP and rockphosphate.

40) The residual P in soil left after the harvest of
the second crop was much higher in treatments
receiving rockphosphates as compared to

suvperphosphate,

208



REFERENCES



209

REFERENCES

Ahmad,N. and Jha,K.K. 1977. Effect of inoculation
with phosphate solubilizing organisms on the
yield and P uptake of gram., J. Indian Soc.
S8oil Sci. 23, 391-393

Aliyer,R.S, and Nair,C.8, 1979, Phosphate fractions
of Kerala rice scils in relation to their
occurrence and pedogenesis. Agric. Res. J.
Kerala 17, 39-42

Annonymous, 1982, Pagkage of Pfacticos Recommendations.
Kerala Agricultural University, Vellanikkara,
pp 199

Atanisu,N., 1371. A comparative study on the effect of
wataer and citrate soluble phosphatic fertilizers
on yield and P uptake on trepical and subtropical
30113. g.o Indiﬂ _S_O_q. 5011 -s_gic u. 119"127

Balasubramanian,V, and Raj,D. 1969, Study of the forms
of soil phosphorus in Tamil Nadu. Madras agric.
J. 38, 790-793

Banerjee,B.K. 1979, Characserisation of rockphosphate.
Phesphorus 30ils, Crops and Fertilizers.
B - Indian So¢. So Secil. ¢ 149~

Bapat.M.V., PadQlQQGQCQc TOW:K.G- and Bodekau:’,V.G. 1965,

Forms of P in Vidharbha soils. J. Indian Soc.
5011 SC:;. H' 31"’36

Basak,M.N, and Bhattacharya,R. 1962, Phosphats
transformations in rice soils, Soil Sci. 24,
258-262

Chang,8,C., and Chu,W.K. 1961. The fate of solubla
phosphate applied to soils. J. sSoil seci. 12,
286-293

Chang,S.C. and Jackson,M.L, 1958, 8o0il phosphorus
fractions in some representative soils.

.&I. s@il SQ£0 2‘ 109-119



210

Chaudhary,M.L. and Mishra,B. 1978, PFactors affecting
transformation of rockphosphate in soils.
J. Indian Sog. Scil Sci. 28, 295-301

Chaudhary,M.l. and Mishra,B. 1980, Factors affecting
transformation of rockphosphate in soils.
_J.o ania_g SoQ. Soj.é Sci. z,ﬁ' 295-301

Chauhan,S.5., Bhatnagar,R.,K, and S8eth,s.P, 1972,
Effect of phosphatic fertilizers Jin soils of
Chambal command arsa, Rajastan. J. Indian
Soc. Soil sei. 20, 111-116

Che,C.M. and Cladwell,A.C. 19539. Forms of phosphorus
and fixation in soils. Proc. Soil Sci. Soc.
Am. 23, 458459 - T =

Choudhari,J.8., Saxena,S.N, and Somani,L.lL. 1974.
Studies on chemical mvailability of inorganic
phosphorus fractions and their utilization by
crops in some solls of Rajastan. J. Indian
Soc. Soil sci. 22, 258-261

¢hu,C.R., Moschlar,W.,W. and Thomas,G.W, 1962,
Rockphosphate transformations in acid soils,
Proc. Soil Sei. 302. &0 aﬁp 476-478

Dash,R.N,., Mohanty,S.¥. and Patnaik,S. 1980, Efficiency
of indigenous rockphosphates for rice. Annual

Datta,N.P. and Khera,".8, 1869, Phosphorus soil tests
based upon corralations with inorganic phosphorus
fractions and green hcuse tests, J. indian Sogc.
Soil sei. 17, 191-196"

Datta,N.P., Motsara,M.R. and Ghosh,A.,B. 1572, Studies
on the utilization of basic slag, blast-furnace
slag and some indigenous phosphatic deposits
in acid soils of Jorhat and Ranchi. J. Indian
Sgc. Soil sei. 20, 263-269

Debnath,N.C, and Hajra,J.N., 1972. Inorganic
transformation of added phosphorus in soil (n
relation to soil characteristics and moisture
regimes. J. Indian Soc. Soil Sei. 29, 327-335



211

Doharey, A.K., Nayak,P., Katyal,v., Sagar,R.L. and
Mandal,A.K. 1980, Relation of inorganic P
fractions with soil available P, f£ibre yield

and P uptake by jat. {Core s ca§au;aril L.
J. Indian Sogc. Soil Sc%. ZE %i

Ellis,R., Quacer,M.A. and Trvog,k. 1958, Rockphosphate
avallability as influenced by soil pH. Progc.
So‘l Sci. S0C. &. &g' 484-487

