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INTRODUCTION

Rice which is the staple food of the peopls of
Kerala is extensively grown in the State occupying an
area of B.,07 lakhs hectares. During the past substantial
increase in rice production has been achieved by the
introduction of a large number of high yielding rice
varieties. Most of the high yielding varieties evolved
and popularised are of dwarf nature having poor straw.
vield. More over, most of them are not ideally suited

for cultivation in problem arsas like water logged soils.

The Malaysian rice variety which was introduced to
Indis as early as 1965 was known as Mashuri in andhra
Pradesh. This variety was evolved by hfbridiéaﬁionan
between Talchung 65 and Maying Ebos 80/2 in Malaysia.
This variety 1s found to respond well to nitrogen and
perform much bettsr in water logged conditions. It is
a photoinsensitive varisty having good cooking quality.
It has the added advantage of a highar straw yield.

Palghat 1s an important rice growing tract of the
State where Mashuri is extensively cultivated and is
bacoming increasingiy popular among the farmers of the
tract especially during second crop season. But a correct

assessment of the nutritional requiremsnt of this variety



has not been worked out in this tract.

The Bice Research Station, Pattambi represents the
typical agroclimatic condition of Palghat district.
Although Mashuri is a tall variety, studles revealed that
it can respond fairly well to higher levels of fertillgzers
(Ssobhana, 1983). However, detalled investigations to
ascertain the optimum level of nutrition for the variety
are lacking in this tract. lore over investigations on
the effect of phosphorus and potassium are also to be
carried out to get the full expression of the growth and
yield. Hence the present study was intended to have a
detailed investigatlon of the effect of nitrogen, phosphorus
and potassium nutrition on the rice variety Mashuri grown

during the second crop season in this tract.

The timing of nitrogen application 1s an important
aspect of overall nitrogen management in rice crop from
the point of view of efficient utilization of this nutrient,
Proper time of nitrogen applicatlon depends upon the rice
. variety and environmental condiﬁion under which the crop
is grown (Hall, 1960). The effect of split application
of nitrogen vary a lot due to differences in crop manage-
ment, soil condition, growth duration and weather condie

tion {(Have, 1971). Mashuril being a tall indica variety



may be susceptible to lodging by the application of
nitrogen in heavy doses. Therefore it 1s necessary to
assess the perforﬁanca of tne crop by the application of
nitrogen in split doses, so as to work out the best mesthod

of split application of nitrogen.

iHence the presaent investigation was carried out in
the Regional Agricultural Research Station, Pattambl during

the second crop season of 1982 with the following objectives.

. 1. To £ingd out the optimum level of nitrogén,
phosphorus and potassium for the rice variety

Mashuri under transplanted condition.

2. To assess the growth and yield of rice variety
as influenced by the different levels of nitrogen,
phosphiorus and potassium nutrition and tims of

application of nitrogen.

3+ To assess the quallty of grain as zffected by
nitrogen, phosphorus and potassium nutrition

and time of application of nitrogen.
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REVIEW OF LITERATURE

The following review deals with the effects of
different levels of nitrogen, phosphorus and potassium,
aloeng with the times of application of nitrogen on the
growth, yleld and quality of grain and the uptake of

nutrients by rice.

Effect of Nitrogen

A, Growth characters.
1., Height of the plant

Lenka and Baheré (1967) reported that application of
nitrogen progressively increased the plant height upto
120 kg per hectare. In pot culture experiment aAhmed end
Faiz (1969) found that plant height was increased upto
250 kg nitrogen per hectare. Ramanujam and Rao (1971)
observed a positive correlation in plant height at tillering
and flowering stages with the levsels of applied nitrogen.
Sumbali and Gupta (1972) observed increased plant height
by the application of 200 kg nitrogen per hectare. Panda
and Leeuwrik (1972) also reported increased plant height
with 200 kg nitrogen per hectére. Koyama and Niamsrichand
-(1973) reported that the plant height was increased with
nitrogen application upto 93 kg per hectare. Howaver,
Eunus and Sadeque (1974) opined that, plant height was un-

affected by different levels of nitrogen. Sadayappan et al.
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(1974) reported that there was an increase in plant height
with nitrogen application upto 200 kg per hectars.

Lenka gt al. (1976) showed an increase in plant height with
180 kg nitrogen per hectare. Mengal and Wilson (1981)
concluded that in rice plant height was increased with

ﬁitzogen application.

2, Tiller numbor

Lenka and Behera (1967) reported significant increase
in tiller per plant with increased nitrogen application.
Velly and Latrille (1967) cobserved increased tillering by
increased nitrogen application upto 120 kg nitrogen par
hectare. ahmed and Faiz (1969) noticed an increased number
of tillers wich higher rates of nitrogen application upto
230 kg per hectare. Lenka (1969) found positive response of
nitrogen application on tiller number of plant which DpIro=-
gressively increased with ilncremental dose of nitrogen.
According to Shrivastava gt ale. (1970) the increase in
tliller number by the application of higher levels of
nitrogen is responsible for higher grain yield, In pot
experimsnt conducted by Pande and Narkhede (1972) rice
varlety Tailchung~65 produced higher tiller count with
higher nitrogen levels upto 90 kg par hectare. Lenka et atl.
(1976) observed increase in tiller number per plant by

incremental doses of nitrogen from 0 to 180 kg per hectare.



Murty and Murty (1978) noticed an enhanced rate of
tillering by the application of nitrogen from 60 to 120 kg
per hectare. Rice cultivar Jaya grown on a sandy clay

loam soil gavé significant increase in number of tillers
per hill with higher nitrogen levels upto 180 kg per
hectare (Raju, 1979), On the basis of several field trials,
Chow (1980) concluded that nitrogen application had a

significant positive effect on tiller numbar.

Be. Yield attributes,

l. Productive tiller count and number of panicles per hill

- Bredero (1965) reported increased number of panicle
bearing tillers with the .application of nitrogen. Gupta et al.
(1970) observed an increase in the number of fertile tillers
per plant with nitrogen fertilization of 135 kg psr hectare.
Ramanujam and Rao (1971) could observe an increase in the
number of panicles per hill with nitrogean levels above 90 kg
per hectare. A4ccording to Muthuswamy et ale (1972) rice
varieties Karuna, Kaveri and Kanchi showed increased number
of productive tillers with higher rates of nitrogen appli-
cation and the highest was observed at 160 kg nitrogen per
hectare. Sumbali and Gupta (1972) could notlce an increase
in the number of effective tillers per hill with increased
levels of nitrogen application upto 200 kg per hectare,

Panda and Leeuwrik (1972) showed increased number of fertile



tillers with increased rate of nitrogen application.
Subramanian and Kolandalswamy (1973) could notice an
increased number of productive tillers per square metre
with an increase in nitrogen level upto 240 kg per heqtare.
Rethinam (1974) observed increase in productive tillers
with every increase in the dose of nitrogen upto 160 kg
per hectare. Rethinam (1974) also reported a decrease in
productive tiller number at an application of 200 kg nitrogen
per hectare. Subblah and Horachan (1974) obtained signi-
ficant increase in panicle number as the nitrogen levels
increased. Gowda and Panikar (1977) obtained higher number
of productive tillers per hill with increased nitrogen
levels upto 160 kg per hectare. Dixit and singh (1979)
cbserved a higher number of ear bearing tillers with 60 kg
nitrogen per_hectare as compared to 0 and 40 kg nitrogen

per hectare.
2. Panicle length and panicle weight

Lenka (1969) reported an increase in length of panicle
with 0, 40, 80 and 120 kg nitrogen per hectare. Ramanujam
and Rao (1971) noticed an increase in panicle length with
applied nitrogen upto 180lkg per hectare. Simlilar results
were reported by Singh (1971). ‘He reported an increase in
panicle length with incremental doses of nitrégen £from 0 to
160 kg per hectare. Panda and Leeuwrik (1972) also observed

an increase in panicle length with higher rates of nitrogen
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application. Sadayappan et al. (1974) found that though
panicle length was influenced by nitrogen application
treatments with 50, 100, 150 and 200 kg per hectare were
all on par. Subbiah and sorachan (1974) reported decrease
in panicle weight with increase in the rate of nitrogen
application and they attributed this to lodging of these
varietles under higher lesvels of nitrogen application.,
Raj et als (1974) obtained the highest panicle lengith with
200 and 250 kg nitrogen per héctare. Padmaja (1976)
reported that panicle welght increased upto 60 ppm nitrogen.
Reddy and Praﬁad (1977) obtained linear response o applied
nitrogen upto 100 kg per hectare. He also found that medium
duration varieties produced heavier panicles than short
duration varieties. Chang and Su (1977) and Subbiah gt al,
(1977) could £ind that, length and weight of panicles
increased with increasing rates of nitrogen upto 200 kg per
hectare. Raju (1979) reported an increase in panicle length
with graded doses of nitrogen upto 100 kg per hectare.
Similarly singh gt al. (197%a) noticed that panicle length

increased with nitrogen rates upto 120 kg per hectare.,

3. Number of grains pér panilcle

Ahmed and Faiz (1969) found that number of grains per

panicle increased with increase in nitrogen upto 150 Kg per



hectara. Gupta gt gl. (1970) observed that increasing

the rates of applied nitrogen from 0 to 135 kg per hectare
enhanced the number of grains per ear. Shrivastava et al.
(1970) observed significant reduction in number of grains
per panicle with increased nitrogen application. According
to Panda and Leeuwrik (1972) nitrogen increased the number
of fertile and sterile spikelets per panicle, Koyama and
Niamsrichand (1973) reported that spikelet number per
panicle increagsed with higher rates of nitrogen application
upte 94 Kg per hectare. Prasad and sharma (1973) analysed
the effects of levels of nitrogen and concluded that highar
nitrogen level of 225 kg per hactare has more than doubled
the total number of spilkelet per panicle as against the
control with no nitrogen. Natarajan et ale. (1974) could
find no gignificant increase in number of gralns per panicle
with incremental doses of nitrogen application. Results
obtained by Purushothaman and Morachan (1974) and
Sadayappan et ale. (1974) showed that number of grains per
panicle increased with increased nitrogen application,
According to Subbish gt al. (1975) grain number per panicle
was increased with increasing the nitrogen doses from 0 to
100 kg per hecta;e. Lenka gt al. (1976) could notice
reduction in number of grains per panicle with increased
nitrogen applicatione Bhaumik and Ghosh (1977) showed that
filled grains per panicle directly influenced grain yvield
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and that correlation value increased at higher rates of
nitrogen application. Dixit and Singh (1979) on the basis
of experimsnts conducted, observed a significant increase
in the number of grains per panicle with 80 kg nitrogen

per hectare as compared to absolute control,
4, Thousand graln weight

Tsul and Yen (1964) reported reduction in thousand
grain weight by higher levels of nitrogen application.
Velly and Latrille (1967) also obtained a decreased thousand
grain weight with increesed application of nitrogen. Lenka
(1969) observed that the thousand grain weight increased
with higher levels of nitrogen application but the rate of
increase was lesser at higher levels of nitrogen.
ShriVastaVa et al. (1970) and Ramanujam and Rao (1971) also
reported negative response of nitrogen in the yisld attri-
butes. Sevaral workers reported that thousand grain weight
was unaffected by nitrogen application (Huthuswamy gt al.,

1972; Natarajan gt al.., 1974; Lenka et al., 1976).

According to Panda and Leesuwrik (1972) nitrogen
increased thousand ¢grain weight considerably. Rethinam (1974)
found that in respect of this yileld attribute maximum
response was obtained at 160 kg of nitrogen per hectare and

there was reduction in grain weight at 200 kg dose. Though



Sadayappan et al. (1974) could observe increase in the
weight of thousand grains by nitrogen application, the
treatments from 50 o ZQO Kg nitrogen psr hectare were

on par in this respect. Padmaja (1976) reported that
increase in thousand graln weight with graded doses of
nitrogen applicetion was noted upto 200 ppm. Gowda and
Panikar (1977) also observed an increase in thousand grain
welght due to nitrogen application. Similarly, Raju (1977)
could notice a significant increase in thousand grain

weight by nitrogen application,

C. Yield.

l. Grain yield

— Ramanujam and Rao (1971) reported that paddy yields
were dscreased when nitrogea was applied more than 20 kg
per hectare. Pillai and George (1973) showed that nitrogen
supply over 80 kg per hectare could not increase tha yield
signiflcantly. HNair and George (1973) reported that the
levels of nitrogen had no significant effect in increasing
the grain yield. Rethinam et al. (1975) could observe an
increase in yield due to graded levels of nitregen applica-
tion and maximum yield was obtained with 160 kg nitrogen
per hectare in both tall and dwarf indica rice varictias,
'Sahu and Murty (1975) observed grain yield increases with

nitrogen levels upto 160 kg per hectare. Pillai et al.
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(1975) revealed that there was significant response in
graln yleld upto 80 kg nitrogen per hectare. Sharma and

Le (1976) reported that increasing the nitrogen rates

from O to 150 kg per hectare increased average yield

from 3,76 to 5,56t per hectarewhere as a further increase
in nitrogen rates gave no additional yield. Satyanarayanan
and‘Sharma (1976) observed that increase in nitrogen rates
£rom 0 to 120 kg per hectars, increased average paddy
yield in six early maturing rice cultivars. Singh and
Singh (1976) observed that average grain yield incrzased
from 1.44 to 2.0 t per hectare by an increase in nitrogen
épplication from 30 to 90 kg per hectare. Venkatachari et al.
(1976) observed that highest yleld of rice could be
obtained at 150 kg nitrogen per hectare where as the
ﬁesponse per kg of applied nitrogen was the highest at

50 kg per hectare.

According to Gowda and Panikar (1977) yield response to
nitrogen was linear in varieties such as Jaya, IR§8 and
IR=-5, Raju (1977) reported that the highest yield of 4.99 t
per hsctare was obtalned in the variety Mashuri with 100 kg
nitrogen per hectare. Rao (1977) obtzined linear increase
Oof paddy yield with increasing nitrogen rates. He also
reported that the economic optimum rats of nitrogen was

100 kg per hectare.
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an investigation by Pargan and chillar (1978} to
study the effect of nitrogen on rice yields showed that
significant increase in grain yield was obtained with
100 kg nitrogen per hectare over control. Murty and turty
(1978) obtained increased rice yields with nitrogen rates
upto 120 kg per hectare. Poulose gt al. (1978) reported
that rice variety IR-8 gave highest grain yleld with 80 kg
nitrogen per hectare where as Ptb~9 gave the highest yleld
with 40 kg nitrogen per hectare. Venkateswarlu(1978) revea-
led that application of 250 kg nitrogen per hectare
increased the grain yleld significantly over nitrogen rates
of 50, 100, 150 and 200 kg per hectare tried. Cabello (1979)
showed that cultivar IR-8 gave the highast grein yield with
highest nitrogen rates in both seasons. Dixit and singh
(1979) observed that grain yields increased from 2,18 t
with no nitrogen to 4.19 t per hectare with 80 kg nitrogen
per hectare. aAccording to Panda and Das (1979) increasing
the rates of applied nitrogen £rom 0 to 200 kg per hectare
increased the average paddy yileld f£rom 6.13 to 8.96 t per
hectare in seven dwarf rice cultivars tried. Raju (1979)
could observe increasé in grain yileld with nitrogen doses
upto 180 kg per hectare. Dixit and Singh (1980) in a
£ileld experiment with nitrogen application at 30, 60 or
90 kg per hectare showed that grain yield increased with

increasing rates of nitrogen application. Kumar and
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sharma (1980) observed that average yield of three rice
cultivars increased with 40 kg nitrogen per hectare. Further
increases in yield with 60 to 80 kg nitrogen per hectare
were not significant. e also reported that response of
applied nitrogen was of guadratic nature and the most
profitable nitrogen rate for the three cultivars namely
Saket, Ratna and CR 44-1 was 52.2, 6845 and 37.6 kg per
hectare respectively. Patel et al. (1280) observed that
increasing nitrogen rates from 0 to 160 kg per hectare
applied to 5 rice cultivars increased the average paddy
yields from 1.42 to 6.52 t per hectare, Rao and Rao (1980)
from a £ield trial observed yizld reduction with increased

levels of nitrogen application above 30 kg per hectare.

According to Fagi and Datta (1981), £or maximum grain
yields nitrogen doses of more than 120 kg per hectare are
required at high solar radiation levels. The varieties used
were IR=-26 and IR-28. Mengel and Wilson (198l1) also reported
that grain yleld increased with higher levels of nitrogen
application. Matin and Bhuiya (1981) reported that grain
yield increased f£rom 3.25 to 4.68 t with 0 to 120 kg nitrogen
per hectare. Bhatti et al. (1982) revealed that the grain
yield increased f£rom 3,59 to 7.32 t by enhancing the dose of

nitrogen £rom 0 to 120 kg per hectare in a rice cultivar.
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Heeran and Lewin (1982) reported that grain yields were
not affected by an increase in nitrogen application £rom
100 to 200 kg per hectare which they have attributed as

Fewer f£illed florets despite an increase in panicle number,

In a trial with six rice cultivars Peeran and Anandan
(1982) showed that the cultivar TKM-9 had low response to
nitrogen fertilizers and averags yield of all cultivars
were increased f£rom 3.1 t with no aitrogen to 5 t with
160 kg nitrogea per hectare. Peeran and anandan (1982}
showed that yield of rice cultivars Ponnid and IR-20 were
higher at 20 x 20 cm spacing regardless of nitrogen levels

applied 2t 0 to 30 kg per hectare;

baniel (1970) reported that straw ylelds were found
unaffected by nitrogen application in rice varilety Pth-=9.
Ramanujam and Rao (1971) reported that straw yield increased
when nitrogen dose was increased upto 180 kg pexr hectare.
Muthuswamy et ale (1972) cobserved a significant increase in
straw yield upto 120 kg nitrogeh per hectare., Panda and
Leeuwrik (1972) could observe increased ylelds of straw upto
200 kg nlirogen per hgctare. According to Sumbali and
Gupta (1972) straw yield was found to increase upto 200 kg

nitrogen per hectare. Sadayappan et al. (1974) also found



a positive influence of nitrogen on straw yislds.,

Rethinam et al. (1975) reported that straw yleld in rice
varieties was influenced by increased dose of nitrogen.
Venkateswarlu {(1978) noticed an enhanced straw yleld upto
200 kg nitrogen per hectare. Dargan and Chillar (1978)
also observed similar response. Matin and Bhulya (1981)
reported that straw yield increased from 3.5 to 6.11 t with
no nitrogen to 120 kg nitrogen per hectare. Bhatt; et al.
(1982) revealed that the straw yield increased from 5.72

to 12.77 t psr hactare with increased dose of nitrogen

from 0O to 120 kg per hectare.

De gualit! of grain.

Ghosh et gl. (1971) reported that increase in nitrogen
rates was . accompanied by linear increase in grain protein
contant. Kulkarnl (1973) observed increased grain protein
content in six tall indica and semi dwarf rice cultivars by
increased rate of applied nitrogen. Muthuswami et al. (1973a)
reported that different levels of nitrogen had no effect
in the crude protein content of grain. Abraham et al. (1974)
reported that maximum protein content of graln was obtained
with 120 kg nitrogen per hectare applied after flowering.
Kumar and George (1974b) noticed an increase in grain

protein content by higher levels of nitrogen nutrition.
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Srivastava and Verma (1974) could obtain an enhanced grain
protein content with progresssive increase in nitrogen
levels upto the highest rate of 200 kg per hectares.
Subramanian et al. (1974) reported that levels of nitrogen
had no effect on crude protein content of grain. Uptake of
nitrogen increased linearly with incresased rates of applied
nitrogen (Gopalaswamy and Raj, 1977). According to
Nagarajan et al. {(1975) and Rabindra et al. (1977) grain
protein was considerably increased in paddy with nitrogen
application, Dutta and Barua (1978) observed that protein,
non-protein nitrogen, crude fibre, lipid, phosphorus and
iron contents of grain were increased progressively by
niﬁrogen application from 0 to 80 kg per hectare. Raju (1979)
also cbserved increased protein content with applied nitro-

geNe

E. Uptake of nutrients.

Ramanujam and Rao (1970) observed an increase in the
total nitrogen content with increased nitrogen levels. Koyama
and Niamsrichand (1973) reported that the nitrogen content
of plants at harvest consistantly increased with higher rates
of nitrogen. Prasad and Jha (1973) noticed that uptake of
nitrogen increased with lncreasing level of nitrogen.

Similarly Ramaswami and Raj (1974) also could obserxve an
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increased nitrogen uptake with enhanced nitrogen applica-
tion. Nagarajan et al., (1975) concluded that although
nitrogen application at f£lag leaf and heading stages resulted
in high nitrogen uptake by plants it did not bring about
substantial increase in grain yield; but resulted in an
enhanced grain protein content. Agarwal (1978) reported
that application of nitrogen uptollzo kg per hectare
increased the uptake of nitrogen. Singh and iModgal (1978a)
and Raju (1978) also reported similar results. According
to reports by Reddy et al. (1978) maximum nitrogen uptake
was seen at harvest comparad to maximum tillering and
panicle initiation stagese. According to Singh and Modgal
‘(1979) nitrogen concentration in plants due to nitrogen
nutrition was the greatest at the penicle initiatlon stage

and thereafter found decreasinge.

- Loganathan and Raj (1972) reported that the uptake of
phosphorus by grain of paddy was not lnfluenced by nitrogen
application. He also reported that nitrogen level had
little effect upoﬁ phosphorus absorption by straw. Pathak
et al. (1872) observed a higher concentration of phos-
phorus in plants at high fertility level. They also reported
that grain was richar in phosphorus in comparison to straw.
Singh and Bhardwaj (1973b) noticed that smaller amount of

nitrogen application proved instrumental in enhancing the
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phosphorus absorption by rice plant. Sadayappan and
Kolandaiswamy (1974) revealed that phosphorus content of
the plant was increased with increased nitrogen application.
Agarwal (1978) reported that grain phosphorus content was
decreased with nitrogen application. Raju (1978) reported
increased phosphorus content of straw with increased nitro-
gen application f£rom 0 to 180 kg per hectare. Singh et al.
(1979) found that increasiﬂg the rate of nitrogen f£rom

80 to 160 kg per hectare increased the grain phosphnorus
content. Iruthayaraj and dMorachan (1980) could notice that the
uptake of phosphorus was more with 240 kg per hectare than

with lower levels.

Loganatﬁan and Raj (1972) could notice that the uptake
0f potassium was little affected by the different combination
of phosphorus and nitrogen. Sadayappan and Kolandaiswamy
(1974) noticed an increase in the potassium content with
increase in nitrogen level upto 100 kg per haciare.
Esakkimuthu et al. (1975) observed that potassium uptake was
increaged with applied nitrogen. agarval (1978) reported
that potassium uptake was increased by the application of
nitrogen upto 120 kg per hectare. Singh ané Modgal (1978b)
observed that uptake of potassium was enhanced by the appli-

cation of nitrogen upto 120 kg per hactare.



20

Effect of Phosphorus

A« Growth characterse.

