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IKTRODUCEION

At the present day, the outgbanding problem for the
whole world in gemeral and for India in particuler, is the
ingdequacy of food suppliea. Now we sye hardly in & position
to feed the rapidly growlng population.  beck of many-sided
developument in apgriculinre is the veagon for this pltiable
cituntion. In the long run, the situetion can be remedled

orly by inercasing spgriculitural productivity.

Since the principel food of nearly half the world'e
populetion 1s Rice, it is very necessary that at this time
maximem attention should be given vo its culvivation. This
iz particularly so in Indie where rice iz the mejor foodcrep

and aboub three-fourths of the people subsish on it,

fne of the lmportant and well esatublished methods
of reising rice ylelds is optimum fertilization of the rice
ficlde. Uxtensive fextilizer trials have heon corducted under
different goll and olimatic conditions by the Agricwltural
Depextments of various Stabtes. Along wlth thege, fundamentsl
otudies have been undertsken on the grosth and nutrient up-
take of the crop. From the manurial experiments conducted
it became clear that\riee 1o a fairly hesvy feeder on nitro-

gen and that relatively large wiounts of this plant food help



in maxiwisation of produection. Thosphates sre also vgually
apolied in large quantities. On the other hand, comparsti-
vely little sattention hos been pald to the use of potash,
the third msjor plant food.

There are several reasons why potash has not recele

ved proper conglderation in rice production.

FIRET:~ Soil anelysie often showsthet the total potash con-
tent of the solile is comparstively high ond this has led %o
the general belief and tecit sesumpition that potagh nanuring

is not required for Indlan Snils.

SECOND:- The fuet that only s very small part of this "tolal
potash" content 4is actunlly ovailable to the rice planis

during the growing seasons, is left out of consideration.

£HIBD1- The mumber of exaet potash experinents with rice is
relabively small and in many ceses, these trisls have been
conducted at experimental stations where the soil conditions
are special and not typical of average ferm conditions. Fur-
ther, the tests that have been carried out on aversge farm
soils or cultivetor's £iclds have mnot been conducted for

pufficiently long periods to give conclusive reaults.

POURTH:~ The effect of potash is not as easily observed by
the primitive farmer,as the spectacular growih obtained with

increaced doses of nitrogen.



Yor these reazsons, the role of potash in rice produ-
etion for meximum ecoromic yielde and high quality of gralm
and straw has been somewhat nepglected. ioreover, little stten-
tion bas been paid to the dangers which arise from one-glded
fertilisation of rice vhere the farmer condinues to include
14ttle, if any, potnsh in his fertilization programme. The
use of potash in yice productior has made remarkable progress
in Japen in recent years. NYany Japanese farmers have accepted
the resulte of scientific research and practical field tests
with potash and have put into practice a balanced fertilizer
progrumue for rice, which dincludes zdequate amounts of the
three principsl plant foods--nitirogen, phosphorie acld and
potash, The need for all the three of these plant nutrients

is generally reoognized in Japan end now in India.

But gufficient datz are not yet avalleble with regard
to the need Ffor potash menvuring in the rice goils of Ferala,
At the same time, 1t ls well knowm that rice solls of Fersla
are highly deficien’t in calcium and megnesium. ¥Tor these rea-
sons, the Xerals Nenavioent of Agriculiure hes planned an ex—
tensive liming programme for the rice growing soils of the
State. It is knowg that lining the soil,affects the available
potash contents in the solle,sometimesn increassing it and gome~
timos decreasing it. This is essentiazlly decided by the clay

mineralogical composition. Horeover, the presence of divalent

k4



ions like caleium end magnesiun beyond a certain rabtlo may
adversely affect the potash uptske by rice plants even 1Y

potagh 1s present 1n large spounts In the zvailabdle form.

It wog therefore conszidared worthwhile to etudy
the potash nutrition of rlce with special reference to the
effect of caleinm, megneoiunm and silicon on the fization
and/or relesse of soll and fertiliser potassium and ite

utilization by the rice plaht grown in an acid psddy soil.



REVIEY OF LITERATURD

Although much work has been dome and much has been
written regarding the uee of potassium in agricuvliure, the
jmportance of this mutrient in vice produstion has teen recog~
nised only vexry recently. The efforis made by previous workers
$o throw 1isht on 1he different agnoctg of pobash muirition of
plante with spociel reference to vice cre briefly reviewed in

this chapter.

A, Dffect of Potash on plank srowkh snd wield,
As an essential olomont oy pilomt grovik, potaseiam

presents a challenge to wovkers vhe wish to esteblish ifs role
and exaoy functions in plants oinee poiash plays no apperent
shructural vole. It avncars inter slia to be of importanco in
the wyathesls of polymeric carbohydrates and protelnc, asoie
wilation, the refuction of nitrates, in ¢oll devision and

in the water coconony of planis.

Berly eiudies by Ueliliriegal {1832) and Wlfurth
and vimnor (1902) dezoustyatod @ closs relabtionshilp belween
corbohydrate ooniont and Pobtaesiuw level. Hibbard and
Griégby (1934) fovnd thet parden neas growing in minus
notassium solutions produced eimple sugars, starches, sucrose,

henleelluloses and proteing but in less quantity th-n plarts



grown in complete nuirient solution. They concluded that a
lack of potaosium retarded protopleanic mecheniems, which

in turn retarded cerbohydrate gccumulation and olher proce-
soea, Hillor {1938) znd Foffer (193538) found that potassimm

ig espential forx various metabolic solivities of living cells.

g
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Aiyer (1948) observed that a moderate deficiency v *y
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of potassium causcd no serious disturbances in the rice , ® iy
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plant where'ns an acute defliclency resulted in atunted plant " .
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with short, soft sten, reduetion in effective tillere, short
otiTf leavea with ends bent 1like hooks, or nearly horizontsal,
change of colour to yellow in sarly stages followed by daange
to blue green colour, which later on persisted throughlout

the growth period.

In 1952 HWoguchi ond Sugawera published "gtvdles
on the Bffeet of Potaspium on the Rice Tlant® end they
reported reaults of their investigabions on the effect of
potash orn growth, heslih end productivity of rice plants.
They obmerved that the nuober of tillers wes staller for
plots without potash. According to then yields of grasin and

gtraw decreased with progreseing potash deficlency.

Bingh (1993) from his various resesrch studies

on ceresl crope found thet votassiun gave better sbend and



yield. He concluded that Indian Coils generally require also
phosphate and polach in addition to nitrogen and he recommen~
d+d the use of potash for covesls lilke dry snd wei~lend pnddy,
bvajra, jowar and wheat. XNukerjce, gb.gl. {1955 obtained
poaitive response %o potash in five out of nire zoils con-
taining even 0.01 per cent cltric acld goluble pobassimm.
ukerjee (1955) sugpested that the fallure Lo obtain potash
repponge hus been due vo unsuitsble techniawe of experlmenta-
tion followed for such vork. decerding io him, the view that
Indion Soils are well supplied with potseh rescrves ls also
not tenable., In 1957, the results of Polaschemes W.P.X.
triels proved that (1) potash inerveascd tbe yileld of crops
in tho presencs of H.P. when coopared to0 H.P. alone and

(2} that potash not only increassed the yield in tke yepr of
application but eleo left & good residual effcet. [Hitra
ot.al. (1958} obsexved thet rvesponse of rice to potssaium
fertilizers was roluted more to the availabllity based on
the geological orisin of the ooil than to & elngle chomical
tept vhich doos nob tale messonal variations in potassium
availability into accownt. Cuthbertson's {19€0) wator
ovlture studies vwith rice revealed thut potassiun applied to
rice 35-4% days bhefore heading increased the 1000 grain
wolsht vhere as potacsium applied efter that perdiod had
1ittle effect. Ray Chaudhari and Landy (1960) choved the.

effect of s0il reaction on the aveilability of potaesium,



Aceording to them, the avellable potassiwm generally
deoreases with decoressing pl in vhe case of alluvial sendy
a20il (Bajlesthen) and laterite poil (FKersla) whilst in the
other cases, the available potassium io maximun ot & defiw
nite pH value. Hfccording to “nriland (1361), the rate of
fixation should be inversely xeluied fo the inltinl pote-
paiuwn content of the meil olsys. The smount of xeacthive
potassiun is proportionsl to the total pozmssiun content
of soile. Clays with lover initisl pobassiumm contoncs have

a greuber rate of fixation.

“hakazhi {1961) found by experigent ihet during
the course of the growih, the riece ploat requires a lot of
pugay an the source of encrgy sud eugar is formed in the
loaves Srom carbon dioxide and wabsr through the function
of chlorophyil, sunlight and s number of essential olenents
among which potassive pleys an important role. Accordiag
%0 Horikawa and Yawagnehi (1963) the increased abmorption
of poinssium under submergence wag directly atiributable
o 90il yreduction whiech is mostly esoociated with the
specific nature of 211 cley winersls and the dyansnie status
of other soil conetituents. Shey, fu, Lin end others (1964)
found that correlition bobtween ooil exehangenble pobassiunm
before treneplanting end potuosium contomt of rice miraw ot
narvest @nd at full car elongotion vere highly significant

on reddivh brown latosols.



B. Iffect of other nutrients op the uptake of potassium.

1. Hitrogen.
Aceording to Richard (1938}, plants growing in

polutions hizh in ammonlum szlts and low in poilsssium Pail
to form enr or die on zecount of smroniun sccumulation. It
wen obasrved 4u the ocase of cerenl crore, that the Tull
utilisazion of nitropgen is possible in the presence of
potassiuvm. Anon {(1956) and Sircer and Detta {1957) found
that potassium when applied with ammonivm ecalts, the one
great thecretical conslderation iz the rate ot which the
armoniumg don is metsbolized to orgasnic nitropgen as other-
wipe its sccumulation will laead to toxicity. It has been
suggented that poiteeslum pleys an important role in the
synthesis of anine nclds avnd oroteins. Ven Gontavrd (1959)
surgesbed thut potassium operates es zn antagonist to
nitrogen. Fxeeas of nitrugen causes cextain physiological
fisordnys. Bub these undesirable remulte from too high
dreasings with nitroren can often be corrected iF the plant
received sufficient potashi. A balaneed xetio of nitrogen
and potnesiveg has therefore to be walntsined iIF one alme
at the production of quality erops. Goving end Tilak R
Chadha (1999} summarised the reeults of itheir exporiments

on rice as follown:-



(1) Higher dogs of nitrogen gave guod responees

at all zhe centres for the second orop of paddy.