Gupta,A.F., Khanna,S.5%. and Tomar,N.X. 1982, Reaiduel
efficiency of different phosphatic fertilizers
by paddy (Qryza sativa) as influenced by levels
of CQCQS. TmE Sci-a 535. é; 43..47

Gupta,M.l:, and Nayan,K., 1972, Inorganic phosphorus
transformaticn in Dhankar soil, J. Indian Sog.
Soi) sSeci. 20, 337342

Gupta,M.L. and Nayan,K. 1975, Transformation of soil
incrganic phosphorus in red soils, J. Indian
Soc. Soil sei. 23, 61-65

Gupta,M oJie and & ingh’ AP, 1969 . Smdies on inorgmia
soll phosvhorus fractions in Varanasi soils,

Hesse,P.k. 1871, A T§§§¥§gk of Sqil Chenical 5&&%2.1:.
Joehn Murray { shers) Ltd. London, pp 52
Hsu,P.H. and Jackson,M.L. 1960, Inorganic phosphate

transformations by chemical weathering in soils
as influenced by pH., Soil Sei. 20, 16-24

Islam,A, 1970, Transformation of inorganic phosphorus
in flooded soils under rice cropping. Pl. Soil
33, 533-544

Jackson,M.L. 1958, 8Soil Chgg%§§; Analysis. Prentice -
Hall Inc, U.S.A., Pp 4!

Jackson,M,.L, 1975, s b 4

shamical A y Advanced
Co LB ) . : X tors Ltd.
Banqi%ore, pp 894




212

Jaggli,T.N. and Luthra,K.,L. 1983, Mussoorie phosphate
rock as an economic but effective source of
fertiiiz:r phosphorus., Indian J. agric¢. Chem.
u' 4-‘5

Jankins,W.L. 1966, The relationship between labile
s0ll phosphorus and the Al and Fe-bound
phosphorus in tropical soils. Pl. Soil 24,
407-421

Jose,A.I. 1973. _Stadies on Soil Phosphorus in the
South Indlan Soils of Neutral-to-Alkaline
Reaction. Ph.D. thesis, Tam Nadu Agril.
Unlv., Oimbatore' PO 444

Kadeba,0. and Boyle,J,R. 1978, Evalunation of P in
forest soils « Comparison of P uptake, extraction
method and soil properties. Pl. Soil 43, 285-297

Kadrekar,S.B., Chavan,A.S., Talashilkar,S.C., Dhane,S.8,
and Powar,S.L, 1983, Utility of rockphosphate
to rice under submerged condition in laterite
301i81°£ Maharastra. Indian J. agric. Chem. 13,

5«10

Kadrekar,5.B., and Talashilkar,S,C. 1977. Efficiency of
applied phosphorus in relation to its saturation
in laterite soils of Konkan. J. Indian 8oc.
Soil Sci. g3, 197200

Khanna,S5.S. and Chaudhary,M.L. 1979. Residual and
cumulative effest of phoaphatic fertilizars,
in Soi G

Indlan Soc.

A

Sc

Khanna,P.K, and Datta,N.P, 1968, Distribution of
inorganic soil phosphorus in some Indian soils
as affected by added phosphates. Indiarn J.
g_g;ic. __s_g_i_q ﬁp 668-676

Kothandaraman,G.V. and Krishnamoorthy,X.K. 1977,
Distribution of inorganic phosphorus fractions
in Tamil Nadu soils. Madras agric. J. §4.
516-521



213

Kriﬂhnappl“\.ﬁ" mm".u.' Rw; V.V. and Perur,N.G.

1978, k-ttdnnl effect of phoa;hat--. s

Lehr,J.R. and Mc Clellan,G.M. 1972, A revised
laboratory reactivity scale of evaluating
phosphate rocks for direct application,

Hational Fertilizer Centre TVA Bull. Y-43

Luthra,K,L., 8aha,S,K. and Awvasthi,P.K, 1983, Role of
rogkphosphate in present day agriculture.

Indian J. agrie. Chem. 33, 13-27

Mahapatra,I.C. and Patrick,wW.H. (Jr) 1969, Inorganic
phosphate transformation in watarlogged soils.

soil Sei. 397, 2081-288

Maloth,S. and Prasad,R. 1976, Relative efficiency of
rockphosphate and superphosphate for cowpea
(Vigna sinensis) fodder. Pl. Soil 45, 295-300

Mandal,L.N, 1964, Effect of time, starch and lime on
the transformation of inorganic phosphorus in
a waterlogged rice soil. Boil sei. 27, 127-132

Mandal,L.N, and Chatterjee,0.N, 1972. Transformation
of appliaed uutnzt:elublo phosphate in latosolie
low land rice soils. J. Indian Sog. S8oil Sci.
29, 343-353

Mandal,L.N, and Khan,S,K, 1972, Release of phosphorus
from insoluble phosphatic materials in aeidie
igwland rice solls, J. Indian Soc. S8cil Sei.

