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IN TROD UC TION



INTRODUCTION

, Rice which is the staple food of the people of 
Kerala is extensively grown in the State occupying an 
area of 8,07 lalchs 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 
yield* More over, most of them are not ideally suited 
for cultivation in problem areas like water logged soils.

The Malaysian rice variety which was introduced to 
India as early as 1965 was known as Mashuri in Andhra 
Pradesh. This variety was evolved by hybridisatiOhi ■ 
between Taichung 65 and Maying Ebos 80/2 in Malaysia.
This variety is found to respond well to nitrogen and 
perform much better in water logged conditions. It is 
a photoinsensitive variety having good cooking quality.
It has the added advantage of a higher straw yield.

Palghat is an important rice growing tract of the 
State where Mashuri is extensively cultivated and is 
becoming increasingly popular among the farmers of the 
tract especially during second crop season. But a correct 
assessment of the nutritional requirement of this variety
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has not been worked out in this tract*

The Eice Research Station, Pattambi represents the 
typical agroclimatic condition of Palghat district*
Although Mashuri is a tall variety, studies revealed that 
it can respond fairly well to higher levels of fertilisers 
(sobhana, 1983)* However, detailed investigations to 
ascertain the optimum level of nutrition for the variety 
are lacking in this tract. More 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 Investigation 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 is 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 application depends upon the rice 
variety and environmental condition under which the crop 
is grown (Hall, I960). The effect of split application 
of nitrogen vary a lot due to differences in crop manage
ment, soil condition, growth duration and weather condi
tion (Have, 1971). Mashuri being a tall indica variety
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may be susceptible to lodging by the application of 
nitrogen in heavy doses. Therefore it is necessary to 
assess the performance of the crop by the application of 
nitrogen In split doses, so as to work out the best method 
of split application of nitrogen* ,

Hence the present investigation was carried out in 
the Regional Agricultural Research Station, Pattambi during 
the second crop season of 1982 with the following objectives.

1. To find out the optimum level of nitrogen, 
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, 
phosphorus and potassium nutrition and time of 
application of nitrogen.

3. To assess the quality of grain as affected by 
nitrogen, phosphorus and potassium nutrition 
and time of application of nitrogen.



REVIEW OF LITERATURE



REVIEW OP LITERATURE

The following review deals with the effects of 
different levels of nitrogen, phosphorus and potassium, 
along with the times of application of nitrogen on the 
growth, yield and quality of grain and the uptake of 
nutrients by rice.

Effect of Nitrogen 
A, Growth characters.
1. Haight of the plant

Lenka and Behera (1967) reported that application of 
nitrogen progressively increased the plant height upto 
120 kg per hectare. In pot culture experiment Ahmed and 
Paia (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 levels 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 hectare. Koyama and Niamsrichand
(1973) reported that the plant height was increased with 
nitrogen application upto 93 kg per hectare. However,
Eunus and Sadeque (1974) opined that, plant height v;as 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 hectare*
Lenka at 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 
nitrogen application*

2* Tiller number
Lenka and Behera (1967) reported significant increase 

in tiller per plant with increased nitrogen application. 
Velly and Latrille (1967) observed increased tillering by 
increased nitrogen application upto 120 kg nitrogen per 
hectare* Ahmed and Pais (1969) noticed an Increased number 
of tillers wltdi higher rates of nitrogen application upto 
250 kg per hectare* Lanka (1969) found positive response of 
nitrogen application or tiller number of plant which pro
gressively increased with incremental dose of nitrogen* 
According to Shrivastava ot al. (1970) the increase in 
tiller number by the application of higher levels of 
nitrogen is responsible for higher grain yield* In pot 
experiment conducted by Pande and Narkhede (1972) rice 
variety Taichung-65 produced higher tiller count with 
higher nitrogen levels upto 90 kg par hectare. Lenka et al.
(1976) observed increase in tiller number per plant by 
incremental doses of nitrogen from 0 to 180 kg per hectare.
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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 gave 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 number,

B, Yield attributeso
1, 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 fertilisation of 135 kg per hectare, 
Ramanujam and Rao (1971) could observe an increase in the 
number of panicles per hill with nitrogen levels above 90 kg 
per hectare. According to Muthuswamy et al. (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, Sumbaii and Gupta (1972) could notice an Increase 
in the number of effective tillers per hill with increased 
levels of nitrogen application upto 200 kg per hectare.
Panda and leauwrik (1972) showed increased number of fertile
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tillers with increased rate of nitrogen application. 
Subramanian and Kolandaiswamy (1973) could notice an 
increased number of productive tillers per square metre 
with an increase in nitrogen level upto 240 leg per hectare* 
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, subbiah and iiorachan (1974) obtained signi
ficant Increase in panicle number as the nitrogen levels 
increased. Gowda and Pahikar (1977) obtained higher number 
of productive tillers per' hill with increased nitrogen 
levels upto 160 kg per hectare. Dixit and Singh (1979) 
observed a higher number of ear bearing tillers with 60 kg 
nitrogen par hectare as coitpared 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 par hectare. Ramanujam 
and Rao (1971) noticed an increase in panicle length with 
applied nitrogen upto 180 kg per hectare, similar results 
were reported by Singh (1971). He reported an increase in 
panicle length with incremental doses of nitrogen from 0 to 
160 kg per hectare. Panda and Leeuwrik (1972) also observed 
an increase in panicle length with higher rates of nitrogen



application. Sadayappan et al. (1974) found that though 
panicle length was influenced by nitrogen application 
treatments with 50, 100, 150 and 200 kg par hectare were 
all on par* Subbiah and Morachan (1974) reported decrease 
in panicle weight with increase in the rate of nitrogen 
application and they attributed this to lodging of these 
varieties under higher levels of nitrogen application.
Raj et al. (1974) obtained the highest panicle length with 
200 and 250 kg nitrogen per hectare. Padmaja (1976) •
reported that panicle weight increased upto 60 ppm nitrogen. 

Reddy and Prasad (1977) obtained linear response to 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 et al.
(1977) could find 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 par hectare. 
Similarly Singh at al. (1979a) noticed that panicle length 
increased with nitrogen rates upto 120 kg per hectare.

3. Number of grains per panicle

Ahmed and Fais (1969) found that number of grains per 
panicle increased with increase in nitrogen upto 150 kg per
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hectare. Gupta et al. (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 
Hiamsrichand (1973) reported that spikelet number per 
panicle increased with higher rates of nitrogen application 
upto 94 kg per hectare. Prasad and sharma (1973) analysed 
the effects of levels of nitrogen and concluded that higher 
nitrogen level of 225 kg per hectare has more than doubled 
the total number of spikelet per panicle as against the 
control with no nitrogen. Natarajan at al. (1974) could 
find no significant increase in number of grains per panicle 
with incremental doses of nitrogen application. Results 
obtained by Purushothaman and Morachan (1974) and 
Sadayappan et al. (1974) showed that number of grains per 
panicle increased with increased nitrogen application. 
According to Subbiah et al. (1975) grain number per panicle 
was increased with increasing the nitrogen doses from 0 to 
100 kg per hectare. Lenka et al* (1976) could notice 
reduction in number of grains per panicle with increased 
nitrogen application. Bhaumlk and Ghosh (1977) showed that 
flllsd grains per panicle directly influenced grain yield
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and that correlation value increased at higher rates of 
nitrogen application* Dixit and Singh (1979) on the basis 
of experiments 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 grain weight

Tsui 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 increased 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 at al. (1970) and Ramanujam and Rao (1971) also 
reported negative response of nitrogen in the yield attri
butes. Several workers reported that thousand grain weight 
was unaffected by nitrogen application (Muthuswamy et al.. 
1972; Natarajan et al.# 1974; Lenka et al.# 1976).

According to Panda and Leeuwrik (1972) nitrogen 
increased thousand grain weight considerably, Rethinam (1974) 
found that in respect of this yield attribute maximum 
response was obtained at 160 kg of nitrogen per hectare and 
there was reduction in grain weight at 200 kg dose. Though

I



Sadayappan at al. (1974) could observe increase in the 
weight- of thousand grains by nitrogen application, the 
treatments from 50 to 200 kg nitrogen per hectare were 
on par in this respect. Padmaja (1976) reported that 
increase in thousand grain v/eight with graded doses of 
nitrogen application was noted upto 200 ppm. Gowda and 
Panikar (1977) also observed an increase in thousand grain 
weight due to nitrogen application. Similarly, Raju (1977) 
could notice a significant increase in thousand grain 
weight by nitrogen application.

C. Yield.

1. Grain yield
Ramanujam and Rao (1971) reported that paddy yields 

were decreased when nitrogen wa3 applied more than 90 kg 
per hectare. Pillai and George (1973) showed that nitrogen 
supply over 00 kg per hectare could not increase the yield 
significantly, itfair 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 nitrogen applica
tion and maximum yield was obtained with 160 kg nitrogen 
per hectare in both tall and dwarf indica rice varieties. 
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 
grain yield upto 80 kg nitrogen per hectare. Sharma and 
De (1976) reported that Increasing the nitrogen rates 
from 0 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 
from 0 to 120 kg per hectare, increased average paddy 
yield in six early maturing rice cultivars. Singh and 
singh (1976) observed that average grain yield increased 
from 1.44 to 2.0 t per hectare by an increase in nitrogen 
application from 30 to 90 kg per hectare. Venkatachari et al.
(1976) observed that highest yield of rice could be 
obtained at 150 kg nitrogen per hectare where as the 
response 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# IK-8 and 
IK-5, Raju (1977) reported that the highest yield of 4.99 t 
per hectare was obtained in the variety Mashuri with 100 kg 
nitrogen per hectare. Rao (1977) obtained linear increase 
of paddy yield with increasing nitrogen rates. He also 
reported that the economic optimum rate of nitrogen was 
100 kg per hectare.
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An investigation by Dargan 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 Murty
(1978) obtained increased rice yields with nitrogen rates 
upto 120 kg per hectare. Poulosa et al. (1978) reported 
that rice variety IR-8 gave highest grain yield with 80 kg 
nitrogen per hectare where as Ptb-9 gave the highest yield 
with 40 kg nitrogen per hectare. Venkateswarlu(197B) revea 
led that application of 250 kg nitrogen par hectare 
increased the grain yield significantly over nitrogen rates 
of 50, 100, 150 and 200 kg per hectare tried. Cabello (1979) 
showed that cultivar IR-8 gave the highest grain 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. According to Panda and Das (1979) increasing 
the rates of applied nitrogen from 0 to 200 kg per hectare 
increased the average paddy yield from 6.13 to 8.96 t per 
hectare in seven dwarf rice cultivars tried. Raju (1979) 
could observe increase in grain yield with nitrogen doses 
upto 180 kg per hectare. Dixit and Singh (1980) in a 
field 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



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. He also reported that response of 
applied nitrogen was of quadratic nature and the most 
profitable nitrogen rate for the three cultivars namely 
Saket, Ratna and CR 44-1 was 52.2, 68.5 and 37.6 kg per 
hectare respectively. Patel et al. (1980) 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 field trial observed yield reduction with increased 
levels of nitrogen application above 30 kg per hectare.

According to Fagi and Datta (1981), for 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 (1981) also reported 
that grain yield increased with higher levels of nitrogen 
application. Matin and Bhuiya (1981) reported that grain 
yield increased from 3.25 to 4.68 t with 0 to 120 kg nitrogen 
per hectare. Bhatti et al. (1982) revealed that the grain 
yield increased from 3,59 to 7.32 t by enhancing the dose of 
nitrogen from 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 from 
100 to 200 kg per hectare which they have attributed as 
fewer filled florets despite an increase in panicle number.

In a trial with six rice cultivars Peeran and Anandan 
(19S2) showed that the cultivar had low response to
nitrogen fertilisers and average yield of all cultivars 
were increased from 3*1 t with no nitrogen to 5 t with 
160 kg nitrogen per hectare. Peeran and Anandan (1982) 
showed that yield of rice cultivars Ponni and IR-20 were 
higher at 20 x 20 cm spacing regardless of nitrogen levels 
applied at 0 to 30 kg per hectare.

2. straw yield

Daniel (1970) reported that straw yields were found 
unaffected by nitrogen application in rice variety Ptb-9. 
Ramanujam and Rao (1971) reported that straw yield increased 
when nitrogen dose was increased upto 180 kg per hectare. 
Muthuswamy at al. (1972) observed a significant increase in 
straw yield upto 120 kg nitrogen per hectare. Panda and 
Leauwrik (1972) could observe increased yields of straw upto 
200 kg nitrogen per hectare. According to Sumbali and 
Quota (1972) straw yield was found to increase upto 200 kg 
nitrogen per hectare. Sadayappan et al. (1974) also found
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a positive influence of nitrogen on straw yields,
Rethinam et al. (1975) reported that straw yield in rice 
varieties was influenced by increased dose of nitrogen. 
Venkateswarlu (1978) noticed an enhanced straw yield upto 
200 kg nitrogen per hectare. Dargan and Chillar (1978) 
also observed similar response. Matin and Bhuiya (1981) 
reported that straw yield increased from 3.5 to 6.11 t with 
no nitrogen to 120 kg nitrogen per hectare. Bhatti et al. 
(1982) revealed that the straw yield increased from 5.72 
to 12.77 t par hectare with increased dose of nitrogen 
from 0 to 120 kg per hectare.

D. Quality of grain.

Ghosh et al. (1971) reported that increase in nitrogen 
rates was*. accompanied by linear increase in grain protein 
content. Kulkami (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 grain 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.



17

Srlvastava and Verma (1974) could obtain an enhanced grain 
protein content with progresssive increase in nitrogen 
levels upto the highest rate of 200 kg per hectare. 
Subramanian et al. (1974) reported that levels of nitrogen 
had no effect on crude protein content of grain. Uptake of 
nitrogen increased linearly with increased 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 
nitrogen application from 0 to 80 kg per hectare. Raju (1979) 
also observed increased protein content with applied nitro
gen.

E. Uptake of nutrients.

Ramanujam and Rao (1970) observed an increase in the 
total nitrogen content with increased nitrogen levels. Koyama 
and Miamsrichand (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 Increasing level of nitrogen, 
similarly Ramaswami and Raj (1974) also could observe an
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Increased nitrogen uptake with enhanced nitrogen applica
tion. Nagarajan et al. (1975) concluded that although 
nitrogen application at flag 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 upto 120 kg per hectare 
Increased the uptake of nitrogen* Singh and Modgal (1978a) 
and Raju (1978) also reported similar results. According 
to reports by Reddy et al. (1978) maximum nitrogen uptake 
was seen at harvest compared to maximum tillering and 
panicle initiation stages. According to Singh and Modgal 
(1979) nitrogen concentration in plants due to nitrogen 
nutrition was the greatest at the panicle initiation stage 
and thereafter found decreasing.

Loganathan ana Raj (1972) reported that the uptake of 
phosphorus by grain of paddy was not influenced by nitrogen 
application. Ha also reported that nitrogen level had 
little effect upon phosphorus absorption by straw. Pathak 
et al. (1972) observed a higher concentration of phos
phorus in plants at high fertility level. They also reported 
that grain was richer in phosphorus in comparison to straw. 
Singh and Bhardwaj (1973b) noticed that smaller amount of 
nitrogen application proved instrumental in enhancing the

J
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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 (1973) reported that grain phosphorus content was 
decreased with nitrogen application. Raju (1978) reported 
increased phosphorus content of straw with increased nitro
gen application from 0 to 130 kg per hectare. Singh et al. 
(1979) found that Increasing the rate of nitrogen from 
80 to 160 kg per hectare increased the grain phosphorus 
content. Iruthayaraj and Morachan (1930) could notice that the 
uptake of phosphorus was more v/ith 240 kg per hectare than 
with lower levels.

Loganathan and Raj (1972) could notice that the uptake 
of 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 3ig per hectare*
Esakklmuthu et al. (1975) observed that potassium uptake was 
increased with applied nitrogen. Agarwal (1978) reported 
that potassium uptake was increased by the application of 
nitrogen upto 120 kg per hectare. -Singh and Hodgal (1978b) 
observed that uptake of potassium was enhanced by the appli
cation of nitrogen upto 120 kg per hectare.
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Effect of Phosphorus

A. Growth characters.
1* Height of the plant

Place et al* (1970) reported that increased applica
tion of phosphorus from 0 to 56 kg per hectare decreased 
the plant height. Aaron et al* (1971) reported that increa
sed application 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 at al. (1974) noted that, plant height ivas not 
significantly influenced by phosphorus application upto 
80 kg per hectare. Alexander et al. (1974a) reported that 
plant height was unaffected by phosphorus application. 
Kalyanikutty and Morachan (1974) showed that phosphorus 
did not have any marked affect on plant height*
Bharadwaj et al. (1974) reported that there was no signi
ficant difference between the rates of phosphorus appli
cation in influencing the plant height.

2* Tiller number
Terman and Allen (1970) observed that tillering 

increased markedly with amount of applied phosphorus on the 
low phosphorus content of soil and 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 al. (1974) from his 
data showed that the number of tillers per plant increased 
with increasing rates of phosphorus application. According 
to Kalyanikutty and Morachan (1974) the number 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-Q and given 0,50,100 or 150 kg 
phosphorus per hectare. Suseelan (1978) noticed 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. Yield attributes
1* Productive tiller count and number of panicles par hill

In field 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 significant 
increase in the number of productive tillers by an applica
tion of 59,7 kg phosphorus per hectare. Nair at al.(1972)
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reported that number of productive tillers per hill 
was highly influenced by the phosphorus application.

On contrary to this# Alexander et al.(1974a) could 
not obtain any Influence of phosphorus on the number of 
fertile tillers. Sadanandan and Sasidhar (1976) noticed 
that increasing rate of applied phosphorus hold no signi
ficant effect on the number of productive tillers. 
Bhattacharya and Chatterjee (1978) reported that production 
of early tillers was increased with phosphorus application 
which resulted in more number of productive tiller per 
hill.