{2} The incressed dose of nitroren generally gave
the highost profit when applied with higher doss of

potassinm.

2. Yhosphata,

& lerge nuber of fertiliser experimonss on peddy
have been conduched by the Agriculture Deperiments in various
2tates, under different soll mnd climatle conditiona., Review~
ing 52 experiments on paddy conducted upto 1931, Vydianathan
(1933) suggpented that potash geve a negative response.

Coowle (1342) noted that add@ition of B th phosphorus and
nitrogen enhanced potsemium deficlency in potatoss. ZIswhon
ot.al. (1952) found thet the per cent votzesiunm in legume
hoy was reduced frem 1.52 to 1.3%5 when asuper phosphate was
applisd to goils alresdy freosted with potesh. Diger (1360)
auggested from the resulis of manurisl experiments on paddy
condueted at Freenikethan Tarnm, thet tne combinations of 30
1bg. of Mitrogen with 60 lbs, of P295 appears 1o be the best
for higher production. 7Daji (1965) made the following

recomnendations for the meonuring of rice:-~

{1) The cptimum dose of nlirogen is found to vary

between 20 and 60 lbs. per acre.



{2) The optimum dose of phosphoric acid varies
between 20 and 40 1ba. per acre when applled ih combination
with nitrogen.

(3} The optimm dome of potash varies between 20
and 40 1lba. per zore,., Foih muriate and sulphate of potesh
are ogually effective, but the former is cheaper o use.

it should be applied before the orop is transplanted.

3. Potosh,

tlany investigators have reported increases in
potassiun ¢ontent of cerenl strew, legume and grass hay,
vegetable and root crops and foliage of frult trees upon
the applioation of potash fertiliser to soils, DBoynton and
Burrell [1944) fouwnd that potash fertilization of anple
treen consistently raisod the per cent potassium in the
lesves., DBear and Prince (194%) reported excessive absor-
ption of potassium by slf=lfs and recormended application
at frequent intervels during the 1ife of ’lfalfa stands.
Nelaon gh.al. (1945) cuggested that use of increasing amounts
of potash fertilizmer greatly incressed the potassiun content
of one variety of soybern seed. According to Saydor (1347),
the use of potassiumfor four Illinois soils relatively low
in availeble polaseiuvm increased the potassiuvm content of

wheat and oal straw on an average by 100 per cent., In o




comparison of potash and phosgphaete mixtures with phosphate
alone Tham and Roat {1948) chowed thot applied potash

Incresned the potassiun content of poiato.

fooording to Ruasel (1%50), the avorsge increases
in potasalun conbtent »f graus hay grown at the Rothamntead
Btation during en 18 year period for Fi'=F ond UPHwNI treat-
mente wee 1.45 and 1.60 per cent. Agein Aldzich and Coony
{1482) found that potassiun coibent of leaves was slgeiil-
cantly increaped by soll application of potash fextiliger.
In @ green house shudy Tucker «nd Snith (1952) notesd that
addition of potash Sertilizer 0 woll always resulbed in an

increass in the poinasiuvm content of red clover.

From various experimente conducted it was supge-
sted in 1959 {Aunen} that in {he Corpunity Project aveas nf
Puse end Raweshway (Bihux;j‘ Chalakudy (%erale) and Raipur
(1,7, ) application of 20 1be. of K0 per sere incrossed
paddy vields by two to three maunds per aczre. Maji (1965)
guzgented that spplication of fertilizors incrensed ylelds
ranging from tuwo to nine per eenl n the csse of IT P treat-
ment end £xon 12 to 27 per cent for H.P.Y. trestnent. These
trinls epphasised the necessity of applying pobash in
addision to nitroren snd phosphoric acild o obiain higher

yield of rice. f



4. Golelum,

Kumerous workers have studled the influence of
ealeium compounds on 8o0il reaction, nubrient availability
and@ plant growth. Congiderable ettention by a large number
of workersz has been concentrated on the effects of celelum
on the behaviour and availability of =oil potassium, Iiming
has been shown to bring about chonges in the water soluble,
exchangeable and fixed potassium content of soils, inecluding
fixation of available potassium and its relesse under

suitable conditiona,

Troug (1918) et.el, attributed the beneficial role
of ealcium in crop production to its effect in reducing soil
neldity. Ehrenberg (1919) presented the ides of decressed
upteke of potasgium and low yields on limed soils to an

*antagonistic effect" between caleium and potassium.

Hester and Sheltom {1936) grew lima beans on three
soils limed to various levels and measured the guantities
of potassium abgorbed end that leachable by water. He found
that water soluble potassium decreased with increasing
caleium gaturation. Total potassium upvake increaged with
increasing pH and was even higher in presence of excess lime

than at the lower lime level.

(%]



It bas alzo been definitely eatablished that
alkelinity and liming increasse the tendency of solils and
claya to fix potassium in forms not immedistely exchange-~
able., Gilligen (19%8) treated slectredislysed Chectexloam
end Susgafras silt loam with ca(OH)? to provide caloiun
paturation of 0, 50, 7%, 100 wnd 200 per cent. The extent
of fixation of potossium of Q.4 me.e. of Kel shen dried at
B85°¢, increased almost lineorly as the degree of caleium
saturation,. DBut according to Viet (1942) caleiunm lons can
increase the permeabiiity of plani tlssues to potassiun
ions. %his view was supporied by many other workere.
Stanford gt.al. (1942) obsecrved that more potassiun ferti-
ligzer is generally required for crops grown Oon nearly
neutrel or alkeline soils. Darle - {19045) observed that
either lime or potash applied slone to & s0ll might be of
no velue and some timen sctunlly caouvee reduced yields, dbut
when the two nubtrients were applied in the proper balance
highly beneficiel resulis could be achieved. Joffe snd
Tevine (1947) showed that potassium Pixstion was reduced
when potassiva ions hed to compete with celclum ions for
exchangeable positions end that potassiun fixation incressed
in proportion to the quantity of poteseium lons entering the

exchange couplex.
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Aceording to York and Rogera {1947) it would be
extremely diflicult %o nake generalisations regording the
influence of ling on the availabllity of potassium in the
80il because it wag dependent upon the nature of aolli end
many other factors. Iucee ard Tavis (1961) suggested that
soil ol hae less influence on potassium. Accordine to then
very acld poile ususlly have lese then Q.1 per cent potassium

vhile those of well lined average atvout G.15 per cent.

he question of the effect of lime on firxation or
release of so0ll pobassndmn is etill an open one, Iiming has
however been a comuon practice in rice culture. Ablchandanl
and Patnaik {1961) have reported thei extenzive trials on
lime application to rice soile conducted in Indie have ghown
signifieant increasse in yield of grsin due to lime applice-
tion at 2000 lbm. per acre. According to them lime response
in corbination with nitvogen fertilizer tended to decrease
with increase In nitrogen supply. 6n the other hend, lime
regponae was higher with phosphate fertilizer than without
i%. Ioney end Vsrghesme (1965} showed thet cualeium tended

to inerease svailable ¥,0 in the soil.

5. Magnesium,
Troug eb.nls {1247) noticed ihat by increasing

concentrations of magnesivm, the nitrogen content of peas
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went up elisktly. But there was only very negligible
increase in the posassium content w»ith additions of thise
element in an evailable form. Cooper et.zl. {1947} obszer~
ved that crops convaining a relatively lavge gquantity of
magnesiun such as potatooes, cotion, lobaccn, buok wheet
and somz vegetables often rave a merked response %o appli-
gations of magnesing in mixed fertilizers as indicounted by
their yields., It would appoar that potassiunm has a favour-
able Influence on the upteke of vagnesivm. The beneficlal
effect of magnesium on potash nuirition. has 210 been
roported. Thus Valph and Tand {1955) found thet fruit frees
infected with magnesium eliminsted potash deficlency, the
effect of this spplication hoing due among other things

to the ivcrease in the mobility of potash.

6. Silicon.

The discovery of pilica in plant ash by De Sassure
(1904) paved the wey Tor a series of investigations on the
role of silicon., Okaws and Kinesku (1936) conducted water
culture expevriments with rice and barley to study the physio-
logical action of sllicic seid on planto., They observed
that plants grown in culbure solutions with siliea produced
ear~head with highor percentage of pobassium than tho
control plents. Asccording to Fritz (1940) investigeting

the inportance of silicic neid in nlant nutrition, recorded
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an sceumulation and beittey utilisetion of potassium when
applied along with it. Okamsio (1959) reported thab plants
from silica deficient nlots had low potaveium content.

Thagova and Taphina (1963) stvdied the physiologicsl functions
of silioic acid sppliod +o0 rice &nd whest., %hey cbmserved
that potash conbente of leal ghosth incrensed with silica
trentuents. Padmaja and Verghese (1964) obiained increased
potash contents in graine ond straw of riee on the applica-
tion of gilica eithex slone or in combinstion with calelium

or magnesium. These results have been confirmed by subse~

guent work (Sedanandan and Verghese [196%),

C. Thysiclogical role of notash.
Data prescnted by Nightingsle {(1930) and Jamesn

ond Penstop {1973) emphasiced that the fact that high pota—
ggliun concentrationa are associated vith sciively growing
plant tissucs. Sregory wnd Sen (1937) reported decreamed
carbon dioxide aseim:lation snd incressed reapiration in
potessium deficient barley plenia. Acceording to Thomas and
tack {1941}, certain infections were associated vith 8 low
leved of potash nwirition eapcclally characterised by high

levels of nitrogen.