. 19-25 —

Mandal,L.N, and Khan,8.K. 197%, Infiuence of soil
moisture regimes on transformation of inorganic
P 1n7rice soils., J. Zndian Soc. Scil Sci. 23,
31-3

Mandal,L.N. and Khan,S.K. 1977, Transformation of
fixed phosphorus in soils under watarlogged

conditions, ga m gggn 301; Sgi- no
122-128



214

Mmlha,B.C" m‘“.‘.sc and Triplthi‘B.R. 1981,
Direct and residual effeqat of Mussoorie
rockphosphate related to the crop species in

an acid soil. ¥ ) § 8o¢. Soi »
byt J. Indian Soc. Soil Sei. 23.

Mathur,B.S5., Jha,K.K., Lal,8. and Srivastva,B.P. 1979,
‘ Utilization of phosphate rock deposits in

acid soils ot chotcnaqpaa. Bihar, P o

in Soils, Crops and tiligexs. o IN

Mehrotra,C.L., 1968, Relative efficiency of
rockphosphate as c¢ompared to 3uperphosphate.

Minhas,R.8, and Kick,M, 1974, Comparative availability
of superphoaphate and rockphosphate and their
distribution i{nto different inorganic phosphate
fractions after addition of haavy doses. Fertil.
News 19, 1316

Mishra,B. and Gupta,R.P. 1978, Evaluation of Mussoorie
rockphosphate as : ? source of maizse on acid
soils of Kumaon hills. Indian J. agrie. Sci.
48, 239-244

Motsara,M.R. and Datta,N.P, 1971. Rockphosphate as a
faortilizer for direct application in acid soils.

J. Indian Scc. Soil Sci. 49, 107-113
Nair,C.B. 19780

; cn he Usg of Mussoorie

Univ., pp 136

 (Ag) € 'n 5, xcx~ a Agr .

Nair,C.5. and Alyer,R,8, 1979, Effect of liming and
application of Mussoorie rockphosphate on the
yield of green gram, var. Co 1 grown in the
upland laterites of Kerala State. Agric. Res,

Nair,K.M. and Padmaja,P., 1982, ERfficiency of primed
rockphosphate for grain production in rice.

Agric. Res. J. Kerala 20, 31-36



215

Nair,R.R, and Pisharody,P., N, 1970, Response of rice
to phosphats mamuring in a waterlogged
lateritic sandy losm of Kerala. Agric. Res.

g+ Kexals §, 6-13

Natarajan,K,, Rajagopal,C,K, and Manickam,T,.S8, 1983,
A study on MusscOrie rockphosphates as a
straight phosphatic fexrtiliser. Indisn J,

2qrig. Chem. AJ, 317-12%

Panse,V,.G, and Sukhatme, PV, 1967, Statistical
Method for Agricultwral Workers. ICAR,
Nev Delhi,pp 347

Patnaik,8,, Sarangamath,?.A, and Shinde,B.A, 1974,
Mathods to inerease afficiency of rockphosphates

for growing rice. Jertil. News 12, 46-50
Pasch,M,, Aluando:,b.'r.. numh.m and Reed,J.E, 1947,

Piper,C,8., 1942, ;
reprint 1966

1955¢ fWLT:W el

Ponmpema.i‘.i@ .
plati

Pmtally Wauz or e WeberiiitERER S
?AC.AmR.. n‘”gﬁilhi. D S‘

Puranik,R.B. and Bapat,M.V. 1977. Phosphorus
availability in taxtural fractions of Vidarbha

soils. J, Mahagagera agric. Univ. g, 101.103

Rajakkannu,K, and Ravikumar,V, 1978, Transfommation of
P in rice soils under £ield capacity and

flooded conditions. MNadras agric.
296302 d- &4

Raranathan, KM., Prancis.H.J., Subbiah,8, and
Krishnamoorthy,K.X, 1978, Progressive uptake
of phosphorus et duzmnt stagea of growth of
Co 7 ragi (Elewgine gorocans Gaertn). Madras

sazig. I &




216

Rum‘ﬂlm.x‘uo' Frm“;ﬁ.ﬂ'.. Subbiah.s. and
Krishnamoorthy,K,K. 1979s., A study on the
influence of N, P and K applications orn the
N uptake at different stages of growth of

go 7 ragl ;;% W Gaextn).,

Ramanathan.K.Hu SMilth.. l‘mci’.ﬂ.é'. and
Krishnamoorthy,K.K. 1979b, Effeat of NPK
fertilizers on tha soll available P, yield
and P uptake at successive growth stages of

ragi Co 7. Andhxs agric. J. 2§, 189-191

Ramaswamy, ., and Arunachalam,G, 1983, Influence of
Mussooriephos in the main and reaidual chp of

paddy in neutral solls., Iadian J. agric. Chem.
38, 125-139

Rana,D,8,, H”lu'O.P., Shama,K.N. and Randl‘m&,n.8¢
1975, #gffeact of phosphobacteria on the
availability of phosphorus from rockphosphate
to wheat. J. Res, (RPunjab) 12, 232-235

