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INTRODUCTION



INT0DUCTION

It is now well eatablisncd that sixteen eleuents
are esgsentiel for the proper growth and sustenance of plants.
Nine of them, carbon, hydrogen, oxygen, nitrogen, phosphorus,
potamsiuc, caleiwa, magnesium and sulphur are taken up in
larger amounts by the plants, and are, therefore called major
or umacronutrients. 3oron, gopper, manganese, zinc, molybdenus,
iron and chlorine are needed in very snall amounts or traccs
and are hence known as micronutrients or trace elesents. In
addition to these, gsodium, silicon, vanadium and cobalt appear
0 be helpful for the growth of certain sgpecles and are grouped

as beneficial eleuontis.

Uge of balanced fertilimation is advoeated for
meximum returna and uwaintenance of goil fertility. sSalanced
foertiligation ains at not only the use of HA{ in optiumum
quantities but inoludes alpo the use of other nutrients. The
deficlencies of secondery and uloronutrients were not
ogourring widely because of lower rate of production and
bocauge of incidental applications through ughures and ferti-~
ligers. With higher production levels and the uge of high
enalysis fertiligzera, the need for applying sesondary nutricnts
like caloium, magnesium and sulphur and aioronutrients like



iron, manganese, zinc, copper, boron and molybdenum is

being increasingly felt.

The maximun benefit from application of NIK
fortilizeras and even the secondary nutrients is not obtained
in the absence of adequate awounts of available miero=-
nutrients in soil. The nutrition of plents with uioro=-
nutrients depends on soveral factors other than the ability
of the goil %o supply these elements. Among them may be
mentioned the rate of nutrient absorption, mobility within
the plant and itgs distributlon to functional sites. =ach
one of these procenses is affected by interactions aunong the
micronutrients and also between micro and macro nutrients.
This shows that the relative proportion of olements in the
medium wnay be of more significance than the absolutc amount
present either in external medium or in the plant tissue.
Therefore, for aohieving higher yields, balanced fertilliger
sohedules will have to be evolved, kkeeping in view not only
the contents of macronutrients but also the secondary and

micronutrients and their interactions in soils and plants.

Varghese and l!lonay (1965) have reported the
beneficial effects of secondary elements like calcium and
magnesiuie in inoreasing the efficiency of NJK fertilizers
for rice in Kerala soilas. But a detailed study taking into

conglderation of the secondary and mioronutrients has not



been 80 far conducted on rice in Korala. Henee the present
Investigation wan envigaged to gtudy the effect of a umanure
supplement prepared from sea water containing secondary aend
trace elements on the growth, yield and quality of rice

and the absorption of nutrients from goil.



REVIEW OF LITERATURE



REVIEW OF LITSIATURSE

Thoe manwure supplement prepared from aca water
and used for study in this experiment ims available in two
forms. (1) Sagar menure and (2) Sagar complex. Both thace
Products@rs used in a 50150 ratio in this experiment. They
are a rare combination of nuirients and contain nitrogen,
phogphorus, potagsium, megnesium, sulphur, boron, eopper,
manganese, zinc, molybdenum, chlorine, vanadium, bronine
and lodine, Therefore, in the following pages the literaturc
pertaining to the effeet of thesc supplementary nuirients in
inoreasing the efficiency of N, P and X, when used in coanjuno~
tion with them ars briefly revicwed.

Magnesium
Magneplum ias the only mineral constituent of the
ohlorophyll moleeule, It appecars to be related to phoasphorus
metaboliom and is eonsidersd to be specific in the activation
of a number of plant enzyme systeums.

Influence on the grmowth, yield and other charaoteriastions
of rice plant

The experiment conduated by Volker {1915) indioated
that magnegium treated rice plants tillersd better and produced
healthier tillers.



Narayani and Vasudevan (1957) obtained three
per cent increase in yl:eld of rice by foliar application of
nagnesium sulphate,

The exporiment conducted by Sadapal and Das (195!0
in a sandy loam of pH 7.0 and of medium fertility showed an
appreciable increase in the number of grains per panicle and
1000 grain weight in vwheat by magnesium application.

Sadapal and Dag (1961) obtained increased protein
content in wheat grain due to magnesium application.

Oontrary to the above, Schropp (1949) and Kobayashi
et al (1956) abtained o negative response to magnesium in
" relation to protein content in rice.

Varghese and Money (1965) reportedl that umagnesium
aprlied alone or in combination with calcium had a beneficial
effect in reducing the ratio of the number of grain to chnif.
It was also obszerved that magneaium application increased the
length of paniele and the nuaber of grains per pauicle.

Nair and Koshy (1966) reported that the fozm
(magnesiun oxide, magnesium carbonate and mognesium sulphate)
or level of magnesium (25 and 50 kg Mg0/ha) had no effect on
tillering of rice. The yield of grain and etraw were not
eignificantly influenced by the different forms of magnesium



at the rates applied., However the magnesium treatments
tended to inorease the yield of rioe over control. The
welght of 1000 grains was also higher for treatuents with

these gompounda.

Kurup and Apmankutty (1969) obaerved that on an
alluvial ¢lay soil of pH 4.5, application of magnesium
silicate or wagnesium carbonate 4id not affect the yield or
tiller production of paddy but magnesium silicate at higher
rates (50 kg/ha 510,) increased the straw yield. Hagnesiua
carbonate and magnesium silicate at lower levels, supprezsed
the height of the plants; this effect of nagnesium caxrbonate
was nullified by the:prescnce of sodium silicate.

Padmaje and Varghese (1972) observed that the
quality of grain and straw as indicated by their protein
oontent was markedly incroased by the appilication of soil
amendmenta like caleium oxide or magnesium carbonate.

Interactions with other nutrients
Loew (1901) was of the opinion that uagnesium helped
to lmprove the phosphorus egonozy in plantas.

%immerson (1947) and Sadapal and Das (1961) also
obtained an inereased phopphorus oontent of crops following
magnesium application.

Uontradictory results have been reported by various



workers as regards the influence of magnesiwa on potash
availability.

Grifrzith {1959) in his investigations on the influe~
ree of uagnesium on ‘the availability of potash, obtained a
decrease in the uptake of potmnssium. Kosny (1960) also
obtained a similar result.

The study by Chambers (1953) indicated that magnesium
inereaged erop ylelds by inoreasing the potasailum supplye.

Dewan and Aunter (1949) and Schashtsohabel and
Hoffman (1958) reported inerease in the magnesium content of
plants by the applieation of magnesium, PFadmaja and Vargheass
(1972) also obtained similar results.

Graham (1956) obgerved that the addition of magnesium
did not affect the magnesium or the potash content of erops.

Kemp and Geurink {1970) reported that magnesium
fertilisation over an eight year period on grassland on a
sendy soil inoreassd the uagnesiun gontent of the soil from
50 = 400 mg per kg of dry soil (58 = 88 kg/ha Mg0)., With
12ght potassium dressingn, wognegium fertiliszation increasaed
the magnesium content of the grass from about 0,15 = 0,25
per oent; the effect was less pronounced with heavy potansium

dreasings.

Contradictory views have been expressed by various



workers on the effect of magnesium on caleiumr upiaite and
availabiiity.

Blair gt al (1939) noted that the addition of
magnesiun compounds resulted in a decrease in ealeiun content
of plants. Griffith (1959) observed a decreased uptake of
caloium due to magnesium application. Albracht (1937),,0on
the other hand, found that the application of magnesiun

released caloius from the aoil.

Haas gt al (1969) reported that magnesium decreasesd
the nanganege absorption rate. HManganese did not effect
galelun absorption, but inhibited magnesium absorption.

Sulphur
Sulphur 1s required for the aynthesis of sulphwr
containing aminoe asgida. It sctivates oortain proteolytic
enzymes. Sulphur is a constituent of certain vitamine 1ike
thianing and blotin.

With the intenaification of dgrioulture, there is an
inereasing use of sulphur free high analymis fertilizers. A
decreased use of sulphur as a funzieide and insecticide has
algo been noted. These developments, along with the fact that
aany solls are low in sulphur, emphasise the need for a planned
programae for gulphur fertllization of soils.



Sulphur as an ensential clement for plants
The importance of sulphur as a nutrient was first
reported by Bagdanoff (1899).

Influenog on the growth, yield end other characteristics of
Eice plant

Lockard (1972) reported that rice plant responded
to sulphur in two out of the three Luzon molls tosted.

Das and Datta (1973) showed that the continuous uae
of sulphur free fertllirgors under intensive oropping patiern
caused a depletion in available sulphur in soil, which resulted
in obtaining response to sulphur applicavion. The atudy also
demonatrated that tho prosein content of the grains of wheat
and rige was increased significantly with sulphur fertiligzation
and that the protein guality was maintained in reapeot of the
tryptophan and methionine sontents of grain.

Das et al (1975) roported from the investigations
carried out at the I.A.R.I, that sulphur application showed a
favourable sffect on tho contents of esmsentisl and sulphur
eontaining amino acids in the grain of maigze, wheat and rige
thus malntaining and improving protein quality.

Requiresents and deficiencissg °
Ayer (1945) indieatod that 10 1b of sulphur per agre

was adequate for rice. Chlorotie plauts contained uuch lems
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gulphur than healthy plants and responded to sulphate treat-
wend by giving good results.

Saran (1949) observed that applieamtion of 40 1b
per acre of godiuws, aluminium and ammonium sulphates
corrooted sulphur deficienoy and inoreased rice yields by
8941, 69.6 and 91.7 per oent relspeotively.

2i jehoorn gt al (1960) and Aghford and Bolton {1961)
found that chlorogis and ntunted growth of the plants were
the characteristic gymptoms of pulphur deficiency.

Koghler (1365) indicated that application of sulphur
at the rate of 5 to 10 1b of sulphur per acre por year is
generally reoommended in Zzgtern Washington to prevent suljhur

deficiencies resulting in reduced yields in cereals.