1. Height of the plant

Place et al. (1970) reported that increased applica-
tion of phosphorus £rom 0 to 56 kg per hectare decreased
the plant height. aaron gt al. (1971) reported that increa-
sed apolication of phosphorus increased plant height.
Nair et al. (1972) observed that plant height was unaffected
by phosphorus application, In trials with rice cultivar
IR-5, Rao gt al. (1974) noted that, plant height was not
significantly influcnced by phosphorus application upto
80 kg per hectare. Alexander et gl. (1974a) reported that
plant height was unzffacted by phosphorus application.,
Kalyanikutty and Morachan (1974) showed that phosphorus
did not have any marked effect on plant height.
Bharadwaj et al. (2974) reported that there was no signi-
flcant dlfferenca between the rates of phosphorus appli-
cation in influencing the plant height.

2 Tiller number

Terman end Allen (1970) observed that tillering
increased markedly with amount of apvlied phosphorus on the
low phosphorus content of soil angd slightly on the medium
phosphorus content of soil and there was no response on the

high phosphorus content of soil. Nair et al. (1972)



noticed that, tillering was markedly influenced by
phosphorus application. Bharadwaj et gl. (1974) f£rom his
data showed that the number of tillers per plant increased
with increasing rates of phosphorus application. According
to Kalyanikutty and Morachan (1974) the numbar of tillers
per plant was not influenced by the phosphorus application.
Bhattacharya and Chatterjee (1978) reported that application
of phosphorus-aided early tillering in fields having soils
with inadequate level of phosphorus. In field experiment
With rice cultivar IR-8 and given 0,50,100 or 150 kg
phosphorus per hectare. Suseelan (1978) notliced that
phosphorus application did not significantly affect tiller
production. Fageria et al. (1982) observed that, number
of tillers per square metre was increased with applied

phosphorus from 0 to 66 kg per hectare.

B, ¥ield attributes

1. Productive tiller count and number of panicles per hill

In fleld trials, with increasing the rate of applied
phosphorus from 0 to 90 kg per hectare, Place et al. (1970)
reported that the number of panicles was increased with
increase in the levels of phosphorus. Majumdar (1971)
observed that phosphorus nutrition effected a silgnificant
increase in the number of prodgctive tillers by an applica-
tion of 59.7 kg phosphoxus per hectare. Nair gt al. (1972)
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raported that number of productive tillers per hill
was highly influenced by the phosphorus application.

On contrary to this, Alexander et al. (1874a) could
not obtain any influence of phosphorus on the number of
fertile tillers. Sadanandan and Sasidhar (1976) noticed
that increasing rate of applied phosphorus heold no signi-~
ficant effect on the number of productive tillers.
Bhattacharya and Chatterjea (1978) reported that production
of early tlllers was increased with phosphorus application
which resulted in more number of productive tiller per

hill,
2. Panilcle length and panicle weight

According to Place gt al. (1970) graded levels of
phosphorus from 0 to 56 kg per hectare increased panicle
welght. Majumdar (1971) reported that panicle length was
significantly enhanced with higher levels of phosphorus
appllcation upto 59.7 kg per héctare. Singh and Varma
(1971) reported that length of panicle was not influsnced
by phosphorus nutrition at 60 or 90 kg per hectare.
Aiexander et al. (1974a) obtained no difference in panicle
leﬁgth by phosphorus‘application.

3. Number of grains per panicle
-Aaron gt al. (1971) reported that the number of grains

per panicle was increased with increase in phosphorus applie-
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cation. Majumdar (1971) revealed that number of grains per
panicle was significantly increased by abplication of 59.7

kg phosphorus per hectares Singh and Varma (1971) reported
increase in the number of grains per panicle with higher
rates of phosphorus application. He reported that applica-
tion of 60 and 920 kg phosphorus per hectare brought about
distinct increase in number o0f grains per panicle over

30 kg phoaphorus par hectare. Alexandar gt al. (1974a)
observed that the number of grains per panicle was unaffected
- by the phosphorus application. Sadanandan and Sasicdhar (1976)
could not find any affect 0f phosphorus on number of grains

. per panicle. Bhattacharya and Chatterjee (1978) opined that
phosphorus apolication induced early tillering which in turn
gave more number of f£illed spikelets per panicle. Suseelan et al.
{1978) found that the number of £illad grains per panicle

was unaffected by the rate of phosphorus application.
4+ Thousand grain weight

Place gt al. (1970) recorded decrease in thousand grain
weight with increase in levels of phosphorus applied from
0 to 56 kg per hectars. Majumdar {1971) noticed that thousand
grailn weight was incroased with increase in phosphorus appli-
cation. Singh and Varma (1971) could observe distinct increase
in the thousand grain weight with the application of 60 and 90

kg phosphorus over 30 kg phosphorus per hectare.
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Alexandar gt al. (1974a) noticed that phosphate applica-
tion did not affect thousand grain weight. Thandapani and
Rao (1976) could observe that the thousand grain weight
was ilncreased with increasing levels of phosphorus upto -

45 kg per hectare.

C. Yield
le Grain yield

Moolanil and sSood (1966) observed yield reduction with
increased rates of application of phosphorus. Shukla (1969)
noticaed that paddy yleld was unaffected by phosphorus
applicatidn. According to Dev et al. (1970), in a trial
with three rice cultivars grown in Kharif at two sites of
Karnal district, Haryana, increases in the rate of applied
phosphafus from 30 to 9C¢ kg per hectare were accompanied by
linear increase in the average paddy ¥ields from 3 o 4.32 t
per hectare at Ramba where available soil phosphorus was
9 kg per hectare and 4,44 to 6,1 t per hectars at Gharaunda
where the available soil phosphorus was 3 kg per hectare.
The paddy yleld rasponse per kg of applied phosphorus
véried between soils depending on available phosphorus content.
Khatua and Sahuf(1970) reported that application of 40 kg
phosphorus per hectare rasulted in increased paddy yleld as
compared to no phosphorus application. Nair and Pisharody

(1970) reported that paddy yields were not increased with



22.4 to 56 kg phosphorus per hectare applied alone or

with varlous rates of nitrogen of potassium. Aaron et al,
(1971) could notice increased paddy yields with increased
phosphorus application. Majumdar (1971) also noticad
increase in paddy yields with incremental dose of phos-
phorus application. Increase in grain ylelds with phosphorus
application were also reported by Kalvenikutty and Morachan
(1974) . According to Gopalakrishnan et al. (1975) grain
yield was influenced by phosphorus applicaiion. Dixit and
Singh (1977) reported that graln yield was increased from
2.4 o 2,7 t per hectame when the rate of phosphorus appli-
cation was ranged from 0 to 40 kg per hactare. Agarwal-
(1978) observed that graln yield was increased £rom 4.54 to
4.94 t when the applicatlon rate of phosphorus ranged from
0 to 120 kg per hectare. Ageeb and Yousif (1978) reported
that phosphorus application influenced paddy yield signi-
‘ficantly. Rabindra (1978) revealed that, grain yiecld was
increased from 2.86 to 3.26 t per hectare with 0 to 100 kg
phosphorus per hectars. Jones et al. (1979) reported that
increases in paddy yield over controcl were highest with
application of 22,5 kg phosphorus per hectare as Morocco
rock ﬁhosphate or single super phosphate broadcast at 10
days after sowing and with application of basic slag at 45 kg
per hectare broadcast in aqual split dressing at 10 days

after sowing and 14 days after transplanting. Rao et al



(1974) reported that paddy yields obtained with 80 kg

phosphorus per hectare was not significantly superior

to that obtained at 40 kg phosphorus per hectare. Samui
and Bhattacharya (1976) observed that paddy yields were
not increased with increasing rates of phosphorus from

0 to 90 kg per hectare. Simllarly Robinson and Raja
gopalan (1977) reported that paddy ylslds were not
influenced by phosphorus application. 3Singh et al. (1979b)
noticed that grain yleld was increased with phosphorus
application. Singh and Jalprakash. (1979) also obtained
similar results. agarwal (1980) reported that grain
vield was increased by the application of 180 kg phos=
phorus per hectars. Fageria (1980} reported that under
normal conditions yield increased significantly by the
application of phosphorus upto 150 kg per hectare.
Chhabra and Abrol (1981) noticed that application of 50 kg
phosphorus per haectare had no effect on the yield of rice
in untreated barren sodic soils. Machado et al. (1981)
reported that phosphozus had no effect on grain yield of
rica. But Varma ¢t al. (1981) noticed that in a sandy
clay loam soil with 10 kg available phosphorus per hectare,
grain yisld of rice cultivar éauvery was not affected by
phosphorus application in the first ysar but was increased

in subseguent years to give average yields of 1,6, 2.0, 2.2
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and 2.4 t per hectare with 0,9,18 and 27 kg phosphorus
per hectare respectively. Bora and Goswami (1983) found
enhanced grain yields with progressive increase in -the

rate of phosphorus application.
2. Straw yleld

Patel {(1967) in a field experiment glven 20,40 and
60 kg pheosphorus per hectare reported that plant height
and thefefore straw yiaid increase with increasing fertility.
Place gt al. (1970) cbserved that increasing phosphorus
application increased straw yleld but decreased plant
height, Gupta et al. (1975) obtained highest straw yield
with 60 ppm phosphorus., Prabha et al. (1975) in a pot trial
given 0,20,40, 60 and 100 kg phosphorus per hectare raported
that epplication of phosphorus increased straw yileld.
However, Sadanandan and Sasidhar (1976) found that increcasing
rate of applied phosphozus had no significant effect on

yield of straw and grain.

De. Quality of graine.

Karim gg}gl.(lgsa) noticed a decreased cxude protain
conternt of the husked grain with increased levels of
phosphorus application froem 0 to 120 kg per hectare,
Verkhotin (1274) reportad that. grailn protein content
decreased with applied phosphorus. Xadrekar and Mechta (1975)

opined that optimum rate of phosphorus spplication for



satisfactory grain content was 40 kg per hectare in

the case of all cultivars. Agarwal (1978) reported that
increasing the rate of applied phosphorus from 0 to 120 kg
per hectare increased the crude protein content of grailn
from 9.76 to 10.28 per cent. Agesb and Yousif (1978)
reported a decreased grain protein from 7.11 to 5.81

per ¢ent by increased phosphorus level from O to 107 kg

per hactarse but the total protein yileld seemed unaffected.

E. Uptake of nutrients.

Pande and Tilak (1970) revealed that phosphorus ferti-
lization incresased phosphorus content of the upland rice
crop. Varma (1971) in trial with high yielding rice
repdrted that nitrogen uptake in grain and straw increased
with rates of applied phosphorus. Loganathan and Raj (1972)
in a pot experiment found that nitrogen uptake by rice
graln was the highest in plants receiving 80 kg phosphorus
per hectare and did not vary with different nitrogen levels.
Thandapani and Raco (1974) observed that increase in rates
of applied phosphorus from 0 to 75 kg per hectare were
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
nitrogen +'phos§horus + potassium £rom 100 + 50 + 50 to
200 + 100 + 100 kg per hectare. Agarwal (1980) recorded



an increase in the uptake of nitrogen from 34.2 to 51.8 kg
from 0 to 180 kg doses of phosphorus application upto the
tillering stage. He also reported that the increase f£rom
the extreme doses varieg from 43,5 to 89, 4 kg during
flowering stage and f£rom 72.5 to 147.6 kg during maturity

staga.

Naphede (1969) reported that the rate of phosphorus
absorption was much highsr at 40 and 20 days after transe
planting than at other periods and increased with increase
in phosphorus supply. Muthuswamy et ak. (1973b) observed
that more than half of the total requirement of phosphorus
was absorbed between the stages of panicle initlation and
£flowering. All and Morachan (1973) reported that the uptake
of phosphorus was higher in the'early stages and decresased
with crop growth. Iruthayaraj and Morachan (1980} found

that the uptake of phogphorus was high at harvest stagee.

gommen et al. (1972) revealed that the percentage of
total phosphorus in the plant increased with éh increased
dose of phosphorus from 25.75 to 51.5 kg per hectarc.
Alexander et al. (1974b) revealed that various rates of
phosphorus had no significant effect on the uptake of
phosphorus. Krishrnaswamy ot al. (1974) showed that appli-
cation of 180 kg phosphorus per hectare gave the highest

grain phosphorus content. Gupta gt al. (1975) reported



that uptake of phosphorus increased from 75.62 mg

without applied phosphorus to 189.,1 mg with 100 ppm applied
phosphorus in a pot culture experiment. Agarwal (1978)
revealed that grain phosphorus content was inéraased with
phosphorus application upto 120 kg per hectares, Studles

on the uptake of phosphorus by rice under graded levels

of phosphorus revealed that there was a significant
increase in phosphorus absorption with increasing rates of
phosphorus fertilizer at all stages of growth (Suseelan gt al..
1978). Bora and Goswamy (1980) reported that phosphorus
uptake incraased with increasing rates of phosphorus
'apglicationq In a pot trial with three cultivars grown in
a vertisol, Rastogi et al. (1981) showed that increasing
levels of applied phosphorus increased the total phosphorus
uptake and fertiliger phosphorus uptake but decreased
available phosphorus uptake and utilization percentage of
the applied phosphorus at tillering, f£lowering and maturae-
tion stages. 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 grain was incresased

with increase in the rate of phosphorus in subnerged soils.

Loganathan and Raj (1972) reported that levels of
phosphorus did not influence potassium uptake by grains.
Xrishnaswamy et al. (1974) suggested that application of

potassium in combination with phosphorus slightly increased



the potassium content of grain. Ramaswami and Raj (1974)
obgerved that nitrogen and phosphorus increased potassium
uptake, Thandapani and Rac (1974) found that apélied
phosphorus had no effect on potassium content in plants
and gralns Kothandaraman et gl. (19753) reported that
maximum grain content of potassium was given by 180 kg
phospherus per hectare. Lal and Mahapatra (1975) observed
that potassium content was gencrally high with fertiiizer
high in watec solublé phosphorus. Agarwal (1980) reported
that increasa in the potassium uptake was £rom 35.5 to
129,9 kg due to phosphorus applicaticn though the 1lncresase

wag rather small,

Effect of potagsium

A. Growth characters,

1. Height of the plant

Bavappa and Rao (1956) reported an increase in height
of plants with an increase in potassium, Results of fisld
exparimsnts revealad that the hasight of plent was progressi-
valy increased with potassium increments (Mukherji et al.,
1968). Kalyanikutty and Morachan (1974) reported that
potassium application did noit: have any influence on plant
height. Rao et al. (1974) observed that height of plant was
not significantly influenced by the application of potassiw

upto 80 kg per hectarsa.
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2, Tiller number

Noguchi and Sugawara (1952) observed lesser number of
tillers in /plots that received no potassium. Bavappa and
Rao (1956) recorded an increase in number of tillers when
potassium was applied. iukherji et al. (1968) pointed out
that potassium application had no noticeabls effect on
tillering. Usha (1966) noticed a beneficial influence of
potassium in paddy by way of prombting tillering capacity.
Ramankutty (1967) observed chat éotassium level had no
significant effect on the number of tillers. Kalyanikutty
and Morachan (1974) reported no influence of potash on
increasing tiller number. Accordiné to Kulkarni et al,
(1975) effect O0Ff potash was significant on the total
numoer of tillers. Uexkull (197€¢) reported that applied
potagsium slightly decreased tillering. Chamura and
Mizusawa (1979) noticed that the number of tillers was
increased with lncreasing uptake of potash. Singh and
Singh (1979) recorded increased tillering with graded doses

of application of potash upto 60 kg paer hectare.

B, Yield attributes.

1. Productive tiller count
Raoc gt al. (1974) observed that the number of productive
tillers was not signlficantly influsnced by the application

of potash even upto 80 kg per hectare. Kulkarni et al. (1975)



reported that the effect of potassium was significant on
the number of effective tillers. Padmaja (1976) observed
that the number of productive tillers and conseguently
panicle production has been influenced by application of
potassium., Sahu and Ray (1976) found an increase in the
number of aeffective tillers when tall indicas were supplied
with potassium. Uexkull (1982) found that the number of
panicle per hill was decresased by potassium application.
Rhee et al. (1979) reported that potassium deficiency

decreased the numbsr of panicles per hill,

2. Panicle length

Singh and singh (1979) observed that panicle length
was increased with incremental doses of potassium.

Rao et al. (1974) reported that application of potassium
even upto 80 kg per hectars did not have any marked effect
on the length of panicle., - Singh and Singh (1979) found

that application of potassium increased paniéle length.

3+ Number of grains per panicle

Bavappa and Rao (1956) reported that number of grains
per panicle was increased with potassium application,
Krishnan (1968) observed that higher leveis of potassium
increased the number of grains per earhead,.

Kalyanikutty and Morachan (1974) reported that the

number of grains per panicle was not affected by the rates



of application of potassium. Rao et al. (1974) noticed
that application of potash even upto 80 kg psr hectare
did not influence the number of £illed grains and chaff
per.panicle. Uexkull (1982) reported that number of grains

per panicle increased with potassium application.
4, Thousand grain weight

- Bavappa and Rao (1956) recorded an increase in the -
thousand grain weight when potash was épplied. Kalyanl-
kutty and Morachan (1974) reported that the weight of
thousand grains was not influenced by potassium applica-
tion. Rao et al. (1974) also could not observe any effect
of potassium on thousand grain weight. Singh and singh
(1979) found increase in thousand grain weight with the

application of 60 kg potassium per hectare.,

Ce. Yield.
l. Grain yield

shukla (1969) could not get any significant effect of
potassium on the grain yield of rice. Vijayan and Sreedharan
(1972) noticed that grain yleld was increased with higher
levels of potash application. He obtalned a yield of 3.63 t
- per hectare with 80 kg potassium per hectare and 3.18 t
with no potassium. Pande and pas (1973) could not get any

response Of potassium to rice ylelds. Rao gt al. (1974)



obtained better results with application of 40 kg
potassium per hectare. Singh and Dubey (1975) reported
yleld increases with increasing levels of potassium
application upteo 60 kg per hectare and they could not

get any additional yileld by increasing further the level

of application to 120 kg per hectare. Mamadaliev et al.
(1976) also got the highest grain yield by the applica-
tion of 120 kg potassium per hectars. Sahu and Ray (1976)
reported that by lncreasing the potassium rates £rom 0 to
2205 and 45 kg per hectare, average paddy yleld increases
wera 2,06 €t to 2,28 t and 2.61 t per hectare respectively.
Singh et al. (1976) reported that application of 120 kg
potassium per hectare gave the highest yiecld of grain.
Uexkull (1976) reported that applied potassium slightly
decreased grain yilelds at certain locations in tha absence
of phosphorus but increased in the presence of phosphorus.
Halm and Dartey (1977) found that grain ylelds were increa=-
sed from 233 t per hectare with no potash to 2,69 t per
hectare with the application of 37,20 kg potash per hectara.
Ageeb and Yousif (1978) reported that different doses of
potassium elther alone or with phosphorus as super phosphate
gave no responsee. Agarwal (1980) observed significant
increase in grain yleld with potassium upto 60 kg per

hectare. Mahapatra et al. (1980) could get significant
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yield increase in rice only by the application of 80 kg
potassium per hectare as compared to untreated control.

#ia and Du (1982) reported that yield increased by the
application of both nitrogen and potassium was 19.8 to 80.1

per cent than with nitrogen alone,

2. Straw yield

Noguchi and Sugawara (1952) observed a decrease in
straw yield with incremental doses of potash. Usha (1966)
reported that potassium application in paddy enhanced straw
yleld . Esakkimuthugt 2l. (1975) reported that application
of potassium in ths presence of 150 kg nitrogen per hectare
significantly increase straw yield. Singh et al. (1976)
observed that application of 120 kg potassium per hectare
gave the highest straw yield.

D. Quality of grain.

The application of large ampunt of muriate of potash
to the so;l reduced absorption of nitrogen, phosphorus and
sulphur which resulted in reductivn of protein synthesis,
(Rehaja, 1966)., Karim et al. (1968) showed that grain.protein
decreased with higher ratios of application of potasaium.
According to Chavan and Magar (1971) 40 kg potassium per
hectare increased the proteln content of five rice varieties
on upland and lowland sites as compared with 20 kg potassium

per hectare. Agarwal (1978) reported that by increasing
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potassium rate from 0 to 120 kg, the crude protein content
of grain was increased £rom 9,62 to 10.17 per cent.
Bhuiya et al. (1979) reported that potassium had no signi-

ficant efiect upon grain crdue protein content.

E: Uptake of nutrientsa.

Mohanty and Pathaik (1974) reported that lack of
applied fertilizér dscreased uptake of all nutrients and
in soils deficient in phosphorus and éotassium, applica=-
tion of phosphorus and potassium increased uptake of
nitrogen, phosphorus and potassiume. MNuthuswamy et al.
(1974) showed that increasing the rate of nitrogen, phos-
phorus and potassium increased their uptake. Esakkimuthu et al.
(1975) observed that nitrogen uptake was increased with
applied potassium. lMengel et al. (1976) reported that
uptake of nitrogen of the shoot increased by the higher
potassium supply. Singh gt al. (1976) noticed that nitrogen
uptake and translocation were highest with application of
160 kg potassium per hectare. Agarwal (1978) revealed that
the increases in uptake of nitrogen were the highest with
applied pGtassium. Reddy gt al. (1978) found that nitrogen
uptake increased with increase in rate of potagsium £rom

50 to 100 kg per hactare.



38

Krishnan (1968) reportad that different levels of
potassium exerted no significant influence in the phosphorus
content of grain and straw. Sadanandan gt al. (1969)
reported that uptake of phosphorus was significantly
correlated with potassium uptake. Loganathan and Raj(1272)
noticed that the uptake Of phosphorus in the variety Co 32
was enhanced by the applicatlion of potassium at 40 and 80 kg
per hectare. Mohanty and Patnaik (1974) observed that
potasslum application has lncreased the phosphorus uptake.
singh et al. (1976} opined that phosphorus uptake and
translogation were the highest with the application of
160 kg potassium per hectare. Krishmamoorthy et al. (1977)
reported that addition of 60 kg potassium par hactare had
no effect on yield, but increased the utilization and
uptake of fertilizer phosphorus. Agarwal (1978) also
noticed that phosphorus content of grain was ilncreased with

increased potassium application.

According to Sadanandan gt ale. (1969) potassium uptake
was significantly increased wlth higher dose of potassium
and potassium percentage was high at tillering and flower-
ing and thereéfter declinad towards maturlty. Mohamed Ali
and Morachan (1973) notlced that uptake of potassium was
the highest at harvesting stage. According to Rai and
Murty (1976) uptake of potassium was vigorous at early

stage, retarded during lag phase and decreased after
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flowering. Singh et al. (1976) noticed the highest rate

of uptake and translocation of potassium by the application
of 160 kg per hectare. Agarwal (1978) showed that the
potassium uptake was inc¢reased by higher levels of
potassium upto 60 kg per hectare. Singh and Jaiprakash
(1979) also resported that potassium application increased

potassium uptake in rice.