2. Panicle length and panicle weight

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

4

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

per panicle was increased with increase in phosphorus appli-
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cation, Majumdar (1971) revealed that number of grains per 
panicle was significantly increased by application of 59.7 
kg phosphorus per hectare. 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 90 kg phosphorus per hectare brought about 
distinct increase in number of grains per panicle over 
30 kg phosphorus per hectare. Alexandar et al. (1974a) 
observed that the number of grains per panicle was unaffected 
by the phosphorus application. Sadanandon and Sasidhar (1976) 
could not find any effect of phosphorus on number of grains 
per panicle. Bhattacharya and Chatterjee (1976) opined that 
phosphorus application induced early tillering which in turn 
gave more number of filled spikelets per panicle. Suseelan et al.
(1978) found that the number of filled grainB per panicle 
was unaffected by the rate of phosphorus application.

4. Thousand grain weight

Place ot al. (1970) recorded decrease in thousand grain 
weight with increase in levels of phosphorus applied from 
0 to 56 kg per hectare. Majumdar ^1571) noticed that thousand 
grain weight was increased 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 et 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 increased with increasing levels of phosphorus upto 
45 kg per hectare.

C. Yield 
1• Grain yield

Moolani and Sood (1966) observed yield reduction with 
increased rates of application of phosphorus, shukla (1969) 
noticed that paddy yield was unaffected by phosphorus 
application. According to Dev et al. (1970), in a trial 
with three rice cultivars grown in Kharif at two sites of 
Kamal district, Haryana# increases in the rate of applied 
phosphorus from 30 to 90 kg per hectare ware accompanied by 
linear increase in the average paddy fields from 3 to 4.32 t 
per hectare at Rarnba where available soil phosphorus was 
9 kg per hectare and 4.44 to 6.1 t per hectare at Gharaunda 
where the available soil phosphorus was 3 kg per hectare.
The paddy yield response per kg of applied phosphorus 
varied between soils depending on available phosphorus content. 
Khatua and Sahu (1970) reported that application of 40 kg 
phosphorus per hectare resulted in increased paddy yield as 
compared to no phosphorus application. Hair and Pisharody
(1970) reported that paddy yields were not increased with
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22*4 to 56 kg phosphorus per hectare allied alone or 
with various rates of nitrogen of potassium* Aaron et al*
(1971) could notice increased paddy yields with increased 
phosphorus application. Majumdar (1971) also noticed 
increase in paddy yields with incremental dose of phos
phorus application. Increase in grain yields with phosphorus 
application were also reported by Kalyanikutty and Korachan
(1974). According to Gopala^irishnan et al. (1975) grain 
yield was influenced by phosphorus application. Dixit and 
Singh (1977) reported that grain yield was increased from 
2.4 to 2,7 t per hectare when the rate of phosphorus appli
cation was ranged from 0 to 40 kg per hectare. Agarwal
(1978) observed that grain yield was increased from 4.54 to 
4.94 t when the application rate of phosphorus ranged from 
0 to 120 kg per hectare. Ageab and Yousif (1978) reported 
that phosphorus application influenced paddy yield signi
ficantly. Rabindra (1978) revealed that, grain yield was 
increased from 2*86 to 3,26 t per hectare with 0 to 100 kg 
phosphorus per hectare* Jones et al* (1979) reported that 
increases in paddy yield over control were highest with 
application of 22,5 kg phosphorus per hectare aB Morocco 
rock phosphate or single super phosphate broadcast at 10 
days after sowing and with application of basic slag at 45 kg 
per hectare broadcast in equal split dressing at 10 days 
after sowing and 14 days after transplanting. Rao et al



(1974) reported that paddy yields obtained with 30 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* Similarly Robinson and Raja 
gopalan (1977) reported that paddy yields were not 
influenced by phosphorus application* Singh et al* (1979b) 
noticed that grain yield was increased with phosphorus 
application* Singh and Jaiprakash. (1979) also obtained 
similar results* Agarwal (1980) reported that grain 
yield v/as increased by the application of 180 kg phos
phorus per hectare* 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 hectare had no effect on the yield of rice 
in untreated barren sodic soils* Machado et al* (1981) 
reported that phosphorus had no effect on grain yield of 
rice. But Varma et al. (1981) noticed that in a sandy 
clay loam soil with 10 kg available phosphorus per hectare, 
grain yield of rice cultivar Cauvery vras not affected by 
phosphorus application in the first year but was increased 
in subsequent 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 
rat© of phosphorus application*

2* Straw yield

Patel (1967) in a field experiment given 20,40 and 
60 kg phosphorus per hectare reported that plant height 
and therefore straw yiaid increase with increasing fertility* 
Place et <gl, (1970) observed that increasing phosphorus 
application increased straw yield 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 reported 
that application of phosphorus increased straw yield.
However, Sadanandan and Sasidhar (1976) found that increasing 
rate of applied phosphorus had no significant effect on 
yield of straw and grain,

D, Quality of grain,
Karim et al, (1968) noticed a decreased crude protein 

content of the husked grain with increased levels of 
phosphorus application from 0 to 120 kg per hectare*
Verkhotin (1974) reported that, grain protein content 
decreased, with applied phosphorus, Kadrekar.and Mehta (1975) 
opined that optimum rate of phosphorus application for
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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 grain 
from 9.76 to 10.23 per cent. Ageeb and Yousif (1978) 
reported a decreased grain protein from 7.11 to 5.81 
per cent by increased phosphorus level from 0 to 107 kg 
per hectare but the total protein yield seemed unaffected.

£« Uptake of nutrients.

Pande and Tilak (1970) revealed that phosphorus ferti
lization increased phosphorus content of the upland rice 
crop. Varma (1971) in trial with high yielding rice 
reported 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 
grain was the highest in plants receiving 80 kg phosphorus 
per hectare and did not vary with different nitrogen levels. 
Thandapani and Rao (1974) observed that increase in rates 
of applied phosphorus from 0 to 75 kg par 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 + phosphorus + potassium from 100 + 50 + 50 to 
200 + 100 + 100 kg per hectare. Agarwal (1980) recorded
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an increase in the uptake of nitrogen from 34.2 to 51.Q kg 
from 0 to 180 kg doses of phosphorus application upto the 
tillering stage. He also reported that the increase from 
the extrema doses varied from 43.5 to 89. 4 kg during 
flowering stage and from 72.5 to 147.6 kg during maturity 
stage.

Naphede (1969) reported that the rate of phosphorus 
absorption was much higher at 40 and 90 days after trans
planting than at other periods and increased with increase 
in phosphorus supply. Muthuswamy et al. (1973b) observed 
that more than half of the total requirement of phosphorus 
was absorbed between the stages of panicle initiation and 
flowering. Ali and Morachan (1973) reported that the uptake 
of phosphorus v;as higher in the early stages and decreased 
with crop growth. Iruthayaraj and Morachan (1980) found 
that the uptake of phosphorus was high at harvest stage.

Oommen et al* (1972) revealed that the percentage of 
total phosphorus in the plant increased with an increased 
dose of phosphorus from 25.75 to 51.5 kg per hectare.,, 
Alexander et al. (1974b) revealed that various rates of 
phosphorus had no significant effect on the uptake of 
phosphorus. Krishnaswamy et al. (1974) showed that appli
cation of 180 kg phosphorus per hectare gave the highest 
grain phosphorus content. Gupta et al. (1975) reported
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that uptake of phosphorus’increased from 75,62 mg 
without applied phosphorus to 139*1 mg with 100 ppm applied 
phosphorus in a pot culture experiment* Agarwal (1978) 
revealed that grain phosphorus content was increased with 
phosphorus application upto 120 kg per hectare* Studies 
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 fertiliser at all stages of growth (auseelan et al** 
1978)* Bora and Goswamy (1980) reported that phosphorus 
uptake increased with increasing rates of phosphorus 
application* 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 fertiliser phosphorus uptake but decreased 
available phosphorus uptake and utilization percentage of 
the applied phosphorus at tillering# flowering and matura
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 increased 
with increase in the rate of phosphorus in submerged soils*

hoganathan and Raj (1972) reported that levels of 
phosphorus did not influence potassium uptake by grains* 
^rishnaswaray at al* (1974) suggested that application of 
potassium in combination with phosphorus slightly increased
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observed that nitrogen and phosphorus increased potassium 
uptake* Thandapani and Rao (1974) found that applied 
phosphorus had no effect on potassium content in plants 
and grains. Kothandaraman et al* (1975) reported that 
maximum grain content of potassium was given by 180 kg 
phosphorus per hectare* Lai and Mahapatra (1975) observed 
that potassium content was generally high with fertilizer 
high in water soluble phosphorus. Agarwal (1980) reported 
that increase in the potassium uptake was from 35*5 to 
129*9 kg due to phosphorus application though the increase 
was rather small.

Effect of potassium

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 field 
experiments revealed that the height of plant was progressi
vely increased with potassium increments (Mukherji et al.* 
1968). Kalyanikutty and Morachan (1974) reported that 
potassium application did not have any influence on plant 
height. Rao et al. (1974) observed that height of plant was 
not significantly influenced by the application of potassiuj 
upto 80 kg per hectare.
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2* Tiller number

Uoguchl and sugawara (1952) observed lesser number of 
tillers in /plots that received no potassium* Bavappai and 
Rao (1956) recorded an increase in number of tillers when 
potassium was applied. Mukherji ©t al. (1966) pointed out 
that potassium application had ho noticeable effect on 
tillering. Usha (1966) noticed a beneficial influence of 
potassium in paddy by way of promoting tillering capacity. 
Ramankutty (1967) observed that potassium level had no 
significant effect on the number of tillers. Kalyanikutty 
and Morachan (1974) reported no influence of potash on 
increasing tiller number* According to Kulkami et al.
(1975) effect of potash was significant on the total 
number of tillers* Uexkull (1976) reported that applied 
potassium slightly decreased tillering* Chamura and 
Misusawa (1979) noticed that the number of tillers was 
increased with increasing uptake of potash. Singh and 
Singh (1979) recorded increased tillering with graded doses 
of application of potash upto 60 kg per hectare.

B • yield attributes.
1. Productive tiller count

Rao et al* (1974) observed that the number of productive 
tillers was not significantly influenced by the application 
of potash even upto 80 kg per hectare. Kulkami et al* (1975)
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reported that the effect of potassium v/as significant on 
the number of effective tillers. Padmaja (1976) observed 
that the number of productive tillers and consequently 
panicle production has been influenced by application of 
potassium* Sahu and Ray (1976) found an increase in the 
number of effective tillers when tall indicas were supplied 
with potassium, Uexkull (1982) found that the number of 
panicle per hill was decreased by potassium application,
Rhee et al. (1979) reported that potassium deficiency 
decreased the number 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 hectare did not have any marked effect 
on the length of panicle. Singh and Singh (1979) found 
that application of potassium increased panicle 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 levels of potassium 
increased the number of grains par earhead.

Kalyanikutty and Morachan (1974) reported that the 
number of grains per panicle v;as not affected by the rates
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of application of potassium. Rao et al. (1974) noticed 
that application of potash even upto 80 kg per hectare 
did not influence the number of filled 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 applied* Kalyani
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*

C. Yield*
1. 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 yield was increased with higher 
levels of potash application. He obtained a yield of 3.63 t 
per hectare with 80 kg potassium per hectare and 3.18 t 
with no potassium. Pande and Das (1973) could not get any 
response of potassium to rice yields* Rao et al. (1974)
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obtained better results with application of 40 leg 
potassium per hectare, Singh and Dubey (1975) reported 
yield increases with increasing levels of potassium 
application upto 60 leg per hectare and they could not 
get any additional yield 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 hectare, sahu and Ray (1976) 
reported that by increasing the potassium rates from 0 to 
22,5 and 45 kg per hectare* average paddy yield increases 
were 2.06 t to 2,23 t and 2,61 t per hectare respectively, 
Singh et al* (1976) reported that application of 120 kg 
potassium per hectare gave the highest yield of grain. 
Uexkull (1976) reported that applied potassium slightly 
decreased grain yields at certain locations in the absence 
of phosphorus but Increased in the presence of phosphorus* 
Halm and Dartey (1977) found that grain yields were increa
sed from 2.33 t per hectare with no potash to 2.69 t per 
hectare with the application of 37.20 kg potash per hectare. 
Agaeb and Yousif (1978) reported that different doses of 
potassium either alone or with phosphorus as super phosphate 
gave no response. Agarwal (1980) observed significant 
increase in grain yield 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 leg 
potassium per hectare as compared to untreated control#
Ha 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 
yield , JEsakkimuthuet al* (1975) reported that application 
of potassium in the 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 amount of muriate of potash 

to the soil reduced absorption of nitrogen, phosphorus and 
sulphur which resulted in reduction of protein synthesis, 
(Reheja# 1966), Karim et al, (1968) showed that grain protein 
decreased with higher ratios of application of potassium. 
According to Chavan and Magar (1971) 40 kg potassium per 
hectare increased the protein 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 rat© from 0 to 120 kg# the crude protein content 
of grain was increased from 9#62 to 10.17 per cent.
Bhuiya et al. (1979) reported that potassium had no signi
ficant effect upon grain crdue protein content.

So Uptake of nutrientso

Mohanty and Pathaik (1974) reported that lack of 
applied fertiliser decreased uptake of all nutrients and 
in soils deficient in phosphorus and potassium# applica
tion of phosphorus and potassium increased uptake of 
nitrogen# phosphorus and potassium. Muthuswamy et al.
(1974) showed that increasing the rate of nitrogen, phos
phorus and potassium increased their uptake. Bsakkimuthu et al.
(1975) observed that nitrogen uptake was increased with 
applied potassium. Mangel et al. (1976) reported that 
uptake of nitrogen of the shoot increased by the higher 
potassium supply. Singh et al* (1976) noticed that nitrogen 
uptake and translocation were highest with application of 
160 kg potassium per hectare. Agarwal (197QJ revealed that 
the increases in uptake of nitrogen were the highest with 
applied phtassium. Reddy et al. (1978) found that nitrogen 
uptake increased with increase in rate of potassium from
50 to 100 kg per hectare.
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Krishnan (196Q) reported that different levels of 
potassium exerted no significant influence in the phosphorus 
content of grain and straw* Sadanandan et al* (1969) 
reported that uptake of phosphorus was significantly 
correlated with potassium uptake. Lsoganathan and Raj (1972) 
noticed that the uptake of phosphorus in the variety Co 32 
was enhanced by the application of potassium at 40 and 80 kg 
per hectare. Mohanty and Patnaik (1974) observed that 
potassium application has increased the phosphorus uptake. 
Singh et al. (1976) opined that phosphorus uptake and 
transloaation were the highest with the application of 
160 kg potassium per hectare* Krishnamoorthy et al* (1977) 
reported that addition of 60 kg potassium per hectare had 
no effect on yield, but increased the utilisation and 
uptake of fertiliser phosphorus. Agarwal (1978) also 
noticed that phosphorus content of grain was increased with 
increased potassium application.

According to Sadanandan at al. (1969) potassium uptake 
was significantly increased with higher dose of potassium 
and potassium percentage was high at tillering and flower
ing and thereafter declined towards maturity* Mohamad All 
and Morachan (1973) noticed 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 increased by higher levels of 
potassium upto 60 kg per hectare. Singh and Jaiprakash
(1979) also reported that potassium application increased 
potassium uptake in rice.

Effect of Time of Application of Nitrogen

A. Growth characters.
1. Height of the plant

Wells (1970) opined that delaying mid season nitrogen 
until just after the start of rapid intemode elongation 
decreased plant height. Gopalakrishnan et al. (1971) 
reported that plant height was significantly increased whan 
nitrogen was applied 50 per cent as basal and 50 per cent 
at panicle initiation. According to Ramanujam and Rao
(1971). rice cultivar ADT-27 when grown with a basal 
dressing of green manure* phosphorus* potassium and 0*30* 
60, 90, 120* 150 or 180 kg nitrogen per hectare in three 
equal split dressings x-tfas found to increase plant height. 
Panda and lieeuwrlk (1972) reported that application of 
nitrogen, two-third at transplanting and the remainder 
top-dressed at the booting stage increased plant height.
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Koyama and Mlamsrichand (1973) observed Increase in plant 
height by the application of two-third of nitrogen as 
basal dressing and one-third a3 top-dressing 30 days 
before flowering. Jakhro (1982) noticed that plant 
height was increased vjhen 50 per cent of the nitrogen 
was applied at panicle initiation.

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 during the period from intemode elongation to the 
emergence of the boot leaf stage. Takur and Saxena (1970) 
reported that split application of fertiliser nitrogen 
half at transplanting and half one month after, oroduced 
maximum number of tillers per hill. Alenshin and Tur
(1971) showed that highest tillering occured in plants 
when nitrogen was given at the two leaf stage. Ramanujam 
and Rao (1971) observed that number of tillers were 
increased with increased nitrogen dose applied in three 
equal splits at transplanting. 30 and 40 days after trans
planting. Pande and Narkhedo (1972) reported that tiller
ing increased with increasing nitrogen rates and it v/as 
higher when the nitrogen was applied in two instalments 
than when applied in single dose.



In greenhouse experiment. Thenababu (1972) observed 
that adequate nitrogen during the vegetative growth 
phase encouraged tillering. Koyama and Niamsrichand (1973) 
found that tiller number was closely related to nitrogen 
rate during the early stage of growth.