Interaotions with other nutrients

Annighlarico (1964) found that application of
niirogen or nitrogen and gulphur considerably inercased the
nitrogen content of dry matter and amino acids of maize, the
osulphur content was inercased by sulphur and deorsased by
nitrogen and the interaction between nitrogen and sulphur was
positive and mignificant.

Aumed and Rahman (1969) reported that in pot cxperf-
ments with a soil of pH 6.7, plant responae to, and uptale of

phogphorus by rice from rock phosphate were increased by the
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addition of elewental sulphur to soil uaintained at field
capacity, but were uninfluenced by the addition of pulphur
to waterlogged aoil.

Boron

Boron is belleved to promote the nitrogen metabolisn
and nutrient uptake, espesislly calcium wmetabolism in the rice
plant and its defioienoy disturbs the weristematic action of
the growing point and affents the pollen formation resulting

in immature grains.

Boron as an essential alement for plants

warrington (1923) was first to establish the essen~
tiality of the clement for plant growth.

Sommer and DLipuan (1926) in their study of the
indispensable nature of boron for higher green plants
concluded that it was easential to the life and growth of a
congiderable number of widely different higher planta.

Berger (1949) has described the important role of
boron in cell division and in the synthesin of proteins, He
has also found boron to ba a necessary aouponent of cell wall,
Influenge on the growth, yleld aend other characteriastics of
rice plant

Working under field conditions Buokley (1952)
obgerved that sodium borate applied 4o soil fertiliged with
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ammoninm sulphate inoreassd the grain and straw yield of rice.

Benefieial effeeta of horon on the growth and yield
of rice plant has been deseribed by Pfatnaik (1955). Increase
in paddy yield through uge of boron (10 and 20 1b of borx
per acre) has been reported from Central Rlce Research Institute,
Cuttack (Ghose et al, 1960). Mghrotra and Saxena (1967)
reported that at six locations in U.P., 1.12 = 2.24 kg/ha boron
ap borax generally increased paddy yields. &Sreedharan and
George (1969) oonoluded from the results of experiuments
agonducted for 3 years, that the applieation of boron has not
inoreased the yield of paddy.

Gupta (1971) obmcxved that in pot experiments
application of 0.25 ppm boron to a sardy loam spil resulted
in increased yield of carsals. On the other hand Handal &t al
(1956) from lihar and Grewal st al (1963) from Punjab reported

no responzs to boron.

Lockard gt al (1970) observad that additions of
boron To Luson moils significently incressed the yield of
rice plants only in one soil, while in another one boron

application skharply reduced the yield of plants.

Logkard (1972) also observed similax results
while studying the rosponase of rice plants grown in thrae
potted Luzon goilas to additions of boron. None of the moilsg
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was deficient in boron, as additions of borom resulted in
decreased yleld and the development of folisxr sgyuptons resca=
bling thome of boron toxielty. The level of boron in tho
straw was increased by the addition of that nuitrient to the
8011,

Requirenents and deficlencies

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

Hirai (1948) reported that the boron content of
rice varied with the position of organs, le. more in the
leaves and less in roots. In a nutrient solution containing

1 ppa boron, catalase activity was found to inerease.

According to Hiral (1950) the quantity of boron
abgorbed by riee plants was only 10.5 ;/hae

Ishiguka and Tanaka (1962) examined the influence
of boron concentration on the growth of rice. 'Aocording
to thelr studies, no boron deficicney aymptoms were caused
aven at 0.004 ppm, while clear toxicity ayuptoms were
obpervad at aconcentrations of more than 5 ppm.

Interactions with other nutricnts

Logkard gt pl (1970) observed from the experiments

on rice that there was a significant interacvion batwaen
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sulphur and boron treatments on the full grain weight.

Loekard {(1972) obaerved while studying the response
of rige plantas grown on three potted Luzon poils to additions
of boron, that the highest level of boron applied to the
80il, smignificantly inoreased the laevel of sulphur in the
straw compared to no application of boron, but it did not
inorease yicld,

Pothira) gt al (1973) reported that bbron application
narkedly increased its avallability in soil, but had no
marited influence on the availability of other nutrientas.

Molybdenum
HMolybdenum is seen related to nitrogen fixation and
reduction of nitrate to nitrite. HMolybdenum is knmown to be
specific for the activation of the ensymes nitrate = reductase
end zanthine oxidame.

Molybdenun ms an essentisl eolement for planta

Arnon and Stout (1939) were the first to report a
clear out response of tomato plants 0 wolybdenun in water
culture,

Influence on the growth, yicld and other characteristies of
rioe plant

Sreedbaran and George (1969) concluded from experiments

conducted for 3 years that application of molybdbdenum hed no



benafioial influence on the yield of grain and straw in rice.

Requirements, deficiencien and toxicitics
Igniguka and Tanaka (1962) confirmed that ia waber

culture rice did not ghow any deficlency asymptoms, even if the
content of molybdenun in tissue was 0.04 ppa. With a concen-
tration of 1 ppm in the nutricnt solution, the rice plant
produced agyuptons of molybdenum toxiclty and the contont of
molybdenun in the plant was 4 ppm. They suggested that the
aupper limit of nmolybdenum content in the rice plant might be
less than 2 ppu.

Gupta and Ram (1967) reporzed that in general
molybdenum conceniration of 0.08 to 0,19 ppm in cercal straw
vap gongidered to be in the sufficiency range.

Das Gupta gt al {4972) reported that in two varieties
of rige (Jaya and IR B) in sandy lomn goil reveals that in
both varieties yield increased almoat linearly with the
increage in the levels of either nitrogen or wolybdenum and
the renponse to higher doses was significantly grester in
presenos of molybdenum, The linear trend of the effects of
both nitrogen and wolybdenum indicated that the effects were
largely additive.

Interactions with other nutrionta
Anderson and Spencer (1950) noted that the
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application of nitrogen resulied in increased molybdenum
uptake. [They also reported that the applica.tion of heavy
dreasings of manganesc sulphate to soil depreased the conoen=
tration of molybdenum in the plants eonsiderably.

Agcording to Barshed {1951) application of phogphozus
in acid soils tends to inorecase the uptake of molybdenua ilons
by the formation of phosphomolybdate ion whioh is absorbed
more easily by the plant than the molybdate ion alone. The
sulphate ion suppresses the uptake of molybdate ilon as the
two are of equal ionic radii &nd the plant is unable to
distinguish between the two, thus resulting in competition.

In neutral or allkali soils ascoording to Bingham
and Garber {1960) phosphate ion itself reduoces wmolybdenua
availabllity by greater fixation or preeipitation of
molybdates induced by phosphorus fertilisation.

HMehta gt gt (1964 ) and Dube (1964) have reported
the antagonistic effect of copper and molybdenumn,

Hishra gt al (1970) observed that different doses
of nitrogen have positive effecot on molyblenum uptake by wheat.
The effeot of adding phosphorus either alone or in combination
with nitrogen is found to be non-significent on molybdenum
uptake.

According to Pasrioha and Randhawa (1971) excess
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molybdenun uptalke in pasturces ean be controlled by sulphur
application.

Copper showed antagonistic effect while phosphorus
showed synergistic effoot with wmolybdenun content (Hulagur
et al 1974).

fatel and Hehta (1974) have reported that in an
experiment on loamy sand of Lihoda, to gvudy the effect of
copper, molybdenwa and phesphorus on alfala using single
superphosphate as the source of phosphorus, both the content
and total upialke of molybdenum were deercased by the combined

effect of molybdenurs and superphosphate.

Sopper.
Copper 1s an acsivator of geveral cnzyaes wiich
brinz about the oxidation of orgenic compounds by means of

molecular oxygen in the rice plant.

Copper as an essentinl element for plants

The essentiality of copper as a plant nutrient
was first established by Sommer (1931) and Lipman and
Mackinney (1931) althougn the beneficial affect of this
element in inereasing the yield of grain ani gtraw in rice
had been reported much earlicr by Harrison and Iyer (1917).
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Inflnence on the growth, yield and other oharacteristics of
rice plant

Poltuoko and Gyo (1938) obmerved that the growth and
yield of rice increased when 0,005 ppa of copper was added to
the culturs solution. Similer significant increases in yield
have been reported by many authors {Karunakar, 1952; Buckley,
19523 Joshi and Joshi 1952; Gopal Rao and Govindarajan, 1954:
Bokde 1963; Chmo and Taui, 1963; Sresedharan and George, 19693
Primavesi and Primavesi, 1970).

Contrary resulta have been reporsed by Datta and
Bains (1960) and Grewal st 2l (1969).

Requirensnts, deficiencies end toxioities

Roxas (1911) reported that tho concentration of
copper in plant tlssue was more or less the game as that of

manganego and iron.

Piper {1940) found that the copper deficiency
sysptons were accompanied by aocme chlorophyll defect and

necrosis of the leaves in rice.

Hasoda (1942) in a pot culture experiment found that
the growth of rice plant was promoted by adding leas than
25 ppm copper to the soll. OConcentration of 100 ppm caussd
gevere toxloity.
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Lucas (1948) showed that copper was helpful in
chlorophyll formation and its defieiency cause low carotene

content in field crops,

Yawallkar (1953) reported a range of 2 = 50 ppm of
¢opper for morual growth of cereels. 5al and Subharao {1953)
deseribed the role of copper in crop production snd concluded
the requiremont of rice as 6.25 ppm. Dubey (1964) reported
that the copper aontent of rice phraw ranged from 3.1 to 7.6
bpme

Tahtinan (1971) concluded that eersals reacted more
strongly and regponded more ceadily than ley plants to copper
deficiency and copper fertilization.

Interactions with other nutrients

Malder (1949) observed a positive correlation
between nitrogen supply and copper requirement of planta.