Effect of Time of Application of Nitrogen

A. Growth charactaers.
1. Height of the plant

Wells (1970) opined that delaying mid season nitrogen
until just after the start of rapld internode elongation
decreased plant height. Gopalakrishnan et al. (1971)
reported that plant height was significantly increased when
nitrogen was applied 50 per cent as basal and 50 per cent
at panicle initiation, According to Ramanujam and Rao
(1971). rice cultivar ALT=-27 when grown with a basal
dressing of green manure, pnosphorus, pctassium and 0,30,
60, 90, 1290, 150 or 180 kg anitrogen per hectare in three
equal split dressings was found to increase plent hsight.
Panda and Leeuwrik (1972) reported that application of
nitrogen, two-third at transplanting and the remainder

top-dressed at the booting stage increessed plant height.
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Koyama and Niamsrichand (1973) observed increase in plant
helght by the application of two=-third of nitrogen as
basal dressiﬁg and one~third as top-dressing 30 days
before flowering. Jakhro (1982) noticed that plant
height was increased when 50 per cent of the nitrogen

was applied at panicle dnitiation,
2, Tiller number

Patnaik (1969) opined that 75 to 80 per cent of the
nitrogen applied at transplanting will increase the
tillering capacity of the plant and the rest should be
applied duriqg the perlod from internode elongatlon to the
emergence of the boot leaf stage. Takur and Saxena (1970)
rgported that split application of fertilizer nitrogen
half at transplanting and half one month after, produced
maximum number of tillers per hill., Alenshin and Tur
(2971) showed that highest tillering occured in plants
when nitrogen was given at the two leaf stage. Ramanujam
and Rao (1971) cbserved that number of tillers were
increased with increased nitrogen dose applied in three
equal splits at transplgnting, 30 and 40 days after transe
planting. Pande and Markhede (1972) reported that tiller-
ing increased with increasing nitrogen rates and it was
higher whon the nitrogen was applied in two instalmenis

than when applied in single dose.



In greenhouse experiment, Thenababu (1972) obsesrved
that adegqguate nitrogen during the vegetative growth
phase encouraged tillering. Koyama and Niamsrichand (1973)
found that tiller number was c¢losely related to nitrogen

rate during the early stage of growth.

Rice cultlvar IET 1991 when given 220 kg each of
nitrogen and phosphorus applied in various splits as (a)
50 per cent at planting + 50 per cent at panicle initia-
tion (b) 50 per cent at planting + 25 per cent at 21 days
after planting (c) 50 per cent at planting + 25 per cent
at panicle initiatlon + 25 per cent as fellar application
4 to 6 weeks after planting, Rao et al, (1973) reported
that number of tillers per hill was lower with (b) and (c)
than with (a). Rao and Murty (1975a) concluded that appli=-
cation of nitrogen at the maximum tillering stage increased
the tiller survival. Bhuiyan (1981) reported that increase
in tiller number at maximum tillering was associated with
increase in inorganic nitrogen at transplanting in some

soils,

B, Yield attributes,

l. Productive tiller number and number of panicles per hill

Halappa gt al. (1970) reported that nitrogen applied
at 120, 160 or 200 kg per hectare in 2 +o 3 split dressings
resulted in the highast number of ear bearing tillers per



hill., Muraleedharan gt ai. (1972) reported that there

was no significant effect on number of panicle per sguare
metre with time of nitrogen application. Ramanujam and

Rac (1971) reported that numbef of panicles per hill
increased with increase in nitrogen when applied in 3
equal split dressings at transplanting and at 30 and 40
days after transplanting, Panda and Leecuwrik (1972)
observed that number of fertile tillers were increased
with incregse in level of nitrogen applied two-third at
transplanting and ths rest top-drésssd at the boot stags.
Varma‘and Srivastava (1972) observed that application of
nitrogen in 3 splits with half at transplanting, ons=fourth
at tillering and one-fourth at boot stage significantly
influenced the number of fartile tillers per clump. Koyama
and Niamsrichand (1973) noticed that panicle number per
hill increased with increasing rate of nitrogen upto

112,5 kg per hectare applied, two=third as basal and

- one-=third at 30 days before flowering, Kumar and George
(1974) showed that the variety IR-8 requires two top
dressings, one at the active tillering stage to increase
the number of productive tillars and another at ear primor-
dial initiation stage. Rao and Murty (1975a) reported

that number of panicle bearing tillers increased with
application of 40 kg nitrogen at thinning + 30 kg nitrogen
bafore maximum tillering + 30 kg nitrogen at booting staga.
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Rao and Murty (1975b) observed that 3 split dressing at
(a) the thinning stage 25 days after sowing (40 kg Nj.
(b) the maximum tillering stage (30 kd&iand (c) the
booting stage (30 kgN) gave 525 panicles per square metre
compared with 485 panicles per square metre in rice
glven 70 kg nitrogen per hectare at (a) and 30 kg nitro-
gen per hectare at (c). Thasanasongchan et al. (1976)
reported that, fertilizer applied in 2 to 3 split appli-
cation at 30 days after emsrgence and at panlcle emergence
increased the number of panicles. Bhaumik and Ghosh (1977)
noted that neilther the level of fertilizers, nor the
time of applicatlon of nitrogen had effect on numbsr of
tillers per hill,

Hub gt al. (1979) noticed that applicaticn of 180 to
200 kg nitrogen per hectare 24 days basfore heading in rice
increaged the number of pandcles per hill. Nair et al,
(1979) suggested that the treatment recelving half-nitro-
gen at active tillering and the other half at panicle
initiation stage, recorded the maximum number of panicle
per square metre, Ghobrial (1980) reported ﬁﬁat top dressing
nitrogen at meximum tillering and panicle initiation .
stages significantly improved nitrogen use efficiency by
promoting production of more panicles per unit arsa.
Rodriguez gt al. (1980) reported that 180 kg nitrogen

applied in 2,3 or 4 doses, found to increase the panicle



numberper sguare metre.

2. Panicle length and panicle weight

Patnalk (1969) reported that 75 to 80 per cent of
the total amount of nitrogen should be applied at trans-
planting followed by the rest top dressed some time
during the period from internode elongaticn to the energence
of the boot leaf stage for the full development of panicle.
But Huralesdharan et al. (1972) observed that the length
of panicle was not signiflcantly influenced by the timing
of nitrogen application. Ramanujam and Rao (19271) noticed
that panicle length was increased with increase in nitro=-
gen applied in 3 equal split dressings at transplanting,
and at 30 and 40 days after transplanting. Panda and
Lesuwrik (1972) reported that nitrogen application
increased panicle length when two-thirdofthe dose was
applied at transplanting and the rest top dressed at boot
stage. Nair gt al. (1979) noticed that nitrogen applica-
tion at later stages especially giving half the doge at
pPanicle initiation has resulted in maximum panicle waight.
Singh and singh (19279) suggested that'application of
nitrogen in split dressings increased the panicle length,
Wang (1981) observed that nitrogen application at the
primordial panicle stage of the plant increased panicle
welight.
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3. Number of grains per panicle

Chiu (1968) raported that split application of
nitrogen increased the percentage of fertile grains.
Halappa et al. (1970) noticed that application of nitrogen
in 2 or 3 split dressings increased the grain per ear.
According to Panda and Leeuwrik (1972) application of
nitrogen increased number of fertile and sterile spikelets
per panicle when two-third of nitrogen was applied at
transplanting and remainder top dressed at boot stage,
Muraleedharan et al. (1972) reported that application of
50 kg nitrogen per hectare at. tillering and panicle
initiation significantly increased the number of spikelat
per panicle. Thenababu (1972) suggested that panicle with
unfilled or partly f£illed grains resulted when there was
excess nitrogen during the reproductive stage and when
the nitrogen status of the growing madium was changed
from a low to a higher level at the stage of reduction
division and anthesis. Verma and Srivastava (1972) observed
that application of nitrogen in three splits with half the
amount of nitrogen applied at tranasplanting and one-fourth
- at tillering and the remainder at bodt stage increased
number and welght of £illed grains per panicle, Furuyama
and Minami (1974) reported that the spikelet number was

increased by top dressing of nitrogen at early panicle
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formation stage. Rao and Murty (1975b) reported that

66.8 graina per panicle was produced by 3 split appli-
cation viz., 40 kg nitrogen at thinning + 30 kg nitrogen

at maximum tillering + 30 kg nitrogen at booting stage
where as 70 kg nitrogen at thinning + 30 kg nitrogen at
booting stage produced only 62,2 grains per panicle.
According to Hub et al. (1979) application of 180 to 200 kg
nitrogen per hectare 24 days before heading in rice
increased the number of spikelets per panicle without
decreasing the grain maturity ratlo and was more effective
than application at 15 days before heading. Wang (1981)
reported that nitrogen application at the primordial panicle

stage increased gplkelet number,

4, Thousand grain weight

Chiu (1968) observed that split application of nitrogen
increased yield by increasing the thousand grain weight.
Halappa gt al. (1970) cbtained 29.8 g for thousand grain
welght when nitrogen was applied in 2 to 3 split dressings.
Ramanujam and Rao {1971) observed that thousand grain
welght decreased when nitrogen dJdose was more than 90 kg
per hectare applied in three eqgual splits at transplanting,
30 and 40 days after trangplanting. Panda and Leeuwrik
(1972) reported that nitrogen increased thousand grain weight
when two-third of the nitrogen was applied at transplanting

and remaining nitrogen top dressed at the boot stage.
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According to Verma and Srivastava {(1972) split applica=-
tion of nitrogen significantly increased thousand grain
weight. Nair et al. (1979) reported that nitrogen appli-
cation, half at panicle initlation has resulted in maximum
panicle weight aﬁd thousand grain weight. Singh and Singh
(1979) suggested that application of nitrogen in split
dressings increased thouvsend grain weight. Ghobrial
(198C) observed that top dressing nitrogen at maximum
tillering and panicle initiation significantly improved
nitrogen use efficiency by increasing the grain weight,
Hg also reported that 3 split dressings were no better

than 2 given at maximum tillering and paniéle initiation,

Cs Xield,
l. Grain yield

Rao and Murty (1975a) reported that by soil application
of (a) 70 kg niltrogen at thinning + 30 kg nitrogen at
booting or (b) 40 kg nitrogen at thinning + 30 kg nitrogen
before maximum tillering + 30 kg nitrogea at booting stage,
paddy yield was incressed to ths tune of about 30 per cent

with (b) as compared to (a).

Abdullah gt al. (1976) observed that single dosages
of basal nitrogen had no significant effect, but gave
significant yileld increase when applied as a top dreasing

7 days before primordium initiation. He also cbserved



that split application of nitrogen at 14 days after
transplanting, 7 days bsfore primordium initiatioﬂ and
at the f£flag leaf and heading stagas gave increased yield.
According to Sarkar and Sinha (1976) application of
nitrogen in 2 split dressings at 15 days after sowing
and at the panicle initiation stage gave higher paddy
yield compared with nitrogen applied 15 days after sowing.
Tewarl and Singh (1976} noticed that application of

25 per cent nitrogen at sowing and remainder in 2 equal
top dressings at the tillering and paniéle initiation
stages gave the highest paddy yield of 4.46 per hectare
when compared with the application of entire dose of

nitrogen basally which gave yleld of 3.75 t per hecktare.

Bhattli and Khan (1977) reported that split applica-
tion of nitrogen gave higher yields than single applica-
tion, but the increase was not sufficient to cover extra
cost. In field trials Bhaumik and Ghosh (1977) noticed
- that application of nitrogen 35 per cent basal, 33 percent
befora tillering and remainder before flowering gave the
highest'grain yield with a dose of 150 kg nitrogen per
haectare, Maitli and Chatterjee (1977) found that rice
varlaety Jaya gave highest ylelds when 25 to 30 per cent
nitrogen was applied at establishment, 40 to 50 per cent
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at tillering and 25 to 30 per cent at panicle initiation
compared with the application of 50 to 60 per cent at
astablishment and 25 per cent at tillering and panicle
initiation stage with the variety Cauvery. According to
Nalr and Sreedharan (1977) in trials with rice given
50--to 70 kg niltrogen per hectare in 2 to 3 split dressings
mfaswmm(Mtﬂhﬂmam(dpwmhemmmw.
paddy yield was the highest with nitrogen (4.87 t) applied
in 2 egual split dressings at (b) anéd (c) end the lowest
(3.69 t) with nitrogen applied in 2 split dressings 75
per cent at (a) and 25 per cent at (b) Panda et al. (1977)
found that application of 50 kg nitrogen per hectars in

3 split dressings, 25 per cent at transplanting, 50 per
cent at tillering and 25 per cent at panicle initiation
stages of rlce, gave paddy yields 0f 2.11 t per hectars
compared with 1.56 to 1.93 ¢ when nitrogen was applied

in 2 split dressing and 1.38 to 1.64 t when nitrogen was
applied in a single dressing at any one of the 3 stages.
Roy et ale. (1977) obtained highest paddy yleld 4.52 ¢

per hectare with 120 kg nitrogen per hectare applied in

4 equal split dressings at transplanting, tillering,
panicle initiation and boot stages. Yield decreased with
three split application and lowest yield was noticed

when the entire dose of nitrogen was applied basally at
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transplanting. Balasubraménion et ale. (1978) reported
that yleld with a basal dressing (a) 25 (k) 50 (¢) 75
and (d) 100 kg nitrogen per hectare wera 4.04, 4.81,
4.21 and 5.4 t per hectare raspectively., Application

of nitrogen in 4 top dressing to crop given (a) (b) (c)
and in 2 top dressings to those given (d) gave the
highest yield of 5.88, 5.94, 6.08 and 5.67 t per hectare
indleating that amount of total nitrogen applied to

rice can bae reduced by applying 25 kg nitrogen per
hectare as a basal dressing and 80 kg nitrogen per hectare
in ¢ top dressings at 60,70, 80 and 90 days after sowing.
Gaffer and Chand (1978) found that highest grain yileld
of 5.8 t per hectare was obtained by the application of
110 kg nitrogen per hectare applied in 3 equal split-
dressings at transplaﬁting. active vegetative and lag
vegetative stages. Panikar_gE_%E: (1978) observed that
maximum yield of 3528 kg per hectare was obtained by
ﬁha application of nitrogen 50 per cent at planting +

25 per cent at panicle initlatlon and 25 per cent.at
tillering. Rajan and Mahapatra (1978) reported that
highest paddy ylelds ware obtalned with 100 kg nitrogen
per hectare applied in four equal split dressings at
sowing, late tillering, panicle, primordial initiation
and booting stages. Singh et al. (1973) showed that,



application of 100 kg nitrogen per hectare in 3 gplit
dressings 50 per cent basal as Sulphur-coated urea and
the remaining nitrogen as urea in split dressing at the
tillering and panicle initiation stages gave the highest
yleld of 7.5 t paddy per hactare.

Bhapkar gt ale. (1979) observed that varieties TN~l
and@ IR-8 gave higher paddy yields with 80 kg niltrogen
per hectare applied in 2 equal split dressings at trans-—
planting and maximum tiller stages than when applied in
a single dressing at transplanting. Houng and Liu (1979)
reported that grain yield was increased by nitrogen appli-
cation at tillering and yocung panicle formation. Nair et al.
(1979) observed that skipping basal application of nitro-
gen and applying half the dose at-active tillering and
the other half at panicle initiation stage has given the
maximum grain yield of 4874 kg per hectare.

Devi gt al. (1980) reported that maximum yields were
obtained with a nitrogen dose of 50 kg per hectare given
at sowing + 2 further applicatiohs of 25 kg nitrogen per
hectare each, either at booting and heading or at panicle
initiation and booting. Mishra and Singh (1980) observed
that paddy ylelds wers 3.4 to 3.49 t when nitrogen was
gpplied in 2 to 3 split dressings at transplanting, tiller-
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ing, panicle initiation or botting stages and was 3.26 t
when applied at transplanting and 2 t per hectare without
nitrogen. In a £ield trial with rice cultivars IR-880-CO
and Naylamp,0jeda and Freyre (1980) noticed that, the
grain yield ranged from 5.99 and 6.53 t per hectare when
nitrogen was applied 50 per cent at sowing and 50 per cent
at £lowering to 7.08 and 7.54 t when nitrogen was applied
33 per cent each at sowing, tiller initiation and full
tillering, and 7.21 and 7.66 t with nitrogen applied 25
per cent at each of tha 4 growth atages. Rodriguez et al.
(1980) reported that application of nitrogen in 3 or 4
equal splits gave the highest grain yield, Subramanian
and Venketaraman (1980) observed that application of 90 kg
nitrogen per hectare when applied in 3 split dressings,

50 per cent at transplanting and the remainder as top
dressings at the tillering and panicle initiation stages
gave the highest yleld. Krishnarajan and Balasubramanian
(1981) reported that split application of 60 kg urea at
planting and panicle initlation stages gave high yilelds,
Lozano and Abruna {1981) observed that yields of rough
rice increased from 3.83 to 7.95 t par hectare when
nitrogen rates were increased from 0 to 224 kg per hectare
applieé as a single application, But rice yields were
found to increase from 3483 to 8421 t per hectare when
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nitrogen fates were increased from 0 to 1i2 Kg per hectare
applied in 2 equal split dressings at sowing and 45 days
later. Heeran and lLewin (1982) reported that high grain
yields were obtained by application of nitrogen at panicle

initiation.

In a study on the effect of split application of
nitrogen on the yield of rice Hoque gt al. (1977) found
that highest graln yield was obtained by a single applica-
' tion of 90 kg nitrogen per hectare. Reports from IRRI
showed that split application of nitrogen at transplanting,
30 days after transplanting and at 5 to 7 days prior to
panicle initiation had no effect on the graln yield
(Anon, 1978). Ojeda and Lopoz (1979) reported that
grain ylelds were negatively corrzslated with nitrogen
application during the reproductive stage of rice. Giri
and Bhatéde (1980) observed that nitrogen applied in 2
equal split dressings at sowing and 40 to 45 days later
gave higher grain yields than that applied in a single
dressing at sowing though the difference was not statisti-
cally significant. Brandon et al. (1980) noticed higher
grain ylelds in all cultivars of rice by the application
of the entire dose of nitrogen basally as compared to
split application. Mossa and Vargasz (1980) suggested

that split application of nitrogen had no significant



effect on grain yield. Mishra et al. (1982) reported that
application of urea in 3 splits did not give any yield

advantage over two split application.,

2. Straw yield

Narasaiah et ale. (1967) reported that time of appli=-
cation of nitrogen did not show any marked effect on
straw yleld. Ramanujam and Rao (1971) observed that straw
yield was increased with increase in nitrogen dose applied
in 3 equal split dressings at transplanting and at 30 znd
40 days after transplanting. In a f£ield trial with rice
when 120 kg nitrogen + 120 kg phosphorus per hectare
wera applied (a) 50 per cent at planting + 50 per cent
at panicle indtiation (b) 50 per cent at planting + 25
‘par cent at 21 days after planting + 25 per cent at panicle
initiation or (¢) 50 per cent at planting + 25 per cent
at panicle initiation + 25 per cent as foliar application
at 4 to 6 weeks after planting, Rao et al. (1973) reported
that straw yields were higher with (B) than with (a) and
{c). Bhaumik and Ghosh (1977) noticed that straw weight
was the highest with a dose of 50 kg nitrogen peir hectare
appiied 33 per cent as basal dressing, 33 per cent before
tillering and the remesinder before flowering. Hoque el al.
(1977) reported considersble increase though not signi-

ficant in the straw yleld of rice when nitrogen was applied



in 3 splits., Gaffer and Chand (1978) obtained the highest
straw yield of 7.7 t per hoctare whenliQ kg nitrogen per
hectare was applied in 3 equal split dressings at trans-

planting, active vegetative and lag vegetative stages.

D. Quality of grain.

Latchanna and Rao (1969) showed that the highest
increase in protein content of rice grain was notliced by
the application of nitrogen in 2 split dressings, one at
planting and the other 50 days later at the boot stage.
Taira (1970) suggested that the protein content of the
grain was not increased by basal dressing or top dressing
of nitrogen at the young penicle formatlon stage. He
also reportad that protein content of grain increased by
nitrogen top drassing after heading. Thenababu (1972)
reported that high nitrogen level at heading increased
tha nitrogen content of the grain, Kumar and George (1974b)
reported that application of nitrogen at booting or heading
and increase in the rate of basal nitrogen increased protein
contents of both grain and straw. Abraham gt al. (1974)
obéervad maximaum protein content of grain by the applica-
tion of 120 kg nitrogen per hsctare after flowering.
Nagarzjan et al. (1975) reported that nitrogen application

at flag leaf and heading stages rasulted in increased grain
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proteln contents. According to Pisharady gt al. (1976)
application of a part of the nitrogen as top dressing at
the panicle initiation and booting stages increased grain
protein content compared with application of nitrogen as
single dose at sowling. Singh and Modgal (1978a) reported
that application of nitrogen in 2 to 4 split dressings
increased sugars compared to single application. They
also reported that application of nitrogen at the panicle
emaergence stage decregsed content of carbohydrate fractions
in the grain. Subramaniam and Morachan (1979) showed that
grain nitrogen contents were the highest with nitrogen
applied in 3 split dressings at transplanting, tillering
and flower initlation stages. Castillo et al. (1981)
reported that ﬁpplication of urea during flowering increased
protein content of the endosperm, and lipld content, which
naturally declined during maturation. It was lncreased

by nitrogen application during reproductive stage,
Inocencio gt al. (1981) reported that glutelin content

the most varlable protain characteristic, increased with
application of nitrogen at flowering and was higher in

cultivar Naylampe.

E. Nitrogen content and uptake of nutrients.

Chaudhry et al. (1966) reported that ths uptake of

nitrogen was maximum with 3 split application of nitrogen
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50 per cent at planting, 25 per cent at tillering and

25 per cent at boot leaf stage. Westfall (1970) observed
that residual nitrogen was negligible when 60-140 kg
nitrogen per hectare was applied to rice as 40 per cent
preplant, 40 per cent tillering and 20 per cent at panicle
differenciation or 60 per cent preplant and 40 per cent
at tillering. In an experiment at Bengkhan station with

N15

studies, Koyama et al. (1973) reported that basal and
top dressing .each of 37.5 kg nitrogen per hactare resulted
in a plant uptake of 83 kg nitrogen, 36 per cent of it
from the fertilizer and 64 per cent from the soil. Ha

also noted that 33.33 per cent was absorbed from basal
fertilizer and 66.6 per cent from the top dressing ferxtl-
lizer, He observed that the percentage distribution of
mineralized soil nitrogen taken up by rice was 60 per cent
upto the end of tillering, 36 per cent durling panicle
formation and 4 per cent during ripening. According to
singh and Bharadwaj (1973a) spllit application of 50 per
cent or more nitrogen at transplanting and the rest at
tillering and panicle iniltiation stages increased the
total nitrogen content of rice. Furuyama and Minami (1974)
suggested'that top dressing of nitrogen at early panicle
formation increased nitrogen uptake. Rao and Murty (1975a)

reported that uptake of nitrogen was more with nitrogen
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applied 40 kg at thinning + 30 kg at maximum tillering
+ 30 kg at booting stage than with 70 kg nitrogen applied
at thinning + 30 kg nitrogen at booting. Nagarajan gt al.