Rice cultivar IET 1991 when given 120 kg each of 
nitrogen and phosphorus applied in various splits as (a)
50 per cent at planting + 5 0  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 initiation + 25 per cent as foliar 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.
1. Productive tiller number and number of panicles per hill

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



42

hill* Muraleadharan at al* (1972) reported that there 
was no significant effect on number of panicle per square 
metre with time of nitrogen application. Ramanujam and 
Rao (1971) reported that number 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 Leeuwrik (1972) 
observed that number of fertile tillers were increased 
with increase in level of nitrogen applied two-third at 
transplanting and the rest top-dressed at the boot stage* 
Varma and Srivastava (1972) observed that application of 
nitrogen in 3 splits with half at transplanting, one-fourth 
at tillering and one-fourth at boot stage significantly 
influenced the number of fertile 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 tillers 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 
before maximum tillering +• 30 kg nitrogen at booting stage.
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Rao and Murty (1975b) observed that 3 split dressing at
(a) the thinning stage 25 days after sowing (40 kg N),
/ \ 'r’:i(b) the maximum tillering stage (30 kgHjand (c) the
booting stage (30 kg(S) gave 525 panicles per square netra 
compared with 485 panicles per square metre in rica 
given 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 emergence and at panicle emergence 
increased the number of panicles. Bhauiaik and Ghosh (1977) 
noted that neither the level of fertilisers, nor the 
time of application of nitrogen had effect on number of 
tillers per hill.

Hub et al. (1979) noticed that application of 180 to 
200 kg nitrogen per hectare 24 days before heading in rice 
increased the number of panicles per hill. Hair et al,
(1979) suggested that the treatment receiving 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 that top dressing 
nitrogen at maximum tillering and panicle initiation . 
stages significantly improved nitrogen use efficiency by 
promoting production of more panicles per unit area.
Rodrigues et al. (1980) reported that 180 kg nitrogen 
applied in 2,3 or 4 doses, found to increase the panicle



numberper square metre.

2. Panicle length and panicle weight

Patnaik (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 intemode elongation to the emergence 
of the boot leaf stage for the full development of panicle. 
But Muraleedharan et al. (1972) observed that the length 
of panicle was not significantly influenced by the timing 
of nitrogen application. Ramanujam and Rao (1971) 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 
Leeuwrik (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 et al. (1979) noticed that nitrogen applica
tion at later stages especially giving half the doge at 
panicle Initiation has resulted in maximum panicle weight. 
Singh and Singh (1979) 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 
weight.
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3. Number of grains per panicle

Chiu (1968) reported 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 spikalets 
per panicle when two-third of nitrogen was applied at 
transplanting and remainder top dressed at boot stage, 
Muraleedharan etal, (1972) reported that application of 
50 kg nitrogen per hectare at. tillering and panicle 
initiation significantly increased the number of spikelet 
per panicle* Thenababu (1972) suggested that panicle with 
unfilled or partly filled grains resulted when there was 
excess nitrogen during the reproductive stage and when 
the nitrogen status of the growing medium 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 transplanting and one-fourth 
at tillering and the remainder at bobt stage increased 
number and weight of filled 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 grains per panicle was produced by 3 split appli
cation vis.# 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 ratio and was more effective 
than application at 15 days before heading. Wang (1981) 
reported that nitrogen application at the primordial panicle 
stage increased spikelet number.

4. Thousand grain weight
Chiu (1968) observed that split application of nitrogen 

Increased yield by increasing the thousand grain weight. 
Halappa et al. (1970) obtained 29.8 g for thousand grain 
weight ifhen nitrogen was applied in 2 to 3 split dressings. 
Ramanujara and Rao (1971) observed that thousand grain 
weight decreased when nitrogen dose was more than 90 kg 
per hectare applied in three equal splits at transplanting,
30 and 40 days after transplanting. 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 Srlvastava (1972) split applica
tion of nitrogen significantly increased thousand grain 
weight. Nair et al. (1979) reported that nitrogen appli
cation, half at panicle initiation has resulted in maximum 
panicle weight and thousand grain weight. Singh and Singh 
(1979) suggested that application of nitrogen in split 
dressings increased thousand grain v/eight. Ghobrial 
(1960) observed that top dressing nitrogen at maximum 
tillering and panicle initiation significantly improved 
nitrogen use efficiency by increasing the grain weight.

also reported that 3 split dressings were no better 
than 2 given at maximum tillering and panicle initiation.

C. Yield.
1. Grain yield

Rao and Murty (1975a) reported that by soil application 
of (a) 70 kg nitrogen at thinning + 30 kg nitrogen at 
booting or (b) 40 kg nitrogen at thinning + 30 kg nitrogen 
before maximum tillering + 30 kg nitrogen at booting stage, 
paddy yield was increased to the tune of about 30 per cent 
with (b) as compared to (a).

Abdullah et al. (1976) observed that single dosages 
of basal nitrogen had no significant effect, but gave 
significant yield increase when applied as a top dressing 
7 days before prinordium initiation. He also observed
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that split application of nitrogen at 14 days after 
transplanting, 7 days before primordium initiation and 
at the flag leaf and heading stages 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* 
Tewari and Singh (1976) noticed that application of 
25 per cent nitrogen at sowing and remainder in 2 equal 
top dressings at the tillering and panicle 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 yield of 3.75 t per hectare.

Bhatti 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 3haumik and Ghosh (1977) noticed 
that application of nitrogen 35 per cent basal, 33 percent 
before tillering and remainder before flowering gave the 
highest grain yield with a dose of 150 kg nitrogen per 
hectare. Maiti and Chatterjae (1977) found that rice 
variety Jaya gave highest yields 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 par cent at 
establishment and 25 per cent at tillering and panicle 
initiation stage with the variety Cauvery. According to 
Nair and Sreedharan (1977) in trials with rice given 
5Q‘-to 70 leg nitrogen per hectare in 2 to 3 split dressings 
at (a) sowing, (b) tillering and (c) panicle emergence# 
paddy yield was the highest with nitrogen (4.87 t) applied 
in 2 equal split dressings at (b) and (c) and 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 hectare in
3 split dressings# 25 per cent at transplanting# 50 per 
cent at tillering and 25 per cent at panicle initiation 
stages of rice, gave paddy yields of 2.11 t per hectare 
compared with 1.56 to 1.93 t 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 al* (1977) obtained highest paddy yield 4.52 t 
per hectare with 120 kg nitrogen par 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. Balasubramanlozi _et _al. (1970) reported 
that yield with a basal dressing (a) 25 (b) 50 (c) 75 
and £d) 100 kg nitrogen per hectare were 4.04, 4.81#
4.91 and 5.4 t per hectare respectively. 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 
indicating that amount of total nitrogen applied to 
rice can be reduced by applying 25 kg nitrogen per 
hectare as a basal dressing and 30 kg nitrogen per hectare 
in 4 top dressings at 60,70, 80 and 90 days after sowing. 
Gaffer and chand (1970) found that highest grain yield 
of 5.8 t per hectare was obtained by the application of 
110 kg nitrogen per hectare applied in 3 equal split' 
dressings at transplanting, active vegetative and lag 
vegetative stages. Panikar et al. (1978) observed that 
maximum yield of 3528 kg per hectare was obtained by 
the application of nitrogen 50 per cent at planting +
25 per cent at panicle initiation and 25 per cent at 
tillering. Rajan and Mahapatra (1978) reported that 
highest paddy yields ware obtained 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 split 
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 
yield of 7*5 t paddy por hectare.

Bhapkar et al. (1979) observed that varieties TN-1 
and IR-8 gave higher paddy yields with 80 kg nitrogen 
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 young 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 et al. (1980) reported that maximum yields were 
obtained with a nitrogen dose of 50 kg per hectare given 
at sowing + 2 further applications 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 yields were 3.4 to 3.49 t when nitrogen was 
applied 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 field trial with rice cultivars IR-880-C9 
and Naylamp*Ojeda and freyre (1960) 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 flowering to 7*06 and 7*54 t when nitrogen was applied 
33 per cent each at sowing* tiller initiation and fuil 
tillering* and 7*21 and 7;66 t with nitrogen applied 25 
per cent at each of the 4 growth stages* Rodriguez et al*
(1930) reported that application of nitrogen in 3 or 4 
equal splits gave the highest grain yield* Subramanian 
and Venicetaraman (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 yield* Krishnarajan and Balasubramanian
(1931) reported that split application of 60 kg urea at 
planting and panicle initiation stages gave high yields* 
Lozano and Abruna (1931) observed that yields of rough 
rice increased from 3*83 to 7*95 t per hectare when 
nitrogen rates were increased from 0 to 224 kg per hectare 
applied as a single application* But rice yields were 
found to increase from 3*83 to 8*21 t per hectare when
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nitrogen rates were increased from 0 to 112 kg per hectare 
applied in 2 equal split dressings at sowing and 45 days 
later* He a ran and Lev/in (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 et al* (1977) found 
that highest grain 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 grain yield 
(Anon, 197Q)* Ojeda and Lopoz (1979) reported that 
grain yields were negatively correlated with nitrogen 
application during the reproductive stage of rice* Girl 
and Bhatade (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 yields 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* (1902) reported that 
application of urea in 3 splits did not give any yield 
advantage over two split application*

2. straw yield

Narasaiah et al* (1967) reported that time of appli
cation of nitrogen did not shov; any marked effect on 
straw yield, 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 and 
40 days after transplanting* In a field trial with rice 
when 120 kg nitrogen + 120 kg phosphorus per hectare 
were'applied (a) 50 per cent at planting + 50 per cent 
at panicle Initiation (b) 50 per cent at planting + 25 
per cent at 21 days after planting + 25 per cent at panicle 
Initiation or (c) 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 per hectare 
applied 33 per cent as basal dressing, 33 per cent before 
tillering and the remainder before flowering. Hoque et al. 
(1977) reported considerable increase though not signi
ficant in the straw yield of rice when nitrogen was applied
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in 3 splits* Gaffer and Chand (1978) obtained the highest 
straw yield of 7.7 t per hectare when 110 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) shox*ed that the highest 
increase in protein content of rice grain was noticed 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 panicle formation stage. He 
also reported that protein content of grain increased by 
nitrogen top dressing after heading. Thenababu (1972) 
reported that high nitrogen level at heading increased 
the 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 et al. (1974) 
observed maximum protein content of grain by the applica
tion of 120 kg nitrogen per hectare after flowering. 
Nagarajan et al. (1975) reported that nitrogen application 
at flag leaf and heading stages resulted in increased grain
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protein contents. According to Pisharady et 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 sowing. 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 
emergence stage decreased 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 Initiation stages. Castillo et al. (1981) 
reported that application of urea during flowering increased 
protein content of the endosperm, and lipid content, which 
naturally declined during maturation. It was increased 
by nitrogen application during reproductive stage.
Inocencio et al. (1981) reported that glutelin content 
the most variable protein characteristic, increased with 
application of nitrogen at flowering and was higher in 
cultivar Naylamp.

E. Nitrogen content and uptake of nutrients.

Chaudhry et al. (1966) reported that the uptake of 
nitrogen was maximum v;ith 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 par hectare was applied to rice as 40 per cent 
proplant, 40 per cent tillering and 20 per cent at panicle 
differenclation or 60 per cent preplant and 40 per cent 
at tillering. In an experiment at Bengkhan station with 

studies/Koyama et al. (1973) reported that basal and 
top dressing each of 37.5 kg nitrogen per hectare resulted 
in a plant uptake of 83 kg nitrogen, 36 per cent of it 
from the fertiliser and 64 per cent from the soil. Ha 
also noted that 33.33 per cent was absorbed from basal 
fertiliser and 66.6 per cent from the top dressing ferti
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 during panicle 
formation and 4 per cent during ripening. According to 
Singh and BharadwaJ (1973a) split application of 50 per 
cent or more nitrogen at transplanting and the rest at 
tillering and panicle Initiation 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 leg at thinning + 30 leg at maximum tillering 
+ 30 leg at hooting stage than with 70 kg nitrogen applied
at thinning + 30 kg nitrogen at booting. Nagarajan et al.

15(1975) on the basis of N studies concluded that appli
cation of nitrogen at flag leaf and heading stages 
resulted in high fertiliser 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

15dressing. In pot culture studies with rice given N 
enriched Ammonium sulphate, Houng and Liu (1979) showed 
that nitrogen recovery was 20 per cent with basal ferti
lizer, 40 par cent with fertilizer applied at tillering, 
60-90 per cent with application at the young panicle 
stage and 40 to 60 per cent with application after heading. 
Hub at al. ( 1^75? ) reported that application of 180 to 200 
nitrogen par hectare, 24 days before heading in' rice 
increased plant nitrogen content at meiosis. Fertilizer

• i
nitrogen constituted 30 to 36 per cent of the total 
nitrogen uptake and consisted of a higher proportion in 
the grain. The residual effect of nitrogen fertilizers 
was very small. Singh and Modgal (1979) reported that 
uptake of nitrogen increased with increasing level of 
applied nitrogen at all stages of crop growth. He also 
reported that split application of nitrogen in 3 equal
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dressings either through soil or soil + foliage resulted 
in higher nitrogen concentration and uptake. Ojeda and 
Freyre (I960) observed that nitrogen content of leaves 
was higher when nitrogen was applied during the vegeta
tive stage. Baishigitov et 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) reported 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 soil phosphorus for the different rates of applied 
nitrogen was similar.

Baishigitov 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 alone or soil and foliage 
was found to be more conducive to phosphorus and potassium 
uptake.
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MATERIALS AND METHODS

A field trial was carried out to determine the 
effects of different levels of nitrogen, phosphorus 
and potash and the tin© of application of nitrogen 
on the growth and yield of a medium duration tall 
indica rice variety Mashuri during second crop season 
at Pattambi. The various methods employed and the 
materials used are described below.

Location

The field experiment was conducted in the wet lends 
of the Regional Agricultural Research Station, Pattambi.

Q ^This research station is situated at 10 48 North lati
tude and 76°12 1 East longitude. The altitude of the place 
is 25.36 meters above mean sea level.

Soil

The soil of the experimental area is of sandy loam 
type as indicated by the mechanical analysis ox the soil. 
It is acidic in reaction with a pH of 5.4, Data on the 
mechanical composition and chemical analysis of the soil 
before commencing the experiment are given in Table 1.

season

The field experiment was carried out during the 
second crop season (Mundakan) of the year 1982 which



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

1* Physical properties
(i) Mechanical composition 

Coarse sand 
Fine sand 
Silt 
Clay

2. Chemical characteristics
Total nitrogen
Available Po0c 2 5
Available K^O 
pH

44.20%
17.59%
12.80%
25.41%

.12%

.0024%

.007%
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 East monsoon* The 
meteorological parameters like rain fallf minimum and 
maximum temperature and relative humidity pertaining to 
the period of field experimentation were obtained from the 
nveteorological observatory of the research station and 
presented in Appendix I. The average weekly values of 
meteorological parameters for the past 10 years corres
ponding to the second crop season of the tract are furnished 
in Appendix X and Flg.l.

MATERIALS
Variety under trial

The variety used for the trial was Mashuri, which 
is a medium duration, tall indica rice cultivar* It is a 
progeny of a cross between Taichung-65 x Maying Ebos 80/2 
evolved in Malaysia. The variety has a duration of 135-145 
days in the first crop season 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 Ulloor, Trivandrum.

Fertilizers used

Fertilizers mentioned below were used for the experi
ment.

Urea - 46 per cent N
super phosphate - 16 per cent
Muriate of potash - 50 per cent K^O

METHODS-

Treatments

The treatments consisted of combinations of Seven 
levels of NPK and three times of application as listed below.

(i) Levels of N# P and K
1. L1 70 s45 (45 kg NPK per hectare
2. L2 70 :35 >35 kg NPK per hectare
3. L3 60 *35 >35 kg NPK per hectare
4. L4 60(25(25 kg NPK per hectare
5. L5 50:35(35 kg NPK per hectare
6. L6 50 :25:25 kg NPK per hectare
7. L7 0: 0: 0 kg NPK per hectare
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(ii) Tima of 'nitrogen application

X* 50 per cent nitrogen as basal + 25 per cent nitrogen
20 days after transplanting + 25 per cent nitrogen
40 days after transplanting*

2. 25 per cent nitrogen a3 basal + 50 per cent nitrogen
20 days after transplanting + 25 per cent nitrogen
40 days after transplanting.

3. Tn 25 per cent nitrogen as basal + 25 per cent nitrogen
20 days after transplanting + 50 per cent nitrogen 
40 days after transplanting*

Treatment combinations

1 • L-T- 70 *45 *45 leg 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*

2. h.T2 70*45*45 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.

3* 70:45*45 kg NPK per hectare with 25 per cent
nitrogen as basal + 25 per cent nitrogen at 
20 days after transplanting + 50 par cent 
nitrogen at 40 days after transplanting.

4. b-T, 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*

5. ^2̂ 2 70*35*35 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.



65

6* I*2T3

7. h3Tx

70835:35 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 par hectare with 50 per cent 
nitrogen as basal + 25 per cant nitrogen at 
20 days after transplanting + 25 per cent 
nitrogen at 40 days after transplanting.
60 :35*35 kg NPK per hectare with 25 per cent 
nitrogen as basal + 50 per cent nitrogen at 
20 days after transplanting + 25 par cent 
nitrogen at 40 days after transplanting*

9. L3 T3

10* Lt.T'4 1

1 1 . l4t2

13.

14. L5 T2

15* h5?3

60*35:35 kg NPK per hectare with 25 per cent 
nitrogen as basal 4* 25 per cent nitrogen at 
20 days after transplanting + 5 0  per 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.
60:25*25 kg NPK per hectare with 25 per cent 
nitrogen as basal + 5 0  per cent nitrogen at 
20 days after transplanting + 25 per cent 
nitrogen at 40 days after transplanting.
60*25*25 kg NPK per hectare with 25 par cent 
nitrogen as basal + 25 per cent nitrogen at 
20 days after transplanting + 50 per cent 
nitrogen at 40 days after transplanting.
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 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 + 25 per cent nitrogen at 
20 days after transplanting + 5 0  per cant 
nitrogen at 40 days after transplanting.
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i s .  v

17- *-6T2

18. L6T3

19. L7T1
20. L7T2
21, L7T3

50:25*25 Kg NPK per hectare with 50 per cant 
nitrogen as basal * 25 per cant nitrogen at 
20 days after transplanting + 25 per cent 
nitrogen at 40 days after transplanting.
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.
50 *25 :25 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.
0*0*0 Kg NPK per hectare (control)
0 *0 *0 Kg NPK per hectare (control)
0*0 *0 Kg NPK per hectare (control)

Design and Layout of the experiment

The experiment was laid 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 Fig. 2. The details of the layout are furnished below.