Sxperiments by Dunne (1956) showed that the sinc
level and yleld of ceresl gmains were influenced by the copper
lovel of the soil on which they were grown. As the copper
level was increased, the zine content of the tlasue as well

as yleld were reduced.

Agcording to Greenwood and Hallsworth (1960) copper
and phogphorus interacted significantly in soils and the

application of coppar at low levels of phosphorus inereaned



the yleldas to a greater extent than at higher lovels of

phomphorusg,

Agarwala and Sharma (1961) observed that copper
coacentration in barley was doubled when the consentration of
manganese in the nutrient solution was reduced from 0,55 %o
0,0055 ppm.

Dakhore gt al (1963) reported that copper treatuents
to wheat considerably stimulated the uptalte of phosphorus,
potassiun and copper by wheat plants in proportion to the
dose of copper applied.

Gautam gt al (1964) observed that in tne presence
of nitrogen, phogphorus and potassium, foliar appllcation of
copper inoreased the nitrogen content of maige by 32.4 per cent
over plants which received nitrogen, phomphorus and potasaium

alona,

Mohta gt al (1964) have reported an inverse

molybdenum=gopper relationghip,

Bandyopadhya and Adhikari (1968) wreported that
application of copper sulphate dcpressed the availability of
201l manganese resulting in a decreamsed manganese condent of

rice ptraw.

Borchmann and Pibian (1971) indicated the existence

of a 3 = 10 per cent yield increase and an improvement in
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quality as indicated by erude protein confent, duc to the
interaction between copper and nitrogen treatments on soils of

low copper status in ficld and pot cxperiuents with cercals.
)i ancoe

Though manganese does not form a part of chlorcophyll,
it helps in its formation. Ilanganese is also related to the
enzymatic oxidation in plants and 4is one of the micronutrients
roquired in comparatively large amounts by the rice plant and

1t oan even withstand excessive absorption,

Manganese as an cagential elcuent for plants

Me Hargue (1922) confirmed the importance of manganese
for higher plantse.

Influence on the growth, yield and other cgharaeteristics of
rioe plant

Many workers have reported ingrease in the yield
of grain and straw of paddy due to the application of manganase
{Jimenoz 1925; Hashimoto and Kawamori, 1951; Karungkar,1952;
Rahaja gt al, 1959; iariakulandal and Chami, 19645 Pillai
1967; Verma, 1963; Grewal gt sl, 1969).

Kuriakoge (1962) reported that wanganege had
beneficial effects on the nuaber of grains pexr sarhead and
the number of producstive tillers in rioce.



Mandal (1951), Datta and Balng {(1960) and
Srecdharan and George (1969) could not find any response %o
nanganese application,

While reviewing the responze of rice to micrn=-
nutrients Padhi (1971) indlcated that manganese increased the
grain yield of the rice crop at certain regions but not
universally. The reaponse depended largely on several goil
factors such as its reaction, texture, organic matter content,

microbial aotivity and availability of mioronutrients in soil,

Reguirenents, deficiensics and toxicities

Tokuoka's s0il culture ((fokuoka and Gyo 1940)
showad that the addition of 300 ppm manganess inoreased the
height of paddy and 600 ppm manganese reduced it. The addition
of upto 1000 ppum wangancsa ascceleratod the tillering. Thne
largeot grain yield was obtained at 5 ppm.

Addition of 1 ppu and 5 ppm of mangancse ilnorcased
the catalase activity of rice shooss and leaves respectively
{Patnaik 1950).

Abichandani (1955), sumsnarising the rosults of
experivents 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



and as suoh deficienoy oases wore rare.

Patnaile (1955) reported that optimum conoentration
of manganese in solution culture for rice was 1 ppa and in

sand sulture 2,73 ppie

The manganese reduirsuent of rios is comparatively
high, The rice plant oan withstand excessive gbsorption of
margancse (Clark et al, 1957)s According to Kobayashi gf at
{1956) barley and wheat require 100 0 200 g/ha. But the

requirenent for rice was ten times more.

Agarwala and Sharma (1961) showed that iron defi-
ciengy, manganese defiocienoy and manganese toxicity depressed
chlorophyll formation in rice auggesting that synthesis of
ohlorophyll was determined both by iron and manganese.

Ishizuka, gt al (1961) have reported the resulis
of nutrient solution experiments on the manganese requirement
of the rice plant. A concentration of less than 0.1 ppn
increaned the yiold, 0.4 to 10 ppm also increased the yleld
but only slightly and concentrations above 10 ppm reduced
the yileld.

Interactions with other nutrients
{lulder and Gerretsen (1952) proved that the

application of phosphatic fertilizers to acid soils increased

the uptake of nanganese. In the case of soils low in



available manganege phoasphatic application hadj a depressing
effect on the uptake of phosphorug.

Hoagner and Richards (1968) obtaineid a highly
significant sorrelation between plant concentrations of

manganege and phosphorus in rice.

Nitrogen and sulphwr additions wore shown to
affeet the availability of manganese beneficlally in arable
crops (Timdale and Betraoson 1949).

Yenkateswarlu {1964) found a gignificant increase
in the manganese gontent of rice when he added extra sulphur,
as sulphate,

There is an sntagonism bYatween iron and mangancse.
This has been shiown by Grasmanis and Leaper (1966) who
reduced toxieity due to manganese in apple leaf by injcoting
iron citrate and by Wallihan and Willer (1968) who induced
manganeas deficisncy gyaptows in avodado trees by applying
Fe EDDHA.

Warnocle (1970) obgerved that in phosphorus induced
zine deficicent corn plants, mobilities and eoncentraiiona

of manganese were invergely related to the mobility of zine.

Bgkhon and Yhopra {1971) reported that in incubation
studies, the anplication of caloium and magnesiam 0 moll
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decreased the availability of exchungeable and water goluble
manganese. Applicatlon of iron and zine inereased manganese
avallability.

dine
Zine has been obperved to be connceted with the

production of auxins inside the rice plant. It also ants as

a metallic activator oéf eNTYRES .

Zinc ag an esgential elsment for plants

Ag early as in 1926, Sommer and Lipman and Sommex
(1927) presented evidonces that sino was essential to the
growth of plants.
Influence on the growth, yicld and other characteristies o
zice plant

The rice orop has been revorted to have regponded
to the application of zine to an appreciable extent (Buokley
1952, Reheja et al 1959, Nagarajan and Shumughasundaram 1963 ).

Karunakar (1952) reported increases in the yield
of paddy by 10 - 28 per cent through spraying sine sulphate
at the rate of 10 1b/acre in Mysore. Singh and Jain (1964)
obtained inecreases in the yield and crude protein content of
grain by the foliar application of zinec sulphate at the rate
of 2,55 kg/ha in Udaipur. They elso reported that application
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of 2,53 kg per hectars of zinc in the soil inorcased the
production of dry weight and tillering of paddy, but when
applied as spray higher levels appreciably increased grain
production.

Pillai (1967) recorded 15.6 per cent inoxease in
the yield of paddy by soil application of 56 kg ginc sulphate

per hegtare over control.

On the oontrary Sreedharan and George (1369)
reported a nil reasponse on the grain and straw yleld of
paddy .

Requirements, deficisncies and toxicities

Pokuoka and Gyo (1939) found that adding 1 ppm of
zine in oulture solution increased the yield of rice, that
5 ppa gave a toxio effeat the zino content boing 0,0027
per cent in leaves, and that 10 ppm killed the plant.

In a pot experiment, Hesoda (1942) indicated an
effective rosponse when lesgs than 75 ppn of zine was added
%0 the rioe plant, while toxicity appeared with the addition
of 250 ppa.

Aiyar (1946) and Tal and Subharao (1951) have
digcussed the role of sine in orop productionr and repoz"'sed
that zine deficiency symptoms appeared in rice when gine
congentration in golution was less than O.2 ppm and growth



vas optimum at 0.5 ppit.

Boar (1954) has reported that when tho zine
content falls below 25 ppm in soil, deficicnoy may develop
in orop plents. Viets gf al (1954) found that plants
suffering fron sinc deficienoy showed poor growth and generally

had interveinal chlorasis and necroasis of lower leaves,

Iahisukte and Tanaka (1962) observed that deficient
and excess oritical level of sinc in the shoots of rice wap
below 15 ppm and 600 ppm respectively when the yield of rice
vas maintained constant.

In U.P. gine deficiency has heen found t0 cause
‘Khaira' disease in peddy (Nene, 1565). 3ine sulphato
applied at the rate of 5 kg/ha through apray or 10 kg/ha
through soil cured the digense.

Sousa pnd Hiroce (1970) reported that deficiency
aymptoms of zinc in xice growing in acid solls sppeared when
the plants contained less than 15, ppm zine in the dry matter.
No symptoms were observed when 5 kg/ha ZnS0, were applicd at
planting.

Krishnaaoorthy et al (1971) showed that plants wif
ginc deficiency showed mid=rid bleaching. 10 ppm zine in tho
third leaf was considered as the oriticel level. Deficiency
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was oured by soil appiiostion of upto 100 kg/ha Zn504 with

response upto 25 per cent in goms areas.

Interaotions with other nutrients

Chapman gt 3l (1940) emphasised that the high level
of phoaphates in soil would produce sing deficiency syaptona
in eitrus. It has been shown by many workers that phoaphorus
induced zine deficiency symptoms in plants.(Thorne, 1957;
Longin gt gl 1962; Boawn and leggett, 1964).

Seatz (1960) showed that inereasing the pH of goil
by liming had an adverse effecot on the availability of sine
in soil, However, this effect could be altered to some
extent by the nature of liming materials. The use of liming
materials oontaining magnesiur sulphate would decrease the
geverity of sino deficiency.

Miliikan (1963) and some duapian workers fcel that
zine is essential for phosphorus utilization.

