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INiHOmrOTION

It is now well ©3 fcablished that sixteen elements 
are essential for the proper growth and sustenance of plants* 
Nine of them, carbon, hydrogen, oxygen, nitrogen, phosphorus, 
potassium, calcium, magnesium and sulphur are taken up in 
larger amounts by the plants, and are, therefore called major 
or maoronutrients* Boron, copper, manganese, zinc, molybdenum, 
iron and chlorine are needed in very small amounts or traces 
and are hence known as micronutrient a or trace elements* In 
addition to these, 3odium, silicon, vanadium and cobalt appear 
to be helpful for the growth of certain species and are grouped 
as beneficial elements*

Use of balanced fertilisation is advocated for 
maximum returns and maintenance of soil fertility. Balanced 
fertilization aims at not only the use of Ifj?£ in optimum 
quantities but inoludes also the use of other nutrients* The 
deficiencies of secondary and mioronutrients were not 
ooourring widely because of lower rate of production and 
because of incidental applications through manures and ferti
lizers • With higher production levels and the use of high 
analysis fertilizers, the need for applying secondary nutrients 
like calcium, magnesium and sulphur and mioronutrients like
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The maximum benefit from application of IiHt 
fertilisers and even the secondary nutrients is not obtained 
in the absence of adequate amounts of available micro- 
nutrients in soil. She nutrition of plants with mioro
nutrient s depends on several factors other than the ability 
of the soil to supply these elements. Among them may be 
mentioned the rate of nutrient absorption, mobility within 
the plant and its distribution to functional sites, ikoh 
one of these processes is affected by interactions among the 
micronutrients and also between micro and macro nutrients. 
This shows that the relative proportion of elements in the 
medium may be of more significance than the absolute amount 
present either in external medium or in the plant tissue. 
Therefore, for achieving higher yields, balanced fertilizer 
schedules will have bo be evolved, keeping in view not only 
the contents of macronutrients but also the secondary and 
mioronutrients and their interactions in soils and plants.

Varghese and Honey (1965) have reported the 
beneficial effects of secondary elements like calcium and 
magnesium in increasing the efficiency of IfrK fertilizers 
for rice in Kerala soils. But a detailed study taking into 
consideration of the secondary and mioronutrients has not

iron, manganese( sine* copper, boron and molybdenum is
being increasingly felt*
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been so far conducted on rice in Kerala* Hence the present 
investigation was envisaged to study the effect of a manure 
supplement prepared from sea water containing secondary and 
trace elements on the growth, yield and quality of rice 
and the absorption of nutrients from soil.



REVIEW OF LITERATURE
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RSVIEW OF IiITM Tim

The manure supplement prepared from sea water 
and used for study In this experiment la available in two 
forme* (1) Sagar manure and (2) Sagar complex* Both these 
products<ar^ used in a 50j50 ratio in this experiment* They 
are a rare combination of nutrients and contain nitrogen, 
phosphorus, potassium, magnesium, sulphur, boron, copper, 
manganese, sine, molybdenum, chlorine, vanadium, bromine 
and iodine* Therefore, in the following pages the literature 
pertaining to the effect of these supplementary nutrients in 
increasing the efficiency of H, P and K, when used in conjunc
tion with them are briefly reviewed.

Magnesium

Magnesium is the only mineral constituent of the 
chlorophyll molecule* It appears to be related to phosphorus 
metabolism and is considered to be speoifio in the activation 
of a number of plant enzyme systems*

Influence on the growth* yield and other characteristics 
of rice slant

The experiment conducted by Vollter (1915) indioated 
that magnesium treated rice plants tillered better and produced 
healthier tillers.
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Harayatui and Vasudevan (1957) obtained three 
per cent inarease In yield of rise by foliar application of 
magnesium sulphate.

She experiment conducted by Sadapal and Das (1961/) 
in a sandy loam of pH 7.0 and of median fertility showed an 
appreciable increase in the number of grains per panicle and 
1000 grain weight in wheat by magnesium application.

Badapal and Das (1961) obtained Increased protein 
content in wheat grain due to magnesium application.

Contrary to the above, ^chropp (1949) and Kobayaahi 
al (1956) obtained a negative response to magnesium in 

relation to protein content in rice.
Varghese and Honey (1965) reported that magnesium 

applied alone or in combination with calcium had a beneficial 
effect in reducing the ratio of the number of grain to chaff. 
It was also observed that magnesium application increased the 
length of panicle and the number of grains per panicle.

Hair and Koahy (1966) reported that the form 
(magnesium oxide, magnesium carbonate and magnesium sulphate) 
or level of magnesium (25 and 50 kg MgO/ha) had no effect on 
tillering of rice. She yield of grain and straw were not 
significantly influenced by the different forma of magnesium
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at the rates applied* However the magnesium treatments 
tended to increase the yield of rioe over control* She 
weight of 1000 grains was also higher for treatments with 
these compounds*

&urup and -Hamankutty (1969) observed that on an 
alluvial olay soil of pH 4*5» application of magnesium 
silicate or magnesium carbonate did not affect the yield or 
tiller production of paddy but magnesium silicate at higher 
rates (50 leg/ha SiOg) increased the straw yield* Magnesium 
carbonate and magnesium silicate at lower levels, suppressed 
the height of the plants; this effect of magnesium carbonate 
was nullified by the*p?esenoe of sodium silicate*

Padraaja and Varghese (1972) observed that the 
quality of grain and straw as indicated by their protein 
oontent was markedly Increased by the application of soil 
amendments like calcium oxide or magnesium carbonate*
Interactions with other nutrients

Iioew (1901) was of the opinion that magnesium helped 
to improve the phosphorus economy in plants*

Zimmerson (1947) and Sadapal and Das (1961) also 
obtained an increased phosphorus oontent of crops following 
magnesium application*

Contradictory results have been reported by various
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workers as regards the influence of magnesium on potash 
availability.

Griffith (1959) in hie investigations on the Influe
nce of magnesium on the availability of potash, obtained a 
decrease in the uptake of potassium. Koshy (1960) also 
obtained a similar result.

She study by Chambers (1953) indicated that magnesium 
increased crop yields by Increasing the potassium supply.

Dewan and Hunter (1949) and Sokachtsohabel and 
Hoffman (1958) reported increase in the magnesium content of 
plants by the application of magnesium. Fadmaja and Varghesa 
(1972) also obtained similar results.

Graham (1956) observed that the addition of magnesium 
did not affeot the magnesium or the potash content of crops.

Kemp and Geurink £1970) reported that magnesium 
fertilisation over an eight year period on grassland on a 
sandy soil increased the magnesium content of the soil from 
50 - 400 rag per kg of dry soil (59 - 88 kg/ha MgO), With 
light potassium dressings, magnesium fertilisation increased 
the magnesium content of the grass from about 0.15 - 0.25 
per cent; the effect was less pronounced with heavy potassium 
dressings.

Contradictory views have been expressed by various
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workers on the effect; of magnesium on calcium uptake and 
availability.

Blair at al (1939) noted that the addition of 
magnesium compounds resulted in a decrease in calcium oontent 
of plants. Griffith (1959) observed a decreased uptake of 
calcium due to magnesium application. Albrecht (1937)»,on 
the other hand, found that the application of magnesium 
released calcium from the soil.

Haas ot al (1969) reported that magnesium decreased 
the manganese absorption rate. Manganese did not effect 
calcium absorption, but inhibited magnesium absorption.

Sulphur
Sulphur is required for the synthesis of sulphur 

containing amino acids. It activates certain proteolytic 
enzymes. Sulphur is a constituent of certain vitamins like 
thiamine and blotin.

With the intensification of Agriculture, there is an 
increasing use of sulphur free high analysis fertilisers. A 
decreased use of sulphur as a fungicide and insecticide has 
also been noted. Sfhese developments, along with the fact that 
many soils are low In sulphur, emphasise the need for a planned 
programme for sulphur fertilization of soils.
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Sulphur aa an essential element for plants
She importance of sulphur aa a nutrient was first 

reported by Bagdanoff (1899)•
Infltienoo on the growth, yield and other characteristics of 
rice Plant

Lockard (1972) reported that rice plant responded 
to sulphur in two out of the three Luzon aoila tooted*

Baa and Batta (1975) showed that the continuous use 
of sulphur free fertilisers under intensive cropping pattern 
caused a depletion in available sulphur in soil, which resulted 
in obtaining response to sulphur application* She study also 
demonstrated that the protein content of the grains of wheat 
and rice was increased significantly with sulphur fertilisation 
and that the protein quality was maintained in respect of the 
tryptophan and methionine contents of grain*

Has et al (1975) reported from the investigations 
carried out at the I.A*H*I. that sulphur application showed a 
favourable effect on the contents of essential and sulphur 
containing amino acids in the grain of maize, wheat and rioe 
thus maintaining and Improving protein quality*
Requirements and deficiencies !

Alyer (1945) indicated that 10 lb of sulphur per acre 
was adequate for rice* Shlorotlc plants contained much less
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oulphur than healthy plants and responded to sulphate treat
ment by siring good results*

Saran (1949) observed that application of 40 lb 
per acre of sodium, aluminium and ammonium sulphates 
corrected sulphur deficiency and increased rice yields byj
89*1» 69*6 and 91.7 per oent respectively*

^ijshoorn at al (1960) and Aghford and Bolton (1961) 
found that chlorosis and stunted growth of the plants were 
the characteristic symptoms of sulphur deficiency*

Koehler (1965) indicated that application of sulphur 
at the rate of 5 to 10 lb of sulphur per acre par year is 
generally recommended in Sagtern Washington to prevent sulphur 
deficiencies resulting in reduced yields in cereals*
Interactions with other nutrients

Annichiarioo (1964) found that application of 
nitrogen or nitrogen and sulphur considerably increased the 
nitrogen content of dry matter and amino acids of raaise, the 
sulphur content was increased by sulphur and decreased by 
nitrogen and the interaction between nitrogen and sulphur was 
positive and significant.

