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INTRODUCTION

Rice, which provides a third of the world's
population with more than half their calories and nearly
half their protein, plays a part of no small importance
in world's economy. It plays a vital role in the Indian

econcmy too. -~

Rice yiélds are generally low in the tropics,
national average yields range from 1.5 to 2.5 t/ha whereas
the potential yilelds in the tropies is 13 - 15 t/ha,
Tropical farmers are reallzing only 10 to 20 per cent
of theilr potential yields. With the introduction of high-
vielding, fertilizer responsive rice varieties substantial

increase in rice production has been achieved in India.

The object of getting higher yielq cannot be met
with by the introduction of high yieldiﬁg varieties alona.
Development of suitable agronomic practices aésumes greater
lmportance in giving full expression of the yield potential
of these varieties. Therefore it is of great significance
that the response of each variety to different levels of
nutrients may be studied in detail with a view to find out
the optimum levels of nutrients for each variety for

maximum returns.
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among the major plant nutrients, the response to
nitrogen has been found to be linear in most of the high
ylelding varleties. of rice. The story of potash is also
more or less the same except in certain localized pockets.
However, trials conducted with phosphatic fertiligers
either alone or in combination with organic or inorganic
sources of nitrogen, indicate tbat unlike nitrogen or
potash, phosphorus generally gilves little or no response

in most of the places.

The importance of phosphorus nutrition in crop
production is recognised by the fact that a deficiency
of this element is very often a limiting factor in many
soll types. At the same time it is a very critical element
in the plant nutrition in as much as it controls several

vital metabolic processes within the plant.

More than 90 per cent 0f the soils of Kerala are
aclidic in reaction and as such are low in avallable phos-
phorus} The anomalous behaviour of fertilizer phosphorus
has been sought o be explalned as due to the fixation of
this element in the soil. A number of known as well as
unknown factors contribute to the lack of response to
applied phosphorﬁs in soils. ©One such factor in the wet
land £looded condition being the increased availability

of native phosphorus due to flooding. Plants may-be able



A

+0 obtain sufficient amount of this nutrient f£rom the
limited supply of available phosphorus in the soil,
thereby making the application of phosphorus ineffective.

In rice phosphorus is usually‘applied as basal
dressing. However, late application can be made 1f neseded
provided it is not applied later than the étage of tiller~
ing. ©Early application of phosphorus is essential for
root elongation whereas phosphorus applied during the
tlllering stage is most efficiently utilized for grain
production. Furthermore; the availability ¢f soil phos-
phorus increases with time during submergence. This
indicates that correct applicatlion of phosphatic fertili-
zaers in early stages of growth will also take care of
the phosphorus requirement of the ¢rop during its later
stages of growth. In spite of the comparatively greater
avallability of phosphorus in submerged soils, the recovery
of applied phosphate by rice is still very low. This
meang that there is room for increasing phosphate effi-
_ciency or economising the rate of application, if the
method of application can be improved. However, only

very little work has been done on this subject.

Foliar fertilization of nitrogen has been the
subject of studies since several years and its feasibllity

has been fully ascertained. This methcd provides more



rapid utilization of nutrients and permits the correction
of observed deficiencies in less time than would be required
by soll treatments. When problem of fixation of nutrients
exist, follar application constitutes the most effective
means of fertilizer placement. However, for foliar appli-

" cation of phosphorus the problem of adding sufficient.

amount becomes critical.

Another method for increasing the efficiency of
phosphatic fertilizer is to treat the seeds with chemicals
like Potassium dihydrogen phosphate or Diamonium phosphate.l
In a few fleld experiments the plants from pre-treated
seeds slignificantly outscored those from untreated seeds

Mehrotra et al. 1967, 1968p Basu and Prativa, 1978).

Several workers have cited experiments where dipping
the seedling roots lIn a solution of phosphate or in a
super phosphate = soll slurry prior to transplanting has

significantly increased the yilelds of rice.

,Adequate applications of phosphorus to the seedling
nursery were found, in some cases, to incrzase the yield
of rice in the main field. This has been found to reduce
to a certain extent the requirement for phosphorus in

the maln field.
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In order to assess the relative merits of various
methods of phosphorus fertilization, an experiment has
been lald out at the College -of Agriculture, Vellayani
with the following objectives.

1. 7To study the relative efflciency of different
methods of application of phosphorus to rice

variety Iriveni.

2. To assess the level and method of phosphorus

application.

3. To £ind out the effect of phosphorus applica-

"tion on the yield and quality of produce.

4. To £ind out the uptake of phosphorus as influen-
ced by the levels and methods of phosphorus

application.

5. To study the economlics of varlous methods of

phosphorus application.
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REVIEW OF LITERATURE

Role of Phosphorus in Plant Growth

Phosphorus which is one of the three major plant
nutrients is a constituent of the cell-niucleus, nucleic
acids, phytin and phospholipids. Apart from con%%puting
greatly to high rice yield, phosphorus is necessary in
several other ways (De Geus, 1954). (1) It stimulates
root development, making plants more resistant to drought.
(2) It promotes early flowering and ripening by mesans of
which the unfavourable 1Influence of late transplanting
is eventually reduced or neutralized. (3) it encourages
more agtive tillering which enables rice plants to recover
more rapidly and more completely after any adverse situa-
tion« (4) It gives a higher f£food value to rice, owing
to the higher phosphorus content of the grain. It has
an important role to play in many of the metabolic processes
such as synthesis and breakdown of carbohydrates, fats
and proteins and in the transfer and conservation of

energy (Anonymous, 1961).

An adequate supply of phosphorus is essential for
cell-division, root development, early maturity and seed

" growth. Low phosphorus supply suppresses early nitrogen



uptake and prevents the synthesis of proteins £rom
nitrogenous substances. A plentiful supply in the early
stages promotes earlg growth because such a high supply
increases the content of nucleic acid phosphorus and
phospholipid phosPhOrus.‘ According to Fujiwara.(1964)
nucleic acids can actually promote heading in rice as

1t controls vegetative growth through broteih bibsynthe-
sis and reproductive growth through flower initiation.’
Phosphorus plays its specific role in the metébolism of
rice plant through ribose nucleic acid which in turn is

known to be involved in protein synthesis.

Tamhane et al. (1964) reported.that phosphorus-
lmparts decreased resistance to plants as it induces
normal cell dévglopment resulting in vigorous growth.
Black (1967) cbserved that plant structure, metabolism

and reproductiqp are controlled by phosphorus;.

Phosphorus lncreases the number of tillers as well
as the number of productive tillers. It is found essen-
tial for root development, flower primordia initiation,
stimulation of growth, grain formation and early maturity
of crops. Aan adequate supply of phosphorus is associated
with greater strength of cereal straw (Tisdale and Nelson,

1978).,



Recent investigations by Bhattacharyya and
Chatterjee (1978) further revealed that phosphorus
manuring increased early tiller formation greater part
of which ultimately provided more grains of heavier
welght. There was early and synchronous flowering

as well.
Transformation of Phogphorus in Flooded Soils

Many workers have reported that the behaviour of
phosphate in waterlogged soils is remarkably different
from that in upland soils. The unigque soil conditlons
created by waterlogging influence the transformation and
availability of both native and applied fertilizer phos-

phate.

The suggestion that submergence of a soll causes
an increase in the solubllity of phosphate was flirst made
by Bartholomew {(19321) who observed that Arakansas rice
showed response to phesphatic fertilizers even in soils

low in phosphate.

Fujiwara (1950) observed that the response of low=-
land ricg to iron and aluminium phosphate was markedly
superior to that of barley. The better performance of
ferric phosphate to lowland rice was due to its higher
solubility under reducing conditions. The increase in

solubility of phosphorus in a flooded soil may be attri-



buted to (a) reduction of ferric phosphate to ihe more
soluble ferrous phosphate and (b) displacement of phos-
phate from ferric and aluminium phosphate by organic

anions.

Increase in solubility of phosphorus under f£looded
conditions has also-been: reported by Islam and Elahi
(1954) and Ponnamperuma (1955) and these authors have
attributed the reason for increased solubility of phos-
phorus to the reduction of insoluble ferric phosphate to
soluble ferrous phosphate brought about by the anaerobic

condition due to flooding.

1

' Shapiro (1958 a) observed an increase in available
phosPﬁorus with f£looding resulting f£rom reducing conditions
and an iﬁcreaséd hydrolysis of iron and aluminium phosphate.
Shapiro (1958 b) in a further experiment verified the role
of ferric phosphate in phosphorus nutrition of rice and
observed that the uptake of phosphorus by rice from added
ferric phosphate was about 294 per cent greater in flooded

than in non-f£looded solls.

Davide (1960) cbserved that with CaH, (PO,), as a
phosphate source, response to rice was almost the same in
flooded and non-£lcoded soil but with iron.phosphate the
response was much better in flooded soils than in nﬁn—

flooded ones and therefore concluded that the beneficiai



effeats of flooding on phosphate availability depended
on the intensity of reduction and on iron content of

the soil.

Bagak and Bhattacharya (1962) observed that iron
and aluminium and organic phosphorus decreased whiles
availsble phosphorus increased from planting to tillering
stage of rice. Chiang (1963) studied the availability
of native and applied phosphate to rice grown on water-
logged solls and observed that soon after flooding availa-
‘ble phosphate increased, apparently through the hydrolysis

of aluminium phosphate and the reduction of iron phosphate.

Datta and Datta (1963) from thelr studies with
isotope 932 reported increased availability of soil
phosphorus as measured by 'A! ﬁalue due to flooding.
Broeshart et ai.(1965) working on solls f£rom a number of
rice growing countries of the world confirmed that the
aupply of soil phosphorus for rice incresases if the soil
is f£looded.

An experiment conducted by Raghupathy and Raj (1973)
" to study the availability fluctuations of soil phosphorus
fractions during paddy growth under f£looded conditions |

" showed that the available phosphoruvs and sluminium phos-
phate content were higher on the lsth day after trans-

plantation than at post-harvest stage.




Mosi et al. (1973) concluded that lowland rice

was not likely to respond to addition of phosphatic
fertlilizers as upland crops which may be dus not so

much to a lower nutritional requirement for phosphorus
but due to the release of soil phosphorus under submerged
conditions. Bedrna (1974) observed that in acid soils
90 per cent of the_applied‘superphosphate Wwas transformed
into Al~P and Fe-P, but innsutral and calcareous soils:

only 50 per cent of the applied phosphorus was trans-

formed inltc these forms.

Korableva (1974) observed that Fe~P and Al-P are
the predominant fractions in acid flood-plaln soils.
Batween 60 and 65 per cent of the phosphorus applied as
dicalcium phosphate 1s fixed in the form of sparingly
soluble iron phosphates. Shiga (1976) cbserved that in
flooded alluvial, peat and volcanic ash soils in the
field, extractable phozphorus content increaséd during

tillering.

Gupta and Singh (1977) observed that the poor
response of rice to applied phosphorus was attributed to
the increase in labile phosphorus during floloding.
singh and Ram (1977) observed that available phosphorus
in alluvial clay and red sandy loam soils increased upto

tillering stage and then tended to decrease. The increase




in available phosphorus in red scil was malnly related
to decrease in iron phosphate and calcium phosphate
concentration while in clay soil it was related to
decrease in aluminium phosphate and calcium phosphate
concentration. The decrease in available phosphorus was
due to the reformation of insoluble iron phosphate and
¢alcium phosphate in the red soil and of calcium phos-~

phate and aluminium phosphate in the clay soil.

Mechanism of Phosphate Release in Flooded Soils

It has been demonstrated by various workers that
fertilizers added to the well drained soils change gradually
into ferric phosphate which upon reduction forms ferrous

phosphate.

The mechanism of phosphate release in a flooded
soll may be explained by (1) reduction of insoluble ferric
phosﬁhate to more soluble ferrous phosphate (Islam and
Elahi, 1954). (2) releasé of occluded phosphate by redu-
ction of hydrated ferric oxide coating (Chang and Jackson,
1958:). (3) displacement of phosphate from ferric and
aluminium phosphate by organic anions (4)hydrolysis of
ferric and (5) anilon exchange between clay and organic
anions (Russell, 1962), Another possible process of
increase in the availability of phosphorus has been explai-

ned by the following reaction, which occurs under highly



reduced conditions (Sperber, 1958; Kawaguchi, 1965).

Fe (Po4)2 + 3 H,8 —— 3 FeS + 2H3Po4

3

This process prevails in solls poor in free iron.

Effect of Organic Matter on Phosphorus Transformation
‘ in Flooded Soils

Organic matter affects phosphate transformation in
waterlogged soils through the mechanism of reduction and
chelation. Both processes lead to increase in the solu~
bility and availability of soil phosphate (Shapiro, 1958 b).
The transformation of inorganic¢ phosphate to organic form,
observad in flooded soils (Bartholomew, 1961., Paul and
Delong, 1949) results in decreased phosphate availability.
Evidence of the formation of- insoluble aluminium organic
complexes of phosphorus due to anaerobic fermentation of

rice straw has been provided by Gasser (1956).

Mandal and Mandal (1973) observed that application
of organic matter significantly lowered the fixation of
added. phosphorus both as iron and aluminium phosphate in

acidic lowland rice soils.

The Uptake of Native and Applied Phosphorus by Rice

Information on the behaviour of native ‘and applied

phosphorus as well as the stage of growth of the plant at
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which uptake of this element is maximum is useful in
evaluating the best time for applying phosphatic ferti-

ligers to low land rice.

Bear (1949) using radlo active isotope of phosphorus
has shown that plants obtain an unusually high proportion

of phosphate from that already present in the soil.

Fried and Dean (1952) observed that a plant pre-
sented with two sources of phosphdrus, ﬁamely the soil
and fertiliger phosphorus, will absorb phosphorus from
sach in direct proportion to the amounts of theilr respgctiva

supplies.

In the early stages of growth, seedlings absoxb
phosphorus at a faster rate from the fertiliger than from
the soil the net result being that in young plants a high
proﬁortion of the total phosphorus absorbed is that derived
from the fertilizers. As the plants develop, the enlarg-
ing root system continuously increases the amount of soil
phosphorus absorbea compared with that of fertilizer

phosphorus (Dean and Fried, 1953).

Sahu (1955) observed that the absence of effect of
applied phosphorus on rice undesr waterlogged condit;ons
appeafs to be due to the increased availability of native
and fixed phosghates anq concluded that the phosphate

requirement of rice could be met f£rom native and fixed



phosphates present in the soil.

Maung - Mya - thuang (1960) f£rom his studies on the
effect of time of application'and relative absorption of
phosphorus from native and additive sources using radio=-
active phosphorus observed that during early stages of
growth when the level of available phosphorus in the soil
is still low, because of its gradual release, the young
plants used more of the applied phosphorus. He also
concluded that with the application of phosphorus either
midway between transplantipg and flower primorida initla-
fion, the plants absorbed phosphorus £rom both native and
applied forms. .The studies also disclosed that, of the
total phosphorus content of the plant more phosphorus

came from the soil phosphorus.

Tanaka (1962) found that the rice plant grows
normally when sﬁppiiad with a nutrient solution in which
the phosphorus i1s maintalned at 0.1 ppm. Second, water-
logging releases phosphate from fixed forms to the soll
solution as a result of the reduction reactions which
probably ensure an adequate supply of phosphorus throughout
most of the season in goils that are otherwise deficient
in phosphate, but contain appreciable amounts of iron

phosphate and reductant soluble phosphats.

Experimental evidences reported from the Inter-
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natlional Rice Research Institute, Manila (Anonyjcye, 1964)
showed that the percentage of phosphorus in the plant
increased with an increase in the phosphorus content of
the soil. Savant and Ellis (1964) reported that soil
molsture influenced the uptake of both native and applied
phosphorus. In so far as phosphorus is concerned low=-
‘land rice differ from uplgnd crops in that the rice plant
can absorb adeguate amount of %hosphorus from a soil
solution with a low concentration of phosphate (Okajima,

1965} .

1

De Datta et al., (1966) from his experiments with
an indica variety of rice (Milfer 6(2)) reported that only
8 to 27 per ceﬁt of the total phosphorus in the plant was
derived from the applied phosphorus. Kalam et al. (1966)
reported that the magnitude of response to phosphorus was
much lower than that of nitrogen duve to the high status
of available phosphorus in the soil., Patrick and
Mahapatra (1968) reported that drying of soil decreased

the available phosphorus content in the soil.

Terman and Allen (1970) observed that the total
uptake of phosphorus increased markedly with the amount
of applied phosphorus on the low-P solil and slightly on
the medium-P soll; there was no response on the high-P
soll, Percentages of plant phosphorus from the labelled

fertilizer and the uptake of fertilizer phosphorus
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increased in all situations with the amount of applied
phosphorus and decreased with increase in soill phosphorus.
Uptake of =zoil phosphorus increased markedly with lncrease

in soil phosphorus level.

George and Sreedharan (1970) from their experi-
ments at Vellayani concluded that the basal application
of phosphorus appears to have ensured an adeguate supply
of this element during the first and second months of
plant growth while soill phosphorus was utilised only

during later stages of growth,

Jose and Raj (1971) observed that the reduction
in the phosphorus status of the soil may be due to greater
removal of phosphorus by the growing crop from tillering
to flowering time compared to the period from sowlng to
tillering. Alexander et a1.1(1973) found that application
of different levels of phosphorus did not have any positive
effect on any of the yleld attributes. This lack of
response to added phosphorus may be due to higher status
of available phosphorus in the soil. Majumdar (1973)
found that recovery of applied P,0y was only 2 per cent.
Matzel (1974) observed that only 55-60 per cent of the
fertilizer phosphorus waé used by the plants while the
remainder was converted intc unavailable forms which vary

acéording‘to soil composition and pH.

e
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Sinha et al. (1980) observed that the uptake of
total phosphorus and fertiliger phosphorus increased .
with increasing rate of appllied phosphorus from 0 to
90 kg/ha, while utilization percentage of the applied

phosphorus decreased.

Uptake Pattern of Phosphorus by Rice Plant

Rao and Rao (1961) found that the abéorption
curve for phosphorus was sigmoidal withlpeaks_occuring
during the'vegetativa and reproductive stages. Reyes et al.
(1962) found that 93 per cent of the total uptake of
phosphorus occured f£rom transplanting to booting stage
and suggested an adequate supply of phosphorus during
this stage.

At IRRI it was found that pﬁosphoriclacid supply
increased the absorption of phosphorus and its content
in straw (Anonymous 1964: 1965). Ishizuka (1964) from
his studies on the relative uptake of native and applied
phosphorus at different stages of plant growth reported
that the absorption of nutrients wag noticed fifteen days
after germination. He found that the percentage oﬁ‘
phosphorus in plant was high in the seedling stage,
decreased rapidly after transblanting, then increased
gradually corresponding to the recovery from the shock

of transplanting and reached a high percentage at the
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time of initiation of flower primordia. Maximum uptake

of phosphorus occurs during 50~60 days after germination.
Patnaik et al. (1965) from his studies wlth shert dura-
tion rice varieties 'found that in the case of phosphorus
there was a tendenéy for lower absorption during the
initial twent& to forty days after which there was vigorous
uptake which continued upto flowering or a little later.

In medium and long duration varietles, there was an
increase in the rate of absorption of phosphorus till

the maximum tillering phase only and slowed down consi~

derably during the wegetative phase.

Gargantani and Blanco (1965) sampled rice plants
at 10 day intervals to study the absorption of nutrients
and found that the absorption of phosphorus was continucus

throughout the period.

Mehrotra et al. (1968) found that the rate of phos-
phorus absorption continued to increase throughout the
growth perlod. Chandrasekharan and Duralraj (1969)
reported that the absorption of phosphorus was ratlier
élow during the early stages of growth. Nearly 75 to 80
per cent‘of the total phosphorus was absorbed upto Sznd
- day after planting and thereafter there was a tendency
for flattening in the uptake pattern graph. Naphade
(1969) reported that the rate of phosphorus absorption

was much higher at 40 to 90 days after transplanting




[T

JE 1

than at other periods.

Jose and Raj (1971) reported that the reduction
in the phosphorus status of submerged solls may be due
to the greater removal of phosphorus by the growing crop
from tillering to f£lowering time compared to the period
from sowing to tillering. This is substantiated by the
fact that even from the control plot the crop removed
4-7 kg phosphorus per hectare during the period as compared

to 0.82 kg per hectare from sowing to tillering.