Rad>, TeSe, Ahmed,N. and Rao,H.K.8, 1972, PFractionation
of the residusl phosphorus compounds in black
and red soils treated with phosphatic
fertilizers, J. Indian Soc. Soil Sci. 20.
323-326

Raychaudhari,s3,.P, 1880. Phosphorus and potassic
fertilizers and their management. £
b 3 ity - Th Practica (ad. Kanwar,J.8.)
T . .A.R.' New De » Lt 2

Raddy, 3.N. and Rao,C.,R. 1983, Effect of phosphorus on
uptake of N, P, ¥, growth and yisld of rice.

% a agric. Jo m. 58..61

Sacheti,A.K., and Saxsna,S.Ne 1974, Correlations bastween
inorganie phosphorus fractions and scil tests,

Sahu, B * NO ’ Mai‘h}", Ko and Hi!h"&, 5 ’1‘0 1- 974 [ ] cmp&l‘aﬁ“
efficiencies of roekphosphate and superphosphate
for rice in a laterite soll, Fertil. News 13,
2325

8ahy,S.K, and Pal,S.8. 1983, Efficient utilization of
rockphosphate in acidic red soil (Inceptisol)
under rice - wheat farming system. Indian J.

Mr;ao cM¢ lgo 87"95



217

Sample,E.C,, Allen,S.E, and Bengtson,G.Ww, 1974,

Raesponse of slash pine seedlings to P sources
of varying ecitrate sclubility. Pl. Soil
40, 83-96

sumgm‘th. PoAe, Sh:l.nde.BJi.. Patnaik,s8,. 1975,

Efficiency of water soluble, citric acid
soluble and insoluble phosphate fertilizers
for rice in different soils. Indian J.

Sarangamath,P.A, and Shinde,B,R, 1977, 32? tracer

studies on tha methods of increasing the
efficiency of ecitrate soluble and inscluble
phosphates for rice in aeid soils., Scil sci.
433, 40-44

Sharma,R.C,, Grewal,J.S, and Sud,K.C, 1976. Relative

suitability of different phosphatic fertilizers
for potato on brown hill soils of Simla,
Jd. Indian Soc. 3eil Scl. 24, 95-57

Sharma,P.K., Varma,S.P. and Shuwehla,D.R, 1980,

ranafornation of added P into inorganic P
fractions in soms acld soils cf Himachal
Pradash, J. Indian 8oec. 8o0il Sci., 28, 450-454

8hinde,B.N., Sarangamath,P.A. and Patnaik,s5, 1978,

P transformations from rockphosphate in acid
solls and measuras for increasing their
afficiency for growing rice. (Oryaa sativa)

Pl, Soil 42, 449-459

Shukla,d.C., 1973, Effeativeneszs of differant source

Singh,x.

Singh,L,

of phosphates on yield, availlable soil phosphorus
ang rhosrhorus content of blusbelle rice.
Pi. Soii 28, 447455

and Eahaman,P.C. 1976, “ransformztion of
phosphorus in acid soils under waterlogged and
upland conditions. J. Indian Soc. Soil Bel.
24, 171174

and Datta,N.P, 1973, Effect of particle size
of rockphosphate on thair fertilizer value for
direct application to the soil, J, indian Sog.
Soil Sci. gl, 315-318



218

Singh,D. and Datta,N.,P, 1974. Saturation of soil with
respect of P in relation to the efficiency of
utilization of applied P from indigenous
phosphate rocks. J. indiau Soc. Soil Sci.

22, 125-129

Singh,D. and Datta,N.P. 1976, Availability of
phosphorus in aeid soils f£rom indigenous

rhosphate roeks. Acid Solis of Indiast Their
Genesis Characteristics and Management. Bull.
Indian S8ce. Scil 8ci. ¢

Singh,D., Mannikkar,N.,D. and Srivas,N.,C, 1976a.
Fartilizer value of indigenocus rockphosphates
compared with singie superphosphate -
Laboratory incubation studies with farmm yard
manure. J. Indian Soc. Soil Sci. 24, 78-80

Singh,D., Mannikkar,N.D, and Srivas,N.C. 1976b,
Fhosphate fertilizaer wvalue of indigencus
rockphosphates and superphcsphate for lucerne
and thel: residval effect on guar. J. Indian
Soc. Sioil Sci. g4, 186-191