Ahmed and Rahman (1969) reported that in pot experi
ments with a soil of pH 6.7* plant response to, and uptake of 
phosphorus by rice from roolc phosphate were increased by the
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addition of elemental sulphur to soil maintained at field 
capacity, bat were uninfluenced by the addition of aulphur 
to waterlogged soil.

Boron

Boron is believed to promote the nitrogen metaboliam 
and nutrient uptake, espeoially calcium metabolism in the rioe 
plant and its defioienoy disturbs the raeristematic action of 
the growing point and affeots the pollen formation resulting 
in immature grains.

Boron aa an essential element for Plants

Warrington (1923) was first to establish the essen
tiality of the element for plant growth*

Sommer and Mpman (1926) in their study of the 
indispensable nature of boron for higher green plants 
concluded that it was essential to the life and growth of a 
considerable number of widely different higher plants*

Berger (1949) has described the important role of 
boron in cell division and in the synthesis of proteins. He 
has also found boron to be a necessary component of cell wall*

Influence on the growth, yield and other characteristics of 
rice plant

Working under field conditions 3uokley (1952) 
observed that sodium borate applied to soil fertilized with
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ammonium sulphate increased the grain and straw yield of rice.

Beneficial effects of boron on the growth and yield 
of rice plant has been described by Patnailc (1955). Increase 
in paddy yield through U3e of boron (10 and 20 lb of bor-ix 
per acre) has been reported from Central Rico desearch Institute, 
Outtaolc (Ghose et al, 1960), Mabrotra and Saxana (1967) 
reported that at six locations in U.P., 1.12 - 2.24 ltg/ha boron 
as borax generally increased paddy yieldB. ^reedharan and 
George (1969) oonoluded from the results of experiments 
oonduoted for 3 years, that the application of boron has not 
increased the yield of paddy.

Gupta (1971) observed that in pot experiments 
application of 0.25 ppm boron to a sandy loam soil resulted 
in increased yield of cereals. On the other hand Ilandal et gl 
(1956) from Jihar and Grewal al (1969) from Punjab reported
no response to boron.

Loclcard al al (1970) observed that additions of 
boron to Luzon soils significantly increased the yield of 
rice plants only in one soil, while in another one boron 
application sharply reduced the yield of plants*

lockard (1972) also observed similar results 
while studying the response of rice plants grown in three 
potted Luzon soils to additions of boron. None of the soils
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was deficient in boron, as additions of boron resulted in 
decreased yield and the development of foliar symptoms resem
bling those of boron toxicity. 'Tho level of boron in the 
straw was increased by the addition of that nutrient to the 
soil.

Requirementa and deficiencies

Mo Hargue et al (1940) reported that the boron 
requirement of cereals is only one thirtieth of the amount 
required by legumes.

Hirai (1949) reported that the boron content of 
rice varied with the position of organs, ie. more in the 
leaves and leas in roots. In a nutrient solution containing 
1 ppm boron, catalase activity was found to increase.

According to Hirai (1950) the quantity of boron 
absorbed by rice plants was only 10.5 i/ha.

Ishisulca and Tanalca <1962) examined the influenoe 
of boron concentration on the growth of rice. According 
to their studies, no boron deficiency symptoms were caused 
even at 0.004 ppm, while clear toxicity aymptoiiB were 
observed at concentrations of more than 5 ppm.
Interactions with other nutrients

Loclcard et al (1970) observed from the experiments 
on rice that there was a significant interaction between
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sulphur and boron treatments on the full grain weight*
Lockard (1972) observed while studying the response 

of rioe plants grown on three potted Lueon soils to additions 
of boron» that the highest level of boron applied to the 
soil, significantly increased the level of sulphur in the 
straw compared to no application of boron, but it did not 
increase yiold.

Pothiraj gt al (1973) reported that biron application 
markedly increased its availability in soil, but had no 
marked influence on the availability of other nutrients.

Molybdenum
Molybdenum is seen related to nitrogen fixation and 

reduction of nitrate to nitrite* Molybdenum is known to be 
specific for the activation of the ensymes nitrate - reductase 
and xanthine oxidase*
Molybdenum as an essential element for plant a

Arnon and Stout (1939) wore the first to report a 
clear out response of tomato plants to molybdenum in water 
culture.
Influence on the growth, yield and other characteristics of 
rioe Plant

Sreedharan and George (1969) concluded from experiments 
conducted for 3 years that application of molybdenum had no
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beneficial influence on the yield of grain and straw in rice* 

Requirementa. deficiencies and toxioities
lanizuka and 2anaka (1962) confirmed that in water 

culture rioo did not show any deficiency symptoms, even if the 
content of molybdenum in tissue was 0*04 ppa. With a concen
tration of 1 ppa in the nutrient solution, the rice plant 
produced symptoms of molybdenum toxicity and the content of 
molybdenum in the plant was 4 ppm* They suggested that the 
'Upper limit of molybdenum content in the rice plant might be 
less than 2 ppm*

Gupta and 3am (1967) reported that in general 
molybdenum concentration of 0.03 to 0.19 ppm in cereal straw 
was considered to be in the sufficiency range*

Das Gupta et al (1972) reported that in two varieties 
of rice (Jaya and IR 3) in sandy loam soil reveals that in 
both varieties yield increased almost linearly with the 
increase in the levels of either nitrogen or molybdenum and 
the response to higher doses was significantly greater in 
presence of molybdenum. She linear trend of the effects of 
both nitrogen and molybdenum indicated that the effects were 
largely additive*
Interactions with other nutrients

Anderson and Spenoer (1950) noted that the
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application of nitrogen resulted in inoreaaed molybdenum 
uptake* !£hey alao reported that ■she application of heavy 
dressings of manganese sulphate to soil depressed the concen
tration of molybdenum in the plants considerably*

According to Barshad (1951) application of phosphorus 
in acid soils tends to increase the uptake of molybdenum ions 
by the formation of phosphomolybdate ion whioh is absorbed 
more easily by the plant than the raolybdote ion alone* She 
sulphate ion suppresses the uptake of molybdate ion as the 
two are of equal ionic radii and the plant is unable to 
distinguish between the two, thus resulting in competition*

In neutral or alkali soils according to Bingham 
and Garber (1960) phosphate ion itself reduces molybdenum 
availability by greater fixation or precipitation of 
aolybdates induoed by phosphorus fertilisation*

Mehta et £1 (1964) and Dube (1964) have reported 
the antagonistic effect of oopper and molybdenum*

Hishra al (1970) observed that different doses 
of nitrogen have positive effect on molybdenum uptake by wheat* 
The effect of adding phosphorus either alone or in combination 
with nitrogen is found to be non-significant on molybdenum 
uptake*

According to Pasrioha and Bandhawa (1971) excess
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molybdenum uptake in pastures can be controlled by sulphur 
application.

Oopper showed antagonistic effect while phosphorus 
showed synergistic effect with molybdenum content (Hulagur 
et al 1974).

Patel and, Mehta (1974) have reported that in an 
experiment on loamy sand of bihoda, to study the effect of 
copper, molybdenum and phosphorus on alfalfa using single 
superphosphate as the Bource of phosphorus, both the content 
and total uptake of molybdenum were decreased by the combined 
effect of molybdenum and superphosphate.

Popper
Popper is an activator of several onaymes which 

bring about the oxidation of organic compounds by means of 
molecular oxygen in the rice plant.
Oopper as an essential element for plants,

TJhe essentiality of copper as a plant nutrient 
was first established by Sommer (1931) and Lipman and 
Mackinney (1931) althougn the beneficial effect of this 
element in increasing the yield of grain and straw in rice 
had been reported much earlier by Harrison and Iyer (1917).
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Influence on the ĝrowth. yield and other ohnracteristica of 
rioa plant

Stokuolco and Gyo (1938) observed that the growth and 
yield of riee increased when 0*003 PP* of copper was added to 
the culture solution. Similar significant increases in yield 
have been reported by taany authors (Karunalcar, 19328 Buckley, 
19328 Joshi and Joshi 1932; Oopal Bao and Oovindarajan, 1934; 
Botede 1963; Chao and Isui, 19633 Sreedharan and George, 1969; 
Priinavesi and Primavesi, 1970).

Contrary results have been reported by Datta and 
Bains (i960) and Grewal e£ al (1969).

Requirements. deficiencies and toxioities

Hoxas (1911) reported that the concentration of 
copper in plant tissue was more or less the sane as that of 
manganese and iron.

Piper (1940) found that the copper deficiency 
symptoms were accompanied by some chlorophyll defect and 
neorosis of the leaves in rice.

Hasoda (1942) in a pot culture experiment found that 
the growth of rice plant was promoted by adding less than 
23 ppm copper to the soil. Concentration of 100 ppm caused 
severe toxicity.
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Lucas (1943) showed that oopper was helpful in 
chlorophyll formation and its deficiency cause low carotene 
content in field crops,

Tawalfcar (1953) reported a range of 2 - 50 ppm of 
oopper for normal growth of cereals. Lai and Subharao (1955) 
described the role of copper in crop production and concluded 
the requirement of rioe as 6.25 ppm. Dubey (1964) reported 
that the copper oontent of rice otraw ranged from 3*1 to 7*6 

ppm.

Sahtinan (1971) concluded that cereals reacted more 
strongly and responded more readily than ley plants to copper 
deficiency and copper fertilisation.

Interactions with other nutrients

Mulder (1949) observed a positive correlation 
between nitrogen supply and oopper requirement of plants.

Experiments by Dunne (1956) showed that the sine 
level and yield of cereal grains were influenced by the copper 
level of the soil on which they were grown. As the copper 
level was increased, the zinc content of the tissue as well 
as yield were reduced.