All and Morachan (1973) reported that in field
_experiments the uptake of phosphorus by rice plants was
higher at the early stages of growthe. Throughout the
crop-growth, total uptake of phosphorus was greater under
submerged conditions. Muthuswamy et al. (1973 b) found
that 50 per cent of the total requirement of phosphorus

was absorbed between panicle initiation and flowering.

Alexander et al, (1974) observed that there was a
gradual increase in the phosphorus uptake from maximum
tillering to flowering stage and then a rapid increase
from flowering to harvest. Mohanty and Patnalk (1974)
also reported that absorption of phbépho;us'by rice was
greatest from transplanting to flowering, irrespective

of the soil type, after which uptake was very slow.
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Thandapani and Rao (1974) 6bservad that the phos-
phorus content of the root and shoot were highest at
tillering stage and at the flowering stage there was a
slight reduction in the phosphorus content in all the
treatments and at the harvesting stage the phosphorus
content was very low both in straw and root. At all
these stages, the phosphorus content in the plants increa-

sed with increase in the level of phosphorus applicaéion.

In trials with rice given 2-80 kg PZOS/ha by two
methods (top dressing and follar spray) 25 days after
.transplanting, the total acid soluble phosphorus contents
in plants increased upto flowering and decreased there-
after; they were higher with phosphorus applied as foliar
spray than as a top dressing. The highest leaf contents
of acid soluble inorganic phosphorus in early growth

decreased with age (Vijayan and Rao, 1975).

shiga (1976) obsérved that tiller number increased
until phosphorus confent reached about 0.8 per cent 9205.
sthile highest panicle number and grain yield were reached
at 0.6 - 0,7 per cent P,0z. Shiga et al. (1976) reported
that in rice grown on 3 sdils with various rates of phos-
phorus applied .to previous crops extfactable phosphorus

content in flooded soil increased during tillering.



Weeraratna (1976) reported that the rate of uptake
increased from one to three months after sowing and was
higher in the high than in the low yielding cultivarse.

An experiment conducted by Suseelan ot al. (1978) to
study the uptake pattern of phosphorus by rice ravealed
that the pattern of phosphorus absorption showéd an
increasing trend upto the primordia initiation stage,

followed by a gradual depression thereafter,

Iruthayaraj and Morachan (1980) found that the
uptake of phosphorus was high at harvest stage. Chaudhary
and Uppal _(1981) reported that the phosphorus accumula-
tion was 4.2, 4.4 and 6.4 mg/pot upto tillering and 32.7,
30.2 and 38.5 mg/pot from tillering to maturity in culti-
vars = IR 8, Jaya and J=-351 respectively wilithout added
phosphorus. addition of 60 ppm phosphorus increased
total phosphorus accumulation at maturity to 92.4 -
106.8 g/pot.

Rastogl et al.(1981) observed that increasing
.levels of applied phosphorus, lncreased the total uptake
and fertilizer phosphorus uptake, but decreased avalla=-
ble soil phosphorus uptake and utilization percentage of
the applied phosphorus at the tillering, flowering and

maturation stages.



Phosphorus Uptake at Different Stages of Growth in Rela-
tion to Yield

Many workers have attempted to evaluate the effi-
ciency of phosphorus absorbed at different stages of
growth for grain production for devicing a suitable

schedule for phosphate application.

Kasal and Asada (1960) reported that'at maturity
80 per cent of the phosphorus in the entire plant was

32 these workers

present in the grain. Using isotope P
were able to conclude that 60 to 80 per cent of the
total phosphorus absorbed at each stage of growth was
translocated to Ehe graih. They also found that most of
the'phosphorﬁs brought to the grains from milky stage to

maturity was translocated £rom the stem and leaves.

Ishizuka (1964) from his studies observed. that
after flowering the phosphorus content in the leaves and
culm began to move to. the grains, and contié;ed upto the
dough stage. This coincided with the translocation and
accumulation of starch in the grain, showing a close
relationship between carbohydrate metabolism and phos-

phorus uptake. Bredero (1965) observed a linear relation-

ship between yleld and phosphorus uptake-.



Patnaik et al.{1965) from their solution culture
studies on a short and medium duration variety (ptb~10
and T-141) concluded that with adequate supply, the
phosphorus absorbed during the tillering stage is most
efficliently utilised for graln production and is adequate
to give an optimal yield. They have also found that .
phosphorus absorbed beyond thilis period tended to accumulate
in the grains, straw and roots with no advantage to grain

production.

 Reo 2nd Rao (1965) observed that available soil
phosphorus level showed a significant positive correla-
tion with the plant phosphorus content and grain yield.
Naphade (1969) reported that there is significant correla-
tion between grain yield and phosphorus uptake. Patnailk
and Galkawad (1969) observed that the peak of partial
productive efficiency occured during the active vegeta-
tive growth period (upto 8 weeks after transplanting),
indicating that the nutrients absorbed duriﬁg thlis period
were most effectively utilized by rice for grain produ-
ction.

George and Sreedharan (1970} reported that applica-

tion of full dose of phosphorus gave significantly higher
grain ylelds while delay in grain yield was found to be

proportionate to the period of delay in its application.
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Terman and Allen (1970) observed that in low-P
soil, yield and phosphorus uptake increased with rate of
applied phosphorus, but decreased with delay in applica-
tion. Mohanty and Patnaik (1974) also reported that low
levels of phosphorus decreased yield and phosphorus uptake.
Shiga et al. (1976) observed that tiller number increased
with plant phosphorus content upto 0.8 per cent P205,but
panliclie number and grain yleld increased only upto 0.6

to 0.7 per cent,

Katyal (1978) reported that the critical soil |
water soluble phosphorﬁs,content below which plants yielded
little or no grain'was 0.05 ppm and highest yields were
obtalned with 50 ppm. Sinha et al. (1980) obsarved that
uptake of total phosphorus and fertiliger phosphorus
increased £rom 0 to 90 kg per hectare while utiligation
percentage of the applied phosphorus decreased. Increase
in phosphorus rates increased paddy and straw ylelds and

decreased uptake of soil phosphorus.

Methods of Application of Phosphatic Fertilizers

The efificiency of fertilizer use, as reflected in
the growth and yield responses, is to some dagree influenced
by f£actors such as kind or source, rate, time and method
of application, or combination of some these., This is

especilally significant with phosphatic fertilizers because




they react with various soil constituents giving products

of varying avallabllity to plants.

A. Single vs Split application of Phosphorus

There are evidences that under upland conditions
the'plécemént of phosphatic fertilizer can affect yleld
more significantly than rates of applicatlon or sources.
This may not be the case in flooded solls where reducing

conditions exist.

Despite’ the greater availability of phosphorus in
a lowland soil, the recovery of fertillzer-phosphorus by
rice is generally less than 10 per cent. Where extensive
fertilization is practised in the rice growing areas,
phosphorus is usually applied as a basal dressing. It is
usually broadcast, with or without mixing with the surface
mud, eithe; during f£inal land preparation or puddling,
immediately before sowing seeds or before transplanting

the seedling (De Geus, 1554).

Maung-Mya-Thaung (1960) observed that in the early
stages of growth, when the level of available soil phos-
phorus was still low because of its gradual release, the
young plant used more of the fertilizer phosphorus.
Consequently, with application either midway between trans-

planting and flower primordia initiation or at the flower



primordia, the plant had two sources. He observed that

more phosphate uptake came fxom the soll phosphorus.

Reyes et al. (1962) found that 93 per cent of the
total uptake of phosphorus occured from transplanting to
booting stage and suggested an adequate supply of phos-
phorus during this stage. Broeshart and Fried (1963)
concluded that phosphate application may be made in a
single dose at the time of transplanting.

Ishizuka (1964) observed that phosphorus is absorbed
from the beginhing of growth to the earing stagesy but
after this stage absorption is slight or absent. He
suggested the necessity of synchronizing application of
phosphorus within this period for maximum efficlency. The
data suggest that there should be adequate supply of phos-

phorus from transplanting to booting stage.

Dobrunov et al. (1968) concluded that fertilizers
were most effective when applied before sowing. Axencva
et al. (1969) found tﬁat soil phosphorus content decreased
as plants developed and was not affected by split applica=~
tion of phosphorus. Chandrasekharan and Durairaj (1969)
reported that single application of nutrients at planting
recorded higher yield of both grain and straw. Single

application at planting made higher amount of phosphorus



avallable for the uptake of the crop in the initial ‘
stages, compared to split applications and hence yield

would be higher in single than in split applications.

Patnaik and Galkwad (1969) also had stressed the importance ‘
of providing adequate available phogsphorus at early

stages to ensure maximum productione. ‘

George and Sreedharan (1970) observed that basal
application of full dose of phosphorus gave significantly
higher grain yields than the treatments which received
phosphorus as top dressing. It was also seen that reduction
in grain yield due to delayed application df phosphorus
was proportionate to the period of delay in their appli-
cation; the basal application of phosphorus appears to
have ensured adegquate supply of this elemsnt during ths
first and second months of plant growth while soil phos-

phorus was utilised during later stages of growth.

Patnaik et al. (1974) reported that in field experi-~
ments over several years in lowland rice, drill application
of phosphate at seeding was superior to early season top
dressing. Higher ylelds were obtained with top dressing
two weeks after seeding than with top dressing later in
‘the sesagon. " Rao et al. (1974) observed that higher yields
were obtained with applicatlion of phosphorus as a basal
dressing before transplanting than by applying in a single

top dressing or as basal 4+ top dressing. -



Katyal (1978) observed that higher ylelds were
obtained with phosphorus broadcast than when mixed with
top 15 cm of soil and with single than split applications.
belaying phogsphorus application for more than 14 da&s
after transplanting reduced yields and increased time to
maturity with a greater effect in the dry than in the
wet season. Agarwal (1980) also reported that splitting
of phosphorus did not have any advantage -ovar basal

application.

There are also evldences to show that split appli-
cation of phosphorus 1s superior to single application.
Yang et al, (1968) reported that split application of
phosphorus was more effective for f£irst than for second
crop and more effective for light than heavy solls.
Halappa et al. (1970) reported that the application of
60 kg 9205 per hectére in 2 split dressings at trans-
planting and tillering resulted in highest (avefage) number
of ear-bearing tiliers per hill (11.9), grains per ear -
(73), paddy ylelds (9.77 t/ha) and 1000 grains weight
(29.8 g) Kuo (1973) also reported that on poorly drained
solls in first crop of 1970, '71 and '72 application of
(a) 72 kg P,0; per hectare (50 per cent as a basal dress-
ing and 25 per cent.each as top dressing) gave the highest

vield increases of 7.5 -12.1 per cent (290-527 kg/ha)
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over (b) the control treatment given 36 kg 9205 per
hectare as basal dressing. In the second crop of 1970
and 1972 application of {c) 72- kg P205 per hectare

(50 per cent aé'a basal dressing and 50 per cent at
the first top dreésing) increased ylelds from 13.8 to
32.8 per cent (295-1142 kg/ha). Results from field
experiments coﬁducted by Rao et al.{1973) on split

and foliar applipation o£ complesx fertiiiz;rs on IET-
1991 rice, showed that most suitable schedule was 25
pér cent of the fertllizer as a basal application
followed by 50 per cent 21 days aﬁtér planting and

25 per cent at panicle initiation. Chaudhary and
Uppal (1981) on the effect of time of application of
rhosphatic¢ fertilizers showed that thelr application
in one single .dose at the time of puddling was the best
treatment for varletles IR-8 and Jaya, but variety
J=351 which accumulates high amounts of phosphorus
both upto tlllering and from tillering to maturity
stages, responded significantly to split application of
phosphorus; half at puddling and half at tillering.

B. Foliar Fertllization

Caertaln of the fertilizer nutrients soluble in
water may be applied dilrectly to the aerial portion of

the plants. The nutrlents must penetrate the cuticle of



the leaf or the stomata and then enter the cells. This
method provides more rapid utllization of nutrieénts and
permits the correctlon of observed deficiencles in leés
time than would be required by soil treatments. When
problem of soll fixation of nutrients exists, foliar
application constitutes the most effective means of
fertilizer placement. For fcllar application of phos-
phorus, the probiem of adding sufficient amount becomes

critical.

Studies on the comparative efficiency of soil
and foliar application of phosphorus by Yatazawa (1954)
indicated that the uptake and absorption of phosphorus
was be£ter thrbugh foliage. Narayanan and Vasudevan
(1957) found that superphosphate at one ﬁer ceht_foliar
spray (11 kg/ha) increased the grain yleld by 14.4 per
cent over control at Coimbatore. Straw yield responses
follow the same treﬁd,,but in a slightly larger measure
than grain. According to them foliar application of
phosphates represent the most efficient methﬁd.of ferti-
lizer placement yet devised, because uéto 95 per cent
is utilized by the plant and gquantities used is very
much less than the quantity necessary £o produce the same

vield by scil application.

' Bodade (1966) studied the effect of foliar appli-

cation of nitrogen and phosphorus on the yield of jowar.
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Follar dressing of 3 per cent solution of urea plus
triple superphosphate ( at 16.87 kg N plus 11.25 kg
ons/ha) applied at 1.5 and 2.5 months after sowlng
gave simllar increases in yield as double tﬁese amounts
applied to the soil at sowing. The resulits of trials
conducted by Ramiah et al. (1970) with ragi éhowed that
band placement and foliar methods recorded a signifi-
cantlx higher grain yleld, the increase being 6.6 per
cent over 5roadcast mefhod. However, the straw yield

was not significantly altered by any of these methods.

Rajat De (1971) found that application of the
entire quantity of phosphorus through the soil is often
agsoclated with lower uFilization whereas maximum absorp=-
tion and utilization of phosphorus were obkserved when

foliar application was resorted to.

Field experiments conducted by Jha et al. (1973)
at IL.A.R.I., New Delhl during the Kharif season of 1970
and 1971 with rice varieties Sgbarmati and Jamuna showed
that uptake of phosphorus was increased with follar sprays
of different nutrients alone and in combination. They
also observed that land submergence would be dispensed
with by follar sprays of phosphorus in moist conditions
in so far as phosphorus concentration and uptake were
concerned. Increased 9205 concentration and uptake in

rice grain and straw was dua to the contribution of this



element directly through the foliage in addition to native

soll phosphorus.

Bhuiya et al. (1975) assessed the effect of foliar
and soll application of N, P and K fertilizers on the
growth, yleld and quality of rice and found that phosphorus
content of the grain increased with higher P,0; levels.
Graln ylelds and quality were higher with foliar than

soil agpplications.

Vijayan and Rao (1975) studied the uptake pattern
of phosphorus in rice rela%ed to modes of application
.and observed that the total acid soluble P content in
plants increased upto flowering, and decreased there~
after; they were higher with phosphorus applied as foliar
spray than as top dressing. Vijayan and Rao (1977) obser-
ved that medium level of phosphorus of 60 kg/ha had more
influence on tiller production, number of grains per
panicle and 1000 grainsweight. Medium level of 60 kg/ha
through soil and 40 ka/ha through foliage recorded high
yields of grain and straw. The total number of whole
gralns and less number of chaffs per paniclé recorded
higher valueé at optimum level of 60 kg/ha through soil
and 40 kg/ha through foliage.. But there was very little
influence on 1000 grains weight between modes of appli~-

cation,
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é.pot'culture study carried out by Mahapatra and
Gupta (1978) to observe the efficiency of follar spray
on rice showed that the follilar spray of 1.81 per cent
triple superphosphate solution gave more yield during .
the Rabl season compared to the Kharif season. Foliar
application produced significantly more number of grains
per pot and the grain yield was nine per cent more over

the control.

Although there are many reports revealing the
response of crops to foliar application of phosphorus,

there are reports showling negative or no response also.

The results of trlals conducted by Krishnamoorthy
et al. {1973) on tﬁe efflcacy of soil and foliar aspplice~
tion of N and P to IR~8 rice revealed that under certain
s0il conditions, soll application of N and P was as good
as foliar application and equally efficient since leaching
losses and f£ixation etc. were negligible. Top dressing
of both 1/2 N and 1/2P through soil was as good as top

dressing both 1/2 N and 1/2 P through sprays.

The results of trilals conducted by Ramakrishnan
(1974) on the response of rice %o foliar and soil applica-~
tion Of nitrogen and phosphorus showed that foliar spray
application was not superior to soil application. TPough
soil application had significantly increased the number
of tillers over the foliar, yet it remained on par with

split application. Both foliar and soll application signi-
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‘ficantly increased the length of panicle over split
treatment. Neither folilar nor soil application expressed
superiority over each other in increasing the productive
tillers. There was no response in the number of grains
per penicle. The Spllt application of 1/2 soil + 1/2

. foliar was significant in case of thousand grain weight.
but was on par with soil application.‘ Grain yield and
straw yleld differences were not significant under

different methods of application-

Robinson and Rajagopalan {(1977) observed that
in rice basal‘application of full dose of P and K recorded
slgnificantly higher yield than-feliar spray aé 2 per .
cent concentration. This treatment recoxded 12.6 per
cent (1114 kg/ha). more yleld than control. Abrsham
and Koshy (1978) studied the comparative efficiency of
foliar and soil appiication of complex fertilizers in
paddy. They concluded that highest grain yield of 35.8 g/
pot was given by soil application of fertilizers compared
with yield of 30.2 and 32.4 g/pot with foliar application

at tillering and panicle initiation respectively.

Gupta and Seth (1978) reported that in wheat
there was no significant resporse to P applied by soil

and foliar methods.




Shirval et al.(1978)'made a comparison of soil
and foliar appliéation of fe;tilizer elements on the
yield of péddy variety f-géggg. There was a significant
difference‘in grainlfield due to basal dressing or
folliar aépliéation although yields ware slightly reducged

when part of N, P and K was applied as a folliar spray.

Abdulgalil et al.{1979) reported that in field
trials with rice, plant height and panicle length were
not affected by foliar compared to soil fertilizer appli-
catione CGrain yield of CGiza 159 was lncreased by soil
P compared with foliar P. Bacha and Scherer (undatéd)
reported that there was no significant difference between
various foliar fertilizers appliéd either on three daﬁes
at intervals of 15 days beginning at budding or at 40 &ays
after emergence. Yields tended to be highést with botn

normal and foliar fertilizers.

Thom et al. (1981) observed that in rice applica~-
tion at post«flowering stages reduced yields. Vahl and
Gomes (undated) also reported that difference in yleld
was not significant with N, P and K applied as basal

fertilizer, split dressing and follar fertillizers.



C. Treatment with chemicals

Mahrotra et al. (1967) studied the effect of
soaking paddy seeds in nutrient solutions of phosphate
on germination, growth and yield. Soaking the seeds
in 15 and 20 per cent solutlons of KH,PO, for 18 hours
before sowing raised the estimated grain yield to 22.3 kg/
ha‘compared with 19 kg/ha for water soaked seeds and
16.6 kg/ha for non-soaked seeds. The yield increase
was ascribed to an increase 1n the number of grains
per panicle. Mehrotra et al. (1968) reported that in
laboratory experiments, germinetion of wheat cultivar
K 68 was little affected by soaklng seeds in 2.5-=7.5 per
cent KH2P94 for 12 hours, ﬁut_Was decreased when con-
centration was inc;aased to 10-~20 per cent and duration
to 18-24 hours, Sozgking seeds in 7.5 per cent KH2P04
slightly accelarated maturation and gave thz highest
graln yileld, 7-9:per cent more than the unsozked control.
Treatments had little effect on the number of ears/

plant, number of grains/ ear or 1000 grain weight.

Sinha (1969) noted that soaking seeds of rice var.
Br. 34 in 1 molar solution of K ,iP0, for 24 hours before
sowing resulted in longer panicle than untreated ones.,
K,HPO, also increased the drymatter weight significantly

in the f£irst year.




drymatter production and ﬁptake of P and K upto 17 days.

Howgver, Singlachaf and Chandrasekhar (1978)
reported that treatment of rice seéds'with KHZPHbg had

no effect on the'growth and paddy yields comparxed to
untreated seed.

Mujumdar and Somawanshi (1979) reported that
seed Water absorption bﬁ wheat decréasedlwith increasing
concentration of the solution and was greater f£rom the
KHZPo4 solution._ The P contépt qf treated seeds increased
with increasing concentration of both compounds but seed
K levels increased with treatments involving KH,PO, »
High P concentration reduced plant drymatter yilelds
and plant P uptake decreased with increasing solution
concentration. The results indicated that seeds soaked
in water or solution containing less than 1000 ppm P
produced significantly higher plant drymatter vields

" upto 17 days of growth than unsoakad seeds.