Design 
Replications 
Gross plot sise 
Border

s Split plot design 
s 3
: 5.0 m x 4.0 m
* 2 rows

Total number of plots s 63



F*l®-2. l a v  o u t  p l a n  -  S P L IT  P L O T  E X P E R IM E N TS .

R EPLICATIO N -1 REPLICATiO N — I) REPLI CAT I O N -11

MAIM p l o t

LEVELS o r  FERTILIZERS

'-I 70 AS'.AS  N P K  kg/k&.
L2 70: 3 5 ‘-35 ii

l 3 GO- 3 5 :3 5  ■!
GO: 2 5 :2 5  11

u5 50- 3 5 :3 5  '*

*-6 SO 2 5 :2 3  "

L 7 o 0 : 0  ,,

SUB PLOT

TIME OF APPLICATION

r,- 5 0 /n b a s a l -t-
25/ N 20 DA VS AFTER TRANSPLANTI N<S+ 

25/ M A O  DAys AFTER TRANSPLANTING.

25/M B A S A LT
50/H  20 DAys AFTER TRANSPLANTlNSt" 

25/ N A O  DAYS AFTER TRANS PL AWT I MG. 

iy  25/ N B A S A L T
25/ M 20 DATS AFTER TRANSPLANTINST 

50/M a o  DAys a f t e r  t r a n s p la n t in g .

&N9
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Field Qulture

irsery

An area of 130 square metres was prepared for a wet 
nursery* At the time of land preparation, cattle manure 
at the rate of 1 leg per square metre was added and incorpora
ted thoroughly. Fifteen kg of seeds were used to get suffi
cient number of healthy seedlings* The seeds ware sown by 
broadasting in the nursery on 26th September 1982* seedlings 
were ready for transplanting on 21st October 1932.

Main field 
Land preparation

The area was ploughed thoroughly. The layout of the 
experiment was made after measuring out the area for each 
plot# One soil sample was collected each from the area repre
senting the three replications. Bunds were constructed and 
plastered well and irrigation channels were made between every 
two plots. The area with in the plot was perfectly levelled. 
The basal dose of fertilisers were applied to each plot accord
ing to the treatments.

Transplanting
Healthy seedlings of 25 days 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 cm. The seedlings 
were transplanted by rope planting method giving the appropriate
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plant and row spacings. Gap filling was done ona week after 
transplanting•

Fertiliser application

Nitrogen as urea was applied in three splits as basal 
dressing, 20 days after transplanting and 40 days after 
transplanting* Measured quantities of fertilisers were 
applied to each plot according to treatments* Phosphorus as 
super phosphate and potash as muriate of potash were applied 
to different plots in appropriate quantities according to 
the treatment*

Weeding
Scanty growth of weeds was observed, and weeding was 

carried out 15 days after transplanting. No further weeding 
was required.

Irrigation and drainage
The crop received frequent showers from the North East 

monsooni Water level was maintained at about 1*5 cm during 
transplanting* Subsequently it was increased gradually to 
about 5 era depth and maintained throughout* The water in 
the field 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.



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 winnowed 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 son drying*

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 biometric 
observations. These observational plants were selected 
randomly* Observations were taken at active tillering, 
maximum tillering, panicle initiation, flowering and harvest 
stages respectively.

A. Observations 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*

Harvest
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1* Height of th© plant

Within each net plot; the twenty hills marked out 
for observation were subjected to height measurements 
during the five growth stages mentioned earlier* Haight 
was measured from the base of the hill to th© tip of the 
longest leaf. At harvest; height was measured from the 
base of the hill to the tip of the panicle. Plant height 
was measured in centimetres and recorded.

ii. Mumber of leaves per hill

Total number of fully opened green leaves from the 
observation plants were counted, average worked out and 
recorded.

ill. number of tillers per hill

Total number of tillers on each hill with in the 
observational unit was counted, average worked out and 
recorded.
iv. Dry matter production

Plant sample was dried first and then subjected to 
oven-drying at 80°+ 5°C. Total weight of oven-dry plant 
sample was taken and dry matter production in kilogram per 
hectare v;as noted.



B* Observation on yield components*

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*

i* Number of productive tillers per hill

The number of productive tillers per hill was counted 
for each of the twenty observation hills* The mean value 
was worked out for each treatment*

ii* Length of panicle

The length v/as measured from the neck to the tip of 
panicle and the average was worked out for each plot and 
expressed in centimetres*

iii* Weight of panicle

The mean weight of twenty panicles was worked out for 
each treatment and expressed in grains*

iv® Number of grains per panicle
The entire splkelets were counted including number 

of filled grains, number of half filled grains and unfilled 
grains. The mean of the number of spikelets for twenty 
panicles was worked out.

v® Number of filled grains per panicle
The filled grain per panicle were separated out and 

the average computed for twenty panicles.
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vi* Number of half filled grainspar panicle

The number of half filled grains were also separated 
out from each panicle and average worked out for twenty 
panicles and recorded,

vii. Number of unfilled grains par panicle

The unfilled grains were separated out from the 
spikelets removed from each panicle and these were counted 
and the mean computed for twenty panicles,

viii. Thousand grain weight
One thousand filled grains were counted out from the 

grain harvested from each plot. These were weighed and the 
weight was recorded in grams*

c. Observations on grain and stray/ yield* 
i* Grain yield

Each 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 content 
of fourteen per cent. The dried grain was winnowed cleaned 
and weight recorded. The yield was expressed in kg par 
hectare»

ii. strain yield
The straw was also weighed immediately after harvest 

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

ill. Grain : straw ratio

The ratio 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, yield obtained for each plot and multiplied 
by 100 to get the percentage. The formula used is given below.

„   . _ , ^ Economic yieldHarvest Index per cent » ...........r x 100Biological yield 

Chemical Analysis

A* Plant Analysis.

The chemical analysis of the plant samples collected 
at the harvest stage was done. The observational plants, 
the grain and straw were taken and v/as oven-dried at 
80°C + 5°c till a constant weight was obtained. It v/as 
then finally grained using a Wiley mill and sieved through 
a 2 mm 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 v/as analysed employing the modified micro-kjeldahl
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method (Jackson 1967)*

ii* Phosphorus content
The total phosphorus content was determined calori- 

matrically using the Vanado-raolybdo-phosphoric yellow colour 
method (Jackson 1967)* The colour intensities were read in 
a Klett-summerson photoelectric calorimeter*

ill* Potash content
An 'EEL' flame photometer was used to determine the 

total potash content*

B* uptake studies.

The total quantities of the three major nutrients#via., 
nitrogen# phosphorus and potash absorbed by the crop at harvest 
was calculated. The value of total uptake was obtained as 
the product of the content of these nutrients in the plant 
and the weight of dry matter. The values were expressed in 
kilogram par hectare*

C* Grain protein content.

The percentage of protein in the grain v;as calculated 
and recorded as the product of the content of nitrogen in the 
grain and a factor 6*25 (Simpson at al. 1965)
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D. Soil Analysis*

soil samples were -taken from the experimental area 
before and after the experiment. Representative soil samples 
from each replicated area taken before experiment and total 
nitrogen available phosphorus and available potassium were 
analysed. Soil samples from each plot (63 plots) after 
the experiment were also taken and analysed for N.P. and K. 
Total nitrogen content was estimated by the modified raicro- 
kjeldahl method* Available phosphorus content by Bray's 
method (Jackson 1967) and available potash by ammonium 
acetate method (Jackson 1967).

i

Statistical Analysis

Data on yield, yield attributes, growth characters, 
chemical analysis of plant and soil samples were statisti
cally analysed by using the analysis of variance technique 
and significance was tested by B-test (snedecor and 
Cochran, 1967).



RESULTS



RESULTS

A field experiment was conducted at Regional Agri
cultural Research Station, Pattambi during the second 
crop season of 1982-33 for assessing the effect of various 
nutrient levels and time of application of nitrogen on 
the growth and yield of a medium duration 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 increasing the nutrient levels. At 
active tillering stage the nutrient level 50:25 *25 kg 
NPK per hectare (L̂ ) produced tha tallest plants though 
not significant. At maximum.tillering and panicle initia
tion stages, treatment vis. 70:45*45 kg NPK per hectare 
gave significantly taller plants (82.32 cm, 86*57 cm) 
which was on par with treatments h. and L,• At

4 4 O

flowering stage treatment (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 
treatment (70:35 *35 kg NPK/ha) produced tallest plants 
(103.45 cm) which was significantly different from treat
ment IiE (50 *35 s35 kg NPK/ha) and absolute control. At 
all stages of growth the absolute control recorded minimum 
values of plant height, which was significantly inferior 
to all other levels and treatments and iig were
on par*

The time of application of nitrogenous fertiliser 
did not exert any significant influence on height of 
plants at any of the growth stages except at maximum 
tillering stage. At this stage tallest plants were noticed 
in treatment T2 (25 per cent nitrogen basal + 50 per cent 
nitrogen at 20 days after transplanting + 25 per cent nitrogen 
at 40 days after transplanting) which was significantly 
superior to other times of application of nitrogen. The 
treatments and were on par.

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 at active tillering, 34.62 cm by Î T,,
at maximum tillering, 37.74 cm by at panicle initiation,
100.73 cm by'IigT^ at flowering and 106.16 by l^T^ at 
harvesting. The differences between treatment combinations 
were not significant.



73

Table 2(±)- Height of plants at active tillering 
Btage (cm)

Fertili- Tima of nitrogen application
ser levels ■ ...... ■ ■ ■ ■■■ ■ ...... ......—
(NPK kg/ha) Tx T2 T3

Mean

h
70 :45 :45 60.74 58.22 58.39 59.12

h2 70 ;35 i35 59.62 58.23 58.58 58.81
60 :35 835 56.06 58.66 . 57.59 57.44
60 :25 825 56.51 55 *45 56.72 56.23
50 a35 *35 58.81 57.24 56.72 57.59

L6 50 825 825 61.33 57,03 59.33 59.23
^7 0 8 0 8 0 53.48 56.34 56.52 55.45

Mean 58.08 57.31 57.70

SE for fertilizer levels - 1*883 
SE for time of nitrogen - 0.694 
SE for l» x T - 2.408

Table 2 (i±)- Height of plants at maximum tillering 
stage (cm)

Fertili
ser levels 
(NPK kg/ha)

T^me of nitrogen application Mean
T1 T2 T3

Li 70 :45 *45 83.59 84.62 78.75 82.32
L2 70 s35 s35 82,88 84.19 78.92 82,00
L3 60 835 835 76.58 31.46 77.31 78,44
L4 60:25 :25 76.72 81.04 79.25 79.00
L5 50 835 835 77.75 80.26 74.15 77.39
L6 50:25 s25 81,73 79.63 77.43 79.60
Lt'y 0: 0: 0 69.39 70.09 71.34 70.27

Mean 78.38 80.19 76.74

CD for fertiliser levels - 4*463 
CD for time of nitrogen - 1*785 
SE for L x T - 2.782



Table 2 (iii) - Height of plants at panicle initiation
stage (cm)

Fertili
ser levels 
(NPK Itg/ha)

Time of nitrogen application He an
T1 *2 T3

L1 70 *45 s45 87,74 87.23 84.73 86.57
L2 70s35 :35 85,18 88.54 84.72 86.14

60 :35 e35 80,74 35.03 83.53 63.10
*4 60 s25 s25 81.12 85.33 86,58 84.34
>5 50:35 s35 81.60 82,95 80.02 81.52
*■6 50:25:25 84,40 82.63 83.17 83.40
L7 0: 0 : 0 72.37 72,03 75.65 73.35

Mean. 81.88 - 83.39 • 82.63

CD for fertiliser levels - 4*430 
SE for time of nitrogen - 0*144 
SE for I» x T - 2,253

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

Fertili
ser levels 
(NPK Jtg/ha)

Time of nitrogen application He anT1 T T3
L i

70 s45 :45 99.95 ’ 98.38 98.64 98,99
^2 70 *35 :35 97.82 93.60 100*29 98.97
h 60 a35s35 93.02 96.46 98.53 ' 96,01
h 60 325 :25 92.98 95.61 99.79 96.13
Ls 50s35s35 93.85 97.82 93.45 95.04
L6 50:25:25 100.73 96,30 100.00 99.01
L7 0 3 0 :0 83.27 83.27 86.30 84.28

Mean 94.52 95.24 96.72
CD for fertiliser leyels - 4,465
SE for time of nitrogen - 1,196
SE for L x T - 3,297
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Table 2 (v) - Height of plants at harvest (cm)

Fertili
ser levels 
(NPK kg/ha)

Time of nitrogen application Mean
Ti T2 T3

L1 70 *45 *45 103.42 100.10 100.06 101.19
h 70 *35 *35 105,16 100.97 104.23 103.46
L3 60 :35 *35 96.83 100.40 102.70 99.98

*■4 60 *25 *25 99*35 103.14 104,59 102.36
*5 50*35*35 98.92 101.16 97.59 99.29
h6 50*25 *25 101*33 99.13 102.00 100.82
h1 0 : 0 * 0 89.42 89*08 90.68 89.73

Mean 99*20 99,14 100*29

CD for fertiliser level - 3*646 
SE for time of nitrogen - 1,078 
SE for L x T - 2*868



2. Number of leaves per hill

Tha data on the mean leaf number at various stages 
are presented in Tables 3(i) to 3 (lv). The analyses of 
variance are given Appendix III.

The data clearly revealed that the number of leaves
0 ' . increased with higher levels of NPK at all growth stages upto

panicieviniitiation* At active tillering and flowering stages 
the highest level of nutrients namely 70 s45 :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 s35:35 kg NPK per hectare gave the 
highest number of leaves (26*30) which was significantly 
superior to treatments L^, and Ly and was on par with 
L^, and At panicle initiation stage treatment &x
(70 s45145 kg NPK/ha) produced the highest number of leaves 
(27.52) which was significantly superior to treatments h y  
Lg and Ly and was on par with L2, L* and L^. The control 
plots registered the minimum number of leaves at all 
growth stages. However, the differences between the sub 
plot treatments were not significant. Among the subplot 
treatments T2 showed the highest number of leaves at 
maximum tillering, panicle initiation and flowering stages. 
Treatment T^ gave the highest number of leaves at active 
tillering stage. The interaction effect also was not 
significant. But the highest leaf number was noted in the
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Table 3 (i) Number of leaves per hill at active 
tillering stage

Fertili
ser levels 
(NPK kg/ha)

Time of nitrogen application
1 MeanT1 T2 T3

*1 70 *45 i45 16.25 14.92 14.59 15.25
L2 70 :35 :35 14.84 14.27 14.43 14.51

60 e35*35 12.72 13.36 14.02 13.36
L4 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 *25 *25 15.90 13,00 15.30 14.73
L7 0 s 0 * 0. 13.39 13.95 12.50 13.28

. Mean 14.42 14.01 13.88 ■

SB for fertiliser levels 
SE for time of nitrogen SE for L x T

- 1.318
- 0.516
- 1.725

Table 3 (ii)— Number of leaves per hill 
tillering at maximum

Fertili
ser levels 
(NPK kg/ha)

Time of nitrogen application
Ti T2 T3

L1 70 *45 *45 25.80 26.54 24.35 25.57
h2 70 *35 *35 26.31 26.61 25.47 26.30
L3 60 *35 *35 23.72 25.91 24.64 24.76
fc4 60:25 *25 24.10 26.63 23.53 24.78
L5 50 *35 :35 23*40 24.29 21.48 23.06
L6 50*25 *25 23.00 21.33 22.33 22.66

0* 0* 0 18.87 21.70 19.47 20.01
Mean 23.80 24.72 23.11

CD for fertiliser levels 
SE for time of nitrogen 
SS for t». x T

2.892
0.6895
T«:
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Table 3 (ill)* Number of leaves per hill at panicle 
initiation

Fertili
ser levels 
(NPK kg/ha)

Time of nitrogen application
T1 Ta T3

* tTCdetf*

L1 70 *45 *45 27.18 27*52 27.86 27*52
L2 70*35*35 25*36 26*58 26.05 26.00
L3 60 *35*35 23.37 24*35 24.59 24.10
^4 60:25:25 24.57 26*96 25.01 25.51
L5 50 *35 :35 23*35 24.84 22.84 23.68
* 50 s25 *25 26.33 25.97 25.87 26.06
^7 0s 0: 0 20.04 . 21.75 19.80 20.53

Kean 24.32 25*42 24.57

CD for fertilizer levels - 2.781
SE for time of nitrogen - 0.693
SE for L x T - 1.966

Table 3 (±v)- Humber of leaves per hill at flowering

Fertili
ser levels 
(NPK ka/ha)

Time of nitrogen application
— MeanT2 T3

L1 70 :45 *45 22*76 21 *64 22*23 22.21
S . 70 *35 *35 21*19 21.27 20.57 21.01
L3 60 *35 *35 19.69 21*38 21.31 20.80
L4 60:25*25 19*69 22,12 20.04 20,62
"5 50 *35 s35 20.19 20*69 19.27 20.05
L6 50*25:25 21.13 19,03 21.73 20.63
L7 0* 0: 0 16*82 18.07 15.53 16.81

Kean 20*21 20.60 20.10

SE for fertiliser levels - 1.565
SE for time - of nitrogen - 0*529
SE for L x T - 1.939
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treatment combination of at tillering (16.25) and
flowering stages (22.76) and 26.81 for treatment 
at maximum tillering stage and 27.52 for 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) and their respective analyses of 
variance in Appendix IV.