According to Greenwood and Halloworth (1960) oopper 
and phosphorus interacted signifioantly in soils and the 
application of copper at low levels of phosphorus increased
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the yields to a greater extent than at higher levels of 
phosphoros*

Agarwala and Sharaa C1961) observed that oopper 
oonoentration In barley was doubled when the concentration of 
manganese in the nutrient solution was reduced from 0*55 to 
0*0055 ppm.

Bakhore e£ al (1963) reported that copper treatments 
to wheat considerably stimulated the uptalce of phosphorus* 
potassium and copper by wheat plants in proportion to the 
dose of copper applied.

Gautaa §& al (1964) observed that in tne presence 
of nitrogen, phosphorus and potassium, foliar application of 
copper increased the niurogen content of raaisse by 32*4 per cent 
over plants which received nitrogen, phosphorus and potassium 
alone*

Mehta et al (1964) have reported an inverse 
molybdenum-copper relationship*

Bandyopadtya and Aahikari (1968) reported that 
application of copper sulphate depressed the availability of 
soil manganese resulting in a decreased manganese oontent of 
rioe straw*

Borchmann and Albion C197*1) indicated the existence 
of a 3 - 10 per cent yield increase and an improvement in
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quality as indicated by crude protein content, due to the 
interaction between copper and nitrogen treatments on soils of 
low copper status in field and pot experiments with cereals*

Manganese

Though manganese does not form a part of chlorophyll* 
it helps in Its formation* Manganese is also related to the 
enzymatic oxidation in plants and is one of the mioronutrients 
required in comparatively large amounts by the rice plant and 
it oan even withstand excessive absorption*

Manganese as an essential element for plants

Me Hargue <1922) confirmed the importance of manganese 
for higher plants*

Influence on the growth* yield and other characteristica of 
rioe plant

Many workers have reported increase in the yield 
of grain and straw of paddy due to the application of manganese 
(Jimenoe 1925; Hashimoto and Kawamori, 1951; Karunakar,1952; 
R&haja fit al, 1959; Mariakulandai and Qhami, 1964; filial 
1967; Venna, 1968; Grewal o£ al, 1969)*

Kuriakooe (1962) reported that manganese had 
beneficial effects on the number of grains per earhead and 
tho number of productive tillers in rioe*
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Mandal (1954), Artta and Bains (1960) and 
Sreedliaran and Georgs (1969) could not find any response to 
manganese application.

While reviewing the response of rioe to mioro- 
nutrients Padhi (1971) indicated that manganese increased the 
grain yield of the rioe crop at certain regions but not 
universally# The response depended largely on several soil 
factors such as its reaction, texture, organic matter content, 
miorobial activity and availability of micronutrients in soil#

requirementa. deficiencies and toxiolties

Tokuoka's soil culture (Toltuolca and ftyo 1940) 
showed that the addition of 300 ppm manganese increased the 
height of paddy and 600 ppm manganese reduced it# The addition 
of upto 1000 ppm manganese accelerated the tillering. Tne 
largest grain yield was obtained at 5 ppm#

Addition of 1 ppm and 5 ppm of manganese increased
the catalaae activity of rice shoots and leaves respectively/
(Patnaik 1950).

Abichandani (1955), summarising the results of 
experiments conducted on paddy in India, concluded that a 
concentration beyond 20 ppm was toxic to rice# Under water
logged condition, however, manganese readily went into solution
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and as suoh deficiency oases wore rane.
Patnaik (1955) reported that optimum oonoentration 

of manganese in solution culture for rice was 1 ppm and in 
sand culture 2*73 ppm,

The manganese requirement of rioe is comparatively 
high* She rice plant can withstand excessive absorption of 
manganese (Olark et al, 1957)* According to Kobayashi at al 
(1956) barley and wheat require 100 to 200 g/ha* But the 
requirement for rice was ten times more*

Agarwala and Sharma (1961) showed that iron defi
ciency, manganese defioienoy and manganese toxicity depressed 
chlorophyll formation in rioe suggesting that synthesis of 
chlorophyll was determined both by iron and manganese*

Ishizuka, et &L (1961) have reported the results 
of nutrient solution experiments on the manganese requirement 
of the rioe plant* A concentration of less than 0*1 ppm 
increased the yield, 0*1 to 10 ppm also increased the yield 
but only slightly and concentrations above 10 ppm reduced 
the yield*
Interactions with other nutrients

Mulder and Gerretsen (1952) proved that the 
application of phosphatlc fertilizers to acid soils increased 
the uptake of manganese* In the case of soils low in
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available manganese phosphatio application bad a depressing 
effect on the uptake of phosphor 113.

Hoasner and Richards (1963) obtained a highly 
significant correlation between plant concentrations of 
manganese and phosphorus in rice*

Nitrogen and sulphur additions were shown to 
affect the availability of manganese beneficially in arable 
crops (Tisdale and Betramson 1949)*

Venkateswarlu (1964) found a significant increase 
in the manganese content of rioe when he added extra sulphur, 
as sulphate*

There is an antagonism between iron and manganese* 
This has been shown by Grasmanis and Leapor (1966) who 
reduced toxicity due to manganese in apple leaf by injecting 
iron citrate and by VTallihan and Hiller (1963) who induced 
manganese deficiency symptoms in avodado trees by applying 
Fe iiDDHA.

Waraook (1970) observed that in phosphorus induced 
zinc deficient com plants, mobilities and concentrations 
of manganese were inversely related to the mobility of zinc*

Sekhon and t̂aopra <1971) reported that in incubation 
studies» the application of calcium and magnesium to soil



decreased the availability of exchangeable and water soluble 
manganese. Application of iron and sine increased manganese 
availability.

Zing
Zinc has been observed to be connected with the 

production of auxins inside the rice plant. It also acts as 
a metallic activator ofa- enzymea,
Zinc as an essential element for plants

Ag early as in 1926, Sommer and Lipraan and Sommer 
(1927) presented evidences that sino was essential to the 
growth of plants.
Influence on the growth, yield and other characteristics of 
rice plant

The rice crop has been reported to have responded 
to the application of sine to an appreciable extent (Buckley 
1952, Iteheja et al 1959, Hagarajan and Bhunmughasundaram 1953).

Karunakar (1952) reported increases in the yield 
of paddy by 10 - 23 per cent through spraying ainc sulphate 
at the rate of 10 lb/aere in Mysore. Singh and Jain (1964) 
obtained increases in the yield and crude protein content of 
grain by the foliar application of ainc sulphate at the rate 
of 2.53 kg/ha in Udaipur. They also reported that application
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of 2.53 kg per hectare or zinc in the soil increased the 
production or dry weight and tillering or paddy, but when 
applied as spray higher levels appreciably increased grain 
production.

Pillai (1967) recorded 15*6 per cent increase in 
the yield or paddy by soil application or 56 kg zinc sulphate 
per hectare over control.

On the contrary Srecdharan and George (1969) 
reported a nil response on the grain and straw yield or 
paddy.
Retmirementa. deficiencies and toxicitiea

'fokuoka and Gyo (1939) round that adding 1 ppa or 
zinc in oulture solution increased the yield or rice, that 
5 ppa gave a toxio erreot the aino content being 0.0027 
per cent in leaves, and that 10 ppa killed the plant.

In a pot experiment, Hasoda (1942) indicated an 
efreotive response when less than 75 ppm or zinc was added 
to the rioe plant, while toxicity appeared with the addition 
or 250 ppm.

Aiyer (1946) and lai and Subharao (1951) have
{

discussed the role or zinc in orop production and reported 
that zinc derioienoy symptoms appeared in rice when zinc 
concentration in solution was less than 0.2 ppm and growth
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was optimum at 0.5 ppa.

Boar (1954) has reported that when the zinc 
content falls below 25 ppm in soli; deficiency may develop 
in crop plants* Viets gl (1954) found that plants 
suffering from sine deficiency showed poor growth and generally 
had interveinal chlorosis and necrosis of lower leaves*

lahiauka and Tanaka (1962) observed that deficient 
and excess critical level of sine in the shoots of rice was 
below 15 ppm and 600 ppm respectively when the yield of rioe 
was maintained constant*

In U*P. sine deficiency has been found to cause 
•Shaira' disease in paddy (Hene, 1965)* Zinc sulphate 
applied at the rate of 5 hg/ha through spray or 10 leg/ha 
through soil cured the disease*

Sousa and Hiroce (1970) reported that deficiency 
symptoms of zinc in rice growing in acid soils appeared when 
the plants contained less than 15* ppm sine in the dry matter. 
Wo symptoms were observed when 5 teg/ha ZnSO^ were applied at 
planting.

Krishnamoortfyr ot al (1971) showed that plants wife 
zinc deficiency showed mid-rib bleaching* 10 ppm zinc in the 
third leaf was considered as the critical level* Deficiency
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was cured by soil application of upto 100 leg/ha ZnSO^ with 
response upto 25 per cent in soiae areas.
Interactions with other nutrients

Chapman al (1940) emphasised that the high level 
of phosphates in soil would produce sine deficiency eyuptoa* 
In citrus. It has been shown by nany workers that phosphorus 
induoed sine deficiency symptoms in plants/(Thorne, 1957s 
Langin §& gl 1962; Soawn and ̂ eggett, 1964).

Seats (1960) showed that increasing the pH of soil 
by liming had an adverse effect on the availability of zinc 
in soil. However, this effect could be altered to some 
extent by the nature of liming materials. The use of liming 
materials containing magnesium sulphate would decrease the 
severity of sine deficiency.

Millikan (1963) and some dusgian workers feel that 
sine is essential for phosphorus utilisation.

Watanabe et al (1965) found that the yield of corn 
was reduced considerably as the zinc level was increased 
from 0.75 to 2.25 /iH when the iron level was 40 /iM as 
Fe CDDtfA. At the higher level of zinc in the nutrient 
solution, the plants were suffering from iron deficiency at 
all phosphorus levels, but deficiency symptoms disappeared 
when iron level was increased at 80 /ill. These results
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indicate that a balance between iron, cine and phosphorus 
is essential for good growth.