. Padole (1979) observed that bre-soaking of wheat
seeds in KH,PO, (1-2 per cent) fir 6 hourg increased the
grain yield and uptake of N, P ind K, compareq witn un
or wgtér soaked seceds., ' ok

The results of trials caducteq by Singh
; . Co g and
Chatterjee (1980) indicated that soaking seeds
. = See
rice in Naznpod (
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by 20-25 per cent by increasing growth, root develop-

ment and different yleld components.

D. Application of Phosphorus in the Nursery

In an experiment conducted In Sapporo, the variety
Chusei-~Eiko (medium duration) was subjected to varying

fertilizer applications of 60 g N/3,.3 m?, 60 g P205/3.3 m2

and 60 g K20/3.3 m®, The seedling weight did not increase
15 days after germination but did so markedly 20 dafs
after. The absorption of nutrients, however, was already
notable 15 days after germination. No marked difference
in growth was observed between a plant which received

60 g of fertilizer and that which received none. However,
the plants differed significantly in nutrient contents.
Nutrient absorption was observed to occur earller when

nutrients were supplled %n sufficient amounts in the
nursery (Ishizuka, 1964).

Celton and Velly (1966) concluded that fertiliza-
tion of the nurseries resulted in greater nurber of
healthy transplants suitable for transplanting, and in
making them available iﬁ a shorter time. Fertilization
of the nursery had no effect on tillering, number and

weight of ears or on yleld.

Enyi (1966) observed that fertilizing rice at the

rate of 112 kg N, 67 kg P,0; and 70 kg Kzo/ha increased
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the grain yields from 292 g/m” for the unfertilized
control to 1012 g and was more effective than ferti--
lizing the nursery alone, which increased seed ylelds
to 336 g/mz. The combined field plus nursery fertili-
zing resulted in a yield of 1077 g/mz.

Padalia and Mahapatra (1970) tested the effects
of nursery treatments on the yleld and growth of rice
and found that ylelds were not affected by rate or

application of feréilizérs to the NUIrsaerys

Nalr et al. (1977) observed that in one trial
phosphorus applied in the nursery did not have any
significant effect on‘the shoot and root length and
dry weight of seedlings. It also did not exert appre- .
ciable influence on plarnt helght, number of ear bearing
tillers per hill and grain yileld in the transplanted .
£ield. In a second trial, phosphorus by itself had no
effect on the seedlings. Neverthless in combination
with nitrogen, these nutrients produced healthy and
vigorous plants. In contrast, seedlings from unmanured
plot were apparently weak with slender stems and pale
green leaves. Thelr establishment in the main f£ield
seer_ned. to be slow, but once establisheé, they tillered
fast and produced nearly as much tillers aé did the
seedlings from manured plots. At the end of reproductive

period, thera was no significant varliation between the



manured and unmanured seedling on the preoduction of ear-
bearing tillers per hill. Phosphorus had no influence on

EFlowering.

Rajagopalan et al.(1979) reported that ylelds were
highest when 2 kg Dar/40 m? of seedbed was applied giving
yield of 6.1 t/ha compared with 5.5 t/ha in the untreated
control. When rice cultivar IR-20 was given DAP in the
seedbed and NPK in the mainfield, application of DaP alone
yielded 4.8 t/ha compared with yield of 4.9 t/ha with

DaP + NPK and 3.8 t/ha with NPK alone.

E. Treatment with Superphosphate Slurry

In some of the wvolcenic soils of Japan whicﬁ have
a‘strong tendency to f£ix phosphate, dipping the roots of
seedlings into a thin mud paste contalning 1 part super-
phosphate and about 5 parts of soil before transplanting
was found to be effective. (De Gues, 1954). This pra;:tice
was claimed to concentrate phosphate around the roots
and partially compensate for the loss of phosphates through
fixation. |

In Indila, f£ield experiments.were conducted at seven
statlions from 1954 to 1957 to compare various methods of
applicatioh of ammonium phosphate and triple superphosphate
iike (a) broadcasting and puddling immediately before plant-
ing (b) drilling at puddling before planting, (¢) dipping



the geedlings in a slush of fertilizer and mud and (4}
application in pellet form. Pellst application was
consistently better than broadcast at two statlons; while
other stations found. no significant wariation among

methods (anonymous, 1965).

Mariakulandai and Chamy (1967) reported that in
s?étematic trials laid out from 1936 to 1959 under the
scheme of Model Agronomic Experiments at Aduthurai, there
was no significant different between broadcasting, dipping
tﬁe seedling in mudslush containing phosphatlc fertilizers

and placement of pellets of phosphatic fertilizer,

Sharma and Singh (1967) reported that applyihg
fertilizers in pellet form near the root-zone gave higher
yleld increases than dipping the seedling before trans-
planting in a slurry containing the fertilizers or apply-
ing them broadcast at puddling.

Katyal and Ramavataram (1973) obserxved that root
dipping in superphqsphate slu?ry, promoted root growth
and tillering and the quantity of fertilizer required was
reduced from 26 kg P.to 14 kg per hectare to get the same
yvields.

Results of trials conducted by Ramaswamy et ale
(1974) showed that placement of phosphate fertilizer by

dipping the seedlings in phosphate slurry gave yilelds



which were on par with broadcast applicat;on. They
inferred that rice plant can extract soil phosphorus
under submerged conditions if soil phosphorus status
is not too low, provided a starter effect is given by
dipping the seedlinga in phosphate slurry and then
planted in the f£ileld.

Katyal et al. (1975) reported that in field trials

- paddy yilelds were similar with és kg P/ha applied to soil
at transplanting és 14-25.2 kg P/ha as soil-guperphosphate
slurry in which the seedling roots were dipped before
transplanting. Katyal (1978) also observed that 50 per

cent less P was needed to avold.P deficiency when it was

applied at transplanting as a superphosphate«soil slurry
to seedling roots singly or in bundles than when 1t was
broadcast. | |

~ Mirza et al, (1979) found that utilization of P was
17.3 - 28.4 per cent when applied as superphosphate-soil
slurry and 4.98 to 7.8 per cent when applied to soii. The
net profit was 3=-4 fold higher on the lnvestment of ferti-
lizer P applied as slurry than when applied to soil,
Reddy et al. (1979) cbserved that application of 50 kg N
in the form of mudballs + 30 kg P,0:/ha as slurry in com~
bination with Azotobacter culture treatment of seedling
roots gave paddy yields similar to those obtalned with
100 kg N + 60 kg ons/ha applied broadcast. It also



resulted in a saving of 50 per qent of fertilizer N and P.

In trials with rice cultivar Tella Hamsa by Mirza
et al. (1980) paddy yield obtained by dipping roots in -
superphosphate slurry at 30 kg/ha was similar to those
with 20 kg ons/ha applied to the soll before transplant-
ing and ware 8.13 -~ .1l1l.1 per cent highar than 30 kg—on5
applied to soil. Rabindra and Deshpande (1980) reported
that higher p;ddy fie;ds were obtained by dipping roots
of seedlings before transplanting in a slurry of super-
phosphate + soll + water than by applying 60 kg P205 o

the soil.

In a trial conducted by Raju et al. (1980) it was

* found that dipping the seedling roots in 1 and 2 per cent
MAP or DAP or_Kﬂzpo4 solution gave 2 yéar average paddy
ylelds (3.33 -3.74 t/ha) similar to those obtained with

30 kg P205/ha applied to the soil (3.11 t/ha). Yields
without P were 2.05 t/ha. Dipping the roots in superphos-
phate -soil slurry (30 kg P205/ha) or application of 60 kg
P205/ha gave yields of 3.8 and 4.45 t/ha respectively.
Subramanian and Subramanlian (1980) conducted an experiment
to study the influence of root treatment with phosphate
slurry as conmpared to the usual method of soil application
on the yield of rice. Only the yield and 1000 grain
weight were significantly influenced by the treatments.

It was found that all the treatments and control were on
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par and significantly superior to the soll slurry treatment
without P. The results showed that P had no influence on
enhancing the yiald as control ranked first among the

treatments,

Rao et al.(;gszl reported that rice grain }ields
were increased from 3.9 t/ha with only NK fertilizer to
4.2 t/ha by root dipping in phosphate nutrient solution
or by P fertilizer. When 30 kg ons/ha was applied in
addition to seedling treatment with 2 per cent sclution,
grain yields were higher than when seedlings were dipped
in 2 per cent solution without tha added soil P but equal

to yields with 60 kg P205/ha applied to the soil.

I. Effect of Phosphorus on the Uptake of Major nutrients

Williams (1948) found that phosphorus deficiency
greatly depressed the nitrogen uptake in the early stages
of growth of roots and shoots. XKimuara and Okajima (1951)
and Okajima and Kimuara (1952, 1962) cbserved that a low
phosphoru§ supply supresses early nitrogen uptake and pre-
vents the synthesis of proteins from nitrogenous materials.
Thomas et al. (1951) demonstrated a direct phosphorus nitro-

gen relation in plants.

Mohankumar (1967) observed a decrease in nitrogen
content with increase in phosphate application in rice.

Similar results were obtained by Nair (1968).
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Mehrotra et al.(1968) observed that applying phos=~
phorus without nitrogen gave a slight initial depression
in nitrogen uptake in rice. Varma (1971) reported that N
uptake in grain and straw increased with increasing rates

of both N and P.

Loganathan and Raj (1972) reported that nitrogen
content in grains was highest in plants receiving 80 kg
phosphorus per hectare. Thandapanl and Rao (1974) observed
tha}: increase in rates of applied phosphorus f£rom 0 to
75 kg per hectare was accompanied by linear increase in
nitrogen content in roots, shoots and grains. Reddy et al.
(1978) reported that nitrogen uptake increased with
increase in rates of NPK from 100 + 50 + 50 to 200 + 100 +
100 kg per hectare,., Singh and Prakash (1979) found that
application of P lncreased the uptake of N significantly
over the control.Agarwal (1980) recorded an increase in
the uptake of niﬁrogen £from 34.2 to 51,8 kg £rom 0 to
180 kg doses of phosphorus application upto the tillering
stage.

However, Kalyanikutty and Morachan (1974) concluded
that increased application of PZOS did not have any influe-
nce on the nitrogen content in the plants,

Sanyasi raju (1954) observed that increased applica-
tion of phosphorus to soll increased the phosphorus content

of paddy grain in laterite soill of Pattambi. In thelr study



of the nutritive value of rice, Basak et al. (1961) £ound
that application of phosphorus along with calcium had a
negative influence on the protein, phosphorus and calcium
content of grain. Rao and Rao (1965) reported that phos-
phorus uptake was increased significantly by increasing

the rate upto 45 lb P,0; per acre and by 2 oz Mo/ac.

Trials conducted by De Datta et al. (1966) showed
that the percentage of plant phosphorus derived from applied
phosphorus ranged from 8 to 27 per cent. Mohankumar (1967)
observed-an increase in the phosphorus content with increase
in the rate of phosphate application. Similar results were

obtained by Nair (1968).

Naphade (1969) reported that the rate of P absorp-
tion increased with increase in phosphorus supply. Terman
and Allen (1970) reported that the percentages of plant
phosphorus from the labelled fertilizer and the uptake of
fartilizer phosphorus increased in all situations with the
amount of applied phoéphorus and decreased with increase
.in soil phosphorus level. Oomen et al.{1972) revealed
that the percentage of total phosphorus content in the
plant increased with an increased dose ¢f phosphorus from
25.75 to 51.5 kg per hectare. Aalexander et al., (1974)
reported that the effect of dlfferent levels of phosphorus
was not slgnificant in increasing the phosphorus uptake

by the plant at any of the growth stages. Krishnaswamy et al.



(1974) revealed that application of 180 kg phosphorus per
hectars gave the highest graln phosphorus content.

Agarwal (1978) revealed that phosphorus content was increased
with phosphorus application upto 120 kg per hectare.
Chowdhary et al. {(1978) also reported that P content increa-
sed with increasing P application. Suseelan et al. (1978)
too reported that there was significant increase in the
uptake of phosphorus by the plant with increasing levels

of phosphorus. Rabindra (1978) reported that in rice
cultivar Mangala grown in the wet and dry season; the

plant P content increased with increasing level 6f P appli-
‘cation. Singh and Prakash (;979) reported that P appiica—
tion brought about an incre;sed uptake §f P. Bora and
Goswamy (1980) reported that phospho;us applicatign.

Sinha et al. (1980) while working on the utilization of
fertilizer by rice cultilvars Jaya, Ratna and Sona observed
that the uptake of total P and fertilizer P increased with
increasing rates of applied P from 0 Fo 20 kg/ha, while

the utilization percentage of this applied P decreased,

Chaudhary and Uppal (1981) observed that in pot
trials addition of 60 ppm P increased the total P accumula=-
tion at maturity to 92.4 ~106.8 g/pot. Rastogi et al. (1981)
"showed that increaéing levels of applied phosphorus increased
the total phosphorus uptake and fertilizer phosphorus uptake

but decreased available phosphorus uptake and utilization




percentage of the applied phosphorus at tillering, flower-
ing and maturation. Bora and Goswamy (1983) showed that
when rice plant was supplied with 0,26.4 or 52.8 kg per
hectare of phosphorus, its concentration in rice gfain
was increased with increase in rate of phosphorus,in sub-

merged solls.

Loganathan and Raj (1972) reported that levels of
phosphorus did not influence potassium uptake by érains.
' Kalyanikutty end Morachan (1974) concluded that applica-
tion of P205 did not influence the K content in plants
either alone or in combination with N. Krishnaswamy et al.
{1974) suggested that spplication of potassium in combina-
tion with phosphorus slightly increased the potassium
content of the grain. Thandapanl and Rac (1974) found
that applied phosphorus had no effect on the potassium
content of plants and grain. Kothandaraman et al. (1975)
reported that maximum grain content of potaésium was glven
by 180 kg phosphorus per hectare. Lal and Mahapatra (1975)
observed that potassium content was generally high with
fertilizer rich in water soluble phosphorus. Agarwal (1978)
reported that N, P and K increased the grain crude protein
and K contents. The increase in the uptake of N, P and K
was highest with applied N, followed by P and K. Singh
and érakash (1979) reported that addition of P was benefi-

cial for K uptake and a consistent increase in K uptake
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was observed upto 80 kg chs/ha. Agarwal (1980) reported
that increase in the potassium uptake was f£rom 35.5_to

129.9 kg/ha due to phosphorus application.

II. Effect of Phosphorus on Growth Characters

1. Plant height

Tanaka et al. (1960) observed increased plant height
with increase in levels of phosphorus upto 10 ppm. Aaron
et al. (1971) reported that increased application of phos-
phorus increased the plant height. ‘<Chowdhury et al.(1978)
reported that piant height increased with lncreasing phos-

phorus appllication.

However, Sreenivasalu and Pawar (1965) reported that
phosphorus had no effect on the plant height at any of the
growth stages. Similar results wers also reported by
Sﬁseelan (1969)and Ahammad (1970). Place et al. (1970)
reported that increasing phosphorus from 0 to 56 kg/ha
decreased plant height. Nalr et al. (1972) observed that
plant height was unaffected by phosphorus application.
Aiexaﬂder et al. (1973) reported that phospﬁorus had no
influence on plant height. Rao et al. (1974) noted that
height of plants was not significantly influenced by the
levels of phosphorus. Kalyanikutty and Morachan (1974)
reported that phosphorus did not have any marked effect on

the height. Bharadwaj et al. (1974) reported that there was
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no significant difference between the rates of phosphorus

application in influencing the plgnt height.

2. Iiller number

Mohankumar (1967) reported that phosphorus applica=-
tion increased tiller production. Nailr (1968) also reported

similar results.

De Rege and Leonzio (1969) observed that tiller
number increased with increasing levels of phosphorus appli-
cation. Terman and Allen (1970) observed that tillering
increased markedly with amount of applied P on the low=P
soil and slightly on the medium-P soil; thera was no res-
‘ponse on the high-P soil. Nair et al. (1972) and Bharadwaj
et al, (1974) noted that tiliering was markedly influenced
by phosphorus application. Katyal et al. (1975) observed
that tillering in many cultivars increased with increasing
rates of applied P,0; from 20 to 40 kg/ha. No cultivar
produced tillers in the absence of P and some cultivars
produced a few tillers with 10 kg ons/ha. Rai and Murthy
(1975) reported that phosphorus concentration had no effect
on tiller mortality. Shiga (1976) reported fhat in rice,
tiller number incrgased until the P content reached about
0.8 per cent P,0.. Bhattacharyya and Chatterjee (1978)
reported that early tillering in wetland transplanted rice

grown on alluvial soils low in N and P but high in K were



favoured by the application of P. Early tillers contributed
more to yleld than late ones. Chowdhury et al. (1978) obser=-
ved that tiller number per plant increased with increaéing

P application,

However, Sreenivasalu and Pawar (1965) obtained no
effect for phosphorus on the number of tillers. Alexander
et al. (1973) reﬁorted that phosphorus had no effect on the
number of tillers per hill. Kalyanikutty and Morachan
(1974) reported that phosphoric acid did not seem to have
any marked effect on the number of tillers. Suéeelan at al.
(1977, 1978) reported that phosphorus had no effect on

tiller productlaon,

IT1I. Effect of Phosphorus on ¥ield Attributes

1. Productive tillers and vpanicles

Halappa et al. (1970) reported that application of
60 kg P205/ha in 2 split dressings at transplanting and
tillering resulted in the highest number of ear~bearing
tillers/hill. 1In £ield trials with increasing rates of
applied P from O to 90 kg per hectare, Place et al. (1970)
reported that the number of panicles was increased with
increase . in levels of phosphorus. Majumdar (1971) obser-
ved that phosphorus nutrition effected a significant
increase in the numberxr of productive tillers by an applica-

tion of 59.7 kg P per hectare. Nalr et al.(1972) reported
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that number of productive tillers per hill was highly
influenced by the phosphorus application. KXuo (1973)
reported that application of 72 kg ons/ha gave the highest
increase in the number of panicles/hill over the control
given 36 kg ons/ha. Shiga (1976) reported that the
highest panicle number was reached when the plant P,0;
content reached 0.6~0.7 per cent. Bhattacharyya énd
Chatterjee (1978) reported that application of P aided
early tillering which resulted in more panicle bearing
tillierse.

Aaron et al. (1971) reported that there was no
increase in the number of panicles/plant with applied P
beyond 30 kg P205/ha. Alexander et al. (1973) found that
application of different levels of phosphorus did not have
any positive effect on the percentage of effective tillers.
Rao et al.(1974) also observed that number of productive
tillers was not significantly influenced by the levels of
phosphorus. Sadanandan and Sasidhar (1976) also observed
that increasing rates of applied P had no significant

effect on the number of productive tillers per plant.

2., Panicie length and panicle weight

Enyi (1964) reported increase in panicle weight with
increase in levels of phosphorus. Rajappa and Krishnamoorthy
(1969) reported that rice given 0, 15, 30 and 45 1lb N/ac
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and 0,20 and 40 ib P,O-/ac in all combinations resulted
in increase inhmean panicle weight by some fertilizerl
treatments but a decrecase by others. Flace éé a1}(1970)
found that graded levels of phosphoruslfrom 0 to 56 kg
per hectare inereased panicle weight. 'Chowdhﬁry and Mian
(1978) reported that panicle weight increased with increa-

sing levels of applied P.

Majumdar (1971) reported that paniclé length was
significantly enhanced with higher levels of phosphorus
" application upto 5947 kg per hectare. Singh and Varﬁa (1971,
reported that length of panicle was not 1nfluen¢ed by
phosphorus nutrition -at 60 or %0 kg per hecééfe.
Alexander et al.(1973) obtained no difference in pahicle..
length by phosphorus application; Rao at él;t1974) reportéd
that length of panicle was not significantly influenced

by levels of phosphorus.

3. Number of grains per panicle

Oh and Lee (1968) reported that low yield of rice
plants grown in sandy and gravelly soil was due to low
grain number per panicle caused by a lpw supply of phos-
pﬁorus during tillering. Aaron et al. (1971) reported that
increased dressing‘of phosphorus increased the pumber of
grains per panicle. Majumdar (197i) revealad that number
of g;ains per panicle was significantly increased by appli-
cation of 5%9.7 kg phosphorus per hectare. Singh and Varma
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(1971) reported an increase in the number of grains per
panicle with higher rates of phosphorus application. Kuo
(1973) reported that application of 72 kg‘?zos/ha increased
the number of grains/panicle. Sasaki and Wada (1975>. 
reported that low levels of phosphorus increased the
paercentage of sterile grains and can bs altered by the

level of applied phosphorus.