A nurber of investicetions have ghown that

potasslun fortilizer increased the oil conbent of certein



crops. Helson gt.al. {1945) reportcd that liberal sppli-
ecation of potash fertilizer to 5 801l low in potassium
inerezsed the 0il content of two varisbies of soyheans by
an average of 1.9 per cent. Stewart (1947) has veviewed
more recent experiments snd meutione positive reaponses to
potach on wheat and groundout. Brown sad Poiter (1349)
found significant increnses in yicld snd oil content of
frult from tung troes fortilized with potessiun. Sovinda~
rajen (1955) in his vecommendsiions edviged the use of
potash on poddy “when grein setviting appears affected and
emptlen appesr through poor graln formsilon or £11ling",

Hle also suggested the use of potash as a ¥,FP,K nixture,

in the eultivetion of crops like ragi, cotton, raize, jouar, .
sobaces, potatoes, chlllies, onions, ginger snd other vege-
table and vlaniabion eyops. According to Matyanarsyona
{1557, -the reenlis of s large number of experinents carried
out in eulbivators® flelde in Forth Blhar have shown that
polash corsiderably increased the yield ond higher the 8ose,

the higher was the response.

D. Beficiency eynntoms.

Potasaivn deficiency symntome ore characterized
by B sharp contrast ?eﬁxeen the yellow and green areas of
the leaves of meny crops. In the leter stages of potassiun

»

gtarvation, leaf edges become necrotle and the tissuc



dleinteprates, giving the leal & ragged sppeavance.
Exeollent reviews of potassiuvm deficiency sympions of the
comnon crops have been presentsd by EZoketein gt.al. (1937).
Accoxding to Hester (1241 a), tometo Truits grown on soils
low in available potassiuvm are commonly low in sugers and
ascorbic secid., Toliage is rapidly lost on potacoiule
deficlent plunts, exposing the fruit, Chapmen et.al.(1927)
found that slight potsssium deficlency In ormnge trees was
indicated firat by a low content of leaf pobassium, &
slightly nore serious deficisncy was nanifested by s slight
reauction in the gize of the foait. lnlder (1949) found en
inverae relationship dbetween pﬂt;;salum eupply to potato
plants end the content of freoe tyrosine In the tuber.
Agcoxtiing to Nelson (1949), the use of potessium fertilizer
produced marked increases in boll weight, mean fibre length
and welght and per cent of wature fibres in cotton. The most
striking sympiom of pobassiuvm deficliency in tro cotton nlant

is known as “Cotbon rust',

Falloce (1951) suggested zhat a shortage of
potassiun in the cereel grnine may resuld in a blulsh-green
aolour of young leaves, excessive tillering, shrivelled and
imazture grain. The exeesegive tillering nay be due to en

excens of phosphorus over potassium. In 1956 some workers



reported that in cereals potesh increages etarch production
and the graine bocome heavy. It guavde egainsi lodging of
plants and shedding of graing. It is oboerved that full
utilisation of nitrogen is possible in the presence of potash.
According o Zhukazhi (1961), potassivm is and indispensable
elenent Sor the growth of a plent. Iotash deficiency is
known to effect adversely the formation of carbohydrates
and proteins, the sction of various eneywe systems like
coenayne, particulorly cosnzyme P, nyruvic acid phospherace,
iecbane, enzymes connected with carbohydrate metebolliom ete.
and for the trensleeation of produced aubsiances. The plont's
vater relationghips are also adversely affectedw-s larger
quantity of watey being unecesesry for the production of

mit neight of dry metter. 2he rate of transpiration ls
higher in potash starved plants, This leads to wilting of
the plente vhen the roots are not eble 4o supply enoush
water to cope up with the transpirationel loss. At e lafer
stoge thie leads to merginal scorching of the ledves. It is
alec well known thal wotaseium increases rcoistence againet
lodging., Thakashi (1961) aleo suggested that when potassium
i congtainegd sbundantly in the plant body, it decresses the
bed effects of weather conditions upon the growth of the
plant. %he relationship between potash deficlency and
poresitien has been reporied by Schaffnit and Volk (1930).
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MATERIALS AND METHODS

The present work was undertsken with s view to
etudy the potash nutrition of rice with and without 6aleium,
¥agneaiun, Calclum and Magnesiuvm and Silicate. Do facillw
tate the inveatigation, a field experiment with msplit plot
in Randomissd Block Dosign wae laid oub. Sufficient number
of replicstions were glven to enable chemical anslysis of

the plants quring their growih periods.

A.Fleld Experiment

1. Site gelected forx the Fxperinents aznd soil anslvsis,
The experinent wes condueted at the ¥aya) land of

Agricnliural College Parn, Vellayani, ususlly cropped with
wot land peddy. The site seleoted had uwniform soill conditions.

-

.2« Lay out of the exverinent.
A eplit plot in Rendonised Block Yesign was laid

out with £ifteen trestmenio-~three major end five sub treat-
nanto~-with four replicationa., Detaile of ireatwents ave
given at the end of this Chapter and the lay out is
illugtrated in fipure 1.

Se Prepunration of land,
The site selected for the pitudy was ploughed four

times and then thoe experimental ares wag devided into four



Plocka of uniforn gsize. Bebtuween the four blocks channels

of ebout one feot widbh wovre made for ixrigating the crop.
Zgeh block wan then devided Inbo three sub bhlocks sach cone é/
taining five ploss of uniforn alze (14 x 14%). }?irr\n bunds
were laid out in bhebtwoen the plote as well as blocks. Fro-
vision was aloo made for irzipating the plots by neans of

charmela.

&, Hanures,
Amaonium sulohate, 40 1bs. per acre gnd supole
phoarhete gt tho rate of %0 1bs. per acre were applicd as

bannl dressing.

The potash wos applied as nupiate of potash 0,
3 and €0 1bs. E;0 per ascre.

Fagnesium and eolelun nere aorplied on the basis
of one fourtk lime regqulrement of the coil catinsled pre-
viously. Sildeate ndded waszy in the Fform of caleium mague-
siun ailicates. It was pre ored in the lsboratory a2s a

nechanical nmixture of caloiun carbonste and ¥egresium silicate.

Theae manures and calelun nzgnesium silicates were

applied before Lransplanting.



5. Sgedlings and planting. '

Paddy otrain selected for the exporinent wea
PB4, 35 aay?’ 014 seedlings vere traneplented in the
plots in line, with 9" spacing. Altogether there weve
20 = 20 seedlings with in a plot.

6. Irrigation.
The acedlings vere irrigated on slterncte dsys

80 ag Ho maintain a conptant level of one and a helf

inches of water over the surfuce of the scil.

7. Qegoryations,

Obmervations on plant height and tiller counts
were mde almonthly intervels in order to study the effect
of difforent treatments on plant performance. The peasure-
nente were made on planis selected st rendom mccording to
the wethod deseribed below and 1llustrated in figure 2.

In esch ploh four rowe of plents on left side
wore left out o wvoid border effects. In one czse the
plante in the 5th, 6th, 7th and Stk row and 9th, 10th, 11th
end 12tk coluwmm totelling 16 plants vere selected. In the
other case, Yhe plents In the 12th, 13th, 14%th end 15th row
ond 12%h, 13tk, 14th snd 15%h column {(voital 16 plants) were

selected, [ach sub~plot thus contained two smell ‘observation'




plote each with 1€ planta.

e) PLent Heicht,

This was recorded on 8 plentg--the corner
plants of the shservation plots~-at monthly intervals
fron the date of froneplanting. The moasurement wae
taken from the surfaco of the zoil to the tip of the
la=zt leal of the selected planta,

b) Totel number of tillex

The t11ler eounts weore made at monthly inter-
vale on a3l the 32 plants of the oboervatlon plois. A
total of 3840 counts were recorded during ﬁmoursa
of the stuly.

—

8. Flsut sanplos.
One plant edjacent 1o one of the cobporvation

plots wae collected ne sample for enalysis.

A% emch geompliing, thore wae a tote)l of cixty
saoples, The firet ot of semplee was collected on

FeeiQmme 1965, and the second net on Te-11=-1965, Pinelly

60 sgmples of siraw end 6C assmples of grain were collected

after harvaest,

,
&

Fe
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B. Anplysis of Soild EIT RS

Procedure adopled For taking semples.

S0il savples were collected ifrom 67 surlace
layers of four representative sites im sach of the 15
plots in a2 block. %his was repested for zll ihe four

Wiocks. The 60 sanples thus obtained fer each block were

peparately air dried, orushed with & wpoden hennor, thoroe

ughly nized and reduced in bulk by ocone end quarfering.
The s0il was then passed through a 2 m.n sieve and @
renpresentative sanple was colicctel for anslysis. The
four saumples were analysed for chomicsl constitubents,
physical proprriies and nmechanical composition by stane

dord methods described below.

Ghenilenl consbibuents.
1. “nisturs,

5 gm. of soil were dried in an sven ot 105°C,
for elght hours and the percentage of welsght reporbed aas

noiature.

A welghed quantivy of soil was ignited to con~-
atant welight in o eiliea basin at 8ull red heat over a
rosoe head burner. The losn in welislht on ignition was
calonlsabed on oven 4ry bagis after dgé'{zi:ing the moigture

contenb.

’p



Preparation of Hvdrochloric Acid Fxtrach,

,

The ignited goil was digeeted with 1:1 hydrochloric
acid and filtered. The filtrate was made upto a known volume.
Trom the hydrochloric dcid extract thus obisined, the follow-

ing analyses were nade.

3. Sescuioxides.

sesquioxides were precipifated in a Imown volume of
the hydrochloric acid extract as nydroxides. They were fil-

tered, ignited and welghed as combined oxides.

4. Jron oxiden.

Tron oxide wap then determined in & separste
gliquot of tho hydrochloric acid extiract. The extract wes
reduced with zine and dilute eulphuric acid and the ferrous
golution thus obtained was tiftraved with standsrd potessium

pemanganate golution.

5. Aluminium,

Aluminivn oxlde was estimaied by difference of

% and 4 above.