(1975) on the basis of NI°

studies concluded that appli-
cation of nitrogen at £lag leaf and heading stages
resultted in high fertilizer uptake. Singh and Modgal
(1978b) reported that application of nitrogen in 2 to 4
split dressings increased the plant content of total
nitrogen than by application of nitrogen in a single
dressing. In pot culture studies with rice given N15
enriched Ammonium sulphate, Houng and Liu (1979) showed
that nitrogen recovary was 20 per ¢ent with basal ferti-
liger, 40 par cent with fertiligzer applied at tillering,
60-90 per cent with application at the young panicle

stage and 40 to 60 pér cent with application after heading.
Hub gt al.( 1979 ) reported that applicatitn of 180 to 200
nitrogen per haectare, 24 days before hzading in: rice
increased plant nitrogen content at meiosis. Fertiliéer
nitrogen constituted 30 to 36 per cent Of tha total
nitrogen uptake and consisted of a higher proportion in

the g:éin. The residual effect of nitrogen fertilizers
was: very small., Singh and Modgal (1979) repofted that
uptake of nitrogen increased with increasing level of
applled nitrogen at all stages Of crop growﬁh. He also

reported that split application of nitrogen in 3 egual
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dressings either through s0il or soll + foliage resulted
in higher nitrogen concentration and uptake, Qjeda and
Freyre (1980) cobhserved that nitrogen content of leaves

was higher when nitrogen was applied during the vaegeta-
tive stage. Baizhigitov st al. (1980) reported that
application of nitrogen in 3 split dressings increased

the plant content of nitrogen especially during the growth

stages.

Singh and Bharadwaj (1973b) reporte& that phosphorus
uptake was markedly affected by time of nitrogen applica=-
tion. Uptake was more when nitrogen was applied in 3 splits,
25 kg at transplanting, 25 kg at tillering and 50 kg at

panicle initiation stage.

Shiga and Yamaguchi (1976) found that plant phosphorus
content at the stages of greatest tillering and the amount
of solil phosphorus for the different rates of applied
nitrogen was similar.

Baizhigitov et al. (1980) reported that application
of nitrogen in splits increased the content of phosphorus
in plants,

Singh and Modgal (1978b) observed that the split applica-
tion of nitrogen through soil alones or soil and foliage
was found to be more conducive to phosphorus and potassium

uptaka.
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MATERIALS AND METHQDS

A field trial was carried out to determine the
effects of different levels of nltrogen, phosphorus
and potash and the tims of application of nitrogen
on the growth and yield of a mediuwn duration tall
indica rice variety HMashurl during second Ccrop season
at Pattambi. The various methods employed and the

materials used are desceribed below.

Locatlion

The fleld experiment was conducted in the wat lands
of the Reglonal Agricultural Ressarch Statlon, Pattambi.
This research station is situated at 10° 48' North lati-
tude and 76°12' East longitude. The altitude of the place

1s 25.36 meters above mean sea level,

Soll

The coil cf the experimental area 1s of sandy loam
type as indicated by the mechanical analysis of the soil.
It is =cidic in reaction with a pH of 5.4. Data on the
mechanical composltion and chemical analysis of the soil

before commencing the experiment are given in Table 1.
Season

The field experiment was carried out during the

sacond crop season (Mundakan) of the year 1982 which



Table 1. Physical properties and chemical characteri-
stics of the soil of the experimental area.

1. Physical properties

(1) Mechanical composition

Coarse sand 44.20%
Fine sand 17.59%
5ilt 12.80%
Clay 25.41%

2+ Chemical characteristics

Total nitrogen e 12%
Available P,0c «0024%
Avallable X,0 +007%

-

pH 5¢4




normally extends from August-September to December-January.
Climate

The tract enjoys a warm humid tropical climate and
receives a good amount of rainfall through South West
monsoon and some amount through North Bast monsoon. The
meteorological parameters like rain fall, minimum and
maximum tempsrature and relative humidity pertaininé to
the period of field experimentation were obtained £rom the
meteorological observatory of the research station and
presented in Appendix I. The average weekly values of
meteorologlcal parameters for the past 10 years corres-
ponding to the second crop season of the tract are furnished

in Appendlx I and Fige.l.

HMATERIALS

Variety under trial

The variety used for the trilal was !Mashuri, which
is a medium duration, tall indica rice cultivar. It is a
progeny of a cross batween Taichung-65 x Maying Ebos 80/2
evolved in Malaysia. The variety has a duration of 135-145
days in the first crop seascn and 120-~125 days in the second
crop season. It responds well to nitrogen application but
shows a tendency for lodging at higher levels of nitrogen

application.,
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The seeds for the experiment were obtained from the

State seed farm at Ullcor, Trivandrum.

Fertilizers used

Fertilizers mentioned below ware used for the experi-

ment.
Urea - 46 per cent N
super phosphate - 16 per cent paos
Muriate of potash - 50 per cent K20
METHODS.
Treatments

The treatments consisted of combilnatlons 0of Seven

levels of NPK and three times of application as listed below.

(1) Levels of N, P and K

1. Ll 70 :45:45 kg NPK per hectare
2 L2 70:35:35 kg NPK per hectare
3. L3 60:35:35 kg NPK per hectare
- 38 L4 60:25 125 kg NPK per hectars
5. Ls 50:35135 kg NPK per hectare
6. L 50:25:25 kg NPK per hectars

~ &

7

[

0: 0: 0 kg NPK per hectare



(i) 71

1. Tl

3. T

113

mea

50
20
40

25
20
40

25
20
40

b4

of nitrogen application

per cent nitrogen as basal + 25 per cent nitrogen
days after transplanting 4 25 per cent nitrogen
days after transplanting,.

per cent nitrogen as basal + 50 per cent nitrogen
days after transplanting + 25 per cent nitrogen
days afiter transplanting.

per cent nitrogen as basal + 25 per cent nitrogen
days after transplanting + 50 per cent nitrogen
days after transplanting.

Traatment combinations

l. L.T

171

2. L, T

3¢ L, T

173

L,T

e LT

5. L,T

2”2

70 :45:45 kg NPK per hectare with 50 per cent
nitrogen as basal + 25 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at €0 days zfter transplanting.

70 :4.5 3145 kg NPK per hectare with 25 per cent
nitrogen as basal + 50 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at 40 days after transplanting.

70 :45:45 kg NPK per hectare with 25 per cent
nitrogen as basal + 25 per cent nitrogen at
20 days after transplanting + 50 per cent
nitrogen at 40 days after transplanting.

70 :35:35 Kg NPK per hectare with 50 per cent
nitrogen as basal + 25 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at 40 days after transplanting.

70 :35135 kg NPK per hectare with 25 per cent
nitrogen as basal + 50 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at 40 days after transplanting.
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7

8

Qe

10,

ii.

12.

13.

14,

15.

70:35:35 kg NPK per hectare with 25 per cent
nitrogen as basal + 25 per cent nitrogen at
20 days after transplanting + 50 per cent
nitrogen at 40 days after transplanting.

60 :35:35 kg NPK per hectare with 50 per cent
nitrogen as basal + 25 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at 40 days after transplanting.

60 :35:35 kg NPK per hectare with 205 per cent
nitrogen as basal + 50 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at 40 days after transplantindg.

60:35:35 kg NPK per hectare with 25 per cent
nitrogen as basal + 25 psr cent nitrogen at
20 days after transplanting + 50 psr cent
nitrogen at 40 days after transplanting.

60 :25:25 kg NPK per hectare with 50 per cent
nitrogen as basal + 25 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at 40 days after transplanting.

G0 :25:25 kg NPK per hectare with 25 per cent
nitrogen as basal 4+ 50 per cent nitrogen at
20 days after transplanting 4 25 per cent
nitrogen at 40 days after transplanting.

60325125 kg NPK per hectare with 25 par cent
nitrogen as basal + 25 per cent nitrogsn at
20 days after transplanting + 50 per cent
nitrogen at 40 days after tramsplanting.

50:35:35 kg NPK per hectare with 50 per cent
nitrogen as basal + 25 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at 40 days after transplanting.

50:35:35 kg NPK per hectare with 25 per cent
nitrogen as basal + 50 per cent niltrogen at
20 days after +transplanting + 25 per cent
nitrogen at 40 days after transplanting.

50135335 kg NPK per hectare with 25 per cent
nitrogen as basal 4 25 per ¢ent nitrogen at
20 days after transplanting 4 50 per cent
nitrogen at 40 days after transplanting.
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16. LGT1 50:25:325 kg NPK per hectare with 50 per cent
nitrogen as basal + 25 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at 40 days after transplanting,

17. LT, 50:25:25 kg NPK per hectare with 25 per cent
nitrogen as basal + 50 per cent nitrogen at
20 days after transplanting + 25 per cent
nitrogen at 40 days after transplanting.

is, LBTS 50:25:25 kg NPK per hectarec with 25 per cent
nitrogen as basal + 25 per cent nitrogen at
20 days after transplanting + 50 per cent
nitrogen at 40 days after transplanting.

19. LT, 0:0:0 kg NPK per hectare (control)

20 L,T, 010:0 kg NPK per hectare (control)

2
21, L,Ty; 01:0:0 kg NPK per hectare (control)

Design and Layout of the experiment

The experiment was lald out in a split plot design.
The allocation of the various treatment combinations to
different plots was done as per the method advocated by Yates
(1964). The plan of_layout is diagramatically represented

in Figs 2. The detalls of the layout are furnished below.

Design ¢ Split plot design

Replications : 3
Gross plot sige t S5.0mx 4,0 m
Border ) : 2 rows

Total number of plots: 63



F1&: 2., LAY OUT PLAN - SPLIT PLOT EXPERIMENTS .

REPLICATION-| REPLICATION-)

REPLICATION=-I

L3l L3z LT, 4T Y Y42 b2 Ty LoTs 2T

LsT, LsTs ) LeTz LeTy LgT) Lo LT LT
L 2T2 L1T3 I':ir.'rl - ! Ts L, TI et Tz I-4T| LA-TZ LA-TB
LT Ly T2 LoTs LT LzT2 2T gy LsTs LgT2
LT LT LT LgT, LTy LT o LT, LT,
LT, [ 4T, L A-Ts L,T, LT, L :‘,_'r3 L GT3 LT Lala
LT, LT, el . LT, LTy LT, LT LT

MAIN PLOT

LEVELS OF FERTILIZER S

|

b2 7013535 ! Ty 2B/ N BasAsL+

Lz 60:35:35 n 50/ N 20 DAYS AFTER TRANSPLANTING

L4 60:25:25 u 257 N 40 DAYS AFTER TRANS PLANTING.

Lg 50:35:35 " T 25/N BASAL+

Lg 50:25:25 :: 25/N 20 DAYS AFTER TRANSPLANTING+
0:0:0 S50/N 40 DAYS AFTER TRAMNSPLANTING,

L7

70:45:456 NPK kafha.

SuUB PLOT

TIME OF APPLICATION

T,- 507 N BASAL +
257 N 20 DAYS AFTER TRANSFLANTING+
25/ N 40 DAYS AFTER TRANSPLANTING.




Pleld Gulture

\rsery
An area 9f 130 square metres was prepared for a wet
nursery. At the time of land preparation, cattle manure
at the rate of 1 kg per square metre was added and incorpora=-
ted thoroughly. Fifteen kg of seeds were used to get suffi-
cient number of healthy seedlings. The secds were sown by
broadasting in the nursery on 26th September 1982, Seedlings

were reédy for transplanting on 21st October 1982,

Main field
Land preparation

The area was ploughed thoroughly. The iayout of the
experinent: was made after measuring out the area for each
plot. One soil sample was collecied sach f£rom the area ?epre—
genting the three replications, BPunds were constructed and
plastered well and irrigation channels were mads between every
two plots., The area with in the plot was perfectly levelled.
The basal dose of fertilizers werae applied to each plot accord-

ing to the treatments.

Transplanting

Healthy seedlings Of 25 Qays growth were uprooted from
the nursery and transplanted in the main field at the rate of
two seedlings per hill at a depth of 2 to 3 cme. The seedlings

were traansplanted by rope planting method giving tha appropriate
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plant and row spacings. @Gap £1illing was done one week after

transplanting.
Fertilizer‘application

Nitrogen as urea was applied in three splita as basal
dressing, 20 days after transplanting and 40 days after
transplanting. HMeasured qguantities Of fertilizers were
applied to each plot according to tresatments. Phoaphorus as
super phosphéte and potash as muriate of potash were applied
to different plots in appropriate guantities according to

the treatmant,.

HWeeding
Scanty growth of weeds was observed, and weeding was
carried out 15 days after transplanting. No further wesding

was requlired.

irrigation and drainagu

The crop received fre:juent showers from the North East
monsoons Water level was maintained at about 1.5 em during
transplanting. Subsequently it was increassed gradually to
about 5 om depth and maintained throughout. The water in
the fileld was drained 10 days before harvest and the dry

condition was maintained till harvest.

Plant protection
Routine plant protection measures ware carried out
according to necessity. In general, the stand of the Crop was

good.
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Harvest

The crop was harvested after 120 days of growth.
The border rows of all plots were harvested and threshed
separately. One panicle each from the observational plants
were collected for observation of panicle characteristics
and chemical analysis of grain, The crop in each net plot
was harvested, threshed winanowed and cleaned., The grain
and straw of each plot were sun dried separately for two
days and plot-war yield of grain and straw were recorded

before and after sun drving.

Observations

Two rows Of plants were left out from four sides of
each plot was borders. Twenty hills were selected and marked
as observational plants with in the net plot for biomatric
observations. These observational plants were selaected
randomly. Observations were taken at agtive tillering,
maximum tillering, panicle initiation, flowering and harvest

H

stages respactively.

A. Obgservations on growth characters.

Observations were taken at 20 days interval so as to

include all the critical growth stages of the crop such as
active tillering, maximum tillering, panicle initiation,

flowering and harvesting.
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1+ Height of the plant

Within each net plot, the twenty hills marked out
for observation were subjected to height mecasurements
during the fiVe growth stages mentioned earlier. Height
was measured f£rom the base of the hill to the tip of the
longeat leaf. At harvest, heilght was mesasured £rom the
base of the hill to the tip of the panicle. Plant height

was maasured in centimetreas and recorded,

ii. Numbezr of leaves per hill

Total number of fully opened green leaves f£rom the
observation plants were counted, average worked out and

recorded.,
iii., Humber of tillers per hill

Total number of tillers on each hill with in the
observational unit was'counted, average worked out and
:ecorded.t
iv. Dry matter production

Plant sample wés.dried Eirst and then subjected to
oven~drying at 80°i 59%c. Total welght of oven-~dry plant
sample was taken and dry matter production in kilogram per

hectarg was noted.



B. Qbservation on yield componentg.

Twenty panicles from each plot was taken and were
used for recording the various grain and panicle characteri-

stics and for chemical analysis of the grain.
1. Nunber of productive tillers per hill

The number of productive tillers per hill was counted
£or each of the twenty observation hills. The mean value

was worked out for each treatmsnt.
ii. Length of panicle

The length was measured from tha neck to the tip of
panicle and the average was worked out for each plot and

axpraessed in centimstres.
iii. Weight of panicle

The mean weight of twenty panicles was worked out for

each treatment and expressed in grams,

iv. Humber of grains per panicle

The entire spikelets were counted including number
Of filled grains, nwnrber of half £illed grains and unfilled
grains. The masan of the number of spikelets for twenty

panicles was worked out.

Ve Number of £illed grains per panicle

The filled grain per panicle were separated out and

the average computed for twenty panicles.
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vi, Numbar of half £illed grainsper panicle

Tha number of half £illed gralns were also separated
out from each panicle and average worked out for twenty

panicles and rscordad,

vii. Nutbher of unfilled grains per panicle

The unflilled grains were separated out £rom the
spikelets removed from each panicle and these were counted

and the mean computed for twenty panicles.

viii, Thousand graln weight
One thousand f£illed grains wera counted out £rom the
grain harvested from each plot. These were weighed and the

weighﬁ was recorded in grams.

Ce. Observations on grailn and straw vield.

i. Grain yield

éaeh plot was harvested leaving the two outer rows
and threshed. The wet weight of grain was taken immediately.
The grain was then sun dried for two days to a moisture coatent
of fourteen per cent. The dried grain was winnowed cleaned
and weight recorded. Tha yield waé expressed in kg par

hactare,

ii. Straw yield.
The straw was also weighad immediately after harvest

gnd sun dried for two days. The weight of straw per hactare
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was computed from the per plot weight of wet and dry straw.

iii, Grain : straw ratio

The ratlo between the grain and straw yields was

worked out for individual plots.
iv. Harvest Index

The harvest index was worked out from the data on
grain and straw yileld obtained for each plot and multiplied

by 100 to get ths percentags. The formula used is given below.

i1
Harvest Index per cent =2 conomic yield x 100

Biological yield

Chemical Analysils

Ae. Plant Analysis.

The chemical analysis of the plant samples collected
at the harvest stage was done. The obseFVational plants,
the graln and straw were taken and was oven~dried at
80°¢ + 5%c t1ll a constant weight was obtained. It was
then finally grained using a Wlley mill and sieved through
a 2 mn sieve. This was then digested and the digest was
chemically analysed. The nitrogen, phosphorus and potash

contents Of grain and straw were determined separately.

i. Nitrogen content
The total nitrogen content of the digest of each

sample was analysed employing the modified micro-kjeldshl
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method (Jackson 1967),.

ii, Phosphorus content

The total phosphorus content was determined calori-
matrically using the Vanado~molybdo~phosphoric yellow colour
method (Jackson 1967). The colour intensities were read in

a Klett-summerson photoelectric calorimeter.

iii. Potash content
An 'EEL' flame photometer was used to determins the

total potash content.

B, Uptake studies.

The total quantities of the three major nutrients,viz.,
nitrogsn, phosphorus and potash absorbed by the crop at harvest
was calculated. Ths value of total uptake was obtained as
the product of the content of these nutrients in the plant
and the welght of dry mattar. The values were expressed in

kilogram par hectars.

Cs Grain protein content.

The percentage of protein in the grain was calculated
and recorded as the product of the content of nitrogen in the

grain and a factor 6.25 (Simpson et al. 1965)
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De Soil aAnalysise.

Soil samples were taken £rom the expsrimental area
kefore and after the experiment. Representative soil samples
from each replicated arsa taken befors experiment aﬁd total
nitrogen available phosphorus and available potassium were
analysed. Soil samples from each plot (63 plots) after
the exXperiment were also taken and analysed for N.P. and K.
Total nitrogen content was estimated by the modified micro-
kjeldahl method. Available phosphorus content by Bray's
method (Jackson 1967) and available potash by ammonium
acetate method (Jackson 1967).

Statistical Analysis

Data on yield, yicld attributes, growth characters,
chemlcal analysils of plant and soil saﬁples were statistl-
cally analysed by using the analysis of variance technigue
and significance was tested by F-test (Snedecor and

Cochran, 1967).



RESULTS



RESULTS

A field experiment was conducted at Reglonal Agrie
cultural Research sStation, Pattambi during the second
crop season Of 1982-83 for assessing the. effect of various
nutrient levels and time of applicatlion of nitrogen on |
the growth and yleld of a medium duratlion tall indica
rice variety Mashuri. The observations recorded were

statistically analysed.

A. Growth characters.

1. Height of plants

Data on the mean height of plants taken at active
tillering, maximum tillering, panicle initiation, flower-
ing and harvesting stages are presented in Tables 2 (i)

to 2(v) and their analyses of variance in Appendix II.

It was observed that tha height was increased at all
stages of growth by incresasing the nutrient levels. At
active tillering stage the nutrient level 501:25:25 kg
HPK per hectare (LG) produced the tallest plants though
not significant. At maximum tillering and panicle initia-
tion stagas.'treatment L

i
gave significantly taller plants (82.32 cm, 86.57 cm)

viz. 70:45:45 kg NPK per hectare

which was on par with treatments L2, L4 and L6. At

flowvering stage treatment Lg (50:25:25. kg NPK/ha)

produced tallest plants (99,01 cm) which was on par with
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all other levels except control.' At harvesting stage
treatmant-L2 (70 :35 :35 kg NPK/ha) produced tgllest plants
(103.45 cm) which was significantly different from treat=-
ment Lg (50:35:35 kg NéK/ha) and absolute control. At

all stageé of growth the absolute control recorded minimum
values of plant height, which was significantly inferior
to all other levels and treatments bLg, Ly LB and Lg were

on par,

The time of application of nitrogenous fertilizer
did not exert any significaut influence on height of
plants at any of the growth siages except at maximum
tiliering sﬁage. At this stage tallest plants were noticed
in treatmant T2(25 per cent nitrogen basal + 50 per cent
nitrogen at 20 éays after transplanting + 25 per cent nitrogen
at 40 days after transplanting) which was significantly
superlor to other‘times of application of nitrogen. The

treoatments Tl and T3 ware on pare.