Reddy (1967)istat§a that there was no significant
aeffect of phosphorus on the number of filled or unfilled
grains. Gately (1968) also obtained similar results,
Suseslan (1969) and’ Ahammad (1970) obtained no effect of
phosphorus.on percenﬁage sterility in rice. Aiexénder et al,
{(1973) reported that the grain number/panicle was unaffec-

' téd bf phosphofusq Rao et al.{1974) also~found'£hat the
number of filled and chaffy graiﬁs were noﬁrsigﬁificantly
influenced by the levels of phosbhorus. Kalfénikutty_and’
Morachan (i974) showed that phosphoric'acid‘did not'have
any marked effact dn tbé number of grains, Sadanandan and
Sasidhar (1976) found no significant effect on the number
of filled grains per panicle with increased rates of applied
phosphorus. The results of trlals by Suseelan et al;(1977)
revealed that_phospho;us had no affect on the percentégg of
filled grains. Bhattach#ryya and Cha#terjeg (1§78) opined
that phosphorus application induced early ti;lering which
in turn gave more gumber of filled spikelets per panicle.
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Suseelan et al. {1978) reported that phosphorus applica=-
tion ald not significantly infliuence the percentage of

filled grain.

4. Thousand grain weight

Halappa et él.(lQ?G) reported that gpplication of
60 kg PZOS/ha resultad in highest thousand grain welght-
(29,8 g). Majumdar (1971) noticed that thousand grain
weight -was increased with increase in phosphorus applica-
tion., Singh and Varma (1971) could observe distinct
increase in the thousand grain welght with the application
of 60 and 90 kg P over 30 kg P per hectare. Kuo (1973)
observed that application of 72 kg ons/ha resulted in
increase in thousand grain weight. Thandapanl and Rao
(1976) reported that phosphorus levels- increased the
thousand grain weight. Chowdhury et al, (1978) reported that
thousand grain weight increased with increasing P applica-

tion.

Reddy (1967) found that there was no significant
effect cf phosphorus on thousand grain wsight. Similar re-
gsults were also obtalned by Gately (1968), Suseelan (1969)
and Ahammad (1970). Padmakumari et al. (1969) found that
phosphorus had no consistent effect on thousand grain
welght. .Place et al. (1970) recorded a decrease in

thousand grain weilght with increase in levels of phosphorus
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applied from 0 to 56 kg per hectare. Alexander et al.
(1973) observed that different levels of phosphorus did
not have any positive effect on the thousand grain weight.
Rao et al. (1974) reported that the thousand grain weight
was not significantly influenced by the levels of phos-
phorus. Kalyanikutty and Morachan (1974) observed that
phosphoric acid did not have any marked effect on -the
thousand graiﬁ welght. Bhattacharyya and Chatterjee

(1978) found that application of phosphorus aided early
tillering resulting in higher test weight.

IV. Effect of Phosphorus on Yield

1..Grain vield

Naphade (1969) obtained significant grain yield
responses to 45 and 90 kg PZOS per hectars., There was
significant positive correlation betwean percentage grain
yielé and total phosphorus uptake. Padmakumari et al.
(1969) reported that grain yield response upto 100 kg

ons/ha was observed.

Khatua and Sahu (1970) reported that application of
40 kg' phosphorus perl hectare resulted in increased paddy
vields comparad Eo no phosphorus application. Yiélds were
not further increased with P,05 rates more than 40 kg/ha.
Pande and Tilak (1970) also observed that application of
40 kg ons/ha significantly increased the grain yield/ha.
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Terman et al. (1970) reported that in a f£looded
soil wvexy low ingya-lable phosphorus, marked yleld res-
ponses were obtained from applied phosphorus. Ylelds

ware highest in soils contalning onliy 40 ppm P.

Trials by Aaron et al.(1971) showed that increased
dressing of phosphorxrus increased the yields of paady.
Majumdar (1971) also notlced increase in paddy yilelds
with incremental doses of phospﬁorus application. Varma
(1971) reported that increasing phosphorus rates from
30-90 kg P,0./ha increased the paddy ylelds £rom 3.75 to
4,36 t/ha, Kuo (1973) stated that in poorly drained
solls, yield was increased by 7.5 =~12.1 per cent on

increasing the 9205 rates from 36 kg to 72 kg onsper hae.

'Mohanty and Patnaik (1974) reported that low
levels of phosphorus decreased the yleld of paddy.
Increase in grain yields with phosphorus application wére
also reported by Kalyanikutty and Morachan (1974).

Gupta et al. (1975) reported that average paddy ylelds
-increased from 45,06 g/pot without applied phosphorus to
66.63 g with 100 ppm phosphorus. According to Gopala
krishnan et al.(1975) grain yield was influenced by phos=-
phorus application. Katyal et al.(1975) observed that
paddy yields in many cultivars increased with increasing
rates of epplied P,0; from 20 to 40 Kg/ha. Ram Singh and

Dubey (1975) reported that increasing the rates of applied

]



P,05 from 0 to. 60 to 120 kg/ha increased average paddy
ylelds from 1.63 to 4 and 4.86 t/ha respectively. '

In fleld trials in 1974 and 1975, Dixit and Singh
(1977) observed that grain yields were increased from
2.4 t/ha with no phosphorus to 2.7 t/ha with 40 kg ons/ha.
Lal and Mahapatra (1977) reported that applicatlon of
120 kg N/ha and 60.kg'2295/ha gave average paddy yields of
5.52 - 6.23 t/ha comparsed with 3.22 t/ha without N or P.

Agarwal {(1978) obsgerved that grain yields were
increased from 4.54 to 4.94 t/ha with increase in P,05 from
0 o 120 kg per hectare. Ageeb and Yousif (1978) and
' Chowdhury et al. (1978) reported that phosphorus spplication
influenced paddy yield significantly. Gowda et al. (1978)
| observed that response to phosphorus was 1l.32 and 27 kg
grain/kg szs in the wet and dry season respectively.

With application of 60 kg'ons/ha. Rabindra (1978)
stated that grain yield was ilncreased with increasing
levels of phosphorus application. Raju et al.(lQ?é) "
- reported that response to phosphorus was 23.6 and 20.6 kg
grain/kg P,0; with application of 60 énd 90 kg ons/ha

in the wet and dry Seasons.

Ittiyavarah et al. (1979) reported that yvields
were adversely affected by omitting the applications of
phosphorus in alternate years. Singh and Prakash (1979)

reported that aspplied phosphorus increased the yield £rom



0-80 kg P205/ha. Agarwal (1980) reported that significant
increase in grain yileld was, obtained upto 180 kg ons/ha.
Sadanandan et al. (1980) reported that paddy ylelds werse
higher with 50 ppm applied P than with 25 ppm P. shiota
et al. (1980) observed that without phosphorus, ylelds
were reduced by 40-50 per cent. Sinha et al. (1980) also
reported that increase in phosphorus rates upto 90 kg/ha

increased paddy yields.

Contrary to the above findings in several experié
ments phosphorus could not increase the vield. Sahu (1955)
observed that there was no significant effect of phosphate
application on the yileld of rice. Velley .{1959) reported
that response to added phosphorus can be obtained only if
the ﬁércgntaga of phosphorus as shown by leaf analysis is
0.28 per cent P,0; or less. Kalam (1966) reported that
the magnitude of yileld increase due to phosphorus was much
lower than-that of nitrogen. Socd et al. (1969) also
reported that grain yields were not significantly affected
by phosphorus application. Sundaram et.al. (1969) reported
that there is little or no responsa to.ons in the presence

of higher doses of nitrogen.

In trials with three rice cultivars, Biswal and
Miéhra (1970) observed that spplication of 22.5 kg ons/ha
increased yields from 2,76 t/ha on plots giveﬁ no P to
2,93 t/ha; further increases in P,05 rates gave no addi-



¢ional yield. analysis of data £rom six field trials in
1933='68 with rice on laterlte sandy loam scil by Nair
and Pilsharodvy (1970) showed that paddy ylelds were not
increased with 22.4 o 56 kg P,0./ha. Place et al.(1970)
reported that in fileld trials, increasing the rate of
applied P £rom 0 to 56 or 920 ku/ha reduced yields of rice

.in 1964, but had no effect in 1965,

Loganathan and Raj (1971) reported that ylelds of
péddy were not affected by the application rates of phos-
phorus., studies conducted by Rajendran et al.(1971) showed
that there was lack of gignificant response fo phosphorus
at all centres with medium to medium high available phos-
phorus status. Sasidhar and Sadanandan (1971) reported
that application of phosphorus has not giﬁen any signifi-
cant ingrgase in yield of rice var. Rohini even at 60 kg

P205/haq

No significant effect on grain yield was noticed
by the application of different levels of phosphorus by
Alexander et al.(1973). In trials with rice cultivars
IR-8, China-4 and TN=l1 or Padma, Lal et =2l,(1973) observed
that phospborus had no effect on ylelds of any cultivars.
it was concluded from the results of experiments by Mosi
et ale. (1973) that IR~5 failed to give any response to the

application of phosphorus.




Studies conducted by Rao et al. (1974) to study the
response of IR-5 rilce for phosphorus showed that there was
nd response for phosphorus beyond 40 kg ons/ha. The
results of Kolandalswamy et al. (1974) revealed that phos-
phorus and time of application did not significantly

influence the yield.

Padalia (1975) reportad that application of phosphorus
had no significant effect on the yield of paddy. Prabha et al.
(1975) reported that at higher doses of phosphorus paddy
yields decreased slightly. Sadanandan and Sasidhar (1976)
observed that there was no significant dilfference in the
yield of grain due to varlous levels of phosphatic fertili-

i

zers tried in the experiment.

Shiga (1976) reported that there was no grain yleld
response to phosphorus application. Long term fertility
experiments at IRRI revealed that rice cultivars IR-8,

IR~36 and IR=-26 gave no significant response to added phos-
phorus (anonymous 1976}« The resulta of experiments by
Suseelan et al. (1977) revealed that the grain yield was not
influenced by phosphorus application. Dargan and Chhillar
(1978) reported that crdps showed no response to the applica-
tion of phosphérus. Mandal and sahu (1978) reported that
application of 50~60 kg ons/ha produced no significant

increase in grain yield-
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Dhillon et al.(1979) reported that the critical level-
of soil below which yleld response of crops to applied
phosphorus can be obtained as 12 kg/ha for rice. The results
of long-term fertillty experiments conducted at IRRI
showed that there was no response to phosphorus since the
commencement of the trial (Anonymous, 1979). Krishnamoorthy
et al. (1979) reported that in rice cultivar IR-20, out of
13 crops, applied phosphorus increased £he yields of only
"6 cfops. Mahétim Singh et al.(19f9) reported that application
of 60 and 90 kg P,0y/ha gave similar yields of 3.87 to
3.91 t/ha. |

Dargan et al. (1980) reported that applied phosphorus
had no effect on the grain yield. In £leld trials by
Chhabra and abrol (1981) application of 50 kg P/ha had no
effect on. the yields of rice. The resuits of 20 field trials
by Rojas and Alvarado (1982) revealed that phosphorus had

no effect on the yield.

2 Straw vield

Patel (1967) in a fiéld experiment given 20,40 and
60 kg P/ha reported that straw yield increased with increa-
sing fertility. Place et 51;(i970) observed that increasing
phosphorus‘application incrpésed straw yleld but decreased
plant_ﬁeight. |
~ Gupta et al. (1975) obtained higheét stréw vyield with
60 ppm phosphorus. Prabha et al;(1975)lreborted that in a

pot trial given 0,20,40, 60 and 100 kg phosphorus per
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hactars, application of phosphorus increased straw yileld.
Singh and Prakash (1979) roported that the czop showed
significant response to phosphorus applicationes Increase in
straw yield dus to application of 40 and 80 kg ons/ha
over no P was of the order of 11.0 and 15.4 per cent
respactively. Sinha et al. (19680) also rsportsd increase in
straw yields with phosphorus applicatione

However, Boatwright and Viets (1966) fapnd that supply
of phosphorus for ths first five waeks was adequate to
producs maximum drymatter. Digar and Mandal (1957) and
Kampath (1967) reported ithat response to phosphorus can
ba cbtained only in those plots where phosphorus had not been
applied for 2 or 3 yearss Loganathan and Raj (1971)
raported that straw ylelds wére not affected by the applica-
tion rates of phosphorus, The results of Sasidhar and
Sadanandan (1971) showad that there was no significant
‘raspeonse in case of straw yileld to phosphorus even at higher
%evél. Alaxénder at ale (1973) observed no significant
effoct on straw yield by the application of different levels
of phosphorus. Rao ot al.(1974) reported that there was no
significant effect in straw yield due & phosphorus applica=-
tion. Sadanandan and Sasidﬁar (1976) found that increasing
the rate of applied phosphorus had no gignificant effect on
the yield of straw. The grain =nd straw yleld were not
influenced by pﬁosphorus application az observed by
Suseelan et al.(i977).



V. Effect of Phosphorus on Quality of Grain

Akhundov (1968) reported that in fertilized plots the
total nitrogen content in grain was increased to 2.41~2.97
per cent, soluble nitrogen content to 0.22-0473 per cent
and protein nitrogen content to 2.16-2.21 per-qeﬁt compared
£o 2427, 0422 and 2:._;04 per cent respectively for unfertili-
zed controls. Rajappa and Krishnamoorthy (1269) reported
that fertiliger treatments increased the/grain pﬁotein
ccntents. Place et ale. (1970) reported that application of
phosphorus before sqwing ;mproved the cooking quality
compgred to midseason applicatlon. éhaVan and Magar (i971)
reported that increasing the rates of ﬁertilizérs from
40 xg N + 20 kngos-}-szgK_zO/hatoBOng+40 kg
Ezos + 40 kg Kzo/ha.;ncreaaedhthe g;ain protein‘contents
of 5 rice cultivars. Gill et al.(1971) cbserved that the
g;ain.pquein conteht depended on cultivar, fertilizer
applicatign and locatign. Average protein content varied
from 6.62 to 7.21 per gept on plots giwven no fsrtilizér
and from 7.25 to 8.51 per cent in those given 120 kgIN +
60 kg P05 + €0 kg Kzo/ha. Varma (1971) repérted thét ;q‘
‘and P uptake in grain increased with increasing ratesloﬁ
phogphorusn The percentage of phosphorus transloéated to
the grain was highest with 30 kg ons/ha. Thandapani and
Rao (1974) reported that increasing phosphorus favourably

influenced the protein N in grain, Xadrekar and Mehta (1975)



opined thét oééimﬁm rate of phosphorus application for
satisfactory grailn content was 40 kg per'hectare in the
case of all cultivars. Agarwal (1978) réported that increa-
sing'the rate of applied phosphorus from 0 to 1zd kg ﬁér
hectare indreased the crude protein content of-gfain from
9.76 to 10.28 per cent. Singh and Prakash (1979) reported
that'appliéd phosphorus increased the nitrogen uptake in

the grain.

Karim et al.(1968) noticed a decreased crude protein
content of the husked grain with increased levels of
phosphorus application £rom 0 to 120 kg per hectare.

Taira (1970) reported that phosphorus did not affect grain
protein content. Verkhotin (1974) reported that grain
proteln content decreased with applied phosphorus. Aggeb
and Yousif (1978) reported decreased grain protein content
from 7.11 to 5.81 per cent by increased phosphorus level
£rom 0 to 107 kg per hectare, but the total protein yield
seemed unaffected. Bhuiva et al. (1979) reported thét
phosphorus had no significant effect on the grain crude

protein content.
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MATERIALS AND METHODS

Object

A field experiment was carried out to determine the
relative efficiency of different levels and methods of
application of phosphorus on the growth and yleld of a
short duration rice variety, ®riveni. The various methods

employed and the materials used are given below.

Location

The experiment was laid out at the Instructional Farm,
College of Agriculture,Vellayani. The low=land rice fields
of Palappur area on the western side of the Instructional

farm was used for the trial.

~Cropping History:

The experimental area was under bulk cultivation of

rice for the last five years.
Season:

The experiment was conducted for two seasons, during
the first (Virippu~ from June/July to Sept./Oct.) and second

(Mundakan~ from Sept./Oct. to Dec./Jan.} crop seasons of

the year 1983-~'84.
L

Soil:
i \
The soll belongs to the textural class of sandy-clay-

loam and the data on mechanical analysis are presented below.



Coarse sand - 49,16%
Fine sand = - 24.90% |
511t - 7.30%
Clay - 25.70%

Climate s

The tract enjoys a warm, humid tropical climgte and
recelves a good amount of railnfall through South-West
and North-East monsoons. The meteorological parameters
like rainfall,minimum and maximum temperature and the
"relative humidity pertaining to the period of f£ield experie-
mentation were recorded f£rom the meteorolggical observatory
of the farm and are presented as weekly averages in
Appendix Ia and monthly averages for the past 24 years

are presented in Appendix I b.

MATERIALS

Variety:

Triveni, a high-yielding, photo-insensitive, short

' Quration (95-100 days) variety was used for the experiment.
Triveni has been evolved at the Central Rice Research
Station, Pattambi by crossing the dw§rf indica strain

Annapurna and tall indica Ptb-15.
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Seeds :

Triveni.seeds were obtaiﬁéd'from the Ingtructional
farm, College of Agricultu;e.ve;layani. The seeds were
tested for viability and were found to glve 97.6 per cent

.germinagtion.

Manures g

Farm-yard manurxe having the followlng analysis was

used for the experiment.

. N = 0,44%
K20 - 0.42%

Fertllizers:
Fertilizers with the following analysis were used

Urea o ~ 46 per cent N .
Superphosphate ~ 16 per cent P205
Murlate of Potagh- 60 per cent K,0

Potassium dihydro-
gen phosphate ~ 22 per cent P

Diamonium phos=-
phate - - 21 per cent P
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METHODS

The doses of nitrcogen, phosphorus and potash waré
fixed according to the recommendations in the Package of
practices of Kerala Agricultural University (1983} (70 kg
nitrogen, 35 kg P,0g and 35 kg K,0 per hectare). Nltrogen
and Potash were applied uniformly to all plotse. The

phosphorus was applied according to the treatments.

Treatments

1. Control ( No phosphorus)
2+ Full basal
3. 3/4 basal + 1/4 foliar
4. 3/4 basal
5. 1/2 basal + 1/4 foliar
6. 1/4 basal + 1/4 foliar
7. 1/2 basal
8. Soaking seeds in KH,PO, {(Potassiuvm dihydrogen phos-—
phate) - 20 par cent solution and no phosphorus in
 the main ficld. |
9. Dipping the seedling roots in Ki,P0, = 1.5 per cent
- solution and no phosphorus in the main £ield,
10. Dipping the seedling roots in 2.0 per cent Diamonium
~ phosphate and no phosphorus in- the main field.
11. Dipping the seedling roots in superphosphate slurry
and no phosphorus in the main field.
12. Applicatian of 35 kg P205/ha to nursery and no phos-
phorus in the main £field.



Treatments

1.
2e
3.
4.
5.
Ga
7

8.

10.

il.

Control ( No phosphorus)

Full basal

3/4 basal + 1/4 foliar

3/4 basal

1/2 basal + ;/4 foliar

1/4 basal + 1/4 foliar |

1/2 basal |

Soaking seeds in KH, PO, (Potassium dihydrogen phosphate) -
20 per cent solution and no phosphorus in the mainfleld.

Dippiné the seedling roots in KH2P04 - 1.5 per cent solu-
tion and- no phosphorus in the mainfield. :

Dipping'the seedling roots in 2.0 per cent Diamonium
phosphate and no phosphorus in the main field.

Dipping the seedling roots in superphosphate slurry and

. no phosphorus in the main field.,

12.

Application of 35 kg onslha to the nursery and no phos-
phorus in the main field.
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Time of application:

Nitrogen and Potash were applied in two split doses,
1/2 as basal and the rest 1/2 at maximum tillering. The
follar spray of phosphorus was given at the beginning of
maximum tillering stage at a congentration of 2.2 per cgent

P,0, using;superphosphate.

