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INTBODUOTIOir

Attaining self sufficiency in food product ion. has 
boon the prime goal of agricultural scientists. In3pite 
of the active strides taken in this direction, it is 
apparent that India has not yet achieved the objective. 
Area under cultivation as means of increasing the product­
ion* has only got a limited scope, for* every bit of land 
has already been brought under plough • Henoe the tangible 
approach left for increasing the production is to resort 
to adoption of improved agricultural technology.

Cereals form the staple food of the people of 
India, Millets among cereals aro of great importance 
sinoe they are evidently suited for cultivation under 
very adverse conditions of moisture and fertility. Among 
the millets* finger millet (Sleualne ooraoana) locally 
known as ragi occupies an important plaoe mainly because 
of its hardy nature and adaptability to varying soil and 
climatic conditions.

The most important aspect of ragi grain is its 
quality as a food. It is an excellent source of calcium 
which is estimated to be seven timea more than rice (8.3$) 
and has good amount of phosphorus* However* its major 
asset would be the excellent quality of its protein and 
its riohnesa in minerals and vitamins. The protein of
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ragi ’Eleuoinin' has a higher biological value and is 
considered to be superior to *glaiaaln* of wheat (Iyengar 
at al. 1945). liagl malt Is a valuable food for infants 
and mothers during pre and post natal periods•

3esides its use as a cereal grain* the fodder 
obtained is highly valued for feeding cattle and other 
ruminants, and it makes a good supplement to the income.
It has bean estimated that while about 42$ of the total 
utilised nitrogen Is aooumlated in grain, about 58$ Is 
accumulated in straw (Ransanathan at al. 1979). So It is 
obvious that when ragi grain i3 considered as a protein 
rioh cereal, Its straw is not of less importance as a 
fodder for cattle. When properly dried, stored and oilaged 
it could be a good feed to animals especially during off­
season.

The cosmopolitan nature of the orop makes It 
suited to Kerala conditions. In Kerala, it Is grown in 
an area of 4820 ha mostly in Palghut, Idukki, Alleppey 
and Quilon districts. It could be grown successfully 
as an intercrop in coconut gardens under both rainfed 
and irrigated conditions. There is scope for the 
inclusion of this orop in the multiple cropping pattern 
of the state. The expansion of the area, in conduction 
with proper agronomic practices, especially fertilization 
would partly help in bridging the food gap.
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In the soicnoe of plant nutrition every nutrient 
has oertain specific functions to perform and ths deficiency 
of any one element oannot be compensated by supplying any 
other element even In exoass, The efficiency of a nutrient 
like nitrogen is greatly, enhanced when It is used in 
oonjuotion with phosphorus, Just as phosphorus helps in 
better utilisation of nitrogen, potassium also helps in 
the better accumulation of nitrogen and phosphorus, A 
certain balance among the various nutrients lo essential 
for attaining the greatest effioienoy in the U3a of 
fertilisers*

In Kdrala?eo far no trial has been conducted to 
assess the fertiliser requirement of the crop, Determina­
tion of the fertiliser requirement of the crop will help 
in the improvement of grain and straw yield and also the 
quality, Considering the possibility of growing ragi 
a3 an intercrop and as a component crop in multiple 
cropping pattern, proper fertilizer recommendation scorns 
to be Imperative* The present study, hQ3, therefore, 
been taken up with the foliov/ing objectives,

1, to study the effect of nitrogen, phosphorus 
and potassium on yield of grain and straw,

2* to fix the optimum and economic doses of the 
nutrients for the orop,



■to study tho influence of the nutrient a on 
growth and yield attributea*

to study the uptake of nutrients by plant 
as influenced by the varying leva la of 
nitrogen* phosphorus and potassium and

to study tho chemical change in soil 
characteristics as affected by fertilisation.
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HEVIEW OF LITERATURE

The importance of an adequate supply of plant 
nutrients to ensure efficient orop production is being 
veil recognised now more then ever. The vital role of 
essential elements in the normal growth end development 
of plant community is trail known. In the maintenance of 
oell organisation, energy transformations end enzyme 
notions they have definite functions.

Of the essential elements, nitrogen, phosphorus 
and potassium ere used in large quantities. The influence 
of these primary nutrients in the improvement of growth, 
yield and quality of finger millet ha3 been brought out 
by many experiments conducted in India and abroad.
Literature pertaining to their effects on growth, yield 
and quality attributes are reviewed belows

A. Effect on growth and yield attributes 

Height of plants

Many workers have reported increase in height of 
plants with inoreased levels of nitrogen. The plant height 
was inoreased from 53.98 cm to 74.24 om when the fertilizer 
application was inoreased from 0 to 90 kg TT/ha (Ranganathan, 
1962). Thirupathy (1971) in a study on the Influence of
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nitrogen on ragi has reported significant increase in 
plant freight.

Ramlah (1969) recorded significant increase in 
plant freight by the addition of phosphorus. Kumar Gswaisy 
(1972) in his P-32 tracer studies observed that plant 
height had been increased by tho applioation of phosphorus 
upto 52 kg PgOg/ha in ragi var: Co-10. Significant increase 
in plant height by P had been reported by Ramiah and 
Moraahan (197Q).

Ramaltrishnan ITair (1963) reported a lack of res­
ponse to phosphorus and potash applioation in ragi var:
Go“7. Nitrogen had favourably influenced the plant height 
of finger millet but phosphorus and potash failed to evoke 
any response (3ubramaniamP 1969)•

Subramnian et al. (1971) while studying the 
effects of N» P and X observed significant increase in 
plant height by increased doses of nitrogen while P and X 
failed to inflict any response. Interaction between ff 
and P at.the highest levels was also noticed*

fflller number
Increase in tiller number by fertilisation has been 

reported by various workers.
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Ktoimokaraahetty (1961) recorded an Increase in 
tiller product ion from 2.16 to 2.53 by inoreased nitrogen 
application from zero to 90 kg E/he. Ranganathan (1962) 
observed increase in tiller number from 2.96 to 4.01 when 
the nitrogen levels were inoreased from zero to 90 kg E/ha 
in which the increase was linear* Similar results wore 
also reported by Nerasimhamor'Uiy and Rao (1961)* Sri3hna- 
murthy (1967) and Singh and Rajat de (1978).

Subramanian (1969) reported a significant increase 
in the number of productive tillers on 6Oth day after 
planting by nitrogen application in ragi whereas P or K 
had no response. 2hirupathy (1971) observed significant 
Increase in the number of total and productive tillers by

1nitrogen application.
/

Hasakrishnan Nair (1963) observed on increase in 
tiller production when potash was applied at 20 lbs/acre, 
Uaha (1966) recorded a benofioial influence of potash in 
poddy by way of promoting growth, tillering and straw 
yield. P.amankutty (1967) observed that potash had no 
aignifleant effect on the number of tillers* Application 
of potash upto 00 kg/ha In rice had shown an increasing 
trend in the number of tillers (Vijayan, 1970).



Number of functional leaves
Significant increase in the number of functional 

leaves have been obtained by phosphorus fertilization in 
ragi (Ramiah and Moraohan, 1973),

Length of earhead

Kblandaisamy (1964) reported a significant increase 
in the length of earhead of Co-7 ragi by nitrogen fertilisa­
tion* Patel and Patel (1970) recorded an increase in 
length of earhead by 3*1 om with the increase In nitrogen 
level from 34 to 102 kg/ha, Singji and Rajatde (1978) 
observed a significant increase in length of earhead by 
nitrogen application* However some workers are of the 
view that earhead length is a varietal char no ter and Is 
not affeoted by nitrogen application (Ranganathan, 1962 
and KTiahnamurthy, 1967)*

The mean length of earhead was not affeoted by 
levels of nitrogen, phosphorus or potash (Subramanian et al, 
1971)* Ramiah and Moraohan (1978) reported an inorease in 
length of earhead by phosphorus fertilisation in ragi,

Humber of fingers per earhead

Ranganathan (1962) recorded significant Increase in



the number of fingers by the application of nitrogen w  
0o-7 ragi. Similar significant increase in number of 
fingers due tp nitrogen application was reported by 
Thirapathy (1971) and Puttaswamy and Kri ah name thy (1976)*

Haraiah (1969) observed progressive increase in 
the number of fingers from 6 ,1 7 to 6,62 with increasing 
levels of phosphorus#the maximum being registered at 
70 kg PgO^/ha. Subramanian et al, (1971) reported that 
none of the major nutrients had influenced the number of 
fingprs per earhead, The interactions were also not 
significant.

Thousand grain weight

Weight of thousand grains wag not affected when 
the levels of nitrogen was raised from zero to 110 kg/ha 
(Karunakaraghe tty, 1961).

Samala Singh and Mohatim Singh (1975) and Miahra 
and Singh (1975) also have reported soma results in ragi.

Elangoon (1970) reported a significant increase 
in thousand grain weight by nitrogen application, ^amiah 
(1969) observed highly significant increase in thousand 
grain weight by the application of phosphorus. Similar 
results have been reported by Bamlah and Moraohan (1978).



Eavappa and Rao (1956) recorded an increase in 
the thickness of grains and thousand grain weight when 
potash was applied, Vijayan (1970) reported that graded 
doses of potash upto 80 kg K^O/ha signifioantly inoreased 
the thousand grain weight in rice.

Dry matter production

Mean dry matter production was inoreased in a 
linear manner from 44,4 to 56,2 whan the N level was 
inoreased from 60 to 120 kg N/ha (Slangoaa, 1970),

Hajagopal and Mehta (1971) reported significant 
increase in dry matter by phosphorus application.

Potash alone had no influence in increasing the 
dry matter yield. However, when potash was applied along 
with nitrogen, there was a narked response to potash 
application (Antoni Joseph and Phanapalan Mosi, 1972),

Thandapani and Rao (1976) observed an increase in 
dry matter at tillering, flowering and at harvest by 
phosphorus fertilization.

B, Grain and straw yield

Anandapadmanaphan at al. (1967) reported that ragi 
crop had responded to nitrogen upto 60 lb IT/acre, Krishna- 
murthy (1970) conducted an experiment to study the response
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of sis finger Billet varieties to S under Irrigated 
condition at UASf Bangalore for 3 seasons. There 
was significant increase in grain yield bo W e  on. the 
level 3 of nitrogen up to 120 kg/ha. Nitrogen at 
80 kg/ha was better for all varieties considering 
the economics.

Thirupathy (1971) tried the !T levela of 0*
50* 100* 150, 200 and 250 kg/ha in ragi and the 
difference with each other was significant upto 150 kg 
beyond which the N addition did not reflect significantly 
on grain yield. But spectacular increase in straw 
yield with successive doses of nitrogen was observed. 
Linear response in grain yield of ragi var: H-22, from 
621 kg to 1891 kg by the TT addition from saro to 
90 kg/ha was reported by Krishnamoorthy (1972). Early 
cultivars responded to increase in applied IT upto 
67*5 kg H/ha at which there was 21.4$ yield increase 
over control. Medium duration cultivars responded 
to increase in applied TT upto 112*5 kg IT/ha at which 
rate there wa3 24.1 per cent increase in yield over 
untreated control (Eangaswamy, 1973),

Puttaswany aid Kriobnamurthy (1976) observed 
linear yield increase to IT application * Ghandragiri et al.



(1977) found that 130 kg ft/fca was optimum for economic 
yield in rabi season whereas 90 kg !f/ha was adequate 
in kharlf. A significant and linear increase in grain 
yield wa3 noticed with increase in the level of nitrogen 
by Singh and Rajat de (1978)# They also suggested the 
economic dose of ft as 110 kg/ha.