In some eases applied phosphorus reduced the concen
tration of cine in the above ground portion of the plant and 
lowered the total uptake of sine (stukenholta al 1966).

Jain and Singh (1967) reported that soil application 
of 2.5? kg slno/ha significantly increased nitrogen and copper 
uptake by rioe plants.

Bandyopadhya and Adhikari (1963) reported that high 
rates of nitrogen and phosphorus increased the availability 
of sine slightly.

(hi account of oopper-sino interaction, the rate of 
sino application needs careful control because if sine is 
applied in large quantities a zinc induced copper deficiency 
may occur as reported 6y Gilbey g1 (1970).

Qhaudhh^y and Boneragan (1970) reported that in pot 
experiments on wheat plants in aoid lomay sands, copper 
deficiency was aggravated by sine sulphate and sino deficiency 
was aggrevated by copper sulphate.

Chapman at gl (1973) subscribe to the idea that high 
levels of phosphate decrease the availability of sino due to 
precipitation of sparingly soluble sino phosphate compounds.



30

In experiments conducted to study the effect of 
increasing levels of phosphorus and sine and their interactions 
on dry matter yields of maise in red loam and calcareous 
soils of Bihar, it was found that in all cases interaction of 
P x Zn were significant (Sarkar and Sinha, 1974)*

Chlorine

It is one of the latest addition to the list of 
trace elements needed for nutrition of rice plant* In Japan 
it has been noticed that the rain water contains adequate 
amounts of chlorides to meet the requirements of rice crop. 
Shiraoae (1954) reported that rice plant grew normally with 
less than 0 .5 per cent of chlorine in culture solution, but 
could not grow in solutions containing more than 0*8 per cent 
chlorine. With the increase of the chlorine content in the 
solution, the protein nitrogen decreased and the soluble 
nitrogen in plant tissue increased. She chlorine requirement 
of the rice crop under field conditions lack detailed 
Investigations•

Combined application of mioronutrients

Substantial responses of paddy have been noticed 
by many workers for applications of more than one micro
nutrient in combination (Karunalcar 1952; Bahu, 1959;
Nagarajan and Shanmughasundaram, 1963)-
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Some of the mioronutrients applied together 
exhibit antagonism resulting in either deficiency or toxicity 
to the rice plant (tfariakulandai and Charni, 1964 and 
Sreedharan and George, 1966).

Lack of response to combined application of all 
mioronutrients lias been reported by Kanwar (1964) and Gupta 
and dam (1967).

Misra and Shattaoharya (1967) noted an increase 
in the 1000 kernal weight of Penniaetua typhoidea due to the 
combined application of all trace eleaents.

ftthrotra and Saxena (1968) concluded that mixed 
mioronutrients, even at a reduced level of applioation gave 
a significant increase in yield of paddy. An increase of 27 
per cent calculated with control as 100 was recorded from 
raicronutrient application over the maximum HPK treatment 
at the Fertiliser Research Station, Pura.

Sreedharan and George (1969) did not obtain any 
response for rice to micronutriont applioation in their 
experiments extending over a period of three years.

Nair e£ al (1972) reported that magnesium and 
Spartin, - a commercial product containing all mioronutrients, 
had no significant influence either on grain yield or in 
enhancing response to phosphorus application in rioe.
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Ohiraania ot al (1972) reported that the interaction 
between fertility levels and micronutrient treatments had 
significant effect on the dry matter yield of paddy. At 
higher fertility levels* application of manganese* copper* 
molybdenum and mixture of micronutrients generally increased 
the dry matter yield* whereas at lower levels their effect 
was not apparent*

Hamji Lai at al (1975) indicated that none of the 
micronutrients* either alone or in combination* could affeot 
the grain yields of rioe on the sandy loam soils of Bichpur*

Singh and Singh (1974) reported from an experiment 
conducted to study the relative efficiency of different dose 
combinations of mlcronutrlent cations (iron* manganese* 
copper and zinc) on the yield and growth characteristics of 
wheat* that the different combinations were found to be signi
ficantly superior over control in Inoreasing the growth and
productive tillers* Both the grain and straw yields were*
considerably increased by the combined addition of iron* 
manganese* oopper and zinc* She harvest index (grain-straw 
ratio) was also increased by micronutrient application*



MATERIALS AND METHODS
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MATERIALS AND METHODS

A field experiment was designed to study the 
effect of a manure supplement prepared from sea water (Sagar) 
in increasing the efficiency of NPK for rioe in a low level 
laterite soil. The manure supplement was available in two 
forms - Sagar manure and Sagar complex. The analysis of 
the Sagar manure supplement is as follows*
Nutrient Per cent composition
Nitrogen (N) 2.500
Potassium (KgO) 3.500
Magnesium (hydroxide) 11.000
Sulphur 3.000
Sodium 2.000
Boron 0.150
Oopper 0.100
Manganese 0.100
Zinc 0,100
Molybdenum 0.001
Ohlorlne 10.000
Bromine 0.280
Iodine 0.270
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Sugar complex contains 3 per cent phosphorus 
also in addition to the above components.

1. Looation of the experiment

The experiment was laid out at the Agricultural 
College Farm, Vollayani in a low level laterite under 
waterlogged condition. She site selected had facilities 
for controlled irrigation, drainage and uniform soil 
conditions. The area is one usually cropped with wet 
land paddy.

2. Season

The trial was conducted during the seoond crop 
season (iiundakapjof 1974/5̂

3. The soil

The chemical and taeohanioal analysis of the 
soil collected from the area are presented in Table I.



The mechanical and chemical composition of ooll
(On oven dry basis)

Table I

Percentage

Ooarae sand 35.5
Fine sand 15.5
Silt 20.4
Clay 26.2
Organic matter 1.30
Moisture 3.45
Loss on ignition 1.52
Total nitrogen 0.033
Total P205 0.011
Total KgO 0.473
Total CaO 0.123
Total MgQ 0.007
Available nitrogen 0.0042
Available 0.0001
Available KgO 0.0020
Exchangeable sine 1.0 ppm
Exchangeable manganese 13.0 ..
Available copper 1.5 ..
Available iron 300 ••
pH 4.5
Electrical conductivity 0.7 milltohnf/cm
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4* Lay out of the experiment

The experiment was laid out in a 3 x 2 factorial 
experiment in randomised block design, with 6 treatments and 
5 replications, The treatments consisted of combinations of 
3 levels of !??£ and 2 levels of Sagar as detailed below.

Levels of Sagar
SQ - 0 kg Sagar/ha

- 250 kg • •

Levels of liPX
PQ - 0 kg If, P20g and KgO/ha
P1 , - 30s15H5 kg/ha N, P20g and

KgO respectively 
F2 - 60:30*30 kg/ha N, ?205 and

KgO respectively

The various treatment combinations were aa follows.

* 0 30 
4. S,,

Siae of the plots* 
Gross area per plot: 
ffet area per plot: 
Spacing:

Variety:

2, F0 S1 
5. F2Sq

3. F, S0

4. F2 S i

5 m x 4 m
20 sq,m
16,625 s«l*m
10 cm between plants
15 cm between lines
Annapurna of 90-100 days duration
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5• T&perimental prooedure

1 ) Nuraery

Seeds of Annapurna obtained from tbe Agricultural 
College Farm, Vellayani wore sown in a well prepared nursery 
bed which received no manures or fertilisers.

2 ) I lain field

2he experimental si be was ploughed twice. Plots of 
siao 5 m x 4 m were marked out with 6 plots per block and 
spaded well. She plots were separated with bunds 30 cm in 
width and individual blocks were given an outer bund 30 cm 
in width. Provision was also made for irrigating the plots 
by means of channels.

3) Application of manures and fertilisers

Half the dose of Sagar as 3a^ar complex was given 
as basal dressing while the other half was applied as Sagar 
manure 20 days after planting as per treatments. Half the 
quantity of nitrogen and full dose of PgO^ and KgO were 
supplied as basal application. She fertilisers were applied 
as ammonium sulphate, ammonium phosphate and muriate of 
potash. She remaining half quantity of nitrogen was applied 
20 days after planting as top dressing.
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4 ) Transplanting
The seedlings were transplanted in the main field 

with two seedlings per hill on 21-10-1974.

5) Irrigation
Controlled irrigation and drainage were given so 

as to maintain optimum moisture conditions throughout the 
cropping period.

6) Weeding
The plots were hand weeded twice, fifteen days 

and forty five daya after transplanting.

7) Plant protection
The plants were sprayed with paramer as a 

prophylactic measure against stem borer attack.

B) Harvesting
The crop was harvested on 30-12-1974* The weights 

of the grain and straw from each plot were recorded after 
2 days sun drying. Samples of grain and straw were collected 
from all the plots for chemical analysis. The grain and 
straw from each plot were plaoed in separate paper bags and 
dried in an air oven at 70°C. The straw was ground in an 
electrical grinding mill. The ground straw and grain were 
stored in air tight plastic container for chemical analysis.



39

Observations
1) Sampling technique

After eliminating the guard rowa a sampling unit 
of 1.0 sq.m was measured from eaoh plot adopting random 
sampling technique. Sampling unit had 77 plants* She tiller 
counts and other observations were recorded for all the plants 
of the sampling unit# Height of the plants were recorded 
only for the 4 oorner plants of the sampling unit# Paniole 
from the 4 corner plants were separately collected before 
harvest for recording the paniole characteristics and post 
harvest observations. 2wo plants adjacent to the observational 
plot were collected as samples for analysis#
2) Observations recorded

1# Height of the plant as on the 35th day after planting
2# Number of tillers per plant one month after planting
3# Number of produotive tillers as on the 70th day

after planting
4. Length of panicle
5# Number of grains per paniole
6* Yield of grain/plot
7# Yield of straw/plot
8# Grain-straw ratio
9* Weight of 1000 grains
10# Percentage of chaff
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7. Periodical analysis of soil samples
Samples of soil were removed from each plot one 

month after planting and at the time of harvest and the soils 
under the different replications of one treatment mixed and 
pH of too composite sample determined. After harvest, soil 
samples were taken from the plots and availaole nitrogen, 
phosphorus and potassium and total calcium and magnesium were 
determined.