Design and layout of eggeriment

The experiment was laid out in a Randomised Block
Design with three replications. The plan of layout is

presented in Fig.l. The details of the layout are furnished

below:
Design t RED
Replications s 3
Treatments t 12
Total number of plots . ¢ 36
Spacing t 15 x 10 om
Gross plots size t 4.5 X 4.5 M
Net plot size 2 3.9 X 4.1 M

\

Two rows of plants were left out from four sides of

each plot as border rows,



FIELD CULTURE

A. Nursery:

An area of 70 square metre was prepared f£for a wet.
nursery and an area of 6 square metre cach waé prepared
separately for treatment No.B8 and 12. &t the time of land
preparation, cattle manurglat the rate of one kg per square
matre was added and incorporated thoroughly. For treatment
No.12, 0.443 kg superphosphate was applied separately to
6 sguare metre of nursery area. A total of five kg of seads
were sown to get sufficient number of healthy seedlings.
Four kg of seeds.were treated with Agrosah GN and then
soaked in water for 24 hours and kept for sprouting. For
treatment No.8, 0.5 kg of seeds were treated with Agrosan GN
soaked in 20 per cent solution of potassium dihydrogen
phosphate for & hours and kept for sprouting. Por treatment
No.12, 0.5 kg seeds were treated with Agrosan GN, soaked

geparately in water for 24 hours and then kept for sprouting.

The germinated seeds were sown on the third day. Irri-
gation was commenced on the 5th day after sowing and con-
tinued upto the 7th day to a depth of about 5 cm. At this
period, the seed bed was irrigated continuously to a depth
of about 5 cm, depending upon the height of seedlings in
order to control weeds. The seed bed was drained occasionally

to encourage production of wvigorous seedlings with short

roots.
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A protective spraying against thrips with sewyn at

the rate of 4 g in one litre was given to the nursery.

B. Main field

1., Land preparation

The experimental area was pldughed thoroughly. The
layout of the experiment was made after measuring out the
area for each plot. One soil sample was collected from each
plot. The plots were separated with bunds of 30 cm wildth
and individual blocks were glven an outer bund. of 50 cm
width. Irrigation channels were provided between alternate

-

plots. The area within the plot was perfectly levslled.

2. Basal dressing
Farmyard manure was applied to each plot at the rate

of 5000 kg per hectare as basal dressinge.

3. Fertilizers
Urea and muriate of potash were applied as basal dress-

ing to all the plots to supply 70 kg N and 35 kg K,0 respec-

tively per hectare. Supserphosphate was ‘applied as a basal

dressing as per the schedule of treatments £ixed.

4. Transplanting

Healthy seedlings of 21 days growth were uprooted from
the nurgery and transplanted in the main fleld at the rate

of two seedlings per hill at a depth of 2 to 3 em with a
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spacing of 10 x 15 cm« For treatment No. 9, the seedlings
were uprooted the roots were thoroughly washed free of mud
and dipped in 1.5 per cent solutlion of KH2P04 for exactly
one minute before transplanting. For treatment No.10, the
seedlings were uprooted, the roots were théroughly washed
free of mud and dipped in 2.0 per cent solution of Diamonium
phosphate before transplanting. For treatment No.l1l, the

' seedl;ng roots were dipped in superphosphate slurry before
transplanting, Superphosphate, soil and water were mixed
in the ratio of 1:2:3 and the slurry was allowed to stand
for one hour, the contents were thoroughly stirred and the
roots of the uprooted seedlings were dipped in the slurry
for one minute before transplanting (Katyal and Ramavataram,

1973) .

5. Gap filling

Gap f£illing was done wherever needed one week after
transplanting following the same procedure. The seedlings
corresponding to that particular treatment were used for

gap £illing.

6. Irrigation and Drainage

The water level was mailntained at about 1.5 am during
transplanting. Excess water was drained off seven days after
transplanting. Controlled irrigation and drainage was glven

thereafter.
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The water level was increased gradually to about
5 cm until maximum tillering stage. The fileld was drained
10 days before harvest and the dry condition was maintained

till harvest.

7. Plant protection

Two protective spraylngs were given with Ekalux @
10 ml/100 square metre, the first 25 days after transplant-
ing and the second 40 days after transplanting. A dusting
with B.H.C. 10 per cent was glven at the ear-f£illing stage

@ 25 kg/ha as a prophylactic measure against rice bug.

8, Foliar application of phosphorus

The method suggested by Singh and Pandey (1969) was used
for praparing superphosphate solution. A dose of 1i10.75 g
of single supérphosphate per plot (1/4 of gy recommended
dose of phosphorus) was taken for making a solution for
spraying. This quantity was socaked in equivalent guantity of
ﬁaterllllml) for five days. The materlal was stirred twice
every day. On the sixth day more water was added and the
supernutent solution was separated. The process was repeated
by adding small quantities of water, stirring and decanting
the solution. Finally the solution thus collected was made
upto '806.6 ml with water to provide 2.2 per cent concentra-

tion of 9205 for spraying in each plot.

Foliar spray of superphosphate was given at a concentra-
tion of 2.2 per cent P,0z; at the maximum tillering stagefor
treatment No. 3,5 and 6.



9, Goneral

In general, the stand of the crop was good. No lodgling

was noticed in any of the treatments.

10. Harvest

The c¢rop was harvested after 100 Qays Qf growth. The
border rows of all plots were harvested and threshed separa-
tely. The crop in each net plot was harvested, threshed,
winnowed and cleaned. The grain and straw of each plot
were sundried separately for two days and the plot var

vield of grain and straw were recorded.

OBSERVAT IONS

All observations on growth characters, yield and yield

components were taken as suggested by Gomez (1972).

A. Cbservstion on_ Growth Characters

The chservation on growth characters were taken at

fortnightly intervals.

1. Plant height and tiller number

Three 2 x 2 hill sampling unit was used. Tillers were
counted on all four hills of esach unit, but plant height

was mzasured only on one hill per unit,

2. Ilaaf Area Index

Plants from four hills were cut f£rom the base and the

leaves were separated f£rom the culms. The maximum length
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and breadth of 10 leaves were measured and weight was
computed after drying in the oven. Other leaves and culms
were dried and weighed separately and total leaf arsa was
calculated. From the total leaf area, LAL was calculated

using the following formula.

S (L xB) xF x DWL 7
Dry welght of 10 leaves x 600

LAT =

S (L x B) = Sum of products of length and breadth

600 = Total area occupled by 4 hills 1ln sg. cm
F = Factor which is 0.67 in the initial
and final stages and 0.75 at other
stages
DWL =  Total dry weight of leaves

3. Dry matter production

The total welght of oven dry plant samples were found
out and from this dry matter production in kg per hectare

was computed . and recorded.

B. Obsgservation on Yield Componentg

The obgervation on yleld components were taken at

harvest.

1. Number of panicle per sguare metre

Three, 2 x 2 hill sampling units were selectad and
the total number of panicles (P) from all sample hills were

counted,
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Number of panicles per hill = 4i n = 3)

Number of panicles per sg.m. = 4npx 0.015

i

2 Langth of anicle:

Length in cm from neck of panicle to the tip was
measured in the 12 panicles selected at random from each

observation unit and the average was found out.

3. Panicle welght

Weight of 12 panicles selected at random f£rom each

observation unit was taken and average expressed in g.

4, Number of grains per panicle:

~

From each sample hill, +the centre or middle panicle
(based on height) was éeparated from the rest of the panicles.
The grains from the Cenf:al panicles from all sample hills
were threshed and bulked. The filled grains were separated
from the unfilled grains. -The number of filled grains (f)
and the unfilled grains (u) were counﬁed and the weight of
the filled grains (w) was recorded. The gralns from the
rest of the panlcles of all sample hills were threshed and
filled grains were separated from the unfilled grains. The
number of filled grains (U) were counted and the weight of

the filled grains (W} was recorded.

Elth

Number of filled grains per panicle = b 4 Egﬂ



RESULTS



RESULIS

A field ex¥periment was cocnductad at the Instructional
Fagm, College of hgriculture, Vellayani during the Virippu
and Mundakan seasons of 1983-'04 for gtudying the relative
efiiciency of diffcrent lovels and mathods of application
of phosphorus to rice variety, Trivenl. - The results of
tha praesent investigation are presented in Tables 1 to 27

and the analysis of variance in sppendices II to XIV,

A+ CROWTH CHARACTERS
1. Height of Plaonts

Data on the msan height of the plants for the Virippu
and Mundakan sessoas at fortailghly intarxvals are presented

in Tables 1 and 2 and the wnalysis of variance in Appandix II,.

It was oheerved that the éilfforent treatments had no
significent influcnce on the helght of the plants at any of
the stages in both the seasons.

2¢ Tillar Numbsr

The data on the mean values for the numbar of tillers
per sqguare metre at fortnightly intervals for the Virippu
and Mundekan seasons are pregented in Tables 3 and 4 and

the analysis of varlance in Appendix III,
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Table~1

Mean height of plants at fortnightly intervals

in om :
= Virippu season
Treatment I II i IIT XV v
-1 38.6 5045 ° 6540 77.0 79,9
2 38.3 5145 68.7  79.8 7949
3 40.0 5245 6846 78 .4 83,0
. 4 37.9  -49.9 64,9 7847 82.7
5 43.8 53,4 67.1 79,5 79.7
6 42,5 52.9 7243 75,9 79 .6
7 42.2  50.5 66 .4 74 .4 80 .4
8 35.1 5043 6342 79.1 82.5
9 43.9 51.6 6940 777 809
10 43.6 5349 717 77.5 80.5
11 .39,9 50,0 6545 77.0 8049
12 41.2 53,5 6943 81.1 8442
Mean 40.6 51.7 67.6 7840 81.2
Treatmant
comparison N.Sw H.S.» N.S NeSe N.S.
S.E. 0f
Mean 3.139  1.972 3.062 2,150 2.309

{0.05)




Table =3

w,
.

Q0
{u-

Mean number of tillers per'square metre at fortnightly

intervals
- Virlppu season
Treatment I IT I;I Iv \'4
1 568 604 716 683 607
2 544 650 691 717 633
3 561 639 750 768 695
4 . 598 672 728 726 661
5 622 700 739 696 650
6 602 644 684 747 687
7 585 630 765 707 672
8 563 671 756 745 674
9 594 632 735 717 678
10 565 672 752 683 . 626
11 552 635 731 742 689
12 605 637 - 739 726 650
Mean 580 649 732 721 660
Treatment
comparison Hos N.S5 H.S5 HOS N.S5
S.E. Of S )
Mean 40.834 40.937 40.070  38.340 34,382

(0.05)

EEa



Table =2
Height of plants at fortnightly interxvals in cm.

- Mundakan season

Treatment I . IT III v v
i 37.5 5541 62,3 83.9 87.9
2 40,3 61,2 6443 82.8 82.0
3 40.9 55,4 65.1 83.1 83.7
4 36,7 62,4 64.2 89.3 94.1
5 '40.3 67.1 61.7 87.4 90 .3
6 34,9 59,7 62,9 92,1 92,5
7 36.9 56.3 5845 86.8 88.8
8 39.4 60.9 67.7 87.8 89.6
9 37.0 57.0 62,7 85.8 90..0
10 39,1 60,2 59,9 89.8 93.4
11 37.6 59.4 63.7 89.4 90 .6
12 39.8 5749 643 91.3 92,0
Mean 38.4 59.4 63.1 87.5 89.6
Treatment
comparison N.S N.5 N.S N.S N.S
S.Ee. Of , '
Mean 1.807 5.035 3,605 4.564 3.939

{0.05)
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Tabla =3 -

Megan number of tillers per~square metre at fortnightly

intervals
- Virippu season

Treatment I II III Iv v
1 568 604 716 683 607
2 544 650 691 717 633
3 561 639 750 768 695
4 598 672 728 726 661
5 622 700 739 696 650
6 602 644 684 747 687
7 585 630 765 707 672
8 563 . 671 756 745 674
9 594 632 735 717 678
10 565 - 672 752 683 . 626
11 552 635 731 742 689
12 605 637 - 739 726 650

Mean 580 - 649 732 721 660

Treatment

comparison NeS N.S NS . N.S N.S

S.E. Of i

Mean 40.834 40.937 40.070 38.340 34,382

{0.05)




Table =4

&0

Mean nunber of tiller per square metﬁe at fortnightly

=i

(0.05)

intervals. o
- Mundakan saason
. Treatment I Iz III Iv v
1 357 526 566 540 503
2 381 576 610 583 . 535
3 409 618 . 617 585- - 575
4 384 579 593 566 515
5 372 585 594 541 525
6 375 582 634 583 529
7 376 554 588 551 520
8 399 566 597 573 512
9 399 580 627 550 537
10 376 579 599 566 528
11 405 554 594 551 533
12 395 621 529 616 584
Mean 386 577 604 567 533
Treatment I .
comparison NS N.S NeB Na.S Ne3
'S.E of
Mean 23.978 47.696  38.318  33.210 31.519
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It is seen from the data that increase in the nutrient
levels had no significant influence oﬁ the number éf tillers
per square metre at all stages of growth. The diffarant
metheds of phbéphorus application a156 showed no significant

influence on the number of tillers per square metre.

3; Loaf Area Index

The data on the mean values for the leaf area index at
fortnightly intervals for the Virippu and Mundskan seasons
are presented in Tables 5 and 6 and the analysils of varlance

in Appendilx IV.

The results revealed that there was no significant
difference between the levels and methods of phosphorus

application on the lesf area index of rice Variefg'-Triveni.

4. Dry matter production

The data on. the mean values for dry matter production
at fortnightly Intervals are presented on Tables-7 and 8

and the corresponding analysis of varianca'in Appendix~ V.

The data revealed that the effect of différent levels
of phosphorus in increasing the dry matter productlion was
not significant eventhough there was slight significant
difference for the first two fortnights for the Virippu
season. The efifect of different methods 0f phosphorus

application also was not slgnificant at any of the stages.



Table =5

Ieaf Area Index at fortnightly interwvals

Virippu season

0

Treatment I I1 ITL IV \'4
1~ 1.94 2,98 4,18 3.57 2.76
2 2.23 3.94 4.57 3.67 2.52
3 2.36 3.52 4,33 3456 2.82
4 2.20 3.09 4.26 3.74 2.86
5 2+16 3.39 4.73 2,11 2.91
6 2424 3.20 4,28 3.8%9 3.05
7 2,00 3,52 4,39 4,09 3.07
8 2.53 3.09 4,66 4.00 3.19
9 1.92 3.10 4,60 3.81 3.19
10 1.75 3,29 4445 3.95 2,59
11 2,36 3,28 4.34 3,70 2.45
12 2.08 3.17 4.32 4,01 2.73
Mean 2.15 3.30 4.43 3.84 2.85
Treatment
comparison N.S NeS N.S N.S N.S
S5.E. 0Of
Mazan 0,340 0,497 0.351 0.290 0.281

(0.05)
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Table-6

Leaf Area Index at foritnightly intervals

Mundakan seagon

‘Preatment I II 13T IV v
1 1.44 2.30 5.02 2,91 2452
2 1,64 2,61 5.87 3.77 2,57
3 1,46 2.50 4.89 3.52 2462
) 1.48 2,80 5,16 4,66 2,92
5 1,77 2,81 5,32 4.24 3.06
6 1.48 2,62 4.83 3.96 2.95
8 1,44 2.85 4,95 3.93 2.86
9 1.44 2.52 4.57  4.39 2, 94
10 1,55 2,66 4,96 3.66 2,53
11 1.18 3.17 4.43 3.78 2.22
12 1.47 2.55 5,25 3.64 2.58
Mean 1.46 2,68 5.02 3.86 2.71
Treatment
comparison Ne.S N.3 N.S N.S_ N.S
S.E. Of

(0.05) -




Table =7

Dry matter production at fortnightly intervals in kg/ha

Virippu season

Treatment X IT IZI IV v
1 741 981 2800 7055 8722
2 822 1078 3083 7667 8944
3 867 1253 2878 7278 8889
4 758 1217 2867 7778 8500
5 697 997 2828 8055 8778
6 829 1025 2861 8777 9111
7 778 997 2794 7056 9444
8 816 1003 2917 8167 9111
9 670 1044 2716 . 7333 9278
10 725 975 2717 6678 9278
11 808 992 2689 7334 8333
12 809 1133 2739 7333 8944
Mean 784 1058 - 2824 7543 9019
Treatment
comparison Sige. Sig ) N.S N.S N.S
S.E. of _ ‘
Maan - - 227.743 570.878 582,055
(0.05)

CoD.{0.05) 78.27 174.6 ‘e e -




Table -8

L
[

Dry matter production at fortnightly intervals in kg/ha

Mundakan Season

" (0.05)

Treatment I IT III Iv v
1 416 2056 2843 4333 8300
2 694 2167 2954 4333 8555
3 722 2278 3187 4889 8944
4 467 2061 2833 4722 8000
5 711 2167 2833 4389 8222
] 6 569 2277 3167 4833 . 8444
7 472 1833 2954 4611 3000
8 578 2055 3000 4778 8055
9 " 550 2278 3111 5278 9056
10 561 2222 3000 4343 8778
11 556 2111 2899 4556 8667
12 567 2333 3510 5333 8944
Mean 572 2153 3024 4700 8514
Treatment
comparison 'N.S N.S N.S N.S N.S
' S.Ee Of
mean 16,635 28.092 298.835 561.070 500.480




B,YIELD ATTRIBUTIES

1. Productive tilller count

The data on the mean number of productive tlllers per
square metrs in both Virippu and Mundakan seasons are
furnished in Table 9 and the analysis of varlance in

Appendix VI,

The effect of levels and methods of phosphorus applica=-
tion did not manifest any effect on the number of productive
tillers in both Virippu and Mundakan seasons. However,

treatment T and T3 gave the highest productive tiller

12
count for both Virippu and le for the Mundakan seasons

(485 and 549 per équare matre respectively). The control

Tl gave the least number of productive tillers.

2. Length of panicie

The mean values for the length of panicle for the Virippu
and Mundakan seasons are.presented in Table~10 and the

analysis of wvariance in Appendix-VI,

Although the treatment effects were not significant, it
could be seen from the data that ﬁhe length of panicle was

highest in treatment T 9 for both Virippu and Mundakan

, 1
seasons (27.6 cm and 23.6 cm respectively ) and least for

treatment Tl'




Tablae~9

Mean number of productive tillers per square metre

Treatment " Virippu Mundakan Mean

season season

1 443 - 456 450

2 469 490 480

3 485 536 511

4 466 450 458

5 463 492 478

6 459 494 477

7 459 488 474

8 465 455 460

9 463 . 485 474

10 463 481 472

11 439 483 461

12 485 549 517
Mean . 463 488

Treatment

comparison N.S N.S

S.E of Msan !
(0,08) 4.506 5.170
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Table ~10

Mean length of panicle in cm

Treatment Virippu Mundakan Mean
: season - geaBon

i 24.4 21.2 - 22.8

2 26 .3 21.7 | 24.0

3 273 - 22,5 24.9

4 24,9 21.5 23,2

5 25.6 21.3 23.5

6 27.1 21.0 2441

7 25.5 21.4 23,5

8 25,6 22.0 23,8

9 26.0 22,3 2442

10 24,9 22,3 23.6

11 24 .4 21.5 ' 23.0

12 | 27.6 23.6 25.6
Mean 25.8 21.9

Treatment

¢omparison N.S H.8

SeEe Og Mean
(0.05) 20222 1.024




3. Weight of Panicle

The mean values for the weight of panicle for the
Virippu and Mundskan seasons are presented in Table =11

and the analysis of variance in Appendix-~VI.

The data revealed that there was sidnificant difference
between the treatments in this respect. The highest weight
of the panlcle was recorded by treatment le for the Vir%ggu
and Mundakan seasons (1.86 g and 1.52 g respectively) and
the least by treatment Tia.lz g and 1.10 g respectivelﬁ) for

the Virippu and Mundakan seasons. In the Virippu season,

treatments 4o Tye Tyge Tg and Tg were on par. Treatments

T T, and T

12¢ 73 10
except T, and Ig.Treatments Ty, Tg, The Tg and T, were on

were superior to all other treatments

~par, Treatments Ty, Toe T,./T;, and T, were on par. VA Ty

In the Mundakan ‘season, T,, was superior to all other
tregtments except Eﬁ an@ Tll‘ Treatments Tll' Tﬁ. TG‘ TB’

TlO' Ts, Tz' Tg and T7 were on par but T,, was superior to

11

treatments Ts and T, and T4 was superior to T

1 1°

4. Number of grains per panicle

The data on the number of grains per panicle are presen-

ted in Table -12 and the analysis of varlance in Appendix~VI.

It is evident from the results that the effects due to
the levels and methods of phosphorus application on the

number of grains were not significant. However, treatment



Table = 11

Mean weight of panicle in g.