The various treatment combinations did not show any
profound influence on the height of plants at any of the
growth stages though taller plants of 61,33 cm was produced
by treatment L6T1 at actlive tillering, 84.62 cm by L1T2
at maximum tillering, 87.74 cm by LlTl at panicle initiation,
100.73 cm by LT, at flowering and 106.16 by L,T, at
harvesting. The differences betwéan treatment combinations

ware not significant.,



Table 2(i)- Height of plants at active'tillering
stage (cm)

18

Fertili- Tima of nitrogen application
zer levels Mean
(NPK kg/ha) T, T, T,
L1 70 245 :145 60.74 584,22 58.39 59,12
L2 70 235135 59.62 58423 58.58 58.81
L3 60 :35:35 56,06 58.66 . 5759 57.44
L4 60 :25125 56,51 55f45 56.72 56423
Lg 5023535 | 58,81 57.24 56.72 57459
LG 50225125 61.33 57403 59,33 59.23
Lo 0: 0: 0 53.48 56,34 564,52 55,45
M=an 58.08 57.31 57.70
SE for fertilizer levels - 1.883
SE for time of nitrogen =~ 0.6924 -

SE for L2 T - 2,408

Table 2(ii)- Height of plants at maximum tillering
. stage (cm) _

Fertili- Time of nitrogen application

zer levels ' Maan

(NPK kg/ha) T, I, Ty
Li 70 :45 145 83.59 84,62 78.75 82.32
Lz 70:35:35 82.88 84.19 78.92 82,00
L3 60 135335 76.58 81.46 T7.31 78.44
Lé. 60 :25:25 76.72 81.,04 7825 79.00
Ls 50:35:35 T7.75 80.26 74.15 77.39
LB '50825225 81l.73 79.63 7743 79.60
L? 0D: 0: 0 69.39 70.09 71.34 70,27

Mean 78.38 80.19 76.74

CD for fertilizer levels - 4,463
CD f£or tims of nitrogen - 1,785
SE for L x T - 2,782
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Table 2(i1ii) - Height of plants at panicle initiation

stage (cm)

Fertili- Time of nitrogen application Moan

zar levels T T T

(NPK kg/ha) 1 2 3
L, 70 :45 345 87.74 87423 B4,73 86457
L2 70:35:35 85.18 88.54 B4.72 86.14
La 60 :35:35 80.74 85,03 83.53 83,10
L4 €0:25:25 81.12 85433 86,58 84,34
L5 50:351:35 ' 81.60 B2,95 80.02 81.52
L6 50:25:25 844,40 82.63 83.17 83.40
L7 0: 0: 0 T2.37 72,03 75465 73435

Mezan, Bl.88 . 83.39 . 82,63

CD'for foertilizer lavels - 4,438
S8E for time of nitrogen = 0,144
SE for L x T . - 2,253

Table 2(iv)- Height of plants at flowering stage (cm)

Fortilie- Time of nitrogen application vean

zar levels T T T

(NPK kg/ha) 1 2 3
Ly 70 345 :45 99,95 98,38 98,64 98,99
LZ 70 235 :35 97.82 98.80 100,29 98,97
LB 60135335 33,02 96.48 98,53 - 96,01
L4 60 125 :25 92.98 95,61 99.792 96,13
LS 50:35:35 93.85 97.82 93.45 95.04
LG 50:25:25 100.73 96 .30 ' 100,00 99,01
L7 02 0: 0 83427 83.27 86430 B84.28

Mean 94,52 95.24 96.72

CDh for fertilizer levels - 4&.465

SE for time of nitrogen = 1,196
SE for L x 7T - 3,297



Table 2(v) - Height of plants at harvest (cm)

80

Fertili-

Time of nitrogen application

zer levels Hean

(NPK kg/ha) T Ia T3
L, 70 2845345 103.42 100.10 100.06 101.19
L, 70235335 105,16 100.97 104.23 103.46
Ly 60:35:35 96.83 100.40 102.70 99.98
L, 60:25125 99,35 103.14 104.59 102.36
Ly 50:35:35 98,92 101.16 9759 99,29
Lg 50325325 101.33 99.13 102.00 100.82
Ly 0: 0: 0 89.42 89.08 90.68 89,73

Mean 99.20 99,14 100.29

CD for fertllizer level - 3,646

SE for time of nitrogen - 1,078

SE forLx T

- 2.868



2. Number of leaves per hill

The data on the mean leaf number at various stages
are presented in Tables 3(i) to 3 (iv). The analyses of
variance are given Appendix III.
The data clearly revealed that the number of leaves
Increased bith highar levels of NPK at all growth stégesupﬁo
g@p}@}gﬁiﬂiﬁi&t{pn.At active tillering and f£lowering sﬁages
| the highest level of nutrients namely 70 :45:45 Kg NPK per
hectare gave the highest number of leaves 15.25 and 22.21
respectively, though not significant. At maximum tillering
stage, treatment 70:35:3%5 kg NPK per hectare gave the
highest number of leaves (26.30) which was significantly
superior to treatments Lgs Lg and L, and was on par with
Ll, Pq and L3. At panicle initiation stage treatment L1
(70 :45:45 kg NPK/ha) produced the highest number of leaves
(27.52) which was significantly superior to treatments L3.
Lg and L, and was on par with L,, L, and L;e The control
plots régistered the minimum number of leaves at all
growth stages. However, the differences bastween the sub
plot treatmants were not significant. Aamong the subplot
treatments T, showed the highest number of leaves at
maximum tillering, panicle initiation and flowering stages.
Treatment Tl gave the highest number of leaves at active
tillering stage. The interaction effect also was not

signlficant. But the highest leaf numbsr was noted in the



Table 3(1) -~ Number of leaves per hill at active

tillering stage

Fartili-

Time of nitrogen application

zar levels = o w Maan
- (NPX kg/ha) 1 2 3
L, 70345 145 16.25 14.92 14,59 15.25
Lz 70 :35 :35 14,84 14,27 14,43 14,51
L3 60235135 12.72 13.36 14.02 13.36
1@ 60 :25:25 13.93 15.57 13.10 14,20
Ls 50:35:35 13.92 13.02 13.24 13,39
L6 50:251:25 15,90 13.00 15.30 14,73
L7 0: 0: 0, 13,39 13,95 12.50 13.28
Mean 14,42 14,01 13.88
SE for fertilizer levels -~ 1.318
SE for time of nitrogen - 0.516
SE for L x T - 1.725
Table 3(ii)~ Number of leaves per hill at maximum
tillering
Fertill- Time of nitrogsn application
zer levels — = = Mean
(NPK kg/ha) 1 2 3
Ll 70 :45 :45 25.80 26,54 24,35 25,57
L2 70 235 135 26,581 26461 25,47 26.30
L3 60 335:35 23,72 25,91 24,64 24.76
L4 60:25:25 24 .10 26,63 23453 244,78
L6 50:25:25 23.80 21 .33 22.83 22,66
L7 Q: 0: O 18,87 21.70 19,47 20,01
Mean 23.80 24,72 23.11

CO for fertilizer levels - 2,892

SE for time of nitrogen
LxT

SEfor

fo- 0-.6895
~ 7.99502
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Table 3(iii)- Number of leaves per hill at panicle

initiation

Fertili= Timzs of nitrogen application

zer levels =g T T Maan

(NPK kg/ha) 1 2 3
Ly 70 245 3145 27.18 27,52 27 .86 27.52
L, 70 23535 25,36 26,58 26.05 26,00
L, 60 $351:35 2337 24,35 24 .59 24,10
L, 60:25:25 = 24.57 26,96 25,01 25,51
Lg 50135 :35 23,35 24,84 22.84 23.68
Lg 50325125 26433 T 25,97 - 25,87 26.06
L, 0: 0: 0 20,04 . 21,75 19.80 20,53

Mean 24,32  25.42 . 24.57

CD for fertilizer levels « 2,781
SE for time of nitrogen =~ 0,693
SE for LLx T - 1.966

Table 2(iv)- Number of leaves per hill at flowering

Fertili- Time of nitrogen application

zger levels T T T Maan

(NPK kg/ha) 2 2 3
Ll 70 :45 :45 2276 21.64 22,23 22.21
L, 70 :35 335 21.19 21 .27 20457 21,01
L3 603:35:35 19,69 2138 21.31 20.80
L4 60:25:2% 19.69 22.12 20.04 20,62
L 50:35:35 20.19 20,69 12,27 20405
Ly 50825:25 21.13 19,03 21,73 20.63
L, Ot 0: 0 | 16.82 18.07 15.53 16.81

Mean 20.21 20,60 204,10

SE for fertilizer levels - 1,568
SE for tims - of nitrogen - 0.529
5B for L x T - 1.939
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treatment combination of L,T, at tillering (16.25%) and
Elowering stages (22.76) and 26.81 for treatment L2T1
at maximum tillering stage and 27.52 for L1T2 at panicle

initiation stage.
3, Tiller number

The data on the mean values for the number of tillers
per hill at different growth stages of the crop are presented
in Table 4(i) to 4(v) end their respective analyses of

variance in Appendix IV.

it 1s evident from the data that an increaée in
nutrient level exerted considerable influence on the number
of tillers per plant at all stages of growth. At active
tillering stage treatment Ll produced the highest tiller
number of 5,65, though not significant,

At maximum tillering and panicle initiation stages
treatment L, produced the highest tiller numbsr of 7.82
and 6.82 which were significantly higher than treatments
1° 6 and L3. The
tiller number cbserved in the control plots were much less

L5 and L7 and was on par with L L4' L
than all other treatments except L5 which was on par.

The treatment Ll gave the highest tiller number of 6.01
which showed significant superiority over treatments ﬂ3.
Le, L5 and L7 and was on par with L4 and Lz at flowering.
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Table 4 (1)~ Numbar of tiller per hill at active tillering

Fertili- Time of nitrogen application
zer levels T T T Maan
(NPX kg/ha) 1 2 3
Limmq 70 145 45 6.04 5.17 5.73- 5.65
L, 701235:35 5.64 4,93 5.14 5.24
L3 60:35:35 4.88 4,88 . 5.03 4,93
L4 60:25:25 5.18 4,93 4.87 4,99
Ly 50235135 5442 4,96 4,67 5.01
L6 50:251:25 6.10 4.80 5447 5.46
L7 0: 0: O 4.98 5.22 4.45 4.88
Mean 5.46 4,98 5.05
SE for fertilizer levels = 0,315
CD for time of nitrogen « 0.320
SE for Lx T - 0.461
Table 4(ii)~ Number of tillers per hill at maximum
tillering stage
Fertili- Time of nitrogen application
zaer laevels Mean
(NPK kg/ha) 'E; T, T,
L, 70 :45 45 7413 7295 7460 7456
L, 70 235235 7.92 8.05 7449 7.82
L, 60:35:35 654 7e62 6,86 7.01
L, 60 225 125 7.07 779 6,37 7.08
L5 50:351:35 6.53 7.08 6424 6.61
L6 50125325 7.00 7.27 . 6.93 7«07
L7 0: 020 5.91 6439 5.93 6,08
Mean 6.87 " 7445 6e77
Cb for fertilizer levels - 0.786
CD for time oFf nitrogen - 0,431

SE for L x T - 0,580
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Table 4(iil)~ Number of tillers per hill at panicle
initiation stage

Fertilie Time of nitrogen application
zer levels — T = Mean
(NPK kg/ha) =1 _ 2 3
L, 70 :45 145 6e27 6.78 6.77 6.60
L2 70:35:35 7:14 6.87 6.45 6.82
L, 60:35:35 5,79 6.96 6.,02 6.25
L4 60 :125:25 . .12 7.00 5.78 6630
Lg 503353235 6426 6413 576 6.05
Lg 50325325 6.50 6.43 ' 6.00 6.31
L7 0: 0: O . 5,37 5.82 ) 5.35 5.51
Maan : 6.21 6,57 6.02
CD. for fertillzer levels - 0,641
Cb for time of nitrogen - 0,357
SE for L x T - 0.478
Table 4 (iv)- Number of tiller per hill at f£lowering
stage
Fortill- Time of nitrogen application
zer levels Mzan
(NPX kg/ha) T, T, T,
L& 70 345 345 5,62 6.43 5,98 6.01
L3 60 :35 135 . 5.19 5.64 515 5438
L, 60125125 S.61 5.98 © 5450 5,70
Lg 50:35:35 5,28 5.39 4,85 5.18
L6 501:25:25 5.27 4,97 547 5.23
L7 0: 0: O 4,.87 44,97 4,28 4.71
Mean 5e37 5e57 5e20

CD for fertilizer levels = 0.496
SE for time of nitrogen - 0,185
SE for L x T - 3,461



Table 4(v)~ Number of tillers per hill at harvest

Fertili- Time of ritrogen application

zaer levels N Maan
(NPX kg/ha) T, T, Ty

L, 701453145 S5e77 5.98 5,56 5.77
L, . 70135:35 5469 . 5475 5,23 5,56
L, © 60835135 - 5.40. 5.57 5,39 5,45
Ly, 601253225 5.58" 5.87 5427. 5457
Lg 50335135 5424 5.27 4,73 5,08
L 50125 :25 54,50 4.77 5440 5,22
Ly 0: 0: 0 . 4.58 4.84 4,46 4,63

Maan 5@40 5.43 5.15

Ch for fertilizer levaels - 0,612

SE for time of nitrogen - 0,149

SE for L X T ~ 0.427



The sams treatment gave the highest tiller number of
5,77 at harvest stage which was significantly superior
to treatmants LS and L7 and was on par with L4, Lz, L3

and LG.

As regards the time of application of nitrogen

* treatment T, gava significantly higher number of tillers

1
'(5.,46) at active tillering stage. Treatment. T, produced
significantly higher number of tillers as compared to

Tl and T3
initiation. But the difference was not significant at

at stages of maximum tillering and panicle

flowering and harvest stages.

The interaction effects were not significant in
this attribute in any of the stages. The mean table
revealed that higher tiller numbers were obtained with

treatments L.T, at active tilllering stage, Lsz at maximum -

1

tillering, L at panicle initigtion, Lsz at f£lowering

2Ty
and harvesting stages.

4, Dry matter production

Data on the mean value for dry matter production
are praesented in Table 5 and the corresponding analysis

of variance in Appendix V.



Table 5~ Dry matter production at harvest (kg/ha)

Fertili~

Time of nitrogen application

Mzan
zer levels - =
(NPK kg/ha) Ty 2 *3
L1 70 :45 3145 7388.77 7111.11 7333.33 7277.74
L2 70235335 6777.77 6899,78 7055455 6907.40
L3 60 :35:35 6500.00 6611.11 661l1.11 5859.07
L4 60:25:25 5944 .44 6266.66 6055.55 6092455
LS 50 :35135 5833.33 6222.22 5888.59 5981;48
Lg 50:25:25 5888.89 5833.33 6000.00 5907:41
L7 0: 0: O 5222.22 5666.66 4944.44 5277.77
SE for fertilizer levels « 626.517
SE for time of niltrogen = 357.248

SE for L2 T
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Tﬁe data revealed the effect of NPK levels in
increasing the dry matter production though the effect
was not significant. Treatment Ll receiving the highest
level of nutrients produced the highest dry matter
(7277.74 kg/ha) whereas a minimum 5277.77 kg per hectare

dry matter was observed in the control plot.

The dry matter production was not influenced signi-
ficantly by the time of application of nitrogen. But the
highest value of 6371.43 kg per hectare dry matter was

observed in treatment Tg.

The interaction effect also did not show any signi-

ficant difference., But the highest value was given by

LlTl and minimum vélue by_ the control plot.

B, ¥Yield components and yield.
1. Productive tiller count

The data on the mean number of productlve tillers
are furnished in Table 6(i) and 6(ii) and the analyses
of variance in Appendix V.

The data showed that the treatment effect was signi-
ficant in this respect only at the harvest stage. Treat-
ment L, (70 245 :45 kg NPK/ha) gave the highest productive
tiller count (4.97) which was significantly superior to

L5 and LW and found on par with Lz, L3. L4 and LG'



Tabla 6 (1)~ Number of productive tillers per hill
at £lowering stagoe

Pertili- Time of nitrogen application
zer levels T T T Mean
(NPK kg/ha) 1 2 =3
Lz 70135135 1.34 1.40 1.52 1.42
L4 60:25 125 0.69 0.59 0.94 0.74
Ls 50:35:35 1.38 1.51 1.09 1.32
L6 50:25:25 2:13 1.67 1.95 1.92
I..7 0: 0: 0 1.17 0,917 0.98 1.02
Maan 1045 1.29 133
SE for fertiliger levels - D.484
SE for time of nitrogen - 0,172
S5 for Lx T - 0.609
Table 6(ii)~- Number of productive tillers per hill
at harvest
Fertili- Time of nitrogen application ,
zer levels —
(NPK kg/ha) L 2 T3 Yean
Ll 70 245345 4,93 4,99 5.00 4697
L2 70 :35:35 4,98 4.73 4,78 4.83
Lé 60 135:35 4,40 4.66 4.67 4.58
I.a‘3 60 3125:25 4461 4.74 4.48 4,01
LS 50235:35 4,40 4,72 4.02 4.33
r..é 50125 125 4,90 4423 4,70 4.61
I.I7 0: Q0: QO 4,27 4,21 3.99 4.15

D for fertilizer levels - (0,210
SE for time of nitrogen - 0.136
SE for L x T - 0,349
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The time of application of nitrogen had no signi-
ficant effect on number of proluctive tillers either at
£lowering or harvest stages, but highest numbers were
observed in treatment T, both at flowering (1.45) and

harvest (4.64) stages.

The interaction also did not show any significant
.difference. Bul treatment compination LlT1 gave the
highest number (2.39) at flowering and L,T, at harvest

(5000} stages.
2. Length of panicle

The msan values for the length of panicle are presen-

ted in Table 7 and the analysis of variance in Appendix V.

It could be seen from the data that though the treat-
ment effects were not significant in this respect, the
length of panicle was the highest in treatment L5(21.52)
and minimum in absolute control (20,83)

Tﬁe time Of application of nitrogen also did not show
any significant influence in the length of panicle, But the
highest values ware noted in the Treatment T3.

The interactlion alsc did not snow any significant effect
oen the length of panicle., But the highest length was

observed in treatment combination L4T2(21.97).



Table 7 - Length of panicle (cm)
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Fertili- Time of nitrogen application
zor levels - : Mean
(NPK kg/ha) ., o o
1 2 3
L, 70:45:45 20.58 21426 21.56 21.14
L, 70335:35 21.25 20,10 21.46 20,93
Ly 60:35:35 20,73 20,98 21.43 21.05
L4‘ 60 :25 :25 20,91 21,97 20.56 21,15
L, 50135135 21.40 20.63 21.33 21.52
Lg 50125125 21,72 21.34 21.44 21.02
L, 0: 0: O 20,28 21.21 21.01 20.83
Mean 20.98 21.07 21.25

SE for fertllizar levels ~ 0.688
SE for time of nitrogen - 0.318
SE for L x 7T = 0.971
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3« Weight of panicle

The mean value for the weight of panicle are presented

in Table 8 and the analysis of variance in Appendix V.

The data showed that the panicle weight did not
differ significantly by the levels of NPK. But the treat-
ment L, (70 :35:35 kg NPK/ha) produced the ﬁégviest panicles
whereas control plot gave the lowest value for panicle
weight. The time of application of nitrogen also did
not influence the penicle weight significantly. Howaver,
the treatmeat T, gave the highest panicle weight of
2449,

The interaction effect also was not significant in

this respect. But the highest was noted in treatment

L3T2 (3 o46§) .

4. Junber of grains per panicle

The Table 92 fumnishes the data on the number of grains
per panilcle, The analysis of variance are presented in
Appendix VI.

It is evident f£rom the data that the effect duve to
the levels of NPK on number of grains was not signifiecant,
However, treatment L6 gave the highest number of grains
{(133.33) followed by L4 (130.69) and L5(129.43). The

treatment h7 gave the minimum value,



Table 8- Weight of panicle (g)

Fertili- Time of nitrogen application
zer levels . Mean
(NPK kg/ha) T T T
i 2 3
L, 70:45:45 2,62 2,62 2,09 2444
LB 60:35:35 2.23 3.46 2.31 2.67
LS 50:35:35 2.45 2.15 2.67 2,25
LG 50325 :25 2.24 2419 2450 2.31
L7 0z 0: 0 2.51 2426 2.02 2.26
SE for fertiliger levels = 0.389
SE for timae of nitrogen - 0,209
SBE for L x T - 0,597
Table 9~ Number of gralns per panicle
Fertili- Time of nitrogen application
zar leveals Mzan
(8PX kg/ha) T1 T, I3
Ll 70 :45 345 118.26 124,36 133.06 125,23
L2 70335135 162.13 108457 132.58 126.65
L3 60 :35:35 112,34 126.42 131.89 123,22
I..4 60:25:25 110.61 140.00 141.45 130,69
LS 50:35:35 129,31 132.05 126,92 129,43
Lﬁ 50325:25 135.61 132,65 132.14 133.33
L7 0z Qs O 99,96 123.66 124,39 116.00
SE for fertilizer levels - 14,057
SE for time of nitrogen - 5,557

SE for L x T

- 18.485
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As regards the effect of time of nitrogen application
on the number of grains per panicle, even though the treat-
ment T3 gave the highest value of 131.77 there was no
significant difference between the treatments.

The interaction effects were not significant. But the

combination L4T3 gave the highest value of 141.45.

5. Half £illed grains per panicle

The mean number of half filled grains per panicle are
presented in Table 10 and the analysis of variance in
Appendix VI;

The data revealed that the number of half f£illed
grains was influenced by the level of NPK though not signi-
ficant., There was an increase on the half £illed grains
with decreasing nutrients level. The highest level of
nutrients namely 70:45:45 kg NPK per hectare gave a lower
number of half £1lled grains and the lowest value was given
by 70135135 kg NPK per hectare. The highest value was
obtained by the treatment LB‘ 50:25:25 kg NPK per hactare.

The time of nitrogen application failed to show any
significant effect on the number of half filled grains per
panicle. But the highest value was obtained with treatment

Tz.
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The interaction effect showed the highest value of
9,94 with the treatment combination L6‘I‘1 and lowast valusg
Of 6425 with L2T1. But there was no significant difference

between the treatment combinations.
6. Unfilled grainsg per panicle

Data on the mean number of unfilled grains per
panicle are furnished in Table 11 and the corresponding

analysis of varlance in Appsendix VI.

It was observed that the unfilled grains per panicle
was not influenced by difference levels of nutrients.
However, the number of unfilled grains per panicle was
the highest in the control plots received no nutrients
(24.94). It was minimum in treatments Ll(Z0.0B) and Lg
(20.04).

The tima of application of nitrogen also did not
exert any significant influence in this attribute. But the

highest value was obtained with treatment 13(23.80).

The treatment combinatlons also did not show any

significant difference.

7. Thousand graln weight
Table 12 furnishes the data on the thousand grain
welght and the Appendix VI provides the corresponding

analysis of wvariance.



Table 10- Number of half f£illed grains per panicle

Fertili- Time of nitrogen application

zer levels Mzan

(NPK kg/ha) T, T, Ty
Ll 70 345 345 6.44 6,97 8.17 7:20
Lz 70:35:35 Ge25 6,66 743 6,76
L3 60:35 335 8.10 6.70 10.44 8.42
L4 60:25:25 9.77 9.17 6.44 9.57
Ls 50:35:35 797 8,84 7.33 9.61
-L6 501:25:25 9,94 9,79 8490 2.89
L7 0: 0: O 6.28 9.50 8.00 7.92

Mean 7.82 8.23 _ 8410

SE for fertilizer levels ~- 1,637
SE for time of nitrogen - 0,797
SE for L x T - 2,376

Table 11—~ Number of unfilled grains per panicle

Fertili- Time of nitrogen application

zar levels T T T M=an

(NPK kg/ha) 1 2 3
L, 70 385 :45 18,97 17.94 21.67 20,08
Lz 70835135 25.09 16.31 i9.,76 20,38
Ly 60335135 20,38 19,87 27.89 22+ 70
L, 601:25:25 19,11 24.83 24 .83 23,33
Lg 50335135 13.98 25,39 21.94 22,13
Lg  50:25:25 17.83 20.28 22.00 20,04
L 0: 0: 0 21,98 27422 25.61 2494

Mean 20,34 21,69 23.80

SE for fertilizer levels « 4.626
BE for time of nitrogen - 1,915
SE for L x T - 64205
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There was no significant differsnce in the thousand
grain weight with different nutrient levels. The treat-

ment L4 gave the highest value of 17.88 g=

The time of nitrogen application also falled to show
any significant influence on the thousand grain weight.

The highest value of 17.{74 g was given by treatment @5.

The interaction also did not show any significant

difference in the thousand grain weight.

B. Grain yield

The data pertaining to the grain yield as influenced
by the various NPK levels and time of application of nitro-
gen are presented in Table 13 and the analysis of variance

in 2ppendix ViI.