The role of phosphorus in cereal nutrition ia
often thought of as supplementary to that of nitrogen.
However, some experiments have shown a definite response
to phosphorus. In preliminary experiments with ragi in
Karnataka, Rao> and Govlndarajen (1956) obtained inoreased

•

yields with applications of PgO^ upto SO lb/ac at a 
oonstant level of 40 lb ft/ao. Ramiah (19&9) reported 
significant increase in grain and straw yield by phosphorus 
fertilisation. The optimum rate of phosphorus was 35 kg 
PgOtj/ha whioh resulted in 10 par cent higher grain yield 
and 9 per cent higher straw yield than ooatrol having 
no phosphorus (Ramiah et al. (1970). Linear response in 
grain yield upto 60 kg J?2°5 uas oki&ined 111 barley (Singh 
and Singh, 1971)* Kuffieraswany (1972) reported that 
maximum grain and straw yield could be recorded at 39 kg 
PgO^/ha in calcareous soils. Grain yield was linear upto 
120 kg PgOpj/ha in non-calcareous ooil. Phosphorus 
increased the straw yield also. Ramiah and Moraohan (1978)
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reported significant increase in grain yield By phospho­
rus fertilization*

Experiments conducted in ragi by Rao and Sirur 
(195B) showed response to the application of potash, 
Miohaelraj et al, (1965) have recorded significant 
increase in ragi grain due to the application of 60 lb 
S^O/aore. There was* however, no response to application 
of 20 lb and 40 lb 1̂ 0. flaheja et al, (1960) reporting 
on crop response to potash fertilizers in Indian soils, 
recommended study of the effect of potash at higher 
levels in view of the linear trend of response to potash 
which they observed with high yielding varieties of grain 
crops. The yield due to application of potash was about 
twice as high for HYV 03 compared, to the existing varieties* 
Investigations on the efficient use of potagsio ferti­
lizers for ragi were dons by Lobo (1973), He found that 
grain and straw yield increased with increase in- the 
rate of K in both red and black soils, the optimum being 
50 kg K^O/ha, Ekambaraa (1973) in his experiment to study 
the effeot of graded doses of K on yield and uptake of 
CJo-7 ragi found that application of K at 25 kg K^O/ha 
increased the yield of grain and straw but not significantly.

Although many experiments have demonstrated no



appreciable response by the phosphorus and potash applica­
tion, other evidences suggest that ragi does respond to 
both elements. Moreover much of the experiments that 
have been carried out were superimposed over a basal 
applioation of farm yard manure or other orgonio type 
compost. The residual effects of applying these two 
elemants to previous orops have not been considered. The 
response of dry land ragi to applioation of nitrogen and 
phosphorus conducted in Karnataka with very high, levels 
of fertilizer, 120 lb of ft and 30 lb PgO^/aora, had con­
clusively proved that there was no adverse effeot to the 
applioation of fertilisers on dry land ragi which was

'f' 9  ̂S 'evident from grain yields, over control (Mysore - DA,-1965-),

Sharsa and Singh (1971) studied the effeot of 
phosphorus and nitrogen on yield of barley. Both nitrogen 
and phosphorus significantly increased the grain yield.
But straw yield was influenced by nitrogen only,
8athyanarayana et al. (1970) conducted an experiment at 
GfflK. Campus, Bangalore to study the effect of ft and V on 
ragi vars P.H, 202 in. 1973-74 and 1974-75, lha orop 
responded well to both ft and P, response to P was more 
conspicuous than to nitrogen. Highest yield of 29,4 q/ha 
and 79*49 q/ha of grain and straw respectively was obtained 
with an applioation of 50 kg ft and 90 kg PgO^ in 1973-74
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vhereaa In 1974-75 highest grain yield was recorded with 
75 W and 60 kg

Applies ations of 55 kg PgO^/ha did not influence 
the grain yield but inoreased the yield of straw over 
oontrol though not signifioantly (Subrasanian# 19&9) •
He also reported that the grain yield was influenced 
favourably and signifioantly by P application. Effect 
of second increment of added P on grain yield was more 
pronounced than the first increment. Antoni Joseph (1969) . 
studied the influence of K and 8 on yield of ragi and found 
that yield of grain and straw was significantly increased 
by fertiliser application. Application of K alone did 
not influence the grain and straw yield* But when K was 
applied along with II there was marked response to SC 
application. So it could be concluded that response of 
soils to SC ia enhanced by the application of K along with II.

Venkataramana and Krishna Hao (1961) observed that 
in poor sandy soils potash application in combination 
with nitrogen and phosphorus inoreased the grain yield 
in ragi, Ranlperumal, Ghouse and Soundararajan (1969) 
reported that application of U, P and K have Independently 
increased the yield signifioantly, Subramanian et al.(1971) 
in a trial with So-7 ragi, reported that groin and straw
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yield was increased by dressings of H upto 180 kg/ha 
but toe response was greatest at 60 kg nitrogen. Increase 
in applied P increased the grain yield but not toe straw* 
Grain or straw yield was not affected by K application*

C* Quality oharaotera ,

An experiment conducted at Makarere University 
in 1969 indicated that protein levels could be increased 
by more than 75$ simply by increasing nitrogen levels 
(Raohie and Paters* 1977)* Krishnasurthy (1967) obtained 
Increase la protein content with increase in nitrogen 
fertilisers. Portoh et al* (1968) concluded that nitrogen 
influences the crude protein content of grain. Uitrogen 
fertilisation at 45 kg/ha increased the crude protein 
content of grain* 1*2 to 1*4 par cent over that of check 
treatment* regardless of toe presence or abaenoe of 
phosphor us or potash. Addition of P or £ without nitrogen 
did not alter the yield of protein from that of the check.

naniperumal et al. (1969) noted an increase in protein 
oontent by increase in nitrogen levels. Tosh and Miora 
(1975) reported that average grain protein oontent in. rice 
was increased from 5*92 to 7*18 per cent by nitrogen 
applioation from 50 to 200 kg/ha.
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The grain orude protein content of ragi ranged 
from 7 to 13 per oont by nitrogen Increase upto 150 
kg/ha (Staburskvik and Heide, 1974)* Similar increase 
in crude protein by nitrogen fertilisation was reported 
by Singh and Rajatde (197Q)*

Phosphorus nutrition in ragi resulted in increas­
ing orude protein content, the maximum was being recorded 
with highest level of 70 kg PgO^/ha (Ramiah, 1969). Garg 
and Tomaria (1970) found an increase in P20^ oontent of 
grain by phosphorus application upto 130 kg PgO^/ha,
Kumar aswamy (1972) reported that application of P increased 
the P content of grain and straw#

Hamulu and Mariakulandai (1964) in Tamil Hadu 
found that super phosphate was more effective in raising 
the phosphorus content of grain and straw than farmyard 
manure on an equal phosphorus basis. Moreover inorease 
in the amount of farmyard manure had a depressing effect 
on the phosphorus oontent of the straw, while the applica­
tion of phosphates tended to inorease both potash and 
nitrogen oontent# Phosphorus oontent was inoreased from 
0.16 to0.33 per cent in grain and 0#13 to 0*62 per cent in 
straw by potash application which was significant in both 
grain and straw. Added nitrogen signifioantly increased



the crude protein percentage while levels of P and K 
failed to inflict any response (Subramanian, 1969)*

Haniperumal et al. (1969) found that potash 
applioation had not increased its concentration in plants. 
Subramanian (1969) reported increase in potassium content 
of grain and straw by potash applioation.

D. Uptake of nutrients

Fine (1955) reported that applioation of nitrogen 
resulted in inoreaeed solubility of phosphorus henoe, its 
increase!uptake. Pandya et al. (1958) recorded increased 
absorption of phosphorus by the plants in the presence of 
nitrogen. Bennet et al. (1953) attributed this increase 
to physiological etimulation by nitrogen, rather than 
inoraased phosphorus solubility or increased ramification 
of the root system.

Haniperumal ot al* (1969) reported an increase in 
yield due to fertilisers by increased uptake of nutrient 
elements* Benafioial effeot of ammoniaoal nitrogen on the 
uptake of potassium by ragi has been reported by Antoni 
Joseph, 1972. Pyarelal and Sharma (1974) reported that, 
enriching the soil with nitrogen increased the uptake of 
all nutrients appreciably.

Kumaraawamy (1972) observed that phosphorus applioation
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inoreased the total uptake by ragi grain and it waa 
linear upto 1 2 0 kg PgO^/ha.

Potash application resulted in increased uptake 
of potassium by grain and straw but it waa significant 
only in the case of grain but it inoreased the uptake of 
nitrogen in both grain and straw (Subramsnian, 19&9)*
Lobo (1973) reported that uptake of IT, P and K v/ao in­
creased by the addition of potaah*

Kanakadoao et al* (1975) studied the progressive 
variation In available nutrient3 in soil# yield of ragi 
and uptake of nutrients as affeoted by different carriers 
of IT and P, in the representative sandy soils of Tamil 
Hadu and it wag found that the uptake values for IT* P and 
K were oloaely related* In sorghun, the application of 
nitrogen upto 75 kg/ha and phosphorus upto 50 kg/ha 
inoreased the plant uptake o f nitrogen and phosphorus 
(Lanjewar and Khot* 1977)*

Satyanarayana et al. (1978) observed in ragi*
PH.202, that nitrogen and phosphorus increased the uptake 
of all the major nutrients •

Vankataramna and Hao (1961) found that potassium 
was taken tip by the straw, but the straw yields were not



proportional to the uptake of thia element. They also 
reoorded that grain yields of ragi responded to phospho­
rus and straw yields responded to nitrogen. In grain, 
the uptake was influenced by potash while in straw it 
was mostly affected by !T. Kamanathan et al. (1979) 
observed that application of H has increased the N uptake 
in grain considerably indicating the enrichment of ragi 
grain due to IT fertilization. Application of P and K 
did not have any marked effect on IT uptake by grain. In 
straw also the trend was almost same.

B. Soil characteristics

pH of the soil after harvest of the crop was not 
affected by nitrogen or phosphorus fertilisation 
(Satyanar&yana et al. 1978).Ramiah (1969) also reported 
that phosphorus fertilisation upto 70 kg P^O^/ha has not 
changed the pH of the soil,

Volk and Sweat (1956) conducted studies on the 
mobility of nitrogen applied to Florida soils, The 
lysimeter studies showed the removal of 35$ of the applied 
nitrate nitrogan, 15$ of the urea nitrogen but no measurable 
ammonium nitrogen after 24 hours.

Krishnakumari (1968) reported that toe loss of



nitrogen depanda on the texture of soil* maximum loss 
occurrlag in sandy soil and minimum in olayay soil# A ■ 
general improvement in tho available nitrogen oontent 
of soil by nitrogen application is evidenced from the 
investigation by Abraham (1978)*

Haniperumal et al* (1969) found that application
o f P not only adds to the soil resources but act against
seasonal odds as indicated by the significant positive
linear relationship between application of P and'years*
3ut application of M and K did not have any effeot,
Satyanarayana et al* (1978) reported considerable rise
in the avs P status of soil by fertilisation. There wasWJbtg.
no much variation in soil pH* potassium and aw* If due to 
H and P fertilisation in ragi*

Phosphorus is a relatively immobile element and 
it in recognised that proportion of fertiliser P taken 
up by a single crop is often low and the P fertilisers 
have residual value (Kanuar, 1978)* He has also reported 
that the residual effect would be inoreased when the rata 
of application is increased, due to the increase in phos­
phate potential.

As a mobile cation, K is easily auceptibla to loss



through la aching* However the phenomenon of fixation 
counteracts the loss through leaching and converts K 

into slowly available fixed condition (Kanwar, 197G)®

F. Correlation of eharactera with grain yield

Correlation studies are helpful in determining 
the components of a complex trait like yield® Jain -3l«
(1969) suggasted that morphological characters of plant 
although fluctuating are nevertheless the best indication 
of yield*

Subramanian et al. (1971) studied the influence 
of major nutrients in fingermillet yield attributes and 
found that plant height on 60th day and straw yield was 
significantly positively correlated with grain yield with 
the correlation values of + 0.5 and + 0.746 respectively. .

iimmbar of fingers and number o f ear bearing tillers were 
slightly correlated with grain yield,

Puttaswamy (1973) observed in ragi vars E.G. 4840 
and Purna that, the difference in grain yield uaa due to 
significant difference in ear number per plant and grain 
weight per ear. Kriohnamurthy (1973) observed in H-22 
ragi that yield increase' wag related mainly to an Increase 
in the number of shoo to, particularly that produced within 
27 days of transplanting* Ear number per plant also wag 
related to yield.



Positive correlation of grain yield with plant 
height and number of fingers was reported by Goud and 
Lakshal (1977), Ranganathan et al. (1977) found that 
number of fingers par earhead in ragi had the greatest 
Influence on yield but thousand grain weight had 3call 
positive effect, Ramiah and Moraohan (1978) observed 
positive correlation of grain yield with plant height, 
test grain weight and yield#

Many earlier investigations have proved that the 
yields are proportional to the uptake of nutrients* 
Venkataramana and Rao (1961) reported positive correlation 
between grain yield and uptake of nutrients* Slangoan
(1970) observed positive significant correlation between 
grain yield and nitrogen uptake* Antoni Joseph and MqgI 
(1972) reported that grain yield in Co-7 ragi had signi­
ficant positive correlation with exohangable potassium*



MATERIALS AND METHODS
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MATERIALS m  METHODS

The inves ti.gati.on woo taken up to determine 
the nutritional requirement of finger millet# variety 
£3-202, with a view to find out the economic doeee of 
nitrogen# phosphor 123 and potash for maximum net returns 
and to study the influence of the nutrients on quality 
characters,

MATERIALS 
Experimental alto

The experiment was conducted at the Rice 
Research Station, Pattambi, Palghnt district. Two plots 
IV b and V b of the upland area with facilities for proper 
drainage were selected for the experiment,

Cropping history of the expjrimontal plots-

The experimental plot was remaining fallow for 
nearly 10 months prior to laying out the experiment, A 
built or op of 'modan* rice was taken during the. previous 
kharif season.