'Virippu

-Treatment Mundalcan | Mean
- ‘season- geason
i 1.12 1.10 1.1t
2 1.36 1.22 1.29
3 1,69 1.28 1.49
4l 1.21 1,33 1.27
5 1?15 1,25 1.20
6 1,39 1,29 1.34
7 1,53 .1.19 1.36
8 1.56 .1.16 1.36
9 | 1.61 1.21 1l.41
10 1,67 1.27 1.47
11 1.13 1.37 1.25
12 1.86 1.52 . 1.69
Mean 1.44 1427
Treatment
comparison Big. Sig.
CeD. OFf
mean 0.304 0.192

(0.05)




Table =12

Maan number of grains per panicle.

" {0,05)

Treatment Virippu Mundakan Mean
season season
1 69 63 66
2 68 66 67
3 74 63 69
4 72 68 70
5 72 67 70
6 71 69 70
7 71 64 €8
8 69 63 66
9 70 64 . 67
10 71 73 72
11 69 69 69
12 - 73 - 71 72
Maan 71 67
' Tra atment
comparison | Ned N.S5
S.E. of )
Mean 7.970 3.561




T. gave the highest number of grains (74) per panicle in

3
the Virippu season feollowad by T12(73) and in the Mundakan

seagon, T1o gave the highest number of grains (73) followed

by Ti2(7l).

5. Sterility Eercentage'

The data on the mean values for sterility percentage
(transformed to angles) for Virippu and Mundakan seasons
are given in Table ~1i3 and the analysis of wvariance in

Appendix - VI.

It was observed that the sterility percentage was not
influenced by the different levels of phosphorus. The diffe-
renﬁ‘methods of application also did not exert any signi=-
ficant influence on thils attribute. The least walue was
obtained for treatment T,, (23.01) for the Virippu season
and T,(22.44) for the Mundskan season. The highest value
was obtained for treatment T,(31.39) for the Virippu season

and T. (30.83) for the Mundakan season.

9

6. Thousand Grain weight

The data on the mean yalues on the thousand grain
weight for the Virippu and Mundskan seasons are glven in
Table ~14 and the Appendix =VII proﬁides the corresponding-

analysils of variance.



Table =13

Mean sterility percentage (transformed to angles)

Treatment Virippu Mundakan Moan
season geason
1 25,35 (18.3) 25,45 (18.5) 25.40 (18.4)
2 31.39 (27.1) 22.44 (14.6) 26.92 (20.5)
3 24,57 (17,5) 23,11 (15.4) 23.84 (16.3)
4 28.23 (22.4) 24.20 (19.1) 26.57 (20.0)
5 27.47 (21,3) 26,21 (19,5) 26.84 (20.4)
6 23.92 (17.8) 26.06 (19.3) 24.99 (17.9)
7 28,56 (22,9) 25.03 (i7,9) 26.80 (20,3)
8 30.35 (25.5) -24.,42 (17.1) 27.39 (21.2)
9 21.8C (13.7) 30.83 (26.3) 26.32 (19.7)
10 23.01 (15.2) 24.51 {(17,2) 23.76 (16.2)
11 24,72 (17.5) 22.81 (15.0) 23,77 (16.2)
12 25,90 (19.1) 22,59 (14.7) 24.25 (16.9)
Mean 26,27 22.78
Treatment
- comparison N.S N.S
S.E., of
meansg : ; 3.211 2.763
(0.05)

* Pigures in the parenthesis

are the mean percentages.
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Table ~14

Mean weight of thousand grains in g.

Treatment Virippu  Mundakan Mean
Season Season
1 25,70 24,33 25.02
2 26,47 24,70 25.59
3 30.00 27,87 28,94
4 27.67 21,37 24,52
- 27.03 23,53 25,28
6 26.27 23.20 24.74 |
7 27,03 23.90 25.47
8 27.33 24.90 26,12
9 28457 26,03 27.30
10 29.17 21.40 25;29
i1 27470 23410 25,40
i2 30.20 25,60 27«90
Mezan 27.76 24.16
Treatment
comparlison N.S N.S
S.E. of

Mean (0.,05) 2.579 1.948




There was no significant difference in the thousand
grain weight with different nutrient levels and methods
of application. The treatment T12 gave the highest Qalﬁe
(30.20 g) for the Virippu season followed by T3(30.00 g)
and for the Mundakan season 'J.‘3 gave the highest value
(27.87 g). The lowest value was recorded by treatment T,
(27.70 g) in the Virippu season and treatment T11(23.10 g)

in the Mundakan season.

7. Grain vield

The data pertaining to the grain yield of the Virippu
and Mundakan seasons as influenced by the levels and mathods
of application of phosphorus are presented in Table-15 and

the analysis of variance in Appendix-VII.

The data revealed that the levels and methods of phos-

phorus application had no efféct on the grain yield, However,

'in both Viriopu and Mundakan season, the highest yield of 3357

ka/ha and 3064 kg/ha respectively wera recorded by treatment

Treatment T, also recorded a yield of 3064 kg/ha

Tia® 9
during the Mundakan season.

The analysis of variance on the pooled analysis are
presented in Appendix-VIII. The results ravealed that there
was no significant difference between the treatments. The
S # T interaction also was not significant. However, there
was significant difference between the two seasons, the

Virippu season being superior to the Mundakan season.
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Tabhle =15

Mean Grain Yield in kg/ha.

Treatment | Virippu Mund akan Mean
deason season
1 3014 2897 2956
2 2995 2678 2837
3 3012 2825 2919
4 3023 2606 2815
5 3097 2772 2935
6 3018 2866 2942
7 3060 2773 2917
8 3023 2783 2903
9 3179 3064 3122
10 3127 3030 3079
11 3138 2969 3054
12 3357 - 3064 3211
Mean 3087 2861
freaﬁmant o
comparison : N.S N.8
: 8«Be 0Ff

Meang 200,319 186,826
- (0.05) : '

L]



8. Straw yleld

Table 16 furnishes the data pertaining to the straw
yield as influenced by the levels and methods of phosphorus
application. The analysis of varlance are presented in

Appendix~VIi,

The data revealed that the yield of straw was not
significantly influenced by the levels and methods of
phosphorus applications In the Virippu season, the highast
yield (4972 kg/ha) was recorded by T whereas f£or tha
Mundakan season the highest yileld of 5274 kg/ha was recorded

by Tg.

The déta on the poolsd analysis of straw yleld
(Appendix-VIII) revealed that the treatment effect and 8 x T
interaction was not significent. However, there was signi-
ficant difference betwacn seasong, the fundskan season beilng
superior to the Virippu saason.

Yo Harvast Index

The data on the man values of harvaest index for the
Virippu and Munéakan seasons expressed as parcontage are
presented in Table-17 and th= analysis of vérianca in
Appendix-VII.

The levels and methods of phosphorus application dild
not exert any significant influence on tha harvest index in

both the geasons.



Table~16

Mean straw yield in kg/ha

Treatment ... Virippu Mundakan Mean
.season season
1 4708 5148 4928
2 4692 5134 4913
3 4880 5002 © 4941
4 4972 ' 5127 5050
5 4577 . 5027 4802
6 4727 5256 4992
7 4€58 5044 4851
8 4€01 5190 4995
9 4828 5274 . 5100
10 4637 5269 4953
11 4649 5148 4899
12 4949 5064 5007
Mean 4765 5140
Tregtment
cemparlison M.S N.S
S5.BE. Of

mzans (0.03) 287.25 213,27




Table=17

Harvest index 1ln percentage

Treatment Virippu Mundakan Mean
season season
1 39.3 35.9 37.6
2 39.0 34.3 36.:7
3 39.2 36.1 37.6
4 3848 33;7 3643
5 40,§ 35.3 38.1
6 35,3 35,3 - 37.3
7 3%.6 35.5 37.6
8 38,5 35,0 36.8
9 39.2 36.7 38.0
ic 40.2 36.5 38,6
11 40.3 36.6 38,5
12 40,3 35.9 38.1
Mean 39.6 35,6
Treatment
comparison N.S N,S5
E+.E cf
means _
{0.05) 1.46 1.94




3 fot

RN
-
s

C. QUALITY CHARACTER

Protein content of graln

Data on the mean values of the protein content of
the grain for the Virippu and Mundakan seasons are furni-
shed in Table-18 and the analysis of wvariance in Appendixﬁ

VIT,.

The déta showed that £here was no significant diffe-~
rence in the protein content of the grain with different
levels and methods of applicaticn of phOSphOIUSa Both in
the Virippu and Mundakan seasons treatment, T6 gave the
highest percentage (8.48 and 8.61 respectively) of protein

in the grain.

D. UPTAKE OF NUTRIENTS
1.|Uptake of nitrégen .

The data on the uptake of nitrogen expressed in kg per
hectare for the Virippu and Mundakan seasons are presented

in Table 19 and the analysis of variance in Appendix-IX

The data revealed that there was no significant diffe-
Irence in the uptake gf nitrogen as influenced by the diffe~
rent levels and methods of application of ﬁhosphorus.
However, in the initial stages, the upﬁake was highest for
treatment Tg in the Virippu season and T, in the Mundakan

seagon., At the final staées also the same trend was observed,



Protein content (percentage) in grains

Tablefls

ar

Treatment Viripou Mundakan Mean
geason . season
1 7459 7.65 7.62
2 '8.12 791 8362
3 8.10 6481 7.46
4 7,54‘ 7,66 7;60
5 7;40 8,05 7.73
6 8,48 8.61 8.55
7 7.60 8,09 7.85
8 8.09 7.58 7.84
9 8.27 8.43 B+35
10 7,91 7.47 7,69
11 7420 8.42 7.81
i2 Ted0 8,18 779
Mean 7.81 7490
Treatment
comparison Nes N.S
S.E, of -
Mzan 0.636 0.783

{(0.05)

.

)



Table-19

Uptake of Nitrogen (kg/ha)

rroat. Initial Final
ment Virippu Mundakan jppop Virippu Mundakan ...
season Beason season geason |

1 17,53 7.78 12.66 80.23 78.83 79,53
2 18,60 13.29 15,95 84.14 89.21 86,68
3 18.02 11.38 14,70 . 78.55 78.81 78.68
4 17.31 9,69 13,50 . 81,99 83.69 82.84
5 14,02 13.41 13,72 79.38 79,29 79,34
6 18,52 10.15 14.34 87.20 73.99 80 . 60
7 18.43 10.56 14.50 91.30 65.36 78.33
8 19.65 11.78 15.72 91.31 . 79,72 85,53
9 16.45 9.31 12.88 85.77 83.35 85.56
10 16.11 9.54 12.83 83 .65 84,02 83.84
11 17.57 9.89 13,73 87.65 76.51 82.08
12 18.31 10.61 14.46 87.30 78.23 82,77

Mean 17.54 10.62 84.87 79.42

Treat-

ment

compard- N.S . N.S T N.S N.S%

SeB. of 4,018 1.844 5.304  7.878

(0.05)




2. Uptake of Phosphorus

The mean values of phosphorus uptake at successive
stages of growth for the Virippu and Mundakan seasons
ara presented in Table=20 and 21 and the analysis of

variance in Appendix =X,

The effect of phosphorus was found not significant
during the threo growth stages in both Virippu and Mundakan
seasons. In the Virippu seascon, at maximum tillering, the
uptake was highest for treatment T, hut at panicgle initia-
tion and harvest, the uptake was highest for treatment T12.
For the Mundakan seascon, at maximum tillering the uptake
was highest for treatmesnt Tig but at panicle initiation

and at harvest the uptake was highest for treatment le.

3. Uptake of Potassium

The data on the uptake of potassium in kg psr hectara
at the initial and £inal stages for the Viripru and undakan
segsons are presented in Table-22 and the analysis of vari-
ance in Appandix- XTI

Although ‘the results did not show any significant
difference 1ln the uptake of potassium dus to different levels
and methods of phosphorus applications, treatmont T, gave
the highest values in the initial stages in both seasons.

In the final gstages, treatment T» gave the highest values
in the Virippu season and treatment Ty in the Mundaken

82aftn.
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Table=20
r‘./
Uptake of phosphorus (kg/ha) at different stages
of growth _
' Virippu season
Treatment Maztimum . Panicle Harvest
tillering .initiation
ne 2,16 ‘ 4.02 29.47
2 2,48 ‘ 4.45 34.11
3 2,44 5,16 35,03
4 2,12 | 4.82 31.65
5 2,46 4,28 34,64
6 1.98 4,44 29,47
7 2.13 5.12 32.99
8 2,28 3.95 28,58
9 2.03 5.08 33.44
10 2.34 4.26 28.81
11 2.21 4,73 27.27
12 2.21 5.51 39.48
V' e
Maan c 2124 4.65 _ 32.15
Treatm=nt .
comparison N.S : N.S N.S,.
SeBe Df -
means 02855 0.788 4..404

(0.05)
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Table-ZI
Uptake of phosphorus (kg/ha) ‘at dlfferent stages
. of growth .
Mundaka{z season
mestnent lbmimm  Pamicle e
ing 7 tion -
1 2,64 8.18 24426
2 2,46 9.63 26410
3 i .48 9.44 29,24
4 1,65 10.08 23,76
5 1.49 10.59 25,58
6 1.97 9.84 25.81
7 1.87 8.39 23.13
8 1.67 9,49 26,63
9 1.69 . 9.24 27.01
10 1.77 9440 27.11
11 2.00 9,23 24.94
12 1.68 10.73 29.28
~ Mean 1.86 9.52 26.07
" Treatwent
-comparison N.S N.S8 Ne.S.
S.E. Of

mean (0.085) 0.4736 1.395 3.30§




Table=22
Uptake of potash (kg/ha)

Pragt Initial Final
ment Virippu Mundakan  Mean Virippu Mundakan  Mean
Seaqson season sgeason season

1 10.21 5044 7.83 126.42 126,82 126.62
2 11.56 9,12 10.34 137.39 128,46 132.93
3 12.01 9,69 10.85 1 135.39  134.42 134,91
4 11.15 5.80 8.19 136,95 118.90 127.65
5 10,57 9,09 9,83 129,09 119,61 124,35
6 10.81 7.72 9.27 . 133.74 126.79 130,27
7 11.25 5.94 8,60 146,16 116,37 132,27
8 10.42 7.71 9,07 128,24 117.32 122.78
9 10.17 6080 © 8.49 °  139.84 138.61  139.23
10 10,25 7.16 8.71 142.85 127.32 135,09
11 10,88 6,83 8,86 . 125,23 122,76 124,00
12 10,91 7.12 9.02 130.22  129.54  129.88

Mean . 10.85 7437 134.29 125.74

Treat-" -

ment

compari : : ‘

son NS N.&S . NeSe NS«

= eDe Qf

mean

(0.05) U576 0.095 . 2.977 9.579
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E. SO0IL ANALYSIS
1. Total nitrogen content of the soil
The data on the mesan values of the nitrogen content

of the soil before and after the experiment are presented

itn Table -23 and the analysis of variance in Appendix-XII

There was no significant difference in the nitrogen
status of the soll before and after the experiment, The
data revealed that the niltrogen status of the soll was not
signifieantly influénced by the levels and methods of

phosphorus application.

2., Available phogphorus in the soil during successive

stages of growth

The data on the mean values of the phosphorus content
of the soll at successive stages of growth for the Virippu
and Mundakan seasons are presented in Tables-24 and 25 and

the analysis of variance in Appendix~ XIII,

The results show that the average availlable phosphorus
before the experiment was 49.03 kg P,0;/ha. In the Virippu
season, the average availsble ons_increased to 84.57 kg
P205/ha at maximum tillering stage.l Thereafter it showed
a slight decrease to 78.04 kg P205/ha at paniecle initiation

stage and decreased to 58.4 kg/ha at harvest.

S
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Table=-23

Total nltrogen content of the soll (%)

Treat=

Before the

After the sxperiment

ment experiment Virippu Mondskan Mzan
season season o

1 0.107 0.121 0.135 0.128
.2 0.126 0.131 0.138 0.135
3 . 0,103 0.221 0.131 0.126
4 0.103 0.121 0.131 0.126
5 0.131 0.140 0.149 0.145
6 0.117 '0.126 0,139 0,133
7 0.121 0.131 0,145 0.138
8 0.126 04140 0.149 0.145
9 0.126 0.136 0.140 '0.138
10 0.121 0.126 0.131 0.129
11 0.112 0.121 0.126 0.124
12 0.121 0.131 0.145 0.138

Mean 0.118 0.129 0.138

Treat=-

ﬂﬁﬁﬁari- . NeS N.S N.S

son

SoE. of _

méan 0.017 0.0188 0.0153

{0,05)




Table-24

Available phosphorus content of the soil (kg/ha)
at different stages of growth,

Virippu season

Treat-  Before the Méximum Panicle Harvest
ment experiment Egéler- .%giﬁiéfj
1 49,2 83.9 - 77l 56,9
2 50,2 B5.8 797 59,8
3 49,0 8542 78.9 59.1
4 47.7 | 85.0 78.8 59,3
5 49.2 84.9 77.6 5847
6 48.4 83,9 774 57.3
7 49.3 85.2 77.5 58.4
8 48,9 84,7 7843 59,3
9 48,7 84.4 7748 58,2
10 49,1 84,1 79.4 _ 59.0
11 49,2 83.8 76:9 57.6
12 49,4 83.9 771 57.4
Mean 49.03 84,57 78,04 58.4
Treatment
Comparison NS N.S N.S N.S.
S.E. of '
mean ;,759 1.087 3945 1.385

{0405)
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Table=25

Available phosphorus content of the soil (kg/ha)
at different stages of growth

Mundakan season

Treat= | Maximum Panicle Harvest
ment tillering initigtion
1 84.1 7543 5047
2 88,0 79,9 57.4
3 89.8 7743 55,0
4 '87.._8 76,8 54,8
5 87.9 | 7643 ‘ 52.4
.6 84.1 » o T75.4 52.4
7 874 76.4 53,4
8 86.8  76.8 54.9
9 8643 © 75,2 53.1
10 87.5 - T5.9 53.3
i1 87.8 " 7646 54,8
12 8544 + 752 . 51.4
Mean 86,91 76.43 53.63
Treatment
comparison N,S NS N.8
" B.Be. DE .
mz2an 2,692 1.951 3.202

(0.05)
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In the Mundakan season, at maximum tillering the
average available P,0; in the soll was 86.91 kg ons/ha
at maximum tillering stage which slightly decreased to
76.43 kg ons/ha at panicle initiation and 53.63 kg

ons/ha at harvest.

The data revealed that the levels and methods of
phosphorus appllication had no significant influence on
the phosphorus status of the soill at any of the growth

stages.

However, the available phosphorus in the soil was |
highest when the entire dose of phosphorus was applied as

a basal dose at all growth stages in both seasons.

3. Avallable potassium content of the soil
Data on the avallable potassium content of the soil
before and after the experiment are furnished in Table-26

and the analysis of wvariance in Appendix- XIV.

There was no sigﬁificant difference in the available
potassium status of the soil before and after the experi-
ment. The data revealed that the levels and methods of
phosphorus application had no significant influence on the

potassium status of the soil.

F. Economics of Production

?he aconomics ©of production are given in Table~27.