It is evident from the data that an increase in 
nutrient level exerted considerable influence on the number 
of tillers per plant at all stages of growth. At active 
tillering stage treatment produced the highest tiller 
number of 5.65, though not significant*

At maximum tillering and panicle initiation stages 
treatment produced the highest tiller number of 7.82 
and 6.82 which were significantly higher than treatments 
Lg and hj and was on par with l»6 and L^. The
tiller number observed in the control plots were much less 
than all other treatments except Lg which was on par.
The treatment gave the highest tiller number of 6.01 
which showed significant superiority over treatments L.t 
hg, and hj and v/as on par with L4 and h2 at flov/ering.



85

Table 4(1)— Number of tiller per hill at active tillering

Fertili
ser levels 
(NPK kg/ha)

Time of nitrogen application
■ Ms anT1 T2 T3

L1 " 70 :45 e45 6.04 5.17 5.73 5.65
L2 70 (35 s35 5.64 4,93 5.14 5.24
L3 60:35 i35 4.88 4.38 5.03 4.93
*•4 60 :25:25 5ol8 4.93 4.87 4.99V 50 ;35 i35 5*42 4.96 4.67 5.01

50:25j25 6 .10 4.80 5.47 5.46
**7 0 : 0 * 0 4.98 5.22 4.45 4.88

Mean 5*46 4 « 98 5.05

SE
CD
SE

for fertilizer levels 
for time of nitrogen 
for L x T

- 0.315
- 0.320
- 0.461

Table 4 (ii)- Number of tillers per hill at maximum 
tillering stage

Fertili
zer levels 
(NPK kg/ha)

Time

T1

of nitrogen application
. ■ 1 Mean

T2 T3
70*45:45 7.13 7.95 7.60 7.56

L2 70 *35 *35 7.92 3 . 05 7.49 7.82
60:35:35 6.54 7.62 6.86 7.01

h4 60 :25 :25 7.07 7.79 6.37 7.08
LS 50:35 :35 6.53 7.08 6.24 6.61
L6 50:25:25 7.00 7.27 6.93 7.07
x,7 0 : 0 : 0 5.91 6.39 5.93 6.03

Mean 6.87 7.45 6.77
CD
CD
SE

for
for
for

fertiliser levels
time of nitrogen 
L x T

- 0.786
- 0.431
- 0.580
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Table 4 (Iii)- Humber of tillers par hill at panicle 
initiation stage

Fertili
ser levels 
(NPK kg/ha)

Tims of nitrogen application 
T2 T3

Mean

L1 70 *45 *45 6,27 6,78 6.77 6.60
L? 70*35:35 7*14 6.Q7 6.45 6.82
*3 60*35:35 5*79 6.96 6*02 6.25

60:25*25 6*12 7,00 5.78 6.30
L5 50*35 *35 6*26 6,13 5.76 6.05
L6 50:25*25 6*50 6*43 6.00 6,31
*7

o*♦

O•a

o 5,37 5,32 . 5.35 5.51
, Ms an 6.21 6.57 6.02

CD
CD
SE

for fertiliser levels 
for time of nitrogen 
for L x T

- 0.641
- 0.357
- 0.478

Table 4(iv)- Number of 
stage

tiller per hill at flowering

Fartill- 
ser levels 
(NPK kg/ha)

Time of nitrogen application

T1 T2 T3

h 70 *45 *45 5,62 6.43 5,98 6.01
*2 70 *35 *35 5.74 5,60 5.55 . 5 ei
h 60 *35 *35 5.19 5.64 5.15 5.-32

60*25*25 5.61 5.98 ' 5.50 5.70
H 50 *35 *35 5.28 5.39 4.85 5,18
L6 50:25 *25 5.27 4.97 5.47 5.23
lirj 0 : 0 * 0 4.87 4.97 4,28 4.71

Mean 5.37 5.57 5.26

CD for fertiliser levels - 0*496 
SE for time of nitrogen - 0*185 
SE for L x T - 0.461
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Sable 4 (v)- Number of tillers per hill at harvest

Fertili- ] 
ser levels 
(NPK kg/ha)

Sima of nitrogen application Mean
Ti T2 T3

L1 ' 70 *45 *45 5.77 5.98 5.56 5,77
*2 , 70 *35 *35 5*69 \ 5,75 5.23 5.56
h 60 *35 *35 5*40 . 5.57 5.39 5.45
L4 60*25*25 5.58 5.87 5.27. 5.57
L5 . 50*35*35 5.24 5.27 4.73 5.03
L6 50 *25 *25 5.50 4.77 5.40 5.22
Liy 0 s 0 ; 0

* ~ 4.58 4.84 4.46 4.63

Mean 5.40 5.43 5.15

CD for fertiliser levels - 0.612
- SE for time of nitrogen - 0.149

SE for E X T - 0.427
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The same treatment gave the highest tiller number of 
5.77 at harvest stage which was significantly superior 
to treatments and and was on par with L^, 
and Lg.

As regards the time of application of nitrogen 
treatment gave significantly higher number of tillers 
(5.46) at active tillering stage. Treatment. T2 produced 
significantly higher number of tillers as con^ared to 

and at stages of maximum tillering and panicle 
initiation. But the difference was not significant at 
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 h^T^ at active tillering stage, at maximum
tillering, Pan^G -̂e initiation, L^T2 flowering
and harvesting stages.

4. Dry matter production

Data on the mean value for dry matter production 
are presented in Table 5 and the corresponding analysis 
of Variance in Appendix V.
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Table 5- Dry matter production at harvest (kg/ha)

Fertili
zer levels 
(NPK kg/ha)

Time of nitrogen application Ms an
T T2 T3

L1 70:45:45 7388.77 7111.11 7333.33 7277.74

L2 70 *35 *35 6777.77 6899.78 7055.55 6907.40

L3 60:35:35 6500.00, 6611.11 6611.11 5859^07

L4 60:25*25 5944.44 6266.66 6055.55 6092.55

L5 50 *35 *35 5833.33 6222.22 5888.59 5981;48

L6 50:25 *25 5888.39 5833.33 6000.00 5907*41
hl 0 : 0 * 0 5222.22 5666.66 4944.44 5277.77

Mean 5917.35 6371.43 6269.84

SE for fertiliser levels - 626.517
SE for time of nitrogen - 357.248
SE for Ii x T - 994.038
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The data revealed the effect of NPK levels in 
increasing the dry matter production though the effect 
was not significant. Treatment receiving the highest 
level of nutrients produced the highest dry matter 
(7277*74 kg/ha) v/hereas 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 par 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 

and minimum value by. the control plot*

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

The data on the mean number of productive tillers 
are furnished in Table 6(i) and 6(11) and the analyses 
of variance in Appendix V.

The data s ho vied that the treatment effect was signi
ficant in this respect only at the harvest stage. Treat
ment (70 «45 *45 kg NPK/ha) gave the highest productive 
tiller count (4.97) which was significantly superior to 
L5 and I a n d  found on par with hA and



Table 6(1)- Number of productive tillers per hill 
at flowering stage

F&rtili- 
zer levels 
(NPK kg/ha)

Time of nitrogen application
Clean

T1 *2 T3

70 :45 :45 2.39 1.60 1.52 1.84
L2 70:35:35 1.34 1.40 1.52 1.42
L3 60 :35 :35 1.08 1.32 1.32 1.24
L4 60c25;25 0.69 0.59 0.94 0.74

50:35 :35 1.38 1.51 1.09 1.32
** 50:25:25 2.13 1.67 1.95 1.92
L7 0 : 0 : 0 1.17 0.917 0.98 1.02

fie an 1.45 1.29 1.33

SE
SE
SS

for fertiliser levels 
for time of nitrogen 
for L x T

- 0.484
- 0.172
- 0.609

Table 6 (11) - Number of productive tillers per 
at harvest

hill

Fertili
zer levels 
(NPK kg/ha)

Time of nitrogen application ♦

TA1 T2 Tx3 Mean

Li 70 *45 *45 4.93 4.99 5.00 4.97
b. 70 :35:35 4.98 4,73 4,78 4.83
* 60 :35:35 4.40 4.66 4.67 4.58

60:25 :25 4.61 4.74 4.48 4.61
** 50:35 :35 4.40 4.72 4.02 4.38
>6 50:25:25 4.90 4.23 4.70 4.61
*7 0 : 0 : 0 4.27 4.21 3.99 4.15

Moan 4.64 4.61 4.52
CD for fertiliser levels - 0.410 
SE for time of nitrogen - 0*136 
SS for L x T - 0.349



92

The time of application of nitrogen had no signi
ficant effect on number of productive tillers either at 
flowering or harvest stages# but highest numbers were 
observed in treatment T^ both at floitering (1*45) and 
harvest (4.64) stages.

The interaction also did not show any significant 
difference. But treatment combination gave the
highest number (2.39) at flowering and b^T^ at harvest 
(5.00) stages.

2. Length of panicle

The mean 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 (21.52) 
and minimum in absolute control (20.83)

The time of application of nitrogen also did not show 
any significant influence in the length of panicle. But the 
highest values were noted in the Treatment T^.

The interaction also did not show any significant effect 
on the length of panicle. But the highest length was 
observed in treatment combination L^T2 (21.97).
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Table 7 - Length of panicle (cm)

Fertili
ser levels

Time of nitrogen application
Mean(NPK kg/ha)

Ti T2 T3

L1 70 :45 :45 20.56 21,26 21.56 21.14

L2 70 s35 x35 21.25 20,10 21.46 20.93
60*35:35 20,73 20.93 21.43 21.05

V 60 *25 :25 20.91 21,97 20.56 21.15
Ls 50*35*35 21.40 20.63 21.31 21.52
L6 50x25*25 21.72 21.34 21.44 21.02
*7 0 : 0 : 0 20.28 21.21 21.01 20.83

Mean 20.98 21,07 21.25

SE for fertiliser levels - 0.688
SE for time of nitrogen - 0.318
SE for L x T -.0.971
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3» Weight o£ panicle

The mean value for the weight of panicle are presented 
in Table 3 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 h0 (70 *35135 kg NPK/ha) produced the heaviest panicles

M s '

whereas control plot gave the lowest value for panicle 
weight. The time of application of nitrogen also did 
not influence the panicle weight significantly* However, 
the treatment T^ gave the highest panicle weight of 
2.44g,

The interaction effect also was not significant in 
this respect* But the highest was noted in treatment 
L3T2 (3*46g) •

4. Number of grains per panicle

The Table 9 furnishes the data on the number of grains 
per panicle* The analysis of variance are presented in 
Appendix VI* .

It is evident from the data that the effect due to 
the levels of NPK on number of grains was not significant. 
However, treatmsnt gave the highest number of grains 
(133.33) followed by L4 (130.69) and I»5 (129.43) . The 
treatment by gave the minimum value.
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Table 8- Weight of panicle (g)

Fertili
zer levels

Time of nitrogen application
(NPK kg/ha) *» T2 T3

*1 70 s45 :45 2.62 2.62 2.09 2.44
*2 70 <35e35 2,76 2.45 2.89 2.70
h 60 e35 835 2.23 3.46 2.31 2.67
L4 60 i25 825 1.83 2.15 2.15 2.07

50 :35 :35 2,45 2.15 2.67 2.25
50 325 s25 2.24 2.19 2.50 2.31

-7 o «* o »* o

1

2.51 2.26 2.02 2.26

Mean 2.33 2.41 2.44

SE
SE
SB

for fertilizer levels 
for time of nitrogen 
for Ii x T

- 0.389
- 0.209 
_ 0.597

Table 9- Number of grains per panicle

Fertili
zer levels 
(NPK kg/ha)

Time of nitrogen application
■ MeanTA1 T2 T3

70:45 j45 118.26 124.36 133.06 125.23
70 835 835 162.13 108.57 132.58 126.65

H
60835835 112.34 126.42 131.89 123,22
60 s25 :25 110.61 140.00 141.45 130.69
50 835:35 129,31 132.05 126.92 129.43
50:25 125 135.61 132.65 132.14 133.33
0 : 0 : 0 99.96 123.66 . 124.39 116.00
Mean 120.70 126.67 131.77

SE for fertilizer levels - 14*057
SE for time of nitrogen - 5*557
SE for L x T - 18,485

J
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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 T, gave the highest value of 131.77 there was no o
significant difference between the treatments.

The interaction effects were not significant. But the 
combination L^T^ gave the highest value of 141.45.

5. Half filled 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 filled 
grains was influenced by the level of NPK though not signi
ficant. There was an increase on the half filled grains 
with decreasing nutrients level. The highest level of 
nutrients namely 70 *45 *45 kg NPK par hectare gave a lower 
number of half filled grains and the lowest value was given 
by 70t35t35 kg NPK per hectare. The highest value was 
obtained by the treatment 50*25*25 kg NPK per hectare.

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
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The interaction effect showed the highest value of 
9*94 with the treatment combination and lowest value
of 6*25 with But there was no significant difference
between the treatment combinations*

6* Unfilled grains per panicle

Data on the mean number of unfilled grains per 
panicle are furnished in Table 11 and the corresponding 
analysis of variance in Appendix 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 (20*08) and iig 
(20.04).

The time of application of nitrogen also did not 
exert any significant influence in this attribute* But the 
highest value was obtained with treatment (23*80).

The treatment combinations also did not show any 
significant difference.

7* Thousand grain weight
Table 12 furnishes the data on the thousand grain 

weight and the Appendix VI provides the corresponding 
analysis of variance*
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Table 10- Number of half filled grains per panicle

Fertili
zer levels 
(NPK Kg/ha)

Time of nitrogen application
Meanm

x2 T3

L1 70 *45 *45 6.44 6,97 8.17 7.20
L2 70*35 *35 6.25 6.66 7.43 6.78
s 60 *35 *35 8.10 6.70 10.44 8.42
L4 60*25*25 9.77 9.17 6.44 9.57
L5 50 *35 *35 7.97 8.84 7.33 9.61
S 50 *25 *25 9.94 9.79 8.90 9.39

0* 0s 0 6.28 9.50 8.00 7.92
Mean 7.82 8.23 . 8.10

SE for 
s e for 
SE for

fertilizer levels - time of nitrogen - 
L x T -

1.637
0.797
2.376

Table 11- Number of unfilled grains per panicle

Fertili
zer levels 
(NPK kg/ha)

Tima of nitrogen application
MeanTA1 T2 *3

L1 70 *45 *45 18.97 17; 94 21.67 20.08
L2 70 *35 *35 25.09 16.31 19.76 20.33
L3 60*35*35 20.33 19.87 27.89 22.70
L4 60*25*25 19.11 24.33 24.83 23.33
L5 50*35*35 13.98 25.39 21.94 22.13
L6 50*25*25 17.83 20.28 22.00 20.04
L7 0 * 0 * 0 21.98 27.22 25.61 24.94

Mean 20.34 21.69 23.80
SE for fertilizer levels - 4.626
SE for time of nitrogen - 1.915SE for L x T - 6.205
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There was no significant difference in the thousand 
grain weight with different nutrient levels9 The treat
ment gave the highest value of 17*88 g*

The time of nitrogen application also failed to show 
any significant influence on the thousand grain weight*
The highest value of 17*j74 g was given by treatment •

The interaction also did not show any significant 
difference in the thousand grain weight*

8. 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 Appendix VII*

The data clearly revealed the significant Influence of 
NPK levels on grain yield* The highest grain yield of 
3899*98 kg per hectare# was obtained by the highest level 
of nutrients namely 70*45845 kg NPK per hectare(L^)tried*
It was significantly superior to control treatment and on 
par with other levels of NPK* The treatment gave an 
yield of 3656*76 kg par hectare which was also significantly 
superior to zero level of NPK* The subplot treatmant did 
not give significant difference in grain yield. But the 
highest value of 3728*35 kg per hectare was observed for 
the treatment T^*
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Table 12- Thousand grain weight (g)

Fertili
zer levels 
(NPK kg/ha)

Time of nitrogen application Mean
T1 T2 T3

L1 70 :45 :45 18.27 17.94 17.16 17.74
70:35 :35 17.88 17.72 17.75 17.64
60 :35 :35 16.39 .17.05 17.75 17.39

L4 60 :25 «25 17.24 17.90 18.01 17.88
50 :35 :35 17.41 17.64 ' 17.42 17.50
50 :25 :25 15.71 17.33 17.63 16.89

*7 0 ! 0 : 0 17.73 17.09 17.45 17.46

Mean 17.31 17.66 17.74

SE for
SE forSE for

fertilizer levels 
time of nitrogen 
I> x T

i - 0.
- 0. 
- 0.

673
291
922

Table 13 - Yield of grain (kg/ha)
Fertili
zer levels 
(NPK kg/ha)

Time of nitrogen application
T1 T2 T3

Li 70 :45 :45 3942.65 3725.04 4032.26 3899.98
b 70 *35 :35 3917.82 3778.90 3878,65 3853.46
b 60:35*35 3609.83 3712,24 3643.23 3656.76
b 60:25*25 3609.83 3896.82 3814.64 3773.76
b 50:35:35 3725.04 3648,23 3801.84 3725.04
b 50:25 *25 3758.12 3735.18 3814.64 3769,00
b 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 - 57.040SE for li x T - 208.995
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The interaction also did not show any significant 
difference in grain yield* However, the highest yield was 
recorded by treatment combination L^T^.

9. Straw yield

The Table 14 furnishes the data pertaining to the
straw yield as influenced by levels of NPK and tine of

\

nitrogen application. The corresponding analysis of 
variance are presented in Appendix VII.

The yield of straw wa3 significantly influenced by 
the levels ox NPK and the highest yield of 4879*25 kg 
per hectare was recorded by the treatment L^. iatraw yield 
was the highest with nutrients level 70 :45 s45 kg NPK per 
hectare and superior to treatments Lg, and
and on par with L^.