6. @glcium,
Caleiun wes estinsted volumetrically in the filtrate
of iron and ziuvmina estiretion by oxalate method in aamoniacal

nediwn,



7. Magnesium,
Hegnesium content was determined gravimebtrically
in the filtrate from oaleium by precinpifation am magnesium

amnonium phoephate.

8. Total phogphorie scid.
The aumonium phosphomolybdate volumetric method

wan followed for the estimation of toisl phosgphorus

{Piper 19%0).

9, Acld soluble siiiean,

A Enown volume of the hydrechloric acld exiract
vag evaporated %o dryness on & gand bath until the last
trages of moisture were yemoved. The dried rosidue was
digested with dilubte nitric celd and filtered. The residue
was ignited in 2 platinum crucible gnd sulpheted and weighed.
The piliea was then coaverted to volatile silicon fluoride
by heating it with bydrofluoric acid and the reductiom in
weight was recorded as silica {Piper 1950).

10. Total Bitrocen.
Potal nitrogen was emtimated by Uslicylic acid
method (4.0.4.C.7,
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1. pH.
& photovolt pfl meker vith glasa electrode was used

for measurveummt of pH using 1:2 coil water ratio.

. Anzlytiesl procedure for plent natorial,
180 plent samples snd GO samples of grain collected

during the study weve dried io constant welght in en sir oven
at 60°C. The samples wove then povdered to completely pass
throvgh Ou5=—0.5 m.m. zieve. The samples thus oblained nexe

apalyeed as follown:

1. Nitropen.
This wan estimated in 2 gum. of plomb material by
Ejeidhal method,

Preparation of Trivie acld Fxireet.

Pwo pm. Of the plamt material weze digested with
triple acld mixture contalning nitric, » sulphuric and
perchloric acids in tho ryetie 4:1:1, fhis was flltered and
tho filtrate vas uade updo o known volume. The repldue was
used for silica estinmabion while the filtrate was used for

the phosphorus, posasaivm caleiun end magnesium determinetions.

2+ Thpspharug.
This vas dome by the asmonium molybdate meihod of
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estimation and the phosphoric content was deternined volu~

netricelly (Piper).

3. Potassium,.

This was estimated by the sodium cobalitinitrite
method {(Piper 1950).

4o Caledum and Heemeaiime
Fhis wes debtermined by titvating disodium dlhydro-

gen Ethylene dlanmine tetraw-ascetic acid vith a krown volume
of 2riple acid extract using Frichyome bleck T indiestor
{Jackson 1962).

5. Calediunm,

Calcium wes also deternined by the same method
using murexide ss indicalor.
6. Magnesiunm,

Fron the difference in values of estimates 4 mnd

5 above, magnesiunm wae computed.

Do Statisticel Siudies.

The &rte obtsined in the preaent study viz.
analyiical duata of nutrient content of plant and groin gamples
for W,P,K,Ce,Mg and S5i were statistlcally enalysed.

The straw and grain obtained fron each of the sixty

plote at the final harvest were 2ir dried and weighed and the
data subjected to stotlatical enalysis.



Hg0+X,
HgO+Ky
HgO+E,y

Cal+MgO+Ky
Cal+MgO+K,

Cal+Hg0+K,

- Cald

~ Cal
- ¥g0
- g0
g0

- Ca0+4g0
~ Ca0+Hgh

- Cal+Mgd

Rreataents

Yo potash

K50 ~ 30 1b./acre
KQO - 60 w
+Ho potash.
+K,0 = 30 1ib./acre.
+K20 - 60 "

+No potash

+K,0 = 30 1b./acre.
+%,0 = 60 1b./acre.
+No potash
+Kp0 ~ 30 1b./scre.

FES0 - 60 "

020+ HMg0+ S40,+K, - Ca0+Ng0+3i0,+N0 potash
3

3

a0+ ¥g0+9105+ Ky~ CaltigO+510,+K,0 = 30 1b./acre

Co0+HEO+S105+ Ky~

CaOrMgO+T10,+K,0 - 60

Gad



RESULTS

The results obtgined in the study sre glven
below:
L. Mnelysis of the soill

1. Chemical arelyaig.
811 the four sanmples collected from the experi-

mental plote were snalysed end the avorage figures obiain-
ed are glven in Table I, The soil used for the experinent
is acidic in noture having & pH of 4.6. The eesquioxides
recoxded the maxinum value containing 29.51 per cent.
Caleium and magnesium oxides are present in very low amounts
containing C.0372 and 0.035 per cent resmectively. The
fotal content of major nubtrientes are nitrogen 0.14 per cent,
P205 0.0%4 per cent, and potasaium oxlde 0.16 per cent.
Acid soluble silica recorded a value of 4.C vhile water

goluble silice is prement only in traces.

2. Hechenigpl composifion (Jable I).

Hechanical annlysis revenled thet the soll hes a
couprse fraction of 44,02 per cent. As high as 70.89 per
cent of this fraction existe as coarse sand and the rest
ag fine sand. The per cent of cla%ﬁgouna to be B35, It
is seen from the figures that the =goil belongs to the

texturel classg Sandy Clay ILogan.
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Analysis of 8oil

(Percent on meiasture free basis)

Chewical analygia.
Hoiature

Lioge on 1gnition
Seaquioxides {T203)
Iron oxide (F0203)
Muniniun oxide (Algag)
Caloium oxide {(Cal)
¥ognesinm oxide (¥g0)
Phosphorus (total}(P?OB)
Potassium (total) (¥,0)
Acid soluble silica
Water soluble silien
Witrogen (total)

pi

Zechanieal gnalyeias.
Coarge sand

Rine sandg
811t

Clay

Textural class = Sandy clay
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s
.
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loem.

=0

)

31.04
13.08
16.24
3350

e
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B. Plant observaiions

Data on vegetative charascters relating to growth
of the plants are presented in Teble IX., The measurement
recorded in the table is the average for 32 plants (eight
plants per replicate) Dor helght measurements and the ave=-
rage of 128 plante (32 plants per replicate) for tiller

counts pey treatment et tvwo stages of growth. It is seen:-

1. Beight,

In the inltial stage the plants under treatment
T2 have the maximum aversge height followed by T3, T12 and
e Though the latter three have the sene values to siart
with T4, and T15 ghowed better perforkence tThan Ts during
the second gtage. It ie intercsting to note that trestments
Pes T7, @8, Eg. Q11, T13 and T14 neve the same average helght
of 68 om, 30 deys after tranaplantation. Of these treat-
mente g4 alone gaing very congidexably in growth during
the second estage atiaining equelity with T15‘ Q11, T12 and
915 follow very closely ?2 whieh 4ie the most efficlent. T4
gives the loweet values in both stages.

2. Piller counte.

In both stages treatment 1 recorded the lowest
tiller counta. In the initisl stage meximm nunber of
tillers is observed in treatment 3 with 12.6 tillers. But

in the second stage maximun tillering is found in treatment 2,
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Table IT

Growth chavacters
Beieght snd t1ller counts st two stapes

Hoight in cm* ller covnts (Nos)r#

Treatmenta 30 €0 %0 60

days days days days
7, 64 106 2.0 12.0
TQ 72 120 12.2 14.5
TS 70 110 12.6 14.0
T4 62 104 12.0 13.2
T5 66 112 11.5 13.6
19 68 112 104 13.2
T7 68 109 9.7 12.0
Tg 68 100 11.0 12.0
?9 8 114 10.4 12.8
T1O 68 115 104 12.4
T11 3] 118 10.0 12.6
e 70 118 10.0 12.6
T3 €8 110 10.5 13.4
Tya 68 115 12.0 13.8
@15 0 118 12.0 13.6

#  Average foy thirty two plante (eight placts per replicate)
*#  Averamge for 1°8 plents (32 planis per replicate).



The sccond rank goes to treatwent 3. S1llicate treated
plots are almo found glving better results. All the

treatnento are better than control.

C., ¥isld.
The dmfa on yield of straw and grain obtained
in the final hervest are presented in Table IITI. A

peruaal of the data reveasla:~

1. Straw.

The maxinun yield of straw is obieined from
the plots trested with potaseium and magnesium (Tg). T4s
which ise, potassium + caleium magnealum sillicaite treated
plot is second in rank. Much lower ylelds are recorded
in no potash treatments viz. Tq. T4 and m7. A1l the other
trestments which contein the nutrients studied, singly or
in cowbinations, showed better performance. From the sia~
tisticel enslysis for yield dats (Appendix 2) it is con-
cluded that wajor treaiments nre significant. It is also
geen that potessium spplied at the level of 60 lbs. per

acye yanke firet.

2. Grein.
Phe maxinum yicld 1e obtained Lrow treatment Q

vhich containg potassium ot the rate of 60 1ba. per acre

e

.



Table ITI

Yield in ¥z, per plot
finsl hoyvest

Treatnents Straw Grain
74 4.25 1.36
Ty 5440 1.53
Ty S.44 1.36
T, 4,60 1.49
QS 5.5G 153
Te 6.00 1.53
T7 4,13 1.42
£ 5460 1.55
Ty 6.72 1.79
T10 5e20 141
244 590 1.63
P40 5460 1.63
Ty 5,40 1.42
Taa 5.60 1.64

Tyg 6.12 1.76

~6



together with calclium and magnesium. The minimum yield is
found in the case of control plot. Prom the gtatistical
analyeis (fppendix 1) 1% is oboerved that the major treat-
ments are highly sisnificent. Potassium applied at the
rate of 60 1b. per ecre ia nove efficient than all other

troatments.

o
D, Xutrient uptake by straw_snd grine. S\
A
1. Nitromen {Table IV).

Straw:= Flants from Ty recorded the wmaximum X content on
the 0%k day. Treatment 9, vhich ls a combination of caleciunm
magnesium and 60 1b, K20 has the second place, The straw
of the final harvest containe the moximum nitrogen in ifreat-
ment 2 which conslsts of only 30 1b. of K20 over 40 1h. of
N and 30 1b. of PBOS' T1 and T4 which do not contsin potash
ghowed the minimum values. The nitrogen content decreases
with progress in plant growth., Thus in the ripe atraw the
nibrogen is less by 47 per cent compared to that of plants
of 30 daye' growih.