8. Laboratory studies

1) Soil samples
3?h@ pH of the soil samples were determined in 

1:2 .5 soil water suspension using a photovolt pH meter.

Available nitrogen was determined by alkaline 
permanganate method (Hubbiah and Agija, 1956).

Available phosphorus was determined according to 
the procedure described by Jackson (1967).

Available potassium was estimated photometrically 
using an flame photometer,

Jaloium and magnesium were determined in tne bydro- 
onlorio acid extract of the soil by the versenate titration 
method (Jackson, 1967).
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2) Plant samples
2?he grain and straw samples from all the 50 plots 

were analysed for the content of N, P, K, Oa and Mg,

Nitrogen was determined by mioro-kjeldhal method 
as given by Jackson (1967).

The triple acid digestion of samples m s  carried 
out for the analysis of P, K( Ca and Mg as detailed by 
Piper (1950).

Phosphorus was determined by the vanadomolybdate 
method using Klett-Sutniaerson pao toelactric colorimeter.

Potassium was estimated photometrically using 
an flame photometer.

Oaleium and magnesium were determined by veraenate 
titration of tripple acid extract of '.he material 
(Jackson, 1967).



RESULTS
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R.SSULTS

She experimental results relating to the influence 
of different levels of NEC and Sagar on the growth, yield, 
quality and uptake of nutrients by rice are given in Tables 
IX to VII, The data are analysed statistically and the 
analysis of variance tables are presented in Appendix 1 to 6.

The results of analysis of the soil samples 
collected from the experimental plots are furnished in 
Table VIII.

A. Growth

The average growth characteristics of rice for the 
various treatments are presented in Table II.

1• Number of tillers
The results in Table II Indicate that the differences 

between the levels of NEC as regards this character are 
statistically significant. The maximum number of tillers 
(11.5) was produced at the highest level of NEC and the 
sero level of NBC produced the minimum number of tillers (6.6).

In the case of Sagar it may be noted that the 
treatments which contained this material increased considerably 
the number of tillers per plant compared to the treatment 
In which i^ was not included, at all the three levels of
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Sable No. II
Effect of different levels of NiK and Sagar on the
growth characteristics of rioe# variety Annapurna

Levels of N, PpO- Levels of Number of Number of height of
nnd S' o Trrr/hn Sagar tillers productive plant cmand K2o Kg/ha *g7ha^ per plant tillers _____

0 0 6.3 5.8 44.6
250 6.3 6.3 44.2
Mean 6.6 6.1 44.4
0 8.3 8.1 43.4

30:15*15 250 9.0 8.5 50.4
Mean 8.9 8.3 49.4
0 11.1 10.7 50.6

60s 30:30 250 11.3 11.3 51.2
Mean 11.5 11.0 50.9
0 3.7 8.2 48.5

Mean 250 9.2 8.7 43.6

C.D. at 0.05 level for comparison
between levels of NPX 2.1 1.8 2.2
## #p Sagar N.S N.S. N.S

p# between combinations of
treatments 3.0 2.6 3.2
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fertilisers tried. She mean number of tillers has Increased 
from 8.7 to 9.2 by the application of Sagar, though the 
difference Is statistically non-significant. The maximum 
number of tillers is produced by the treatment in which Sagar 
was applied in combination with H2K at the highest level.
The interaction was not significant.
2. Productive tillers

Prom Table IX it can be seen that the number of 
productive tillers was influenced significantly by the different 
levels of HPEC. The highest level of HPit was found to be most 
effective in Increasing the number of tillers, and the lowest 
level, the least effective. The mean number of tillers 
produced at the aero, half mid full dose of NPK were 6.1, 8.3 
and 11.0 respectively.

The number of productive tillers per plant has 
increased from 5.3, 8.1 and 10.7 to 6.3* 3.3 and 11.3 by the 
application of Sagar at aero, half, and full dose of KPK 
respectively eventhough the effect was not statistically 
significant. The maximum number of productive tillers per 
plant (11.3) was obtained by the treatment in which Sagar 
was applied with WPJC at the highest level.
3. Height of the plant

Height of the plant is increased signifioantly by 
increased levels of NPK. The maximum plant height (30.9 cm)
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was obgorved for the highest level of fertiliser applied.
The height of the plants at the aero and half dose of HPK 
were 44*4 eta and 49.4 om respectively.

Application of Sagar at the half and full dose of 
UBC tried has increased the hoight of the plant from 43*4 cm 
and 50.6 cm to 50.4 cm and 51.2 cm respectively, while at the 
zero level of fertilizers tried, application of Sagar slightly 
decreased the height of the plant from 44.6 cm to 44*2 cm. 
However, the effect of Sagar with regard to this oharaoter 
was not statistically significant. The maximum height of 
the plant (51.2 cm) was given by the treatment in which N.?£ 
was applied at the highest level in combination with Sagar.

3. Yield
The results relating to the influence of different 

levels of Ni?fC and Sagar on yield characters of rice are 
presented in Table III and IV.
1. Length of panicle

The influence of the different levels of on 
thi3 character was statistically significant. Out of the 
three levels of NPK, application of IMC at the highest level 
has given the maximum length of panicle (13.3 cm) and the 
zero level of NPK the minimum (16.5 cm).
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Sable I(o. Ill

Effect of different levels of NBC and Sagar on the
yield characteristics of rioe, variety Annapurna

Levels of N, PgO^ 
and K20 teg/ha

Levels ofSagar
kg/ha

Length of
panicle
ca

Number of 
grains per 
panicle

0 0 15.8 60. G
250 17.2 62.0
Mean 16.5 61.0

0 17.6 64.0
30*15*15 250 17.3 75.0

Mean 17.7 69.5
0 17.8 74.0

60*30*30 250 13.8 34.0
Mean 13.3 79.0

Mean 0 17.1 66.0
250 17.9 73.7

O.D. at 0,05 level for comparison between levels of NPK 0.8 3.6
•» Sagar 0.7 2.9
», between combinations oftreatments 1 .2 5.1
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The effect of Sagar on this character was also 
significant* She mean length of panicle has Increased from 
17.1 cm to 17*9 ora by the application of Sagar* She maximum 
length of panicle 18*3 cm was produced by the treatment 
in which Sagar was applied in combination with ftfX at full 
dose* The interaction between NPK and Sagar was not signi
ficant*

2. Wuiaber of grains per panicle
Applioation of IPJC was found to have significant 

effect on the number of grains per panicle. The number of 
grains increased steadily with increase in the levels of 
NPiC and the number of grains produced at the aero, half and 
full dost of wore 61.0, 69.5 and 79.0 respectively.

The number of grains per panicle is increased 
significantly by the applioation of Sagar from 60, 64 and 74 
to 62, 75 and 84 respectively by the application of Sagar 
at the zero, half and full dose of N3K. The interaction 
between NPK and Sagar is significant and the applioation of 
Sagar with NPK has increased the number of grains per panicle. 
The maximum number of grains per panicle has been produced 
by the treatment which contained Sagar along with UPS at the 
full dose. This is significantly superior to all other 
combinations of treatments with regard to this factor.
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(Phere is no significant difference between the treatments* 
control, Sagar alone and at half dose, She treatments 
in whioh applied at fall dose and I’fPK at half dose with 
Sagar are on a par.

3. Yield of grain
She yield of grain is influenced significantly hy 

the application of IJ?K. She grain yield increased steadily 
with increase in the levels of EHC, and the mean yield obtained 
at the zero, half and full dose of HAC are 1322*8, 1633.4 and 
1850.3 lcg/ha respectively.

She grain yield is increased significantly by the 
application of Sagar, at all levels of J5J3C. Ehe increases 
were from 1264.6, 1602.6 and 1704.4 lcg/ha to 1331.0, 1674.2 
and 1957.2 lcg/ha respectively by the application of Sagar 
along with the zero, naif and full doses'of NSiC, $he inter
action between HPIC and Sagar was not significant. Out of 
the six combinations of treatments, the treatment in which 
HPK was applied at the highest level in conjunction with 
Sagar has given the highest yield. It has given 14.9 per cent 
increase in grain yield over vhe treatment in which NPsC was 
applied at the highest level without Sagar. She percentage 
of increase obtained due to application of Sagar along with 
the zero and half dose of HPK are 9.2 and 4.5 per cent
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Sable No.IV

-iffect of different levels of NPiC and 3agar on
yield characters of rice# variety Annapurna

levels 
of N,
P2°5 
and K2 0

kg/ha

Levels
of
Sagar 
kg/ha

Weight
of
grain
kg/ha

0 1264.6
0 250 1381.0

Mean 1 3 2 2 .8

0 1602.6
30:15:15 250 1674.2

Mean 1633.4
0 1704.4

60:3 0 :3 0 250 1957.2
Mean 1 8 30 .8

0 1523.9
Mean 250 16 70.8

Weight Grain- Weight
of straw of
straw
kg/ha

ratio 1000
grain
g

1317.6 0.96 21.57
1371.6 1.04 22.04
1344.6 1 ,0 0 21.80
1483.6 1.03 21.90
16 26 .0 1.03 21.90
1554.8 1.05 21.90
2142.4 0.80 2 2 .3 0

2336.4 0.85 22.60
2239.4 0.83 22.45
1647.9 0.95 21.92
1778,0 0.97 22.18

O.D. at 0 .0 5 level 
for comparison between
levels of NPjC 82.4 99.5 0.05 0 .1 0

.« Sagar 67.4 81.4 N.S 0.03
,, between combi
nations of treatments 116.5 155.2 0.08 0.15

Percen
tage of 
onaff

13.70
7.70
10.70
12.20

10.90
11.55
9.70
7.80
8.75

11.87
8.80

Jl .8  

2.75

4.30
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respectively# At tee same time, there ig a yield increase 
of 6 ,3 per cent only when the Nj?X application is increased 
from half dose to full d03Q. But full dose of NPK with 3agar 
has recorded an increase of 14#9 per cent over STAC full dose 
alone, fhus considerable increase in yield can he obtained 
by the application of Sagar in conjunction with the full 
dose of NF£ as seen from the figures aoove.

