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INTRODUCTION

in Kersla, rice is culbiveted over an area of
approximalely 2 million ncves and bthe snnusl produckion
is about 40 %0 11 million bons., This gqusntity mests
only about 50 porcent of the cercrl regquirementa of tho
Slnte. Seavelty of cereml food is therefore the majoy
probien in Kersle boday end an all out effort is baing
made bo bridge the wide gmp belween the production and
demond for ricg. Ixtension of the area under eullbivecllon
ig no more Zfeamsible because all the cultivable land im
this Bianbe hos slrendy beon brought under %he plough.
The only method by which production can be inereascd .o
by adopbing intensive methods of ocultivetion. The
introduction of high yielding vaorietbies of rice, the
Judlicious ume of fertilizers end the adoption of improved
cultursl practices are among the smetbhods suggesbed Low
intensiflying the production of this ercp. ZResently o
programme hag beon lounched for introducing high ferdi—
lizew» rosponsive veriebles of rice into Kerala. Among
the more promising varities that huve been recenily
intyroduced are Painan 3 and Taichung Native 1. Those

varicbics which ave from Teaiwen are well lnown for hbhely



heavy yields and they are being at present tried in the
difforent research stations and cultivators' fields in
Kerala.

The performance of Tainan 3 and Taichung Rative 1
in Kerala soils haa been encourrging and it is hoped
that the introduction of these varieties will go a long
way in finding a solution to the food problem of the
Jtates For {the asucceseful cultivation of these varicties
it 1a necessery thet more precise information about their
mutrient requirements in our soils is obtained. It is
well lkmown that high yielding verieties of rice make
hesvy demands on the soil for the major plant food
elements. The data now available on the response of
Tainan 3 and Taichung Netive 1 to nitrogen, phosphorus
and potassium undexr conditiona obtained in Kerglae azre
rather meagre. It was therefore congidered essential to
undertake situdies for determining the cffect of ench of
the major nutrients on the growth and yield characters
of theae two varieties of rice with a view to supplemen-
ting the data thaet may be obtained from the triesls now
in progreas in the reseamrch gtations and cultivatora’

flelds. Accordingly, a comprehensive investigsztion wes



started in the Agrioultural College and Resemrch
Institute, Vellayani, for studying the effect of
nitrogen, phosphorus snd potezssium on the growth, yicld
znd nubrient abeorption by Teinen 3 end Taiohung Nabive 1.
Three post gradumie students including the author
collgborsbed in this sludy and each one hnad to deal with
one of the major nutrients. The work sssigned to the
author related to phosphorus.

The relationship of phosphorus to plant growth
has long been recognimsed, but its important role in plant
life ie only now being fully reslised. This element is
a constituent of nucleic meid, phytin and phospholipids.
Adequate supply of phosphorus in the early stages of
plant growih is negessery for laying down the primordia
for the reproductive parts of the plamt. It has also
been associated with seed formation and bthe early
maturity of crops, partionlarly cererls. TFhosphorus is
als0 consideored necessary for atinmuleting root growth and
the esrly ecoteblishment of the plant in the soil. The
deficienoy of phosphorus is generally mocompanied by a
atunted growth, a deep green colour of foliage and a
bunching together of the iesves. Fertilily surveys

oarried ou? in Kerala State snd the moil test date thatl



have acoumulatod in the past decade indieate that 90
percent of our soila are seriously deficlent in thia
important plant fcod element. This has been furthex
corrobernted by the positive response to applications
of phosphorus obtained in many researoh stations and
cul tivatoxs' fields.

The present investigation wes ‘therefore unden-
token with the fellowing thrvee mein objeotivesi,

1. To determine the response of Tainan 3 and
Tuioung Native 1 to increraing levels of
phosphorus.

2. To study the deficioncy symptoms, if any,
exhibited by these varieties due %o leck of

phosphorus, and

3. To mesesz the effect of phosphorus at different

levels on the uptake of the major nutrients,
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REVIEW OF LITERATURE

The literature dealing with the effeot of
phogphorus on the growth, yield snd composition of
agricultarsl crops is voluminous and hence a complete
roview of literature on this subject is not atiempied
here. Oniy publications having a direct bearing on ithe

work embodied in this thesis are reviewed below.

A. Physiologieal role of phosphorug

Ishizuka and Tanake (1952) found that increasing
levels of phosphorus application caused a decreanse in bhe
starch content and mn increase in ‘the crude probein and
crude fot contents of the grain in naddy. Increapss in
atarch content due to ‘the epplicetion of phosphatic

fertilizers was recorded by Moriya and Sato (1958),

Morita (1953) noted a delay in the yellowing of
the lenves of the rice plant due to lack of phosphorus.
Yoshida (1958) reported that increased ampplication of

phoaphorua promoted roob growth snd tillering and hooloned

g burity.

Fajiware and Ohira (1959), while studying the

pbysioclogical role of phosphorus in higher plants, obucrved



an inhibition of nitrogen absorption, protein synthemin
and growth in rice due to an insufficient supply of

phosphorug.

Gasoer (1956) reported sn incrcamse in the
phogphorus ond coleium contents of grain, s decrepse in
‘the nitrogen conbsnt and a veriable effect on pobash due

to the appliocmtion of phosphatic Ffertilizers to rice.

In their study of the nutritive vaiue of rice,
Besak gb £l (1961) obtained a negative influence on tho
probein, ? =and Ca content of grain by the spplicstion of
vhosphorus @long with potasasium snd gnlcium.

v vwhile studying the growlh habit and nutrient untake
of Tainan 3 and Peta, Tanaka et al (1964) found thel Iln
the aelive sbraw, phosphorus levels decreased for a timgc
after brangplenting, then slowly incresased and aftor
veaching & peak agsin decrcased townrds metburity. Duving
ripening nitrogen and phosphorus were tranalocated Trom

straw to grain.

Petinov and Kheranysn (1960) concluded that
phosphorug and nitrogen usuelly decreascd the bound waley
eontent by increasing the free waber, thereby incremoing

the resprratory rate of the leaves and rooia of rice.



Lal ond Prasad (1947) found %that in optimal domes
phosphorus improved the reproductive vigour more then
the vegetative. They also noted that slong with ui trogen,
phosphoras tended to inoremse the protein content.

Burriel et al (1951) recorded an increase in dry
weight, ash, crude protein, ebher exiractiveas, fibre P
wnd Mg of spring oats by the applications of superphoophate.
Me Coy et al (1951) coneluded that phosphorus was unchble
to ineroaze the asmount of folic necid, biotin, niacin and

calcium pentothenate in oats.

in water and sand culiure studies on peam, beans;
maize and barley, Udovenko znd Bezlyudnyi (1965) obsorved
that improved phosphorus nutrition increased the concon-
tration of minersl phosphorus, hexose sugar and protein
in the plants while it affected the phosphotide and

nucleoproteid sontents to lesser extents,

HRomanchnk (1958) obtained an increcase in bhe number
of chloropleats in leaves, and stzrch oontent of lubers
in potatoes by the application of phosphorus along with
nitrogen, potassium, oalcium and magnesium. Krapivenko
(1960) rascorded m remarkable increase in the chlorophyll
content of leaves and accumulation of dxy matter and a
8light decrease in the accumulation of carbohydrates in



* all orgsns of ‘the rice plent due to the application of
phoaphorus along with nitrogen and potassium,

Okamoto (1950) reported that rice oould be
protected from Piricularia oryzas (Glast diseazse) by the
application of phosphatio fertilizers, while Malagull eb @)
(1951) and Krishnesweni (1952) reported no effect on the
incidence of blast dlacase by the application of this

element,

Hirgno snd Ishil {1959) observed an inorease in
the nunmber of larvae of the etem borer, Chilo suppresnalis
when high levels of phosphorus were applied.

Brown et sl (1955) reported thut rice grewn on
flooded soil waz vexry susceptible to chloroasis when

phosphorus and copper salts wers added in cexcess,

B, Defiloiency symptoms

Alyar (1946) hes reported phesphorus defioioncy
symptoma in rice inm Burma, Madrss snd Bihar. Phosphorus
defloient plants were found to be stunted, with snall
dark green or blue green leaves bunohed together, Privary
rootns were elongated and deep reddish brown in colour end

there wes complete absence of secondory surince Toois.



The cropn failed to rosmch maturity znd remsined gyeon
though the eavs end grain reached proper developmont.
Phosphorua deficiency caused an accumulation of tobal
protein and goluble nitrogen in the plant. Roots of
phoaphorus defliclent plants econtained s mueh higher
pereentbonge of ivon than the plants monured with phospheorus.
in the airaw there was a positive correlaiion between 4the
phosphordas content on the one hand and potsssium oy
megnesium content on the obher. The corralation bebween
nibrogen end phosphorus contents of sbraw and grein wos

nagative and highly signifloond.

Hayoohi ot gl (1951) while studying the productive
efficiency of phosphoruy nutyition for rice observed g

shoppage of 00t growth by the deficiency of this oleaond,

The syaptoms of phosphoyus deficienoy in obhor
orops hove been dosoribed by n number of workers. Mo
Hurbrey {1049) noted that tobporo plants were sbtunbed
ond elow in growth with o rosetbe condition in bthe olsonce
of ndeguate phoaphorus nubribion. According o Cooprr snd
Donald (1949), under oonditions of phosphorus deficioncy,
epbton plonts wore subject to dwarfing with smell lcoves
end o Jderk green colour. Jone gt gt (1949) noted bt

potato plents were rotarded in growlh and required n



longer perlod for maturation when phosphoras wam

deficient.

Skioner and Purvis (1949), nz quoted by Raheje
(1966), observed a retarded growth without leaf chlorceis
and with dexrk green coloured leaves in tomatoea, raddish,
celery, onion and leafy vegetables due to phosphorua
deficienocy.

Tal and Subba Rao (1960) reported & reduction in
tillering, icaf number and dry weight in barley; &
reduction of all the vegetative characters except lesaf
8lze in paddy and a diminution of the generrl vegetgtive
growth in maize due to phosphorus deficiency.

Lol end Singh (1963) obtained a reduction ln the
quantity of nitrogen in the dry matter of leaf and rool
due to the deficiency of phosphorus.

Roy 2nd Detta (1963) reported that lack of
phosphorus inhibited root growth in maize.

C. Effect of Phosphorus on the growth and yield of Faddy

Coyaud (1949), studying the effect of chemical
fortilizers on rice in Tonkin, observed that phosphorus



inoressed yields considerably on light soils, slighily
on clayey soils and variably on mrlluvial soils.

Cheng and Toeng's {1953) work on the rice soils
of Taiwan revesled a slight increase in yield on laleritio
s0ils and mlate~alluvial soila and no inorense in yield
on sendstone znd shale-alluvial goils due to the applioca-
tion of phosphorus.

An increased grain yield of 20-36 percent was
recorded by Rhind et gl (1949) by presoaking the psddy
seeds in nutrient solutions of phosphorus. Abichandnni
(1959) wloo obtained en ineresse in grain yield of B-15
percent by presoaking the paddy seeda in similur solutions.

Boragio (1951) found that renochypophosphate used
in conjunction with urea and muriate of potash was more

effeotive than superphosphate,

In Java soils Chandrarathna (1951) obtained
excellont response for rioe to phosphate application snd
he has atated that double super was very effective when
applied in smell, frequent doses.

N Parthasarathy (1953) obtsined mn increase in yield
due to the application of 150 1b of superphosphate and
ammoniun sulphate along with 4000~5000 1b per acre of Sreen

manure, U
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Q‘aree Ramulu and Meriskulendai (1963) obtained
inorensod yield of rice by the application of supex-
phosphato along with Fara Yard Manure.)