Watanabe et al (1965) found that the yield of corn
was reduced oonsiderably aa the zine level was increased
from 0.75 to 2,25 AM when the iron level was 40 A as
Fe DDDHA. At the higher level of zine in the nutrient
solution, the plants were suffering from iron deficicncy at
a1l phosphorus levels, but deficlency syuptons disappeared
when iron level was inoresased at 80 A, Thess results



indicate that a balance between iron, zine and phosphorus
is essential for good growth.

In some cases applied phogphorus reduced the concen-
tration of sine in the above ground portion of the plant and
lowered the total uptalke of zine (Stultenholta gt al 1966).

Jain and Singh (1967) reported that soil application
of 2,53 kg zinc/ha pignificantly increased nitrogen and copper
uptake by rice planta.

Bandyopadhya and Adhtkari (1968) reported that high
rates of nitirogen and phosphorus increased the avallability
of zine alightly. .

On agcount of oopper-szine interaction, the rate of
sing application needas careful control because if zinc is
applied in large quantities a zinc induced copper deficaicncy
wmay ocour as reported by Gilbey st al (1970).

Ohaudhexy and Loneragan (197C) reported that in pot
sxperiments on wheat plants in aecid loamy sands, copper
deficlenoy was agarevated by sine sulphate and sine deficiency
was aggrevated by sopper gulphate.

Chapman gt al (1973) subseribe to the idea that high
levels of phosphate decrease the availability of eine due to
precipitation of sparingly soluble zino phosphate compounds.



In experiments eonducted to study the cffect of
increasing levels of phosphorus and zinc and thelr interactiona
on dry matter yields of maige in red loam and caleareous
goils of Bihar, it was found that in all cases interaction of
P x %n were pignificant (Sarkar and Sinha, 1974).

Chlorine

It is one of the latest addition to the liast of
trage elements needed for nutrition of rice plent. In Japan
1t has been noticed that the rain water containe adejuate
anounts of chloriies to meet the requirements of rice cxrop.
Shimose (1954 ) reported that rice plant grew noraally with
lesg than 0,5 per cent of chlorine in culture molution, but
eould not grow in solutions containing wore then 0.8 per ceut
chlorine, With the inorease of the chlorine content in the
solution, the protein nitrogen decreased and the soluble
nitrogen in plant tissue increased. The chlorine requirenent
of the rice crop under field conditions lack detailed

invagtigations.

Combined  application of micronutrients

Subptantial responsas of paddy have been noticed
by wmany workers for applications of more than one micxro-
nutrient in combination (Kasrunakar 1952; Sahu, 1959;
Hagarajan and Shanmughagunderam, 1963 ).
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Some of the aloronutrientas applied together
exhibit antagonism negulting in elther deficiency or toxiolty
0 the rice plant (Mariakulandal and Chami, 1964 and
Sreedharan and George, 1966 ).

Lack of responss 0 combinazd application of all
wioronutrients has been reported by Xanwar (1964) and Gupta
and Aam (1967).

Misra and Buatiacharya (1967) noted an increase
in the 1000 kernal weight of Pammimetum typhoides due to the

combined application of all trace elementa.

H@hrotra and Saxena (1968) concluded that mixed
mioronutrients, even at a reduced level of applicajlon gave
a significant increase in yield of paddy. An increase of 27
per cent caleulated with control as 100 was resorded from
micronutrient application over the meximum N2K treatment

at the Pertiliger Regoarch Station, Pura.

Sresdharan and George (1969) did not obtain any
reaponse for rice to micronutriont application in their

experiments extending over a period of three yeara.

Nair et al (1972) reported thas wagnesiuz and
Spartin, - a oommercial product conteining all mioronutrients,
had no significant influence either on grain yield or in
cnhancing reaponse to phopphorus application im rioe.
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Ohinania gt al (1972) reported that the interaction
between fertility levels and uicronutrient treatuents had
aignificant effeot on the dry matter yield of paddy. At
higher fertillty levels, application of manganege, copper,
nolybdenun and mixture of uicronutrients generally increased
the dry matter yield, whereas at lower levels their effect

was not apparent,

Romji Lal at al (1973) indfeated 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 efficlency of different dose
combinations of micronutrient ocations (iron, mangeneose,
copper and zine) on the yield and growth characteristics of
wheat, that the different coubinations were found %o be pigni-
ficantly superior over econtrol in increasing the growth and
produotive tillers. Both the grain and straw yields were
considerably inezeased by the oomb.:l.ned addition of iron,
manganese, oopper and zine. The harvest index (grain-straw

ratio) was also inureasad by wileronutrient appliocasion.



MATERIALS AND METHODS
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MATERIALS ARD METHOLS

A field experimont was designed to study the
effect of a manure supplement prepared from sea water (Sagar)
in increasing the efficiency of NPK for rice in a low level
laterite soll. The manure supplement was available in two
forms - Sagar manure and Sager complex. The analysis of

the Sagar manure supplement is as follows.

Nutrient Per cent composition
Nitrogen (W) 2,500
Potassiun (K,0) 3.500
Magnesium (hydroxide) 11.000
Sulphur 3.000
Sodium 2.000
Boron 0,150
Copper 0.100
Manganese 0.100
2ino 0,100
Molybdenum 0,001
Chlorine 10.000
Bromine 0,280

Iodine 0.270



Sagar complex coatains 3 per cent phosphorus

algo in addition to the above components.

1. Looation of the experiument

The experiment was laid out at the Agricultural
College Parm, Vellaysni in a low level lateriie under
waterlogged condition. The glte selectod had facilities
for controlled irrigation, drainsge and uniform soil
conditions. The area is one usually oropped with we$
land paddy.

2+ Season

The trial was c¢onducted during the second crop
seanon (Mundaka,@or 1974,

3. Zho goil

The chemical and mechsnical analym.s of the

801l golleoted from the area are presented in Table I.

34



Table T

The mechanical and cheulcal composgition of

soll
(On oven dry basis)

Coarge sand

Fine gand

S1l1%

Clay

Organic aatter
tiolsture

Logs on ignition
Total nitrogen
Total P205

Total K20

Total Ca0

Potal g0
Available nitrogen
Avygilable P205
Available K,0
Exchangeable zine
Zxchangerble manganege
Available copper
Aypilable iron

pH

Zlectrical conductivity

Zercentaze

35.5
15.5
20.4
2642
1430
3.45
1.52
0.0335
0.014
0.473
0.123
0.007
0. 0042
0. G001
0., 0020
1.0 ppm
13.0 ..
145 44
300 ..
4e5
0.7 willivhs/ca



4. Zay out of the experiuent

The experiment was laid out in a 3 x 2 factorial
experiment im randomised block design, with 6 treatments and
5 replications. The treatuents consisted of combinations of

3 levels of HPK and 2 levels of Sagar ss detailed bDelow.

Levels of Sagar

34 - 0 k2 Sager/ha
S1 - 250 k{; X
Ligvels of HPX
Py - 0 kg X, P,0; and Kzo/ha
P, , - 30:15:15 kg/ha N, P,0; end
xao regpeotively
F, - 60230130 kg/ha N, P,0; and

;cao regpectively

The various treatument combinations were as follows.

1. By 8y 2. Fy 5, 3 By Se
4. F1 S1 Se Py8g 4. )3'2 81
Size of the plotss Sax4n
Groms area pexr plot: 20 sq.a
Het area per plot: 16.625 gu.n
Spacing: 10 cm between plants

15 om between lines

Variety: Aunapurna of 90-100 days duration
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5. Lxperimental prooedure
1) Nurssry

Seeds of Annapurna obtained from the Agricultaral
College Farm, Vellayani were sown in a well prepared nurgery

bed which received no manures or fertiligers.
2) Uain field

The experimental sibte was ploughed twice. Flots of
size 5 @ x § @ were marked out with 6 plota per bloeck and
spaded well. The plots were saparated with bunds 30 em in
width and individual blogks were given an outer burd 50 ca
in width. Provision was ala‘o wmade for irprigating the plots
by means of channels.

3) Application of manures and fertilirzers

Half the domse of Sagar as Sasar complex was glven
as basal dressing waile the other half was applied as Sagar
manure 20 days after planting as per treatuents. Half the
quantity of nitrozen and full dose of 2205 and K20 wers
supplicd a5 basal apvplication. The fertilizers wers applied
as agmonium sulphate, amonium phosphate mnd muriate of
potashe The remaining half quantity of nitrogen was applied
20 days after planting as top dresasing.
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4) ZIransplanting

The seedlings were transplanted in the main field
with two seedlings per hill on 21-10-1974.

5) Irrigation

Controlled irrvigation and drainage were given so
as to maintain optimun molsture conditions throughout the
oropping period.

6) Weeding
The plots were hand weeded twice, fifteen daya
and forty five daya after tranaplanting.

7) Plant proteation
The Plants were sprayed with paramer as a

prophylactic measure against ston borer attacik.

8) Harvesting

The crop wes harvested on 30-12=1974. The weiphts
of the grain and straw from each plot were recorded afier
2 days sun drying. Samples of grain and straw ware collected
from all the plots for chemlcal analysis. The grain and
straw from each plot were plaoced in separate paper bags and
dried in an air oven at 70°C. The straw was ground in an
eleetrical grinding wnill., The ground straw and grain were
stored in air tight plastic container for chemical analysis.
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6. Observations

1) Sampiing technique
After eliminating the guard rows a sampling unit

of 1.0 si.m was measured from each plot adopting randon
sanpling teohnique, Sampling unit had 77 plants, %he tilllexr
ecounts and other obpsrvations were reocorded for all the plants
of the sampling unit. Height of the plants were roecorded

only for the 4 corner plants of the saumpling unit., Panicle
from the 4 cormer plants were separately collected before
harvest for recording the paniole characterisiles and poat
harvest observations. Two plants adjacent to the obascrvational

plot wsre collected as samples for analysis.