Season
The experiment v/ae conducted daring the first 

crop (khurif) season of 1979“*3Q. The me te or o logloal 
data for the orop eeaeon are given In Appendix 2 and is 
graphics ally represented in FIg.1,

Soil type la lossy clay, The ohemioal 
composition of a oompoaite soil sample oolleoted from the 
experimental area ia as follows: -

Available nitrogen s 510 leg/ha
Available phosphorioi

aoid i 16,169 leg/ha
Available potaah j 339.5 hg/ha

Seeds
Quality 3eed of the variety PH-202 was obtained 

from the Cotton and Millet Expt, station, Kovilpattl, 
The seeds wore tested for viability and were found to 
give 9&# par cent germination, The varietal charac­
ter is ties are given in Appendix II.

Soil

pH
Organic Carbon
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2 6
Fertilisers

Fertilisers with the following analysis wero useds-

Mariate of Potash 5 60>’ K^O

METHODS
Treatments

Factorial combinations of three levels« eaoh of 
nitrogon0 phosphorus and potash constituted the 
treatments,

Levels of nitrogen

Urea
Superphosphate

” 1

°2

3 0 Kgw tf/ha 
60 kg JT/ha

90

20 kg KgO/ha 
40. kg K^O/ha
60 kg E^O/ha



Treatment Treatment Ho • OomblnationQ

1 n1 ?1

2 n 1 ^
3

4 ai Pa ki
5 n 1 p2 k 2
6 iLj
7 nt p5 kj
8 n1 p3 -*2
9 ^  Pg ̂

10 “a P1 ki
11 “ 2 P1 k s
12 n 2 P1 * 3
13 » 2 P2 *1

14 n 2 P2 ̂ 2

i l

Treatment TreatmentHo • Combinations

15
* 2 * 2 * 3

16 n2 p5 k,
17 k2

18
* 2 * 3 * 3

19 n 3 P1 k 1
20 n 5  p  jkg
21 n5 Pi k 3

22 n3 p2 *1
23

n 3  Pg ^g
24 n3 p2 k3
25 P5 kt
26 h 3 P3 k 2

27 **3 p3 * 3

Lav oat and design

The experiment v/as laid oat m  a partially confounded 
factorial experiment with two replications* confounding 
isp2b? in the first replication and II?2& in the second 
replication* The lay out of the experiment is given 
in Fig* 2 *

Treatment combinations s 2?
Replications : 2
Slumber of blocks 5 Q
Humber of plots par 0block • y

Total plots t 54





Plot size
Gross plot sis© 
Set plot size 
Spacing

t 6 ci x  3.75 
t 4 m x 2*55 a 
s 25 omx 15 ora

Details of cultivation

ffurasr.v
Seven hundred grammes of seeds were sown on 

29-5-79 in the well prepared dry nursery in an area 
of 60 sq. ?a manured with 80 kg of farmyard manure.
The nursery waa irrigated dally. A top dressing with 
0.6 kg Ammonium sulphate was given after one week of 
sowing. See&linge were uprooted on the 21st day of 
sowing (20-6-79) and were dipped in 0.1 per oent 
Hino^saa solution.
Hainfield

Preparatory oultivation

The experimental site was ploughed twice with 
power tiller and the plots were laid out. The indivi­
dual plots were then dug and levelled.
Manuring

Half toe amount of nitrogen and potash and full 
quantity of phosphorus were applied basally at toe 
time of final digging of toe plots on toe day of trans­
planting arid well incorporated. Half the nitrogen and 
potash were applied on toe 21st day of planting.



Transplanting
Transplanting was dons on 20-6-1979 using two 

seedlings per hill*
After cultivation

Gap filling was done on 28-6-1979*
The plots were hand weeded twice* on the 21st 

day and 41st day of transplanting*
Two prophylatio sprayings with 0*1 per cent 

Hinosan were given on 13-7-1979 and 23-8-1979 
against blast disease*

Harvest

The crop was harvested in two stages * first 
harvest on 20-9*1979 and seoond harvest on 27-9*1979* ' 
The net plot was separately harvested* earheada dried* 
threshed* deemed and grain yield recorded. The 
straw was also harvested separately* dried and weighed.

Observations
A. Growth characters

The fifth and seventh rows were marked out from
both sides of the plots as sample rows. Five hills were
marked at random from each of these four sample rows. 
Observations on height of the plant* number of tillers*
productive tillers* and number of functional leaves
were taken from these sample hills*



Height of the plant
Height of the tallest plant in the hills from 

the ground level to the top of toe fully opened leaf 
waa taken at vegetative stage and to toe top of the 
apical grain at the grain stage. Average of 20 hills 
waa worked out and recorded in am.

Height was recorded on 41st day, 56th day and 
71st day after planting and at harvest.,

Bimber of tillers per hill

The number of tillers was recorded along with 
the height. The some hills selected for taking height 
measurements were used for recording number of tillers. 
Average of 20 hills waa worked out and recorded.

Humber of functional leaves

The number of functional leaves per hill was 
recorded at flowering stage. Total number of funct­
ional leaves in toe twenty hill was taken and the 
mean recorded*

Dry _mat-teg__t>goduo t ion

Dry matter production was calculated at flowering 
and at harvest. Five hills' at random, outside the net 
plot area but leaving the two border rows, were cut 
close to the ground, chopped, oven dried and weighed.
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B. Yield charastera 
Productive tillers

Ear bearing tillers waro counted from 20 oboer- 
vaxional hills at five days before harvest ies on 
15-9-1979 and the average number was recorded.

Length of earhead

The length of 40 earheads was measured in cm 
from the base of thumb finger to the tip of the apical 
grain. Average of 40 earheads was recorded,

Humber of fingers per earhead

Total number of finger’s in the 40 earheads wags 
counted and tlie mean recorded.

Thousand grain weight

A representative sample of the grain from each 
plot was taken and out of this one thousand grains 
were counted by means of the worhlng board* weighed 
by sonopan balance and expressed in g„

Crop was harvested in two stages at full maturity, 
The border strips comprising of 4 rows on all the sides of



the plot were harvested and removed first* The remai­
ning-net plot of 4 a x 2*55 ei size was then harvested 
for observation.

Yield of grain

The earheado harvested from the net plot were 
dried, cleaned, winnowed and weighed plotwise. The 
moisture oontent of toe sample was noted and the weight 
was finally recorded adjusting toe moisture oontent 
to 14 per oent and expressed in kg.

Yield of straw

The weight of sundried straw per plot was recorded in
kg,

P. Quality characters

Oven dried sample a of grain and straw were 
powdered and analysed for total nitrogen, phosphorus 
and potassium,

ffotal nitrogen and prude protein content

Total nitrogen in grain, and straw was estimated 
by Kjeldahl'a method (Jackson, 1964).

Protein oontent in grain was calculated by multi­
plying the nitrogen content in grain by the factor 6.25  

(Simpson et al, 1965)



Hitrogen oontent and protein oontent are expressed 
in percentage.

Total phosphorus

Total phosphoric acid was estimated colorimetrioally 
in an aliquot of the samples digested hy Miorodigeotion 
with sulphuric, nitric and perchloric acid as described 
by Piper (1950). The intensity of the colour was read

‘syro’rne'î'ftin K3bstteusKsaree*n colorimeter and the concentration of 
P2 05 calculated by the help of a standard curve drawn for 
PgOj and exprc33ed in poreoutage.

Total potassium

Total potassium content in grain and straw 
wag estimated from the diluted samples of the triple 
acid digest using EEL Flame photometer. Potassium 
oontent was arrived at by referring to a standard 
curve and expressed in percentage,

E. Uptake of nutrients

Uptake of nitrogen

Nitrogen uptake by grains was calculated from the 
nitrogen oontent of grain and yield of grain,

Nitrogen uptake by straw was calculated from 
the nitrogen content of straw and straw yield.



Total uptake of nitrogen was arrived at by 
adding the nitrogen uptake by grain and straw.

Uptake of nitrogen la expressed in kg lf/ha. 

Uptake of phosphorus

Hiosphorus uptake by grain was calculated from 
the phosphorus oontent of grain and grain yield,

Phosphorus uptake by straw was calculated 
from the phosphorus content of straw and straw yicM,

Total uptake of phosphorus was arrived at by 
adding the uptake by grain and atraw.

Phosphorus uptake is expressed in kg PgO^/ha* 

Uptake of potassium

Potassium uptake by the grain was calculated from 
the potassium oontent of grain ami the grain yield.

Potassium uptake by the straw was calculated 
from the potassium content of straw and the straw yi©ia.

The uptake of potassium by grain and straw was 
added to get the total uptake of potassium by the plant.

Potassium uptake is expressed in kg k/ha.



P. Post harvest aoll analysts

The composite soil sample, collected from each 
plat*, was air dried, powdered and passed through a two 
mm sieve* Analysis was dons for soil reaction, organic 
carbon, available nitrogen, available phosphorus and avai­
lable potash*

Soil reaction

The pH of the soil was measured in the air dry 
soil in 1: 2*5 soil water suspension using Blioo photo­
volt pH EBter*

Organic carbon r
Organic carbon was estimated by walkley and 

Black's rapid tritration method 03 described by Jackson 
(1967).

Available nitrogen

Available nitrogen in soil was estimated by 
Alkaline permanganate method (Subbiah and Aaija, 1956) 
as described in Parur et al.(1973)»

Available phosphorus

Available phosphorus wa3 estimated vide procedure 
described in Jackson (1967) using Bray Ho* 1 as the extr- 
actant. The intensity of blue colour was read in a



Klett Summerson colorimeter using red filter, From the 
standard curve dram for PgO^, concentration of PgOg. 
was arrived at, .

Available Potash

Available potassium in the soil was estimated by 
sppaylbg neutral normal ammonium acetate extract of the 
ooil in EEL Place photometer. From the standard curve 
drawn for EgO, the concentration of KgO was arrived at,

G. Statistical analysis

Data related to each character were analysed 
statistically by applying the technique of analysis of 
variance (Snsdeoor and Cochran, 1967),

The data ware analysed with the help of a Micro 
2200 Hindustan computer, available in the Statistics 
Department of the College of Horticulture, Vellaniidtara,



RESULTS



RESULTS

The results obtained in the experiment are pre­
sented in this chapter**

A,GROWTH 0HABA0TER8 

Height of Plante

The mean height of plants on 4Tot, 56th and 71 et day 
after planting and at harvest are given in table 1 

and the analysis of variance in Appendix III.

Plant height at the lower levels of 60 kg and 
50 kg nitrogan/ha were on par on 41st, 56th and 71st 
day after planting and at harvest. Uitrogen at 90 kg/ha 
had given significantly superior plant height to both 
the lower levels.

There was no significant difference in plant 
height due to phosphorus at any 3tags of plant growth.
The effeot of potash on plant height was significant 
only on 71 st day after planting and at harvest. Height 
at 60 kg KijO/ha was superior to the lower levels both 
on 71st day after planting and at harvest* The lower 
levels of 20 kg K^O/ha and 40 kg KgO/ha did not differ 
significantly*

Hone of the two factor interactions was signi­
ficant at any stage.



a*

Sablo 1 * t-fean height of plants isi (on) at various 
•growth stages of the crop

Sroataeats
41st
da7afterplanting

55th
dearafter
planting

71stdevafterfcSmting Atharvost

M M w m J M M m l

2̂  30 51*39 79*09 91.43' 81*09
tig 60 54*77 80.63 93*36 83,06

90 60*43 91*08 107*01 93*26
«'F* test Sig*- Sig. sis. 3£g«

Phosphorus (Kg P^^ha)

P-j £0 54*91 84.23 99.91 08*10
Pg 40 53*55 81.66 95.10 83.21

60 5S #33 84*91 100.80 88*06
♦F® test £US* 11.3*. 11*0* ■ 11.8,

Potash (Kg KsO/ha)

&, 20 53*75 60.25 93.84 86.36
K2 40 97*18 05*33 94*07 34.29
Ii5 60 55*88 83.29 103*09 90.72

eF* tOSt 11.8. I’ipS. Sis, Sis*.