Mukherjee (1955) conduoted a series of trialm on
ocultivatora' fields in Biher and reported & positive
response %o the application of superphomphate.

Digar (1960) got on increase in yield by the
application of phosphorus slong with nitrogen but a
decrease in the atraw to gl;ain ratio was alao reported by

him due to the application of superphosphate.

(UBasak et al (1960) found ¥hnt in water-logged Tice
soils en applioation of 20 1bv of ?205 per mere as super- |
phosphate along with nitrogen 4did not influence the yiecld.
This they attribvuted to the low phosphorus requirement of
the rioce orop and to the formation of relatively unaveil-

able compounds of iron snd aluminium with phoephoms.?

Ganguly snd Helwani (1961) reported that the
epplication of superphoaphate at 160 1b of 1?205 per aovre
along with 60 1b per acre of N as nmmonium sulphable did
not produce any signifioant inoreaese in the yield of puidy.

Debte and Datta (1963) recorded a progresaive
inecrease in yield (above 50 percent) using radioaoctive
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guperphosphate (21.5 percent 1’205) and flooding the yd.ce
soil with 5 om of stonding water. They also reported thet
flooding wns effective in increasing the release of avail~
able soll phosphorus, uptake of soil and fertilizer
phoaphomas and utilization of applied phosphorus:)

Ghosh (1963) siated that the higher the rate of
phoaphatic fertilizers applied in the form of bone mesl
or superphosphate, the higher was the yield of paddy.

In 2 comparative study of the effect of different *
forme of phomphatio fertilizexs on rioce in Bibar,
Bhattacharye et a1 (1965) obtained the highest respouse
to single supexrphosphate.

Dabin (1951) recorded e signifiocant resvonse {oxr
rioce to phosphorue along with nilrogen and potasgium.
According to him the meximum utilization of phoaphorus
took place at the $illering ptege.

¢ Iehisuka snd Toncks (1951) obtained increasad
grain yield when phosphoxus was spplied at 20 ppm and
maximum phosphorus absorption at 150 ppm. But
Ariyenayagam (1953) reported that phosphorus at 30 1b per
nore had no direct, residusl or cumulative effect on yield,
even in the presence of high levels of nitx‘ogen.)
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Paul. (1953) obtained no beneficial effect for m
application of 1’205 at 20 1b per acre, but at twice this
level the yield of grain and straw wes significently

increasod.

UkRayonoudnari (1953) and Desei et sl (1954) got
sigaificant inoresse in yield due to the application of
phosphorug in combination with nitrogen, while Castre
et al (1956) revorted that phosphorus hed no effect on
vield oventhough the soil was low in phonphoruai?

Besults of researoh carried out by the Indian
Council of Agricultural Research in the States of Bombay,
Madras, Bengzl end Madhya Predesh (Anon. 1956) indlcated
an inoreasse in yield, tiller number and vigour of plantko i

when phosphorus was used in conjunotion with nitrogen.

CUhavan et g1 (1957), Moriya and Sabo (1958) and
Bhatta {1959) obiailned increesed yield and growth of paddy
due to ihe application of phosphatic fertilizers.

Ota et al (1953}, while studying the ripening of
rice in Japen, found that shading had an inhibitive
effect on the absorpiion of phosphorus end its transloca-
tion from straw to eaxy. They also observed that 1t
roduced the rate of setting and grain weight.



(\Relwe.ni {1959) obtained uneconomic response &
20 1b'‘per acre of phosphorus for the varieties N.P, 130,
N.P. 97 and Jhona 349 on en alluvial soil.)

Takijine et al (1959) reported thet increased
phoaphorus rete accelerated tillering but inhibited
panicle growth.

Heviewing the resultez of manurial experiments on
rice oconduoted in the past at the Agricultural Resegrch
Stntions in India, Gouin and Chende (1959) have reported
an erratic recponse ‘to phosphorus eppliocation. They nise
noted that there wns no signifiocsnt interaction betwoen
nitrogen snd phosphorus,

+Rijat (1960) observed an incresse in yleld due o
the application of 100 and 200 kg of phosphnte (30 poroent
1’305) for rice in Suringue Diastriot.

+In a sclution culture experiment conducted with
two indica rioce varietics, Ptb.10 and T.141 at the Centeval
Kioe Reseamyoh Inmtitute, Cuttack (1961), the optimum grain
yield was obtnined when the phosphatic fertilizers weore
applied at the initlal stages of growth.

&Ruasel {1961) reported that excess of phosphoies
over the maount required by the crop somedimes depressed
erop yielﬁs.\



16

Salm (1963) obtained en avermge response of 3 mam
and 5.3 mds of rice for an applicantion of 20 and 40 1b
per acre of ons respoctively for paddy in Orissa,

RPK fertilizer demonstrations conduoted in U,V7,
by the 1.C.M. Chemical Works, Rallias Indis Litd. and the
Indian Potzeh Supply Agency Ltd. (1963) indicated =
distinetive profitable incresse in grain yield in paddy
for BPK (1183 kg of grain per acre) over all othor tveni-
ments., KNP application (1065 kg of grein per acre) was
found to be ouperior to MK aprlication (999 kg of grein
per acre), RNitrogen, P05 and K,0 were applied at the
rate of 10 kg per acre.

A response of 24.7 Lb of rioe grein per pound of
P,0; was obteined by irunachalem g% gl (1964) end they
pointed out that the 'Rebl' sesson was favourazble fox

mexinum response to 1?205 end Kzo.

(J‘.Ehe Annual Report of the Internationzl Rice
Research Institute, Philippines Tanaka et nl (1964)
showed that an incresse in the application of phosphorus
to Tainan 3 snd Peta resulted in an inerease in panicle
weight, percentage of phosphorus in nitrew and also the

phospliorus content of plant}
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Daji (1965) obtained betbter resmponse to nitwvogen
and phosphorus in couwbination as compared to individucld

application in oultivatoxrs! fields in Andhra Pradesh,

Gupta ot al (1965) cmphasised thet bthe nuamber of
ears at tillering sbege was correlated posliively wilth
leaf nitrogen and phosphorus nnd negatively with lenf

potasaium.

Petnaik et gl (1965) obtnined optimum grain yield
for o medium durabion indica ryice variety by the apsdicr-
tlon of & solution culture of phosphorus at btilleving
stage and they suggeated the nced of zn early spplicabion

of phosphatlic fertilizers for rice.

Syinivesulu ond Pawey (1965) got no significmnt
effect on plent height, numbor of ear bearing tillers,
lengbh of panicle, 1000 grain weight, nunber of mature
and chnffy graoins por peniole, and rootsishoot rotio by
‘the application of phosphorus for two indice x japonics

hybrids (Hr. 19 x Horin 18).

Daji (1966) reported an average response for prddy
to phosplhiorus when @uperphosphate was applied 2t 30 1b

1’205 per ncre.

Mariakulandsi and Chamy (1967) reported thab iic

response bo phosphorus wns alfected by different liuiting



faotors such as effect of placement, vresponge o indiroot
mnoouring through ieguwes, cffect of combination with
green mznure, Farg Yard Manare, nitrogen and potassivm

and the effect of limo.

D. Zffect of Phosphorus on the growth end yield of crons
other ‘then Yaddy

Ruszel and Wabson (1940) ns guoted by Shames (1964)
have emphasised the necessity of applying nitrogen nlong

wibth phosphorus to increase the yicld of wheat,

woldz ot g1 (1949) have reported an incrosse in
totrl growth and phoaphorus upbrke by fobacco due Lo the

application of highey rates of phosphorus.

In an experiment on barley involving the applica-
tion of superphosphatbe in different doses Trom 20-100 1b
per aore, Dag (1959) obizined the maximum height of vluonts
znd yield abt 60 1b per acre, maximuwa tillering ab 20 1b
per gere and tho meximum number of ears per plant at

60 1b per acre.

Datta gt 2l (1959) reported sm enhancement in bhe
yield of umnize due to the appliostion of phosphoras nb

40-80 1b of 1’205 per acre while Genguly =and Relwani (1261)



obtainad no significant difference in the yisld of
beracem due to the application of 80 1b per aore and 160 1lb
per aore of 9205.

Powar at g1 (1961) recorded an inaresse in yield
for spring wheat due to the application of inoreasing
doses of phosphorus (0.30 1b ?205 per acre).

Positive reaponse was reported by Russel (1961)
foy awades, potatoes, barley, sorghum and maize to
application of phoaphorus,

Abvohom et al (1963) got an economie responae foxr
rice and wheat to the application of 20 ib 1’205 per scre.
Potato, groundnut, sugarcune snd gram were nlso found %o
glve good response, whereas maize and cotton gave litile

repponsea.

Mengher nnd Armson (1963) obtained en increase in
upteke and thereby an increase in yisld for white spruce
due to tho appliocation of inoreaning rates of phosphorus.
Finn and ¥ack (1964) got similar results but reported
thet a vise in soil temperature from 10 to 20°C and soil
moisture from 25 to 75 perecent of zo0il moielmre capacity
dacreased the effeet of applied phomphorus.



E. Influenoe of other nutrients on_ the uptake of
phoaphorug

1) Hitrogen

Tidburg (1956), while gtudying the interaotion of
nitrogen and phoaphorus on rice, found thnt higher rates
of nitrogen were required for maximum response to medium

levels of phogphorue znd vice versa. &t low levels of

fertllizeyr applicetion nitrogen and phosphorus exohanged
eagh other'a effects.

The studiens of Gruncs and Krantz (1958) on the
effect of nitrogen on NPK oontent of oats reveasled the
effeot of nitrogen in affecting the phosphorus and
potassium uptake through increased root growbth and better

nutrient abzorbing caparoity.

Yoshida (1958) otressed the emsentimlity of a low
N/? ratio in the plant through every stage of growth for
increasing yields. .

Rennie (1954) as quoted by Smucheldi (1959)
reported that niirogen promoted the upteke of nubrient

phogphorus by ceresl grains sown on fallow land.
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Grunes (1959) obtained a marked inorease in
the absorption of phosphorus due to the addition of
nitrogenous fertilizera and found that ammoniacal
form of nitrogen was superior to nitrate form in this_,

respect.

Maung Mys Thaung (1960) reported an improvement
in growih snd repreoduction by the spplication of
vhogphorue along with nitrogen.

Simpaon (1961) obtained & strong positive inter-
nobtion between rates of applied nitrogen and the up teke

of phosphorus in potatoes.

2) Potmgzium

Robertson gt al (1954) while studying phosphorus
absorption by corn found that utilizabion of fertiliszer
phosphorus wag increased by high NK applications but it
wes unaffeoted by edding pobossium to phosphorus and

tended to deeresse on adding potassium to NP,

In greenhouse and field experiments using lsbelled
guperphoaphate Fine (1955) found that increased svailable
potassium content of moil had little effect on fertilizer

phosphoxrus utilization by crops.



Bartzs (1959) obaevved thab monopo bassium
phoasphale gave a greater growih rosponse and tisaue

phosphorus econcentration than monoecgzleium phosphate.

Jung and Smith (1959) reportbted that e K:P
rablo of 5:2 wos optimum in respect of the cold

resigbance of lucerne.

Konwar and Meelu (1963) sbated thab whoeb faved
best wlth HPK applicabion, the next best being of

applicntions.