2) Observations recorded

1. Height of the plant as on the 35th day after planting

2. Rumber of tillers per plant one month af{er planting

3. Number of productive tillers as on the 70th day
after planting

4. Length of panisle

5 Nuaber of grains per panicle
6. Yield of grain/plot

T+ Yield of straw/plot

8. Grain-gtraw ratio

9. Weight of 1000 grains

10, Pergentage of chaff
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7« Eeriodical analysig of soil sauples

Sguples of goil were removed from emch plot one
month after planting and at the time of harvesi and the soils
under the different replications of one sreatment umixed and
pil of tne comporite sample determined. After harvest, soil
saaples were teken from the plots and availavle nmitrogen,
phogphorus and potassiuc and total caleclum and waghesium wers

deterained,

8. Laboxatory studies

1} Boil samples
Phe pH of the soll samples were determined in

122.5 goil water suspension using a photovoli pll neter.

Available nifrogen was deteruined by aslkaline
permengzanste gethod (Subbiah and Asija, 1956).

Available phosgphorus was deteruined amccording to

the procedure deseribed by Jackscn (1967).

Avalilaeble potassiwa was estiunated photometrieally
naing an sl flame photcmeter.

Caleilum and magnesiwa were deserained in tue hydro-
caloric acid extract of the soil by the versenate titration
method (Jackson, 1967 ).
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2) Plant gasples
The grain and straw smaples from all the 30 plots

were nnalysed for the content of N, P, K, Ca and !13.

Hitrogen was determined by micro-ltjeldhal method
as given by Jackson (1967).

The triple acid digcstion of gamples was carried
out for the analyasis of P, K, Ca and Mg as detailed by
Piper (1950).

Phogphorus was detcrained by the vanalomolybdate

method using Klett-Summerson pnotoelectrie colorimeter.

Potaspiun wag estinated photometrically using

an s:4h flame photometer.

valeium and magnesiua were determined by verasenate
titration of tripple acid extract of .he waterial
(Jackaon, 1967).



RESULTS
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RESULTS

The expsriuengal regults relating to the influence
of different levels of HPK and Sazar on the growth, yield,
quailty and upiake of nutricnts by rice are given in Tabies
II to VIi, The dava are analysed statissically and the
anglysis of varlance tables are presented in Appendix 1 to 6.

The results of analysis of the goll samples
collected from the experiucntal plots are furnished in
Table VIII,

A. Growth

The averase growth characteristics of rice for the

various treatments are presented in Table [I.

1. Humber of tillers

The resul®s in Table LI indlcate that the differences
between the levels of N7K as regards this character are
atatistically significant. The waxiuum number of tillers
(11.5) was produced at she highest level of NZK and the
zero level of NPK produced the winilmum number of tillers (6.6).

In the ease of Sagar it wmay be noted that the
treatments which contained this uwaterial incrcased conaiderably
the number of tillers per plant compared to the treatucnt

in vhich it was not ineluded, at all the tnree levels of



Table No, II

Effect of different levels of NPL and Sagar on the
growth characteristics of riece, variety innapurna

43

Levela of N, P205 é-evele of Nﬁ?er of Numger gf. d;ig:t of
jagar tillers productive plant om
and &,0 kg/ha xg/ha per plant tillers
0 0 6.3 5.8 44.6
250 6.8 6e3 44.2
Mean 6.6 6.1 44.4
0 8.8 8.1 48.4
30145:45 250 9.0 8.5 50.4
Hean 8.3 8.3 49.4
0 1.1 10,7 50.6
60: 30330 250 11.8 11.3 5.2
Hean 11.5 11.0 50.9
0 8,7 8.2 48.5
Mean 250 9.2 8.7 43.6
C.D, at 0.09 level for comparison
between levels of HFK 241 1.8 2.2
” »» Sagar H.S HeSe NeS
ss between coabinations of
treatments 3.0 2.6 32
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fertilisers tried. The iean number of tillers has {increased
from 8.7 %0 9.2 by the application of Sazar, though the
difference is statlstically non=piznificant. The umaxinua
number of tillers is produced by the treatment in which Sager
was applied in combination with NZK gt the nighest level.

Tha interaction was not siznificent.

2. 2roductive tillers

From Table II it can be seen that the number of
productive tillers was influenced significantly by the differcnt
levels of ¥PK. The highest level of NPK was found to be mont
effective in inereasing the number of %illers, and the lowest
level, the leagt effective. The mean number of tillers
produced at the zero, half and full dose of N2K were 6.1, 8.3
and 11.0 reapectively.

The number of productive tillers per plant has
increaged from 5.8, 8.1 and 10,7 to 6.3, 8.5 and 11.3 by the
application of Sagar at zero, half, and full dose of WPK
respectively eveunthough the sffect wam not statistically
significant. The maximum nunber of productive tillers per
plant (11.3) was obtained by the treatment in which Sagar
was applied with NPK at the highest level.

3. Height of the plant
Height of the plant is inereased signifioantly by

inereaged levely of WPK. ‘fhe maximum pilant heigat (50.9 cm)



was obgerved for the highest level of fertilizer applied.
‘The height of the plants at the zero and half dose of NPK

were 44.4 cu and 49.4 cm respeotively.

Application of Sagar av the half and full dose of
NPK tried nas increased the hoight of the plant from 48.4 cm
and 50,6 cu to 50.4 cm and 51.2 cm respectively, while at the
zero level of fertilizers tried, application of Sagar slizhtly
decreased the height of the plant fiom 44.C om 0 44.2 cm.
However, the effect of Sagzar wirth regard to this character
was not atatisticnlly significant. The mexiunum height of
the plant (51.2 em) was given by the treatuent in which N2g
was applied at the highest level in combination with Sagzar.

Be Yileld

The results relating to the influence of different
levels of NPK and Sagar on yield charmeters of rice are

presented in fable IITI and IV.

1. Length of panicle

‘the influence of the different levels of N2K on
this character was statisiieally significant. Out of the
three levels of NZX, application of NAX ab the highest level
has given the maximum longth of panicle (18.3 cm) and the
zero level of NPK the minimum (16.5 cm).
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Table Ko,III

Sffect of different levels of NPK and Sagaxr on the
yield characterdistics of rice, varlety Anngpurna

Levels of K, P205 "gevcla of L:;igt;x of u w;?ar of
ar panicle graing per

and K20 kg/na k;j ha cl panicle
0 0 15.8 60.0
250 17.2 62,0
Hean 1 6. S 61 . 0
0 17.6 64,0
30:15:15 250 17.83 75.0
Mean 17.7 69.5
0 17.8 74.0
60330130 250 18.8 84.0
Hean 183 79.0
Mean Q 171 66.0
250 17.9 T3 T

Oe¢Ds at 0,05 level for comparison

between levals of NPX 0.8 346
Y Sagar 0.7 249
" between conblnations of

treatments 1.2 el
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The effect of Sagzar on this character was also
significant. The mean length of paniele has inercased from
17.4 ca to 17.9 om by the application of Sagar. The maximum
lenzth of panicle 18,8 cm was produced by the treatuent
in which Sazar was applied in combination with NfK at full
doge. The interaction between NFX and Sagar was not signi=-
ficant.

2. Humber of graing per panicle
Appliontion of NPK wag found to have significant

effect on the number of grains per panicle. The nuaber of
grains inereaased steadily wilth inerease in the levels of
NPK and the number of grains produced at the zero, half and
full dope of 7K wore 61.0, 69,5 and 79.0 reagpectively.

The number of grains per panicle is increased
aignificantly by the application of Sagzar from 60, 64 and 74
to 62, 79 and B4 respectively by the application of Sagar
at the zero, half and full dose of NZK. The interaction
between NP{ and Sazar is sizgnificant and the applioation of
Sagar with NPX has increased the numbor of grains per panicle.
The maximum numbsr of grains per panicle has been produced
by the treatuwent which contained Sagar alongz with NPK at the
full doge. This is mignifiocantly nuperior to all other

combinations of treatments with regard to this factor.
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There is no gignificant difference between the treatuents,
control, Sagar alone and NP2 at hal? doge. The treatments
in which N2 applied at fall dose and NPK at half dose with

Sagar are on a pars

3. Yield of grain
The yleld of graln is influenced significantly by

the application of N2{, The grain yield increased steadily
with inerease in the levels of NPK, and the mean yield obtalned
at the zero, half and full dose of H2{ are 1322.8, 1638.4 and
1830.8 kg/ha respectively.

The grain yield is increased significantly by the
application of Sagar, at all levels of HfK. The incceases
were from 1264.6, 1602.,6 and 1704.4 Iz/ha to 1381.0, 1674.2
and 1957.2 kz/ha respectively by the application of Sagar
along with the zero, nalf and full doses'of N2{. @The inter-
action betueen NJK and Sagar was not gignificant. Oub of
the six combinations of treatuents, the treatuent in which
NZK was applied at the highest level in conjunction with
Sagar has given the highest yield. It has ziven 14.9 per cent
increase in grain yield over she treatment in which N2{ wase
applied at the highesgt level without Sazar. The percentaze
of increase obtained dug to application of Sagar along with
the zero and half dose of HPK are 9.2 and 4.5 per cent



‘fable No,IV

Affect of dlfferent levels of NZK and Sagar on

yield characters of rice, variety Aanapurna

Levels Levels Wolzhy Yelght Grain- Weight  fercen=~
of N, of of of atraw of tage of
9205 Sagar arain atraw ratio 41000 coa’f
and K,0 kg/ha kg/ha kg/ha grain
124
kg/ha
0 1264.6 1317.6 0,96 21.57 13,70
0 250 1381.0 1371.6 1.04 22,04 T.70
Hean 1322.8 1344.6 1.00 21.680 10.70
0 1602.6 1483.6 1.08 29.%0 12,20
30:15:15 250 1674.2 1626.0 1.03 21.90 10.90
llean 1638.4 1554.8 1.05 21.90 11.55
0 1704.4 2142.4 0.80 22.30 9.70
60: 30: 30 250 1957.2 233644 0.85 22460 7.80
Mean 1830.8 2239.4 0.83 22.45 8.75
0 1523.9 1647.9 0.95 21.92 11.87
1jean 250 1670.8 1778.0 0.97 2218 8,80
C.U. at 0,05 level
for comparigson between
levels of N2K 82.4 39,5 0.05 0,10 e
e sagal' 67.4 81 .4' HCS 0. 08 2'75
- between coubi-
nations of treatments 116.5 155.2 0.08 Ce15 4.80
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respectively. At tae same time, there is a yleld increase
of 6.3 per cent only vhen the N2K application is inecreased
from half dose to full dose. But £ull dose of NIK with Sagar
has recorded an increase of 14.9 per cent over N&{ full dose
alone., 'Thus considerable incsease in yileld can be obtained
by the applicasion of Sagar in conjunction with the full

doge of NPL az seen from the figures avova.