Singh,D., Mannikkar,N.D, and Srivas,N.C. 1979,
Comparative performance of indigenous
rockphousphates and superphosphate in a forage
legume cropping pattern, J. Indian Soc. Soil

Singh,R.5, and Fam,H, 1976. Inorganic transformation
cf added water solubie phousphorus in some golils
of Uttar Pradesh, J. Indian Soc. Soil Sei. 24,
53«58

8ingh,R.-. and Ram,H, 1977, Effect of organic matter
or: the transformgtion of inorganic phosphorus
in soils. J. Indian S8oc. Soil Sci. 23, 118-121

Singh,S5. and Singh,3.B. 1975, Effect of watarlogging
and oxganiec mattexr on inorganic P fractions of
soils. J. Indian Sqg. Soil Sci. 24, 88-90

Singlachar,M.,A, and Samani +Re8, 1973, Effect of
flooding and ecropping on the changes in the
inorganic phosphate f£fractions in some rice
50113' &Q SOiL az. 351-359



219

Smith,A.N. 1965, The supply of soluble P to the
wheat plant from inorganic soil P. Pl. Soil
. 22, 314-317

Srivastava,0.P, and Pathak,a.,N., 1972, Fata of applied
phosphorus in some soils of U,P, J. Indian °
20C., Sq& Sci. 320 103-109

Subramanian,C.K. and Manjunath,K.T. 1983. Rasponse
to Mussooriephos in Karnataka soils, Indian J.
agric. Chem. 13, 01-87

Syers,J.K., Shah,R, and Walker,T.W. 1969, Fractionation
of phosphorus 1in two alluvial soils and particle
size separates. Soil sScil. 408, 283-289

Talatl,N‘Ro. Mat_hu*:,G;S., and Atﬁri,S.C. 1975,
Distribution of various forms of phosphorus in
north west Rajastan soils. J. Indlan Soe¢.

Talasnhilkar,5.C, and Patil,M.D. 1979. Effact of
organic matter on the availability of P from
superphosphate and cockphosphate in a
submerged soil. J. Indian Soc. Soil Sci.
21, 201-202

Thakur,R.S,, Bisen,D.C. and Dubey,5.,M., 1975,
Tranaformation of applied phosphorus undar
waterlogged conditions in rice culture,

J. Indian Soc. Soll Sci. 23, 423-427

Tiwari,X.N., i?athak.h.ﬂ., Ram,N.,, Shukla,B.R.,
Upadhyay,R.L., ¥Prasad,L.. and Gangwar,BE.R, 1979,
Effect of rockphoaphate, superphosphate and
their mixtures on yield and phosphorus uptake
By crops in soils of Uttar Pradesh. Phosphorus
nalan

in Soils, Crops and Fertilizers, Bull. I
SocCe SoIl Scl. :Z, 527539

Varadan,K.,M,, Satyvararay=n,T, and Bavanagi,G.V. 1977,
Some phosphate studies on ragi. J. Indian Sog.
Soil Sci. 350 388-390




Venkataramalah,N, 1979, Uptake of P and K as
influenced by phosphatic and notash
fertilization in Jaya paddy. Andhra agric.

wright,B.C. and Peach,M, 1960. Characterizatioa of
pheaphate reaction productsz in acid solls
by the application of solubillity criteria.

Soil sci. $9, 32-43

Zende,G.K. 1983, Behaviour of rockphosphate in
different soils of Maharashtra. Indian J.

* Original not seen

220



APPENDICES



Appendix I. An abstract of the analysis of variance of inorganic P fractions and available P
(Incubation study)

(Mean sum of squares)

Degrees Saloid-P Al~P Fe~P Reductant Occluded-P Ca«P Bray 1 Bray 2
Sources of soluble~P P P

_— freedom
Soi1 1 9.536 9608 2085  39%% 1434 95%F 1002 37941
Sources of P 2 1.540 352.9 453.2 94.30 16,24 40.65 0,262  0.426
Soil x Sources 2 0.019 11.42 13,11 32,79 10.02 11.22 0.262  1.051
Level 1 1,037 2132 1004 275°3 130.9 82625 2.170  5.150
Soil x Level 1 8.610 5.547 5.980 3.180 0.090 91.76 0.005 0,004
Source x Level 2 0.013 2.619 16.33 24.10 2.740 7.130 0.068 0,061
Period 12 7.156 16435 38318 1183 26744 60425  237% 95243
Soil x Period 12 0.155 81.41 286.5 38.2¢ 24857 33102 8,980  3.510
Source x -Perfod 24 0.081 29.62 65.08 13.34 4.260 3.760 0.209  0.910
Level x Period 12 0.014 23.27 8.930 15.37 1.080 8.090 0.089  0.440
Between Control 1 0.063 44.68 7761 31.08 30254 33421 0.8289  3.820
»2122§§e2§§§§ 86 0.018 15.12 11,29 11,20 1.910 3.390 0.069 0,172
Control Vs 1 21,91 20681 46785 2077 2171 12897 1093 2388
Error 206 0.046 157.4 306.2 41.58 32,59 26,32 2.102  11.00

* Significant at 5 per cent level
** gignificant at 1 per cent level



Appendix II. An abstract of the analysis of variance of nutriant uptake, nutrient per cent
and straw yield during £irst crop season

- ..