C.D. (0.05) 4*10 8,02 6.34 4*60



Number of tillers

Prom the data in table 2 it is evident that the 
incremental doses of nitrogen had significant effeot on 
tiller production at all stages. The analysis of vari­
ance is given in Appendix III.

Significant inoreaso in the number of tills ra 
oould be noticed due to phosphorus at all stages. 
Phosphors at 60 kg Pg<yha ̂  slgaifloant m oreaaa m
number of tillers over 20 kg PgO^/ha, There wag no 
significant difference in number of tillers duo to 
potash at any stage.

Nitrogen x phosphorus interaction was significant 
on 56th day and 71st day of planting and at harvest.
On 56th and 71 at day after planting and at hrrveat 
the combination N^q has recorded the maximum - 
tiller number of 6*56, 6.74 and 6,71 respectively*
The combined effeot of nitrogen and phosphorus on number

i

of tillers on 56th and 71st day after planting and at 
harvest are given in tables 3, 4 and 5 respectively.

Number of functional leaves at flowering

The data on the number of functional leaves at 
flowering ere presented in table 6* Tho analysis of 
variance is given in Appendix III,



4 0

Table Z * Mean number of tillers at various g r o w th stages 
of the crop

a

T r e a t m e n t s

41st 36thdav dev after after planting planting

?iatdevafterplanting
Atharvest

3 0 3.969 4*522 4.619 4*644
n2 60 4.729 5*307 3.335 3*336
n ^ 90 3.512 6*013 6*165 6*174

*F* tost 81 g* Sis* Slg* s i s ; - '

Phosphorus (Kg P^G^/ha)

P1 20 4*511 3*023 5*141 5.176
f2 AO 4.710 3*325 3*397 3.411
P3 60 4.936 3*493 5.601 5*569

,F# test s i s . s i g *  - Sig* B i g .

Potash ( K g  K 2 Q / t m )  .

It, 20 4.572 3.081 , 5*177 5.175
t o 4.717 3.319 ‘ 5*376 5.379
60 4*917 3*442 - 3.535 5.602

»F* test 1 1 * 3 * M . S * H * S * »*S#

C . P *  ( G . G 5 ) 0,358 0*349 0.349 0,357
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Table 3 * Combined effect of nitrogen end phosphoruson number of tillers on 36th day after planting

C D  ( O .C 5)  for m a r g i n a l  m e a n s  s 0.55

CD (0*03) for means of caablnatioss ? 0.60

aj “2 n$ Mem

P1 4*60 4.81 5.56 3*02

P2 4.39 5.6? 3*90 3.52

p3 ■ ■ 4.43 5.42 6*56 5*49

Mean 4*52 5*30 6.01 . •



Table 4. Combined effect of nitrogen and phosphorus 
on number of tillers on 71st day after planting*

®1 ”3 Kean

P1 4.77 4.92 5.72 5*14

P2 4*49 5*35 6 .0 2 5*39

P3 4.53 5.47 6*74 5.6

Moan 4*61 5.35 6*16

CD (0*03) for marginal means j ,0*35 
CD (G.Q5) for means of combinationss0*60



Table 5. Combined effect of nitrogen and phosphorus on number of total tillers at harvest

n 2 H  •

M e a n

P 1
4 . 8 1 4 * 9 1 5 * 3 0 5 . 1 7

P 2
4 * 5 1 5 . 7 1 6 . 0 1 5 . 4 1

p 3
4 * 6 1 5 * 3 3 6 . 7 1 5 . 5 6

M e a n

X.

4 . 6 4  • 5 . 3 3 6 . 1 7 •  •

CD (0*05) for marginal means s 0*35 
CD (0*05) for moans of combinations: 0*60
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Table 6* Mean number of functional leaves at flowering* 
dry matter production at flowering and harvest

Ko« of func- Dry natter Dry natter 
Treatments tional lea- at flower- at harvest

vac at flow- lag (tons/ha)
erins (tons/ha)

n-1 30 28.032 3.972 5.932
^  60 32*880 4*372 7*713
n^ 90 39.747 6 #068 10.181

*p» test £ig* 8ig. Slg.
Phosphorus (Kg PgOg/ha)

p̂  20 21.262 4.512 7.220
p2 40 34.903 4.773 8,087
Pj 60 22.609 5.123 8*461
test ii.3. H.S., 8ig*

Potash (Kg KpO/ha)
g- MiUm m <■ & r g n i i UK

i s 1  2 0 3 2 . 2 2 5 4 , 4 8 9 7 . 2 4 7

k*> 4 0C# 3 2 . 8 4 0 4 . 0 2 8 8 . 1 0 3

Is % 6 0 . 3 6 . 8 1 5 2 . 0 2 4 8 . 2 2 8

» P ‘  test N.S. ' U.S. I u s *

C * D .  ( 0 . 0 5 ) 4 * 2 3 1 0 . 8 6 8 0 . 7 2 3



The data reveal that the effect of nitrogen 
on the number of funotional leaves was significant*
Every incremental dose of the nitrogen had increased 
the number of leaves significantly.

'Phosphorus or potash did not evoke any response 
inthe number of functional leaves. The interaction 
effects were also not significant*

Total dry matter production

The dry natter production at flowering stage and 
at harvest is presented in table 6 . The analysis of 
variance is given in Appendix 111.

It can be seen from the results that :ati flowering 
nitrogen had significant influence on the dry matter 
production. The highest dose of 90 leg N/h& produced a 
total dry matter of 6.068 tons/ha which was significantly 
superior to that at 60 kg and 30 kg N/ha. The lower 
levels were on par. The dry matter production was not 
affeoted due to phosphorus or potash at flowering.

Kitrogen and phosphorus had significant influence on 
the dry matter production at harvest. The difference in 
dry matter weight between each level of nitrogen was 
significant. The level of phosphorus at 40 kg PgO^/ha 
was superior to 20 kg PgO^/ha, but dry matter produced at 
40 kg level and 60 kg level were on par. The dry 
natter production at harvest was not affeoted by potash.



B, YIELD OiiARAQTEHS 

Dunbar of nrodnotilyQ tillers.

The data on mean number of productive tillers 
are presented in table 7 the analysis of variance 
in Appendix IV, The combined effect of nitrogen and 
phosphorus is given in table 8, Effect of N# PgO^ 
and EgO on number of productive tillers is illustra­
ted in Fig. 3,

Nitrogen had signifies ant effect on the produ­
ctive til3a?s. Mean number of productive tillers was 
inoreased signifioantly by eaoh increment of nitrogen.

Phosphorus aloo gave significant result in the 
production of ear bearing tillers. Number of productive 
tillers at 60 kg PgO^/ha was on par with 40 kg but 
superior to 20 kg. There was no significant difference 
between 2 0 kg and 40 kg PgO^/ha,

The higher doses of 40 kg KgO/ha and 60 kg 
KgG/ha were found to be on par and wara significantly 
superior to the lowest level of 20 k g  £,0/ha.

Nitrogen x Phosphorus interaction was significant, 
Amongihe treatment oomlbnationa, recorded the
maximum number of productive tillers at harvest.

46



SabXo 7 . Mean values of no# a £ productive tillers t no* of£lafioro per earhea&j; length ot  earliead and thousand 
grain weight

No»o£ pro* t'lo.of £lxfe» Length Biouoand^raaiaents dilative gero per oi’ ear* grain
till era earhoad head weight

Oj 30 4,098 5*154 5.670 3*207

Ug 60 4*783 5*479 5.94? 3*268

*3 90 5*492 , 5.659 6.243 3.266

*F* test' Big* SiS* sis. . K.S*

Phosphorus (Kg P90g/ha)

, P1
a> 4*969 5*966 3.154 3.226

^2 40 4*605 5*181i 5*617 3*233

P5 60 s.ooa 5.545 6*025 3.281

*P° tost SiG. £1*3*

Potash (Kg K2Q/ha)

II, SO 4*555 5.264 5*803 3*265

% 4 0 . 4*S?4 5 .1445 5.920 3*210

60 4*949 5.585 6.133 3.264

»F* tost 3Ig* 81g# Oig* U.S.

C.B* (0*05) 0*511 0.242 0.228 0.079



8 * Combined offoofc of nitresea and phosphorus 
q u  number of productive tillers

P1 4*21 4*38 9.09 4*56

p2 3*99 5*03 5*38
i
4*80

p3 4*03 4*94 6*00 5*00
Mean 4.09 4.78 5.49 • •

CD (0*05) for marginal moans 0*37

CD (0*05) for means of combinations t 0*53
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Humber of fingers par earhead.

The data on the number of fingers per earhead are 
given in table 7 and the graphical representation in 
Fig.4. The analysis of variance is presented in 
Appendix 17.

From the data it is seen that nitrogen and 
potash had significant effect on the number of fingers 
par earhead# IT̂ q van superior to but 17^ and 
were on par. There was no signifies ant difference bet" 
ween the levels of phosphorus * Potash at 60 kg/ha was 
superior to that at 20 kg/ha but was on par with 40 kg/ha 
which in turn was on par with 20 kg level.

nitrogen x Potash interaction was significant*
N^q F̂ 0 level has recorded the maximum number of fingers 
per earhead (5*796)# The combined effect is given in 
table 9.

Length of earhead

The data on length of earhead f o r  various treat­
ments are given in table 7 end graphically represented 
in Fig* 5* The combined effect of phosphorus and potash 
on length of earhead is presented in table 10* The 
analysis of variance ia given in Appendix IV*



FIG, A. EFFECT OF and kao OnNUMBER OF FINGERS PEREARHEAD,

LEVELS OF NUTRIENTS



Table 9* Combined affect of nitrogen, and potash on
mabar of fingers per earbsod

*3 Moan

K1 4*800 5.293 5.695 5.264

K2 5.133 5.711 3*466 5.443

“s 5.530 5*428 3.796 5.585

Kean 5.154 3*479 5.659 «*

CD (G*03)£or marginal means s 0*242

CD (0*05) for means cf combinations i 0*420
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P<$ P2 P3 Moan

Table 10* Combined effect of phosphorus and potash
on length of earhaasi

It, 5.710 5*666 6.025 5*803

*2 6.393 5*360 6*00B 5*920

k, 6,351 3*826 6*223 6*132

Mean 5*134 2 .6 1 7 6.085

CD (0*05) for marginal neons e 0*223 
CD (0*05) for naans of combinations*G.396



The length of earhead was influenced by nitrogen# 
phosphorus and potash# Each level of nitrogen and 
phosphorus inoreased the length of earhead significantly 
over the lower doses# There was no significant differ­
ence between the adjacent levels of potash# Potash at 
60 kg/ha has recorded the maximum length of earhead which 
wao superior to 20 leg KgO/ha but on par with 40 kg KgO/ha#

The interaotion effect of phosphorus and potash was 
significant on length.* of earhead, ?20K40 iiaa recorded 
the maximum length of earhead,

The mean 1000 grain weight under different treat­
ments are given in table 7 * The analysis of variance 
is presented in Appendix IV#

Hone of the 3 factors (nitrogen* phosphorus or 
potash) or their interactions showed any significant 
effeot with respect to this character#

O, YIELD 

Yield of grain

Yield of grain under the various treatments 
are given in table 11 and Pig# 6# The analysis of 
variance for yield is given in Appendix V#



Table 1 1* Mean yield of grain end straw

Trcateoats yield of yield of 
grain (teg/fea) straw (q/tia)

*1 30 1786*69 43*33
^2 60 . 2290*30 54.33

90 2814*00 73.72
tp* test 8ig* Sig*
Phoopboraa (kg PpOa/ha) -

P1 20 2094*00 53.74
P2 4o 2337*00 57.60
Pp 60 £410*20 58*24

eF* teat 81g* a.s.

Potash (Kg KgO/ha)

20 2187*00 53.25
Kg 40 2339*00 37.97
^3 60 2365*00 30.34
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The results reveal that the yield of grain 
was signifioantly inoreased due to increase in nitrogen 
levels, Nitrogen at 90 kg/ha gave the maximum yield 
(2814 kg/ha) followed by 60 kg/ha (£290.5 lcg/ha) and 
30 kg/ha (1786,60 kg/ha),

Phosphorus showed significant difference with 
respect to yield of grain, Phosphorus levels at 60 kg 
and 40 kg/ha were on par and found superior to 20 kg/ha. 
The highest yield of grain (2365 kg/ha) was observed 
at 60 kg KgO/ha whioh was on par with 40 kg 
(2339 kg/ha). Both 60 end 40 kg potash were signifi­
cantly superior to 20 kg level,

N x K and P x 2 interaction o were also aignificant 
Among the N x K combinations K^q produced the maxi­
mum grain yield of 3091 kg/ha. Among P x IC combinations 
?40 K40 recorded the maximum grain yield of 2634.7 kg/ha, 
lias combined effects of N and K and P and K are presented 
in tables 12 and 13 respectively.