4« Yield of straw

Straw yield is significantly increased dus %o the
application of NP£. "he yield of straw at the zero, half
and £ull dose of NPK are 1344.6, 1554.8 and 7239.4 kg/ha
regpectively.

Application of Sagar has significantly increased
the mean yield of straw from 1647.9 kg/ha to 1778.0 kg/ha.
The nighest straw yield is recorded by tne treatuent in which
Saagr is applied in combination with 2L at the highest level
and this treatment has produced 8.1 per cent increase in
gtraw ylold over the treatment in which HPX was avplied in
full dose without Sagar. The interaction between HSK and

Sezar was noc significant.

5 Grain=steaw ratio
Application of WPX hpg significantly influenced

she graine=gtraw ratio. Application of K, 2 ani K at the
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rate of 30:15:15 kg/ha has inoreased the gralnestraw ratlo
t0 1.05 from 1.00 in the zero level of NZK, while there was
a decrease in the grain~giraw ratio at the highest level of
NP (0e83).

Application of Sagnc has not influenced the graine
straw xl'\atio aignificantly. However, the mean grain-straw
ratio has been inoreased from 0,95 to 0.97 due to appliecation
of Sagar. Phe interaction between the treatuents was zlso
not aignificant.

6, Yelght of 1000 araing
An repgards this character, the NPK levels tried

were significantly effective, The weight of 1000 zrains
increased sueadily with ineremse in the levels of HPK applied.

Application of Sagar has 11§oreased the 1000 graln
welght significantly and the mean weight of 1000 grains
inereased from 21.92 g to 22.18 g due to the application of
this material. The interaction betueen the treatments was
algo significnnt. The maximum weight of 1000 grains (22.60 g)
is given by the treatment in which N2 full dose and Sagar
are applied in combination. This treatuent has given signi-
ficantly increased weight of 1000 graing as coupared to the

other treatments.



7. ZBsrcentaze of chaff
Application of Sagar has significantly decreased

the percentage of chaff and the mean chaff percentage has
been rsdused from 11.87 to 8,80, ‘the effect of fortilizers
on the percentage of chaff was not significant.

G. Ohemical composition of plant

data relating to the cheuioal composition of plants
{N, P,055 K,0, 0al and Mg0) for the various treatuments of
NP and Sagar are glven in Tables V and VI,

Gzain

1. Hitrogen
The percentage of nitrogen in grain was found

to ba significantly influenced by the application of N#K,
The nitrogen content of grain tended to inorease with
incrsggse in the rate of NPK application. The differcnge in
the nitrogen percentage of grain due to Sagar was statis-
tically non=significant, However, the trend was for Sagar
t0 lnoreage the nitrogen content of grain in the absence

of fertiligers and taw decrease the nitrogen content when
applied along with the fertilizers. The interaction between
HEPK and Spgar was also significant.



uffeoct of different levels of NPK and Sager on the

Table Ro.V

gouposition of rice-grain, variety Annapurna

~

Levels Lgvels N P205 K20 Cal 1120
50 s £ 4 # z e
25 X 5o i ‘o ]
and K20 kg‘?ha
kg/ha
0 1.12 0.32 0.30 0.23 0.09
0 250 1.21 0437 0431 0,17 0.16
Hean 117 0.35 0431 0.20 0.13
0 133 0.39 0,32 0423 0.10
30:15:15 250 1.32 0435 0.33 0.20 0.12
Hean 1.33 0037 0.33 0.22 Q.11
0 1.43 0.46 033 0.26 0.13
Mean 142 0.43 0.33 0e 24 0.14
Mean 0 1.29 0.39 0.32 0.24 0.11
250 1.31 0,37 0.32 0.19 .14
CsDs at 0,05 level
for comparigon betwesen
levels of HPK 0.03 0.04 N.3 2. 01 0.01
- Sagar N.S H,s He3 0.014 0.01
", between
combinations of 0.04 0,05 .5 0,02 0,02

treatnents



2. BEhogphoxrus
In this case also the trend was similar to that of

nitrogen., The 2205 content of grain was influenced signi=-
ficently by the epplication of WP, 4is the fertilizer
treatment was increased from gero to half and full Jjose of
KPK, the content of PZOS in the gzrain increaged from 0,35 to
0.37 and 0.43 respectively.

The percentage of 2205 waa not affected sijgni~-
ticantly by the application of Sagar. However, the percentage
ot 9205 in the grain was found to deorease slightly when
Sagar was applied olong with the fertilizers whille there
was an increase in the P205 aontent of ihe 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 K20 content of grain,

4v Caleium

The caleium convent of the grain increased signi=-
ficantly due to the application of NPX, Phe application of
Sagar, however, decreased the caleium pontent of graln and
the effect was statistically significant. The interaction
botween the itreatments was also significant.
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5 Hagnesium

The magnesium content of grain was significantly
influencad by fertilizer application. Ko regularity was
noted for the effect of fortilizer on the maznesiwa content
of the grain. Ths MgO oontent at the zero, half and full
doge of NPX were 0.13, 0.11 and 0.14 respectively.

Application of Sazar has gignificantly increased
the percentage of 4g0 in the zrain at all levels of NIK,
The mean percentage of {1g0 has been inorcased from 0,11 to
0,14 by the application of Sagar. The higheat pereentagoe for
Mg0 was recorded by the treatment in wilch Sagar wag applied
without NPK. The interaction between the treatments was

2lso significant.
Straw
1+ Nitrogen

The peroentage of nizrogen in the straw increased
with increase in the levels of NP{ and the results were
significant.

Application of Sagar at the zexo level of N2K
inerezsed the nitrogen content 0f the siraw, while at the
other two levels of N&X, the application of Sagar slightly
decreased the nitrogen content, However, the effect Jdue to
Sagar was not gtatistically significant. 'The interaction



Table No.VI

£ffeat of different levels of NPK gnd Sager on the
coumposltion of ricoc-straw, variety Amnapurna

(1]
(o]

Lavels bevels N P205 K?O Cald HMgd
of N, of - ;
1’205 Sagar 5 & b o) %
and & 0 kg/ha
kg/ba
0 0.87 0.22 1420 0,40 0.33
0 250 0.91 0.25 133 0.38 042
Mean 0.89 0,24 1.27 0.39 0. 38
0 1.0¢ 0.28 1.51 0e42 0.40
30:15:15 250 0.98 0,26 1.61 0,40 0.40
Mean 1.00 0.27 1.56 0a41 0.40
0 1e17 0.33 1.97 0442 0.40
60:30:30 250 1.1 06514 1.96 Q.41 0.44
Mean 1.14 0.32 1.7 0442 Q.42
Mean 0 1.02 0.28 1.56 0. 41 0.33
250 1.00 0.28 1463 0.40 0.42
Cede at 0.05 level
for comparison
between levels of
NER 0,07 0,02 0.07 Q.01 Je02
o Sagar He3 W3 0,06 0,01 0.01
sy belbween
conbinations of
treatuents 0.10 0.03 0.10 0,02 0.02



was alao nos significant.

2, Zhogphorug
The percentage of P205 in the straw is increased

significantly az higher levels of HJX are applied.

The 92

of Sagar at the zero level of K2{, while ab the higher levela

05 content is inereased by she application

of NPK, the I??O5 content is found to decrease slightly. This
interaction between the treatments was significant., fowever,
the effeot of Sagar alone on the P205 conient of tho straw

wag not significant.

3. ZEotassium
The differant treatuents were found to have signi-
fieant influence on the K20 content of straw. The K20
consent increased with Ineremse in the levela of N2(.
Application of Sagar algo increased the mean Kzo
percentage of the straw from 1.56 to 1.65 and this was
statistically significant. ©The interaction between the

treatments was not significant.

4, QGalcium

The drffercnt treatments were found to have a
gignificant influence on the caleiwa eontent of agtrawv.
Application of NPK increaped the percentage of caleium,
the Cal content at the zero, half und full dose of NJK being



0439, 0¢d41 and Q.42 respcctively.

The mean percentage of 0al has decreased from
0.41 to 0.40 by the applieation of Sagar and the differcncs
i significant,

5. Magnegiug
The magnesium content of the straw is influenrced

significantly by the application of N#K and it increased with
increase in the quantity of fertilizcr appliedes The 120
content at the zero, half and full dose of N2K are 0.338, 0.40
and 0,42 regpectively. Appllcation of Sagar also significantly
inoreased the uagnesium gontent of straw. The maximum
percentage of g0 (0.44) is reccorded by the treatment in

which HZK is applied at the highest level along with Sagar
while the minimum is recorded by the control (0.33). The

interaction between the treatuents was siznificant.