MATERIALS AND METHODS



MATERIALS ARD METHODS

In view of the importance of phosphorus in plank
nutribion and crop yilelds the present work was undertsken
to study the influence of bhis element on the growbh,
yield ond nutrient uptske of two high yielding variclies
of rice recenily introduced into Eerslas., The investigo-
tion weg corried out in e pot culdure experiment in
rendomised blook design with 8 tremtments and 3 reylico~

tions. The details of the experiment are given below.

A. Pot ounlture Experiment

1. ZTresinments

The treatments umed in the study were the following:

1. V.'PONK :Po -~ No applioatlon

20 V1P1NK P1 - 40 kg P205 per heclaore
3. V1P2NK P2 - 80 kg 3’205 per hectarec
A, V1P3NK I"3 - 120 kg P205 per heclbare
Ha VEPONK N - 100 kg B per heclave
6. V2P1NK K - 8 kg K20 per hechare
Te V2P2NK V1 - Variety Tainsn 3

8. VZPBRZK Va - Veriety Taichung Hative 1



2, Prepaxation of pota

Reinforced councrete pots of asize 100 em x 100 om x
15 om were used for the experiment. River sand collected
from the Thiruvellum river bed near the Agricultural
College and Resmemrch Institute, Vellayeni, was used oo
the growth medium, Its mechaniozl composition and

chemicenl composition are given in Table I below.

Table I

lechanionl and Chemical Composition of the Sand
uged in the pot cul ture exgeriment.

Mggﬁ?& g:l Chenical analysis
Coarse pH 6.2
sand (pereent) 90.6
Ritrogen 0.013 percent
8
sand (percent) 5.5 Phosphorus
(1’205) 0,010 Y
8il% {percent) 1.5
Potrasium
Clay (percent) 1.1 (50) 0.006 .
Cal cium ( CaO) 0.071 L)
Hagnesium
(Ma0) 0.092 'Y
Senguioxides 1.170 »e
Iron ( Fezos) 0.800 -

Insolubles 97.150 ss
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The objeet of using this medium for growth wos #o
study the defioiency symptous bthat may be exhibited in a
soll thal is very deficient in phosphorus and at lhe same

time nob completely devoid of this eleument,

3. Apglication of lime snd fertilizers

Al pots veceived & basszl applicabion of calcuun
end pagnesium in the form of orloium curbonmte and
megnecium cnrbonnte at the rabe of 5 g per vob (50 kg/ha).
Hicronutrienls were also applied bosslly in the form of o
commercisl product known as 'Sportin' manufsctured by
¥/s Swatl Industbrics Private Limited, Bombey, and hoving

the fellowing coupositionie

PFeo - 1.65 percent
in - 0.36 'y
Ca - 0,16 4,
Zn - 0. 16 ’e
B - 0.02 ,,
Ca - 19. 00 X
Mg - 5.25 4y

In 28dibtion, all pots received equel applicchions
of N and K20 at the retes of 100 and 80 kg per heclero
resvectively in the form of ammonium salphate (21 peveent N)

and muriatc of pobash (60 percent Kzo). The differont
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levels of phosphorus in the various treatments, viz.,

40, 80 and 120 ke P205 per hectare were applied in bthe
form of superphosphate (16 percent I’205). The nitrogon,
phosphorus and potasaiu were applicd in five asplit domnes

a8 gliven below, for hoth varietien.

T, 00" 0%80 8100740580
(Treatments V1PONK (Trectments V1I>1NK
and V,2,NE) and VP, 1K)
b
Eacal Bi6f0%0 Ni0”10%10
15th day  TWyaPoks0 830720530
30th ey H3pPoay 83010530
45 th day N1oPoK10 N10?o K10
60th day N20P0K10 NzOPO K,
8400780580 N100F120%80
(Treatnents V,P K { Trec tments v1p3mc
and Val’zliK) and VZP_’.NK)
Bassal 6210540 Ny0%10K10
15th dny N30P30K30 530}9301{30
Oth @ P
30t dy - N30 30K30 ¥30%30%30
45th day N1OI’10K10 H1OP3OK10
E0th 4. ko)
NP Ky Ra0%20%0



4, Sceds znd sowin

The paddy strains selected were itwo high yleclding,
non~-lodzing varieties recently introduced inte Keralam
viz., Tainan 3 (Japonica) and Taiohung Native 4 (Indica).
Holes were mede in the basally tronted sand in the pots
at a distance of 20 em apart, the total number of holes
in one pot belng 25 (5 x 5). Four sprouted seeds were
dibbled in eaoh hole on 18~12-1966 and optimum moisbure
conditions maintained with tap water. After 14 days when
the seedlings were well established their number per hole
wag thinned to two., The rest of the seedlings were cud
into small bits and buried in the s=znd in the respective

pots.
5. Irrigation

The crop waes irrigated perdodically with tap watber
80 as bo maintrin a constant level of 3 cm of water above

the surface of sand.

Plant protection messures were taken by spraying
the plants with "Folidol~-E 605" as a prophylactic measure
agzainat peat atteck.

6. Horvent

The plants except those in the pota getting no
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phosphorus treatment were harvested on 1-4~1967. Ag the
plante in the treatments VEPO and V1Po ecame to flowering
considerebly ieole they could be harvested only on
10=4~1967 and 29-4-1967 respoctively.

B. PFlent perfovmsnce sbtudieas

The following obmervations were made regarvding the
growth and yield characteristics of the two varistiecs fow

the different levels of phosphorua.

i. Height of plent

Tnis was recorded at intervals of fifteen days
from the 8abe of sowing. The measurement wao made fyom
the base of the plant to the uppormost lesf-tip for all

plants and the meon taken.

ii. Humber of vogebabive tillers

This was slso noted and vecorded at fortnightly
intervole fyon the %ime of sowing. The Hilleys in 21l

the hills were counted end bthe mverage nobed.

2ii. Nuvboxr of productive tillexs

The productive tiller counis weve made onc day
before nuxvost for all plonts in all the hills ond bhe

aversge takeon.
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iv. Length of panicle

Ten plents were selected at random in each rovl i-

.
cation and the averszge length of panicle measured.

ve JHelght of panicle

Fyom each replication ten random smmples were

selected and bthe agverage weight of panidie observed.

vi. JRumber of filled graing pey panicle

The numbey of filled grning was counbed in ten
randonly nelccted paonicles in each repliestion and Lhe

mean taken.

vii. Grain-cheff ratio

The completely filled greins and wnfilled grains
in the above ten rondomly selected panicles were scpuvslely
counbed. The grain-chaff ratbtio was then calculated fop

each replication.

viii. XYield of grain per pok

This wes recorded for ezch pot aseparntely after

air dyrying.

ix. Yield of sbraw wer pob

The weight of straw wns also recorded for e-ch pol

separabely after sir drying.



x. XYiseld of yoot

The roots weres carefully gmthered from each pot,
waszhed with watey o fres from aand particles and the
weight recorded after mir drying.

xi. Thoussnd grain weight

This was noted by randomly seclecting 1000 grains
from each replioation and obscrving the weight.

xii. Deficiency symptoms

Tha symptoms of deficienay of plants in the pots
which hed received no phosphorus application were also

noted,

C. Laboratory Situdies

The grain gand straw were dried to constont welght
in an alr oven at 105°C. The dried straw was out into
amall pieces with a pair of scissovs snd the grain ground
in an eleciric grindex. The samples of siraw and groin
thus prepared were atored in air-tight, lebelled glaes
contminers foy chemionl analyois. They weve aznalyseld fer
their N, P and K contents using standard mamlytical
procedures. Iltrogen was esptimated by the Kjeldshl method
a5 desoribed in A.0.A.C. (1960). Phosphorus and potassium



were estimated afber wet digootion with the triple ncid
mixture. The colorimetric method suggesited by Jackzon
(1962) wes used for the determinetion of phosphorus and
the volumetrle procedure detniled by Piper (1950) wes

followed Lor bhe sstimation of potassivm.



RESULTS



REBSULETS

The results obtained in the pot oulture experiment
to study the influence of phosphorus on the growth, yield
and nutrient content of two high yielding varioties of
rice are given below. The data have been statisbiocslly

analysed and conclugions drawn.

A. GROWEH

The varlous growth measurements made were height
of plant, number of tillers, number of precductive tillers
and length of panicle. The datia azre presented in Tables
i1, III, IV end VII.

1. Height of plant

The measurement of plant height at four different
stages of growth reveanled that at gll the stages the
troatnent dilferences were significant at 1 percent level,
The difference between the two varieties was also highiy
slgnificant. Significant interaction was noted betwcon
variety and level of phoaphorus zs well.

Though Taichung Native 1 is a well known dwarf
variety it was found to be taller than Tainan 3 in the



fable Il

Effect of different levels of phoaphorus on the
height of two varieties of rice at
four stages of growth

Heilght of plant (cm) on the

Treatment
15%h day [ 30th day 45th dey 60th day
V4% 12.8 ! 16.8 17.8 15.2
V1I?1 17.2 31.1 51.7 61.5
'711’2 17.8 31.6 52.9 64.5
V1P3 16.9 32.5 517 65.0
Menn 16.2 27.9 43-5 51.7
Vel’o 20.4 29,8 35.4 44.3
vap1 22,5 37.6 49.2 53.5
VP 22.9 37.3 49.6 54.2
V2P3 22,5 37.3 49.1 53.9
Mean 22.1 35.5 45.8 51.5
Ry 16.6 23.3 26.6 29.8
Mean » 19-9 3403 50:5 57-5
for 1
level Pz 20.4 34.5 51.3 59.3
P3 19.7 34.9 50.4 59.5
C.D.(0.05)
for level 2,64 4.05 4.27 4.63
0.9.{0.05)
Toxr variety 1.86 3.17 - -
.0, (0.05)
for inter-

ection - - 6.01 6.44




initisl singes of growth. However, the difference in
height botween the two varieties wes found to be insigni-
ficantk at later stoges. For trealment PO the plants were
gtunted in growth, and bunched together with a deep green
colour, Treatments Py, P, and ?3 (40, 80, 120 kg 1’205/ha
respectively) produced normel and heslthy growth of plants,
but there was no aignificont difference between the irent=
nents, However, treatnenta 1?2 snd 1’3 tended to produce
tallor plents than treatment 1’1. As might be expectod,
the height of plents incressed with inorezae in the period
of growth snd reached a maximum nt hervest. The maximum
height remched by Teinan 3 was 68.1 om, while for Taichung
Rative 1 the corresponding vnlue was 67.8 cm. Treatuent
1?2 produced the maximum height for Tainen 3 while l’3 Indaced
the meximum height for Talchung Native 1.

2. FHumber of tillers

There was very signifieant difference in the number
of tillers producecd by the twe vericties foxr the different
treatments, ospecially at the early stzzes of growthe At
all steges of growth Taichung Native 1 produced moye billers
than Tainen 3, The number of tillers incresmed upto bhe
45th dey whereafter it tended 4o decresse. Tho maxizem
number of tillers produced by Taichung Nalive 1 was 20.9
per hill (2 plents) as compared to 13.6 for the other



Pable III

Effect of different lovels of phesphorus on the
nupber of tillers of two vavieties of
rice at four slrgens of growth

Nunber of tillers on the

Treztnent
15th Gay 30%h day 45th day 60th day
V.lPo 2.0 2.2 2.1 1.7
V.2, 2.0 7.9 17.3 14.5
ViPs 2,0 8.4 17.5 13.9
V1P3 2.0 802 17'5 1504
Mean 2.0 6.7 13.6 11.4
VQpO 3.3 10.0 11.6 13.6
V2P1 6.3 22.0 23.2 20.7
V2P2 6.4 24.0 24.6 22.0
VQFS 5.9 23.0 24.5 22.4
Meon 54 19.8 20.9 19.7
2y 2.7 6.1 6.8 T.7
Yean P 4.1 15.0 20.3 17.6
Lor 1
lovel PE 4.2 16.2 21.1 179
P3 3.9 15.6 21.0 18.9
¢, 0.(0.05)
Pox level 0.43 2.10 2.32 2.42
C.0.(0.05)
for va]‘lew [« 38 1'48 1'63 1072
C.12.(0,035)
for inter-

ackion 0.59 3.00 - -




variety. Applicotion of phosphorus resulted in tho
productlon of more tillers, bul there was no signific-nt

difference bebween treatments 31, 92 snd P3.