Tha data clearly revealed the significant influence of
NPK levels on grain yield, TIhe highest grain yield of
3899,928 kg per hactare, was obtained by the highest level
of nutriants namely 70 :45:45 kg NPK per hectare(Ll)tried.
It was significantly superior to control treatmsnt and on
par with other levels of NPK. The treatment Ly gave an
yleld of 3656.76 kg per hectare which was also significantly
superior to zerxo level of NPK. The subplot treatment did
not give significant difference in grain yield. But ths
highest value: 0f 3728.35 kg per hectare was observed for

the treatment Tsn



Table 12- Thousand grain weight (g)

Fertili- Time of nitrogen application

B

@

Mean
zer levels T T T
(NPK kg/ha) 1 2 3
L, 70345 345 18.27 17.94 17.16 17.74
L, 70:35:35 17.88 17.72 17.75 17.64
L3 60 :35:35 16.39 .17.05 17.75 17,39
L, 60 :25:25 17.24 17.90 18.01 17.88
L 50135135 17.41 17.64 17.42 17.50
L 50:25:25 15,71 17.33 17.63 16.89
LW 020:0 17.73 17,09 17.45 17.46
Mzan 17.31 17.66 17.74
SE for fertilizer levels - 0,673
SE for time of nitrogen - 0,291
Table 13 - Yield of grain (kg/ha)
Fertili- Time of nitrogen application
zer levels i Mean
(WPK kg/ha) Ty Ty I3
Ll 70 :45 145 3942,.65 3725,04 4032,.26 3899,98
L2 70 ¢35 :35 3917.82 3778.90 3878,.,65 38583.46
L, 60:35:35 3609.83 3712.24 3648.23 3656,76
L4 60 :25 25 3609,83 3896.82 3814 .64 3773.76
- Ly 50:35:35 3725.04 3648,23 3801.84 3725.04
LG 50:25:25 3758.12 3735.18 3814 .64 3762.00
L7 0:0; 0 3001.79 3123.40 3008.90 3044.46
Maan 3652,15 3659,93 3728.35
CD for fertilizer level «~ 367,829
SE for time of nitrogen -~ 57,040

SE for L, x T - 208,995
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The interaction also did not show any significant
difference in grain yleld., However, the highest yield was

recorded by treatment combination L1T3.

9. Straw yield

The Table 14 furnishes the data pertaining to the
straw yleld as influenced by levels of NPK and time of
nitrogeﬁ application. 7The corresponding analysis of

variance are presented in Appendix VII.

The yileld of straw was significantly influenced by
the levels of NPK and the highest yleld of ¢879.25 kg
per hectare was recorded by the treatment Ll. straw yleld
was the highest with nutrients level 70 :45:45 kg NPK per
hectare and superior to treatmentsL3, L4, LS' L6 and L7

and on par with L2'

The time ©f nitrogen applicatioﬁ did not give any
significant difference in the straw yields giving the
highest value. of 4344.89 kg per hectare with treatment Tz.

The interaction effect was also found not significant
for the straw yields, High value was obtained with treate

ment combination L1 3e
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10. Grain : Straw ratio
The data on mean values of grain straw ratio are
presented in Table 15 and corresponding analysis of

variance in Appendix VII.

The NPK levels did not exert any significant influence
on the grain:straw ratice. But the highest value of 0.96
was observed in the 'no' nutrients treatment and the
lowest value of 0.80 for higher level of nutrients namely,

70 :45 145 kg NPK per hectara.

The grainistraw ratio was significantly influenced by
the time of nitrogen application and T1 gave the highest
value of 0.90. '

The interaction effect was also found significant.
The highest value of 0,98 was obtained with the treatment
combination L7T1 which was significantly superior to treat-
ment cogninations LéTI' L6T1' LGTZ' L4T3, L4T1, L3T2. L1T3,
L., T, and L T2. The treatment L1T2 gave the lowest value

371 1
which was on par with other combinations such as LéTz,
L1T3, L3'I‘2 and L3T1-
C.Quaiity character.
1. Protein content of grain
Data on the protein content of grain are furnished
in Table 16 and the corresponding analysis of variance in

Appendix VII,



Table 14- Yield of straw (kg/ha).

Fertili-

Time of nitrogen application

Mean
zer levels T T T
(NPK kg/ha) 1 2 3
L1 70 :45 :45 4710.70 4915,52 5011.52 4879,25
Lz 70:35:35 4404.48 4928,32 4256,27 4529,36
L3 60135 :35 4307.48 4595,50 "~ 403B.66 4313.88
L4 60:25:25 4249,.87 4179.47 4403.48 4277.61
LS 50:35:35 3840.,24 4281.36 4141.29 4087.56
L6 50:25:25 4230,69 4275,48 4243.47 4249,87
L7 0: 0: 0 3072,20 3238.61 3232,60 3177.67
Mean 4116,40 4344.,89 4189,.53
CD for fertilizer levels = 403.202
SE for time of nitrogan - 97,688
SEBE for L x T - 280,666
Table 15=- Grainistraw ratio
Fertilie- Time of nitrogen application
zer levels Hean
(NPK kg/ha) T, Ty I3
L1 70 :45 145 0.84 0.76 0.80 0.80
L2 7035 :35 0.89 0.77 0.91 0.86
L3 60 :35¢35 0.84 G.81 0.91 0.85
L4 6025 :25 0.85 0.95 0.87 0.89
Ls 50 :35:35 0.27 0.80 0.92 0.90
L7 0: 0:0 0.98 0,97 0.93 0.96
Me=an 0090 0185 0.89
SE for fertilizer levels = 0,055
'Cb for time of nitrogen - 0,037

CD for L x T

- 2.1358



The data showed that thers was significant difference
in thes protein content of grain with dlfferent levels of
nutrlents giving the highest value of B8.41 per cent for
the highest level of NPK (Ll). The absolute control gave

the lowest percentage of protein in the grain.

The time of application of nitrogen did not show any
significant influence in this attributa. However, ths

highest value (7.54) was notlced in treatment Tae

The lnteraction effect was alsc not significant. But
the treatment ceombination L1T3 gave the highest value
(8.97).

D. Plant nutrient statug.
1. Nitrogen qontent of plant

The data pertaining to the nitrogen content of plant
are presented in Tables 17 (1) and 17(ii) and the respective’

analyses of variance in Appendix VIII.

It is evident that nitrogen content of plant was
significantly influenced by the nutrienits levels. The
highest level of NPK (Ll) gave the highest value for
parcentage of nitrogen content in grain and straw. The
nitrogen content of control plots were significantly inferor

to all other levels of NPK in both cases.



Table 16~ Protain content (%) in grain
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Fercili--

Time of nitrogen application

zer lavels HMean
(NPK kg/ha) T, T, T,
L1 70 :45 145 7.95 8.31 8.97 8.41
L2 7C 235235 8,15 6.055 G.66 7495
L3 80 ¢35 235 7+80 7495 7415 7.63
Qé 60 125 125 7208 7,688 715 7463
bs 5012535 7.00 7,51 7.38 7.46
Lﬁ 50 125 125 707 TeH1 G.49 7.02
L, 010:0 5.61 6427 6.27 6,05
Mean 735 ?.4;7 7.54

SE for time of nitrogen
for LxT

k7
LDk

CD for fertiligmr lavols -~ 1,1134
- 03157
ad 0-8523



Table 17(i)- Nitrogen content (%) in straw

Fertili- Time of nitrogen application

Maan
zar levals
{NPK kg/ha) T; Tz T3
Li 70 245 :45 0.77 0.76 0.75 0.76
Lz 70 £35:35 0.74 0074 0.74 0.74
LB 60:35:35 0.64 0.65 0.70 Q.67
L4 60 :125:25 Q.61 0.71 0.63 0.65
LS 50 ¢35 :35 0.69 064 0.69 0.67
L5 50 825 25 0062 0;62 0.61 0062
L7 0: 0z 0 0.46 0051 0.56 0.51
Mean 0.65 0.66 0.67
Ch for fertilizer lavals = (0.0832
SE for time of nitrogen - 0.0264
SE for L x T - 0.06396
Table 17(ii)~- Nitrogen content (%) in grain
Fertili- Time of nitrogen application
zar levels Maan
{(NPK kg/ha) T, T, '1‘3
L1 70 245 345 1.4 i 133 1.44 1,35
L2 70:35:35 1.3 l.1 1.42 1,27
L4 60 325:25 1.26 1.26 1,13 1,22
L5 50 :35:35 1.12 1.20 1.26 1.20
LB 5025 :25 1.13 l.20 1.04 1.12
L7 0: 0: 0 Q.20 1.00 1.00 0.97 -
Maan 1018 ' 1.20 1.21
D for fertilizer levsls - 0.178
SE for time of fitrogen - 0.0505

SE for L % T - 0.1262



The nitrogen content of plant was not influenced signi-
ficantly by the time of nitrogen application. But split
application of nitrogen, 25 per cent as basal + 25 per ceat
20 days after transplanting + 50 per cent 40 days after

transplanting produced highest wvalue.

The interaction sgifect was also found not signifi-

cant.

Ze Phosphorus content of piant
Data on mean values of phosphorus content of plant
are furnished in Tables 18(i) and 18(iil). The correspond=-

ing analyses of varlance is given in é&ppendin VIII,

The data showed that the varlous levels of nutrients
had no significant effect in the phosphorus content of
plant, though highest values were obtained with highest
levels of NPK (Ll). The control plots (LT) recorded minimuam

value for the phosphorus content of plant.

As regard the time of nitregen application no signi-
ficant difference was noticed, .

The interaction effect was also not significant.
3. Potasgium content of plant

The data on the potassium content of plants are furni-
‘shed in Tables 19{(1) and 19(ii) and theilr analysas of

varlance in Appendix VIII.



Table 18(i) = Phosphorus content (%) in straw

Pertili- Time of nitrogen application
zar levels Mean
(NPK kg/ha) 1‘3___ T, T,
L1 70 :45 :45 0.28 0.34 0.27 0.30
Lﬁ 70 235135 0.26 0.26 0422 0.25
L3 60 :35135 0426 0.27 0.26 0.26
La 60 :25 :25 0.28 022 0.26 0.25
Ly 50235335 0.27 0.22 0e28 0.26
L 50 125 325 024 0s21 022 0622
I-l7 02 _03 0 0.23 . 0.21 0.21 022
Mzan 0.26 0.25 0.25
CD for fertilizer levels - 00,0284
SE for time of nitrogen = 0.0261
SE for L =xT7T = 00631
Table 18(1i) -~ Phosphorus content (%) in grain
Fertili- Time of nitrogen appligation Maan
zer levels T 0 T
(NPK kg/ha) 1 2 3
Ll 70 :45 345 0.5% 0.54 0,56 0.56
L2 70 :35:35 0.42 0.51 0.54 0.49
L3 60 3:35:35 0,42 0.53 0.50 0.48
LIL 60 :25 125 0447 0.50 0.51 0.49
Ls 5035:35 Q.47 0.,46 0.48 0.47
Lﬁ 50:25:25 0«47 0.44 0.44 0.45
L7 0: 0:0 0.43 0.44 0.40 0,42
Mean 0.467 0.49 0.49

8E for fertilizer levels = 0.0616
SE for time of nitrogen - 0.0351
SE for L. x T - 0.0977
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Table 19(i)- Potash content (%) in straw

Fertili- Time of nitrogen application

zer levels - Mean

(NPK kg/ha) T, T, T,
Ly 70 345 145 1.45 1.51 1.60 1.5?
L2 70:35:35 1.35 1.21 1.43 1.33
L3 60 :35:35 i.32 1.3° 1.38 1.36
Lﬁ 60 225125 1.34 1.33 1,32 1.33
LS 50:35:35 1.33 1.34 1.35 1.34
LG 50:25:25 1,33 1.27 1.21 1,27
L7 0: 0: 0 1.37 1.29 1.15 1.27

Mean 1.36 1.33 1.35

SE for fertlilizer levels - 0.1124
SE for time of nitrogen ~ 0.,0915
SE for L x 7 - 0.2274

Table 19(ii)~ Potash content (%) in grain

Fertili=- Tima of nltrogen application
lizer levals Mean
(NPK kg/ha) T, T, Ty
L1 70345 :45 0457 0454 0.59 0.57
Lz 70:35:35 0.49 0.50 0.47 0.48
L3 60:35:35 0.42 0.43 0.33 0.40
L% 60 :25 125 0.41 0.43 0.33 0.39
L 50:35:35 0.42 0.44 0.41 043
Lg 50:25:25 0.40 0.38 0.42 0.40
L7 0: 0:0 0.37 0.47 0.36 0.40 .
Mean 0.44 0.46 0.42
CD for fertilizer levels - 0,092
SE for time of nitrogen = 00,4895

SE for L x T = 0.1139
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it is observed that there was significant difference
in the potassium content of grain with levels of nutrients,
The highest level of nutrients namely 70 :45:45 kg NPK per
hectare gave significantly higher value of 0.57 per cent
which was on par with treatment L2 and superior to other
levels, The potassium content of straw was found motsigni-
ficant with levels of nutrients and highest value was found

with highest level of RPK (Ll)

The potassium content of plant did not differ signi-
ficantly with the various timss of nitrogen application.

The interaction effect also did not show any signifi-
cant difference in the potash content of the plant. The

treatment combination of L1T3 gave the highest value,

B. Uptake of nutrients.,

1. Uptake of nitrogen

The data on the uptake of nitrogen expressed in kg par
hectare are presented in Table 20 and analysils of variance
in Appendix IX,

The data revealed that there was significaﬁt increase
in the nitrogen uptake with increased levels of nutrients.
The highest value of 71.67 kg per hactare was obtained in
treatment L, which was found superior to all other treat-
ments except L,s The zero level of NPK (L7) was signifi-

cantly inferior to all other treatments.



The subplot treatment of the time of application
showed no significant difference between treatments, But
the highest vaiue of 53.88 kg per hectare was observed in
traatmant T2a

The interactioh effect was not significant,.
2. Uptake of phosphorus

The data on the phosphorus uptake as influenced by
levels of nutrients and time of niﬁrogen application are
presented_in Table 21 and thelr respective analysis of

variance in Appendix IX.

A significant increasing trend in the uptake of
phosphorus was notlced with increas;ng levels of NPK. It
was observed that ths highest level of NPK(LI) gave the
highest phosphorus uptake which was superior to all other
lowsr levels of NPK but on par with treatment Lz.' The
treatment L. gave the lowest value of 16.75 kg per hactare

which was on par with treatmentsL3. L4, Ls and hﬁ.
As regards the time of application of nitrogen no
significant difference in phosphorus uptake was noticed
between treatments. However, treatment T, gave the highest
uptake over other times of nitrogen application,
The combined effect of the levels of nutrients and the
time of application of nitrogen was also found to be not

significant.



112

Table 20~ Uptake of ltitrogen (kg/ha) at harvest

Fertili- Time of nitrogen application Mean
zar levels T T, T

(NPK kg/ha) 1 3

70 345345 69,773 69:870 75,380 71,670
70835235 634650 65560 63,270 64,160
60335335 544650 54,27 50.010 52,970
60 125 :25 43,110 53,380 49,400 50,290
903835135 46,720 524980 46,750 48,810
50825:25 46,290 43,040 51.070 46.300
" 0:0: 0 31,460 384035 334510 34.330

Mean 43,710 53 4500 52,770

Ch for fertilicer levels <« 12.,088094
SE for time of nitrogusn = 2657535
SB for Lt T - 7.9834

Table. 21~ Uptake ©f phosphorus (Kg/ha) at harvest

Fertlie -Tims @f nitrogon application Mean

zer levols _

(NPK kg/ha) T Ta T3
Ly 70 345 145 30.44 30,10 2876 2977
L2 70 335:35 19.44 24,16 24 .68 22.83
Ly 60 235 135 20,04 21,33 21,16 20.84
qﬁ 60 125 :25 19,02 19,77 15,99 19.59
L 50:35:35 192,90 19,38 12,70 © 19.66
LE 5032$825 17.76 16,46 16,76 . 16.99
Lo 03 0z 0Q 18.91 17.56 1377 16475

Mean 2072 21.25 20672

CD for {ertilizer lesvels - 7.481628
SE for time of nitrogon = 1,3534435
SE for L. x T - £45097
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3. Uptake of potassium

The analysis of variance table £for the uptake of
potassium are presentad in Appendix IX and the results
in Table 22.

Although the result did not show any significant
difference in the uptake of potassium due to different
levéls of NPK, treatment L1 gave the highest value of
107.31 and L, the minimum value of 64.73 kg per hectare.

Simllarly the time of application of nitrogen alqo :
did not show any significant influence on potassium uptake.
The treatment T, gave the highest value (B7.32 kg/ha).The
interactlon effect was alsoc not significant. But the

combination L1T3 registered the highest potassium uptake,

Fo 301l Analzsié.
1. Total nitrogen content of the soil after the experiment

Table 23 furnishas the total nitrocgen content of
soll after the experimsnt and the amalysis of variance in
Appendix IX. : )

The data revealed that there was no significant diffe-
rence in the total nitrogen content of the soil after the
experiment. But the highest value of 0,117 par cent was
obtained with treatment Ll which receilved the highest level
of nutrients and lowest value of 0,093 per cent with treat-

ment I..7 which received no nutrients.
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Table 22 -« Uptake of potasaium (kg/ha) at the harvest

Fertili- Time of nitrogen application
zer levels Maan
(NPK kg/ha) .Tl 2, T,
L1 70 245 345 102825 102.897 ii6.208 107,310
La 70 835335 114.588 83,154 50 +586 924770
Lb 60 235 235 564279 108.420 B2.950 824550
L@ 60 :25:25 85.120 85,340 71.520 80.680
Ls 50 33535 76950 80,680 794350 754990
L 50125325 81.850 784750 784490 79,698
L7 0s 020 654280 71:970 56.940 64.730
Mean 83.41% 2732 8G .87
SE for fertilizer levels = 12,4295
SE for time of nitrogen - $.249
58 for LxT - 21.726%9
Table 23~ Total nitrogen content of soll (%) after the
expariment
Portllii- Time of nitrogen application Mas
ger levels == ™ = &n
(NPK kg/la) i ~2 3
L, 70145145 0121 00100 0.130 0.117
L2 70 535 235 0=112 O.114 0.114 0.113
LB 60 §35 335 0e112 0.114 0.107 0,131
lg 60 225 325 Q.110 0.106 0.120 00112
LS 50 835 235 0.108 0109 0.106 0.108
LG 503:2% 825 04,110 0103 0e110 Ne108
L7 Q: 02 0 0.058 0ei04 0095 0,093
Maan 0.112

Dell 0,107

58 for fartiilzer levals = $,0100186
28 Zor time of nitrogen
EforLx 7T

- 0.,00931
- 0,0225
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The nitrogen content of soil also did not differ
significantly with times of nitrogen application after
the experiment.

2. Available phosphorus content of the soil after ths -
experiment

Tha data on_the available phosphorus content of soil
after the experiment are furnished in Table 24 and the

analysis of wvarlance in Zppendix IX,

it was observed from Table 2¢ on the available phog-
phorus content of the soll after the experiment that there
Was no significant difference with levels of nutrients.
But the highest value of 39,31 kg phosPﬁorua psr hectare
was observed with the highest level of NPK(Ll) and the
lowest value of 32,52 kg phosphorus per hectare with
control plot.

The phosphorus content of soil after ths experiment

was found unaffected with times of nitrogen application.

3« Avallable potassium content of the soil after the
experimsnt.
Data on ths availsble potassium content of the soil
after the experiment are furnished in Table 25 and the

corresponding analysis of variance in Appsndix IX.
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Table 24~ Available phosphorus content of the soil (kg/ha)
after the experiment.

Fertili- Time of nitrogen application
e 1eV3ls Maan
(NPK kg/ha)
T1 TZ T3
Ll 70 :45 :45 42,14 40.81 34,97 ‘39,31
L, 70:35:35 35.23 38.15 33.35 35.58
L3 G0 :35:35 38.69 31.25 32,96 34,30
Lh 60525125 41.07 31.45 32.58 35,03
LS 50335135 . 34,97 34.97 29.40 3311
Lg 50125:25 30472 29,92 37.89 32,84
L7 0: 020 36.03 27.79 33.73 32,52
Moan 36,98 33.48 33.56G
SE for fertilizer levaels - 5,03
SE for time of nitrogen - 2426
SE for Lx T - 7.0109

Table 25 = Availeble potassium content of the soil (kg/ha)
after the experiment,

Fertilie. Timas of nitrogen applicatlon
zer levels a Mean
(NPK kg/ha) T, T, r3
Ll 70 145 145 137.20 134.4n 132.72 134,77
L2 70 :35:35 142,60 136.60 138,78 139,33
L3 €0 :35:35 128,80 133.00 126,00 129,27
94 60325 :25 123,26 i26.06 122.06 123,79
L5 50:35:35 117,60 103.60 118,72 113,31
LG 50:25:25 1ta.74 113,10 114.80 115,90
L7 0: 0: 0 107.22 105,28 107.52 106,68
Mean 124.49 122.44 122,94
SE for fertilizer levels - 134.385
SE for time of pitrogen - 4,089

SE for Lx T - 185.881
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The data revealed that the available potassium
content of the soil after the experiment was not signi-
ficantly affected with levels of NPK. The lowest value
was obtained with coantrol plot and an lncreasing trend1
with increasing NPK level was noticed in the potassium

content of soll after the experimznt,

The potassium content of soil after the experiment
did not differ significantly with difference times of

nitrogen application.
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DISCUSS I

An experiment was carrled out during the segond
crop season of 1982-83 to study the effect of different
levels of nutrlents along with time of application of
nitrogen on the performance of a rice cultivar Mashuri
at the Reglonal Agricultural Research Station, Pattambi,
The results obtained from the study are discussed here-
under,

A. Growth characters.

1. Height of plants

The results presented in Tables 2(i) to 2(v) revealed
that there was significant increase in  the helght of plants
at various growth stages due to different levels of nutri-
ents. The highest level of NPK application produced signi=
ficantly taller plants during the different growth stages.
The significant influence of nutrients especially nitrogen
in enhancing vegetative growth of plants is a well known
phenomenon, Nitrogen with its role in cell multiplication
{(Tisdale and Nelson, 1975) would naturally increaze the
height of plants. Supply of larger guantities of nitrogen
in the treatment has led to an enhanced rate of vagetative
growth which is reflected in plant height. Many other
workers have reported similar results in rice (Lenka and

Behera, 1967 ;, Ramanujam and Rao , 1971.,; Raju , 1979).
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As regards time of nitrogen application it was
revealed that the different treatments did not exert
much influence on this growth attribute. The tallest
plants were observed in treatment T, during the active
tillering stage, though the effect was not significant.
In treatment T1 50 per cent of nitrogen was applied
basally which might have led to an enhanced growth of
plant ia this treatment which was expressed in increased
plant heightse. In the subsequent growth stages, treatment
Ta produced taller plantslthough the effect was signifi-
cant only at the maximum tillering stage. Better absorp-
+ion of the nitrogen by the plants in treatment Tz might

be the reason for producing taller plants in this treatment.

The fact that the no manure control recorded the
least plant height during all growth stages clearly points
out the necessity of fertilizer application for the satis-

factory growth of rice plants.