D. Uptake of nutrients
The data for the total uptake of different
nutrients by rice, oaloulated as 30 many kg/ha as influenced
by the various treatments are furnighed in Table VII,

The uptake of all the nutrients was influenced
significantly by the application of N2X, and it increased
as the levels of NPK inercased.



Table VII

Zffeot of different levaels of HPK and Sagar on tho uptalte
of nutrients by rice, Yariety Annapurna

Levels Levels R 2,0, X,0 0a0 4z
of K of 25
2,0, gagar  k8/ba kg/ha  lkg/ha kg/ha kg/ha
and K,0 ka/ha
kg/ba
0 25,70 692 19.60 821 5.43
0 250 29,21 8445 28.52 T.69 8404
Mean 27.45 T.68 21,06 T«95 6.73
0 36425 10.33 27.65 9.78 T«34
30:15:15 250 37.93 9.99 31.68 9.80 3.98
Hean 37.09 10,16 29.66 9.72 8.11
0 49.26 15.86 47.84 13,29 11.20
60:30330 250 53.28 14.66 52434 13.82 13.19
I{oan 51 27 15-26 50-09 13-55 12.20
Mean 0 37.07 11.04 31.70 10.42 T«99
250 40,14 11.03 35451 10.43 10.04

CaDs at 0,05 level

for comparison

between levelg of
NPd 1.98 0.88 2.61 1ed3 3.13

[T Sagar 1¢60 N.8 2.03 N5 2,54
s botween

combinations of
treataents 2.80 1.25 3.69 2.04 4442
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Uptake of nitrogen, KZO and MgO has been sigui-
f£icantly increased due to the application of Sagar. The
difference in the uptake of phosphorus and calcium due 0
Sagar is negligible and non-gignificant. The interaction
between the treatments was significant cnly in tho case of
phoaphorus, The maximun uptale of all nutrients except
phosphorus ia recorded for the treatuent in whioh Sagar is
applied in econjunotion with NZK at the highest level.

£, Chemical composition of goil
The influcnge of the different laevels of HPK and

Sagar on the variation im pif and availaolility of nutrients
was studied and the results obtained are presented in
Table VIII,

2. JYariation in soil. pH
Ag a result of the application of Sagar, there

was a slight incresse in the pH of the moil. Phe application
of this materlial resulted in an inorease of the pH from

4.8 t0 4.9 one month after planting and from 4.5 t0 4.7

by the tine of harvesgt.

2. Avallability of nutrients
Tho availability of N, P and K increased as the
levels of NPK applied to the sodl increased. No definite



Table No. VIII

2ffect of different levels of NfX and Sagar on the variation in pH and availability
of nutrients

%evglg of Lgvals BH _of the goil Avail~ Availa- Avail=- goga}s T'otal HMg0
o; able N ble able a0 7 p:J
ang 2 2 Sagar ﬁg;“r After & 9 2,05 5 K,0 # After atter
K,0 kg/ha harvest erop harvest harvesst
2 month harvest after after
kg/ha harvess harvest
Y 0 4.70 4.40 0.0040 0.00010 0.0024 0.123 0.0064
250 4.80 4.60 0.0042 0.00008 0,0027 0.133 0.0096
Iean 4.75 4,50 0.0041 0.000039 0.0026 0.128 0.00380
0 4,80 4,60 0,0048 0.00012 0.,9030 0.154 0,0096
30:15:15 250 4,90 4.80  0.0048  0,00012  0.0033 0.140  0.01%2
Hean 4.85 4,70 0.1048 0.00012 Q, 0032 0. 147 0.0104
o 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
Hean 4.90 4.60 0.0053 0, 00015 0,0034 D.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 0400012 0.0032 0.132 0.0101
Before planting 4.50 0.0042 0.00010 0. 0020 0.123 0.0070

19
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,ad is noticed for the content of wagnesium ané
sleium fn the soil due to the effect of N,

The results obtained reveal that inere was
subgtantial increase in the availadility of potvassiua due
$o the applicatlon of Sagar., The uotal uagnesiwa content
of Lhe soil algo inereased consideraoly, wiille the
difference in the availabllity of nitrogen, phosphorus

and caleiuuw was negligible.



DISCUSSION
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DISCUSSION

The regults of the present atudy have shown that
all the growth characters of rice were aignificantly influ-
enced by the application of NPK. The influence of nitrogen
on the various growth characteristics and yield of rice is
a well recognised phenomenon (Black, 1957). The responge of
rice to P and K applicationa under Kerala ooxxzditl.ons is
comparatively less than that for nitrogen based on several
experiments oonducted in the State., This shows that the
responge obitained in the growth characteristics and yleld
of rice in the experiuwent due to the application of WFK may
be malnly due to the effect of nitrogen.

Application of Sagar increased consideranly the
nunber of tillera and the number of productive tillers which
18 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 coubined application of

different nieronutrient oations.

The application of 3agar resulted in a gigni-
ficant increase in the length of panicle and the nuaber of
graing per panicle. The interaction between the treatmentcs
wag significant for the number of grains per paniele ond
not for the length of panicle. Thase eharacters wero found
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to inerease with the application of Sagar. The beneficial
effects on the number of grains per panicle due to applica-
tion of wagnesiwn hag been reported for wheat by Sadapal
and Das (1961). Kuriakose (1962) has reported an increase
in the number of gzrains per panicle due to application of
manganese in rice., YVarghese and Honey (1965) have alao
reportad inorease in the panicle length and the nuaber of
graing per panicle of risce due to the application of
magnesiun, The regults of the present work are in agreement
with the results obtained by the above woriters.

The grain and straw yield increased significantly
due to NPX and Sagar application and the interaction between
NPX and Sagar was not significant as far as these characters
were conccrned. Maximum grailn yield was obtained for the
highest level of N2K with Sagar. The beneficilal effect of
gpgnesium application on grain yield was reported by Harayan
and Vasudevan (1957) and Hair and Koshy (1966), The bene=-
ficlal effect of combined application of micronutricnts on
yield was reported by Mahrotra (1968) and Chimania gt zl
(1972) in zice'and Singh and Singh (1974) in wheat. The
results obtained in the presont investigation agree with
those obtained by the above workerse.
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The resulta on grain yleld obtained ghow that the
percentage of increases obtained due to application of Sagar
at the zero, half and full dose of NFX are 9.2, 4.5 and 14.9
per cent respectively. At the same time the increase in
yield obtained due to applieation of full dose of NFK over
half dose of NPK is only 6.3 per cent. This shows vhat the
efficlienoy of HPX 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 0 be enhanced, At such higher levels of
application of NFK unless secondary and micronutrients are
aleo adequately supplied end or made available in the soil
the latter begouwss a limiting factor in yield. The obger-
vation that application of Sagar oontaining wagneslum and
mioronutrients increase the yleld to the extent of 14.9 per-
cent at the higheat level of RPX confirm these generalisations.
The banefioial effect of micronutrient application is uore
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 micronutrients.

The grain~straw ratio was influenced significantly
by the levels of NPK. There was no differcnce in the graine
astraw ratio at the zero and half doase of NPX. When the
application of fertiligors was increased to full dose the
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grain-gtraw ratio was adversely affected. This may be
due to the inerease in the vegetative growth at high levels

of nitrogen as compared to that at the lower level.

ipplication of Sagar has not influenced the grain-
atraw ratio signifieantly., TFor this charaster the t?end
wag to inorease with the application of Sagar. This is in
accordanace with the findings of Singh and Singh (1974) in
wheat who have reported increase in the grain-atraw ratio

by the application of micronutrients.

The levels of NPK and Sagar have significantly
influenced the 1000 grain weight and the interaction between
the treatments was also slgnificant. The maximum 1000 grain
welght was recorded by the treatment in which Sazar applied
with NPK at full doge. Carbohydrate accumulation might have
been a maximuwn at the highest level of fertilizer application
which might explain the highest value for 1000 grain weight
at this level of fertilization.

Beneficial effeots on the 1000 grain weighi due
to application of magnesium haas been reported by Sadapal and
Das (1961) and Nair and Koshy (1366). Iilsra and Bhattacharya
{1967) noted an increase in the 1000 kernal weight of
Xennisetum typhoides due to the combined applieation
of all the trace elenents. This inerease in the 1000 kernal
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weignt wng reported to be due to the enhanced rate of
metabolism resulting froa the uptake of wmlcronutrients which
was condusive to various stages of developient, The intere
action between the HIK and Sagar has also increased the 1000
grain weight.

Percentage of ohaff is not influeneced significantly
by the application of HIX, but the effect of Sagar is signi-
ficant in reduoing the percentage of unfilled grains,
Redustion in the percentage of chaff have been reported in
wheat by Sadapal and Das (1961) and by Varghese and Money
(1965) in riee, due to application of magnesium.

Application of R7K has inereased signifieantly
the gontent of N, p205 and a0 in the grain e=ud N, P205.
KZO’ Ca0 and g0 in the straw. This observation is in
partial agreement with the findings of Swell and Heih (1924)
who have shown that fertilisers avplied to poor soils
usuglly result in an inprease in the nutrient econtent in

the plants, supplied by the fertilizera.

The effect of Sazar on the nitrogen znd phogphorus
content in the grain and straw was not signifieant. But
the results show that Sagar applled at the O level of N#FK
has resulted in higher contents of niirogen and phosphorus
in the grain snd straw, while at the higher levels of HZK,
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there is a slizht decreamse in the nitrogen and phosphorus
content in the grain and straw. This may be due to the
various interactions between the mieronutrients and between
miero and macro nutrients a% higher levels of fertilizers
applied, tasking place in the goil and plant.

As for the Kzo con‘tent. Sagar had algnificant

regponze for straw only.