{Mean sum of squares)

Degrees % of nutrient % of nutrient Nutrient uptake Straw
Sources of in straw in_root by straw yvield
fr eedom p K N P K N P K
* * % w3 %k *%
Soil 1 1.191 0.002 16.61  2.475 123x10"° 0.995 0.078 143.9 2.830 0.04s
* *
Sources of P 2 0.285 0.006 0.557 0.039 1.5x10~% 0.005 0.196 324.4 0.31%F  124.6
soll x Scurces 2 0.075 0.003 0.021 0.011 4.6x10~% 0.010 ©0.022 104.5 0.015 1.030
- * - » »
Level 1 0.339 0,005 0,111  0.250 2.7x10™% 0.083 0.23% 359.6 0.303 268.6
Soll x Level 1 6.001 0.003 0.006 0.013 9.3x10™> 0.0001 0.032 194.2 0.063 41.66
Source x Level 2 0.042 0.008 0.008 0.022 5.2x10™° 0.003 0.003 46.30 0.005 7.810
K Sk R 2 3 - * * L 3 *
Period 5 31.88 0.038 11.80  14.96 4 0x10”3 3.640 3.650 14751 2,340 =83l
o°* - * *
Soil x Period 5 0.233 0.006 0.762 0.285 2.8x10™% 0,164 0.1%% 255.9 0.651 113.8
Source x Period 10 0.023 0.005 0,044 0.005 1.6x10™> 0.005 0.012 22.03 0.020 9.790
Level x Period 5 0.012 0,005 0,051 0.011 6.3x10~% 0.002 0.012 33.66 0.001  5.030
% o4 wi ok e X% ek
Between Contrel 1 0.542 0.003 0.042 0.464 2.5x10~% 0.586 o0.576 1912 0.483 1135
Higher order -6
Sigher order 37 0.014 0.005 0.023 0.004 8.7x10™% 0.005 0.004 26.17 0.006 4.590
Control Vs 1 2.461 0,014 15.45 0.677 2°3x10™3 7.640 1.250 3315 3.230 1333
treated
Error 94 0.220 0.004 0.133 1.320 4.9%10™> 0.015 0.024 41.59

11i9.8 0.018

*

¥k

Significant at 5 per cent level
Significant at 1 per cent level



Appendix III.

An abstract of the analysis of variance of nutrient uptake, nutrient per cent
and straw yield during second crop season

(Mean sum of squares)

Degrees % of nutrient % of nutrient Nutrient uptake Straw
Sources of in straw in root by straw - yiela
£freedom . N P
R * % ...2 1.2 4 *5 * % ..4 . b & 4 L ¢ 3 R *x % *i
Sotl 1 14.58 2.2x10"“ 3,750 0.752 3.0x10" " 0.235 4.880 11751 4.430 262
- «*
Sources 2 0.038 2.9x10~% 0.120 0.039 5.7x10™> 0.052 0.123 32177 0.234 169.%
,.f L .
Soil x Source 2 0.046 3.6x10™° 0.030 0.001 1.3x10™% 0.002 0.001 64.00 0.041 13.78
_5 L 2 _4 L £ [ &1 DR . a *i
Level 1 0.125 8,.6x10"~ 0,029 0,053 3.0x10"° 0.216 ©.296 536.5 0.3 385,
Soil x Level 1 0.005 1.6:10"4 0.00% 0.004 5.1x10‘5 0.004 0©0.028 165.5 0,039 27.43
Source x Level 2 0.016 6.0x10"’ 0,008 0.019 6.3x10% 0.027 ©.010 13.43 0.011 14.19
* - -l *® * *N - L 1 3 b 2 ] * %N * ®
Period 5 10.53 128x10™% 6.240 5.750 3°0x10~> 2.530 1.430 8488 2.8%5 5166
5* xN -t * - £ 3.4 L ] ke
Soil x Period 5 2.030 9.2x%xi0" © 0.430 0.022 3.9x10"" 0.017 0.351 650.2 0.175 41,85
Source x Period 10 0.007 2.4x10”> 0.030 0.003 z.axzo‘5 0.003 0.003 22.85 0,008 5,160
Level x Period 5 0,033 1.4:10'5 0.006 0,002 2.0x10™> 0.003 0,003 24.06 0,005 3.190
E Y %1 ...3 ...5 ®% 1 3.4 5* ) *g *k
Between Control 1 2.560 2,2x10"° 0,024 0,087 3.5x10" - 0.202 0.632 1024 0.337 488.9
Higher order -5 -5
interaction 37 0.014 1,5x10"° 0.013 0,004 1.1x107° 0.003 0.004 4.240 0.00%5 1.350
222§§:§ Vs 1 0.510 4°1x1072 2.996 0.393 5:9x10™> 0.4%1 0.955 3093 2.538 1sii
Error 94 0.147 1.9x10~% 0.160 0.073 2.6x10"2 0.019 0.015% 55.37 0,022 38,64