Snalysis of variance Table (Appendix-2) show that

major and minor itreatnente are significent.

Graing- Haximua nitrogen content is for the grain of

troatment 3 which consists of 60 1b. xao pexr acre over



Table IV
Percentage Nutrient Uptake by straw snd grain

{Fatrogen)
(v)
30%n After harvesding
Treatmenta day

oTTaw Straw Grain
2 1,16 059 1.15
b 1.28 0,77 1.27
Ty 1423 GJ73 1.35
2, 1.20 .55 1.18
g 1.26 Ceb65 1.18
% 1.40 .69 1.22
T7 125 GL.66 1.18
Ty 1.20 G.64 1.1
Tg 1.32 .62 1.18
T10 1.21 (.61 1.4
11 1.13 0.57 1.10
PN 1.21 0.61 1.4
Ty 1.20 0.62 1.18
Tqq 1.19 0.64 1.26

Ty 1.21 0.64 1.20
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the basel dressing. ?11 vecorded the minimum value.
Statistical analysie of the data has revesled that the msjor
treatments are highly significant. It 1s alas secn that the
higher level of potash—aﬁ?(ﬁéo, 60 1b. per acre) is supsrior
%o , (K,0-30 1b. per acre) and 'no potash' (KO) treatmentd,
It is furthor obsexved thet K is the least efficient with
regakd to nitrogen uptske by grain. Anslysis of veriance
Pable (A»pendix 13) hag also showmn that the minor trestments

ara aignificant.

2. Yhoaphorus (Table V),

Styaws~ In the initisl phese the maximum phosphorus contont
is obtained in T? {Potapsiun at the rate of 30 1b. per acre
over basal dreseing). 25 ranked gecond with T, ond Ty show-
ing low valuea. In the subsequent stage of growth T, and Tyg
show the meximum velues with ¥, and ?3 closely followling.
Trom gtatietical analynis, 1t is observed that both major and
minor treatwents asre eignifieant. Among the major irestnents

¥4 and K2 are supcrior to F,. But ¥, renke firat.

In the mature etraw the maximum phosphorus content
is vecorded for treatmenta TE and T?O' Calcium magnestun
pilicate treatment (@15) with €0 1b. of ¥,0 per acre ranks
pecond. Control (%1) has the nintrunm uptske of phosphorus.

It is pertinent Lo obsexrve that T15 which has a minlmum



Table ¥

Percentape Tutrient Uptoke by Strew and Grain

{Phoaphorus)

B,04)
oroctmento. Z0th day 60%h day £fter harvesting

Stravi. Styaw. Straw. CGrain.
T., 0451 0.54 0.26 0.59
T, 0.63 0460 0.32 C.67
‘1’3 0.61 0.60 8230 0.69
?4 050 0.56 0.31 Cl.68
%5 .54 0.58 G353 0.69
@6 0.56 0.63 038 0.69
ﬁ!.? 0.50 058 033 0.7C
Tq 0459 056 0.31 0.67
"3?9 0.58 0.56 0.31 0.72
Tao V34 0.54 0438 .69
P49 .51 0455 €033 0.68
‘1‘12 Q.56 0,53 0.35 Q.68
‘3.’13 .52 0.53 051 De68
Taa 0,55 0.63 0.30 0.68

.49 0.56 056 67T
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phosphoric acid content in the early eiages of growth has
g very much incrraped uptake of this nutrient during the

later abteges spprozimating to that of TB the most elficient.

1% is eleo seon that ae in the cese of nitrogen
phosghorle geid also Gecrenges as ripening sebs in. The
gtyaw of the finel havveot contaig lesg phoophoric acid, |
on an average by 3% per cent compared to the young plants
of 30 deye duration. Ststietlcal analyels, ehew;_that najor
treatments are significant ot 1 per cont level.



Grain:- Haximum value ig recorded by Tye ALl the tregie
ment,\contain more P205 than control. In statietical aunaly- |
gis both wsjor and minor treatments axe found to e signi-
ficant. Anmong the rajor treatments Ké ia superior %o K1 and
Ege KO is the least efficient. Among wminor ireatments T;,’
ranks first. ALY other ftreatments are found superior to

control treatment (%, s

3. Potogaium {(Table VI).

Strawse The mowimum velues are recorded by treatments

‘52 and ‘533 in 30th and Gglth day. "he performance of plante
treated wi*gi celeiun megnesiun eilicate is also fairly good.
In the final sanples, the meximun value is found for Tﬁ
{Calcium + o0 ot 30 1bs. per acre). As plant growth



Table IY

revcontage Hutrient Uptake by Straw and OCrain,
{Potagaium)
(5,0)

30tk doy ©0th day Afber harvesting.

Freatuente. Straw. Strawa. Strawe Grain.
8 135 2.02 .17 2.02
%y 2.5 2.89 129 2496
I3 2.22 2.99 1242 2.67
2, 137 2.27 1.39 2.02
T5 1.96 2.52 1253 2,50
T 1.9% 2.54 1.48 2,70
L 1.3% 2.60 1.16 2.40
?a 1.89 2481 134 2.40
@9 1.73 2.60 137 2.16
4o 1.62 2.43 1.30 2,07
244 1.77 2,68 1.54 2.22
?12 1.81 255 1.52 2,50
T13 1.70 2449 130 2.0%
244 1.91% 2.75 1.49 2.46




advances thers le an increased uptake of potassiunm.
Plants of 60 days growth contain 46 per cent more of potae
gniun than 30 days old onos. OSubsequently the pofash cone

tont decresses by an eoval anount.

The fate obiained, on statistical sorutingy have
shown that the major treatmenis are significant, It is
gleo scen that the major tresinents are alsp significant
at the finel round of snalysis., It is elso raveoled from
the study that the potaseiuvm content of the plant tends to

decreage with the onset of grsin formation and maturity.

frajns~ Maximun velues are found in the case of ’1‘6, '32
and '23. Potaseiun content of grain was found %o be more
than that of the straw. MHinor trveatments are found to be

significant from etatisticsl analysis.

4. Ualotun (Table VII),

Straws~  The uptoke of caloium is maxioum in treatment 11

during the initiel otage. The miniuum values are recorded
by To, ﬁEw and @12. In the second otage ‘}.‘.f heg the naxi-
mun values. 2‘3 ran¥s seconf. The minimum values are
noted in the caso of Ty 4 Ag in the cage of potassiuvg,
the calcium uptake is low in the early shages. Thus the
ghraw of the second round of onalyeis is found te contain

65 per cent more of oaleiun than thet of the first stage.

43



Zable VIX

Percentage Nutrient Uptske by Straw and Grain,

{Celoium)

30th day. 60th dsy.

After harvesting.

Treabuents
Gtrave Shrav. Straw. Grain.

L 0.42 0.72 0452 0.19
EA 0.50 068 057 .22
'1?3 0,50 0.81 0,65 0.2¢
@4 0.42 G717 0.60 0.23
5’?5 Q.50 Q.67 0.60 0.22
e 0.50 0.67 0,62 0.22
2y 0,33 0.84 0.55 .13
Ta 0.42 0. T4 .52 Q.22
‘Eg 0.50 Q.78 Gu52 0.2%
%40 033 0.76 0.53 D.21
Taq 0.55 0.7 0.53 0.22
242 0433 069 0,58 0.21
'L‘.B 042 0.69 0.61 .21
T4g 0.42 0.65 .62 G.24

Ged2 Q.64 0.6€ 0.21




Ag ripening sets in the Caicium content fells on an ave-

rage by 12 per cent.

Pron stobisticsl anslyeis of the data 1t is
found that both wmajor and ninor tresitmonts asre significant.
Anong wajor treatmenta, E:G is obsexved to be superior to Kz
and ¥, more efficient than Faa Among miner treabnents 1‘3

ia nore efficient.

In the analysls of siraw of the final hervest
maximm velnes are recorxded by 'J.‘ﬁ vith TB’ T and T, Pl ¢lo~-
gely following. Ijor treatments are significent in this
cage algo. The Gata heve also revesled the very interegt—
ing fact that, in the meture sirew, the upteke of calcium
by plamts treated with the higher doses 2):? potash (K1 and X,
iz superior to those of the Ko trestuent) e reversal of

the position obtalned in the second stage of growth.

groineg- Vhen grain smalysie ues done maximum values were

recorded by WS. T4 recorded the minimum velues. TFrom sta~-
t4iaticel anslysis major itrectments ere found significent.
In this case zlso K2 is supezior to K, and I«‘O.

5. Megnesium (Teble YIIY).

gtrawi~ In the initisl stage of analysis Tz, ’E,,),, 'DG and

'27 are found to conbain more magnesium then other treatument



fable VIIT,

Yercentepe Hutrient Uvieke by Gtrsw snd Grein.
{Mesmesivm, )

30th day. 60th day. Af%er haxvesbing.

Troatnents

Strow. Strav. Strave Grain.
74 0.0 0.33 0.29 c.14
Qg 0.20 0.39 034 0.15
g 0.20 0.45 0.32 0.15
T ¢a 10 0.3% G 37 013
@5 0.15 0.38 G35 0.14
?é 0.12 o 043 D35 0.4
@? 0.20 0.29 0.32 0.16
Tg 0.10 0.5C 0.33 G.15
Ty .12 Qulf .34 0.15
Tqo 0.12 0.5% 033 0.13
€19 0,12 0.49 0,36 0.1
?12 0.12 C.49 Ta30 0.13
E13 G0 (1.425 G.31 G.12
244 0.1% .45 034 0.14

@15 G.10 040 0.38 016




But in the second stage plsnts from treatment 8 have
revorded the raxinun and treatnent EE.? the minivun veluse,.
Hajor treatments alone are etatintlcalldy eignifilcant, =
ranking Flvet.

In the final stago, treainent 15 recorded the
maxinug values. % ranking second. All the treatments
contain more Mz0 Yhan the conbtroel. Both major and uinow
trentnonts are found significent. Caleium sppears to have
2 benefielsl offect on the ehsorption of magnegiun. The
caleiun trested plant hee a higher uptake of megnesiufes

ag revealsd by statietical enslysis.