3. Humber of nroduclive tillora

In bthe matder of productive tillors alse Toichmg
Native {1 ezcelleod Tainsn 3. Iho maxisum number of produce
tive tillers waa 17.0 for en application of 120 kg Eg 5/ha
for Toichung Nalbive 1. in the came of Tainan 3 Lhe
mexinum aumbor of produchive tillevrs was only 9.6 Tor bthe
highest level of phoaphorus appl ication. When the averege
numbor of tillers for sll the btresivenis was compaved bhe
figure for Taichung Native 1 was 14.5 as ageinst 7.3 flor
Tainen 3. Increaging levels of phosphorus application
tended t¢ incrense the number of productive tillers even

though the difference wag not slatiaticglly significent,

4. Longlth of panicle

The longbh of panicle wans found o vary aignili-
eantly with veriety and treabment. The maximum lengih
(20.% om) was found for Taichung Netive 1 for an applicr=
tion of 120 kg Paos/ha. in the eoue of Tainan 3 the
longes b panicle mencured only 19.5 om for the some rale

of phosphnie application, The averzge length of panidle



Table IV

Effect of dlffevent levels of phosphorua on the
helght and nuanber of producllive tillerg
of two ries varieties ot hervest

Height Yumber of
(om

Treatment productkive
tillers
V1Po 44.5 1.6
v191 73.3 3.3
V1Pz 83.5 8.7
V1P3 77.8 9.6
Meon 68.1 7.3
Vz?o 57.9 8.8
V2P1 69.2 15.2
V2P2 T2.1 16.9
Vzﬁa T2.2 17.0
Mean 67.8 14.5
Fy 51.2 5.2
Hoan ?‘ T1.2 12,3
for
lcvel Pz 74-5 12:6
P3 75.0 13.6
C. Do (0‘05)
for level 6.19 2.23
C.D.(0.05)
for vaviety - 1.56
C.D.{0.05)
£for inberye

aclion 8.58 -




for all treabments was 19.1 om in the case of Talchung
Rative 1 and 16.9 om for Tainmn 3. Although the
differences between levels of phosphorus application were
not statistically significent, increcsing levels of this
nutrient resulted in an increase in the length of panicle.

5. Flowering durntion

The date on flowering duration showed that
phosphorus treatment had a significant effect on this
oharacter. The verietal difference was nlso significant.
Flowering duration was longest (101 days) for Teinan 3
for no phosphorus trenitment whereas for Tsichung Native 1
plants gelting no phosphorus treatment flowered afier 82
days. VWhen the average figures for the different levels
of phosphorue application were compared it was found that
for Taichung Native 1 the flowering duration was only T2
days a9 against 79 days for Tainan 3.

B, XIzLD

The results relating to the effeol of variety and
level of phosphorus on yield characters, such as weight of
grain, weight of strew, weight of root, weight of 1000
graine, number of graine per earhcad, grain:chaff ratio end

the weight of panicle ere presented in Tables V, VI =nd VII.
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1. Yield of grain (Figure 1)

As far as the yield of grain was concerned,
Taichung Native 1 was found to be superior to Tainan 3.
The highest yield of 393.0 g/pot (3930.0 kg/ha) was
obtained for Teichung Native 1 for a phosphorus applica-
tion of 120 kg P205/ha. For Tainan 3 the maximum yicld
obtained wan only 214.7 &/pot (2147.0 kg/bm) for the same
freatments The appliecation of phosphorus significantly
inereaned the yield of grain over no phosphorus treatmont,
Incressing lovels of phosphorus application resulted in a
correspondingly incressing yield of grzin, but the resulte
were not statistieslly significant. This was true for
both the varieties studied.

2, Yield of straw (Figure 1)

The yield of atraw also showed significant
difference between the two varieties. As in the cave of
grain yield, Talchung Rative 1 produced the higheat yield
of straw viz., 690.3 g/pot (6903.0 kg/ha) for a phosphate
application of 120 kg P,05/ha. In the cese of Painan 3
the maxinum straw yield was only 348.0 g/pot (3480.0 kg/ha)
for the vame rate of phosphate application. In both
varieties appliostion of phosphorus resul ted inomignli‘icrnl;

and appreciable inerease in yield of @traw over conlvol.



Table V

Bffeet of different levels of phoaphorua on the
yicld of grain, straw ond root of
two vorieblies of rice
(Expressed as g/vot)

Treataent Grain Sirew koot
V1Po 24.0 34.0 22.0
V1P1 148.7 332.3 220.0
V11>2 179.7 329.0 277.0
V1P3 214.7 348.0 302.3
Heen 141.7 260.8 205.3
Val’o 155.7 274.7 175.0
V2P1 365.7 527.0 288.3
V2P2 364.7 634.0 323.3
V2P3 393.0 £90.3 324.7
Vienn 31908 53105 277.8
PG 89.8 154.3 98,5
Moan I!?ﬁ 257.2 429,7 254.2
for
level 1’2 272.2 481.5 300.2
93 303.8 61G,2 313.5
C.D,(0.05)
for level T3.53 83.23 74.51
Co D. (0. 05 )
For varieby $1.90 $8.77 59,85
C.D,(0.05)
for intore

action - - -

W



Table VI

Effect of different levels of phoephorus on the
yicid of grain, straw and root of
two varicties of rice
(Exprossed as kg/he)

Ireatment Grain Straw Root
V1Po 240.0 340.0 220.0
V1P1 1487.0 3323.0 2200.0
VP, 1797.0 3250.0 2770.0
V1P3 2147.0 3480.0 3023.0
Kean 1417.0 2608.0 2053.0
V2?O 1557.0 2747.0 1750.0
V2P1 3657.0 5270.0 2883.0
VQPZ 3647.0 6340.0 3233.0
V293 3930.0 6903.0 3247.0
Menn 3198.0 5315.0 2778.0
By 898.0 1543.0 985.0
ﬁs:n 2, 2572.0 4297.0 2542.0
level ?2 2722.0 4815.0 3002.0
P3 3038.0 6192.0 3135.0
C.D,(0.05)
for level 735.3 832.3 T45.1
C.0.{0.05)
for variety 519.0 587.7 598.5
Sor tnion

action - - -
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However, there were no statisticelly significant
@iffevences in the ylelds of atraw for the different
levela of phosphorue epplication, although the genersi
tendency for thig yield character was to inorease stead ly
with inorease in the level of this clement.

3. XYield of rood

The root yield was elso found to vary significently
with variety and treatmen¥, Tho maximum yield of root
viz.y 324.7 g/pot (3247.0 kg/ha) wes obbained for Taichung
Native 1 for zn epplication of 120 kg Ezos/ha whereas for
Teinan 3 the samo rate of phosphate epplication produced
only 302,3 g&/pot {3023.0 kg/ha) of root. When the average
figures for the {Ywo varieties are compared Teichung Native 1
is scen %o have produced the highest yield of 277.8 g root/
pot (2778.0 ke/he) as against 205.3 g/pot (2053.0 kg/hz)
for Tainan 3, In the cage of this character also the
application of phosphorus resulted in appreclable lncrease
in yield of roo% over control for both the varietiea.
Incrensing lovels of phosphate applicabion tended to
increase the root yield, but the differencea betwsen them

were not sbztistiocally significant.

4, [HNumber of grains pey panicle

The number of grains per panicle differed aignifi-



cently with treatment, Significant inleraction was aleo
noted bebtween level of phosphorus and variety, but bthe
varictal difference was not stabislicenlly signifiennt.

The maximum number of 62,1 grains per panicle was produced
by Tainen 3 for an application of 120 kg Pgoa/ha, while
Taichung Nalbive 1 produced panicles with a maximum number
of 56.7 grains only for the some treatment. TFor Tainon 3
an application of 120 kg P205/ha produced pnnicles with
the aexlmum number of graina whereas for Taichung Scrtlve 1,
panicles with the largest number of grning were oblnined

for an application of 40 kg Paoslha.
5. Grain:chaff ratio

In the csme of Tainan 3 the sversge grain:chaff
ratio was found to be a8 low as 3.8 shile for Taichung
Hative 1 this ratio waes 4.2. The lowest robio in both
varietics was obtained for treatment PO‘ Phosphale appli-
cetion hod @ beneficiel influence on thiz rebio bub the
dlfferences between the various phosphorus treabmenls

were not gignificant,

6. Thoupund grain welght

The welght of 1000 groins did not vary significonlly

wibh variety, but i1t was found to depend on phosphorus



Table VII

Effect of different levels of phoaphorus on the

fiowering duration and yield characters of
two varicties of rice

Flowering No. of Grein:! Length Wt., of wt. of
Trentnent duration graina cheff of panicle 4000
(dnys) per rotio penicle ({g) garcins
panicle (em) e)
V1P° 101 20.% 2.2 11.8 0.48 16,52
7191 T2 50.7 3.9 18.2 1.63 26416
v192 ™ 61.4 5.0 18.5 1.74 26,86
V1Pa T4 62,1 3.9 19.5 1.92 26,57
Mean 79 48.7 3.8 16.9 1.44 24,03
V.2, 82 50.7 3.5 17.3 1.05 20,94
var1 67 57.9 4.5 18.8 1.63 25,88
vaPa 69 54.9 4.3 20.0 1.60 24,03
V2?3 68 56.7 4.3 20.1 1.65 24,10
Mean T2 55.1 4.2 19.1 1.48 23.74
?D 91 35.6 2.8 14,6 0.76 18.73
%gan P1 69 54.3 4.4 18.5 1.63 26,02
r
level Py 70 58,1 4.6 19.2 1.67T 25445
P3 69 59.4 4.1 19.8 1.79 25.34
C.D.(0,05)
for level 2.57 9.39 0.52 114 O. 37 1072
©.D,(0.05)
for variecty 1.82 - - 0.79 - -
C.D.(0.05)
for intor~
action 3.58 13. 41 - 1.61 - 2,36




trontment. Signifiocant interaction was also obimined
between treaitment and variety. The average 1000 grnin
weight for Teinan 3 wea 24.03 & &8 compared to 23.74 &
for Taichung Bative 4, but the difference was not signi-
ficant, The meximum weight for 1000 grains (26.86 g) for
Tainen 3 wan obtained for an application of B0 kg 9205/}:9
while Tor Taichung Native 1 the maximum 1000 grain weight
(25.88 g) wns secured for an application of 40 kg P205/ha.

T. Xeight of panicle

The weight of panicle was found %o vary signifi-
cently with level of phosphorus although the varietal
difforence was not statisticully eignificant., In the came
of Tainzn 3 the moximum weight of panicle (1.92 g) was
obtained for an application of 120 kg ons/he.. Foy
Taiohung Native 1 also panicle with the maximum weight
(1.65 &) was obtained for the seme treatment. The general
tendency was for the paniocle weight to incremse with
inorezse in phosphorxus application although the differences
wore not stcbistically signifioznt.