The time of nitrogen application did not give any 
significant difference in the straw yields giving the 
highest value, of 4344.89 kg per hectare with treatment T2*

The interaction effect was also found not significant 
for the straw yields. High value was obtained with treat
ment combination L.T-.1 3



10. Grain t straw ratio
The data on mean values of grain etraw ratio are 

presented in Table IS and corresponding analysis of 
variance in Appendix VII*

The NPK levels did not exert any significant influence 
on the grain :straw ratio* But the highest value of 0*96 
was observed in the *no1 nutrients treatment and the 
lowest value of 0*80 for higher level of nutrients namely, 
70 :45 i45 leg NPK per hectare •

The grainistraw ratio was significantly influenced by 
the time of nitrogen application and T^ 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 b^T^ which was significantly superior to treat
ment combinations b ^ ,  LgTg, 1 ^ ,  b ^ ,

L3T1 3X1(1 l1T2’ The 'treatman't Ij1T2 gava the low03t value 
which was on par with other combinations such as bgTg,

L1T3' L3T2 and L3T1'
C.Quality 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 VIX*
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Table 14- Yield of straw (kg/ha).

Fertili
ser levels 
(NPK kg/ha)

Time of nitrogen application' Mean
' T1 X2 T3

70 *45 *45 4710.70 4915.52 5011.52 4879.25
Lp 70*35*35 4404.48 4928.32 4256.27 4529.36
b 60 *35 *35 4307.48 4595.50 4038.66 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
** 50*25 *25 4230.69 4275.48 4243.47 4249.37
b 0: 0: 0 3072.20 3238.61 3232.60 3177.67

Mean 4116.40 4344.89 4189.53

CD for fertiliser levels - 403. 202
SE for time of nitrogen - 97.688
SE for L x 'r - 2S0.666

Table 15- Grainjstraw ratio

Fertili
zer levels 
(NPK kg/ha)

Time of nitrogen application
T1 T2 T3

Li 70 *45 *45 0.84 0.76 • 0.80 0.80
L2 70 *35 :35 0.89 0.77 0.91 0.86
L3 60*35 *35 0.84 0.81 0.91 0,85
*•4 60 *25 *25 0.85 0.95 0,87 0.89
b 50*35 *35 0.97 0.80 0.92 0.90
L6 50:25 *25 0.89 0.88 0.91 0.89
b o M O n o 0.98 0.97 0.93 0.96

Mean 0.90 0,85 0,89

SE for fertilizer levels - 0.055
CD for time of nitrogen - 0.037
CD for L x T - 2.135
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The data showed that there was significant difference 
in the protein content of grain with different levels of 
nutrients giving the highest value of 8*41 per cent for 
the highest level of NPK (I»̂ ). 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 attribute. However, the
highest value (7.54) was noticed in treatment T_.3

The interaction effect was also not significant. But 
the treatment combination I^T^ gave the highest value 
(8.97).

P. Plant nutrient status.
1. Nitrogen content of plant

The data pertaining to the nitrogen content of plant 
are presented in Tables 17(1) and 17 (ii) and tha respective, 
analyses of variance in Appendix VIII.

It is evident that nitrogen content of plant was 
significantly influenced by the nutrients levels. The 
highest level of NPK (î ) gave the highest value for 
percentage 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.
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Table 16- Protein content (%) In grain

Fertili
ser levels 
(NPK kg/ha)

Time of nitrogen application
Mean

T1 T2 T3

L1 70 :45 *45 7,95 8.31 8.97 8.41

L2 70 :35 *35 8*15 6*55 G*66 7.95

L3 60 *35*35 7*80 7.95 7.15 7.63

L4 60 *25 3 25 7.68 7.88 7.15 7.63

**5 50 *35 s35 7.00 7.51 7*38 7.46

L6 50 *25 ?25 7.07 7.51 6.49 7.02
Of 0 ̂ 0 5.61 6.27 6.27 6.05

Mean 7.35 7,47 7.54

CD for fertilizer levels - 1.1134
SB for tine of nitrogen - 0.3157
33 for L x T - 0.8523
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Table 17(1)- Nitrogen content (%) in straw

Fertili
ser levels 
(NPK kg Ala)

Time of nitrogen application Ma an
T1 T2 Ta3

L1 70 845 :45 0.77 0,76 0,75 0.76
^2 70 *35 *35 0.74 0»74 0.74 0.74
L3 60 e35 *35 0*64 0.65 0,70 0.67

60 *25 *25 0.61 0.71 0.63 0.65
L5 50 *35 *35 0.69 0.64 0.69 0.67
L6 50*25*25 0*62 0*62 0.61 0.62
*7 0 s 0 s 0 0,46 0.51 0.56 0.51

Mean 0.65 0.66 0.67
V CD for fertiliser levels - 0.0832

SE ouo«W nitrogen - 0.0264
SE for h x T - 0.0686

Table 17 (ii)- Nitrogen content (%) in grain

Fertili
ser levels

Time of nitrogen application
Mean(NPK kg/ha) TA1 T2 T3

L1 70 *45 *45 1.4 . 1.33 1.44 1.35
L2 70 *35 *35 1.3 1.1 1.42 1.27

60 *35 *35 1.25 1.27 1.14 1.22
*■4 60 *25*25 1.26 1.26 1.13 1.22

50 *35 *35 1.12 1.20 1.26 1.20
** 50*25:25 1.13 1.20 1.04 1.12
L7 0 : 0 * 0 0.90 1.00 1.00 0.97

Mean 1.18 1.20 1.21

CD for fertilizer levels - 0,178
SE for time of nitrogen - 0,0505SE fob L « T - 0.1262
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The nitrogen content of plant v/as not influenced signi
ficantly by the time of nitrogen application. But split 
application of nitrogen, 25 per cent as basal +■ 25 per cent 
20 days after transplanting + 50 per cent 40 days after 
transplanting produced highest value.

The interaction effect v/as also found not signifi
cant.

2. Phosphorus content of plant
Data on mean values of phosphorus content of plant 

are furnished in Tables 18(i) and 18(ii). The correspond
ing analyses of variance is given in Appendix VIII*

The data showed that the various levels of nutrients 
had no significant effect in the phosphorus content of 
plant, though highest values were obtained with highest 
levels of NPK (h^)» The control plots (L^) recorded minimum 
value for the phosphorus content of plant.

As regard the time of nitrogen application no signi
ficant difference v/as noticed.

The interaction effect v/as also not significant.
3. Potassium content of plant

The data on the potassium content of plants are furni
shed in Tables 19 (i) and i9(ii) and their analyses of 
variance in Appendix VIII.
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Table 18 (i) - Phosphorus content (%) In strav;

Fertili Time of nitrogen application
zer levels - 
(NPK kg/ha) Ti T2 Ta3

L1 70 *45 s45 0 .28 0.34 0.27 0.30
**2 70 :35 *35 0 •> 26 0.26 o • to to 0.25
**3 60 *35 *35 o • to <* 0.27 0.26 0.26
L4 60 125 s25 0.28 0.22 0.26 0.25V 50:35*35 0.27 0.22 o • to CD 0.26
h6 50:25*25 o e to 0.21 0.22 o . to to

h7 0 : 0 : 0 0.23 0.21 0.21 0.22
Mean 0.26 0.25 0.25

CD for 
SE for 
SE for

fertilizer levels 
time of nitrogen 
h x T

- 0.0284
- 0.0261 
- 0*0631

Table 18 (ii) - Phosphorus content (%) in grain

fertili
zer levels 
(NPK kg/ha)

Time of nitrogen application Mean
T1 T2 t 3

L1 70 :45 :45 0.59 0.54 0.56 0.56
h2 70 :3S *35 0*42 0.51 0.54 0.49
S 60:35 *35 0.42 0.53 0.50 0.48
** 60 :25 *25 0.47 0.50 0.51 0.49

50 *35 :35 0.47 0.46 0.48 0.47
50:25 *25 0.47 0 • 44 0.44 0.45

^7 0: 0: 0 0.43 0.44 0.40 0.42
Mean 0.467 0.49 0.49

EE for fertilizer levels - 0*0516
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
ser levels

Time of nitrogen application
Mean

(NPK kg/ha) T1 T2 T*3

^1 70 :45 :45 1.45 1.51 1.60 1.52
4 70 :35 :35 1.35 1.21 1.43 1.33
h 60 :35 t35 1.32 1.39 1.38 1.36
h 60:25i25 1.34 1.33 1,32 1.33

50:35:35 1.33 1,34 1.35 1.34
50:25:25 1.33 1.27 1.21 1.27

h7 0: 0: 0 1.37 1.29 1.15 1.27
Mean 1.36 1.33 1.35

SE for fertiliser levels - 0.1124
SE for time of nitrogen - 0.0915
SE for li x T - 0.2274

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

Fertili- 
liser levels 
(NPK kg/ha)

Time of nitrogen application
■ Mean

T1 *2 T3
L1 70 :45 :45 0.57 0.54 0.59 0.57
L2 70:35 :35 0.49 0.50 0.47 0.48
S 60 :3S :35 0.42 0.43 0.33 0.40
L 60 :25 :25 0.41 0.43 0.33 0.39
*5 50 :35 *35 0.42 0.44 0.41 0.43
L fi 50:25:25 0.40 0.38 0.42 0.40
>7 0: 0: 0 0.37 0.47 0.36 0.40 ,

Mean 0.44 0.46 0.42
CD for fertiliser levels - 0.092SE for time of nitrogen - 0.4895SE ror h 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 and superior to other
levels. The potassium content of straw was found notsigni
ficant with levels of nutrients and highest value was fourd 
with highest level of NPK

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

Tha interaction effect al3o did not show any signifi
cant difference in the potash content of the plant. The 
treatment combination of gave the highest value.

E« Uptake of nutrients.
1. Uptake of nitrogen

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

The data revealed that there was significant increase 
in the nitrogen uptake with increased levels of nutrients. 
The highest value of 71.67 kg per hectare was obtained in 
treatment which was found superior to all other treat
ments except b2. The aero level of NPK (L?) was signifi
cantly inferior to all other treatments.



The subplot treatment of the time of application 
showed no significant difference between treatments. But 
tiie highest value of 53.88 kg per hectare was observed in 
treatment T,,.

The interaction effect was not significant.
2. Uptake of phosphorus

The data on the phosphorus uptake as influenced by 
levels of nutrients and time of nitrogen application are 
presented in Table 21 and their respective analysis of 
variance in Appendix IX.

A significant increasing trend in the uptake of 
phosphorus v/as noticed with increasing levels of NPK. It 
was observed that the highest level of NPK(L^) gave the 
highest phosphorus uptake which was superior to all other 
lower levels of NPK but on par with treatment L»2 « The 
treatment gave the lowest value of 16.75 kg per hectare
which was on par with treatments^, L5 and Lg,

As regards the time of application of nitrogen no 
significant difference in phosphorus uptake was noticed 
between treatments. However, treatment T2 gave the highest 
uptake over other times of nitrogen application.

The combined effect of the levels of nutrients and the 
tin© of application of nitrogen was also found to be not 
significant.
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Table 20- Uptake of nitrogen (kg/ha) at harvest

Fertili Time of nitrogen application . £4a anser levels 
{NPK kg/ha) TX - t2 T-3

h 70 *45 *45 69*773 69o370 75*380 71.670
h2 70 *35 *35 63*650 65.560 63.270 64.160
s 60 *35 *35 54.650 54.270 50.010 52.970

60 *25 *25 40*110 53.330 49.400 50.290
H 30*35*35 46*720 52.930 46.750 48.310

50 *<£5 *25 46*290 43*040 51.070 46.300
^7 0: 0* 0 31.460 36.033 33.510 34.330

Mean 43*710 53.-300 52.770

CD for fertiliser levels - 12.080094
SE for time of nitrogen - 2.657535
SE for L T ■ _ 7 <*9834

Table 21- Uptake of phosphorus (Kg/ha) at harvest

Pertli-
ser levels 
(NPK kg/ha)

Tisa of nitrogen application Mean
T1 T2 T3

L1 70 *45 :45 30.44 30.10 23.76 29.77
70*35*35 19.44 24.16 24.88 22.83
60 *35 *35 20.04 21.33 21.16 20.84

L4 60 *25 *25 19.02 19.77 13.93 19.59
LS 50 *35 *35 19.90 19.38 19.70 19.66

50*25*25 17.76 16.46 16.76 16.99
l7 0 * 0 8 0 18.91 17.56 13.77 16.75

Mean 20.73 21.25 20.72

CD for fertiliser levels - 7.481626
SE for time of nitrogen - 1*3534435SE for L k  T — 4*5097
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3• Uptake of potassium

The analysis of variance table for the uptake of 
potassium are presented 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 
levels of NPK# treatment gave the highest value of 
107.31 and hj the minimum value of 64.73 kg per hectare.

similarly the time of application of nitrogen also 
did not show any significant influence on potassium uptake. 
The treatment t 2 gave the highest value (57,32 kg/ha) 
interaction effect was also not significant. But the 
combination registered the highest potassium uptake.

3?. Soil Analysis.
1. Total nitrogen content of the soil after the experiment

Table 23 furnishes the total nitrogen content of 
soil after the experiment and the analysis 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 per cent was 
obtained v/ith treatment which received the highest level 
of nutrients and lowest value of 0.093 per cent with treat
ment which received no nutrients.
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Table 22 - Uptake of potassium (kg/ha) at the harvest

Fertili
ser levels 
(NPK kg/ha)

Time of nitrogen application
Mean

'*1 T ■ 2 T3

h1 70 *45 :45 102.325 102.897 116.208 107.310
h2 70 s35 j35 114.588 83.154 80.586 92.770
h3 60 s35 :35 56.273 103.420 82.950 32.550

60:25 £25 85.120 85.340 71.590 80.680
s 50:35 :35 76.950 80.630 79.350 78.990
h 50 (25 :25 81.850 78.750 78.490 79.698
Ijiy 0 : 0 : 0 65.280 71.970 56.940 64.730

Mean 83.41 87.32 80.87

SE for fertiliser levels 
SE for time of nitrogen 
SE for lixT

- 12.4295
- 8.249- 21.7263

Table 23- Total nitrogen content of soil{%) 
experiment

after the

PartlXi- 
ser levels 
(NPK kg/ha)

Tima of nitrogen application
Ip rp  ̂ 6 d

Maan

*1 70 *45 *45 0.121 G.1QQ 0,130 0 e 117
70 :35 s35 0.112 0.114 0.114 0.113

L3 60 *35 :35 0.112 0.114 0.107 0,111
60 :25 :25 0.110 0.106 0,120 0.112

*h 50 #35 #35 0.108 0.109 0,106 0.108
*6 50*25:25 0,110 0*103 0.110 0.108
‘7 0 : 0 : 0 0.098 0.104 0.095 0.093

0.11 0.107 0.112

SE for fertiliser levels - 0 #0100166
S3 for time of nitrogen - 0#00931
SE for L x I - 0*0225
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The nitrogen content of soil also did not differ 
significantly with times of nitrogen application after 
the experiment.

i

2. Available phosphorus content of the soil after the 
experiment

The data on the available phosphorus content of soil 
after the experiment are furnished in Table 24 and the 
analysis of variance in Appendix IX.

It was observed from Table 24 on the available phos
phorus content of the soil after the experiment that there 
was no significant difference with levels of nutrients.
But the highest value of 39.31 kg phosphorus per hectare 
was observed with the highest level of N P K ) and the 
lowest value of 32.52 kg phosphorus per hectare with 
control plot.

The phosphorus content of soil after the experiment 
was found unaffected with times of nitrogen application.

3. Available potassium content of the soil after the 
experiment.

Data on the available potassium content of the soil 
after the experiment are furnished in Table 25 and the 
corresponding analysis of variance in Appendix IX.
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Table 24- Available phosphorus content of the soil (kg/ha) 
after the experiment*

Fertili
zer levels

Tima of nitrogen application Maan
(NPK kg/ha)

T1 T2 T3 ■

L1 70 :45 :45 42.14 40.81 34.97 39.31
*2 70:35:35 35.23 38.15 33.35 35.50

00:35:35 38*69 31.25 32.96 34.30
L4 60:25:25 41.07 31.45 32.56 35.03
JY5 50:35:35 . 34.97 34.97 29.40 33*11
** 50:25:25 30.72 29.92 37.09 32.84

0: 0: 0 36.03 27.79 33.73 32.52

Mean 36.98 33.48 33.56

SE for 
SE for

fertilizer levels - 
time of nitrogen -

5.03
2.26

s e for Xj x T - 7.0109

Table 25 - Available potassium content of the 
after the experiment. soil (kg/ha)

Fertili
ser levels 
(NPK kg/ha)

Tima of nitrogen application
Mean

T1 T2 T3
70:45:45 137.20 134,40 132.72 134.77

L2 70 :35:35 142.60 136.60 138,78 139.33
H 60 :35:35 128.80 133.00 126.00 129,27

60:25:25 123.26 126.06 122.06 123,79
I<r-o 50:35:35 117,60 103.60 118.72 113.31
h6 50:25 :25 114,. 74 118.16 114.80 115.90
L7 0 : 0 : 0 107.25 105.28 107.52 106.68

Mean 124.49 122.44 122.94
*

S5 for fertilizer levels - 14.385
SE for time of nitrogen - 4.009
SE for L x T «. 18.Q81
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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 
v/as obtained with control plot and an increasing trend 
with increasing NPK level was noticed in the potassium 
content of soil after the experiment.