The data on yield of straw are given In table 11 
and the analysis of variance in Appendix 7, The effect 
of ITt P and K on y i e l d  of straw is illustrated in Fig# 6,



Table 12* combined effeot of .ataogon and potash
on yield of grain (ko/ha)

rij Og Mean

Kvj 1843*60 2188*70 2523*70 2187*00

Ka 1771*70 2425*30 2322*00 2339.00

Kg 1744.30 2239*70 3001*00 2565*00

r n m  1786*60 2290*50 2814*00 **
s'

GO (0*05) for marginal means g 151*30
CD (0*05) for means of combinations % 2 6 2 * 1 7



Table 13* Combined effect of phosphorus arid potash
on yield of grain (%/ha)

P a M e m

1813*70 8361*70 2383*60 2187*00

K ' 2002.70 2634.70 2292*50 2339*00

K~ 23£3*39 2164.30 2343.50 2363*00

Hem 2387.00 2410*20

od (0.03) for marginal laeaad § 151 *36 
CD (0*05) for moans of coabinationDs 262.17



Application of graded doses of nitrogen recorded 
sigaifioent increase in yield of stray* The highest 
mean yield of straw ($3*72 q/ha) was observed with 
90 k g H/ha* Xt was observed that there was significant 
increase when the dose of nitrogen was inoreased from 
30 to 60 and from 60 to 90 Itg/ha*

Heither Phosphorm  nor potash had any significant 
influence on straw yield* Hone of the two factor in" 
teractions was found to be significant*

p0 OPTIMUM DOSB OP HlJIBISrllS

Optimum dose of nitrogen

She linear response curve was found to be the best 
fit and is ohovjti in Pig* 7. Since it follows the linear 
function* the optimum dose of nitrogen could not be deter­
mined o The response model calculated is furnished below:-

Y « 256.75 x ♦ 2297.3 where m 

Optimum dose of phosphorus

The quadratio response ourva was found to be the 
beat fit and is shown in Pig* 8.

The response modal calculated is furnished below:-

Y a -33.75 x2 * 79 x + 2387 where x *
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The optimum doso for the variety under trial was 
calculated using the formula "g where *b* and *a* 
represented the parameters of the regression equation*
She optimum dose of the phosphorus was found to be 
51 *7 kg-. Pg Oj-/ha*

Optimum dose of potash

For potash also# the quadratic response curve was 
found to be the best fit and, it is shown in Fig* 9*

The response model calculated la 
Y * - 15*75 X2 ♦ 44.5X ♦ 2339 where X *
The optimum dose waa found to be 54*13 kg X^O/ha*

B* EOPITOHIO DOSE OF HOTHIEHTS

The economic dose was oolculatad using the formula,

E - i r "  * — 25__  yhere
2a z  py

Be Bconomio dose
px = Price of 1 kg nitrogen. <̂ o,Yt̂ v 
py e Price of 1 kg grain 

a, b=» Parameters of the .regression equation*
Prioe of 1 kg grain « Ha. 27- 
Price of 1 kg superphosphate ■ $e*1/-
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Price of 1 leg * Hs.5-.55
1 Isg Muriate of Potash*^. 1 *2 
1 kg SgO - &* 2/-

Eoonomia dose of phosphorus was found to fee
51*65 kg/ha and that of potash* 54*09 kg/ha*

P. QUALIFY QHAHAOf BH3

Hltro&en oontent of grain end straw

She data on nitrogen content of grain end straw
for various treatments are presented la tables 14 and

✓

15 respectively. She analysis of variance is given in 
Appendix 71 *

Shere wa3 significant increase in the nitrogen 
content of grain due to increase in nitrogen levels* 
Nitrogen at 90 k g /h a  recorded the hipest nitrogen
content which was signifioantly superior to 60 kg/ha

\

which in turn was superior to 50 kg/ha. She nitrogen 
content of grain m s  not influenced by phosphorus or 
potash or the interaction effects of

TTitrogen content in straw was significantly infl­
uenced by the levels of nitrogen* Application of phos­
phorus also influanoedthe nitrogen oontent* Phosphor us...



Tablo 14# Mcoa itttrosGn,. phosphorus# potosolm and protein Content o £ grain

Treatments ISS pa V Proto]

*1 30 0,966 0.328 0.446 6.038
*2 60 1,090 0.355 0.413 6,804
n3 90 1,246 0.316 0*439 7,788

•F* test Sig. H.3, U.S. Sig,

Phosphorus (Kg P20g/ha) i

pi 20 1,093 0.312 0.412 6.8S2
P2 40 1,032 0.329 0.444 6,754

60 1.122 0.359 0.444 7*004
fF* taot U.S. U.S. n.s. N.S.

Potash (Kg KpO/ha)
20 1*092 0.356 0,393 6.827

k2 40 1.107 0.327 0.440 6,912
k3 60 1,102 0,317 0.465 6.892

«P* test U.S. H.S. Sig. E-I.S.



Table 15* Kean nitrogen, phosphorus and potasaiun centout 
of straw

Traataaeaba S$S p2°5^ ^

fflaaaasaaJj^JLOa^
3 0 0.658 0.247 1*706

”2 60 0.000 . 0.250 1.646

. n3 90 0.S82 0.261 1.659
9P* test , Sis* . N.S. N.3.

Phosphorus (K g F^Q^/ha)

20 . 0.720 0.230 1.736
AG 0.762 . 0.250 1.691

% 60 0.857 . 0.279 1.564
*F* teat Sig. Sis* Sis*

Potasolua (Eg KP0 / i m )

h 20 0.762 . 0.260 1,520
% 40 0,763 . 0.251 1*670
k3 60 0,814 . 0.247 1.800

'*?* teat M»S. £US« Sig,
C.D. (0#Q5) 0.063. 0.021 0.097



at 60 kg P20-/ha recorded maximum nitrogen content which 
was significantly superior to 40 kg/ha* The first two 
levelo vie* 2 0 kg and 40 kg wore on par*

Among the interactions, ft x ? interaction was 
significant, ^go^go raoor<aê  the maximum nitrogen content 
in straw (1.042$)• The combined effect is presented in 
table 16*

Protein content of grain

. The data on protein content of grain are presented 
in table 14* The analysis of variance is given in 
Appendix VI.

Effect of nitrogen was significant with regard 
to protein content of seeds* recorded the maximum 
protein content which was significantly superior to 
Ng0 which in turn was significantly superior to IT^
There was no significant influence by phosphorus or 
potash* The interaction effects were also not significant.

Phosphoric aoid content of grain and straw

The phosphorus content of grain and straw are 
summarised and presented in tables 14 and 15 respectively. 
The analysis of variance is given in Appendix VI,



fable 16* Combined effect- of nitrogen, end phosphorus 
on nitrogen content of strar (?5)

* 2
n3. Mean

*1 0 * 7 1 0 0 . 7 1 0 0»74q 0 * 7 2 0

% 0 . 6 7 8 0 * 7 2 4 0.652 0 . 7 6 2

0 * 5 8 5 0 * 9 4 3 1 . 0 4 2 0 * 6 5 7

Mean 0 * 6 5 8 0 . 8 0 ) 0 . 8 8 2 * *

CD (0*03) for marginal moans f t  0 . 0 6 3

CD (0*05) for moans of combination's 0*108



Honeof the nutrients nor their two factor inter­
actions influenced the phosphorus content of grain.

Phosphorus content of straw wao significantly 
influenced by the addition of phosphorus. P^q recorded 
the maximum phosphorus content in straw which was signi­
ficantly superior to P and ~2q* ^here waa no signifi­
cant difference between 40 kg level and 20 kg level. 
Nitrogen or potash did not influence the phosphorus 
content of a tray. The interactions were also not signi­
ficant.

Potassium content of grain and straw

Potassium content of grain and straw are presented 
in tables 14 and 15 respectively. The analysis of vari­
ance la given, in Appendix VI*

Hitrogsn or phosphorus has not influenced the 
potassium content of grain. Application of potash has 
significantly influenced the potassium content of grain. 
Potash level at 40 kg KgO/ha has oignifioantly increased 
the potassium content of grain over 20 kg level. She 
potassium content at the levels of 40 kg and 60 kg 
were on par. Hone of the interactions was significant.

The potassium content in straw was influenced 
only by phosphorus and potash. Increase in the dose of



phosphorus fertiliser, decreased the potassium content 
of straw and PgQ recorded the maximum po tag slum in 
straw vhich was significantly superior to P^q. Application 
of 60 k g  PgO^/ha again decreased the percentage of po­
tassium though not; significantly,

Svery Increase in the dose of potash has sig­
nificantly increased the potassium content in straw 
over the lower doses* Application of 60 kg K^O/ha has 
recorded the highest potassium content which was signific­
antly superior to 40 kg and 20 kg/ha.

Among the interaction effects. N X ?  interaction 
alone was significant* The treatment combination,
STgo ?£0 recorded the maximum potassium percentage of 
1.838 in straw. The combined effect of nitrogen and 
phosphorus on potassium content of straw is presented 
in table 17.

0. UPTAK5 OF 

Uutalce of nitrogen
The data on the uptake of nitrogen by plants 

at harvest is presented in table 18, The analysis of 
variance is presented in Appendix 7X1, There was signi­
ficant difference in the uptake of nitrogen among the 
varying levels of nitrogen, Nitrogen level at 90 kg/ha



Table 17# Combined effect of nitrogen and phosphorus 
on potassium content of straw (#)

iv ,  n -  K o cb i

w»*«trafe*NMMeu

1.671 1.700 1.038 1.736

% 1.791 1.590 1.691 1.691

Pg 1.656 1.648 1.307 1.364

Mean 1.706 1.646 1.639 »•

CD (0*05) for marginal neons s 0*097
CD (0.03) for naans of ccsabinations ; 0*168



6?

TGtio 18* Mean value of total up tali© of nitrogen* phosphorus 
and potassium at harvest

Treo.tmcn.tG Uptake o f  

M (kg/ha) Uptake of P205(hg/ha) Uptake of K (kg/ha)

°1 30 44*30 17.04 82.84
Ro

u
60 68.Vf 21.93 93*93

n3 90 100.15 28.23 134.00
*F# teat 3ig. Sig* Sis.
Phosphorus (Kg P205/ha)

P i
20 63*66 19*73 100.49

P2 40 70.10 23.31 108.56
P5 60 70*33 24.93 100.33

*Ff tOSt 3ig* Sig. M.S.

Potash (Kg Ko0/ha) >

20 67*26 22.39 92.63
I:2 40 69.00 22.31 107.83
* 5

60 76*07 22.14 113.3B
*F* tost I I . s . M . S . 3iC

C . D *  ( 0 . Q 3 ) 6.723 2.201 14.339



recorded t-ho highest nitrogen uptake which was signi­
ficantly superior to 60 kg level which turn was 
superior to 30 kg level,

The effect of phosphorus on nitrogen uptake was 
significant, Application of 60 kg PgO^/ha increased 
the uptake of nitrogen significantly over 40 kg 
PgOg/ha uhloh in turn was signifioantly superior to that 
at 20 kg level,

Nitrogen uptake was not influenced by the appli­
cation of potash.

Among the interaction effects. UP interaction was 
significant with respect t'o nitrogen uptake. 
recorded the maximum uptake of nitrogen of 110.49 kg/ha. 
The combined effect is presented in table 19.