C. RNUTRIENT CONTENT

Data relating to the influence of variety and level
of phosphorus on the mutrient content in the grein and
ptraw of rice are presented in Tabies VIII and 1IX,



1. Grain (Figure 2)

(z) Hitrogen

The dote show that both veriety and level of
nhosphorus influenced apprecisbly bthe nitrogen content of
grain.  The resul ts wexe significent at 1 percent lovel
for variety and at 5 percent level for itrealtment. The
internction betbween wvariety and level of phosphorus wng

zlso highly significont.

The higheat nitrogen contont of 1.12 per cent uas
obiained for Imichung Native 9 for no phosphorus troriment
and the lowent value of 0.92 percent wes found in bhe case
of Tainan 3 for a phosphorus application of 120 kg ?gos/ha.
The meon velue for all trealuenis was 1.06 percont fox
Taiohung Nebive 1 as compnred bto 0.99 percent for Palnsn 3.
Al though bthe nitrogen content of grain for the differsatl
levels of phosphorus anplication varied only within
inslgnificent levels, the general tendency was for tnis
element to decremse with incronsed spplicabiona of

phosphoruse .

{v) Phosphorus
The phosphorus contont of groin was appreciably
infiuenced by treatment, bub bthe influence of veriely wos

found to be less pronounced. There was practicaily ne
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difference between the mean phosphorus contents of the
grain of Teinan 3 end Talchung Rative 1, the figures fox
the two varieties being 0.62 percent and 0.61 percent
reapectively. However, in both the vnrieties the
phosphorus content of grain tended to inereame with
inoressing levels of phosphorus application. The highest
phoaphorus content of 0.81 percent was obteined for
Tainan 3 for an mpplication of 120 kg ?aos/ha whereas for
Taichung Native 1 1% was only 0.75 percent for the mame

trentment,

(¢) Potnpaium

Both variety and level of phosphorus were found to
have signifiocant infiuence on the potassium contont of
grain at 5 percent level. Significant interaotion wno
also noted between variety and level of phosphorus.

The highest potassium content of 1.19 percent wes
obteined for Tainan 3 for applicationa of phosphorus uh
the rates of 80 mnd 120 kg Paos/ha. In the onse of
Taichung Naotive 1 elso the same value was obtained for an
application of 80 kg P205/ha. The mean volue for zll
trestments wes 1.13 peroent for Tainen 3 as compared to
0.99 for Taichung Native 1.



Tablo VIII

Bffect of different levels of phosphorus on the
nutrient content of graln of
two varieties of rice
{Exprensed as percent)

Treatnent N 1’205 K20
V1Po 1.01 0.20 1.06
V1I?1 0.98 0.70 1.07
V1I’2 1.06 0.76 1,19
V1P3 0.92 0. 81 1.19
Meun 0.99 0.62 1.13
Val’o 1.12 0.31 0.99
Val’-'1 1.08 0.65 0.76
Va?e 1.02 0.73 1.19
V2P3 1.02 0.75 1.05
Heann 1-06 [+ 18 61 Q. 99
Po 1.07 0. 25 1.03
Heoan ? 1.03 0.68 0.92
Cor 1
level 1’2 1.04 0.74 1.18
P3 0.97 0.78 1.13
C.D2.(0.05)
for lovel 0.064 0.064 0.160
C,D.(0.03)
for varicty 0.047 - 0.036

C.D.(0.05)
for inter=-
notion 0.150 - -
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2, Straw (Figure 3)

(a) Bitrogen

The data in Table IX show that both veriety ond
lovel of phosphorua had gsignificant effect on the nitrogen
content of straw. The regults were significant at 1 peyr-
cent level for varieby and at 5 porcont lovel for

trentnenbe

The higheat nibrogen content of 0.67 percent was
obbained for Talnan 3 for no phosphorua application snd
the lowest volue of 0.34 percont was found in the cove of
Tnichung Native 1 for an sppliestion of 80 kg 33205/,%.
When the mean values for all troaiments arve compnved,
Tainen 3 iz found %o conizin 0.%9 perocent nitro.en znd
Tolchung Native 1 0.43 percent. As in the cnse of the
nikrogen content of gralin, the nibro.en content of atvaw
was also found to vary only inslguificantly Ffor the
aifferent phoaphorug ireatments. But bthe genersl lendoncgy
was for the nibrogen conlent 1o decrcmse with inorensing

levels of phosphorus gpplication.

(b) Phosphorus

Although the warietnl influence on the phosphorus
content of sbraw wes not sbtaliaticanlly significent, bhe

level of phosphorus applicatlion markedly influenced the
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content of this element in the siraw, Significant inter-
action between level of phoaphorus znd variety wes also
obszerved, As in the come of tha phosphorus content of
grain, ‘the phosphorua content of straw waes also nob
influenced by variety. But increasing levels of phosphorus
application tended to inoresse the phosphorus conbon’t of
atraw, ol though the differencas were not stotistieslly
signifiosnt. The highest phosphorus content of 0.43 pore
cent wan obbained for Talchung Nutive 1 for an applicotbion
of 120 kg ons/ha, wherens for Tainan 3 the maximun volue
was 0.40 porcent for an spplication of 80 kg 3’205/113. The
average volues for all the treaimonts for the two varicties
were very similer. Por Tainan 3 it was 0.28 percent snd

for Taichung Hative 1 it wns 0.27 percent.

(e) Potesgium

The potessium conient of straw was considorebly
influence® by variety, o well as the rnbte of phosphorus
applicziion. The resulis were signlficant at 1 percent
level. Significant internction between variety and treat-
ment wap nlso noted. The highest potessium content of
2.63 peorcent wes obtrined for Taichung Native 1 for on
applicatlion of 80 kg 1’205/ha, wheress for Talnen 3 &% was
1.72 percent for no phoaphste enplication. The mesn value
for mll treatments was 2.24 percent for Teichung Nntive 1

as compared to 1,22 percent for Tainan 3.



Table IX

Lffect of dilferent levels of phosphorua on the
mbrient content of asbraw of
two varictles of rice
{Bxpressed as pergent)

Treontment N ?205 K0
V1PO 0.67 0.12 1.72
V1P1 0.59 0.24 0.77
V1P2 0.64 0. 40 0.82
V1P3 0.49 0.37 1.57
Mesnn Q.59 0.28 1.22
VZPO 0.51 Ga14 2.24
v,P 0044 0.1 2,06
21 L] .a -
V2P2 0.34 0.33 2.63
V2P3 0. 42 0.43 2.01
Meoan 0.43 0.27 2.24
Po 0.59 0.13 1.98
%éan ?1 Q.51 0,22 1. 42
for
leovel P2 0.49 0.37 1.73
PB 0.46 0. 40 1.79
0.D.(0.05)
for level 0.09 0.03 0.17
€.D.(0.05)
for variety 0.06 0.02 0,11

C.D. (0.05)
for inteye
gobion - 0,04 0. 24




D. NUIRIENT REMOVAL

The data relating to tho removal of mutrients by
the two rice varietlies mre furnished in Tables X, XI, XIX
and XIXII,

1. Grpin (Figure 4)

(a) Nitrogen

The totel nitrogen removal by grain was found to be
more for Talchung Native 1 then for Teinan 3. The maximum
nitrogen uptake (4.009 g/pot - 40.09 kg/ha) was by Taiochung
Native 1 for an appliention of 120 kg ?aos/ha end the
lowent value (0.242 g/pot - 2,42 kg/ha) was for Tainom 3
for no phosphorus application. The mean vsalue for mll the
treatmenis was 3.355 g/pot (33.95 kg/ha) for Taichung
Fative 1 and 1.396 g/pot (13.96 kg/ha) for Tainen 3.

(b) Phosphorus

Taichung Native 1 absorbed more phosphoruz (2.117 g/
pot = 21,17 kg/hn) than Tainan 3 (1.046 g/pot - 10.46 kg/
ha). Incroamsing levels of phosphorus application resulbed
in increased uptake of phosphorus by grasin. The maximum
phoaphorus upteke of 2,947 g/pot (29.47 ka/ha) was by
Palohung Native 1 for en application of 120 kg Pgos/he ae
compared to 1.739 g/pot (17.39 ka/ha) by Tainan 3 for the

same treatmenb., When the average veluea for all the



treatuents sre compared it is found to be 2.117 g/pot
(21.17 kg/ha) for Taichung Native 1 and 1.046 g/pot
(10.46 kg/ha) for Tainan 3.

(¢) Potnsuium

The uptake of potessium was very high for Taichung
Native 1 (3.121 g/pot - 31.21 ka/ha) as compared to
Tainen 3 (1.635 g/pot - 16.35 kg/he). The meximum uptake
of 4.339 g/pot (43.39 kz/ha) was for Taichung Native 1
for an application of 80 kg 1’205/1159 while for Tainan 3
it was 2.555 2/pot (25.5% kg/ha) for an application of
120 kg I’aos/ha.

2, Strow (Figure 5)

(a) Hitrozen

As in the omse of the uptoke of nitrogen by grain,
the removal of this element in atraw by Taichung Nabive 1
wes much greaber then that by Tainen 3. The maximum
uptake by Taichung Native 1 was 2,899 g/pot (28.99 kg/ha)
for an application of 120 kg 1’205/ha. whereas it wag oniy
2,106 g/pot (21.06 kg/hn) for Talnen 3 for an applieztion
of 80 kg ?aos/ha. The average volue for all trentments
was 2.193 g/pot (21.93 kg/ha) for Taichung Native 1 oo
compared to 1.500 g/pot (15.00 kg/ha) for Tainan 3.



(b) Fhoasphorus

As obmserved in the cngse of the absorpbion of
phosphoxug by grain the uptoke of this clement by wbraw
inecrecazed eonslderably with inorcased levels of v
phosphoyue applieation, though the differvences were uobh
glgniflernt, The meximum upbske of 2.968 g/pot (24.68 kg/
ha) was for Taichung Nabive 1 for sn apvlioeation of 120 kg
Paos/ha and the corresponding Ligure for Teinnn 3 wns
1.316 g/pot (13.16 kg/ha) for sn cpvllication of 80 kg
ons/hu.

(c) Pobrusium

The data showed that bhe removel of potnssium by
straw wes more In bthe cngse of Talchung Nallve 1 than in
Tainon 3. The highesl uptaite wee 16.674 g/pot (166.74 za/
he) by Talchung Native 1 for sn applicztbion of 80 kg
Peog/ha and bhe lowest uptaike of 0.58% g/pot (5.85 kg/ha)
was by Tainan 3 for no phosphzle spplication. The meon
velue for sll Lresztments was 11,889 g/pot (118.39 kg/ha)
for Taichung Native 1 ac comprred to 2.826 g/pot
(28.26 kg/ha) for Tainan 3.