4, Yiold of straw

Straw yield is significantly increased due to the 
application of IJAC. 'fhe yield of straw at the aero, half 
and full dose of NPK are 1344.6, 1554.8 and P239.4 kg/ha 
respectively.

Application of 3agar lias significantly increased 
the mean yield of straw from 1647.9 kg/ha to 1778.0 teg/ha.
The highest straw yield is recorded by tne treatment in which 
Oagar is applied in combination with il££ at the highest level 
and this treatment has produced 3.1 per cent increase in 
straw yield over the treatment in which II?£ was applied in 
full dose without Sagar. fChe interaction between HFC and 
Sagar was noc significant.

5* &rain-straw ratio
Application of iiEK has significantly influenced 

the grain-straw ratio. Application of H, :? and K at the
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rate of 30s 15s 15 leg/ha hag increased the grain-straw ratio 
to 1,05 from 1.00 in the zero level of H21C, while there was 
a decrease in the grain-straw ratio at the highest level of 
HPK (0.83).

Application of Sagar has not influenced the grain- 
straw ratio significantly. However, the mean grain-straw 
ratio has been increased from 0.95 to 0.97 due to application 
of Sagar. The interaction between the treatments was also 
not significant.
6. Weight of 1000 grains

As regards this character, the I1PX levels tried 
were significantly effective. The weight of 1000 grains 
increased steadily with increase in the levels of UfiK applied.

Application of Sagar has increased the 1000 grain 
weight significantly and the mean weight of 1000 grains 
inoreased from 21.92 g to 22.18 g due to the application of 
this material. The interaction between the treatments was 
also significant. The maximum weight of 1000 grains (22.60 g) 
is given by the treatment in which Hat full dose and Sagar 
are applied in combination. This treatment has given signi
ficantly increased weight of 1000 grains as compared to the 
other treatments.
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7 * Percentage of chaff
Application of Sagar has significantly decreased 

the percentage of chaff and the mean chaff percentage has 
been reduoed from 11,87 to 8,80. The effect of fertilizers 
on the percentage of chaff was not significant.

0* Chemical composition of plant

I>ata relating to the chemical composition of plants 
(N, j?2°5* S20' Ca0 3114 for various treatments of 
NPS: and Sagar are given in Tables V and VI.

grain

1. Nitrogen
The percentage of nitrogen in grain was found 

to be significantly influenced by the application of NPiC.
The nitrogen content of grain tended to increase with 
Increase in the rate of application. The difference in 
the nitrogen percentage of grain due to Sagar was statis
tically non-significant* However, the trend was for Sagar 
to increase the nitrogen content of grain in the absence 
of fertilizers and the decrease the nitrogen oontent when 
applied along with the fertilizers* The interaction between 
HPK and Sagar was also significant*
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Sable ffo.V
Effect of different levels of N5K and ^agar on tbe
composition of rlce-grain, variety Annapurna

ftevela of N9
*2°Sand K^O
tcg/ha

■3 
a 3 

IsiO?

I?
*

?2°5 
" *

k2°
ft

OaO
ft

0 1.12 0.32 0.30 0.23
0 250 1.21 0.37 0.31 0.17

Mean 1.17 0.35 0.31 0.20

0 1.33 0.39 0.32 0.23
30:15:15 250 1.32 0.35 0.33 0.20

Mean 1.33 0.37 0.33 0.22

0 1.43 0.46 0.33 0.26
60:30:30 250 1.40 0.39 0.33 0.22

Mean 1.42 0.43 0.33 0.24
Mean 0 1.29 0.39 0.32 0.24

250 1.31 0.37 0.32 0.19

C.fl. at 0.05 level 
for comparison between 
levels of NBC 0.03 0.04 N.S 0.01

»t Sagar N.S 11. S H.3 0.01

,9 between 
combinations of 0.04 0.05 N.S 0,02treatments

MgO
*

0.09
0.16
0.13
0.10
0.12
0.11

0.13
0.14
0.14
0.11
0.14

0.01
0.01

0.02



54

2* Phosphorus
In this case also the trend was similar to that of 

nitrogen. She PgO^ content of grain was influenced signi
ficantly by the application of IfP£. As the fertilizer 
treatment was increased from zero to half and full do3a of 
HPK, the content of PgO,. in the grain increased from 0.35 tp
0.37 and 0.43 respectively.

She percentage of ?20^ was not affected signi
ficantly by the application of Sagar. However, the percentage 
of PgO,. in the grain was found to decrease slightly when 
Sagar was applied along with the fertilizers while there 
was an increase in the *2^5 content of the grain when Sagar 
alone was applied. This Interaction between the treatments 
was significant.

3, Potassium
The different treatments were found to have no 

significant influence on the KgQ content of grain.

4* Oaloiura
The calcium content of the grain Increased signi

ficantly due to the application of HPX. The application of 
Sagar, however, decreased the calcium content of grain and 
the effect was statistically significant. The interaction 
between the treatments was algo significant.



5. Magnesium

The magnesium content of grain was significantly 
influenced by fertilizer application. Ho regularity was 
noted for the effect of fertilizer on the magnesium content 
of the grain. The MgO content at the zero, half and full 
dose of HPK were 0.13, 0.11 and 0.14 respectively.

Application of Sagar has significantly increased 
the percentage of MgO in the grain at all levels of HP&,
The mean percentage of MgO has been increased from 0.11 to
0.14 by the application of Sagar. The highest percentage for 
MgO was recorded by the treatment in wnioh Sagar was applied 
without NPsC. The interaction between the treatments was 
also significant.

3traw

1. Nitrogen
The percentage of nitrogen in the straw increased 

with increase in the levels of NPK and the results were 
significant.

Application of Sagar at the zero level of HiK 
increased the nitrogen content of the straw, while at the 
other two levels of NPX, the application of Sagar slightly 
decreased the nitrogen content. However, the effect due to 
Sagar was not statistically significant. The interaction



56

Sable Ho.VI
-Sffeot of different levels of HJK and Sagar on thecomposition of rice-straw, variety Annapurna

Levels of N,
V>5and K 0 

2
kg/ha

Levels
of
Sagar
kg/ha

H
%

?2°5
$

! , 
 ̂

»o
i i i

OaO HgO
ss

0 0.87 0.22 1.20 0.40 0.33
0 250 0.91 0.25 1.33 0.38 0.42

Mean 0.89 0.24 1.27 0.39 0.39
0 1.01 0.28 1.51 0.42 0.40

30! 15:15 250 0.98 0.26 1.61 0.40 0.40

Mean 1.00 0.27 1.56 0.41 0.40

0 1.17 0.35 1.97 0.42 0.40
60s 30:30 250 1.11 0.31 1.96 0.41 0.44

Wean 1.14 0.32 1. *7 0.42 0.42
Wean 0 1.02 0.28 1.56 0.41 0.33

250 1.00 0.23 1.63 0.40 0.42

C.J* at 0.05 level 
for comparison 
between levels of
NPK 0.07 0.02 0.07 0.01 0.02
»• Sagar HT.S ff.S 0.06 0.01 0.01
,, between 
combinations of
treatments 0.10 0.03 0.10 0.02 0.02
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was also not significant.

2. Phosphorus
The percentage of P̂ O,- in the straw is increased 

significantly a3 higher levels of MAC are applied.

She P20g content is increased by the application 
of Sagar at the zero level of HPK, while at the higher levels 
of MPKf the PpO^ content is found to decrease slightly, 'ihis 
interaction between the treatments was significant. However, 
the effeot of Sagar alone on the ? 2°5 content of the straw 
was not significant.

3. PotqsBima

She different treatments were found to have signi
ficant influence on the K^O content of straw. The KgO 
consent increased with increase in the levels of NAC.

Application of Sagar also increased the mean 
percentage of the straw from 1 .5 6 to 1.6 3 and this was 
statistically significant. The interaction between the 
treatments was not significant.

4* Calcium
The different treatments were found to have a 

significant influence on the calcium content of straw. 
Application of ITSiC increased the percentage of calcium, 
the OaO content at the zero, half find full dose of HPK being
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0,39, 0*41 and 0,42 respectively*
The moan percentage of OaO has decreased from 

0*41 to 0*40 by the application of Sagar and the difference 
is significant*

5* Magnesium
The magnesium content of the straw is influenced 

significantly by the application of HPK and it increased with 
increase in the quantity of fertilizer applied* The HgO 
content at the zero, half and full dose of NBC are 0*33, 0*40 

and 0*42 respectively* Application of Sagar also significantly 
increased the magnesium content of straw. The maximum 
percentage of % Q  (0*44) is recorded by the treatment in 
which HPX is applied at the highest level along with Sagar 
while the minimum is recorded by the control (0*33)* The 
interaction between the treatments was significant*

D* Uptake of nutrients

The data for the total uptake of different 
nutrients by rice, calculated as so many kg/ha as influenced 
by the various treatments are furnished in Table VII.