Uptake of phosphoric acid

The data on the uptake of phosphoric acid by 
plants at harvest are presented in table 18. The ana­
lysis of variance is given in Appendix VII,

The effect of nitrogen on the uptake of 
phosphoric acid was significant, The maximum value of 
phosphoric acid uptake of 28,25 k&/ha was obtained at 
90 kg N/ha. Each increase In the dose of nitrogen,



Uebla 19, Coabinad effect of nitrogen and phosp&orus on total N uptake at fearyost (fcg/ha)

"a
eteattafteewweNfctfftfli

n 3

44*28 62*68 £&*0Q 63*66

p2 43.42 60*92 103.96 70*10

P3 45.68 81*72 110*49 79*33

Hoan 44*50 . 60*44 100.15 ••

CD (0*05) for marginal means ; 6*723 
CD (0*03) for means of combinational 11*645
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increased the uptake of phosphoric? said over the lower 
doses*

Phosphorus at 40 kg PgO^/ho significantly 
Increased the uptake of phosphorus over 20 kg leva!* 
Uptake of phosphorus at the higher levels of 40 kg 
and 60 kg PgO^/ha were on par* Fertilizer level of 
20 kg* 40 kg and 60 kg FgO^/ha recorded the uptake of 
phosphorus as 19*73 kg* 25*51 kg and 24*93 kg PgG^/ha 
respectively*

Uptake of potassium

The data on the uptake of potassium by the plants 
at harvest are presented in Table 13* The analysis of 
variance is given in Appendix VII*

ê p\\<̂ »WpYS
Significant difference due to nitrogen was

*

notioed in the uptake of potassium* The incremental 
doses of nitrogen increased the uptake of potassium 
significantly*

<xppVi‘ c-CkKb vi
Phosphorus did not evoke any significant influe- 

nee on the uptake of potassium*
Potash^has influenced the uptake of potassium 

by plants. Potash at 40 kg level hag recorded the 
uptake significantly over 20 kg level# But the uptake 
of potassium at 40 kg and 60 kg levels were on par*
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H+P0S2 HAaVESX SOIL ABAiasIS

Soil reaction
2hs data on soil pH after the harvest of or op are 

presented. In table 20# The analysis of variance io pre­
sented in Appendix VIII#

Noneof tbs 3 factora (nitrogen* phosphorus and 
potassium) nor their intaractions showed any significant 
effect on this character#

Qgjasanio carbon

The data on organic oar bon in soil after harvest 
of the or op are presented in table 20. The analysis of 
variance is given in Appendix VIII,

Organic carbon was not influenced by nitrogen# 
phosphorus# potash and their interactions#

Available nitrogen

The data on available nitrogen in ooil are 
summarised in table 20# The analysis of variance Is 
presented in Appendix VIII *

It was found that nitrogen and potash significantly 
influenced the nitrogen oontent in soil* Application



Table 20. Mean values of soil pH, organic carbon* available v nitrogen, phosphorus and potash.

Treatments pH 0,0*
m

Available nutrients (Kg/ha)
S p2°3 ¥ >

il) 30 3*194 1,296. ' 321.24 29*835 338.60
iig 60 3 #138 1.30? 342*84 25.130 344,80
«3 90 5*07? 1*331 348*00 27*516 320*34

■*F> test £I«S. H»S. sig. 11*8* Sis*

Phosphorus {K g P20g/ha}

Ilj 20 5*136 1*288 335*47 22*850 325.40
p2 40 3*136 1.301 339*37 24*675 336*70
P^ 60 5*133 1*344 337*27 30*997 341.70

9F* test H.S., a«3* k.s* Oig* 8.3.

Potash (Kg »2o/ha)

kf 20 5*113 1*319 342*13 24.763 325*10
fcg 40 5*166 1*302 332*97 23*044 333.20

60 5*130 1*312 337*00 28.713 346,60
*F* teat a*s. H.S, Sig., Big. Sig*

(0,05) 0*092 0.G48 4.377 2.226 19.951



/

?3

ol* 90 k g  S’/ha recorded the maximum nitrogen content 
which was significantly superior to all other levels,
Each level of nitrogen significantly increased the 
nitrogen content in soil, nitrogen content in plots 
deceiving 20 kg E^O/ha m o  found to he significantly 
superior to that of the plots receiving 40 k g  and 60 k g /h a  

Ho significant difference in soil nitrogen could be noticed / 
between 40 k g  and 60 kg K^O/ha*

U  x 3? and N X E  interactions were significant 
and ITgQ ?2q recorded the maximum nitrogen in soil,
(358,58 kg IT/ha) among the W P combinations# Among the 
SK combinations IT̂ q S^q recorded the maximum nitrogen 
in soil (359.83 k g  H/ha), The combined effects of U and 
P and N and K are given in tables 21 and 22 respectively.

i

Available phosphorus

She data on available phosphorus of soil after 
harvest for various treatments are presented in table 20*
The analysis of variance is given in Appendix VIII,

Phosphorus content in soil was not influenced 
by application of nitrogen. Phosphorus significantly 
influenced the phosphorus content of soil. / ' ‘ ■.
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Table 21 • Combined affect of n i t r o g e n  and phosphorus 
on available nitrogen content in soil after 
harvest (hg/ha)

«2 Heffi

P1 320*88 326.93 350.58 333.4?

*2 329*35 336.20 332.37 339.37

*3. ______
313*30 345.37 333.15 337.27

Moon 321.24 342*84 348,00 »•

CD (0*03) for marginal means * 4*377
CD (0*03) for means of combinations s 6,189



I

75

Tablo 22*. Conbiiiod effect o f altro^cm a n d potash oa available nitrogen content in soil 
after harvest (Iss/ha)

*2 n3 Mean

w 
1

rv 
I M

316*30 350*20 359*68 342*13

K2 323*70 339*00 335*27 332.9?

H 323*70 339.70 347*73 337*00

Mem 321*24 342*84 340.00 •*

CD (GeQ5) for marginal means % 4*377 
CD (0*03) for moans of ecsh&mtionsi 6*109



Application of 60 leg PgO^/ha recorded significantly 
higher phosphorus content than 40 leg and 20 kg/ha*
There was no significant, difference between 20 kg and 
40 kg PgO^/ha. Phosphorus content in soil was also sig­
nificantly influenced by potash levels* Potash levels of 
20 kg and 40 kg were on par but there wa3 significant in­
crease from 40 kg level to 60 kg level*

jThe effect due to t o  interaction between 
nitrogen and phosphorus was found to be significant.
The treatment combination IÎ qP̂ q gave the highest value 
for phosphorus content in soil. The combined effect is 
presentedin table 2 5*

Available potash content

The data on potash content in soil arc presented 
in table 20* The analysis of variance is given in 
Appendix VIII*

There was significant difference in potash content 
of soil due to nitrogen application. Hitrogen level 
at 60 kg/ha recorded t o  maximum potash content in ooil
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a’attLe 23* Combined effect of nitrogen add phpi^horus on soil after darkest (K&/ha)

*1 % l-lcoa

» , 22*016 22*966 23.566 22.850

^2 .
27*625 22*633 23.766 24.673

£>3 27.925 29.050 83.216 30.997

Hem 25*835 23*150 27*816

*KSp

-CD (0*03) for marginal moans $ 2*226
CD (0*03) for means of ocobinatiens $ 3*886



(34-4.80 kg/ha) which was on par with 30 kg ty/ha 
(338*60 kg). Potaah content in soil at 90 kg IT level 
(320*34) was significantly lower than that at 60 kg N 
level*

Levels of phosphorus had no influence on the po­
taah content of soil*

Application of potash significantly influenced 
the potaah content of soil after harvest. Potash content 
at 60 kg level was on par with 40 kg level and superior 
to that at 20 leg level*

The interaction effect between nitrogen and 
phosphorus was significant# Among the N P combinations 
N60P60 recorded the maximum potash content in soil.
The combined effeot is given in table 24.

I. 0OBRSLAT10ET3

The relationships between grain yield and 
yield components auoh as number of productive tillers* 
length of ear head and number of fingers per earhead 
were studied* Correlation coefficients were worked
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Table 24. Combined effect of nitrogen and phosphorus on K£0 in soil after harvest (Kg/ha)

n2 *5 noan

p, 347.40 315.10 313.63 325.40

p
2

325.40 332.20 331*40 336.70

P
3

343.10 386,06 296.00 341.70

Heon 338.60 344.00 320.34

CD (0*03) for niarglnaX means s 15*951 
CD (0*05) for means of combinations s 22.559



8 0

oat for height of plants at harvest* total tiller 
number at harvest and total nitrogen, phosphorus and 
potassium uptake at harvest* The correlation values 
are given in table 25 •

Significant positive correlations were obtained 
between grain yield and height of plants at harvest, 
number of tillers at harvest, number of productive 
tillers, length of earhead, number of fingers per 
earhead, total nitrogen uptake, totaJ. phosphorio 
aoid uptake and total potassium uptake by the plants*
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Table 25. Coefficient o f correlation between grain 
yield and yield contributing characters

Character Correlationcoefficient

1 # Height of plants at harvest
2# Humber o f tillers at harvest 0.650®*
3. Humber of productive tillers 0.530**
4. Length of earhead 0.352®*
5* Humber of fingers per ear head 0.310®

\

6* Total H uptake 0.792**
7. Total uptake 0.790*®
8* Total K uptake 0.730**

*Slgni£ leant at 0*03 level

** Significant at 0*01 level



DISCUSSION



The results obtained in the present study 
are discussed in the light of the research findings 
obtained from elsewhere*

A. GROWTH CBABACTSR3 

Height of plants

The plant height was significantly influenced by 
the levels of nitrogen at all stages* Significant in­
crease in height was registered by the treatment Hgg
over H ana H-n* The same trend wan observed at all 60 50
growth stages* The increases in plant height noticed 
in this study by the application of nitrogen ia in ag­
reement with the results obtained by ISanganathan (1962) 
and Thirupathy( 1971) • further-, it is well known that 
nitrogen hastens the marls temati© activity resulting 
in the increase of plant height*

lava is of phosphorus had no influence aa far as 
plant height was concerned* Ramskrishnan Hair (1963)* 
Subraaanian (1969) and Subramnian et al. (1971) obtained 
similar results in response to phosphorus application*

DISCUSSION
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Potaah exerted a significant influence in 
increasing the plant height of ragi on 71st day after 
planting and at harvest# Bavappa and liao (1956) and 
Vijayan (1970) have reported significant Increase in 
plant height by potash up to 80 kg/ha in rioe*

Humber of tillers

Production of tillers was significantly influ­
enced by nitrogen and phosphorus* while potash had no 
effect* H x P interaction was significant and the 
treatment combination of H^q recorded the maximum 
numbsr of tillers at later stages*

Increase in tiller number by the application of 
nitrogen had been reported by many workessCKhrunakera 
Shatty* I96I> Honganathan* 1962) Erishnamurthy* 1967 
and Singh and Bajatde, 1978)# She increase in the 
number of tillers observed by the incremental doses of 
phosphorus may be due to the increased uptake and uti­
lisation of nitrogen in association with phosphorus#
She lack of response to potash notiood in this study 
is in conformity with the finding of SubramonianC 1969)«
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In tills Investigation interaction between nitrogen 
ant phosphorus was significant on 56th and 71st day 
after planting and at harvest* Hie combination of Ngg 
and Pg0 Increased the number of tillers significantly.
Evidently this is a case of increased metabolism resulting

ethrough the eomplmantsry effacts of these two primary 
nutrients.

Humber of functional leaves at flowering

Increased doses of nitrogen increased the number of 
functional leaves, while phosphorus Kid potash did not evoke 
any response* The increase in the number of functional 
leaves recorded rmy be due to increased metabolism resul­
ting from increased uptake of nitrogen*

Dry matter nroduotion

At flowering nitrogen alone had assarted significant 
influence on dry matter production. But at harvest nitrogen 
and phosphorus had increased the dry matter significan­
tly* Potash did not have any Influence at any stage*

The results obtained in this trial is in agree­
ment with the findings of Eiangoan (1370) v&o recorded 
linear response in dry matter production due to 
nitrogen in ragi, Bajagopal and Mehta (1971) and 
fhandapani and Kao (1976) also reported similar results*
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B. YIELD CHABAOTERS

Wombsr of productive tillers

The number of eorbaaring tillers was influenced 
by nitrogen, phosphorus and potash* Su.br amnlan (1969) 
reported significant increase in the number of produ­
ctive tillers with increasing levels of nitrogen. The 
increase in the number of productive tillers as influ­
enced by phosphorus and potash may be due to increased 
uptake of nitrogen by the influence of phosphorus and 
potassium.

Nitrogen x Phosphorus interaction had significant 
effect* The combination Ngo? 60 reoorded the maximum 
number of productive tillers. This is also a oaae of 
increased metabolism, resulting through the complementary 
action of the so two primary nutrients.

Number of fingers per earhead

Nitrogen and potash influenced the number of fin­
gers per earhead significantly* Hanganathan (1962), 
Thirupathy (1971) and Puttaswanyr and Kr iohnamurthyC 1976) 
reported significant increase in the number of fingers 
by the application of nitrogen in ragi. The results of 
the present study are in corroboration with the above 
findings* The combined effect of nitrogen and potash



resulted In significant increase in the number of
i

fingers per earhoad, SChe combination IT̂ qS^q recorded 
the maximum, number, The result indloatee that the number 
of fingers per earhsad wa3 not influenced by 
levels and the result was found . erratio•

Length of ear he ad

The levels of nitrogen, phosphorus and potash 
had influenced the length of eorhead significantly.