Table X

Effect of different levelz of phosphorus on nubtrient
removal by grain in two verieties of rice
(Zxpressed as g/pot)

Troa tment; N P50 K50
V1Po 0.242 0.048 0.254
V,2, 1,461 1,041 1.591
V1332 1.905 1. 356 2,138
V1P3 1.975 1.73% 2.555
Mean 1.396 1.046 1.635
VZPO 1.743 0,483 1.541
VaP,‘ 3.949 2,377 2.775
V2P2 3.719 2,662 4,338
V21’3 4,009 2.947 3.829
Mesn 3.355 2. 117 3.12%

Po 0.990 0.265 0.897
hf@g?n 7, 2.705 1,709 2.183
level P, 2.812 2.009 3.238

1?3 2.392 20343 3.192
bad febcl 0,729 0.601 0.751
for w(rg}gg%y 0.124 0. 446 0.536
€.D.(0.05)

for intor-
action - - -




Table XI

Bffeot of different levels of phosphorus on nutrient
removal by straw in Lwo varicties of rice
{Expressed as g/pot)

Treatment N P 205 KZQ
V.2, 0.228 0,041 0.585
V2, 1.961 0.797 2.559
VP, 2,106 1.316 2.698
V,Py 1.705 1.287 5.464
ilean 1.500 0.860 2.826
V2, 1.401 0.385 6+153
V2, 2.318  4.001 10.856
V2, 1.156 2.092 16.674
VP, 2.899 2.968 13.875
Meen 2.193 1.612 11. 889

2, 0.815 0,213 3.369
osn 7y 2.139  0.899 6.797
level 92 2,131 1.704 9,686

P 2.302  2.127 9.669
g&?’ég%g?.) 0.472  0.654 1.502
for t(tgx-gggsy 0.322  0.463 1.073
C.D.(0.05)

for inlere-
action 0.665 - 2. 170
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Effect of different levels of phosphorus on mutyrienty
removal of grain in two varieties of rice
(Expressed as kg/ha)

Ironiment

]

Po0% 2

V1P0 2642 0.48 2.54
V1?1 14.61 10. 41 15.91
V1Pg 15.05 13.56 21.38
V1P3 19.75 17.39 25.55
Mean 13.96 70. 46 16.35
VQ?O 17.43 4.83 1541
VZP1 39.49 23.T1 27.75
V2P2 37.19 26.62 43.39
V2P3 40.09 29.47 38.29
Hean 33.55 29.17 31.21

PO 9.90 2.65 8.97
Meon ? 27.0% 17.09 21.83
for 1
level P, 28.12 20,09 32.38

?3 29.92 23.43 31.92
CeB.(0.05)
foxr lavel 7029 6.01 7-51
C.D.{0.05)
for vaerieby 1.24 4546 5.36
CoD.(0.05)

for intere
ackion




Table XIIX

Bffoct of different lovels ¢Ff phosphorus on nutriond
vesoval by strow in two varietles of rice
(Ezprecsed zs kg/ha)

Tres tmont N Po0g K0
VP 2.28 0a 41 5.85
V.2, 19.61 7.97 25.59
V,P, 21,06 13.16 26.98
ViPy 17.05 12.87 54.64
Mean 15.00 8.60 28.26
Yo%, 14.01 3.85 61.53
VP, 23.18 10. 01 108.56
V,Py 21.56 20,92 166. 74
V,Ps 28.99 29.68 138.75
ean 21.93 16.12 118.89

Py 8.15 2,13 33.69
Hoan 7, 21.39 8.99 67.07
level P, 21.31 17.04 96.56

L 23.02 21.27 96,69
§;§F§2;22’ 4.72 6454 15.02
g&?’&;iggéy 3.22 4.63 10.73
0.D.(0.05)

Lor inter=
aebion 6.65 - 21.70




DISCUSSION
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DISCUSSIOR

The results obtained in the present study sve
briefly digcussed belowi-

Growth oharacters

The beneficidl effeot of phosphorus on the growih
of the rice plant is clemy fyom the incremsed height
attrined by plants receiving phosphorus application zas
compared to tresiments devoid of this element which
recorded the minimum plant height gt all the five stagen
of growth. Thias result is in sccordance with the find-
ings of Chavan g% gl (1957), Moriya end Sato (1958) mmd
Bhntte (1959) who got inoressed growth due to application
of phogphorus, But the effecta of different lévala of
phosphorus in the premsent study were not very significsnt
pmong themselven. Thiza might be due to the fact thet the
lowest level of phoaphorus applied, viz., 40 kg ?zos/m
was sufficient to meet the minimum requirements of the
crop for this element, so thaé the higher levels of ?205
applied could nob bring about sny eignificant differcnoce.
This conclusion is in conformity with the resultis
obtzined by Srinivasulu and Pawar (1965) who got no
aignificant effect on plant height due $o the applicalion
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of increasing levels of phosphoerus to btwo indics x
Jjaponica hybrides (Hr. 19 x Norin 18). Planbs under bthe
no phosphorus trealment in ithe present investigabion
exhibited marked deficiency symptoms. The symptoma were
a stunted growth, deep xreen colour of the folinge endl 2
bunching together of the leaves. The externel symphoms
nobed in bhils situdy sgree with those veported by Aiyay
(1946) and Heyashi gt sl (1951) Loxr P deficiency.

Tiller number at all the five ztlages of growth was
found to be more for Tamichung Nalive 1 than for Talaca 3.
The preduction of tillers is presumably a varictal
characber. The influence of phosphorus in inereasing the
numbey of tillers is nobteworthy. dhile the planba uwnder
the no phosphorus treatment showed tho lezst nunber of
tillers, the incrcazed gppllieation of this nutrient
resul ted in a progressive incrense in the biller number.
Thie¢ is in sgreement with the findings of Takijima gk gt
(1959), Srinivasula and Pawar (1965), Das (1959), Lol oad
Subba Rae (1960) aznd Yoshida (1958), ell of whoem huve
reported a beneficisl effect for phosphorus on tilloring.
Though en mpplication of 40 kg Paos/ba rorsul bed in signi-
Licantly lorgey number of btillers over control, the
differences in the %tiller number for the dlffcrent levcls

of phosphorus were not signifiernt. Thiz, as explsined



61

earlier, must be attributed to the foet that even an
application of 40 kg ‘9205/1:& is adequabe to meet the

normal requirements of the crop for this element.

The length of penicle is a varietel character mnd
in ‘the present study it was observed thet Taichung
Native 1 hed slightly longer panicles then Teinen 3.
Phosphoxrus applicstion has influenced this character
within certain limits., While the application of ¥his
clement at 40 kg 1’205/)13 helped to produce significantly
longer panicles over Po trestment in both varieties,
there wag no pignificant difference between the varlous
levels of phomphorus used. The beneficial cffeot of
phosphorus on pesnicle length noted in thia study is in
ngreement with the findings of Lal and Subba Rao (1960)
who has reported that the deficlency of phosphorus may
result in a reduction in all vegetstive characters exeept
leaf size in paddy. However, Takijima et 21 (1959) and
Srinivapulu ond Pawnr (1965) did not obtain eny significent
effect for phosphorus application on psnicle length, It
is likely thet in the latter case the soil in which the
experiment wes conducted already contained a minimum
level of phosphoxus for producing fairly normal panicles,

whereas in the present cemse the medium usmed being sand,
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whioh was highly deficient in phosphorus, the deficiency
of this element resulted in abtnoxmelly shorter panicles.

Yield characters

In the mabter of grain yield the varietsl difforenoce
between Taichung Native 1 and Tainan 3 has been oumply
brought out in the present study. Taichung Native 1
produced signifiocantly higher yields over Tainan 3 at
every level of phosphorus application. In the same
variety phosphorus application resulted in significently
higher yields over no phoaphorus treatment. Increase in
yield due to the mpplication of phosphorus hos been
reported by Ishizuka and Tenake (1951), Raychoudhari {1953),
Parthasarathi (1953), Paul (1953), Desai gt gl (1954),
Digar (1960), Sree Remulu and Mariakulandai (1963) ond
aeveral obther workers. However, the differences in yleld
for the different levels of phosphoyus were not slbatisii-
cally eignificent. Ams explained earlier, this might be
due to the foot that an application of phosphorus at
40 kg Pgos/ha satiafies the nowmal requirements of the
crop for bthis element and higher applications would result
only in ineignificantly higher yields,.
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A8 in the case of grain yield, the yield of stiraw
was also slgnificently highex for Taichung Native 1 bthen
for Tainan 3. Obvionsly the large numbexr of tillers
produced by Taichung Native 4 more than compensates fox
the shoritnesa in height of this varieby. Again, the
applicabion of phosphorus has helped to preduce signifi-
cantly higher yields of straw ir both varieties.
Noverthless, the ylelds of atraw for the different levels
of phosphorus application were not significanily different,
ovidently for the ssme remsons as discussed above in
relation to the grein yield. However, the_ tendency wae
discernible for siraw yields %o inorease with inorenscéd
applications of phosphorus. The beneficiasl cffect of
phosphoyas in increasing straw yield has been repoxrted by
?aud (1953), Digar (1960) and Sree Ramulu snd Mariciulsndat
(1963). It is poosible that phosphorus enhunces straw
yield indirveotly by ite effect on o better utilization of
nitrogen by the plants.

One of the moat important functions attributed to
phosphorus as & plent nutrient is its stimulating offect
on root gfowth and development. (Russell, 196%).
TPhoaphorus promotes root development snd helps in the
early estoblishment of the plant in the soil. In the
present study slso phosphorus application has resul bed in
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a more vigourcus mnd healthy root system as evidenced
{rom the drts obidsined. However, there is no signilicant
difforence in the yields of root for the wurious levels
of phosphorus application, re in the cnse of grain and
atraw yiclds. Haoysshi eb gl (1951) reported a stoppage
of root growth due to phosphoyus deficiency. In the
present case also the yicld of root was significanlly

low for the no phomsphorus treatuent.

Por all treatmenta other bthan Po Tzinen 3 contalined
a2 larger number of graing per panicle bthan Taichung
Rative 1. The mesn number of grning per panicle, however,
was more for Taichung Hative 1 bul the diiference was nob
gignificont. Application of phosphorus has resulted In
congldoyably lizrgey number of grains per panicle over 1o
phosphorug treatment. Tho dlffercncea betbween the various

levels of phosphorus, noverithless, were not signific-nk.

Zhosphorus is credited with the role of inducing
flowering =nd producing well-formed and fuliy-filled grains
in geronls ond bthis has been byought zbout by the resulds
of the preeent sbtudy. It iz nobeworthy that in the cbsenece
of phosphorus bobh Taichung Habive 1 and Tainan 3 reyuived
considernsbly longer periocds for coming to fiower. Teoiciung

Natbive 1 required 82 days bto flower under the Po trenbaent



while it required only 67-69 days under the three levels
of phosphorus eppliecation. Similarly, Teinan 3 under

the no phosphorus trentment reguired 101 days to reoch
the flowering stege o3 compared to T1-72 days for plonta
under the different phosphorus treatuenis. It may be
noted that the deficiency of phosphorus has resulied in o
dolay of smbout 13 deys for Taichung Native 1 and 29 days
for Teingn 3 in ihe flowering duration. This observalion
points strongly to the necessiby of adequate phosphorus
feortilization for inducing floworing in plonts at the
right time.

In the matbter of producing well-filled grains slsc
phosphoyus has to play sn importaznt role. This is evidond
from the boneficisl effect of this element on the grrin-
chnff rabio os oblained in the present stbtudy. Por no
phoaphorus treatment this vratio wes 2.2 foxr Teinsn 3 and
3.5 for Taichung Native 1. For the various phosphorus
treatments the yatio was 3.4 = 5,0 fer Toinan 3 and
4e3 = 4.5 for Tailchung Hubive 1, The weight of 000 grains
iz also markedly influenced by phoasphorus appl iculion.
Under the no phosphorus trealment 1000 grains of Talnen 3
weighed only 16.52 g which increszsed bo 26.16 - 26.96 ¢
under applications of phosphorus., Similorly, for Talichung
Hative 1 the 1000 grain weight was only 20.94 g Tor no
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phosphorus ires iment as compared to g weight of 24.03 ~
25.88 g under the different levels of phosphorus
appiloation, This result indicstes the importmice of
phorphorus nutrition for producing a higher proportion

of well-formed and fully-filled vice grains.