The uptake of all the nutrients was influenced 
significantly by the application of NBC, and it increased 
as the levels of NBC increased*
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Tabla VII
iSffect of different levalo of H£X and Sagar on the uptakeof nutrients by rice, Variety Annapurna

Levels of nt
f2°5 and K?0
kg/ha

Levelsofsagar
kg/ha

kg/ha ?2°5kg/ba
K2°
fcg/ha

OaO
kg/ha

„ 
*

O 
-v

g
g

0 25.70 6.92 19.60 8.21 5.43
0 250 29.21 8.45 22.52 7.69 8.04

Mean 27.45 7.68 21.06 7.95 6,73
0 36.25 10.33 27.65 9.78 7.34

30s15s15 250 37.93 9.99 31.68 9.80 3.33
Mean 37.09 10,16 29.66 9.79 8.11

0 49.26 11.86 47.84 13.29 11.20
60:30:30 250 53.28 14.66 52.34 13.82 13.19

Mean 51.27 15.26 50.09 13.55 12.20

Mean 0 37.07 11.04 31.70 10.42 7.99
250 40.14 11.03 35.51 10.43 10.04

C.L. at 0.05 level for comparison between levels of NPiC 1.98 0.83 2.61 1.43 3.13
t • Sagar 1*60 H.S 2.03 11.3 2.54
,, between combinations of treatments 2.00 1.25 3.69 2.04 4.42
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Uptake of nitrogen, and MgO has been signi
ficantly increased due to the application of Sagar, She 
difference in the uptake of phosphorus and calcium due to 
Sagar is negligible and non-significant, She interaction 
between the treatments was significant only in the case of 
phosphorus, She maximum uptake of all nutrients except 
phosphorus ia recorded for the treatment in whioh Sagar is 
applied in conjunction with HPK at the highest level,
f, Chemical composition of soil

The influence of the different levels of NPJC and 
Sagar on the variation in pll and availaollity of nutrients 
was studied and the results obtained are presented in 
Table VIII.

$• Variation in soil, pH
As a result of the application of Sagar, there 

was a slight increase in the pH of the soil. The application 
of this material resulted in an increase of the pH from 
4«8 to 4,9 one month after planting and from 4,5 to 4,7 
by the time of harvest,

2* Availability of nutrients
The availability of If, P and K increased as the 

levels of HPK applied to the soil increased, I?o definite



Table Mo. VIII
Effect of different levels of N5K and Sagar on the variation in pH and availability

of nutrients

Levels of

V
kg/ha

Levels
of
Sagarkg/ha

oH of
After
one
month

the soil
After
harvest

Available If
5$after
harvest

Available
*2°5 55after
harvest

Available
H ° *
aft or 
harvest

Total Ca0 fS 
After 
harvest

Total I4g
after
harvest

0 0 4.70 4.40 0.0040 0.00010 0.0024 0.123 0.0064
250 4.80 4.60 0.0042 0.00003 0.0027 0.133 0.0096
Mean 4.75 4.50 0.0041 0.00009 0.0026 0.128 0.0030

0 4.80 4.60 0.0043 0.00012 0.0030 0.154 0.0096|
30:15:15 250 4.90 4.80 0.0048 0.00012 0.0033 0.140 0.01*2

Sfean 4.85 4.70 0.0048 0.00012 0.0032 0.147 0.0104
0 4.80 4.50 0.0051 0.00014 0.0032 0.130 0.0064

60:30:30 250 5.00 4.70 0.0054 0.00016 0.0035 0.123 0.0096
Mean 4.90 4.60 0.0053 0.00015 0.0034 0.126 0.0030

Mean 0 4.80 4.50 0.0046 0.00012 0.0029 0.136 0.0075
250 4.90 4.70 0.0048 0.00012 0.0032 0.132 0.0101

Before planting 4-50 0.0042 0.00010 0.0020 0.123 0.0070

CD
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yad is noticed for the content of laagnesiura and 
yalciuQ in the soil duo to the effect of HHC.

2he results obtained reveal that tnere was 
substantial increase in the availability of potassium duo 
to the application of Sagar, She total magnesium oontent 
of the soil also increased oonslderaoly, while the 
difference in tho availability of nitrogen, phosphorus 
and calcium was negligible.



DISCUSSION
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Discussion

The results of the present study have shown that 
all the growth characters of rioe were significantly influ
enced by the application of NPIC. She influence of nitrogen 
on the various growth characteristics and yield of rice is 
a well recognised phenomenon (Black, 1957). She response of 
rice to P and K applications under Kerala oonditlons is 
comparatively less than that for nitrogen based on several 
experiments conducted in the State. This shows that the 
response obtained in the growth characteristics and yield 
of rioe in the experiment due to the application of NPK may 
be mainly due to the effect of nitrogen.

Applloation of Sagar increased consideraoly the 
number of tillers and the number of productive tillers which 
is in conformity with the findings of Singh and Singh (1974) 
who had obtained significant increases in growth and produc
tive tillers in wheat due to the combined application of 
different mlcronutrient oations.

The application of Sagar resulted in a signi
ficant Increase in, the length of panicle and the number of 
grains per panicle. The interaction between the treatments 
was significant for the number of grains per panicle and 
not for the length of panicle. These characters were found
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to increase with the application of Sagar. She beneficial 
effects on the number of grains per paniolo due to applica
tion of magnesium has been reported for wheat by Sadapal 
and Bag (1961). Kuriakoge (1962) has reported an increase 
in the number of grains per panicle due to application of 
manganese in rice. Yarghese and Honey (1965) have also 
reported increase in the panicle length and the number of 
grains per paniole of rice due to the application of 
magnesium. She results of the present work are in agreement 
with the results obtained by the above workers.

She grain and straw yield increased significantly 
due to NEC and Sagar application and the interaction between 
NEC and Sagar was not significant as far as these characters 
were concerned. Maximum grain yield was obtained for the 
highest level of NEC with Sagar. She beneficial effect of 
magnesium application on grain yield was reported by Narayan 
and Yaeudevan (1957) and Nair and Koshy (1966). The bene
ficial effect of combined application of micronutrients on 
yield was reported by Mabrotra (1968) and Ohimania si al 
(1972) in rice and Singh and Singh (1974) in wheat. The 
results obtained in the present investigation agree with 
those obtained by the above workers.



The results on grain yield obtained show that the 
percentage of increases obtained due to application of Sagar 
at the zero, half and full dose of NFS are 9*2 , 4*5 and 14*9 
per cent respectively. At the same time the increase in 
yield obtained due to application of full dose of NFK over 
half dose of IfPK is only 6.3 per cent. This shows that the 
efficiency of U2SC can be increased by application of Sagar.
At higher levels of application of major nutrients, the 
uptake and utilisation of secondary elements and mioronutrients 
are well known to be enhanced. At such higher levels of 
application of HPK unless secondary and mioronutrients are 
also adequately supplied and or made available in the soil 
the latter becomes a limiting faotor in yield. The obser
vation that application of Sagar containing magnesium and 
mioronutrients increase the yield to the extent of 14.9 per
cent at the highest level of HPK confirm these generalisations. 
The beneficial effect of micronutrient application is more 
likely to be obtained with higher levels of fertilizer 
application. At lower levels of fertility, the major nutrients 
may be having more influence on yield than mioronutrients.

The grain-straw ratio was influenced significantly 
by the levels of NPK. There was no difference in the grain- 
straw ratio at the zero and half dose of HFK. When the 
application of fertilizers was increased to full dose the
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grain-straw ratio was adversary affected, This may be 
due to the increase in tbe vegetative growth at high levels 
of nitrogen as compared to that at tbe lower level*

Application of Sagar boa not influenced tbe grain- 
straw ratio significantly* For this character the trendI
was to increase with the application of Sagar* 2hi3 is in 
accordance with the findings of Singh and Singh (1974) in 
wheat who have reported increase in the grain-straw ratio 
by the application of raicronutrienta.

The levels of HBC and Sagar have significantly 
influenced the 1000 grain weight and the interaction between 
the treatments was also significant* The maximum 1000 grain 
weight was reoorded by the treatment in whioh Sagar applied 
with NPK at full dose. Carbohydrate accumulation might have 
been a maximum at the highest level of fertiliser application 
whioh might explain the highest value for 1000 grain weight 
at this level of fertilisation*

Beneficial effects on the 1000 grain weight duo 
to application of magnesium has been reported by Sadapal and 
Das (1961) and Hair and Koshy (1966). flisra and Bhattaoharya 
(1967) noted an increase in the 1000 kernel weight of 
Pennisetum typhoides due to the combined application 
of all tbe trace elements* Thi3 increase in the 1000 kernal
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weight was reported to he due to the enhanced rate of 
metabolism resulting from the uptake of mlcronutrients which 
was oondusive to various stages of development, She inter
action between the NBC and Sagar has also increased the 1000 
grain weight*

Percentage of chaff is not influenced significantly
by the application of NBC, but the effect of Sagar is signi
ficant in reducing the percentage of unfilled grains.
Reduction in the percentage of chaff have been reported in 
wheat by Sadapal and Baa (1961) and toy Varghese and Money 
(1965) in rice, due to application of magnesium.

Application of NBC has increased significantly 
the content of N, PgO^ and OaO in the grain and If, P20g*
S20, CaO and MgO in the straw. This observation is in 
partial agreement with the findings of Swell and Heift (1924) 
who have shown that fertilisers aoplied to poor soils 
usually result in an increase in the nutrient content in 
the plants, supplied by the fertilisers*

The effect of Sagar on the nitrogen and phosphorus
content in the grain and straw was not significant. But
the results show that Sagar applied at the 0 level of NBC 
has resulted in higher contents of nitrogen and phosphorus 
in the grain and straw, while at the higher levels of NBC,



68

there is a slight decrease in the nitrogen and phosphorus 
content in the grain and straw* This way he due to the 
various interactions between the mioronutrients and between 
micro and macro nutrients at higher levels of fertilisers 
applied, talcing place in the soil and plant.

As for the JC20 content, Sagar had significant 
response for straw only.

She effect of Sagar on the CaO content of both 
grain and straw was significant with a reciprocal relationship 
between them. Shis is in conformity with the findings of 
Blair et al (1939) who reported that the addition of magnesium 
compounds resulted in a decrease in the calcium content of 
plants.