2. Number of leaves per hill

Results presented in Tables 3(1) to 3(iv) showed that
the significant effec£ of treatments 6n this growth attri-
bute was revealed only in two growth sﬁages Oobserved. At
both these stages, the treatment having higher level of
NPK application produced more number of leaves. In other

stages also the leaf number was more in the nighest NPK
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level, though not significant. This clearly brings out the
fact that a higher level of NPK application 1ls necessary
for the better growth of plants as is seen by a higher
number of leaves. Similar results on the increase in

leaf number by NPK application was reported by Sumbali
and Gupta (1972). #oreover, the trend noticed in this
trial confirms to the a¢ceptad behaviour of nitrogen in

enhancing vegetative growth (Tisdale and Nelson, 1975),

As far as time éf nitrogen application is concerned,
treatment T2 gave higher number of leaves -at later stages
of crop growth, though not significante. This may be due to
the fact that the vegetative growth was enhanced by a
higher amount of nitrogen availability in this treatment

by the late application of nitrogen in larger amounts.

3¢ Tiller number

The results presented in Tables 4{(i) to 4(v) revealed
that there was significant difference between NPK levels
in tiller production. Higher number of tillers were
observed with higher levels of NPK and the largest number
at £lowering and harvest stages was observed with the
highest level of NPK namely, 70 :145:45 kg per hectare.

The influence of NPK nutrition on tiller production
had already been highlighted by many workers, the most

pronounced being that of nitrogen. Lenka et al.(1976)




and Murty and Murty (1978) reported that nitrogen had
slignificant role in enhancing tillering. Research £indings
of Nalr gt al. (1972), Fageria (1982) support the results
obtalned in the present study that increased rate of phos-
_phorus application has led to an increased tiller number.
For potassium also, the results obtained by Kulkarni et al.
(1975), Singh and singh (1979) are in conformity with the
£indings of ths present study. The result revealed tha
lowest value for the treatment'rece;ving no NPK at all
stages of growth, thersby indicating the favourable
influence of nitrogen, phosphorus and potassium on the

growth and tiller production.

It would be seen from the result that at active
tillering stage the treatmsnt T1(50 per cent nitrogen as
basal + 25 per cent nitrogen at 20 DAT + 25 per cent nitrogen
at 40 DAT) gave significantly superior number of %tillers.
This may be due to the fact that a higher proportion of
nitrogen made avallable at the early stage of crop growth
in this treatment might have produced higher number of
tillers at this stage. The influence of time of applica-
tion of nitrogeﬂ in enhancing tillerxing has been reported
by many workers-like Patnaik (1969), Takur and Saxena
(1970), Further, it could be seen from the result that

treatment T2(25 per cent nitrogen as basal + 50 per cent



122

nitrogen at 20 DAT + 25 per cent nitrogen at 40 DAT)
produced significantly higher number of tillers at maximum
tillering and pénicle initiation stages. This is conseguent
to greater avallability of nitrogen due to the application
of nitrogen in larger proporticn during later growth stages
in this treatment. The effect of nitrogen in enhancing
tiller producticn of rice plant is an established fact.

Rao and Murty (1975b) concluded from their experiments

that application of nitreogen in split doses increased the
tiller survival. All thaese might have contributed for

the higher tiller number observed in the treatment,.

The results made it obvious that the treatment combina-
tion L1T2 produced the highest number of tillers. The
cunulative effect of both increased level of fertilizers
70 :45:45 kg NPK per hectare supplied with the proper timing
~of nitrogen application, namely, 25 per ¢=nt nitrogen as
basal 4+ 50 per cent nitrogen at 20 DAT + 25 per cent

nitrogen at 40 DAT might have resulted in this increase.

4, Pry_matter production
Results showed that (Table 5) there was an increase

in the dry matter production in accordance with the increace
in levels of nutrition, The influence of nitrogen in
increasing the plant welght has been reported by Black (1973).

An enhanced rate of nitrogen application leads €0 an



incrzase in vegetative ¢ taller
plants with more number h more
tillers. The supply of . might
have influenced dry matt producing
a well developed root sj general
plant growth which in t uptake
of all nutrients. This e result
of Terman gt al. (1970) in dry
matter production witn i ed phos-
phorus. The increase ir as
obsaerved (Table 20,21 ar dy also
might have contributed t matter
production. This result he findings
of Ramanujam and Rao (1¢ 78) .

It was seen from ti of
application had no signi matter
production. However, hicg n was
obtained with treatment ed to the
increased number of leay vaegetative

growth of the plant with the split application of nitrogen
in thls treatment. It is further observed that the content
end uptake of nutrients were also high with split applica=~
tion of nitrogen (Table 17(ii), 19(ii), 20, 21 and 22)
which may also have contributed to the high rate of dry
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matter production. The results further indicated that

the treatment combination LiT1 gave the highest dry weight.

B, Yield compmonents and yileld.

i+ Productive tiller count

The results presented in Table 6(1) and 6(ii) and Fig.3
showed that the number of productive tillers was influesnced
by the NPK level. The treatment 70 :45 145 (Ll) produced
the highest productive tiller number which was significantly
superior to treatments LS and L7. The results obtained
pointed out the signiflcant effect of nitrogeﬁ on the
increased number of productive tillers, Findings of Subbiah
and Morachan (1974), Cowda and Panikar (1977) Dixit and
Singh (1979) on rice are in conformlity with the results
obtained in this investigation. The beneficial effect of
phosphorus on productive tiller number has beon established
by Wair gt al. (1972) and.Bhattacharya and Chatterjee (1978).
The observation in the present investigation is also in
line with the earlier findings. The favourable influence of
-higher lavels of potassium on this attribute was observed
in the present study. The role of potassium in increasing
the number of productive tillers had besn reported by

Kulkarnl gt al. (1975) and Padmaja (1976) in rice.

The data showed that the treatment Tl produced higher

number of productive tillers, though not significantly
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superior to other treatments. Muraleedharsn gt al. (1972)
reported that there was no significant effect on numbsr
of panicles per square metre with the time of nitrogen
application. But the higher number of productive tiliers
observed with time of nitrogen application aé 50 per cent
basal + 25 per cent 20 DAT + 25 pax cent 40 DAT may be
due to the proper utilisation of nitrogen in the initial
stages of crop growth, Similar results were also obtained
by_vefma and Srivastava (1972) Rao and Murty (1275b) and

Nalr et als (1972).

2. lLength of panicle

The Table 7 on the length of panicle showad that there
‘was no significant difference in the length with levels of
nutrients. Thils is in accordance with the findings of
Sadayappan et al. (1974). Alexander gt al.(1974s) could not
observe any difference in panicle length by phosphorus
application and Rao et al, (1974) reported that potassium
levels had no influence on the length of panicle.

The table 7 also indicated that the length of panicle
was not influenced by the time of nitrogeq application.

The result is in conformity with the findings of lMuralee-
dheran et ale (1972) who observed that the length of panicle,
was not significantly influenced by the timing of nitrogen
application.



The result of this experiment and the findings
referred in literature clted above show that the length
of panicle is mostly a genetically controlled character
which iz little influenced by fertllizer management
practices, The length of panicle is a varietal character
which is not influenced by variation in timz and level of
nitrogen application as reported by Kumar (1969) and
Mathew (1971).

3. Height of panicle

The rasult presented in Table 8 showed that the weight
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of panicle was not significantly influenced by the levels
of NPK. The highest panicle weight was obtained with

70 135135 kg NPK per hectare (Lz). Chang and su (1977) and
Subbiah et al. (1975) reported that the weight of panicle
increased with increasing rates of nitrogen. Bhattacharya
and Chatterjee (1978) revealed that phosphorus manuring
would produce more grains of heavier weights. The bene-~

ficial role of phosphorus and potassium in incresasing

panicle welight alsc had been reported by Place et al,. (1970),

As regards time of nitrogen application, the result
showed that treatment T3(25 per cent basal + 25 per cent
20 DAT + 50 per cent 40 DAT) produced heavisr panicles,
though they were not significantly different. This may be

due to the application of nitrogen at a later stage in
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larger proportion and consequent higher utilization of
nitrogen at the later stages of the crop. Nair et al.
(1979) and wang (1981) also reported that nitrogen
application at the later stages of the crop increased

the panicle weight.

4., Number of grains per panicle

It is revealed from the results furnished in Table 9
that there was no significant different between treatments
in this respect. Similar result was réported by Natarajan
gt al. (1974) who observed no significant increase in
number of grains per panicle with incremental doses of
nitrogen application. Alexander gt al.(1974b), Sadanandan
and Sasidhar (1976) could not £ind any effect of phosphorus
on number of grains. Kalyanikutty and Morachan (1974)
reported that the number of grains per panicle was not

affected by the rates of application of potassium.

Tt could be seen from the Tables 10 and 11 that the
half filled grains and unfilled grains were increased
with decreased NPK levels. This indicated that the
development of half f£illed and¢ unfilled grains Were more
when the soill nutrient status was not adeguate. The full

development of grain could not take place dus to lack of



optimum nutrient contents in the soll. In this context

it is interesting to note that the highest number of
unfilled grains was obtained in control plots. This
implies the need of adequate level of nutrition for the
preduction of normal grains in panicles. According to
Supta et al. (1970) and Panda and Leeuwrik (1972), nitrogen
increased fertile spikelets per panicle. Battacharya

and Chatterjee (1978) opined that phosphorus application

produced mors number of f£illed spikelets per panicle.

As regards the time of nitrogen application, ths
results showed that the treatment differences ware not
significant in the number of grains per panicle. The
effect was not significant wlth respect to unfilled

grains also,. .

5+ Thousand grain welght,

The result presented in Table 12 showzd that the
thousand grain weight was not influenced by the levels
of NPK. Several ricea workers have reported that thousand
graln weight was unaffected by nitrogen application
(Muthuswamy et al., 1972} Natarajen st al., 1974; Lenka
at al., 1976). Similarly, Alexander et gl. (1974a)
reported that phosphorus application did not affect

thousand grain weight. According to Kalyanikutty and
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Morachan (1974) thousand grain weight was not influenced

by potassium spplication also.

The time of nitrogen application did(not give signi=-
ficant difference in this respect. But the highest weight
was obtained with 50 per cent nitrogen applied at 40 days
after transplanting than either basal application or
nitrogen applied 20 days after transplanting. This resulted
in better availability of nitrogen at this stage of grain
developmant along with other nutrients. Accoxding to
Nair et al. (1979) nitrogen application half at panicle

initiation has resulted in maximum panicle weight, Similar

" results were reported by Kumar (1969) also.

6. Grain vielid
The data presented in Table 13 and Fig.4 chowsd that

the highest level of nutrients application produced the
highest grain yileld. The treatment with 70 :45:45 kg NPK
per hsctare (Ll) resulted in the highest grain yleld which
was significantly superior to the zbsolute control and was
on par with other treatments. A reference to the data on
growth characters guch as plant height, leaf number,
tiller numbar and vield attributes such as productive
tiller number, length of panicle, weight of panicle and
thousand grain weicght indicated that all these attributes

showed remarkable improvement with higher levels of
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nutrition. The combined effect of all these‘might have
resulted in the production of the highest grain yield

in this treatment. The data on nutrient uptake (Table 20,
21 and 22) also showed that the uptake was more in

treatment L, which also might have led to a better develop=-

1
ment of growth and consequent higher yisld. The bene-~
ficial effect of NPK fertilization In increasing the
grain yield of iice has been proved by many workers.

(Reddy et als., 1978; Panda and bas, 1979; Agarwal, 1980).

Hitrogen has got a vary important role to play in photo-
synthesis which is directly related to carbohydrate manu-
facture and grain yield. This influence of’nitzogen on
the grain yield of rice is stressed by several workers
like Rethinam gt al. (1975), Sahu and uoorihy (1975) and
Pillal et al. (1975), similarly the role of pﬁospﬁorus
in increaging the grain yield of rice has been stressed
in the works of Padmakumari et al.(1969), Dev gt al. (1970)
Khatua and Sahu (1970). The beneficlal influesnce of
potassium in increasing the grain yield may probably be
through its role in the manufacture and translocation of

starch (Russel, 1973).

As ragards the time of applicatiocn of nitrogen} the
results indicated that the highest grain yield was obtained

with treatment T3(25 per cent nltrogen basal + 25 per cent



nitrogen 20 days after transplanting + 50 per cent
nitrogen 40 days after transplanting), though not signie-
ficant. For treatment T3, 50 per cent of the dose of the
nitrogen is applied at 40 days after transplanting whereas
in other treatments only 25 pasr cent of thes dose of
nitrogen was applied during this stage. The continued
availability of nitrogen during the later growth stages
of the plant wight have resulted in a better absorption
and consequent higher yield in this treatment. The better
availability of nitrogen might also have helped in the
proper uptake of other nutfients which in turn helped in
better growth and yield of plants in this treatment.

The favourable influence of split application of nitrogen
in increasing the grain yield was reported by éeveral
earlier workers like Rao and Murthy (1975a) , Sarkar and
Sinha (1976), Bhatti and Khan (1977), Mishra and Singh
(1980) .

7. Straw yvield

The result presented in Table 14 and Flg.5 showed thaﬁ
the highest value was observed in the treatment Ll(70:45=
45 kg NPK/ha). It was also observed that thafe'was a
progressive increase in straw from zero to the highest
level of NPKe. 7Th= straw yield in the highsst level of

NPK (Ll) was significantly superior to other treatments,
aXxcepnt L»
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Nitrogen may be the main nutrient influencing the straw
yield to a great extent. A perusal of the data on plant
height, number of leaves, number of tillers and number

of productive tillers showed that the highest wvalues

waere noticed in the treatment which received the largest
amount of nitrogen. Role of nitrogen in enhancing the
vagetative growth of rice has already been discussed.

In tha case of tall indica wvarietles, nitrogen acts as

a vegetative growth stimulator, resulting in higher straw
production instead of correspondingly increasing the
graln and straw yields as in dwarf indicas (Tanaka et al.
1958). The beneficial effect of nitrogen in increasing
straw yield of rice has been ravealed by several research
workers like Rathinam gt al. (1975), Venkateswarlu (1978),
Bhattl et al. (1982),

The time of nitrogen application did not give any
significant difference in the straw yield, But the treat-
ment which received 530 per cent nitrogen 20 days after
transplanting was sﬁperior to treatments with 50 per cent
nitrogen as basal or 50 per Eent nitrogen at 40 days after
transplanting. The data on the plant height, number of
leaves and the number of unproductive tillers, revealed
that the application of nitrogen 50 per cent at 20 days

after transplanting produced the highest values in these
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growth attributes than other times of nitrogen application.
The application of nltrogen 50 per cent at 20 days after
trangplanting has produced better vegetative growth of

the plant than other timss of nitrogen application. This
might have contributed to the higher straw yleld obtained
in this treatment. Hogue et al. (1977), Gaffer and Chand

(1978) also reported similar results. .

B. Greinistraw ratio

The grainsstraﬁ ratio provided in Table 15 revealed
that there was no sigﬁificant influence for the levels of
NPKs, The Table 15 showad that there was a reduction in
Qrainxstraw ratio when the nutrient levels were increased,
Minimum grain:straw ratic was observed by the treatment
receiving 70 :45:45 Rg NPK per hectare and the highest by
control piot. Being a tall indica variety, the application
of fertilizer especlally nitrogen in higher doses resulted in
considerable increase in straw production, thereby recording
a lesser grainistraw ratio. With the highest level of
nutrients (Ll) 70 :45:45 kg NPK per hectare which has
produced the highest grain yleld the straw production has
aleo increased considerably. The treatwments receiving lesser
gquantlties of nutrients, espacially nitrogen, recorded
higher grain:straw ratio thereby indlcating that the stre

production was comparatively lesser in these tresatments.
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Similar results had been reported by Tanaka gt al. (1958)
and Have (1971)..

Thére waé significaht difference in ths grainistraw
ratio between the various times of nitrogen applicatlon.
The treatment which received 50 per cent nitrogen 20 days
after transplanting gave significantly lower graln:straw
ratio. This 15 due to the fact that the grailn yield was
not increased to the same extent as the increase in straw
yleld owing to nitrogen avéilability. The highesp value
vtas obtained with treatment T1 which recelved 50 per cent
nigrogen as basal + 25 per cent nitrogen 20 days after
transplanting and 25 per cent niﬁrogen 40 days after traﬁs«
plantings Thus greater availability of nitrogen in the
early growth:stagas promoted rapid vegetative growth.
Reference to the data on plant height, number of leaves
and t;ller number showed higher valuss with treatment Tz‘
This enhanced vegetative growth in this treatment led to

higher straw yields,

The treatment combinations LlTa produced the lowest
grain:straw ratio. This may bs dus to the individual and
cumulative effects of the treatments L, and T, on this

aspe¢t.



C, Quality character
1. Protein content of grain

The protein content 0f grain provided in Table 16 and
graphically illustrated in Fig.6 showed that there was
significant difference in the protein content of grain
with different levels of NPX giving the highest valua
for the highest leval of NPK(Ll) and lowest value for
control treatment. It is known that the major factor
controlling the protein content of grain is nitrogen supplys.
Tisdale and Nelson (1975) pointed out that eventhough the
kind of protein formad is largely influenced by genstic
factors, the amount of protein is governed by environmental
factors, especially supply of nitrogen. Since nitrogen
is the major constituent of protein, high rates of nitrogen
application led to higher protein content of grain in
rice., Similar results were reported by aAbrsham et al.

(1974) and Rabindra et al.(1977). According to Agarwal
(1278) phosphorus and potassium also had favourablc

influence on protesin content of graine.

The time of application of nitrogen did not show any
signific¢ant influence in thi:z attribute, However, the
highest value was noticed in the treatment rec=iving 50

per cent of the nitrogen at 40 days after transplanting.



FIG.G. PROTEIN CONTENT OF GRAIN,

PROTEIN CONTENT OF GRAIN ()

84

82

74

k-3

68

66

G4

53

0:0:0

50:25:25 50:35:85 60:25:25 60:35:35 70:35:35 70:45: 45
LEVELS OF FERTILIZERS (NPK Kq/ha}

T, 507 N BASAL T
267 N 20 DAYS AFTERTRANSPLANTING +
257 N 40 DAYS AFTER TRANSPLANTING .

1‘2 257 N BASAL +
507 N 20 DAYS AFTER TRANSPLANTING +
257 N 4Q DAYS AFTER TRANSFLANTING.

T 25/. N BASAL +
257 N 20 DAYS AFTER TRANSPLANTINGT

50/ N 40 DAYS AFTER TRANSPLANTING .

|

1

1

By T?. -|-3
TIME OF NITROGEH ARPPLICATION




Nitrogen being a major constituent of protains, the
application of 50 per cent of nitrogen at this stage just
prior to panicle formation might have helped more

protsin formation ln the grains as compared to other
treatments. Several workers have shown that split applica-
tion of nitrogen increased protein content of grain

(Pisharady et al., 1976; Thenababu, 1972; Taira, 1970).

The variogs treatment combinations failed to show
any slgnificant influence on grain protein content. But
the treatment combination (LlTB) recordad the highast grain
protein content which might ba due to cumulative effects

of the NPK level (Ll) and time of application (T5).

D, Plant nuatrient status.

1, Nitrogen content of plant

The Tables 17(i) and 17(ii) on nitrogen content of
plants ravealed that the highest level of NPK namely
70 345 :45 kg per hectare gave highest amount of nitrogen
in graln and straw. The nitrogen content of zero level
was significantly inferior to all other levels of HPK in both
. Cases. It 1s clear from the results that the increased
supply of nutrients had increased the nitrogen content
of graln and straw significantly. The effect of nitrogen
nutrition in increasing the nitrogen content of pice plant

has been reported by many workers (Ramanujam and Rao, 1971;



Koyama and Niamsrichand, 1973). The high content of
nitrogen observed with higher levels of NPK may be due

to the enhanced growth of vegatative and reproductive
parts of plapts which facilitated higher rate of absorption
of this nutrient. The increase in nitrogen content with
enhanced rates of phosphorus application noticed in the
study is in line with the findings of many earlier workers
{(Varma, 1971; Loganathan and Raj, 1972). Thandapani and
Rao (1974) observed that increase in rates of applied
phosphorus from 0 to 75 kg per hectare was accompanied by
linear increase in nitrogen content of roots and grain.
The application of phosphorus might have produced more
rcots which in turn might have £facilitated more absorption
of nutrients. Thes supply of phosphorus and potassium

might have led to the proper uptake of nitrogen.

The result also showed that the times of nitrogen
application had no significant influence on the nitrogen
content 0f grain and straw. But higher values wers obtained
with application of 50 per cent of nitregen at 40 days after
transplanting., The higher nitrogen content of grain and
straw in this treatment mey be due to the better availa-
bility of npltrogen by late application in large proportion.
Singh and Bharadwaj (1973a) reported that split application
of nitrogen at transplanting, tillering and paniclé initiation

stages increased the total nitrogen content of rice plant.
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Singh and #odgal (1978a) reported that split application
of nitrogen in two to four split dressings increased the
plant content of total nitrogen than by application of
nitrogen in a single dressing. Subramaniam and !forachan
(19792) showed that grain nitrogen contents were the
highest with nitrogen applied in three split dressing at

transplanting, tillering and £lower initiation stages.

2, Pheecphorus contant of plant

hs regards the phosphorus content, the results presented
" in Table 18(i) and 18(ii) showed that various levels of NPK
had no significant effect on the phosphorus content of grain
and strawe. But the highest values ware obtained with higher
levels of NPKe. The higherllevels of phosphorus uptake might
probably be due to the favourable effect of balanced forti-
lizations The increase in plant phosphorus contsnt with
higher doses of nputrient supply noticed in this study is in
line with the findings of Oommen gt al.(1972) and

Suscelan gt zl. (1978). “rials conducted by Sadayappan and
Koisndaiswamy (1974) and Raju (1978) revealed that there was
. an increased phosphorus condent in straw with increased
nitrogen application., Similar trend was noticed for grain
also. Pathak et al.(1572), agarwal (1978) also reported that
grain phosphorus content was increased with higher rates of

application of phosphorus,
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The wvarious times of application of nitrecgen did not
influence the phosphorus content of graln and straw. iIn
the case of straw phosphorus increase was noticed with
50 per cent of nitrogen at transplanting. The availability
of nitrogen at transplanting might have :stimulated vegeta-
tive growth'which in turn led to better absorption of
phosphorus. Baizhigitov gt al. (1980) reported that the
application of nitrogen in splits increased the content

of phosphorus in plants.

3. Potassium contant of plant

Tha result presented in Table 19(i) and 19(ii) indicated
that there was significant difference in the potassium con-
tent of grain with different levels of fertiliger. The highest
level of NPK namely 70t45:45 kg per hectare gave significantly
higher value for potassium content of g;ain. but failed to
produce significant difference in éotassium content of straw.
Naturally the higher dose of NPKX might have led to a better
absorption of potassium by grain and hence registering higher
potassium content in this treatment. Due to the better
absorption of potassium by grain, the content of it in straw
might have been decreased. Singh et al. (1976) observed
that potassium content 0f the grain increased with increased
applicatioﬁ of the nutrient, owing to the greater

absorption and translocation. Sadanandan et al. (1969) found
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that the percentage content of potassium significantly
increased with higher doses of potassiume. According to
Sadayappan and Kolandaiswamy (1974) increased application
of nitrogen is found to.increaae the plant potassium
conﬁent. Agarwal (1978) reported that increase in the

rate of applied phosphorus upto 60 kg per hectare increased

the potassium content of the plant.