* Significant at 5 per cent level
** gsignificant at 1 per cent level

-



Appendix IV, An abstract of the analysis of variance of
available P (Potculture experiment)

(Mean sum of squares)

Dagrees __ First czﬁg Second _crop_
Sources p rzidon Bray 1 Bray 2 Bray 1 Bray 2
soil 1 39,61 440.4  99.88 40003
Sources 2 13,91 41.%0 8.22 6.s60
Soil x Source 2 4.780 0.837 2,530 1.099
Level 1 20,860 62.85 17,83 s.s60
Soil x Level 1 0,001 7.570 11,38 1,780
Source x Level 2 0.180 0.316  0.012 5,860
Period 6 55,55 63702  59.85 s527%8
8oil x Period 6 1,020 4.930 4,060 29,31
Source x Period 12 1,430 4.110  0.733  0.357
Level x Period 6 1.340 0.562  0.625 2,760
Between Control 1 13,48 11,92 15,5 9.780
Highor ofder . 0.876 0.774  0.363 1,390
Control Vs 1 90.88 464 7  43.15 01433
Error 110 1.370 5.960 0.674 5.690

* gignificant at 5 per cent level
**x gignificant at 1 per cent level



Appendix V. An abstract of analysis of variance of nutrient uptake, nutrient per cent and grain

yield
(Mean sum of squares)

Degrees Nutrient % in grain Nutrient uptake by grain Total nutrient uptake Yiela
Sources of N P K N P K N P K of

freedom grain
First CtOE
Treatment 13  3.9%x10~% 3.9x10™% 4.5x10"% 9%6x10™> 8%Bx10™% s5e2x10™% 376x10™2 1738 4 5x103 61.1%
Error 14 1.6x1072 1.9x10™% 1.5x10™% 8.7x10™% 1.5x10™% 6.6x10"> 8.6x103 230.4 1.2x10~% 6.120
Second crop

Treatment 15 5.7x10™> 4.9x10™% 770x10™% 276x1072 2%3x10™3 101x1073 155x10"2 4538 1.9x10"1 140%5
Error 16 3.6x102 3.4x10™% 1.1x10™% 2.2%10"3 4.9x10™° 4.9x10™° 1.7x10"2 67.65 3.5x10"2 7.970

* Significant at 5 per cent level
*% sSignificant at 1 per cent level
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STRACT

An incubation study and a potculture experiment
ware conducted to assess thse suitability of Rajastan
rockphosphate (RPP) supplied from Rajastan State
Mineral Devslopment Corporation, in comparison with
that of Mussooria rockphosphate (MPP) suppiied from
Pyrites Phosphates and Chemicals Ltd. (U.P; and
superphosphate {(SP) in two acid rice soils of Xerala
namely laterite (Kodakara, Trichur district) and kari
(Karumedi, 2Allappey districe) soils., Transformations
of P fertilizers applied at the rata <f 45 and 90 kg
ons/ha in thesae soils under continuous submergence
wer: studied in the incubation expzriment, Soil
samplces were drawn at 15 davs interval for tha
determination of various inorganic P fractiona and
available P, The direct and residuval a2ffects of the
two rockphosphataes in comparison with the water scluble
SP were studied in the potculture experiment using
rice (Jaya) as the test crop. The soils and levaels of
P applicaticns were the same as in the i‘ncubation
study. Application of N and K was done uniformly in
all the treatments. Soil and plant samples were drawn

at 15 days interval for the determination of available P



and the uptake of major nutrients. The residual
effect of phosphatic fertilizers was assed by
continuing the experiment for the second season with
out the addition of P fertilizers. However, for the
second season a treatment receiving P at the rate of
45 kg ons/ha as SP in both the season was incorporated
for comparison in both the soils,
Application of phosphatic fertilizers
irrespective of their water =olubility increased the
various inorganic fractions and available P content
of the soil. The total native inorganic P increased
in the presence of added P due to the enhanced
mineralization of organi¢ P. Among the varicus
inorganic fracticns, Fe-P was the dominant form
accounting for 41 to 44 per cent of the total inorganiec
P. Second most abundant f£raction was Al-P. The contents
of redvctant soluble~P, occluded-P and Ca-P were
relatively less and that of saloid-P was negligible,
The three sources of P did not differ
significantly in increasing the various inorganic
fractions of the soil except that of saloid-~P,
The contents of Al-P, Fe-P, reductant soluble-~P and
oceluded~P were more in laterite soil compared to kari
soil, while saloid-P and Ca~P were high in karl soil.