Grains~ HYaximem velues sre glven by i’7 and '2.35 where a8

TH records the nminivmm wvalues. In the csse of grain

major treatwente alone are found %o be significant. Anong

the major trestnents K? ranks Tirst vhere as K(} is found
D

least effieiant@ Ky coning in hetween.

6., B11ica (Tablg IX).

Strgwi~ Doth in the initisl =nd second stage of anelysle
i'g has reecorded the highest value. Though in the initial
atage 94 gives 1he lowest gilica content, in the second
stage a1l the treatments were superier to aontrol (‘21}.

In the mature strew {£innl anslysie) the silica content

e

\
N



Table I¥.
Porcentame Mutrient Uptake by Straw snd Grain,

{8ilica)

30th day. 60th day. Affer harvesting.

Preatuents
Straw. Straw, Straw, @rain,.
2, 6.00 6,60 T.1¢ 2.85
T, 5.95 B.24 £4G0 3.80
23 5.90 7.48 8,10 3.80
¥4 5.60 8,10 7,88 3.10
I ToCO 5.09 8410 3.40
%6 7.00 791 8,60 3455
T 5485 715 8425 3.20
Ty T«05 T.55 B30 315
339 7.80 8.26 7490 2.9%
P40 6,10 8.13 7.0 2.70
L2 5.60 775 8,20 330
290 5.032 B.40 B3.10 330
Ty 7.00 8,15 8,05 2.50
Tas 7617 Te 50 8.65 2.84
B 7.7 TS0 8.80 2.84
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is meximum in plants receiving z bigher level of pobeagh
nutrition «long with silica (‘1153. In no podash plots
with or vithous ailica, the uptake of silica is foumd fo
be less. The values are not however siatisticelly signi~-
ficant. It is however noted thot just as in the case of
potasgiva mnd calelum there is ingrezved uptake of pilice
in the ezrly stages with a slight frll with the onset of
ripening. All the trestuents conbein more 8102 than T1

which is the control.

Grain:=~ In the ease of grain maximue velues sre rscorded
by 'i‘2 where ag winimunm vslues were glven by '1‘13. Statisti~
cal anglysis showed that none of the %restments are
glgnificant,



DISCUSSION SR

The fundapendel ioportance of Potassimm in plent
nutrition, particulayly its role in cell division, ssasinila-
tion, nitrate reduction, production omd itraneloestion of care
bohydretes and proteins, engyme action, water eccnomy, utilie
gation of other plent foods, preveniion of pest and digease
infoction and cownteracting vad effects of sdverse woathexr com-
ditions hes beon outlined under the review of llterabure. It
in needless to euphasize that a proper supply undexr svitable
conditions of a nutrient element of m'zdh fayr reaching and varied
physiological functions of greet sgronowic importance, will
greatly help maximisatioa of production of sgricultural crope.
With regard to rice, high yields of quality gxaln and etraw
heve been obtalned in Japsn end other coumtrios and alse in some
of the Indilan Statow, by fertiliszing with higher dosea of
Potasgiut. The prodlem of Potogh manuring of rice in the Rerala
State which ig deficient in bthis sejor food crop, thus assumes
great practicel significance. ke all-iuportant question im
wiether potash applied to the acid maddy soils of the fiate is
utilized by the crov for bebtier growth end yield orx whether the
added potash will have no effect amd be of no prectical value or
gven pexmenently Iost by "fixing". Che problem is discussed
helow in the light of the resulte obtained in the present investi-
gation, which show thet potesh has meny beneficisl elfects on ihe
growth, nutrient uptake and Vield ol the rfice plank.
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A. Yegeiative charsezers rols > to growth

1. Hedrht,

The benefleinl effect of potask i clesr from the
incressed height of plants grown Q;wii:h treatnents conteining 3
potash compared to itreatments devoid of this nuitzient. This
may Ve due to the fact thal potesh plays an importent role in
the formetion of carbohvdrates and proteins in the plant body
oy sugeeated by Helliviepal (1898), Tilfarth and Wimmer (1902)

and Fhalazhi (1961).



2. Biiler production,

Jugt es height incrosse, bobbter tlllexr production
im on inportant messure of plont performance. Data on tiller
eounts at diffevent singes of growth shows that 921-—-%:119 *no
potash' plot--recorzded the minisum valuea. Addition of potaoh
confers on the plent better tillering capaeily. The results
are in accordance with the findings of Hoguchi and Sugawara
{1952) who obsorved that the nunber of tillers was smeller
£for plots without potash., The prement study confirms thelr
findings and further goes o show thal potassium applied sdong
with eilicate produces beiter results, Thakazhi (1961) w
Hitoul and 'Eabahssh;r{'l%ﬁ and Sadanendan (196%5) reported botber
tiller production due to silicon spplicaiion. The increased
+iller production may be the result of benmefleiaml soil
eonditions brousht about by potesh.
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B. ¥Yield.

Better vegetative growth as evitkneed by the increase
in haight and production of t4llers im the plant will naburally
be reflected in incressed yields. PFoitagh nutrition brings

ahout this veéry desirzabdble quality sz shown belows

1o Straw.

The maxioun yield of strew is obbained from the
plots treated with potaseium and capmesium. According to
Hoguehl and Swgaware {1952) yields of grain und straw decreased
with deoremsing levels of potask putrition. Singh (1953),
Hurerjee {1955) and Potascheme experiments (1957) shoved better
yicld of both grain spd etrav in the presence of potassium,.

The present study confirms their findings. The increase in
ptrayv yield obeerved may he due to the better willisation of
nitrogen in the presence of potesh and beotter utilimation of

phogphoyus in the presconce of magneslivme

2. Grain.

The resulis have shown that maximun yleld of grain
is in tho cmgs of plote treated with sobtmssium gt the rate of
60 1ha. per ecre togethor with calelum and negnesiun. Thakeghi
{19€1) reported inerezsed yield of grain in presence of
potasaium. Tho resulte of the pregent investigetion also

gupports his view. The increase in yield due 5 the presence



of potassium mey be attribuled to the feet that 4t plays an
important role for carbon essimilation, formation of protein
snd translocation of the formed substances., During the course
of the growth of rice plant, it requires & lot of pugar as the
souree of the emergy and suger is formed from cerbon dloxide
and water in the leaves through the functions of chlorephyll,
gunlight and & muwber of essential clements of whieh potaseiun

pleys an important role,

C. Piant Ansiysis-~Hutrient Upteke and Inter-relationship,
It wey be noted in this context that the growth

and yieid of plants aré in fact controlled by the nutrients
contained in the goll and the piant and their availability and
intoy-relationship. Funerous leberatories devote their time
to g0il analysis in order to sesesg fertilizer response. Soil
aﬁélytical mathois, however, are largely eupirical and we have
yet no absclute fundamentsl measure which can give & precise
quénﬁitative definition of nutrient availebility to all soil
tyvey and honce 1t is often 4ifficult to declde fertility
norme frowm these analyses, The chemicsl composition of the
plonte has therefore beoen considersd a better guide. Increa-
aing use of this method has of late been remorted o provide
quantitative information on how much nutrients should be added
t0 the @01l to meet the demsnds of the plant. The nutrient

content of the plant will thus be a measure of its uptake by



plent woots snd concequently & relinble index of ite
ayailabllity.

Aa stated alrendy, povach manvrirg considerably
incresges the growth and yield of the zics plant. This goes
well with incressed uptake of nubtrients, ©his aspect of the
problon snd the upteks of potassium in reletion to nitregen,
phosphorns, calcium, nagnesiun sand silicon sre triefly digs-

cusged balow.

1. Hitrogen.

It is nbeerved that treatuent 6 and treatment 9
ocoupy the tet and 2nd rank in the initiel obages. But in
the last stepe trestment 2 vhich coniains potassium alens has
zecorded the mmximm velue. T, and % which do not contain

potash show the ninimm values.

The reoults obiained In the present giuvdy ere in
accordance with the work of Richard (1938). Ie zoporbted that
the il ubiiisstion of nitrogen ie possible only in the
pregence of potaseium. Furiher; 4t is soen that wlth progress
0% maturity the uitzogen content decrcnsess This may bte due

0 the utillsation of nitrogen for the foxmation of grain.

The xaximum uptzke of nitrogen in grain e found in

the cage of treatment 3 which containg omly potmssium at the
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rate of 60 lbs. per acre. Stalistical analyeis has revealed
+hat both major and minor treatments are significent end among
ma jor tresiments Kguu(?otaseiumu-ﬁﬁ 1bs, per acre) is superior

0 K1 and Kb.

2l Phosphorus.

The ebraw obtained from potasaiuwm included tremtmenta
contain more phosphorus then the no potash treatment. Though
T, excelled in the inltial atpge, the lead is taken over by Tﬁ
ané @14 in the gecond stsge., But in the mature straw, the
ﬂﬂximum phosphorua content is in T, ond ?10' These rosulie
ﬂrove the fact that potash has a beneficiml offect on the
ﬂptaka of phosphorus.

)

3. Poteasium,

{ The potassivm untske of straw is found to be inorea-
%eé by potassium spplication es evidenced from the hetter
Yesults exhibited by potessium treated plants. Among the
treatments, potassiunm applied singly at the rate of 30 lbs.
%20 por acre and 60 lba. K20 POT DOYE, T2 and §3 respectively,
syre better in the first two stages. These resulis are in
\ccordance with the findings of Purrell (1944), Nelson et.gl.
51945), Aldrich and Coony (1992) snd Tucker and Smith (19%52),

?ut in the final sbage the naximum velue is obieined in Ts
fcalcium + ¥y). This may be due to the fact that calcium
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i(}ms can increase the permeability of plant tissues to pota~-

splum ions. Increase in uptake of potassium due to the pwe~

senice of calelum dons wss obiained by Viet (1942) and ¥ongy

a?a Verghese (1964).