The potassium content of soil after the experiment 
did not differ significantly with difference times of 
nitrogen application.
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DISCUSSION

An experiment was carried out during the second 
crop season of 19S2-83 to study the effect of different 
levels of nutrients along with time of application of 
nitrogen on the performance of a rice cultivar Mashuri 
at the Regional 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 height 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 Increase the 
height of plants. Supply of larger quantities of nitrogen 
in the treatment has led to an enhanced rate of vegetative 
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).



as regards time of nitrogen application it was 
revealed that tha different treatments did not exert 
much influence on this growth attribute. The tallest 
plants were observed in treatment during the active 
tillering stage, though the effect was not significant.
In treatment ^  50 per cent of nitrogen was applied 
basally which might have led to an enhanced growth of 
plant in this treatment which was expressed in increased 
plant heights. In the subsequent growth stages, treatment 
T2 produced taller plants though the effect was signifi
cant only at the maximum tillering stage. Better absorp
tion of the nitrogen by the plants in treatment 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 (i) to 3(iv) showed that 
the significant effect of treatments on this growth attri
bute was revealed only in two growth stages observed. At 
both these stages, the treatment having higher level of 
NPK application produced more number of leaves. In other 
stages also the leaf number v/as more in the highest NPK



level, though not significant. This clearly brings out the 
fact that a higher level of NPK application is 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 Sumball 
and Gupta (1972)• Moreover, the trend noticed in this 
trial confirms to the accepted behaviour of nitrogen in 
enhancing vegetative growth (Tisdale and Nelson,,1975),

As far as time of nitrogen application is concerned, 
treatment T2 gave higher number of leaves at later stages 
of crop growth, though not significant. 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 flowering and harvest stages was observed with the 
highest level of NPK namely,70i45:^5 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, banka et al.(1976)

120
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and Murty and Murty (1978) reported that nitrogen had 
significant role in enhancing tillering* Research findings 
of Nair et al. (1972), Fageria (1932) support the results 
obtained 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 Kulkami et al. 
(1975), Singh and Singh (1979) are in conformity with the 
findings of the present study. The result revealed tha 
lowest value for the treatment receiving no *JPK at all 
stages of growth, thereby 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 treatment T (50 per cent nitrogen as 
basal + 25 per cent nitrogen at 20 DAT 4- 25 par 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 available 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 nitrogen in enhancing tillering 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
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nitrogen at 20 DAT + 2 5  per cent nitrogen at 40 DAT) 
produced significantly higher number of tillers at maximum 
tillering and panicle initiation stages. This is consequent 
to greater availability of nitrogen due to the application 
of nitrogen in larger proportion during later growth stages 
in this treatment. Th© effect of nitrogen in enhancing 
tiller production of rice plant is an established fact*
Rao and Murty (1975b) concluded from their experiments 
that application of nitrogen in split doses increased the 
tiller survival. All thase might have contributed for 
tile higher tiller number observed in the treatment.

The results made it obvious that the treatment combina
tion produced the highest number of tillers* The
cumulative effect of both increased level of fertilisers 
70:45 b45 kg NPK per hectare supplied v/ith the proper timing 
of nitrogen application# namely# 25 per cent nitrogen as 
basal + 50 per cent nitrogen at 20 DAT + 25 per cent 
nitrogen at 40 DAT might have resulted in this increase.

4. Dry matter production
Results showed that (Table 5) there i*as an increase 

in the dry matter production in accordance with the increase 
in levels of nutrition. The influence of nitrogen in 
increasing the plant weight has been reported by Black (1973). 
An enhanced rate of nitrogen application leads to an
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increase in vegetative c 
plants with more number 
tiilers* The supply of 
have influenced dry matt 
a well developed root sj 
plant growth which in ti 
of all nutrients. This 
of Terman et al. (1970) 
matter production with j 
phorus. ?he increase ir 
observed (Table 20,21 ar 
might have contributed t 
production. This result 
of Ramanujam and Rao (IS

Zt was seen from ti 
application had no signi 
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obtained with treatment 
increased number of laa\
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h more 
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producing 
general 
uptake 

e result 
in dry 
ed phos- 
as 

dy also 
matter 
he findings 
78).

of 
matter 
n was 
ed to the 
vegetative

growth of the plant with the split application of nitrogen , 
in this treatment. It is further observed that the content 
and 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 gave the highest dry weight*

3. yield components and yield*

1. Productive tiller count

The results presented in Table 6(i) and 6(ii) and Fig*3 
showed that the number of productive tillers was influenced 
by the NPK level* The treatment 70*45*45 (L̂ ) produced 
the highest productive tiller number which was significantly 
superior to treatments Lg and L^* The results obtained 
pointed out the significant effect of nitrogen on the 
increased number of productive tillers* Findings of Subbiah

iand Morachan (1974), Gowda and Panikar (1977) Dixit and 
singh (1979) on rice are in conformity with the results 
obtained in this investigation* The beneficial effect of 
phosphorus on productive tiller number has been established 
by Nair et 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 levels of potassium on this attribute was observed 
in the present study* The role of potassium in increasing 
the number of productive tillers had been reported by 
Kulkami et al* (1975) and Padmaja (1976) in rice*

The data showed that the treatment produced higher 
number of productive tillers, though not significantly
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superior to other treatments* Muraleedharan et al*(1972) 
reported that there was no significant effect on number 
of panicles per square metre with the time of nitrogen 
application* But the higher number of productive tillers 
observed vjith time of nitrogen application as 50 per cent 
basal +- 25 per cent 20 DAT + 25 per cent 40 DAI may be 
due to the proper utilisation of nitrogen in the initial 
stages of crop growth* Similar results were also obtained 
by Verma and Srivastava (1972) Rao and Murty (1975b) and 
ftair ©t al* (1972)*

2* Length of panicle

Ihe Table 7 on the length of panicle showed that there 
was no significant difference in the length with levels of 
nutrients* This is in accordance with the findings of 
Sadayappan et al* (1974). Alexander et al*(1974a) 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 nitrogen application.
The result is in conformity with the findings of Muralee- 
dharan et al* (1972) who observed that the length of panicle^ 
v/as not significantly influenced by the timing of nitrogen 
application•
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The result of this experiment and the findings 
referred in literature cited above show that the length 
of panicle is mostly a genetically controlled character 
which is little influenced by fertiliser management 
practices* The length of panicle is a varietal character 
which is not influenced by variation in time and level of 
nitrogen application as reported by Kumar (1969) and 
Mathew (1971)*

3* Height of panicle

The result presented in Table 8 showed that the weight 
of panicle was not significantly influenced by the levels 
of NPK. The highest panicle weight was obtained with 
70*35*35 kg NPK per hectare (L>2) * 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 increasing 
panicle weight also had been reported by place et al.(1970).

As regards time cf nitrogen application, the result 
showed that treatment T^(25 per cent basal + 25 per cent 
20 DAT -i- 50 per cent 40 DAT) produced heavier 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 utilisation of 
nitrogen at the later stages of the crop* Nair et a^*
(1979) and Wang (1981) also reported that nitrogen 
application at the later stages of the crop increased 
the panicle weight*

4* Number of grains par 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 reported by Natarajan 
et al* (1974) who observed no significant increase in 
number of grains per panicle with incremental doses of 
nitrogen application* Alexander et al*(1974b)# Sadanandan 
and Sasidhar (1976) could not find 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*

It 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 filled and unfilled grains were more 
when the soil nutrient status was not adequate* The full 
development of grain could not take place due to lack of
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optimum nutrient contents in the soil. In this contest 
it Is interesting to not© that the highest number of 
unfilled grains was obtained in control plots* This 
implies the need of adequate level of nutrition for the 
production of normal grains in panicles* According to 
UUpta et aJL. (1970) and Panda and Leouwrik (1972), nitrogen 
increased fertile spikelets per panicle. Battacharya 
and Chatterjee (1978) opined that phosphorus application 
produced more number of filled spikelets per panicle.

As regards the time of nitrogen application# the 
results showed that the treatment differences were not 
significant in the number of grains per panicle. The 
effect was not significant with respect to unfilled 
grains also. .

5. Thousand grain weight.

The result presented in Table 12 showed that the 
thousand grain weight v/as not influenced by the levels 
of NPK. Several rice workers have reported that thousand 
grain weight was unaffected by nitrogen application 
(Muthuswamy et al., 1972) Natarajan et al., 1974? Lenka 
at al*# 1976). Similarly# Alexander et al. (1974a) 
reported that phosphorus application did not affect 
thousand grain weight. According to Kalyanikutty and



Morachan (1974) thousand grain weight was not influenced 
by potassium application also0

The time of nitrogen application did not give signi
ficant difference in this respect. But the highest weight 
was obtained with 50 par 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 
development along with other nutrients. According 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 yield
The data presented in Table 13 and Pig*4 showed that 

the highest level of nutrients application produced the 
highest grain yield* The treatment i?ith 70 *45 s45 kg NPK 
per hectare (ĥ ) resulted in the highest grain yield which 
was significantly superior to the absolute control and was 
on par with other treatments. A reference to the data on 
growth characters such as plant height# leaf number# 
tiller number and yield attributes such as productive 
tiller number, length of panicle, weight of panicle and 
thousand grain weight 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 treatmen t# The data on nutrient uptake (Table 20#
21 and 22) also showed that the uptake was more in
treatment which also might have led to a better develop
ment of growth and consequent higher yield* The bene
ficial effect of NPK fertilization in increasing the 
grain yield of rice has been proved by many workers#
(Reddy et al*# 1978; Panda and Das# 1979/ Agarwal# 1980)*

Nitrogen 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 nitrogen on 
the grain yield of rice is stressed by several workers

i

like Rethinam et al* (1975)# Sahu and i-ioorthy (1975) and 
Pillai et al* (1975)* similarly the role of phosphorus 
in Increasing the grain yield of rice has been stressed 
in the works of Padmakumari et al. (1969)# Dev et al. (1970)
Khatua and Sahu (1970). The beneficial influence of
potassium in increasing the grain yield may probably be 
through its role in the manufacture and translocation of 
starch(Russel# 1973)*

As regards the time of application of nitrogen# the 
results indicated that the highest grain yield v/as obtained 
with treatment (25 per cent nitrogen basal -j- 25 per cent



nitrogen 20 days after transplanting + 50 per cent
nitrogen 40 days after transplanting), though not signi
ficant* For treatment T^# 50 per cent of the dose of the 
nitrogen is applied at 40 days after transplanting whereas 
in other treatments only 25 per cent of the 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 nutrients 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 several 
earlier workers like Rao and Murthy(1975a) , Sarkar and 
Sinha (1976)# Qhatti and Khan (1977)# Mishra and Singh
(1980).

7# Stray/ yield
The result presented in Table 14 and Fig.5 showed that

the highest value was observed in the treatment (70 *45 s
45 kg NPK/ha)* It v/as also observed that there v/as a
progressive increase in strav/ from zero to the highest
level of NPK* The straw yield in the highest level of
NPK (L^) was significantly superior to other treatments, 
except 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 values 
ware noticed in the treatment which received tha largest 
amount of nitrogen# Role of nitrogen in enhancing the 
vegetative growth of rice has already been discussed.
In the case of tall indica varieties# nitrogen acts as 
a vegetative growth stimulator# resulting in higher straw 
production Instead of correspondingly increasing the 
grain and straw yields as in dwarf lndicas (Tanaka et al. 
1958)• The beneficial effect of nitrogen in increasing 
straw yield of rice has been revealed by several research 
workers like Rathinam et al# (1975)# Venkateswarlu (1978)# 
Bhatti et a h  (1982),

The time of nitrogen application did not give any 
significant difference in the straw yield. But the treat
ment which received 50 per cent nitrogen 20 days after 
transplanting was superior to treatments with 50 per cent 
nitrogen as basal or 50 per cent 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 nitrogen 50 per cent at 20 days after 
transplanting has produced better vegetative growth of 
the plant than other times, of nitrogen application* This 
might have contributed to the higher straw yield obtained 
in this treatment. Hoque et al*(1977)* Gaffer and Chand 
(1978) also reported similar results.

8. Grain:straw ratio

The grain*straw ratio provided in Table 15 revealed 
that there was no significant influence for the levels of 
NPK. The Table 15 showed that there was a reduction in 
grain ?straw ratio when the nutrient levels were increased. 
Minimum grain sstraw ratio was observed by the treatment 
receiving 70*45:45 kg NPK per hectare and the highest by 
control plot. Being a tall indiea variety, the application 
of fertiliser especially nitrogen in higher doses resulted in 
considerable increase in straw production, thereby recording 
a lesser grain*straw ratio. With tha highest level of 
nutrients (L̂ ) 70:45:45 kg NPK per hectare which has 
produced the highest grain yield the straw production has 
also Increased considerably. The treatments receiving lesser 
quantities of nutrients, especially nitrogen, recorded 
higher grainsstraw ratio thereby indicating that the stre 
production was comparatively lesser in these treatments.
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Similar results had been reported by Tanaka et al* (1958) 
and Have (1971)..

There was significant difference in the grainistraw 
ratio between the various times of nitrogen application.
The treatment which received ,50 per cent nitrogen 20 days 
after transplanting gave significantly lower grainsstraw 
ratio* This is due to the fact that the grain yield was
not increased to the same extent as the increase in straw/
yield owing to nitrogen availability. The highest value 
was obtained with treatment T^ which received 50 per cent 
nitrogen as basal + 25 per cent nitrogen 20 days after 
transplanting and 25 per cent nitrogen 40 days after trans
planting* Thus greater availability of nitrogen in the 
early growth stages promoted rapid vegetative growth. 
Reference to the data on plant height, number of leaves 
and tiller number showed higher values with treatment T2. 
This enhanced vegetative growth in this treatment led to 
higher straw yields.

The treatment combinations produced the lowest
grain sstraw ratio. This may be due to the individual and 
cumulative effects of the, treatments and T2 on this 
aspect.
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Co Quality charactor 
1. Protein content of grain

The protein content of grain provided in Table 16 and 
graphically illustrated in Pig.6 showed that there was 
significant difference in the protein content of grain 
with different levels of NPK giving the highest value 
for the highest level of NPK(L^) and lowest value for 
control treatment* It is known that the major factor 
controlling the protein content of grain is nitrogen supply. 
Tisdale and Nelson (1975) pointed out that eventhough the 
kind of protein formed is largely influenced by genetic 
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 Abraham et al.
(1974) and Rablndra et al.(1977?. According to Agarwal
(1978) phosphorus and potassium also had favourable 
influence on protein content of grain.

The time of application of nitrogen did not show any 
significant influence in this attribute. However, the 
highest value was noticed in the treatment receiving 50 
per cent of the nitrogen at 40 days after transplanting.
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Nitrogen being a major constituent of proteins, the 
application of 50 per cent of nitrogen at this stage just 
prior to panicle formation might have helped more 
protein formation in 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 various treatment combinations failed to show 
any significant influence on grain protein content. But 
the treatment combination (L^T^) recorded the highsst grain 
protein content which might be due to cumulative effects 
of the NPK level (L^) and time of application (T^).

D. Plant nutrient status*
1. Nitrogen content of plant

The Tables 17(1) and 17 (ii) on nitrogen content of 
plants revealed that the highest level of NPK namely 
70 :45 s45 kg per hectare gave highest amount of nitrogen 
in grain and straw, The nitrogen content of aero level 
was significantly inferior to all other levels of NPK in both 
cases* It is clear from the results that the increased 
supply of nutrients had incraased the nitrogen content, 
of grain and straw significantly. The effect of nitrogen 
nutrition in increasing the nitrogen content of rice plant 
has been reported by many workers (Ramanujam and Rao, 1971/
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Koyama and Niamsrichand# 1973), The high content: of 
nitrogen observed with higher levels of NPK may be due 
to the enhanced growth of vegetative and reproductive 
parts of plants 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 
roots which in turn might have facilitated more absorption 
of nutrients. The 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 of grain and straw. But higher values ware obtained 
with application of 50 per cent of nitrogen at 40 days after 
transplanting. The higher nitrogen content of grain and 
straw in this treatment may be due to the,better availa
bility of nitrogen by late application in large proportion. 
Singh and Bharadwaj (1973a) reported that split application 
of nitrogen at transplanting# tillering and panicle initiation 
stages increased the total nitrogen content of rice plant.



138

Singh and Modgal (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, Bubramaniam and i-iorachan
(1979) showed that grain nitrogen contents were the 
highest with nitrogen applied in three split dressing at 
transplanting, tillering and flower initiation stages.

2• Phosphorus content of plant

As regards the phosphorus content, the results presented 
in Table 18(i) and lQ(ii) showed that various levels of NPK 
had no significant effect on the phosphorus content of grain 
and straw. But the highest values were obtained with higher 
levels of NPK. The higher levels of phosphorus uptake might 
probably be due to the favourable effect of balanced ferti
lisation* Tha increase in plant phosphorus content with 
higher doses of nutrient supply noticed in this study is in 
line with the findings of Oommen et al* (1972) and 
Susoalan at al* (197S)• Trials conducted by Sadayappan and 
Koi and a i s w amy (1974) and Ruju (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* (1972), Agarwal (1978) also reported that 
grain phosphorus content was increased with higher rates of 
application of phosphorus.
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She various times of application of nitrogen did not 
influence the phosphorus content of grain and straw* in 
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 et al, (1980) reported that the 
application of nitrogen in splits increased the content 
of phosphorus in plants*

3. Potassium content of plant

The result presented in Table 19 (i) and 19 (ii) indicated 
that there v/as significant difference in the potassium con
tent of grain with different levels of fertilizer* The highest 
level of NPK namely 70 *45 s45 kg per hectare gave significantly 
higher value for potassium content of grain, but failed to 
produce significant difference in potassium content of straw* 
Naturally the higher dose of NPK 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 of the grain Increased with increased 
application 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 potassium* According to 
Sadayappan and Kolandaiswamy (1974) increased application 
of nitrogen is found to increase the plant potassium 
content* 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 signi
ficant effect on the potassium content of grain and straw 
the treatment combination 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 
which was found superior to all other levels except I^*
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 
matter production also showed that the highest value was 
obtained with highest level of JSPK (L^). So the uptake of 
nitrogen which was computed 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 straw increased with rates of applied 
phosphorus* Reddy et al. (1978) also reported that nitrogen 
uptake increased with increase in rates of nitrogen + 
phosphorus + potassium from 100 + 5 0 + 5 0  to 200 + 100 +
100 kg per hectare. Muthuowamy 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 Ssakkimuthu et al. (1975), Mengel et al.(1976), 
Singh et al. (1976).