Prediction equations were worked out to establish



various inorganic P fractions and available-P at
different periods of incubation,

The peak values of saloid<P were observed during
the seventh fortnight. Saloid-P was found to be
positively correlated with Fe-p (r = 0.7?5). Al~P
(£ = 6.753) and Ca~P (r = 0.255) and negatively
correlated with reductant soluble-P (r = -0.243) and
occluded-P (r = ~O.3§3). Concentrations of Al.P and
Fe-P were maxinum during the twelfth period of
sampling and they were negatively correlated with
reductant soluble-P and oceluded~P., Highest values
of reductant soluble-P and occluded-P were observed
during the f£irst period of incubation and the
concentration of Ca~P was minimum in the twelfth
fortnight.

Forms and levels of applied P had little effect
on increasing the available P content of the soil.
The contribution of various inorganic fractions to
available P was different, Direct and indirect
effects of various inorganic P fractions on available
P from RRP, MRP and SP were brought out by the path
analysis. Saloid-P, Fe~P, Al-P and Ca~P were
positively correlated with available P (Bray 1 and 2)

and reductant soluble-P and occluded-P were



negatively correlated. The extent of contribution of
various inorganic fraectionsz to available P was the
same in all the three sources of P added to the

scil.

Application of SP at the rate of 90 kg ons/ha
twice in two equal doses during the f£irst and
ninety~first day of incubation did not increase
conspicuoﬁsly the inorganic fractions and available P
content of the soil compared to the initial
application of the same quantity of P as SP and
rockphosphate.

In the potculture experiment in general,
application of P fertilizers had resulted in a better
utilization of major nutrients by the rice plant and
this effect was more pronounced in karxri soil during
the first crop season, However, in the second crop
season, thae effect of P fertilimers on uptake of
nutrients wae pronounced in both the soils. During
the first crop secason, in the abaence of added P,
the uptake of nutrients and yleld of straw and grain
were more in laterite soil compared to kari soil
while in the presence of added P, uptake of nutrients
and yield were higher in kari soil. However, in the
second ¢rop season, both in the presence and abszence

of added P, the uptake of nutrients and yield were



more in laterite soil.

Uptake of N and K by the straw during the first
crop season was significantly higher in treatments
receiving SP compared to other treatments receiving
rockphosphates though the uptake of P by the straw
did not vary significantly with the variations in
the source of P, However, in the second crop season,
uptake of N, P and K by the straw was significantly
higher in treatments receiving S8P. Increasing the
level of application of P from 45 to 90 kg onsfha
increased the uptake of N and K siqnificantly while
uptake of P by the straw and straw yield did not
increase significantly with increasing the level of
application. But in the second crop season, the
uptake of N, P and K by the straw and straw yield
increased markedly with increasing the level 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 significant increase over
control in both the soils. However, in the second
crop, uptake of N, P and K by the grain increased
conspicuously in both these soils., In the first crop
season, total uptake of K was significantly higher



over control in both the soils, while that of N and
P was higher only 4in kari soil. But the total uptake
of N, P and K ingreased over aontrbl in both the
soils in the second crop sesason., In general,
application of SP was found to be superior to the
application of rockphosphates with respect of the
uptake of N, P and K by grain and their total uptake
by rice plant in both the seasons of crop growth.
The yleld of grain by the application of phosphatic
fertilizers showed significant increase over control
only in kari soil during the first crop season,

In the second crop season, both the soils were found
to be responsive to the application of P fertilizers
with respect to the increase in the yield of grain.
In tha treatments receiving rockphosphates as a
source of P, the yiseld of grain was 93.18 and 92,67
per cent of that obtained in treatments receiving Sp
during the first crop and second crop seasons
respectively.

In both the seasons of crop growth, available P
in the s0il was significantly higher in treatments
recelving SP than that in treatments receiving
rockphosphates. Increasing the level of application
of P from 45 to 90 kg ons/ha increased the available
P content of the soil to the extent of 11,97 and



17.43 per cent over the lower level during the first
and saecond crop seasons respactively.

Application of SP at the rate of 90 kg onsfha
applied twice in two equal doses separately for the
first ecrop and second crop seasons increased the uptake
of nutrients, vield of grain and straw and available
P content of the soll compared to the application of
the same total quantity og P initially for the first

crop only as SP and roc¢kphosphate,
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