The progressiva increase in the length of earhead 
noticed with the incremental doses of nitrogen is supp­
orted by the findings of Eolandaiswamy (1964) and Singh 
and Hajatde (1978) in r agl. Hamiah and Moraohan (1978) 
reported inoreaee in the length of earhead by phosphorus 
application. The increase in the length of earhead ob­
served by the graded levels of N, V and K may be due to 
the balanced nutrition and al3o due to their complemen­
tary effect.

Thousand /gain weight

None of the nutrients nor their interactions 
did influenoe the thousand grain weight. The results ob­
tained in this study is in conformity with the findings 
of Karunakarashetty (1961), Khmala Singh and Mahatim 
Singh (1975), Misra and SIngh(1975) and Puttaovamy and 
Er ishnamur thy( 1976 ) •
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0. YIELD

Yield of grain

(a) Effect of nitrogen The results reveal 
that, the applied nitrogen'favourably influenced the 
grain yield* The trend noticed in the case of yield 
attributes was reflected in the yield as well.

Thus these findings corroborate with those of 
the earlier investigators on ragi (Anaa&apadamanabhan 
et al,1967. Krishnamurthy, 1970, Thirupathy 1971* 
Krishnaaoorthy, 1972, Puttaswamy and Erishnamurthy* 1976 
and Singh and Bajatde, 1978)* She foregoing disousoion 
leads to the conclusion that nitrogen increases the yield 
in ragi„

(b) Effect of nhosthoruo Phosphorus is fcund 
to influence the yield favourably end significantly*
The effect of first increment (20 to 40 leg) of added 
phosphoaus on the grain yield was more pronounced than 
the second increment of 40 to 60 kg/ha*

Increase in the grain yield of ragi by increasing 
levels of phosphorus was reported earlier (Hao and Govin- 
darajan* 1956:? Mustafa and Durairaja, 1967, Samiah, 1969



KhEaraswomy, 1972 and Bamiah and Morcchon,, 197Q) • 
Snthyanarayana ot al, <1978) reported that, response to 
phosphorus was more oonaplolous than to nitrogon in 
ragi vars P*H, 202,

(o) Bffeot of potash Significant response to 
potash application was noticed only upto 40 kg KgO/ha, 
Generally crop response to potash depends primarily 
on the available potassium status of the soil* Soil 
rich in available potassium does not show any response 
to added potash in many conditions* The response of ragi 
to Potash in the present study may he resolved in the 
light of medium potassium status of the experimental 
field* While the observations made by 3uhramanian(1969) 
was against the reoultaof the present study the findings 
of Antoni Joseph(1969) confirm the same*

(d) Interaction effeot Besides the main effect 
of nutrients, significant interaction between nitrogen 
and potash and phosphorus and potash was observed* Among 
the N x K combinations, recorded the maximum
grain yield. Shis clearly brings out the existence 
of interaction between these two nutrients* Among the
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E x K combinations* K^q recorded the maximum grain 
yield# It could be concluded that the yield boosting 
ability of one nutrient Is enhanced when ocabined with 
other nutrients•

Yield of straw

The straw yield was significantly influenced 
by the levels of nitrogen,

Thirupathy (1B71) ond Subramanian et al*(1971) 
reported spectacular increase in otraw yield with succ­
essive doses of nitrogen, Sio present finding para­
llels these results, This increase is evidently a re­
flection of the trend observed under plant height, number 
of tillers, and number of leaves*

Neither phosphorus nor potash Influenced the 
straw yield* Inter act ion of any kind was absent* 
Hemakrishnan Hair (1963)# Subramsmian otal, (1971) 
and Singh and Singh (1971) reported the failure of 
phosphorus and potassium to confer any beneficial 
effeot on ragi. The results of this study are in agree­
ment with their findings*

8 9



9 0

D. QUALITY GHABAGTERS

ITltrogon and protein oontent of grain

3Sis effeot of nitrogen in increasing the nitrogen 
and protein oontent of grain wag significant.

Ihe significant differonoea between the levels 
of nitrogen viz. 30* 60 and 90 kg/ha might be due to 
the larger uptake of nitrogen from the applied nitrogen 
for the productive purposes. At higher levels there 
was sufficient availability of nitrogen for the seed deve­
lopment and hence more nitrogen content in grain. In- 
ora ase in the oontent of organic nitrogen compounds in 
plant cello ao a result of increased rate of nitrogen 
supply has been universal. 2!he superiority of higher 
levels of nitrogen in increasing Idle protein oontent of 
ragi was reported by Krishnamurthy (1967)»Portoh at al.

o  Vr .(1968)* Haniperumal, Ghouas and Ejjmdarajan (1969)#,
Raohie and Peter a (1977) and Singh and Raj at de (197-3)«

Phosphorus* potash or the interaction effects were 
not having any influence on nitrogen or protein oontent 
of grain*
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nitrogen oontent in straw was favourably and 
significantly influenced by the levels of nitrogon 
and phosphorus. Among the HP combinations N^P^q 
recorded the maximum nitrogen oontent*

Phosphoric aolfl content of grain and 3traw

Hone of the nutrients or their interact ions 
influenced the phosphorus content of grain*

But the phosphorus oontent of straw was signifi­
cantly Influenced by the application of phosphorus, 
KunBraswamy (1972) has reported similar increase in 
phosphorus oontent of straw by phosphor’is application.

Potassium oontent of grain and straw

Nitrogen or phosphorus had no influence on the 
potassium content of grain. Application of potash had 
influenced the potassium oontent of grain significantly. 
The results obtained in the present investigation is 
in conformity with the observation of Subramanian(l9G9)5

Nitrogen content of straw



She potassium oontent of straw yaa influenced 
by the application of potash significantly. Similar 
result was obtained by Subramanian (1969). Among the . 
interaction effects» IT s P interaction was significant 
and ^goP20 oom^^na^i°n recorded the maximum potassium 
percentage in straw* The highest level of nitrogen in 
association with phosphorus might have promoted a pro­
portionate absorption of potassium to maintain a proper 
balance Which might have resulted in maximum potassium 
content in straw.

E. UPTAKE OF ITUTRIBITTS 

Uptake of nitrogen

Significant differences were noticed between all 
the three levels of nitrogen on the nitrogen uptake by 
the plants . The increase in added nitrogen has resulted 
in the increase in grain yield, straw yield and nitrogen
oontent of grain and stray which resulted in the increased

\

uptake of nitrogen (naniperunal et al. 1969 and Pyurelal 
and Sharma, 1974).

Uptake of nitrogen was significantly influenced 
.. by phosphorus. Xt has already been established that 
there exists a complementary action between the nutrient a.



Application of phosphorus inoreased the phoophorio acid 
oontent of straw and the yield of grain* This might 
have resulted in increased uptake of nitrogen. Satya- 
norayana ot al.(1978) observed in ragi Vars PH. 202, 
increased uptake of all tee major nutrients due to 
nitrogen and phosphorus.

Uitrogen uptake was not influenced by the app­
lication of potash* Among the interaction effects, H x ? 
interaction was significant, tee maximum uptake of 
nitrogen 't&piirecorded at ̂ gop60*

Uptake of phosphorus

The effect of nitrogen on the uptake of 
phosphorio acid was significant. Pandva et al. (1958) 
recorded teat tee absorption of phosphorus wag inorea­
sed in tee presence of nitrogen* This might be due to 
tee physiological stimulation of tee plant caused by 
nitrogen uptake.

Phosphorus at 40 kg PgO^/ha inoreased the uptake
of phosphorus over 20 leg level significantly. Uptake)of phosphorus at tee higher levels of 40 kg and 60 kg 
P 0 /ha were on par.



Uptake of potassium

Significant differences in the uptake of potassium 
among the different levels of nitrogen were noticed# 
Beneficial effect of nitrogen on the uptake ofpotsssiua 
by ragi has been reported by Antoni Joseph and Dhanapalan 
Mooi (1972).

Potash influenced the uptake of potassium. 
Significant increase was noticed from 20 kg level to 
40 kg level. The potassium uptake at 40 kg and 60 kg 
levQls were on par. Lobo (1973) and Subranmian( 1969) 
reported inoreased uptake of potassium by potash 
fertilization.

Phosphorus did not evoke any significant in­
fluence on the uptake of potassium,

P. POST HARVEST SOIL ANALYSIS 

Soil reaction

Hone of the three factors nor their interactions 
showed any significant effect on this character. This 
is in accordance with the findings of Ramiah (1969) 
and Sathysnarayana et al. (197Q)f
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7hG fertilizer application was dons just for one 
season which io too short a period for altering the pH 
of the soil peroeptibliy.

Organic carbon

Organic carbon also was not influenced by nitrogen* 
phosphorus* potash or their Interactions.

Available nitrogen

Application of nitrogen significantly influenced 
the nitrogen oontent in soil after harvest, The loss 
of nitrogen depends on the texture of soil (Kriahnokumari* 
19^8). The soil in which the experiment conducted, was 
loamy clay in texture* which could retain nitrogen. How­
ever it oould be possible that the applied nitrogen 
might not have bean fully utilized by the crop. A similar 
result was reported by Abraham (197Q)*

Plots which received 20 kg &,0/ha shoved maximum 
nitrogen oontent in soil which was significantly superior 
to other two levels. Among the N x P and ffxE combi­
nations **90*20 ^90^20 r®sPQ°tively recorded the
maximum nitrogen oontent in soil.

Available nhosphorua

Available phosphorus oontent ofthe soil measured 
immediately after harvest increased with the quantum of 
applioation of phosphorus.



The result is in agreement with the findings of 
Banlperumal at al.(1969) and Sathyanarayana et al.(197Q) ■ 
Phosphorus being relatively an immobile element and the 
proportion of fertiliser phoephoruo reoovery by a single 
crop being low, phosphatlo fertilisation has residual eff­
ect on soil. The residual effeot increases with increase 
in phosphorus application (Kanwar, 1970),

Phosphorus oontent in soil was also signifi­
cantly influenced by potash. Significant increase in 
the phosphorus oontent of soil was noticed with. 60 kg 
level of potash. Among the HP combinations N^qP^q gave 
the highest value of phosphorus oontent.

Available potash

There was significant increase in potash 
oontent in soil due to the increase of potash fertili­
sation from 20 kg/ha to 40 kg/ha, beyond which the 
increase was not significant.

Application of nitrogen increased the potash oontent 
of soil, Phosphorus had no offset on the potash 
content. The interaction effect between nitrogen and
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phosphorus wag significant and the combination HgQpgo 
recorded tho maximum potash content in soil,

G. OOHSELAIIOns
i

Significant correlation could be notloed between 
grain yield and height of plants at harvest, numbm*

'' of tillers at harvest, number of productive tillers, 
length of earhead, number of fingers per earhead, and 
total nitrogen, phosphorus and potassium uptake by 
plants,

Subramanlan et al, (1971) reported significant 
positive.' correlation between grain yield and plant 
height, Erishnamurthy (1973) observed that yield inc­
rease was mainly due to an inoreaoe inthe number of 
shoots and ear number per plant, Bangenathan et al, 
(t#7) end Bamiah and Moraohan (1976) suggested positive 
correlation of grain yield with plant height. Many ear­
lier workers have proved that yields are proportional 
to the uptake of nutrients (Venkata Bamana and Krishna 
Bao, 1$61, Elangoan, 1970 and Antoni Joseph and 
Dhanapalan Mosi 1972), Tho above results confirm the 
findings of the present investigation.
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SUMMARY

A field experiment was conducted at the Rice 
Research Station, Pattambi during the first orop season 
of 1979-80 to study the effect ■ of nitrogen, phoophorua 
and potash on ragi var: PS ♦202* Nitrogen at 3 levels 
(30, 60 and 90 kg N/ha), phosphorus at three levels
(20, 40 and 60 kg PgO^/ha) and potash at .three levels
(20, 40 and 60 kg K g p /ha) were tried.

During the study, the various growth and productive
attributes were reoorded* The yield of grain and straw 
were noted. Plant samples ware analysed for content of 
nitrogen, phosphorus and potassium for finding out the 
status and the uptake of nutrients* Soil samples collected 
immediately after harvest were analysed for soil reaction, 
organic carbon, available nitrogen, phosphorus and potash*

The data were statistically analysed end the 
highlights of the study are given below*

The plant height and total tillers on 41st, 56th 
and 71ot day after planting and at harvest wore increased 
significantly by nitrogen,- Potash significantly increased 
the heigilt of plants on 71st day after planting and at 
harvest*



The increasing lava la of nitrogen increased the 
number of funotional leaves significantly• On the other 
hand, the increasing levels of phosphorus and potash 
did not Influence the number of functional leaves.