The times of nitrogen application did not have signie
f£icant effect on the potassium content of grain and straw
the treatment combination L1T3 produced the highest content

of potassium in plants though not significant.

E. Uptake of nutrients.
1. Uptake of nitrogen

The Table 20 on the uptake of nitrogen showed that the
highest uptake of nitrogen was obtained with treatment Ll
which was found superior to all other levels except Lz.‘

A reference to the Tables 17{(1) and 17{(ii) on the nitrogen
content of grain and straw showed that the highest values

were obtained with treatment L,. The Table 5 on the dry

1
matter production also showed that the highest valus was
obtained with highest level of NPX (Ll). So the uptake of
nitrogen which was computsed from the values also showed the
highest value in this treatment. The effect of nitrogen
application on the uptake of nitrogen had been reported by

many workers. Similar results were reported by Prasad and



141

Jha (1973), Ramaswamy and Raj (1974). Varma (1971) in a
.trial.with high yielding rice reported that nitrogen
uptake in grain and étraw increased with rates of applied
phosphorus. Reddy et al. (1978) also reported that nitrogen
uptake 1lncreased with increase in rates of nitrogen +
phosphorus + potassium f£rom 100 + 50 + 50 to 200 + 100 +
100 kg per hectare. Muthuswamy et al. (1974) showed that
increasing the rate of nitrogen, phosphorus and potassium
increased nitrogen uptake. The absorption and uptake of
nitrogen with the application of potassium had been
reported by Esakkimuthu et al. (1975),Mengel et al. (1976),

singh et al. (1976).

Even though there was no significant difference in the
uptake of nitrogén with different times of nitrogén appli-
cation, the application of 50 per eent of niltrogen 20 days
after transplanting gave higher values . than the other times
of nitrogen application. The Table 5 _gavtaining to the
dry matter production at harvest showed that the treatment
T2 gave the highest value. However, the uptake of nitrogen
was also the highest in this treatment. The influénce of
split application of nitrogen on the uptake of nitrogen
had been reported by many workers like Chaudhry et al.
(1966); Koyama et al.(1973): sSingh and Bharadwaj (1973a);

Rao and Murty (1975a).
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2. Uptake of phosphorus

The result presented in Table 21 showed a significant
increase in the uptake of phosphorus with increasing levels
of NPK, A reference to the Table 18(1) and 16(ii) on the
grain and straw content of phosphorus also showed that the
highest level of phosphorus content was with highgr leveal
of NPK. Tabie on dry maﬁter production (Table 5) also
showed highar values with higher levels of NPK. So the
highest uptake of phosphorus noticed in treatment Ll was
due to the cumulative and complimentary effects of these
treatments. Trials conducted by Iruthayaraj] and Morachan
(1980) revealed that uptake of phosphorus was hlgher witﬁ
higher levels of nitrogen. Higher levels of phosphorus is
also found to increase its uptake (Gupta et al.1975).
Potassium was found to have a pronounced influence on the

uptake and translocation of phosphoruse.

The data also showed that the time of application of
nitrogen had no significant differencefin phosphorus uptake.
However, it could be observed that application of nitrogen
50 per cent at 20 days after transplanting (Tz) was found to
glve higher uptake. A reference to the data on dry matter
production (Table 5) showed that the highest values were
obtained with treatment T2(50 per cent nitrogen 20 days after

transplanting). Hence the high uptake of phosphorus may be



143

due to the high dry matter production in this treatment.
similar results were obtalned by Singh and Bharadwaj (1973b)
who reported that phosphorus uptake was influenced by

time of nitrogen application. Uptake was more when

nitrogen was applied in thres splits.

Loganathan and Raj (1972) noticed that the uptake of
phosphorus in variety Co 32 was changed by the application
of potassium at 40 and 80 kg per hectare. Mchanty and
Patnaik (1974) cbserved that potassium application has

‘increased phogphorus uptake.

3. Uptake of potassium

The Table 22 on the uptake of potagssium showed no
significant difference due to different levels of NPK.
But thé treatmenﬁ wiﬁh highast level of fertiligzers
produced highest uptake values. The Tables 5 and 19(L) and
19(ii) on the dry matter production and potassium content
of grain and straw revealed that the highest values were
obtained with the highest levels of NPK. Gonseéuently the
highest values of uptake of potassium in this treatment
.may be due to the additive effect:. - of all these,
Muthuswamy gglg;.(19741'reported that increasing the rate
of nitrogen, phosphorus and potassium increased their
uptake.‘Sadayappan and Kolandaiswamy (1974) noticed an

increase in potassium content with incresase in nitrcogen level.
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Ramaswami and Raj (1974) observed that phosphorus
application increased potassium uptake. Singh gt al.
(1976); agarwal (1978); Singh and Jaiprakash (1979)
also reported that potassium application increased

potassium uptake in rice.

Similarly, the time of application also did not show
any slgnificent influence on potassium uptake. But treat-
ment T, gave the highest valus, A refersnce to the Tables 5
and 19(ii) on dry matter productlion and potassium c¢ontent of
grain showed that tha highest valuss were in the treatment
Tz. So the highest uptake of potassium in thisz treatment
may be due to the complementary effect of these two. Similar
results wers obtained by Singh and Modgal (1978b) who observed
that the split application of nitrogen was found to be‘more

conducive for potassium uptakes

Fe Soil Analysis.
1. Hitrogen content of soil after the experiment

The Table 23 on the total nitrogen content 6£ the soil
after the experiment showed that there was no significeant
difference between the fertilizer levels and times oé nitro-
gen application. But the data clearly showed a trend of
depletion of total nitrogen with lower levels of NPK as
compared to initial status of soil nitfogen.'aut for the

highest levels of NPK there wag no depletion of nutrisnt
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status of soil even after the experiment. Thls reveals
the f£act that the lower levels are not adequate to maintain

soil fertility status aftar meeting the crop demands.

2. Available phosphorus content of soil after the

experiment

It was seen from the result presentad in Table 24 that
there was no significant difference between the NPK levels
and times of nitrogen application on the available phosphorus
content of soll after the oxperiment, DBut the data, shoyed
that there.was depletion 0f avallable phosphorus content of
the soil except for the highest level, This shows that there
was depletlon of phosphorus after plant uptake with the
lower levels of NPK. Ths data clearly showed the need for
application of high levels of NPK for the maintenance of

nutrient status of soil,

3. Available potagsium content of goll after the experiment

The data on the available potassium content of soil
after the experiment provided in Table 25 showed that there
was no signlficant differsnce in the potassium content
with levels of NPK and «imes of nitrogen application after
the expsriment. This result showed that the potassium
content increased in the soil after the experimsnt with
higher rate of NPK gpplication. The table on the uptake of

potasgium showed non~significant difference with levels of



NPK but higher uptake was noticed with higher rate of
NPK application. It can ke concluded that tha highsst
level of potassium appllcation tried in the experiment
s sufficlent to bulld up soll potassium status even

after meeting plant demands,
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SUMMARY

an experiment was conducted at the Regional Agricul-
tural Research station, Pattambl during the second crop
season of 1982-83 to gtudy the effect of different lewvals
of fertilizers and time 0f application of nitrogen on
growth and yield of rice variety iMashurd. The experiment
consists of geven nutrient combinations ©of nitrogen
varying from zero to seventy, phosphorus and potassium
varying £rom zero to forty five kg per hactare with three
times of application of nitrogen{ 50 per cent as basal
+ 25 per cent 20 DAT + 25 per cent 40 DAT, 25 per cent és
basal + 50 par cent 20 DAT + 25 per cent 40 DAT, 25 per cent

as basal + 25 per cent 20 DAT + 50 per cent at 40 DAT)

The experiment was laid out in the split plot design
with the levels of fertilizers in main plots and time of
application of nitrogen in sub-plots. The results of the

experiment are summarised below,.

1. Plant height was increagsed at all stages of growth
by increasing the nutrient levels. The time of applica-
tion of nitrogenous fertilizer did not exaft any
influence on height of plant at any of the growth stages,
except at maximum tillering stage. The interaction

effect was also not significant in this résPect.
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The number of leaves increased with higher levels
of nutrient application at all growth stages upto
£lowering. The control plot registered the minimum
number of leaves at all growth stages. However, the
difference between the sub plot treatments and ths

treatment combinations were not significant,

An increase in nutrient level exerted considarable
influence on the number of tillers per plant at all
stages of growth. The treatment L1 (70:45:45 kg NPK

per hectare) gave the highest tiller number at f£lowering
and harvest stages. The tiller number observed in

the control plots werea much less than all other
treatments. As regards time of altrogen application,
trestment %, gave significantly higher number of

tillers at active tillering stage and TZ produced
significantly higher number of tillers at maximum
tillering and paniecle initiation stages The interaction
effects were not significant.

Pbry matter production was the highest in treatmesnt Ll-
raecelving the highest level nutrients and minimum with
treatment L7. receiving no nutrient. The dry matter
production was not significantly influenced by time

of nitrogen application and treatmant combinations.



Se

6o

7 e

8e

11493

Nutrient level 70 145:45 kg NPK/ha (Ll) gave the
highest productive tiller count. The time of appli-
cation of nitrogen had no significant effect on
number of productive tillers, but highest numbers
were obtained in treatment Tl. The interaction also

did not show any significent differenca,

- Length of panicle and weight of panicle wers not

significantly influenced by the level of nutrients,
But the langth of panicle was the highest in treate
ment Lg and heaviest panicle in treatment Ly, The
time of applicatlon of nitrogen did not show any
significant influence on length and weight of

panicle. The interaction also were not significant,

The different levels of nutrients, time of nitrogen
application and their combination; fgiled to preduce
any significant influsnce on numbar 6f grains per
panicle, half f£illed grains per panicle and unfilled

grains per panicla,

There Wwas no significant difference in the thousand

grain welght with different lavels of nutrients., The

* time of nitrogen application also failed to show any

significant influence on the thousand grain welght.

The interactilon effect also was not significant.
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"influenced by the nutrlent levels. Treatment L
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The grain and straw yilelds were significantly

1

gave the highegt yield. The grain and straw yieldswere
not significantly influenced by the time of nitrogen
application. The interaction efiect was also found
not significant giving highest value with treatment

combination LlTB'

The nutrient levels did not exert any significant
influence on the grain:straw ratio. But it was signi-
ficantly inflﬁenceﬁ by the tims of application of
nitrogeﬁ and treatment T2 gave the lowest valus, The
interaction effect was also found significant and the
lowest value waé obtained with treatment combination

Lszo

The protein content of the grain was significantly
influehged by the different nutrient levels giving
the highest value for the highest level of NPK(Ll).
Ths absolute control gave the lowest percentage of
protein in the grain. The time of application of
nitrogen and the interaction effects were not signi-

ficant, 1n this quallty attribute,
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The nitrogen and potassium content of the plant

was significantly influsnced by the nutrient levels.

' The phosphorus content of the plant was not significan-

tly influenced by the levels of NPK, The highest
contents of nitrogen, phosphorus and potassium
ware obtalned in the treatment L1(70:45:45 kg NPK
per hectare). The NPK content of plant was not
significantly influenced by the time of application
of nitrogen. The interaction effects were also not

sionificant.

Uptake of nitrogen and phosphorus increased
signlificantly with increase in nutrlent levels.
Highest level of NPK (Ll) gave the highest nitrogen,
phosphorus and potassium uptake values though there
was no significant difference in the untake of
potassium, Similarly the time of application of
nitrogen dild not exert any significant influenc . on
the uptake of NPK. The interaction efiect was also
not significant,

The varlous treatments did not show any significant
influence on the total nitrogen, available phosphorus

and availilable potassium content of the soil,
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APPENDIX I
Meteorological data during the crop season 1982-83.

Stande Pariod Total Maximum Minimum
ard — = raine tempera- temnpera- ReH %
weeks fall ture. ture
mm g c
39 Septe. 24 Sept.30 2.2 31.2 22.7 97
40 oOct.e 10 Oct, 7 Be2 33.2 23.0 96
41 . Octe 8  Oct. 14 31.8 3345 23.4 94
42 Oct. 15 Oct. 21 645 32.5 23.2 95
43 ' Oct. 22 Octe 28 117.4 32,9 22.5 97
44 Oct. 29 Nov. 4 20.6 32.5 2341 93
45 Nove 5 Nove 11 2048 32.1 23.3 95
46 Nov.e 12 Nov. 18 0.8 32.7 23,6 o1
47 Nove 19 Nov. 25 - 33,8 23.0 82
48 Nove 26 Deca 2 - 357 2349 77
49 Dece 3  Decs 9 - 32,9 2149 76
50 Dec. 10 Dec. 16 046 32,7 21.8 78
51 Dec. 17 Decy 23 - 33.5 22.2 75
52 Dec., 24 Dec., 30 - 33.0 21.5 74
1 Dec. 31 Jan. 7 9.2 33.4 19.8 75
2 Jan. B8 Jan. 14 19,9 34.7 1743 74
3 Jan., 15 Jan. 21 9,1 33,9 21.1 74
4 Jan. 22 Jan. 28 9.6 34.6 21.8 73
5 Jan, 29 Fob, 4 9.3 35.4 21.4 81

Contdaes



APPENDIX I (Contd.)

Average values of meteorological observations

for the past ten years

(1972=73 to 1981-82)

Stand- Period Total Maximum Minimum RoH %
ard From To Rain~ tempera~  tempera-
weeks £all ture ture
it} oc OC
39 Sept. 24 Sept. 30 53,39 31,002 23,07 95,5
40 Bet.l Octe 7 27447 31.092 24 .84 95.5
41  Oct.B Oct. 14 634102 31.272 - 23,24 95,6
42 Octe. 15 Octe 21 32,532 31.58 22,95 95,5
43 Oct. 22 Octe. 28 15.43 31,572 22,892 94,3
44 Oct, 29  Nov. 4 49.7 31,842 22,652 94.5
45 HNove 5 Nove. 11 40.66 31,632 22,822 93.2
46 Nov. 12 Nov. 18 39,762 32,28 22,72 9347
47 Nov. 19 Nove 25 24409 32,022 21.77 92,1
48 Nov. 26 Dece 2 13443 32,452 21,96 9042
49 Dec. 3 Dec. 9 13,91 33,011 21,802 89,333
50 Dec. 10 Dec. 16 4,955 32.78 21.1888 864333
51 Dec. 17 Dec, 23 0.2444 33,344 21.8323 81.666
52 Dec. 24 Dec. 30 4,35 32,502 20.522 82,333
1 Dec. 31 Jane. 7 - 33,002 19.722 80.4
2 Jan. 8 ‘Jan., 14 - 324482 194462 79.6
3 Jan. 15 Jan. 21 - 33.23 18.7 80.0
4 Jan. 22 Jan, 28 0.3 33,822 2035 81.6G
5 Jane. 29 Feb. 4 0.21 34.47 20,39 - 84.6




APPENDIX II

abstract of analysis of varlance table for height of the plant at tillering, panicle

initiation, flowering and harvest.

Mean sguare

source af .
' At active At maximum At panicle At flower- At harvest
tillering tillering initlation ing ing
Block 2 63255 0+5341 - 2.478095 13.0479 32,9755
© B R . . Kk wE
Main plot 6 19.4022 145,78495 '178.28898 244 .95297 186.3535
Error (a) 12 15.96004 18.877 11.2034 18.8937 12.5958
*t
sub plot 2 3.0778 62.4929 12,0820 26,4015 847935
Subplot x 12 641865 | 11.6072 11.4029 13.7796 1348043
main -
Error (b) 28 5.0635 - 7.9759 5.8175 15.0111 12.2095

. * Significant at 5% lavel
ax Significant at 1% level



APPENDIX IIX

Abstract of analysis of variaince table for number of leaves at active tillering
maximum tillerxing, panicle initiation and folowering

Mean sguare

Squrce df
At active At maximum At panicle At flower-
_ til;ering tillering initlation ing
Block 2 1.21848 0.84097 5.4583 11.9538
-~ R Hx
Main plot . 6 5.44195 41.0848 46,3276 2542934
Error (a) 12 7.815927 749263 7.3308 11.0259
Sub plot 2 1.65486 13.6142 7.0763 1.,4713
Sub plot x 12 2.70055 3.4589 1.2230 3.3812
main
Brror (b) 28 2.790001 4.9921 5.0350 2.9417

w

Significant at 5% level

wr gignificant at 1% level



Abstract of analysis of variance table for number of tillers

APPENDIX IV

tillering, panicle initiation, flowering =nd harvest.

per hill at

Mean square

sourae at At active At maximum t panicle At £low~ At -
tillering tillering fhi iation erinaow harvest
Block 2  0.170299 2.6416" 0.3480 1.6490" 0.2613
ain plot 6  0.76697 2.9815 1.5554 1.61597 1.3269"
Error (a) 12 0.4456 0.5862 0.3898 0.2335 0.35521
Sub plot 2 1.3953 2.7968 1.6535 045317 0.5080
Subplot x 15  g.3061 02088 0.3240 0.2095 0.1725
main '
Brror (b) 28 0425596 0.4647 0.31983 0.3604 0.23336

- % gignificant at 5% level

#* Significant at 1% level



APPENDIX V

Abstract of Analysis of variance table for dry matter production, number of
productive tillers, length of panicle and welght of panicle

Méan Square

Source at Dry matter Productive Productive Length of Weight of
production tiller at tiller at panicle panicle
at harvest flowering harvest.

Block 2 600746.,725 0.9776 042273 4,6005 - 0.2857
) *

Main plot 6 4158368.82 1.5808 0.6610 0,40395 0.4304

Error (a) 12 1766353.61 1.0530 0.15956 2.127029 0.6825

Sub plot 2 1192658.4 0.1598 0.0849 0.3951 0.1073

Subplot x 12 774829.55 0.1784 0.146695 0.8857 0.5113

Error (b) 28 0.3090 0.19429 1.05822 0.4605

1340073.13

* Significant at 5% level
** significant at 1% level



APPENDIX VI

Abstract of Analysis of variance table for number of grains per panicle, half f£illed

grains per panicle, unfilled grains per panicle and thousand grain weight.

Mean square

source ag Number of grains Half £11led grains  Unfilled grains  Thousand
per panicle. per panicle per panicle grain
weight
Block 2 10824593 35.753 200,5315 0.72132
Main plot 6 295.768 7.353376 31.6294 0.92088
Error (a) 12 880,184 12.05216 96.3045 2,039
Sub plot 2 645,299 0.899597 63.808 0465726
gub plot x Main 12 3504146 5.,58097 31.0656 1.072188
Error (b) 28 324,24 667165 . 38,4865 " 0.891596

* Significant at 5% level
** Significant at 1% level



APPENDIX VII
Abstract of analysis of variance table for weight of grain, weight of straw
grain:straw ratio and protein content of grain.

Mean sguare

sSource at

Weight of Weight of Graln:strawy Protein
grain straw ratio content of
graine

Block 2 92897 .686 239664 423 0.040177 0.7849502
T . % .

Main plot 6 754541 .253 2470855.82 0.0219505 5.065827
Error (a) 12 128229,963 " 164079.29 0.013829 1174903

w
sub plot 2 36918.,53¢6 289012.62 0.015567 0.1860999
‘ =

Suﬁgiﬁt * a2 28501.918 102038.08 0.0082549 1.1015484
Error (b) 28 34162.8006 100200.92 0.0034761 1.046828

% Significant at 5% level
** significant at 1% level



APPENDIX VIII

Abstract of analysis of variance table for nitrogen, phosphorus and potassium
content in plants and grain

af

Mean sguare

N contant 8 ceatent P content ? content X content X content

of stxaw of grain of straw . of grain of straw of grain
Block 2 0.00003612 0.0201 0.0035656 .0.ﬂ03413 0.361014 0.0013925
Main plot 6 0.60492616 0.1297G16 04006 0.017473 0..0542865 0.038257
Error (a) 12 0.0065537 0.030065 0.003¢634 0.0170% 0.056280254 0.0080254
Sub plot 2 0.02569 0.G04758 0.0007545 0.0034876 0.00301686 - 0.0089688
Subplot x 12 0.503427 0.028139 0.001737 0.003224698 0.,0158%24 0.00394169
main
Error (b) 28 0.0072238 0020799 0.007136 0.012951 0..087993 0.0251557

* Sigmnificant at 5% level
*k Significant at 1% level



APPENDIX IX

Abstract of analysis of variance table for uptake of Nitrogen, phosphorus,
potassium and content of it in soil after the experiment.

PR ]

Mean square
™

- s E il TN

Source af '
Uptake of Uptaks of Uptake of Soil N S0il P Soil X
71 P K content contant content
Block 2 9,5093 4663 67.02335 0.0006326 212.94 418,349
Main plot 6 1326.495 177,001  1570.13 0.0003041  £3.32 1329,0428
Brror (a) 12 138.4885 53,051 695422 0.0004515 113,99 931,184
Subplot 2 29.i6G1 1,773 165413 0.00000775 64,33 44,78
S;g§§°t X 32 28.448 3.656 7753528 0.000147%  44.53 69.78
Error (b) 28 74.159 15,234 T14.5226 0.00090¢2 53460 175,58

% Significant at 5% level
#% Significant at 1% level
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ABSTRACT

With a view to investigate the response of the rice
variety Mashuri to fertilizer levels and times of nitrogen
application, a field experiment was conducted at the Regional
Agricultural Research Statlion, Pattambi, during thes second
crop saeason of 1982-83, The treatments consisted of seven
nutrient levels (70:45:45, 70:35:35, 60:35:35, 60:25:25,
5035335, 50:25:25 and 0: 0: 0 kg NPK per hectare) and three
times cf application of nitrogen. (50% as basal + 25% 20 DAT
+ 25% 40 DAT, 25% as basal + 50% 20 DAT + 25% 40 DAT and
25% as basal + 25 % 20 DAT + 50% 40 DAT) and thelr varicus
¢ombinations.

The experiment was laid out in splite-plot design with
levals of fertilizers in main plot and times of application

of nitrogen in sub-plot with three replication.

The study revealed that the height of plants, number
of leaves, number of tillers and dry matter productionlwere
all increased by the higher levels of nutrients at different
stages of crop growthe The time of application of nitrocgen
and the interaction effects were not significant in increasing
these growth attributes.

The different nutrient levels, time of nitrogen applie
cation and thelr combinations f£ailed to produce any signi-
ficant influence in lengtih and weight of panicles, number of
gralns, number of half £illed and unfilled grains per panicle

and thousand grain weight.



The grain and straw yields were significantly
increased by the highest levels of nutrients namely,
70 245 145 kg NPK per hectars. Though the time of appli-
cation of nitrogen did not show any significant effect.
the grain yield was the higheét in treatment T3 and straw

yield in treatment TZ'

The grain protein content also showed significant
difference between treatments and the treatment 70 :45:45 kg

NPK per hectare gave the highest value,

The content and uptake of nitrogen, phosphorus and
potassium were fougd to be the highest in the treatment.L
(70345345 kg NPK/ha)e The time of application of nitrogen

and the treatment combinations were not significant.

The soil nutrient status (Total nitrogen, available
phosphorus and avallable potassium) was not significantly
influenced by the various nutrient levels, time of appli=-

cation of nitrogen or their combinations.