Application of Sagar increased the magnesium 
content of grain and straw signifioantly. The increase 
in the magnesium content of plants due to application of 
magnesium compounds has been reported by Jewan and Hunter 
(1943), Sohaohtsehabel and Hoffman (19553) and Padmaja and 
Varghese (1972). She inverse relationship between magnesium 
and calcium in plant nutrition is generally well accepted 
and this has been borne out by the present study also.

The uptake of all the nutrients increased 
significantly due to the application of H2JC. The increased
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uptake of nutrients for increased rate of H2K application 
is only to be expected*

Application of Sagar increased significantly the 
uptake of nitrogen, KgO and MgO. Ihe difference in the 
and CaO uptake due to application of Sagar was negligible* 
(Jreaher production of dry matter with Sagar application may 
be the reason for the significant increase in the uptake of 
Np KgO and MgQ. Various interactions taking plaae between 
phosphorus and micronutrients and the inverse relationship 
between calcium and magnesium may be the reason for the 
non-signifioant difference in the uptake of KgO*

Availability of KgO and the total content of MgO 
in the soils were also increased by the application of Sagar. 
Chambers (1953) indicated that magnesium increased crop 
yield by increasing the potassium supply. Keiip and Geurink 
(1970) reported favourable effects in the magnesium content 
of the soil due to application of magnesium compounds, She 
results obtained in the present Investigation agree with 
those obtained by the above workers.



SUMMARY AND CONCLUSIONS



70

Smc-IARY AND CONCLUSIONS

A field experiment was conducted to assess the 
effect of application of Sagar, a manure supplement prepared 
from the sea water on the growth, yield and quality of rice 
and absorption of nutrients from soil. She results obtained 
are summarised below.

1. Application of NPK increased significantly 
all the growth characters and these characters were increased 
steadily with increase in the levels of NPK.

Sagar application increased considerably the 
number of tillers and the number of productive tillers per 
plant.

o? The length of panicle and the number of grains 
per panicle increased significantly by the application of 
both 1W& and Sagar. The highest value for the length of 
panicle and the number of grains per panicle was produced 
by the treatment in which Sagar was applied in oombinaTiion 
with HPK at full dose.

5. iWiC and Sagar influenced significantly the 
yield of grain and straw and the yields were increased 
steadily with increase in the levols of iWK and Sagar.
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The treatment in which flPIC was applied at the highest level 
in conjunction with Sagar has given the highest yield. It 
has given 14*9 per cent increase in grain yield over the 
treatment in which NPK was applied at the highest level 
without Sagar.

4. Oraln-etrnw ratio is influenced significantly, 
only by the application of NPS.

5. She maximum weight of 1000 grains was given 
by the treatment in which the full dose of NPK was applied 
in conjunction with Sagar. 2his treatment gave significantly 
increased weight of 1000 grains as compared to the other 
treatments.

6. Application of Sagar significantly decreased 
the percentage of chaff while the effect of fertilisers on 
this character was not significant.

7. As regards the chemical composition of plants 
all the contents studied except potassium and magnesium
in the grain were significantly increased by the application 
of HJPA. She content of nitrogen and PgO^ in the grain and 
straw and content of K^O in the grain were not influenced 
significantly by the application of Sagar. The K^O content 
in the straw and the percentage of MgO in the grain and straw 
were significantly Increased by the application of Sagar,
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while the OaO content in xhe grain and straw deoreased due 
to the application of this material*

3. The uptake of all the nutrients was influenced 
significantly by the application of NPK and it Increased as 
the levels of NPK increased.

Uptake of Nt KgO and M3O were significantly 
increased by the application of Sagar. The difference'' in the 
uptake of phosphorus and calcium due to Sagar was negligiole 
and non-significant. The maximum uptake of all nutrients 
except phosphorus was recorded for the treatment in woich 
Sagar was applied in conjunction with HPiC at the highest 
level.

9. As a result of the application of Sagar 
there was a slight increase in the pH of the soil.

10. The availability of H, Pg05 and JCgO was 
increased as the levels of NPK applied to the soil increased.

There was substantial Increase in the availability 
of potassium due to the application of Sagar. The total 
MgO content of the soil also increased considerably, while 
the difference, in the H, and OaO contents were negli
gible.

From the above, it is seen that the rice crop 
has responded favourably to the application of Sagar.
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5he effect of Sagar in increasing the yield of rice may 
be partly due to i-cs direct effect and partly due zo its 
influence in increasing the availability of other nutrients* 
Results of the present study, therefore suggest that the 
manure supplement 'Sagar* has definitely a role in increasing 
the efficiency of N-P5C fertilisers for rice in the acid 
soils of JCerala and it is advisable to include it also 
in the preparation of manurial schedule for rice.
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APPENDIX I
Sonnoary of statistical analysis, growth co.aracters of rice

Source Degree of 
freedom

Humber of 
tillers 
per plant

1*3*

Humber of 
productive 
sillers 
per plant 
H *3 •

Height <
plant
cm
H.

{Dotal 29
Replication 4 0,42 0.39 20.72*
Sreatmant 5 tt-a-24.10 ■**24. Q5 48.59

P 2
#■*59.35 Ai-#55.98 110.80

S 1 1.42 9.14 4.03
P x S 2 0.14 1.5Q 8.62
î rror 20 5.16 3.83 5.78

"Significant at 5# levGl
♦♦Significant at 1f£ level



A 3P^UXX II

Summary of statistic ml analysis* yield
oanracters of rice

Source degree of Length of ImtaOer of
freedom panicle grainscm por panicle

M#!3 H3»

fotal 29
Replication 4 2.00 46.13*
treatment 5 *•*4.96 437.00**

F 2 8.40** #■*311.20
3 1 5.60* i*.®441.60

F x S 2 0.95 60.45*
-rror 20 0.76 14.83

^Significant at 5* level
**Signifleant at lyS level



KSQMDtt III

Source

Summary of statistical analysis, yield
coaractere of rice

Degree of field of field of Grain Weight ^eroen-
freedom grain straw straw of tag© of

teg/ha lcg/ha ratio 1000 chaff
U.S. U.S. M.S. S*®*11 M.S.

M.S.

Total 29
Block 4 7849.9 35267.0 0.0054 0.0053
Treatment 5 305532.8** 8t6l00.4** 0.5970**0.6488**
F 2 657818.7** ft *14*2189213.8 0.1407**1.0740**
S 1 161920.9** 113677.0** 0.0012 0.2610**
P x S 2 25052.7 19198.7 0.0078 0.4170**
iSrror 20 7801.2 11385.0 0.0033 0.0125

35.71
39.24
20.12

72.39
41.82
13.20

"Significant at 5$ level
""Significant at 1# level



app^raxx iv
Summary of statistical analysis - Chemical

composition of rioe - Grain

Source Degree of K P2°5 K2° CaO UgO
freedom 5* $ £ *

M.S. U.S. M.S. n.s. M.S

Total 29
Replication 4 •**0.0118 0.0010 04003 0.0002 O.OOOt;
Treatment 5 0.0650

. -e-* 
0.0^16 0.0010 0.0050 0.0033**

2 0.1521** **0.0177 0.0021 0.0036** 0.0016**
S 1 0.0018 0.0033 0.0004 0.0155 3.0101

F j S 2
4tJi

0.0094 0.0093** 0.0003 0.0011* 0.0028
Drror 20 0.0010 0.0016 0.0103 0.0002 0.0002

^Significant at 5rS level
^Significant at V,t level



APPENDIX 7

Stiraniary of statistical analysis - Chemical
composition of rice - straw

Source Degree of 
freedom

U
£

P2°5
*

k20 OaO
5*

Iii o\P 
*

i

M.S M.S II.S M.S M.S

Total 29
Hepllcation 4 0*0155* 0.0003 0.0038 0.0005 0.0005
Treatment 5 0.0635** 0.0082** 0.5020** 0.0010 0.0033**

F 2 0.1520** 0.0166** 1.2258** 0.0016** 0.0034**
S 1 0.0016 0,0002 0.0329* 0.0016** 0.0168**

P x S 2 0.0058 IJLkL
0.0038 0.0129 '0.0001 0.0040

mirror 20 0.0054 0.0005 0.0055 0.0002 0.0003

^Significant at 5$ level
^^Significant at Vh level



APPiSHDIX VI

Summary of statistical analysis - uptake 
of nutrients by rioe

Source . Degree of freedom
H

kg/ha 
__ SLS____

P2°5
kg/ha

___

*2°
lcg/ha

CaO ttgO 
kg/ha kg/ha
__tlJ-____ NJL___

Total 29
Replication 4 3.73 1.59 15.71 1 .2 0 14.10

Treatment 5 589.50 61,75** 911.66 w*32.97 a-*338.10
F 2 1434.99 149.50** 2222.79 81.72 *ft806.70
s 1 70* 80** 0.01

**109.44 0 .4 0
**313.00

F x S 2 3.33 4.86* 1.61 0 .5 0 6.90
Ŝrror 20 4.50 0.90 7.78 2.37 11.26

^Significant at 5^ level
♦^Significant at 1j8 level
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HATE

P la n t Ho

9 9  

9  9  

9  9

9 9

9 9

In f lu e n c e  o f  IfPK and S ag ar on the growth  
o f r i c e ,  v a r ie t y  Annapurna

. 1 .  Q kg N, ? 2 05 , KgO and S a g a r/h a

2 . 3 0 :1 5 :1 5  k g /h a  IT. P20<- and K^O r e s p e c t iv e ly

3 . 6 0 :3 0 :3 0  kg /h a  If, P? 0^ and K2 0 r e s p e c t iv e ly

4 . 3 0 :1 5 :1 5  k g /h a  IT, ^2̂ 5 and ^2̂  r e a Pec^i v e l y

+ S agar 250 kg /h a

5. 6 0 :3 0 :3 0  k g /h a  H, ? 2^5 K2 °  r e s p e c t iv e ly

+ Sagar 250 k g /h a

6. S agar 250 kg /h a