‘ It is slao observed thet the upiske of potassium
d‘uring the leter stages of growth increaseg. But with the
aﬁset of grain formation the potassiun content of straw de-
creascs, A possible explanmiion for thie masy be the tyanslo-
cﬁtion of potasgium from the vegetative parts to the grain.

i
The analysis of grain for nutrient uptake has revenled that
potagslun upiteke followed the sane trend as siraw le. pote-
saiuvg treated plants T1, '1‘2 and '326 ghow rthe mexinun values.
The vesults reveal the faet that potesh masnuring of rice soils
of Xeralas State is 2 benefiecisl practize, The added potash
is mctually avallsble to the plant for grester production of

better guakity grain ond shraw.

4. Caleium.

The important fact brought out in the present in-
veatigotion is that there is no regular pattern in calelun
uptake of the straw. Statistical englysis has revezled that
pajor treatments are significent with regard %o calcium uptake.
Further, KO is superior %o K;, and K.‘. This is the case in the
initial stages of growth only. BHut in the mature straw the
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position 1s reversed,plants treated with higher doses of
potash producing plants of higher ealciun content. Judging
Lrom the overall final result, the present study does not
ghow any evidence for the “"Calclume~Fotagh anitzgonien® theory
postwlated by Ehrenberg {1519) and York end RoSexs {1947).

The etraw of the final harvest contains maximun
ealefun in ftreabment 15 which is celeiuvm-magnesium~gilicatet
KQO 60 lbs. per acre. This additlonsl beneficial effect may
be due to the presence of silicate. Increaged upteke of
ealeiun in straw with siliclc acld application was reported
by Utegave and fzehims (1963) end Ssdanandan (1965).

The potaseiun inciuded treatments produce grain
with maximum celeium content where me no potesh treainments
produce the lowsst. FProm thie it is clear that potassiuvm
is not lost through fixation but utilised at the time of
grain setting. It nay be noted however that analysis of
grain could be undertaken only st the time of final haxvest.
Yhether thers is an initiel lag in cslicium uptake during the
early steges of grain formation as observed in the case of

ptraw, only Purither work can show.

5. Yagnesium,
Potagelur lucluded trezitments are found to produce
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gfraw with higher magneslum content. These resulte are
supported by the findings of Walsh and Tamb {1955). A

posaible explanation for thias is that megnesiun iong can
incresge the mobility of potash. S

‘}.EJ

-

\
Auong the potash carriers, calcium-magnesive— *

gilicale hag proved to be the best in the finel harvest.
Thia resull Is well corvelated with the finding of
Sadananden (1965). Both major end minor itremtments are
significant. Awong the ninor treatments caleium appears
to Lave a beneficlal effect on the absorption of megne~

sium as revealed by statisticel enalysils.

The calciun magnesium silicote with kigher dose
of potassliun and celeiun ie predominent in the case of
zrain also with regord the magnesiun uvpiske., Auong the

A
major treatments Ka, ig found %o be the most superior.

6, Silicon.
Both in the initial end sceond shage of analysis

ragnesium avplication hes effectlvely incressed silicon up~
take by straw. 3But in the finsl stage, the aillica content
of straw is maximum in plants roceiving a higher level of
potash along with sillica. In no potesh plots with or with-

out silica, the uptake of silica ias found to be loss.
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Results of a similar nature were presented by Utagawa and
Kashine {1963}, Padmaja and Verghese {1964) end Sedsnsndan
(1965) snd many others.

It may also be noted thab silicon percentage of
atraw incressss with maburity. Statistlcal anslysic however

showed that none of the treatmenvs are significant.

The resulte dlscussed sbove may now be considered

in relation to the Chemistry of soil potash.

Soil Potagh,

The Chexiatry and nineralogy of soil potash is even
now a controversial subject. Since the clay fraction is the
peat of minerasl fertility of the soil, the potessiun supply-
ing power of soils is esgentially & function of the soil
colloid,. According to recent work, the clay minerals chiefly
concerned in thie consist of the Kaolinltic "Type® (1:1
Lattice type represented by FKaolinite and Halloysite), the
Tydrated Mice type 2:1 latiice Type represented by Illite)
and Montmorillonite or Nxpanding Isttice type {2:1 Lattice
Type, represented by Montmorillonite end Bledellite).
Potassium occuples a graded series of positione in these minew-

rale resulting in & gradient in relative ease of removal.
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At the moxe flexible end of this series potaseium
iz attached to the cley mineral Iin a form which is well known
aa "Exchangeable” or “replaceable" potassiwm. In this form
potassiun is bound up loose in the outer kernel of the clay
ninerals and can be easily taken up by the plente by its con-
version to water soluble polash which forms the soll solution
feeding the plant roots. If ootaselic manures are added to
the aoil, the K ion enters the clay by repiseing the “exchange-
able" calcium and replevishes the stock of "exchangeable”
potash to supply the potash in the soll solution as and when
the plant needa. The wetor epoluble and exchangesble potash
are reveraibly convertible and their relationshlp forms the
ey to potash avellability end potssh response. If the ori-
ginal resexrves of exchangeable potzgh are high, the rlants

ey not respond te additionzl wotash.

At the less flexible extreme end of the potash
Sexrles, the potassium occupies & stable position deeply
burried in the collold particle (eg. Illite which is ellled £
to the primery rock minerzl muscovite) and it iz dislofged
with great Qifficulty under field conditions. Added pota-~
sgium vhich reacte with the elay fraction and enters into
exchengeable form by chemical reaction may revert te non-
exchangeable or "fixed form". This iz called "potash fixatlon.

lowever, its firmnese of attachment lies midwsey between that
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of exchangesble and lattice poitessiuvme. It is consliderably
more available than the &ifficulﬁq available form and ney
be conaidored to be moderstely availsble. The tranaforme-
tion of exchangeable potessium o the Lixed fovm and hack
egain 1g 2 balanced equilibriuwm vesction. TFurther, the
fixation of potassiun is & characterestic of elays of the
Yontmorilionite and I1lite groups snd iz sbeent Lrom that
of ihe Eaolinite grovp. Fization is sleo elight in sold soll.

It is evident from the ohove that the essence of
potash fexrtility aud the phenowonon of response to potash
nanvring is dependent prinorily on the morae or less floxi-
ble equilibrium of the different foxme of potessivm in the

colloidal clay, the nature of the cley smd the soll reaction.

Foshi (1962) fron his investigations on Vellayanl
sodls has establlahed the Faclindtie nature of these solls.
The sodl used in the present stvdy is distinetly acldic,
having & o% of 4.6. These facte cougidered zlong with the
various beneficisl effects discussed in the fore-going poges
would show thet potash fixation ie not 8 gerious problem here.
The evidence would further supnort the view that in en zeid
Kaolinitic goil, the phenomenon of potash fixation, if at all
present, is only a beneficiol nechanien and the trend of the

balanced reactions of the different forms of potasclunm in the
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soil is more towards the release of polessium readily avel-
lable to the plant. %The results aleo show that the use of
s0dl snendments like lime or celelur magnesiun compovnds
will no% &n any way adversely affect the efficlent utilise-
$ion of the potash of the cdded fertilizer.

Tne precent study would thus make mch more stron-
gor the case of potash menuring of rice in Rerals State and

probably clsevhere in Tndia.



STIBARY AUD CONCLUSIONS

SUBMARY,

The atudy of potash nutyrition of rice for maximum
econonle yields of grain and straw of high quelity has not

ao fer received adequate attention.

In recent years, however, the use ef potash in
rice production has made remarkable progress in Japan and
in India. But sufficlent date are not yet aveilable with
reogerd to the need for notash wenuring of Rice in Kerzla.
It is well known that rice soils of Ferala are very poor
in lime status due o high rz2infall obitained in the State.
It hes heen found that liming affects the available potash

contentg in the soila.

With the above picture of rice nuidrivion with
particular reference to the Herals State In view, a field

experinent was laid out with split plot in Rendomised Block
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Dogige to asgess the effect of caleiunm, magmesium and silicon

on the fixzetion, relezase nand ubilization of potash with

regayd to rice crop.

The treatmenis were three levels of potassium

gingly and in combination with caleiun, nagnesium, caleciun +

magnesium and caleium + magpesium + silicon. Hitrogen and
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phosphoric acid at the rate of 40 and 30 lbs. respectively

were applied as the basal dressing.

Soil sample uped for the stuly waé analysed for
chenieal constituents, mechanieazl composition and physical

properties.

Periodieal observationa on plant behaviour, such
a8 helght messurements and tiller counbs were made. Chemical
enplysis of various parte of rice plant were carried out ai
three gtagea corresponding to the vegetative phase, flower~
ing stage and Linal stage of maturity, From the analytical
values obtalned, the uptake of nitrogen, phosphoric acid,
potash, calcium, mognesium and silicon in the different

plant parts were conmputed.

Statistlcal analysis was doune for the nubtrient
content in the last two stages of grovih for both grain and
gtraw and for the yield data.

GONCLUSIONS

The following mre the conclusions drawn from the
present studieas in the light of observatlons neode and stati-

atlcal evaluation of datz worked oul,

1. The height messuvements recorded reveal the

benefieial influence of potagh in promoting growih.
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2. The tillering capaclty of the rice plent is
maximum in potash treated plote. Silicate slong with potash

also fares wall,

3. The straw yields of the potassium treated plots
are higher thon those of no potash plots, thereby establish~
ing the influence of potash in promoting straw yield. Higher

levels of potash have hetier effect.

4. Potassium at higher levels along with calelum
end magnesium have vecorded maximum grain yleld.

5. The application of potagh promotes the aveila—
bility of nitrogen manifested in the increased uptake of
nitrogen by the plants.

6. The maximum uptake of phosphorus is obtained
with potash at 60 1lba, per acre. Caleium magneslum silieate

along with potassium renks second.

7. The observed incrensing uptake of potash by
strew is followed by e proporitionate increase in growth of
the plant. The potash uptake however decreases with the

grain formation.
8. The potassium promotes the upiake of calcium
as evidenced by the straw analysie et the finad stage.