The maximum profit of Rs+3199.30 was obtained in the treat-



TablEst

Available potassium content of the soil (kxg/ha)

Treat- Baefore the After the experiment

ment  experiment “Yirippu Mandakan Mean
season - : sSeason
1 79.52 84,71 94 .64 89.68
2 79.77 83,74 94,08 88.91
3 84.88 94,19 95;37 95,28
4 73,00 74400 86,61 80.31
5 88,63 94 .80 97.11 95.95
6 81,20 88.50 95.68 192409
7 84,86 101.65 100.96 101.31
8 81.39 87.75 95.23 91,49
9 77.69 81,30 92.00 86,65
10 | 84,92 ' 1oéq33 99,05 105.19
11 80,60 92,59 96,90 94,75
12 76 .80 77.81 189,89 83.85
Mean 80 .64 88.86 94.88
Treatment ‘
comparison N.S N.S N.S
SeE. Of
Maan - 7.668 13,194 . 12,580

(0.05)




Dabkle=27

Economics of Rice production par hectare per season

3

Y
AW
t-

Total

‘ Total income Cost of fertili-

Preat- £rom yield zer (Urea + muri- Labour SXpPenses Net
ment of grain ate of potash + charges for ferti- profit
and straw superphosphate/ lizers and

' KH,PO0,/ D A P labour
Bs. ps Rse P8 Es. ps Bse Ps _ Rse p8
2 T,968.40 615,10 5,074.00 5,689,210 2,279.30
3 8,266.00 615,10 5,124.00 5,714.10 2,526.90
4 7,944 .40 565 . 90 5,074.00 5,639.90  2,304.50
5 8,270.00 565,90 5,124.00 5,664.00 2,580.10
6 8,188.80 516,60 5,124.00 5,615.60 2,548.20
7 7,974.80 - 516460 5,074.00 5,590.60 2,384.20
B 8,270.80 1,000,00 5,074.00 6,074.,00 2,196.80
9 8,724.80 529,80 5,099.00 5,628,80 . 3,096.00
10 8,520.40 480.45 5,099.00 5,579.45 2,940,95
11 8,427.20 516,60 5,099.00 5,615.60 2,811.60
12 8,883.40 615,10 5,074.00 5,689,10 3;199.30
Price of 1 kg grain = Rse 2.00
Price of 1 kg straw = Rse 0480
Price of 1 kg urea = B3, 2625
Price of 1 kg supezphosphate= Rs. 0.90
Pricae of 1 kg MOP = Pse 1.30
Price of 1 kg KH2P0$ = B5.148.85
Price of 1 kgD AP = Rse 93.00
Labour charges per day
. for men = R5425.00
Labour charges par day
. for women = Rs.22.00
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ment ‘1‘12.- The treatment T, gave the least profit

of R5.2196.80. Among the different levels of phosphorus
application, the control pldt ﬁithoutlphosphorus. gave
the highest profit of Rs.2637.40. |
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DISCUSSION

The present investigation is an attempt to
evaluate the relative efficiency of different levels
and methods of phosphorus application to rice variety,
Triveni., It has been reported that phosphate fertili-
zers did not show any significant response to rice in
almost all the research stations in Kerala. Therefore,
an attempt has been made to s tudy the effect of different
levels and methods of phosphorus application on rice
yYield and quality, uptake of phosphorus by the planf
and‘availability of phosphorus in the soil. The results

obtained are discussed hereunder.

A. GROWLH CHARACTERS

1. Helght of plants

The results (Tables-1 & 2, and AppendiX* ) revealed
that phosphorus had no significant influsnce on the haight
of the plant at aﬁy of the growth stages. This.is in
agreement with results of Place et al. (1970), Alexander
et al,(1973), Kalyanikutty and Morachan (1974) and
Bharadwaj et al.(1974). sSince phosphorus is involved
more on the reproductive development of the plant, it
is quite natural that the vegetative development of

the plant was not affected by the application of phosphorus.



The different methods of phosphorus application |
also did not show any significant effect on the height
of the plants. Abdulgalll et al, (1979) also reported
that plant height was not affected by foliar application
of phosphorus compared to soil fertilizer application.
Nair et al.(1977) reported that phosphorus applied as

early in the nursery, had no effect on the plant height.
2. Tiller number

It 1s seen that phosphorus did not significantly
influénce the number of tillers at any stages of the
growth (Table 2 & 3). This means that the different
levels of phosphorus applicgtion had no effect on the
nurmber of tillers. Similar reéults were reported by
Sreeni?asalu and Pawar (1965), Kalyanikutty and Morachan
(1974), Rao et al.(1974) and Suseelan et al.(1979).

As in the case of height of plant, the different methods
of phosphorus application also had no significant effect
on the number of tillers per hill. This is in agreement
with results of Krishnamoorthy et al.(1973) that under
certain soil conditions, soil application of phosphorus

1s as good as foliar application.

3. Igaf Area Index
In the case of leaf area index also the sffect of

phosphorus was not significant.  There was no éignificant



difference between the different levels and methods of
phosphorus application on the leaf area index. ?he leaf
area index 1s the expression of vegetative development
of the plant in relation to land area utilized, to
harvest maximum solar radiation for photosynthesis.

The major role in this respect is being played by nitro-
gen and as such phosphorus could not exert any influence

on this character.

4. Dry Matter production

Eventhough there was a slight significant difference
in the dry matter production in the initial stages for
the Virippu crop, no significant influence of either
levels or methods of phosphorus application could be seen
in the subsequent cbservations. Boatwright and Viets
f1966) found that supply of phosphorus for the first
five weeks was adequate to produce maximum drymatter.

The increasing trend in dry matter production was from
tillering to flowering and thereafter a negligible
increase was observed by Thandapani and Rao (1976).
Gupta and Singh (1977) reported poor response of rice
to applied phosphorus, Singlachar and Chandrasekhar
(1978) could not £ind any effect of seed treatment on

the growth of paddy compared with untreated seed.

Phosphorus did not reveal any positive effect on

the vegetative characters at any of the growth phases



studied. Several workers have reported that plants
could show response'to added phosphbrus only when the
available phosphorus status of the soil wﬁs low |
(Davide, 1960; Terman and Allen, 1970; Alexander et él.
(1973). It is seen from Tables-24 and 25 that the
average avallable pﬁosphorus contenﬁs of the soils éere
49.03, 85.74, 77.23 and 56.01 kg P,0:/ha, before sdwing,
at maximum tillering, panicle initiation'and harvest
stages, respectively. This high status of available
phosphorus contents of the soil during the various
gfowth stages, satisfactorily explains the reason for

the lack of response to applied phosphorus.

B. YIELD COMPONENTS AND YIELD

1. Number of productive Tillers and Panicles

The results presented in Tables 9 and 10 and Fig.3
showed tiat the number of productive tillgrs was not
significantly influenced by the levels of phosphorus
appligation. Similar reéults were reported by Aaron et al.
(1971), Alexander et al.(1973), Raé et al. (1974) and

Sadanandan and Sasidhar (1976).

4
The different methods of phosﬁhorus-application

also did not have any significant effect on the number:

of productive tillers. This is in accordance with the

results.of Ramakrishnan (1974) who reported that neither
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foliar nor soil application expressed superiority over
each other in increasing the productive tillers. -
Mehrotra et al. (1968) reported that seed treatment with
KH2P04 had little effect on the number of ears per
plant. Findings of Celton and Velly (1966) and Nair
et al. (1977) also confirmed that appliéation of phos=-
phorus to the nursery had no appreciable influence on
the number of ear bearing tillers per hill. The
results of Sﬁbramanian and éubramanian (1980) also
showed that dipping the roots in superphosphate slurry
had no effect on the number of productive tillers per

hill.

2. Length of Panicle

Application of phosphorus has not significantly
influenced the length of panicle too (Table-10). Similaf
results were reported by Singh and Varma (1971),
Alexander et al.f1973) and Rao et al.({1974). Length
of panicle therefore seems to be a varietal character
which can seldom be influenced by the application of
fertilizers. |

| The length of panicle was neot influenced pither
by the foliar application or by other special methods
of application. This is in conformity with the findings
of Abdulgalil et al. (1979).
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3. Height of Panicle

The results presented in Table~l1 showed that the
welght of panicle was significantly influenced by the
treatments. The highest panicle weight Was'obtained
with the application of the entire dose of phosphorus
in the nursery. The beneficial role of phosphorus in
increasing panicle weighﬁ has already been reported by
Place et al. (1970). 'Unlike the length of panicle,
which may be a varietal character, the weight of panicle
is more decided by the gralns contained in the paniclae.
Phosphorus could have contributed more to this property
of the grains and as such could favourably influence

the weight of panicles,

4. Number of grains per Panicle and Steriliity percentage.

It 1s revealed from the results presented in Tables
'12 and 13 that there was no significant difference between
‘tkeatments in this respect. Ahammad (1970), Alexander et al.
(1973), Rao et als(1974), Sadanandan and Sasidhar (1976),
Bhattacharyya and Chatterjee (1978) and Suseelan et al.
(1978) also could not £ind any influence of phosphorus
on the number of grains.

It may be observed that at the time setting of

grains took place, the £ull requirement of phosphorus



might have been satisfied by the native soll phesphorus
solubilised under the reduced conditions and this can
be attributed to the lack of response to added.phos—

phorus on this yield attribute.

The different methods of phosphorus appliéation
also did not nave any positive influence on the number
of gralns. This 1s in conformity with the findings of
several research workers. Ramakrishnan (1974) reported
that there was no rasponse for the number of grains per
panlcle by foliar and zoill application. Phosphorus at
34 kg/ha alone increased the number of filled grains in
the panicle over the control. Mehrotra et al. (1975)
also reported thnat treatment of seeds with KH2P04 had

little =ffect on the numbar of grains per ear.

5. Thousand Grain Weight

The results presented in Table-~l4 showed that the
thousang grain weight was not influsnced by the levels
and methods of phosphorus application. Several rice
workers have reported that thousand grain weight was
unaffected by phosphorus application (Reddy, 1967;
Phammad, 1970; Place et al. 1970; Alexander et al.l973;
Rao et al,i974, Kalyanikutty and Morachan, 1974).
Bhattacharﬁya ané Chatterjee (1978) aléo reported that
thousand grain weight was no% influenced by phosphorus

application,
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According to Ramakrishnan (1974) foliar application
of phosphorus was on par with soll application in its
influence on thousand grain weight. Kargbo (1978) reported
that foliér fertilization had a significant effect on
ear weight only in some oflthe experiments. Merhotra
et al. (1978) also wnfirmed that the séed treatment

with KHZPO4 had no effect on the thousand grain weight,

Application of phosphorus did not have any positive
'influence on-any of the yield attributes. As has besen
diécﬁssed earlier, this lack of response to added phos~
'phorus can be traced to the relatively higher content of
évailable phosphorus in the soill, wnhich showed a constant
increase dve to flooding during crop growth. Similar
resulte were repofted by Basak and Bhattacharyya (1962),
Raéhupathy and Raj (1973), Mosi et al. (1973) and.Gupta
and singh (1977). The submerged conditions favour the
reduction of iron and aluminium phosphate resulting in
increased availability of‘native and fixed phosphate
which go to meat the phosphate needs of the crop

"(Bedzrna, 1974).

C, YIEID
1. Grain Yield

The data presented in Table-~15 and Fig.4 and 5
on grain yield revealed that the application of phos-

phorus did not show any significant response in the




yleld of grains. Simlilar results have been reported

by Boerema (1965), Kalam et al.(1966) and Sood et al.
(1969). The lack of response to phosphorus application
was also reported by Place et al. (1970) and Loganathan
and-Raj (1971). Rajendran et al.{(1971) showed that

there 'is lack of significant response at all centres
with medium to high available phosphorus status. No
significant effect on grain yield was noted by the appli-
cation of different levels of phosphorus by Lal et al.
(1973). Mosi et al.(1973) and Alexander et al. (1973).
The results of Kolandaiswamy et al. (1974) showed that
phosphorus levels and time of application did not signi-
ficantly influvence the grain yield. Similar results

were also reported by Sasidhar (1976), Mandal and Sahu
(1978), Bhuiya et al. (1979), Krishnamoorthy et al.(1979),

Chhabra and Abrol (1981) and Rojas and Alvarado (1982).

The different methods of phosphorus applicaticn
also did not have any significant influence on the grain
yield. The work of Krishnamoorthy et al. (1973) revealed
that under certain soil conditions soll application of
phosphorus 1s as good as foliar application and equally
efficlent. Trials conducted by Ramakrishnan (1974),

Gupta and Seth (1978),.Kargbo (1978), shirval et al.
(1978), Thom et al. (1981) also confirmed that there was
no significant difference batween so0il and follar applica-

tion of phosphorus.
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éinglachar and Chandrasekhar (1978) reported that
treatment of rice seed with KH,PO, had no effect on the
paddy ylelds compared with untreated seeds. Application
of phosphorus in nursery also had no significant effect
on the grain yield as reported by Celton and Velly
(1966}, Padalia and Mahapatra (1970) and Nair et al.
(1977). Experiments by IRRI (1961) and Mariakulandai
and Chamy (1967) showed that dipping in superphosphate
slurry was on par with broadecast application. But the
slurry treatment will help in economising the dose of
superphosphate. Similar results were reported by Katyal
and Ramavataram (1973), Katyal et al,(1975), Mirza et al.
(1979), Reddy et al.(1979), Mirza et al.(1980) and
Rao et al. (1982). In general, the grain yields tend
to be higher ﬁith other methods of phosphorus applica-

tion compared to follar application of phosphorus.

The results of trials by Ramaswamy et al.(1974)
showed that dipping the seedlings in superphosphate
slurry was on par with broadcast application. The inference
is fhai.plgnts can eXtract soil phosphorus under sub-
merged condltions if soil phosphorus is not too low
provided a starter effect is given by dipping the
seedlings in phosphate slurry; Potassium dihydrogen
‘phOSphate, Diamoﬁium phosphate or when the entire phos-
phorus is applied to the nursery and then planted in the

main field,
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The lack of response to applied phosphate can be
explained by the findings of Davide (1960) and Kalam et al.
(1966) who reported that unless a soil 1s deficient in
phosphate yield response to its addition in field experi-
ments could not be detected. Thus the lack of response
in grain yield in the present investigation can ba attri-
buted to the relatively high status of available phos-
phorus in the s0il, compared to the phosphorus require-

ment of the crop.

Increased availability of phosphorus under flooded
conditions reported by Datta and Datta (1963), Broeshart
et al.(1965) Mosi et al.(1973) and Gupta and Singh (1977)
can be taken as indirect evidence for the lack of response

to added phosphate recorded in the present investigation.

The reason for the lack of response tc phosphorus
can be further explained by the findings of Velley (1959)
who reported that response to added phosphorus can be
obtained only if the percentage of phosphorus as shown by
the leaf analysis is 0.28 per cent P,0g or less. Data
on the phosphorus uptake at different stages of growth
(Table 20 and 21) show that average phosphorus uptake of
two seasons even in the control plot during maximum tiller-
ing and panicle initiation stages were 2.40 and 6.10 kg

P205/ha respectively. The respective percentages of
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phosphorus in the plant were 0,26 per cent and 0.394
per cent which were well above the critical limit
and hence the lack of response for phosphorus applica-~

tion.

2+ Straw Yield

The results of straw yleld presented in Table-i6
and Plg.4 ané 5 revealed the -absence of any significant
effect of phosphorus. The number of tillers and height
' of plants are the two contributing factors which deter-
mine the yield of straw. 8Since these factors, as has
been discussed earlier, are unaffected by the treat-
ments it is guite reasonable to expect the same trend
with respect to straw yield also. Long term experiments
conducted by Digar and Mandal (1957) and Kampath (1967)
to study the effect of application of phosphorus on gréin
and straw ylelds of paddy showed that response to phos-
phorus will be obtalned on;y in those plots where phos-
phorus had not been applied for 2 or 3 years. This
.response for phosphbrus application afte; 2 or 3 years
cropping may be due to the fact that either the equilié
brium between the available and unavallable form is not
maintalned by natural means or the native‘phosphorus
might have been depleted to the extent that it is not

adequate to meet the reguirements of the Crop.



Lack of regponse in the case of straw yield were
also reported by Loganathan and Raj (1971), Sasidhar
and Sadanandan (1971), Alexander et al.(1973), Rao et al.
(1974) and Suseelan et al. (1977). Ramiah et al.(1970)
and Ramakrishnan (1974) reported that there was no signi-
ficant difference in straw yield due to scil and foliar

application of phosphorus.

These findings indicate that the‘object to be
achleved by the application of phosphatic fertilizers is
to maintain the status of nutrient in the soll as well
as to tilt the equilibrium between aVailahle and unavaila-
ble forms of phosphorus to the advantage of the growlng
crops. Thils rather changes the concept of fertilizer
application £rom ‘'fertilizer foxr crop' to ‘fertilizer for
soil'.

C. QUALITY CHARACTER

1. Protein content of graln

The proteln content of grain provided in Table-18
showed that there was no significant\diffarence in'the-
proteln content of grain with diffarent levels and methods
of phosphorus applications This 1s in conformity with
the findings of Taira (1970) and Bhuiya et al.{1979) who
reported that phosphorus had no significant effect on the

grain crude protein content. Karim et al. (1968), Verkhotin
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(1974) and Ageeb and Yousif (1978) reported a decrease

in protein content with applied phosphorus.

E. UPTAKE OF NUTRIENTS

i. Uptake of Nitrogen

Results presented in Table-19 revealed that phos=
phorus application had no significant influence on the
uptake of nitrogen by the plants. Williams (1948) found
that phosphorusg deficiency greatly deﬁressed the nitrogen
uptake in the early stages of growth of rbots and shoots.
‘Kimuara and Okajima (1951) and Okajima and Kimuara (1962)
also observed that a low phosphorus supplf suppresses
early nitrogen uptake. The results presented in Teble-24
show that the average availlable phosphorus status of the
soil before sowing is 49.03 kg ons/ha. This high status
of available phosphorus content of soil may be the reason
for lack of significant influencs of phosphorus on the
uptake of nitrogen. Kalyanikutty and Morachan (1974)
also reported that increased application of PZOS did not
have any influsnce on the anitrogen content in the plants.
This along with lack of significant ressponse in dry matter
production might be the reason for the lack of significant

influence of phosphorus on nitrogen uptake.
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2, Phosphorus uptake by the plant during successive
stages of growth

It is seen that the pattern of phosphorus uptake
(Table 20 and 21 and Fig.6) showed a gradual increase
£rom maximum tillering to panicle initiatlion and then a
rapld increase from panicle initiation to harwvest. This
is in agreement with the findings of Patnaik et al. (1965).
It was also found that the rate of absorption of phos-
phorus continued to increase throughout the growth period
of thé crop. Similar results were reported by Gargantini
and Blanco (1965) and Mehrotra et al,(1968). Alexander et al.
'{1974) also reported that there was a gradual increase in
phosphorus uptake from maximum tillering to flowering
and then a rapid increase from flowering to harvasﬁ.
Mohanty and Patnaik (1974) and Suseelan et al. (1978)
found that the pattern of phosphorus absorption sghowed
an- increasing trend upto primordia initiation =stage,

followed by a gradual depression thereaftesr.

The effect of phosphorus was not significant in
inc¢reasing the phosphorus uptake by the plant at any of
the growth stages. Similar results were reported by
Alexander et al.(1974)., However, Rastogi et al. (1981)
revealéd that increasing levels of appllied phosphorus
decreased the available phosphorus uptake. This can be

traced to the adequacy of available phosphorus in the
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soil, even in the control plots.

3. Uptake of Potash

The Table 22 on the uptake of potassium showed
no significant difference due to phosphorus gpplication.
Kalyanikutty and Morachan (1974) reported that applica-~
tion of P,0g did not influence the potassium content of
plants. Thandapani and Rao (1974) also reported similar
results. In the present study though the application of
phosphorus has slightly increased ﬁhe potassium uptake,

the effect was not significant.

Es SOIL ANALYSIS'

1. Nitrogen content of soil before and after the experi~
The Table~23 on the total nitrogen contant of the
so0il before and after the experiment showed thét there
was no significant difference in the nitrogen content of
the soill between the different treatments. This can be
explained by the fact that a uniform dose of nitrogen was

applied to all the treatments.

2., Available phosphorus status of the soil durihg different

stages of Plant growth.

The data on the available phosphorus status of the
soil (Tables~24 and 25) revealed that the available phos-

phorus in the soil was relativelf high at the Eima of
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sowing. The average available phosphorus was 49.03 kg
P205/ha before sowing, which gradually increased by
ﬁaximnm tilleriné stage to 85.74 kg ons/ha,.theﬁ showed
a slight decregse by panicle initiation to 77.23 kg
P,0z/ha and this decreasing tfend was continued £ill
harvest at which time it was 56.0i kg onsfha (FigJT).
The increase in the available phosphorus séatus of the
soll can be. attributed to the f£looded condition of'ﬁhe
soil, Datta and Datta (1963), Broeshart et al.(1965),
Mahapatra (1968), Mosi et al.(1973) and Gupta and Singh
(1977) reported that waterlogging generally resulted in
.an increase in the water solﬁble phosphate. Bedrna
(1974) attributed the increase in the availability of
phosphate to the reduction of ferfic to ferfous phosphate

under £looded conditions.

Jose and Raj (1971) reported that hydrated oxides
of irom, the most important form of irom in soil are
insoluble or very difficultly soluble in water and have a
higher capacity for fixing soluble phosphates added to
soil through fertilizers. On submergence, the reduction
of these c¢ompounds result in the production of more
soluble compounds of iron in their ferrous state. Since
large amounts of iron are brought into solution the
phosphate fixing capacity of the soil is markedly decre-

ased, consequent cn waterlogging. They further reported



that presence of decomposing organic matter has been
found to influence the rate of release of iron as noted
by higher amounts of soluble iron in submerged soils

containing appreciable amounts of organic matter.