The effect of Sagar on the Cal content of both
grain and straw was significant with a reciprocal relationship
between thew. This ia in conformity with the findings of
Blalr at al (1939) who reported that the addition of magnesium
compourds resulted in a decreamse in the caleoiuxn content of

planta,

Application of Sagar increaged the umagnesium
content of grain and straw significantly. The lncrease
in the magnesiun content of plantp due to application of
magnesium compounds has been reported by Jewan and Hunter
{1945), Schachtschabel and Hoffman (1958) and Padmaja and
Varghese (1972). The inverae relationship between magnesgium
and ecaleiun in plant nutrition is generally well accepted
and this has been borne out by the present study also.

The uptake of all the nuirlents increased
slgnificantly due to the application of NZK, The increased
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uptake of nutrients for increased rate of NZK application
is only to be expected.

Appligation of Sagar increased significantly the
uptake of nitrogen, K20 and MgO. The differenge in the ;?205
and Ca0 uptake due %o application of Sagar was negligiblas.
Greater production of dry matter with Sagar application nay
be the reason for the significant increase in the uptake of

Ny K 0 and MgO. Various interactions taking place netween

2
phogphorus and amiaronutrients and the inverse relationship
between caleiws snd wagnesiwa may be the reason for the

nonegignifieant difference in the uptake of P205 and EZO.

Availability of K20 and the total content of g0
in the solls were also increased by the application of Sagar.
Chambers (1953) indicated that magnesium inoreased crop
yield by increasing the potassium supply. Keup and Geurinlc
(1970) reported favourable effects in the uaznesium content
of the soil due to application of magnesiws compounds. fhe
results obtained in the prasent investipgation agree with

thoge obtained by the above workers.
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SUMAARY AND CONCLUSIONS

A field experiment was conducted 0 amsess the
effect of application of Sagar, a manure supplement prepaced
from the sea water on the growth, yield and quality of rice
and abgorption of nutrients from soil. “he results obtained

are summarised below,

1. Application of WPK increased significantly
all the growth characters and these characters were increased

steadlly with increase in the levels of NZK.

Sager application incrensed congiderably the
nunber of tillers and the nunber of productive tilleras per

plant,.

v

o The length of paniele and the number of grainsg
per panicle inersazed pilgnificantly by the application of
both HJL and Sagar. The higheat value for the length of
panicle and the number of graina per panicle was produced
by the treatment in which Sazar was applied in coubination
with KPK at full dose.

3. KL and Sagar influenced significantly the
yield of grain and straw and the yields were increased
steadily with inorease in the levels of NJK and Sagars



The treatment in which N2K was applicd at the highest level
in conjunction with Sagar has given the highest yield. It
has given 14.9 per cent inecrease in grain yield over the
treatment in which NPX was applied at the higheagt level
without Sagar.

4. Grain-straw ratio is influenced aignificantly,
only by the application of NPK,

5. The maximun weight of 1000 grains was given
by the treatment in which the full dose of HPK was applied
in conjunction with Sagar. This treatment gave significantly
increased weight of 1000 grains as compared to the other

treatmenta,

6. Application of Sagar significantly decreased
the percentage of chaff wnhile the effect of fertilizers on
this character was not significant,.

T. As regards the chemical composition of plantse
all the contents atudied except potassium and magznesiun
in the grain were significantly increased by the application
of li’{, The content of nitrogen and P205 in the grain and
straw and content of K20 in the grain were not influenced
significantly by the applicavion of Sagar. The KZO content
in the straw and the percentaze of Mg) in tha grain and straw
were pignificantly increased by the application of Sagar,



while the 0a0 content in the grain and straw deoreased due
t0 the application of thig material.

8. The uptake of all the nutrients was influenced
significantly by the applicdtion of NZX and 1% increased as
the levels of HNPK increased.

Uptake of N, xzo and Hg0 were significantly
increased by the application of Sagar. The difference in the
uptake of phosphorus and caleiuwn due to Sagar was negligiole
and nonesignificant. The maximum uptake of all nutrients
except phosphorus was recorded for tue treatment in waich
Sagar was applied in conjunction with N2K at the highest

level.

9. As a result of the application of Sagaxr
there was a slight increase in the pH of the goil,

10, %he gvailablility of 14, P205 and K20 was
increased as the levels of NZK applied to the soll increaped.

There was substantial increase in the availability
of potassium que to the application of 8agar. The total
Mz0 content of the s0il also increased considerably, while
the difference, in the N, P205 and Ca0 conients were negli=
gible.

From the above, it is seen that the rice crop

has regponded favoursbly to the application of Sagar.
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The effect of Sagar in increasing the yleld of rice uay

be partly due to ivg direct effect and partly due vo its
influcnee in increasing the avallability of obher nutrients.
Results of {he pregent study, therefore suggest that the
manure supplement 'Sagor' has definitely a role in increasing
the efficlency of N2{ fertiligerg for rice in the acid

soils of Kerala and it is advisable to ineclude it algo

in the preparation of wgnurial schedule for rice.
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AP2ENDIX 1

Summary of statistical analysin, growth casracters of rice

Source Dogree of Number of  Number of deight of
freedomn tillers productive plant
per plant sillers ca
per plant
le3e Me3 e le

Potal 29
Replication 4 0.42 0.39 20.72"
reatment 5 24.10"%  24.85%F  48.59""

F 2 59,35 ©  55.98%  110.80""

S 1 1.42 9.14 4.03
PxsS 2 0.14 1.58 3,62
Lpror 20 5.16 3.83 5.78

*Significant at 5% level
“*S5ignificant at 14 level



Summary of statlsticnl analysisz, yield

ATRPINIIX IT

cuncactecs of rice

sJource Degrea of Lengea of Tumber of
freedom panicle grains
ecm por panicle
e B 113 .
Total 29
Replication 4 2.00 46.13"
36 * %
Ireatuent 5 4.86 437.00
K e
F 2 B8.40 511.20
3 1 5.60" 441,60
i+
Fxs 2 0.95 60445
~Tror 20 0.76 14.88

*3ignificank at 5% level
tegigniticant at 1% level



APPINDIX ILI

Summary of statistical analyaeis, ybeld

cnaracters of rice

Source

Dggrae of Yield of Yield of Grain
freedon grain gtraw straw

kg/ha kg/ha ratio
HaS, HeSa H.5.

Woizht Fercen-
ot tagze of

1000  chaf?
grain 5,
;dlsl

Total
Blook
Treatment
F
S
Px$S
Zrror

29

N = N U

20

7848.9 35267.0  0.0034
305532.8" "

161920.5""  113677.0" 0.0012
25052.7  19198,7 0.0078
7801.2  11385.0 0,0033

806100.4"" 0.5970"
657318.7"" 2183213.8™" 0.1407"

0.0055 35.Tt

*0.6488"" 39,24 "
*1.0740" 20.12

0.2610" 72439 %
0.4170"" 41.82
0.0125  13.20

sgignificant at 5% lovel
#u3ignificant at 1<% level



APRIIDIX IV

Summary of atatistical analysis = Cheuical
composition of rioes - Grain

Source Dagree of K P205 Kzo Cal 1420

freedon o o % % %

M.S. 1.3, M.8, .5, oS

Potal 29

Replication 4 0.0118"% 0,0010 00003 0.0002  0,000f]
Treatnent 5 0,0550™" 0.0m6°" 0.0010 0.0050°" 0,0038"*
X 2 %N %
¥ 2 0.1521""  0.,0177 0,0021 0,0036 " 0.0016
s 1 0.0018  0.0038 0.0004 0,0155 " 2.0101" "
Fx$ 2 0,0004"* 0.,9095*t  0.0003 0.0011" 0.0028"*
srror 20 0.0010  0.0016 0,0108 0,0002  0,0002

*Significant at 5% level
“+3ignificant at 1% level



APPENDIX V

Sunmary of statistical analysis = Chemical
eomposition of rice - straw

Sourcse Degree of biJ P205 K20 Cao Mz0
freedon
4 % % % %
M.S .8 .S .8 1,5
Total 29
Replication 4 0.0155" 0.0003 0.0038 0,0005  0,0005
Treatment 5 0.,0635 & 0.0032™" 0.5020** 0,0010"“ 0,0083""
F 2 0.1520"" 0,0166"" 1.2258"* 0.0016™ 0.0084™"
3 1 0,0016  0,0002  0.0329" o.0016"" o0.0188""
Fx$ 2 0,0058  0.0038"" 0.0129 "0.0001  0,0040""
Srror 20 0,0054  0,0005  0,0055 0,0002  0,0003

#3ignificant at 54 level
#25ignificant at 1% level



APPENDIX VI

Sunngry of statimtical analysis -~ uptake
of nutrienta by rice

Source . Dogree of . P‘205 Kao Cal 120
freedom
kg/ha kg/ha kz/ha kz/ba  ka/ha
M 3 M8 M3 M8 M S
Total 29
Replication 4 3eT3 1.59 15.T1 1.20 14.10
Treataent 5 589,50 61,75  911.66 © 32,97 " 388,10
F 2 1434.99"" 149,50 " 2222,79"" 81.72"" 805.70""
5 1 70.80"* 0,01 109.44°%  0.40 313.00""
Pxs 2 3.33 4.86" 1.6 0.50 6.90
speror 20 4,50 0.90 T.78 2437 11.26

#gignificant at 5% level
##3ignificant at 1¢ level
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FPlant No.1.

ry

2.

3.

4.

S

-3
=

Influence of NPK and Sagar on the growth
of rice, variety Annapurna
0 kg N, 2,05, K,0 and Sagar/ha
30:15:15 kg/ha N, 2,05 and K,0 respectively
60:30:30 kg/ha K, 3?05 and £,0 respectively

30:15:15 Xks/ha N, 2205 and K,0 respectively

+ Sagar 250 kg/ha

60:30:30 kg/ha K, P205 and X,0 zespectavely
+ Sagar 250 kz/ha

Sagar 250 kg/ha