9. Megnesium and silicon uptake are proportional
to the potash application.

85



Practical implications,

1. The present investigation shows that potash
monuring hae many beneficisl effeets which ave ultimately
manifested in the increased production of grain and straw
of high quality.

2. The programme of inteneive cultivaition of rice
by inereased use of fertilizers ineluding potash can work
harmoniously with the drive for the liberal use of soll
anendments like lime or dolomite lime in aeid soll tracts.
Thoge s0il amendments will not in any way adversely affect

the uptake and efficient ubiliseation of potash.
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Appendix 1

inalysie of verisnce table for Grain yield.

Sua of 3 o vapiance ¥

Source pquares

Total 3.8 59

Blocks 0.4 3 0.,1333  13,3%*
Hajor tyeatments 0.3 2 0.150 15.5%%
Vhole plot error 0.1 6 0.16

Minor f{reatments 0.2916 4 0.0729 1.73
Interaction 0.89 8 0111 2.8%
Sub plot error 1.42 36 Q.04

Critics) difference 0.1028

Conclusion: K2 E.‘ Ko

*  Bignificant at 5 per cent level
#*  gignificant at 1 per cent level



Appendix 2.

Anslysis of Varisnce Table for Straw yield.

Source S8 d.f. Variance F
Potzl 99.813 59
Block 65.6 3 21.8667 240.2%%
Hajor treatments 11.05 2 5,525 60, T3
Yhole plot error 0,55 é 0,001
ltinor tresiments £.0833 4 1.5208 3.505%
Interaction 11.27 8 1.41 3.06%
Sub plot error 5.26 36 0.46
Conclugion: K2 K.‘ Ko

95-&*3-%-?2-'21



Appendix 3

Malveis of varionce Table for Mutyient Uptake in the

Second Stage

(Phg. sphom}
fource Se8. d.f, Variance P
Patal ©.0900 59
Rock 0.0048 3 0.00153 2.35
Hejor treatumenis 0.0100 2 0.00500 7,70**
‘hole plot erxor 00,6035 6 0.00065
Mnor treatments 0.0188 4 0.00470 6,7%%
Intexaction 0.0272 & 0.00340 5.0%%
sub plot error 0.025% %6 0.00070
Conclusions K2 KO




Anpendix 4

Apadyals. of vexisnce Table for Hutrient Upieke in the
Seaond Stage
{Potaseium, )
Source 8.8, d.f. Varianece r
Total 4,0350 59
Block 0,0560 3 0.0153 0.744
Hia jor treatmente 1.5620 2 0.7810  38,.180%¥
Whole plot error 0.1229 é 0.0205
Mnor treatments 0.2160 4 0.054C 2.36
Interaction 1.2190 8 0,1523 6.65%*
Sub plot erroxr 0.8241 36 0.0229

Conelusion: K1 K2 Ko



Apvendix B

Anelyeis of variance Toble for Nutrient Upteke in the

Second Stage

(caloium)
Source 2.8 d.f Variance .
Tobal 0.3229% 59
Blocks 0.0277 3 0.0092
Hajor treatuents 0.033%6 2 0.0168 B,50%%
Yhole plot error 0.0067 8 0.0011 15.27%%
Hinor treatmente 0.0896 4 0.0224 30.00%%
Intersction 0.1380 8 0.0172 2%5.,00%%
Sub plot error Q.0272 36 C.00075
Coneclusion: Kb K2 K1

T, %, T T



Appendix 6

Anslyals of varience Table for Nutrient Uptake in the

Second Stage

(Magnesivm)
Source 8.8 d.f TVariance ?
Total 0.9043 59
Block 0.0018 3 0,0006 0.265
Hajor treotments 0.1102 2 0.0551 24,3804+
Whole plot errox 0.01%6 6 0.00226
¥inor troatments 0.0652 4 0.0163 0.930
Interaction 0.0729 8 0.0098 0.500
Sub plet ervor 0.633%6 36 0.176
Conclusion: X, ¥, Kk




Appendix 7

Analysis of variance Table for Nutrient Uptake in the

Second Stage

(silica).
Source SeSe d.f Variance F.
Total 26,0804 59
Blocks 0.1618 3 0.5236 2.56
¥ajor treatments 0.9521 2 0.4760 2.33
Whole plot error 1.2244 6 0.2041
Minor treatments 2.8799 4 0.7199 2.25
Interaction 6.9125 8 0.8641 2.71%
Sudb plot erroxr 13.9497 36 0.3188




Appendix 8

Analyasis of varlance Table for Nuirient Content of

Straw in the final sieaze
Nitrogen ().

Source 8.5, d.f. Variance B,
Total 0.2707 59

Block 0.009 3 ¢.003 1.2
Major treatments 0.0% 2 0,025 10.2%+
Yhole plot exrror 0.01% 6 0,002%

¥inor treatments 0.04 4 0.0100 Se58%
Interaction 0.15 8 0.,0187 10.38n%
Sub plot error 0.0067 36 £.0018

Conclusiont K2 K1 KO



Appendix 9
Analygis of variance Table for Nutrient conbtent of Straw

in the final stege
Phosphorus (xgoi

Source. 8.5 d.f. TVariance F.
Total 0.1888 59
Blocks 0.03 3 0.0100 6.66%
Major treatmenta 0.031 2 0.0155 10.5%*
Whole plot error 0,009 6 0.0015
inor treatments 0.04 4 0.06100 8,07*
Interaction 0.057 8 0.0046 4.0%
Sub plot ervor 0.0418 36 G.00115
Conclusion: K1 Ké Ko

By T, T, Ty T,



Appendix 10
Analysis of varisnee Table for Nutrient content of Htraw
in $he final stage

(Potapsiun)
K‘ZO

Source B.5. d.f Variance P
Potal 0.95 59
Blocks 0 3 Y T
¥ajor 6.18 2 0.90 6%
Whole plot exxor 0.09 6 0.015
Minor treatments 0.33 4 0.082 2.4%
Interaction 0.227 8 0.028 0.82
Error 0.123 26 0.034

Conclusions I{2 K'l I{O



Appendix 11

Analyeis of variesnce Table for Nutrient content of Straw
in the final stege

{Caleium)
Cal

Source 5.8 é.f Variance P
Total 0.393 59
Blocks 0.10 3 0.0330 19.4
Major treatmente 0.131 2 0.0655 38.5%%
Vhole plot error 0.01 6 0.0017
finor treatments 0.14 4 0.0350 43, 75%%
Interaction 0.008 8 0.00011 1.375
Sub plot errox 0.003 36 0.0008
Conclusion: Ka K1 KO

TS T, T, 7 4 TE



Appendix 12

Analyeis of variance Pable for Nutrient content of Straw

in the final atape

agnesiva (i1 go)

Source Se S d.f, Variance ¥
Potal 0.0667 59
Plocks 0.015 3 0.005 15, 15%%
Majoxr treatnents 0,016 2 0,008 24 ,24%*
Yhole plot exror 0.002 [ $.00033
Hinor treatmenta 0.62 4 0.00% 2.6%%
Interaction 0.007 a 0.00081 0.46%
fub plot error 0.0067 36 0.0019
Conclusion: 4 2 i\io

Ty T, T T3 4



Sppendix 13.

Anslvsia of varience Toble for Nutrient uptoke of Graing.
(Nitrogen)

Source 8.8, d.f Variance ?.
Total (.2839 59
Block 0.0039 3 0.00196  98n*
Major treatments 0.0243% 2 0.,01215 602%%
hole plot exrvoxr 0.0001 6 0,00002
Hinor irestments 0.214 4 00,0534 PR
Interaction 0.0095 a C.00012  1.69
Sub plot error 0.0301 36 0,00083
Conclugion: K2 K1 Ko

'1!1 T’S '.Ee TB '1’4



Appendlix 14

Anslysie of varlance Tsble for the Nutrlent Uptake of Grains

Phogphorus,
Source S.8. d,f Variance F,
Total 0.0698 59
Block 0.001 2 0.0003 3.00
Hajor tremtments 0.0018 2 0.0009 9.00%
Whole plot erroxr 0.0008 6 0.0001
¥inor treatments 0.0151 2 0.00%8 6.8%%
Interaction 0.03%05 8 0.0038 6.8
Sub plot error 0.02086 36 0.00056

Concluslon: K2 K1 KO



Appendix 15
Analvais of varisnce Table for the Hubzient content

of Graing

(Potessium)
Source S48 d.f Variance F.
Total 6.0917 59
Blocks ‘ 0.7206 3 0.,2402 0.5218
Hajor treatments 0.9643 2 0.4821 1.0470
Uhole plot error 2,7619 6 0.4603
Minor treatments 0.2861 4 0.7150  37,6%*
Interaction 0.66 8 0.0825 4.3%
Sub plot error 0.6988 36 0,019

Conclusions T3 Tt



Appendiz 16
Analyeis of varisnce Teble for the Nutrient content

of Greing,

{Caleivm),
Source SeS, d.f. Variance P,
Total €,0310 59
Blocks 0.0045 3 0.0015 Fe
Mejor treatmenta 0,00%1 2 0.00155 3.1*
While plot error 0.0029 6 0,00048
Winor treabmenis ©.0011 4 0.000275 0.86
Interaction 0.0078 8 0.000975 3.04%
Sub plot error 0,0116 36 0,00032

Conclusions E2 K1 Kb



Appendiz 17

Analysis of variance Table for Nutrient content

~ <lg
> '/_— (% h\\
= £ AN
> <

3 < -

of Grains.
Mognesium (g0)

Source 5.8, d.f, Variavce ¥
Total 0,0396 59

Blocks 0.0253% 3 G.0084 9.35%
Ma joxr treatments 0.0011 2 0.0005 5.5¥%
Whole plot errox 0.000542 6 0.00009

Minor treatments 0.0061 4 0.0015 1.9
Interaction 0.,0038 8 0.0005

Sub plot error 0.0028 36 0.00079 0.63
Conclugion: K2 E1 KO
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METHOD 0F TAKING SAMPLES
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RANDOM NUMBERS FOR Ap=12 12
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