It may look paradoxical that after a steep rise in
the available phosphorus content of the soil from sowing
t0 tillering time, a reduction is noticed from tillering
to panicle initiation, eventhough the soil was submerged
throughout ﬁrom sowing to flowering stége (Fig.7). This
decrease noticed may be due to the greater removal of
avallable phosphorus by the growing crop from tillering
to panicle initiation compared to the period from sowing
to tillering. It cénlsubstantiated by the fact tha£ even
from the control plot the crop removed 6.10 kg Paos/ha
during the period from tillering to panicle initiation as
compared to 2.4 kg ons/halduring the period from sowlng
to tillering. -

However, the évailable phosphorus status of the

soil showed a steep éecrease from panicle initiation to
harvest. This again may be due to the fact that a good
aﬁount of availlable phosphorus might have been taken up
by the plant; The average decrease noticed was 21.22 kg
_ons/ha and this decrease is in agreement with the corres-
ponding increase in the uptake, being 20.76 kg P,05/ha
during this period. The fact that oxidised conditions
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prevailed in the field, as the entire field was comple-
galy diained two weeks prior to harvest also might have
contributed to the reduction lia'the available phosphorus
content of the soil from paniclé.initiatioé to harvest.
Savant and Ellis (1964) observed that soil molsture,
definitely influenced the availability of both native
and appllied phosphorus. Patrick and Mahapatra (1968)
have reported that drying of soil decreased the available

phosphorus content in the soil.

3. Available Potagsium status of the soil

The data on the available potassium status of the
soil presented in Table-26 indicated that the different
treatments could not make any significant difference in
the potassium status of the soil. &s in the case of
nitrogen this can be explained by the fact that a uniform
dose of potassium was applled to all the treatments and
there was no significant difference in the uptake of

potassium by the different treatments.

4, Economics of Phosphorus application

The écondmics of production given in Table-=27
refealed that the maximum piofit 0f Rs.3199.30 was obtained
in treatment le (application of the entire dose of super-
‘phosphate in the nurs;ry). This may be due to the starter

dose of phosphorus gilven to the rice seedlings in the



nursery thereby enabling the seedlings to give higher
vield in the main f£ield resulting in a higher profit.

The treatment T, has given the least profit of i5.2196.80.

8
The high cost of the chemical KH2P04 stands in the way
of getting a higher net profit. In general, the net
profit per hectare was higher with different methods

of phosphorus application as compared to éoil applica~-
tlon and among the different methods, foliar application
gave the least profit compared to other methods of

application.

Between the different ievels of phosphorus appli=-
cation the highest profit of Rs.2637.40 was given where
‘fertilizer phosphorus was not applied showing that where
the available phosphorus status of soll 1s reasonably
high, cultivation of rice without application of phos-

phorus is more economical..
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SUMMARY AND CONCLUSIONS

A fleld experiment was laid out in the wetlands

of the Instructiocnal farm attached to the College of

Agriculture, Vellayani, during the yirisoy and Mungakan -

seasons of 1983~ '84 to study the relative efficiency

of various levels and methods of phosphorus application

to rice variety, Triveni. The experiment was laid out

in randomised block design with three replications. The

effect of phosphorus application on the yield and quality

of rice was studied. The uptake and availability of

phosphorus at different growth stages were also studied.

. The results of the investigation are summarised below:

1.

3.

The different levels and methods of phosphorus

application did not have any effect on plant height.

The total number of tillers was not affected by

the levels and methods of phosphorus application.

Phosphorus had no effect on the number of produ-
ctive tillers per square metre. There was no
significant difference between the levels and

mathods of phosphorus application.

Length of panicle, number of grains per panicle,
sterility percentage and thousand grain weight

wgfe not influenced by the levels and methods of

.phosphorué application.



5,

6.

7.

9.

10.

1i.

The only productive attribute which was signi-
ficantly 1nf1uenced by phosphorus application

was the weight of panicle. In this, application
of phosphorus to the nursery recorded the highest

weight of panlcle.

The levels and methods of phosphorus application
had no influence on the grain yield, straw yield

and harvest index.

There was no significant difference in the protein
content of the grain as influenced by the levels

and methods of phosphorus application.

The uptake of nitrogen, phosphorus and potassium
was not influenced by the levels and methods of

phosphorus application.

The pattern of phosphorus uptake showed a gradual
increase from maximum tillering to panicle initia-

tion followed by rapld increase upto harvest.

The total nitrogen, avallable phosphorus and
exchangeable poctassium status of the soil was not
influenced by the levels and methods of phosphorus

application.

The avallable phosphorus status of the soil
increased gradually. upto maximum tillering stage,

showed a slight decrease by panicle initiation



and this decreasing trend was continued +ill

harvaest.

12. Considering the yleld and the economics of
diffafent—levels and mathods of application of
phosphorus in two seasons, application of the
entire dose of phosphorus to the nursery appears
to be a .more desirable method of phosphorus

application.

The lack of response to applied phosphorus in the
present investigation cannot be taken as an-indication
that phosph@rus is of lesser importance in stepping up
crop yields. Since the present investigation was condu-
cted under conditions where the available phosphorus sta-
tus of the soil was relativelﬁ high and submergence would
lead to an increase in thé avallability of native phos-
phorus. It will be desirable to conduct further investi-
gations on a long-term basis to study the response of
rice to phosphorus under varying soll and climatic condi-
tions. A better response to the application of phosphorus
tc the nursery, evident from this investigation, suggest
that it wili be desirable to conduct.further studies in

this 1iﬂe .
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Appendix-Ia

Meteorological data during the crop season, 1983-84

Standard Period Total Temperature °e) Relative
weeks From To rainr Moriman  Minimam Hu?idity
?g% . (%)
23 June 5 = June 11 . 16.0 31.6 23.8 79.1
24 June 12 - June 18 102.0 31.1 22,9 82.5
25 June 19 ~ June 25 12.6 31.1 22.9 79.8
26 June 26 ~ July 2 254 31.0 23.0 805
27 July 3 July 9 - 31.6 23,9 7847
28  July 10 - July 16 69,0 32,6 23.1 81.0
29 July 17 - July 23 5045 29.8 22,4 84.6
30 July 24 - July 30 1.5 30.3 22.4 83.7
31 July 31 - Aug 6 22.6 30.6 22.0 82.4
32 aAug 7 Aug 13 78.9 29,9 23.0 85.3
33  aug 14 Aug 20 85.7 2847 22.4 89.0
34 aug 21 Aug 27 -- 29,9 23.0 82.0
35. Aug 28 -~ Sept 3 3.4 30.5 23.5 . 82.1
36 Sept 4 Sept 10 36.0 3041 23.2 81.8
37 sept 11 = Sept 17 53.8  '29.5 22.9 84.7
38 Sept 18 - Sept 2 6543 3041 22,8 83.4
39 Sept 25 - Oct 1 642 3041 22:9 82.6
40 Oct 2 oct 8 3.0 3045 23.7 81.3
41 Oct 9 Oct 15 - 31.7 23.4 7548
42 Oct 16 Oct 22 14.1 31.6 2342 7741
43 © Oct 23 Oct 29 18.0 31:2 23:5 81:8
44 Oct 30 Nov & 33.8 315 2343 907
45 Nov 6 Nov 12 16.6 3046 21.:2 75.5
46 Nov 13 Nov 19 38.7 31.0 21.4 78.9
47 ©Nov 20 Nov 26 28.8 30.7 21,9 79.6
48 HNov 27 Dec 3 46.5 30.8 " 22.0 78.6
49 Dec 4 Dec 10 3.9 31.7 22.4 70.5 -
50 Dec 11 Dec 17 16.4. 31.5 23.7 70.1

(contd...)



Appendix- Ia contd.

Stand- Period Total T?mp?rature Rela-
ard ‘ rain 0 ' i
Prom . To C . . iya
weeks fall _ Humidit
(mm) maxi- ~ Mini- (%) ¥
mum mum
51 Dec. 18 - Dec.24 19.2 31.1 24.1 89,8
52 Deg. 25 = Dec.31 68,7 30.4 2240 80.6
“t Jan 1 -~ Jan 7 2.2  30.8 23.6 76.6
3 Jan 15 = Jan 21 31 30.8 24.1 79.5
4

Jan 22 -~ Jan 28 -  31l.1 23.1 54.6




Appendix- I b

Weather Data: Average values for the past 24 years ..

January
February

March
April

May

June

July
Auvgust
Septembsr
Qctober
November

December

(1958-1982)
Rafngaly | —plemeratue o) fumattr
34,62 3093 22,46 79.88
36,00 31,34 22.87 82,05 -
35.06 32,17 24,00 81,36
89,16 32,27 25,02 83.29
197.70 31.75 24,92 85,07
292,20 30,42 23,95 85,13
220,90 29,72 23,46 87.18
138.63 29,77 23.22 86.02
150.28 30412 23.36 85.77
264,14 29.70 23,76 87.41
208,05 23,91 23,81 86.97
71.85 30.66 23.26 84.78




Appendix- IL

Abstract of analysis of variance table for helght of plants

at fortnightly intervals
Virippu Season

ist 2nd 3rd éth 5th
Source df fornight fortnight fortnight fortnight fortnight

M.S M.S M.S M.S M.Se.
Block 2 68.09 42,07 '81.16 21.48 86.83
Treat 11 22.88 6.59 23,22 9.33 7.08
Error 22 14.78 5.84 14.05 6.94 6.99
Total 35

Mundakan Scason

15t 2nd  3rd 4th ' 5th
Source at fortnight fortnight fortnight fortnight fortnight

M.S M.S M.S M.S M.S
Block 2 6537 52,09 - 203.19 147.64 - 131.02
Treat 11 10,40 34,46 17,53 29.16 40 .04
Error 22 4490 38,03 19.49 31.25 23,27
Total 35




Appendix-ITII

Abstract of analysls of variance table for number of tillers per sgquare metre
at fortnightly intervals

Virippu Season

Source ag 1st fort- 2nd fort- 3rd fort- 4th fort- 5th fort™
. night night night night night
M.5 M.S MaS MeS MeS
Block 2 21358 10973.5 15979.5 - 14713 4301
Treat 11 2030.564 5201.45 1838.82 2093 2262.36
Error 22 2501.18 2513.86 2408.5 2204.91 1773.18
Total 35
Mundakan Season
1st fort- 2nd fort-, . 3rd fort- 4th fort- 5th fort-
Source at night night night night night
M.S M.S M.S M.S M.5
Block 2 38.11 274,53 1275.11 9952.44 3944 .78
Treat 11 730.21 2040.26 1178.45 1492.05 1714.21
Error 22 862.47 ‘ 3412.44 2202.44 1654 .35 1490.20
Total 35




Appendix IV

Abstract of analysis of varlance table for leaf area index at fortnightly intervals

Virippu season

"2nd fort-

Source atf 1st fort- 3rd fort- 4th fort- 5th fort-

night night night night night -

M.S M.S ' ’ M,S M.S AM.S
Block . 2 .. 0.410 0.309 - - - 0.671 0.364 04773
Treat 11 0.147 0.210 0.092 0.112 0.183
Error 22 0.174 0.372 0.184 0.126 0.186
Total 35

Mundakan season

ist fort- 2nd fort-  3rd fort- 2th Ffort- 5th fort-

Source af night night night night night
. M.S M.S _ M.S _ M.S M.S

Block 2 . 0.418 0.162 .+ 04085 - 1.361 - 0.141
Treat 11 " 0.075 " 0.146 " 0.169 ' '0.432 0,176
Error 22 0.155 0,139 0.285 0.336 0.202
Total 35




Appendix V

Abstract of analysis of variance table for dry matter production at fortnightly intervals

Virippu season

) 1st fort-" 2nd fort-" 3rd fort- 4th fort- 3
Source df night night - " night night : 5thh£°rt
M.S M.S M.S M.S nfgh
Block 2 4428.69 18431.03 83842.75 347198,03 391407.45
Treat 11 10511.36 26726.15 35996 ,86 1002042.93 321542.20
Error 22 2136.15 10619.69 7780%1.72 488887.21 508181 .90
Total- 35
Mandakan season
Source at ist fort- 2nd fort- . 3rd fort- 4th fort- 5th fort-
night night ‘ night night night
M.S M.S ° M.S M-S MIS
Block 2 17425.86 58942,.33 546560 .78 ‘1565227.02 1016143.53
Treat 11 28366457 58858.52 115228.57 359189.85 433058.99
Error 22 13895,59 39627.39 133953.66 472200.30 376389.38
Total 35

* Significant at 0.05 level




Appendix VI

Abstract of analysis of variance table for number of productive tillers per

square metre, length of panicle,
panicle and sterility percentage

Virippu Season

weight of panicle, number of grains per

Nuhber of

Source ag Length of weight of Number of Sterility
productive panicle panicle * grains per percentage
tillers per M.S M.S8 panicle M.S
sguare megtre M. 5
M.S
Block 2 1511.3 0.563 0,0672 356,03 27:43
Error 22 . 1019.34 7.41 0.0321 95.30 15.46
Total 35
Mundakan Season
Block 2 430.11 8.92 0.0106 73 .45 0.869
Treat 11 2653.24 1.59 0,0345 36,20 15,76
Error 22 1342.02 1.57. 0.0129 19.02 11.45.
Total 35 |

* gignificant at 0.05 level
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abstract VII

Abstract of analysis of varlance table for thousand grain weight, grain. yield straw
yleld, harvest index and protein content of grains. ) .

Virippu season

Source dg Thousand Grain yield Straw yleld Harvest index - Protein -
grain . , _
M.S5 : MeS M.S content
welght ;
MoS- of grains .
. M.5
Block T2 14.48 42992,86 150989.05 5.62 1403
Treat 11 6:.14 32272.69 57801.:66 ) 1.54 0.491
Error 22 9.98 60191.62 123767.11 3.21 0.608
Total 35 ' ' '
Mundakan season
Block 2 8.40 67428.69 40055.3 1.96 1.03
Treat 11 10.39 . 67044 .35 26640.7 2.93 0.757
Error 22 5.69: - 52355.91 68225.3 5.63 0.919
Total 35




Appendix VIIX

Abstract of analysis of variance table for pooled analysis
of grain and straw yield

Source ag Grain yleld Straw yield
Mo S M.S
Season 1 922081, 99 | 2534626.12
Preat . 11 83797.5 . 41403.13
Season x Treat o1 15553.18 £0975,40
Pooled Error 44 56273.76 . 95996.21

Appendii IX

Abstract of analysis of variance table for uptake of
nitrogen at initial and final stages.

Virippa Mundakan

Source A€ Initial Final " Initial Final

: MeS MeS ' M.S M.S5.

. Block 2 0.219 145,56 15,97 249.76
‘Treat 11 6449 55.81 8.01 111.32

_Error 22 5.52 42421 5.10 93.15
‘Total 35 |




APPENDIX- XI

Abstract of analysils of variance table for uptake of Potash

.. Mirippu Season Mandakan season

Source ©  daf
Initial Final Initial Final -
MeSe M.Sa M.S. L M.S
Block 2 0.512 73.06 1.72 294 .54
Treat 11 1.009 132.62 5,62 132,54
Error 22 0.495 135.85  3.44 7 137.62
Total 35 o

. APPENDIX- XII

dbstract of analysis of variance table for nitrogen
status of the soil before and after the experiment

Before . after the experiment
- Sourca af ;git?xperi- Virippu season  Mundakan season
oA M. 8 T~ Ml.S.
Block 2 0,0000092 0.000689. 0.000036
Treat 11 0,00027 0.000152 - ' 0.00018
BErrorx . 22 0.00046 ' " 0.000527 ‘000035
Total 35




APPENDIX -X

Abstract of analysis of variance table for uptéke of
phosphorus at different stages of growth.

Virippu season

Mazimum Panicle
Source arc tiller- initia- Harvest
ing tion M.S.
M.S M.S
Block 2 0.0363 1,922 43,32
Treat 11 0,0835 0.736 36.28
Error 22 0.1223 0,932 29.10
Total 35
Mundakan season
Maximunm Panicle
tiiler- initia=- Harvest
Sourca af ing tion M.5.
MQS. M.SI
Treat 11 0.3906 1.717 .7 11.307

Error 22 0.3364 2,919 - 16.423
Fotal 35 |




o

APPENDIX~ XI

Abstract of analysis of variance table for uptake of Potash

Source - 4f Virippu Season Mundakan season
Initial Final Initial Final
M.S. M.Se M.S. _M.S
Block 2 0.512 73.06 1.72 294,54
Treat 11 1.009 132,62 5.62 © 132.54
Error 22 0.495 135.85 3.44 " 137.62
Total 35

_ APPENDIX~ XII

Abstract of analysis of variance table for nitrogen
status of the soil before and after the experiment

Before ' After the experiment
~ Sourca df ;gitéxPeri' Virippu season Mundakan season
M.S M.8 , M.S.
Block 2 0,0000092 0.000689 0.000036
Treat 11 0.00027  0.,000152 . °  0.00018
Error 22 0.00046 0.000527 - 0400035
Total 35




Appendix XIII

Abstract of analysis of variance table for the available P205 status of the soil

at different stages of growth
Virlppu season

Before the Max.imuan

. Panicle
Souxce ag axperiment tillering initiation Harvest
M.S. I'i.S'. M.S . I'I.S.
Block 2 0.645 5.14 42.41 3.68
Preat il 1.022 ) 1.28 2.69 2,46
Error 22 4.64 1.77 23435 2.88
Total 35
Mundakan season

Maximum tillering panicle initiation Harvest
Source df M.S. M.S. M.S.
Block 2 20.02 11.25 25.64
Treat 11 8,46 5.26 10.26
Exrror 22 10,87 5.71 15.38
Total 35

—
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Appendix XIV

. Abptract of analysis of variance table for the exchange-
able potassium status of the soll before and
after the experiment

. After the experiment
_Source  af, enmoriment '
M.5.  YiEiood ~ Mandekgn
e season season
M.S 'M.s.
Block 2 2.099 212.18 14,29
Treat 11 40,41 261,13 47.72

Error © 22 88,20 132.05 237.39
Total 35
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ABSTRACT

With a view to study the relatlve efficiency of
various levels and methods of phosphorus application to
rice variety, Trivenl, an experiment was conducted in the
wetlands of the Instructional Farm attached to the College
of Agriculture, Vellayani, during the first and second
c¢rop seasons of 1983-'84. The varlous treatments tried
were | ‘

1. Control ( No phosphorus)

2, Full basal ( 35 kg Pzgs/ha)
3. 3{% basal + 1/4 foliar ‘
4. 3/4 basal

5. 1/2 basal + 1/4 foliar

6. 1/4 basal + 1/4 foliar

7. 1/2 basal.

8. Soaking seeds in KH,PO, (Potassium diﬁydrégén phosphate) -
20 per cent solution and no phosphorus in the main field

9. Dipping seedling roots in KH2P04— 1.5 per cent solution
~and no phosphorus in the main f£ield.

10. Dipping seedling roots in 2.0 per cent Diamonium phos-
~ phate and no phosphorus in the main field.

11. Dipping seedling roots in superphosphate glurry and
~ no phosphorus in the main f£ield.

12. Application of 35 kg P,0; in the nursery and no phog-
phorus in the main field.
The experiment was laid out in a randomised block

design with three replications.
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The study revealed that the different levels and
methods of bhosPhorus application had no effect on the
Vvarious growth characters such as plant height, number of

tillers, leaf area index and dry matter production.

The yield and yield attributes also were not influen-
ced by the levels and methods of phospﬁorus application
except the Qeight of panicle . Phosphorus had no effect on
the number of productive tillers per square metre, length
of panicle, number of grains per panicle, ;terility percent-

age and thousand grain weight.

The grain and straw yleld alsoc were not influenced
by phosphorus application. However, the highest grain yield

was glven by treatment number 12 in both seasons.

Studies on chemical composition and uptake of nutri-
ents showed that the uptake of nutrients was not influenced
by the levels and methods of phosphorus application. The
pattern of phosphorus uptake showed a gradual increase from
maximum tillering to panicle initiation followed by a rapid

increase upto harvest.

The total nitrogen, avallable phosphorus and exchange-
able potassium status of the soil were not influenced by
phosphorus application. The availablelphosphorus status
of the soil increased gradually upto maximum tillering
stage, showed a slight decrease by panicle inltiation and

this decreasing trend was continued till harvest.
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The maximum net proflt of RS.3199.30 was. obtained
by the application of the full dose of phosphorus to the
nursery (T12) .