Number of productive tillers, number of fingers 
per earhead and length of earhead were significantly 
increased by nitrogen and potash, Phosphorus enhanced 
the number of productive tillers and length of earhead, 
Regarding the interaction effects, N x P interaction was 
significant on productive tiller a and the combination
® 9 0  P 6 0  r o o o r a e a  1 4 1 0  I 3 a x S ™  m o t e r *  1 1 1 0  o o m b l n e a  a f f e o t

of nitrogen aid potash was significant on number of
fingers end the combination H^q E^q gave the highest value • 
The combined affect of phosphorus and potash was signi­
ficant on length of earhead and the combination p20 K40 
recorded the maximum length.

The grain yield was favourably influenced by the 
added nutrients. In the case of nitrogen the response 
liras linear. With regard to phosphorus and potash the 1 
responses were quadratic. The optimum dose of phosphorus 
wag found to be 51,7 kg PgO^/ha and that of potash, 54,13 
kg KgO/ha, The economics doses of phosphorus and potash 
were found to be 51 *65 kg PgOg/ha and 54,09 kg KgO/ha 
respectively. The interaction effects of N x K and P x K



ware significant on grain yield and the combinations
apeotiv©ly gave the maximum grain yield.

Increase in nitrogen levels recorded progressive 
increase in straw yield, Neither phosphorus nor potash 
influenced the straw yield,

Nitrogen and protein in grain were significantly 
increased by increase in the nitrogen doses. Significant 
increase in nitrogen oontent of straw was also noticed 
due to nitrogen application, Nitrogen content in straw 
was significantly influenced by the combined effeot of 
nitrogen and phosphorus* The combination HggP^q recorded 
the maximum value of N percentage in straw,

Phosphorus levels increased the phosphorus oontent in 
straw only*

Potassium content in both grain and straw was 
significantly increased by the graded doses of potash. 
Potassium content in straw was significantly influenced 
by S x P interact ion. Where %o^20 'a a e recorded the 
maximum content*.

Application of all the nutrients resulted in the 
Increased uptake of the respective nutrients* Phosphorus 
significantly influenced the uptake of nitrogen and nitrogen 
influenced the uptake of phosphorus and potassium.
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The analysis of the soil for available nutrients 
has shown that the available nitrogen* phosphorus and 
potash in the soil were inoreased by the application ofi
HPK fertilisers* The combined effects of rl x P and IT x K 

were significant on the nitrogen content in soil after 
harvest and the combinations ^90^20 ̂ spa^^ely
recorded the maximum values* The interaction between 
nitrogen and phosphorus gave significant influence on 
phosphorus and potash oontent in soil after harvest# 
vfcere Hg0P6o gave the highest values. pH and organic oar bon 
content of the soil remained unaf footed.

There was significant positive correlations between 
grain yield and height of plants at harvest# number of 
tillers at harvest# number of productive tillers# length 
of earhead# number of fingers per earhead and total nitrogen# 
phosphorus and potassium uptaha by the plants*
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AHCTDIX X
Hotoorologicol data records in the Glass B observatory at the Rice Research Station, Fs&tas&l. firing the period 
of crop growth

(Weekly averages)

of weeks week ending Mextas

1 4-6-1979 34.31
2 11-6-1979 34*11
3 18-6-1979 29*54
4 25-6-1979 28*54
3 2-7-1979 30*0
6 9-7-1979 28*1
7 16-7-1979 26*2
8 23-7-1979 30*4
9 30-7-1979 27*9

10 6-8-1972 27*7
11 13-8-1972* 28.7
12 20*3*1979 30*0
13 27-3-1979 30.2
14 3-9-1979 32.3
13 10-9-1979 31.9
16 17-9-1979 32.3
17 24-9-1979 23*8
18 1-10-1979 89.4

?& ixi c° Relative Rainfall humidity (oa)* 
r . ^ . '~ . . p e r e e h t a ^ Q . _ _ .......... .........

25.1 88.4 0,036
24.5 . 89.1 4,314
22.8 96.1 34.63
22*0 96.1 33.24
21.5 97 29
22*5 97.9 30,3
23.4 96.3 28,0
23#7 93.38 1.35
22*4 96,64 38,36
22.4 96,3 27.81
21.7 93.3 31,63
22.5 96.4 10,25
23.1 94,4 1*94
23.6 94 0
23*0 93.7 0,43
23.6 93,6 2.79
23 96,1 8,2
22.6 95 8.87

^Rainfall is given as weakly total



M & m m z zz  

Characteristics of ragi variety PR.202
(P.fU t Pad&apuras Ragi)

Parentage purelino
Duration (days) 107 - 110
Season Both
Raiwfed/lrrigGtdcl Both
Groin yield kg/ha

1# Irrigated 4000
i U  R a i a M  2500

Straw yield kg/ha
i« Irrigated. 7000
ii. Rainfed 4500

Stem 2&v*@ct
Height (e&) 110 - 120
Tillers * 3 - 6

. Days to 50;5 flowering 73 - SO
Ear size and shape Incurved
Fingers . ■ 6 - 8
Bar length (cm) 6 - 7
Grain colour - Orange

Brown
1000 grain wt (g) 2«S9



AEWJDX3C
Analysis of varlorise

-Bean equeres-
-apwiwwMaiMiAiî iiv̂awNiWw in—■aum* »^iavi<rtr̂ i»ajH ,a.-T-.***3*CTOBgqgoq

field of, groin field of straw

Block 5 470672®* 294.51**
H 2 474G833**5 4184*69**
P a 559291*0- 58*04
IIP 4 88269 130*27
K 2 166502» 53*14
m 4 205330* 48*29
FK 4 375892®* 16*00
NPK 2 83194 109*33
i m 2 2 135194 107.39
WP%S 2 79373 237*47*
KP% 2 G0664 38*81
Error 2 2 48122 49.41

* Significant at. 5 par cent level
«* Significant at 1 per coat level



APPL2I0I& VI
Analysis of variance -table

H a m  sqparos

Source 0? nitrogen content 
in grain

Nitrogen 
content in straw

Protein content in grain
Phospho­
ric acid content

Phosphoric Potassium acid, con- content tent in la grainstraw

Potasslm content in straw

Block 3 0.0036 0*0640 0*361 0.0063 0.0024 0.01360* 0.0201
N 2 0.3545** 0.2310** 13*801®® 0.0069 0.0010 0.00450 0.0248
P 2 0.0074 0.0090** 0.261 0.0101 0.0103*® 0.00528 0.1440**
IIP 4 0.0144 0.0843** 0.553 - 0*0015 0.0018 0.00573 0.1120**
K 2 0.0013 0.0S43** 0.035 0.0373 0.0008 0.02240-** 0.3528**
I© 4 0.0082 0.0158 0.292 0.0030 0.0004 0.00280 0.0002
P£ 4 0.013B 0.0200 0.572 0.0091 0.0011 0.00616 0.0191
IIPX 2 0.0060 0.0180 0.232 0.0063 0.0004* 0.00193 0.0143
HEK? 2 0.0152 0.1470** 0.577 0.0069 0.0021 0.00094 0.0291
IIP2^2 2 0.0023 0.0093 0.119 0.0036*® 0.0008 0.00124 0.0469
NF%C 2 0.0001 0.0056 0.0G4 0.0034 0.0035s 0.00017 0.0872*
Error 22 0.0101 0.0034 0.415 0.0048 Q.CG09 0.00380 0.0198

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



AH?£HD1X Til
Analysis of variance table 

So- W  Hean squares-
Total uptake of nitrogen

Total uptake of phosphoric acid Total uptake potassiim
Block ■ 5 442.89* ' 60.58** 823.47
is . 2 13 973.20®* 563.46 s-* 14479.28®*
p . 2 1705.39** 188.35** 145.53
u p 4 446.92s® 27.60 543.89
K 2 30.88 0.831 1753.11a
M . 4 147.77 11.23 372.91
Pli 4 26.32 11.57 631.29
m , 2 706,.59» 23*02 454.8
m & z 2 199.00 23*33 85.10
& p % 2 2 303*40 43.93* 711.11
i>ip% 2 9*17 43.26* 938.49
Error 22 94.95 10.18 431.87

^Significant at 5 par cent level
^Significant at 1 pa? cent level



A p p m a m  m i x  
Analysis of taria&ce table

Mean, aq'̂ aras'
Source OF Soil

reaction
Organic ea» AvalXaHe 
rbon la soil nitrogen after hsrvost In soli after

Pko^koms in soil after 
harvest

Potash in soli after liarvest
Block 5 G.117® 0*06090®® 202*243® 6.628 - 913.91
tl a 0*061 0.00375 3633.27®* 26*374 2290.53®
P 2 0*000046 1 0.01330 68.63 329*033®® 313.27
HP 4 0.023 0.00748 1359*80®* 31.926®® 6663.25**
& 2 0*013 0.00133 651.65"* 87.435*® • 2155 .S3®
m 4 0.016 0.00307 403.39®* 14.985 953*75
EE  ̂ • 4 0*020 0*00333 64*61’ 23*434 945*50
HEK 2 ■0 . 0 1 6 0.01360 645.38®* 8*135 346*59
m ? i? 2 0.OO46 O.O1330 ■ 143*48^ 21*890 95.1S

a
2 0*0003 0.00413 65.93 14.704 333.44

KPTt a 0.012 O.O306D" 327.30-' 17.663 62*66
Error 22 0.0161 0*00406 40*23 10.371 534.47

^Significant at 5 par cent level
igirificant at 1 par cant level
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ABSTRACT

Response of ragi (Bleugine ooraoana Qaertn.) to different 
levels of nitrogen, phosphorus and potassium under gain* 
fed conditions*

An experiment was conducted at the Riee Research 
Station, Pattonbi during the Kharlf season of 1979“30 to 
study the effect of nitrogen, phosphorus and potassium 
on growth, yield and quality of ragi (Blauaine eoraoana 
Gaertn.), Three levels eaoh of nitrogen (30, 60 and 
90 kg/ha), phosphorus (20, 40 end 60 kg PgO^/ha) and 
potash (20, 40 and 60 kg K^O/ha) have been tried* The 
trial was laid out as partially confounded factorial 
experiment with two replications.

The study revealed that nitrogen had significant 
influence on plant height, number of tillers, functional 
leaves at flowering and dry matter both at flowering and 
harvest. Phosphorus influenced the produotIon of tillers 
and dry matter at harvest. Potash significantly increased 
the plant height on 71at day after planting and at harvest* 
Potash did not evoke any response on any other growth 
character at any stage*

i
Among the yield attributes, number of produotiva 

tillers, number of fingers per earhead and length of earhedd



wore significantly increased by nitrogen and potash* 
Phosphorus enhanced the number of productive tillers 
and length of earhead*

I Application of nitrogen increased the grain mid 
straw yield significantly and the response of grain 
yield was linear* Phosphorus and potash signifioantly 
inoreased the grain yield only and the responses were 
quadratic* The optimum and economic doses of phosphorus 
were 51*7 and 51*65 kg PgO^/ha and that of potaah, 54*13 
and 54*09 kg ICjO/ha respectively.

Application of nitrogen and potash signifioantly 
inoreased their oontent in grain and straw and the uptake 
of the respective nutrients* Addition of nitrogen increa­
sed the uptake of phosphorus and potassium signifioantly* 
Application of phosphorus increased the oontent of 
nitrogen, phosphorus and potassium in straw and the total 
uptake of nitrogen and phosphorus at harvest* Protein 
oontent of grain was inoreased signifioantly by nitrogen 
only*

Nitrogen and potash fertilisation signifioantly 
increased the nitrogen and potaah oontent in soil after 
harvest, Ths phosphorus oontent In soil was significantly 
increased by phosphorus and potash fertilisation* Soil



reaction and the organic oar bon oontent in soil remained 
unaffected by the fertilization*

There was significant positive correlation between 
grain yield and height of plants at harvest # number of 
tillere at harvest# number of productive tillers# length 
of earhead# number of fingers per earhoad and total 
nitrogen# phosphorus and potassium uptake.

The combined effect of nitrogen and phosphorus was 
found to be significant and the combination gave
the m a i m s  values of number of tillers on 56th and 71st 
day after planting and at harvest# productive tillers# 
nitrogen oontent in straw, phosphorus and potash content 
in soil after harvest and the total uptake of nitrogen 
by the plants. The combination ̂ go^O ssv® ki$iest
value of nitrogen oontent in soil.

The combined effect of nitrogen end potash was 
found significant and the combination Hg^K^Q gave the 
highest values of number of finger3 per earhead and 
grain yield. The combination TT^q^q gave the maximum 
value of nitrogen content in soil.

The interaction between phosphorus and potash was 
significant on length of ear he ad and grain yield. The 
combinations P20E40 and P^qK^q gave the highest values 
of length of ear ha ad cad grain yield respectively.