Nutrient sbaorption

The level of phosphoruz applicalion influences
congidersbly the levels of the different nuilrients
absorbed by the evrop. The nitrogen contentz of grain and
slraw ares for insiance, nogabtively correlaled to btho
level of phosphorus in the plant., The highest nitrogen
content in the plant was obtzined in the btreatment without
phoaphorus and bthe lowest level of niirogen for the
highest »ate of phosphorus applicstion. This is in agroe-
mont with bthe obmervations of Aiyar (1946), Gasser (1956)
ond Bapak gt gl (1961) who nobed that the nitrogen coalentd
decrogsed with an increase in the level of phosphorus
applled., However, when the total nitrogen removzl pexr pot
is considered, it is observed that the increame in the
levels of phosphorus results in sn increazse in the amount
of tobtal nlibrogen sbsorbed. This, obvicusly, is an
indircct eflect of bhe influence of phosphorus in incregs-

ing the total yield.
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!
As might be expected, inoressipg rates of

phoaphoms application have resulibed in incoreasing levels
of this element in the plent. Many workers including
Burviel ot 81 (1951), Gesser (1956) and Udevenko and
Bezlyudnyi (1965) have reported inoreassed phosphorus
content of plents due to the application of phosphorus.

In the work carried out at the International Rice Repesrch
Institute, Philippines, (Tanska et a1, 1964) elso similer
repults were obtrined. As incressing retes of phosphorus
application have resulted in increased yields, as well as
inoreaaed levels of this element in the plent, it is
cvident that the total removal of tilia element by the crop
is also positively influcnced by phosphorus applicztlon.

Whoreas it appeaxs thnt phosphorus applicmtion has
a definite negative or positive influence on the nilrogen
and phosphorus contents of the rice plant nothing for
certain ezn be seid about itas effeet on the absorption of
potzagiume In both varieties the straw has invariably
contained o higher level of this clement as compared ho
the grain. 3But as regurds the effect of different lovels
of phosphorus on potassium content and its absorption it
is noted that the armocunt of X,0 sboorbed follows no

regular reletionohip with the level of phosphorus applled.
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Thia is in conformity with the Pindinge of Gasser (1956)
who obitnined a variable effecl on polussium absorpbion

due bto the aprliecation of phosphorus.

The resul ts in the present sbudy bthrow light on
the total quantity of BPK removed per hectare by bthese
newly inlroduced high yiolding varieties. Disregabding
the amount of nuirients redained in the voot it is cbserved
that Tainmn 3 removes from an hectare of land 18.40 kg of
N, 15.13 kg of P05, 40.09 kg 0f K0 in Whe groin =nd slvew
for Lhe higheat applicatbion of phosphoxrus viz., 120 kg
1?205/1:3. The corresponding Figures for Taichung Nabive 1
are 34.54 kg of N, 29.57 kg of P205, 88.52 kg of KE’O ney
hectare for Lhe same treabtment. These resul bz provide
wluable dala for assesmsing the nulrient reguiremenls of
these variebies and for formulating suitzble mamarial

schedule fox bLhem,



SUMMARY AND CONCLUSIONS



SUMMARY AND CONCLUSIONRS

*

To study the influence of phosphorus on the
growth, yiecld and nutrient uptezke of twp high yielding
varietiea of rice recently introduced into Xerala
a pot culture experiment was carried out in randomised
block design with 8 treatmeonts and 3 replications, The
varietios nsed were Taingn 3 and Taichung Native 1. The
levels of phosphorus applied were O, 40, 80 and 120 kg
P205/h9. in the form of superphosphate over and abova
adegquate smounts of nitrogen, potussium end the other
essential elements. The main findings are given

heroundey:~

1. The height of plants was more for Taichung
Native 1 during the early stnges of growth but alter the
45th day Tainan 3 azssumed more vigourous growth and
reached a groater height. In both varie!tiee the height
of plants receiving phosphorus was significantly more
than those under the no phosphorus trcatment. Plant
height tended to inoresmse with inorease in bthe rate of
phosphorus aprlication but the differences were not

aignifiecant.
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2. In the matter of tiller number variety Teichung
Native 1 was superior to wariety Tainan 3. Application
of phosphorus resulted in mignificently larger number
of tillers over the no phosphorus treatuent. Incresging
levels of phosphorus appliocation tended to produce
incrensed number of tillers dbut the differences were

not significant.

3. Variety Taichung Native 1 produced significanily
longer panicles then veriety Teinsn 3. Significant
increase in pznicle length was noted for mpplioantions of
phoaphorus but the resulis were not signifieant for the
different levels of this nutrient.

4. Flowering duration was delayed by us meny as 29
deys in veriety Teinan 3 and by 13 days in variety
Taichung Native 1 under conditions of phosphorus
deficiency.

5. Variety Taichung Native 1 was superior to variety
Tainen 3 in yield of gfaln, straw and root. In both
varieties application of phosphorus resulted in signifi-
cantly higher yield of grain, sbtraw and root and with
increasing applications of phosphorus the yields almo
tended to inereasse, But the lnereases in yisld for the
different levele of phosphorus were not gignifioant.
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6. Varietal influence was not significant in otheyr
¥ield characters such as number of grains per penicle,
grain:chaff ratio, 1000 grain weight and ‘weight of
pahnicles But these were markedly influenced by the
different levels of phoaphorus applied.

T There wes apprecin¥le difference between the

two varieties in the mutbtter of nutrient absorption.
Variely Taichung Native 1 abaorbed more of nitvogen
snd potessium than Tainan 3. In both varietics the
nltrogen content decreased and the phosphorus content
increazed with incresse in the rate of phosphate mpnli-
cation. The relationship between potmsaium and

phosphorus contents was variable.

8. Variety Taichung Native 1 removed a maximum of
34.54 kg K/hn, 29.57 kg P205/1m and 88,52 kg Kzo/h&

for @ phosphorus applicatlon of 120 kg ‘:’205/1:8 in the
grain end straw. The corresponding figures for Taimen 3
wore 18,40 kg N/ha, 15.13 kg ons/ha and 40.09 kg £,0/ha

for the same treatment.,
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Appendixz 1

Anulyais of variance for plant height (15th day)

- em e Me e Gh AN e o M M e M SRR M G B oy me W M e e o A Mo

Source 5.8, D Varizmnee P ratie
Total 355. 45 23
Block 22.15% 2 11.08 2,46
Treatnent 270.18 7 38.60 3,86~ @
v 209, 81 1 209. 81 46,527 %
P 54.43 3 18.14 4,027
P 5.94 3 1.98 1
Trrox 63.12 14 4.51

Appendix 2

Anzlysis of verisnce for plent hoight {30th day)

W ap M o SR Wa ER e W W R wm ww W we ek e R e N me we M s e me e

Source 8.5, Df Variance P pabio
To bal 1171.73 23

Block 48.17 2 24.08 2,25
Treatmont 973.91 T 139.13 13.02%%
v 339.91 1 33%.91 31,790
P 570. 44 3 190. 15 17.79%%
v? 63.56 3 21.19 1.98
Erroxr 149.65 14 10.69

* Siznifiemnt ot 5 porcent level
*» Bignificant at 1 porcen 1 level



Malysis

Appendiz 3

of wariance for planb height {455k dey)

- em W m

Wr em e e we AP e W wa W M ee Wb e e A s e e am e e e At ae me T

Lo tal
Block

Treatuen b

Treatment
v

?

VP

Eryor

3345.99
67.38
3123.44
31.74
2618.34
472,36
165.17

D Variance ¥ yalio
23

2 28.69 2. 43

T 446. 21 37.818%
1 31.74 2,68

3 872.95 739874
3 157.62 13, 36%%
14 11.80

Appendix 4
mzlycis of vavionce fox planb height (60bh day)

- w0 D e e AR e R S e e Ne we us em s e om oe T e Ae tm e e

5763.80

48.97
5518.83

0.05
3805.90
1711.88
196, 00

P N N

Df Veramnce F ratio

- an o me EE e e e ey o on

23

2 24.48 1.75
1 738440 56,317
1 0.05 1

3 1268.97 90.64 ¥
3 570.63 40,76% ¢
14 14.00

#2 gimmificant at 1 porcent leveld



Appeadix §

Anelyols of vavisnoee Lox plsnt helght nb auvvesrh
® &

B e e W km ew D we aa 4w e em W wm W o Pm Tm As ew we e w e e wp P ak

e a0 M G en e ae BN AR he N em e W= ke e TR e e o e e e e e

Biock

- am = me -

A T L S

3120.62 23
93.68 2
2675.53 7
0,40 1
2298. 46 3
376.57 3
351.37 14

Appendix 6

25,10

i.af?
922"
1
30, 573%4
5,004

Anslysis of vorimee for tiller cound (15th day)

- ma e we

Bouree Soo Bf  Varinnce P vokio
Total 92,58 23

Blgoek 055 2 Q.27 2.3
Tran tnent 90, 32 7 12.90 105. 5%
v T1.29 1 T1.41 505, 8
P 9.68 3 .23 26,9%*
v 9.23 3 3.07 25,6
L2YVOY 1. 71 14 012 -

* Signifiomt at 5 nercent level
*t Zignifiesnd al | porvecont level



Appeudix T

Anciyais of varionce for Liller cvunb {30tn day)

gnur;e T 8. 3. . VYariuace F vobio
Tobal 1533.99 23

Elook Ua 27 2 Ge13 1
dreabtmend 1483. 06 ¥4 213.30 T3a50%w
v 1024. 42 1 024,42 353.25"%
P 411,40 3 137413 +7. 29"
VP 5%.24 3 19.08 6,587
Lrvoy 40.66 14 2.90

W ks an am MR el W e SR AR SR W AR e AU WR AR R O Me AR ek O3 W e o W o0

Sppendix 8

Analysis of variance Tor biller count (45Lh day)

C er e e e e e e aw e oY We e me W ke R R s mr W e e wh e S Ta e

Souree Hels Df  Vavaiance F yobio
Total 1268, 39 23

Block 4.44 2 2.22 1
Treatment 1214.79 7 173.54  49.44%
v 324.87 1 324.87 Ga,55%
? 879.62 3 293,21 83,54 *
vp 10. 30 3 3.43 1
Trver 45.16 14 3.51

** Bigniflennd <t 1 pereent level.



Appendix 9

Melyaie of variance fox tillexr ecount (60%h doy)

@ wh W AD T2 Wk i wm ns AR BE ED ¥ G ax GR e SH O wR oe em em @ e TR ae e

Souree 8.8, DE  Verisnce P robie
Total 1003.25 23

Block 7.85 2 3.92 1.02
treetment 941.70 7 133, 10 34.66*
v 412.52 1 472.52 107, 42%*
P 501.34 3 16711 43.52%%
Ve 27.84 3 4,28 2.42
LTTOP 53.70 14 3.84

- ean e e s WP W WM A W wm s M GD e s O Ee W e WO M an M s WO Ta oo

Appeadtix 10

farlyaie of verdmnce Tor Hiller count st hoxvenk

Zouves _STS. o Bfﬂ -V;.r..{e;m; - ?t; ;9:51;
o bal 624,97 23

Block 1.15 2 0.57 1
frontnenk 578.59 7 82.65 25,59
v 3i1.04 L 311.04  96.307*
P 263.33 3 87.78  27.18%#
ve 4.22 3 1.41 1