Even though there was no significant difference in the 
uptake of nitrogen with different times of nitrogen appli
cation, the application of 50 per cent of nitrogen 20 days 
after transplanting gave higher values than the other times 
of nitrogen application. The Table 5 .pertaining to the 
dry matter production at harvest showed that the treatment 
Tg gave the highest value. However, the uptake of nitrogen 
v/as also the highest in this treatment. The influence 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); Singh 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 18 (ii) on the 
grain and straw content of phosphorus also showed that the 
highest level of phosphorus content was with higher level 
of NPK. Table on dry matter production (Table 5) also 
showed higher values with higher levels of NPK. So the 
highest uptake of phosphorus noticed in treatment was 
due to the cumulative and complimentary effects of these 
treatments. Trials conducted by Iruthayaraj and Morachan
(1980) revealed that uptake of phosphorus was higher with 
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 phosphorus.

The data also showed that the time of application of 
nitrogen had no significant differencerin phosphorus uptake. 
However, it could be observed that application of nitrogen 
50 per cent at 20 days after transplanting (T̂ ) was found to 
give 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
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due to the high dry matter production in this treatment# 
Similar results were obtained 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 three 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. Mohanty and 
Patnaik (1974) observed that potassium application has 
increased phosphorus uptake.

3# Uptake of potassium

The Table 22 on the uptake of potassium showed no 
significant difference due to different levels of NPK#
But the treatment with highest level of fertilisers 
produced highest uptake values* The Tables 5 and 19(1) 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# Consequently the 
highest values of uptake of potassium in this treatment 
may be due to the additive effect:. - of all these#
Muthuswamy et al.(1974) reported that increasing the rate 
of nitrogen# phosphorus and potassium increased their 
uptake. Sadayappan and Kolandaiswamy (1974) noticed an 
increase in potassium content with increase in nitrogen level.
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Ramaswami and Raj (1974) observed that phosphorus 
application increased potassium uptake* Singh at 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 significant influence on potassium uptake* But treat
ment gave the highest value, A reference to the Tables 5 
and 19 (ii) on dry matter production and potassium content of 
grain showed that the highest values were in the treatment 
T^« So the highest uptake of potassium in this treatment 
may be due to the complementary effect of these two. similar 
results v/ere obtained by Singh and Modgal (1978b) who observed 
that the split application of nitrogen was found to be more 
conducive for potassium uptake®

F. Soil Analysis.
1» Nitrogen content of soil after the experiment

The Table 23 on the total nitrogen content of the soil 
after the experiment showed that there was no significant 
difference between the fertiliser levels and times of 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 3 0 1 I nitrogen. But for the 
highest levels of NPK there was no depletion of nutrient
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status of soil oven after the experiment* This reveals 
the fact that the lower levels are not adequate to maintain 
soil fertility status after meeting the crop demands*

2* Available phosphorus content of soil after the 
experiment

It was seen from the result presented in Table 24 that 
there was no significant difference between the NPK levels 
and times of nitrogen application on the available phosphorus 
content of soil after the experiment* But the data# showed 
that there.was depletion of available phosphorus content of 
the soil except for the highest level* This shows that there 
was depletion of phosphorus after plant uptake with the 
lower levels of NPK* The data clearly showed the need for 
application of high levels of NPK for the maintenance of 
nutrient status of soil*

3. Available potassium content of soil after the experiment

The data on the available potassium content of soil 
after the experiment provided in Table 25 showed that there 
was no significant difference in the potassium content 
with levels of NPK and times of nitrogen application after 
the experiment* This result showed that the potassium 
content increased in the soil after the experiment with 
higher rate of NPK application* The table on the uptake of 
potassium showed non-significant difference with levels of
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NPK but higher uptake was noticed with higher rate of 
NPK application* It can be concluded that the highest 
level of potassium application tried in the experiment 
is sufficient to build up soil potassium status even 
after meeting plant demands*



SUM M ARY



SUMMARY

An experiment was conducted at the Regional Agricul
tural Research station# Pattambi during the second crop 
season o£ 1982-33 to study the effect of different levels 
of fertilisers and time of application of nitrogen on 
growth and yield of rice variety Mashuri, The experiment 
consists of seven nutrient combinations of nitrogen 
varying from zero to seventy# phosphorus and potassium 
varying from aero to forty five kg per hectare 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 as 
basal + 5 0  per 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 ©xperimsnt was laid out in the split plot design 
with the levels of fertilisers in main plots and time of 
application of nitrogen in sub-plots. The results of the 
experiment are summarised below.

1, Plant height was increased at all stages of growth
by increasing the nutrient levels. The time of applica
tion of nitrogenous fertilizer did not exert 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 respect.
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2. The number of leaves Increased with higher levels 
of nutrient application at all growth stages upto 
flowering* Tha control plot registered the minimum 
number of leaves at all growth stages* However* the 
difference between the sub plot treatments and the 
treatment combinations ware not significant.

3* An increase in nutrient level exerted considerable 
influence on the number of tillers per plant at all 
stages of growth. The treatment (70 s45 *45 leg MPK 
per hectare) gave the highest tiller number at flowering 
and harvest stages. She tiller number observed in 
the control plots were much less than all other 
treatments• As regards time of nitrogen application* 
treatment T^ gave significantly higher number of 
tillers at active tillering stage and T^ produced 
significantly higher number of tillers at maximum 
tillering and panicle initiation stages, The interaction 
effects were not significant.

4* Dry matter production was the highest in treatment
receiving the highest level nutrients and minimum with 
treatment I»̂ * receiving no nutrient. The dry matter 
production was not significantly influenced by time 
of nitrogen application and treatment combinations.
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Nutrient level 70 #45 #45 }cg NPK/ha (L̂ ) gave the 
highest productive tiller count* ihe time of appli
cation of nitrogen had no significant effect on 
number of productive tillers, but highest numbers 
were obtained in treatment T^. The interaction also 
did not show any significant difference*

Length of panicle and weight of panicle were not 
significantly influenced by the level of nutrients* 
But the length of panicle wa3 the highest in treat
ment ii£ and heaviest panicle in treatment L^* The 
time of application 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/ failed to produce

7

any significant influence on number of grains per 
panicle# half filled grains par panicle and unfilled 
grains per panicle* .

There was no significant difference in th© thousand 
grain weight with different levels of nutrients* The 
time of nitrogen application also failed to show any 
significant influence on the thousand grain weight* 
The interaction effect also was not significant.
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The grain and straw yields were significantly 
influenced by the nutrient levels* Treatment 
gave the highest yield* The grain and straw yields wtrE. 
not significantly influenced by the time of nitrogen 
application* The interaction effect was also found 
not significant giving highest value with treatment 
combination * ^ 3 *

The nutrient levels did not exert any significant 
influence on.the grain sstraw ratio* But it was signi
ficantly influenced by the time of application of 
nitrogen and treatment T^ gave the lowest value* The 
interaction effect v/as also found significant and the 
lov/est value was obtained with treatment combination

V a -

The protein content of the grain was significantly 
influenced by the different nutrient levels giving 
the highest value for the highest level of NPK(L^)*
The 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* in this quality attribute*
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The nitrogen and potassium content of the plant 
was significantly influenced by the nutrient levels.
The phosphorus content of the plant v/as not significan
tly Influenced by the levels of NPK. The highest 
contents of nitrogen, phosphorus and potassium 
v/ere obtained in the treatment (70 :45 :45 kg NPK 
per hectare) • Tha NPK content of plant was not , 
significantly influenced by the time of application 
of nitrogen. The interaction effects were also not 
significant.

Uptake of nitrogen and phosphorus increased 
significantly with increase in nutrient levels.
Highest level of NPK (L̂ ) gave the highest nitrogen, 
phosphorus and potassium uptake values though there 
v/as no significant difference in the not aka of 
potassium. Similarly the time of application of 
nitrogen did not exert any significant influence . on 
the uptake of NPK. The interaction effect was also 
not significant.
Tha various treatments did not show any significant 
influence on the total nitrogen, available phosphorus 
and available potassium content of the soil*
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APPENDIX I
Meteorological data during the crop season 1982-83•

stand- Period
S L  Fro m  T o

Total
rain
fallmm

Maximum
tempera
ture.
°C

Minimum
temperature

C
R.H %

39 Sept* 24 Sept .30 2*2 31.2 22.7 97
40 Oct* 10 Oct. 7 8*2 33.2 23.0 96
41 . Oct* 8 Oct* 14 31.8 33*5 23.4 94
42 oct* 15 Oct* 21 6.5 32.5 23.2 95
43 ' Oct. 22 Oct* 28 117.4 32.9 22.5 97
44 oct* 29 Nov. 4 20.6 32.5 23.1 93
45 Nov* 5 Nov. 11 20*8 32.1 23.3 95
46 Nov. 12 NOV. 18 0.0 32.7 23.6 91
47 Nov* 19 Nov. 25 - 33.8 23.0 82
48 Nov* 26 Dec* 2 - 35.7 23.9 77
49 Dec* 3 Dec* 9 - 32.9 21.9 76
50 Dec* 10 Dec* 16 0.6 32.7 21*8 78
51 Dec. 17 Dec, 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. 8 Jan* 14 19.9 34.7 17.3 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 Feb, 4 9.3 35.4 21.4 81

Contct



Average values of meteorological observations 
for the past ten years (1972-73 to 1981-82)

APPENDIX I (Contd,)

stand
ard
weeks

Period
From TO

Total
Rain
fallmm

Maximum
tempera
tureo„

Minimum 
tempera
ture o -

R.H %

39 Sept* 24 Sept* 30 53.39 31*002 23.07 95.5
40 Dct.l Oct. 7 27*47 31.092 24.84 95,5
41 Oct. 8 Oct. 14. 63*102 31.272 23.24 95.6
42 Oct* 15 Oct. 21 32*532 31*58 22.95 95,5
43 Oct. 22 Oct* 28 15*43 31.572 22.892 94.3
44 Oct. 29 Nov* 4 49*7 31.842 22.652 94.5
45 Nov* 5 Nov* 11 40.66 31.032 22.822 93.2
46 Nov* 12 Nov* 18 39*762 32.28 22.72 93.7
47 Nov. 19 NOV* 25 24*09 32.022 21.77 92.1
48 Nov. 26 Dec* 2 13.43 32.452 21.96 90.2
49 Dec* 3 Dec* 9 13,91 33*011 21.802 89.333
50 Dec* 10 Dec. 16 4.955 32*78 21.1888 86.333
51 Dec* 17 Dec. 23 0.2444 33*344 21*633 81.666
52 Dec* 24 Dec* 30 4*35 32.502 20.522 82.333
1 Dec. 31 Jan* 7 to 33.002 19.722 80.4
2 Jan. 8 Jan* 14 - 32.482 19.462 79,6
3 Jan* 15 Jan* 21 - 33.23 18.7 80.0
4 Jan • 22 Jan. 28 0.3 33.822 20*35 81.6
5 Jan* 29 Feb. 4 0.21 34.47 20.39 84.6



APPENDIX II
Abstract of analysis of variance table for height of the plant at tillering, panicle

initiation, flowering and harvest. .

Mean square
Source df

At active tillering
At maximum 
tillering

At panicle 
initiation

At flower
ing

At harvest 
ing

Block 2 6.3255 0.5341 2.478095 13.0479 -32.9755
Main plot 6 19.4022

1 * *■* 
145.78495

■ ■ • 
178.28898

. . , .** . 
244.95997 186.3535

Error (a) 12 15.96004 , 18.877 11.2034 18.8937 12.5958
sub plot 2 3.0778 62.4929 12.0820 26.4015 8.7935

Subplot x 12 6.1865 11.6072 11.4029 13.7796 13.8043
main 

Srror (b) 28 5.0635 7.9759 5.8175 15.0111 12.2095

, * Significant at 5% level
** Significant at %% level



APPENDIX III
Abstract of analysis of variance table for number of leaves at active tilleringmaximum tillering* panicle initiation and folowaring

Mean squareSource df
At active 
tillering

At maximum 
tillering

At panicle 
, initiation

At flower
ing

Block 2 1.21848 0.84097 5.4583 11.9538
^  ' ** **

Main plot 6 5.44195 41.0848 46.3276 25.2934
Error (a) 12 7.81597 7.9263 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
Error (b) 28 2.790001 4.9921 5.0350 2.9417

* Significant at 594 level
** Significant at 194 level



APPENDIX IV
Abstract of analysis of variance table for number of tillers per hill at
tillering, panicle Initiation, flowering and harvest.

Source df Mean square
At active 
tillering

At maximum 
tillering At panicle initiation At flow

ering
At

harvest
Block 2 0.170299 2 m64X^ 0.3480 4? if1.6490 0.2613
Main 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 1.3935 2.79S9 1.653§ 0.5317 0.5030

Subplot x 
main

12 0.3061 0.2088 0.3240 0.2095 0.1725 .

Error (b) 23 0.25596 . 0.4647 0.31983 0.3604 0.23336

* significant 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 weight of panicle

4
Mean Square

Source df Dry matter 
production 
at harvest

Productive 
tiller at 
flowering

Productive 
tiller at 
harvest.

Length of 
panicle

Weight of 
panicle

Block 2 600746,725 0,9776 0 412273 4,6005 0.2857
Main plot 6 4158368,82 1,5803

★
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 
main 12 774829.55 0.1784 0,146695 0.8857 0.5113

Error (b) 28 1340073.13 0.3090 0.19429 1.05822 0.4605

* Significant at 5% level
** Significant at 154 level



Abstract of Analysis of variance table for number of grains per panicle, half filled 
grains per panicle, unfilled grains per panicle and thousand grain weight.

APPENDIX VI

source df
Ms an square

Number of grains 
per panicle.

Half filled grains 
per panicle

Unfilled grains 
per panicle

Thousand 
grain 
wei ght

Block 2 1082.593 35.753 200,5315 0.72132
Main plot 6 295.768 7.353376 31.6294 0.92088
Error Ca) 12 889.134 12.05216 96.3045 2.039
Sub plot . 2 645.299 0.899597 63.808 0.65726
Sub plot x Main 12 350*146 5.58097 31.0656 1.072188

Error (b) 23 324,24 6.67165 ■ 38.4865 0.891596

* Significant at 5J4 level
** Significant at 1% level



Abstract of analysis of variance table for weight of grain, weight of straw 
grainistraw ratio and protein content of grain*

APPEHDIX VII

Source d£
Mean square

Weight of 
grain

Weight of 
straw

Grain istraw 
ratio

Protein 
content of 
grain.

Block 
Main plot

2
6

92807*686
754541.2$$

239664.23
**

2470855.82
0.040177
0.0219505

0.7849502
5.065827

Error (a) 12 128229.963 ¥54079.29 0.013829 , 1.174903
sub plot 2 36918.536 289012.62 0X15567 0.1860999
Subplot x. 

Main 12 28501.918 102038.08 0.0082549 1.1015484

Error (b) 23 34162.8006 100200.92 0.0034781 1.046828

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



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

APPENDIX VIII

Ms an square
Source d£ N content

of straw
33 content 
of grain

P content 
of straw .

P content 
of grain

:< content 
of straw

X content 
of grain

Slock 2 0.00003611 0.0201 0.0035656 0.003473 0.361014 . 0.0013995
Main plot 6 0*6049616 0.1297016 0*006 0.017473 0.0642865 0.038257
Error (a) 12 0.0065537 0.030065 0.003634 0*01709 0*05680254 0.0080254
Sub plot 2 0.02569 0.C504758 0.0007545 0.0034376 0.00301686 0.0039688
Subplot x 
main

12 0.003427 0.028139 0.001737 0.003924698 0*016894 0.00394169

Error (b) 23 0.0072933 0.020799 0.007136 0.012951 0.087993 0.0251557

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



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

APPENDIX IX

Source

Block 
Main plot 
Error (a) 
Subplot

Mean square
df

Uptake of 
U

Uptake of 
P

Uptake of Soil N soil P
K content content

2 9,5093
6 1326,495
12 133,4885
2 29,161

Subplot x 12 28.448main
Error (b) 28 74-159

4,663
177,001
53,051
1,773

3,656
19,234

67.02335
1570.13
695.22
185.13

775.3528
714.5226

0 *0006326 212.94 
0c0003041 43.32
0*0004515 113.99
0.00000775 64.33

0.0001471 44.53
0-000909 53.60

Soil X content

418.349
1329,0428
931.184
44.78

69.78
175.58

* Significant at 5% level
** Significant at 1% level
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With a view to investigate tha response of the rice 
variety Mashuri to fertilizer levels and times of nitrogen 
application, a field experiment was conducted at the Regional 
Agricultural Research Station, Pattambi, during tha second 
crop season of 1982-83, The treatments consisted of seven 
nutrient levels (70:45:45, 70:35:35, 60:35:35, 60:25:25, 
50:35:35, 50:25:25 and 0: 0: 0 kg NPK per hectare) and three 
times of application of nitrogeny {50/4 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 their various 
combinations•

The experiment was laid out in split-plot design with 
levels of fertilisers 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 production were 
all increased by the higher levels of nutrients at different 
stages of crop growth. The time of application of nitrogen 
and tile interaction effects were not significant in increasing 
these growth attributes.

The different nutrient levels, time of nitrogen appli
cation and their combinations failed to produce any signi
ficant influence in length and weight of panicles, number of 
grains, number of half filled and unfilled grains per panicle 
and thousand grain weight.

ABSTRACT



The grain and straw yields were significantly 
increased by the highest levels of nutrients namely#
70 s45 *45 kg NPK per hectare. Though the time of appli
cation of nitrogen did not show any significant effect, 
the grain yield was the highest in treatment T3 and straw 
yield in treatment T^,

The grain protein content also showed significant 
difference between treatments and the treatment 70 s45 *45 kg 
NPK per hectare gave the highest value.

The content and uptake of nitrogen, phosphorus and 
potassium were four^d to be the highest in the treatment'. 
(70*45*45 kg,NPK/ha). The time of,application of nitrogen 
and the treatment combinations were not significant.

The soil nutrient status (Total nitrogen, available 
phosphorus and available potassium) was not significantly 
influenced by the various nutrient levels, time ox appli
cation of nitrogen or their combinations.