Lrrey 45.23 14 A.23

W oM wm sm o mm Gw e GE G W AT P ar we A R Em O RGP e MM ke e oe MY s mw



Appendix 11

fmglyais of varionce for lengbh of panicle

Souroe 5.8, D€  Variance P 1 tio
To Lal 168,960 23

Bilock 5.627 2 2.81 3.31
Tronbtnentey 151,353 7 21.62 25,33 °
v 25.620 1 25.62 30414 *
P 104.310 3 33.44 33.34%
v 24.423 3 8.4 9,53+
Trroxr 11.980 14 0. 85

Apypendix 12

Anplysis of variaznee for grain yicld

Jonree 3.4, ne Varinnee F rnllo
To Lal 422440,50 23

Bloek 11867.25 2 5933.63 1.7
Treataont 361350.50 7 51621.50  14.6+*
v 190104, 00 1 180104.00 54,6 *
P 165671. 17 3 55223.72 15.7**
e 5575.33 3 1858.44 0.5
Lyroxr 40222.75 14 3515.91 -

e Em A ek e e wm e e Gm we e wm n eh de v G XD AR w e w4 ae e ma m

#* Hignificant ab 1 pereent level



Appendix 13

Anplysia of variance fop straw yield

W W e we e s AR e S we Me Ge e e W AN e W M e e e B B e e e A

Source 8.8, Lf Verisnce F ratio
Totzl 1047555. 33 23

Block 33090.58 2 16545.29  3.65
Treataent 351147.33 i 135878.18 30,04"¥
v 438562.66 1 438562.66 97,20%%
P 482081.66 3 16402T.22 36.30%¢
A 13503.01 +3 6501.00 1.40
Brroy 63317.42 14 4522.67

 we w um e e AN W W e W e W s W R e M e mr e Gr ar m as em e e

Appendix 14

Anzlysis of varience for root yield

L I A T T I e .

Sourse 8.8. Df Verious P atio
Total ~ 389601.584 23

Blodk 13237. 46 2 6618.73 1.4
Treatuent 310878.17 T 44411.17 9,6%%
v 152541, 05 1 152541.05 32, 7%*
? 144342.68 3 48114423 10.3%%
e 13994. 44 3 4664.81 1
Ervopy 65486, 21 14 4677.58 -

+* Zignificent mb 1 percent level



Appendiz 15

Mnelysis of variance for floweriag duration

w0 e He e s tm e en G R ww e m M e ae Mn M W DS em we A e en e we  ae

Souree Sa3, g Varisnce ¥ r iio
To bl 2659.96 23

Bloek 11.08 2 5.54 1.2
Tren taenl 2758.62 7 393.33 97,7t
v 330.04 1 330.04 7604
P 2168.79 3 728,83 166,574
VP 289,79 3 96.59 22, 25w
Drrox 60,26 14 4434 -

G e e am G e e am TR de ov e R SR M Me M W AR Ge M om an An e we wm e

Appondlx 16

Angplysis of varisnce for number of graino per pmiclie

- em e s KR WD wE S mE W AR WD e Nm MR ke me WA M e em TR e W e o o

Source 8.8, e Variance F oy dan
Total 4852.30 23

Block 290.72 2 145.36 2,897
Tre- bnend 3753.02 7 536,15 9, 284% %
v 244,48 1 244448 4,233
P 2203.03 3 T34.34 12. 716
VP 1305.51 3 435.47 TaS354w
Zryoy 808, 56 14 57.75

a m e A EE BY e 8 MR e GR G W S G W WS Sn g AR e W an e e W e e

## Signlficmnl atbt 1 pevcent level



Appendix 17

anglyais of vorlance for Graintchalf ratio

Source H.5. 54 Varisnce B pedido
To bal 15.440 23

Bloeck 0. 422 2 0.211 01.2
Teostnent 14.760 T 2,108 11,46 ¢
v 0. 960 1 0.960 5e 30
b2l 10.710 3 3.570 19630~
Ve 3.090 3 1,030 5. 50
Tryor 0.258 14 0.1584

Appendix 18

Anpiyels of varimice Loy 1000 graln welghb

- e ¥ Me e a3 G e we Dh e e M K R AR oe me Me WP Uw mm e S AR W

Sourece G.8a g Varimmcae F podao
Total 288, 8550 23

Bloak 2,9538 2 1. 4769 i
Tren bnen b 264. 4265 7 31,7152 24,63 %
v 0.5065 1 0.506%5 i

bid 213.,9208 3 71,3069 45, 4G5
vp 49.9994 3 16.5665 100 877
rryoy 21. 4747 14 1.5339 -

* Bignifiesnt at 5 pereent lovel
#X Significamt nb 1 poreont lovel



Appendiz 19

Anclysis of voriance for panlele welght

souree He8a g Vavisnce F rybio
Rotrl 6.4398 23

Bilock 0.7976 2 0.3588 5.03%
Syeatnent 45330 T 0.6476 8, 20~ *
v 0.G100 1 0.0100 .13

b 4.0042 3 1.3347 16, 84w
VP 0.5188 3 0.1729 2,20
Trror 1.1092 14 0.0792

spponddx 20

Mnzlyails of verinnce (or nilrogen content of grain

Sour oe -1 ry Varionee B o lip
Totnl 0.21 23

Block 0.08 2 0,040 13.33°>
Treatnont 0.08 T 0,010 3.33%
A 0.03 1 0,030 10,007
P 0.03 3 0,010 3033
e .02 3 0,070 23.33 *
Bryow 0.05 14 0.003

* Significent a6 5 porcent level
¥+ Significanl ab 1 pereent lavel



Appendix 21

Mnalysis of varisnce for phosphorxus content of grain

@ am s ma me e ma M ee e sm ma e s mm ma 4 e e mn e A um e e Ro e e

Source S.3. e Varlance F rotio
Totel 1.160 23

Block 0. 030 2 0.015 5.00¢
Treatment 1.090 7 1,557 519. 00% >
v 0.002 1 0. 002 0.67

P 1,070 3 0. 357 119, 00+
A2 0.018 3 0.006 2,00
Error 0,040 14 0.003

Appendix 22

Malysis of vayiznece for potiussiua content of grain

Sourceo 5.5, bf Variince F ratio
To bed 1.15 23

Block 0.45 2 0.225% 11.844#
Tregimenb Ce 43 T 0.061 3. 21%
v 0. 10 1 0. 100 5.21%
P 0.25 3 0.083 4,37
Ve 3,08 3 0.027 1.32
Zrrey 0. 27 14 0.019 -

- em e wm e mm mr mm e we e ee e e em e G e me e mm e me mM s ee mm s

*Bignificent &t 5 percenb level

#*Signaficcont al 1 percent level



Appendix 23

Anmlysls of varisnce fox nilryogen conbent of sbtrow

He3. e Verienoe
0. 44 a3
C. 09 2 0.045
0,28 T 0, 040
0,18 1 0. 180
0.06 3 0,020
0.06 3 0.013
0. 07 14 -

KN

Appendix 24

P

9.0 #
3.0:«%
36,07
4.0
2.6

Anmlgais of variance oy pheophorus ¢nnbeal of atinw

v T - - =
Source

Tob:r L
Brock
Troatment

rroxy

-k em M ks om e ms % em ot M M m aw ws O u

- e o w

£ robio

12. 60 #
110,06
2&56
250,00 *

To SO

5.5, g arLanee
0. 330 23

0.010 2 0. 0050
0.310 7 0. 0440
0.001 1 0.0010
0. 300 3 0. 1000
0. 009 3 0.0030
0.010 14 0. 0004

e o m e e en Be e am m W EE GE R am W sw e 4w G ey Me we w3 £ O

h3

* Qignifioemt utbt Spercent level
* Sdgnaficrnt &% 1 percent level



Appendixz 25

Malysis of variznce for pobasziwm content of straw

Souree G.8. of Variomcee F rotio
Total 10.01 23

Block 0.66 2 0.33 16450 #
Trea tment 9.10 T 1430 65,007 ¢
14 6.18 1 6.18 309,00+
P 1.00 3 0.33 16,50+
VP 1.92 3 0.64 32, 00*"
Erroy 0.25 14 0.02

Appendix 26

Anclysin of variance for nibrogen vemovel by grain

WP an an eh e wn ov e Gm B ME me Ee am e W O e M w we e Ow D S s uS aw

Sourece 5.8, nf Variance F ratio
Total 52,6542 23

Elock 7.1197 2 3.55985 10,2240
Trenbmont 40,6437 i 5. 80620 16.6T**
v 25.0480 1 25.0480 TiaGi®®
3 14.8354 3 4.9451 11.32 %
VP 0.7603 3 0.2534 i
Trror 4.8908 14 0.3483

#* Gignifiemmt at 1 percent level



Appendix 27

snalysis of varizsnee for phosphorus vemovnl by grain

Source - Ga5, e Vorionece F rotio
Tobeald 30.5452 23

Block 444640 2 2,2320 8,59
Precbuont 22. 8084 7 3.2583 12,427«
v 6.6753 1 6.6753 25,44~
P 15.1390 3 5.0463 19, 20%%
yP 0.9941 3 03314 1.22
2ITOT 3.6728 14 0. 2623 -

Appendix 28

Anrlysis of varirncee for poinesium reaoval by groain

Sowree 8.8, of Vorianee F ytio
Tobnk 46,4534 23

Block 9.0176 2 2.5088 G697
Treatront 36.1242 ) 5. 1605 13.607%
v 13.2314 1 13.2314 34037
hod 24.8571 3 T.2857 18.2817 "
e 1.0357 3 0.3452 0, 309
Ervor 5.3116 14 0.3794 -

& Significeont 2% 1 porcent level



Appondix 29

Anglysig of veriznce for nilrogen removal by straw

W wn am R s e e Gm an e M Ar R N SR S AR AN R e R MG MR AR e N oe SR

Sourcs Ga5. g Vorisnce P ratlo
Total 13.314 23
Block 0. 140 2 0,070 0.48
Trentnent 12.972 7 1.853 12,865
v 2.655 1 2,655 18. 43¢
? 8.632 3 2,874 12,95+
VP 1.6885 3 0.562 3.904
Ervoy 0. 202 14 0. 144

Appendix 30

Anelyain of varisnce for phosphoruz removal by straw

@ wm e e an W aE ME B R R AW be R M M SR e A R e ek R e e ar W

Souree S.8. g Tarisnce ¥ ratio
Total 24,3813 23

Block 1.6691 2 08346 2.979
Treatunont 18,7300 T 2.6843 9,584«
v 3.4732 1 3.4732 13,28
P 13. 2475 3 4. 4158 15, 767*
e 2.0693 k) 0.6898 2.46
Erzor 3.9222 14 0.2802

e ee W G AR WD e o ee W BE R GE W MR W NS N w wh e ew G ek MmO

*# Significant at 1 pereent level



Appendix 31

Annlysis of varience for notussium removal by stynw

Source 8.8, g variance F rable

To bal 763.687 23

Block 39.544 2 19.772 13, 16%*
Troo bnond 703. 113 7 100+ 445 66,85 ¥
v 396.734 1 306.734 264, 15%%
b4 128,968 3 42.989 28,6

h'2d 177 411 3 59. 137 3Gl 3%%

Erroxy 21.030 14 1,502

#+ Hignifaornt ul 1 percent level
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j» Effest of diffsrent levels of
phosphorus on the growth of
Tainan~3.

Is Effect of diffexent levels of
pho.ghom on the growth of
michung Hative~1.




