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INTRODUCTELON

Blormetrical studles have proved themeelveo to be of
imnense worth to the breeder of plants and salmals, because
they help in the clear unde¢rsatsnding of the aboolute criteris,
on the basis of which, loharsntly and econcmically superior
end desirable types and varletles could be evolved. The
presant imvestigation wase oarried out io this line, 80 ae to
help the soientiflo rioce breeder perform hie duty more

eatlafactorily and effectlvely.

Remarkable break through has become possible in the coge
of rice in enhencing grain production with the better wnder~
stending of the concept of the ideal plant type, and the
evolution of the novel high yielding varieties. Howsver, the
requirements that are needed for ouch a variety dlffer from
place to place, and also in consideration with the uldely
fluctuating agroclimatic ecological conditiono that gemexally
prevail in the usual rice growlog trascts. The most appropriate
molution to this problem could be resolved only by &
sclentifically knomledgeable rics broeder.

The prime Job of the breeder is to ldentify the
superior, and more desirable type in & communlty exhilbiting

variabllity. Por thie, he must be equipped with adequsmte



solentific knowledge, particularly on tha criteria, on which
he could depend, for carrying ocut effeetively the selecticn

procedure,

Informations in the aepects, already mentioned to as
above, axe avallable, but not adegquately. ¥Yield of grain,
is the maln objeotive as far as the rice breeder Ls concezned.
This charaocter is ofien subjeot to envirommental influence,
that slone is capeble of lmparting wide range of variability.
Apart from the environment, the geanetlo make up also does
contribute ite own might in the varied maulfestation of the
charactex, The gepnetio system involved Lo by iteelf enough
complexs Yield is 2 highly complex character, whose inheritauce
is dependant upon the functioning of am intricately orxgonized
polygenic system. Further, the charactar ies influenosd by
other variebles as well., The nusber of such varicbles is
generally large, and each variablse is faund ‘to influenoe the
character in a different fashion and in differing magnitude.
The object of the practicsl, breeder is, therefore, to identlfy
the more importent componentms from the others, and direct

seleotion, preferably, om the baais of such criteria alone.

Tmo entlrely nsw, but Gifferent, and at the seme time
interrelated lines of blometrical approsch neaed spscisl

mention in thio context.



The first, following the identification of the
components, involves the analysis of thelr interrelationship.
Genotyple correlation is estimated as a routlne in this regard.
Purther, an understanding of the attrl@utes of the compcnents,
such a8 Heritabillty, Geneitle Advancs and Genetlc Galn under
different intencitles of selection, and which could be
statlstically estimsted, helps in the confirmation of the

relative lmportance of the components.

Gecondly, mere identiflcation of the correlated
varizbles, and the estimation of the degree of thelr
asaoalation, by themselves, are often felt to be insdequate,
because these factors exert thely Lnfluence directly, as mell
an tndl:eat}y through other veriables, TFurther, the
interfersice of the residual element is often liable to
inducé unwanted oblliteratione in the f£insl causatlon of the
effeots Vright (1921, 1934, 1954), davised a techkalque,
widely known as the path co~effictient analysis, This
mathod of snslysis, in ocomblnation with the information
obtalned from the correlation studies as already mentioned,
helpe the breeder to make himself aware of the more relisble
and inmportant criteria upon which thes selection sheuld be
baped,

The present investigntion on rice (Qryza setiva L. race

indlen) was .oarried out in the premisea of the (ollage of



Agriculture at Vellayanl under the Karala Agricultural
University, with & view to furnlsh the praotiecal rloe
breeder with the requlred infometion, so as to enable
him tdentify ‘the potentially high grain yielder from the
less desirable types, and to exercise selcotlon procedure

in a relatively more accurate and dependeble manner.
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BEVIEW OF LITERATURE

As hao elready been polinted out in the introduction,
two lines of biometrical atudy have been conducted, during
¢the course of the precent inveotigation in riee, at the
Ceollege of Agriculture, Vellayanil under the Keyxala Agricul-
tural University during June ~ September, 1977.

the first, relates to the understanding of the
correlated components of yield of gialne and their relative
iaportence on the basis of the statistically computed
parapetera - Hearitabillity, and Genetlo Advence and Genetlo

Gain at different intensitlies of selection.

the sscond, involvae the assessment of the magnitude
of the relative direct and indirect imfiucnce of these
variables, and also that of the resilduzl factory; on yleld
of gralns. Herey the theory of causation and effect is
made applicable and the path co-efficlent analysie method

was yesorted to.

Certaln authors have already carrled out similay
lines of study in rice. Furtber, 1t was conducted in

sevaxal other orop opeciesn as well.

Thie review confines only to reports made in rice,



1) Corirelation of variables

Galton (1889), concelved the idea of correlatlica of

variables for the first Lnstance.

Fisher (1918, 1954}, developed ths method of applying
the theory of correlation of variables, in the understanding
of their influenoce in biclogic aysteana,

Snedecor and Cochran (1967), improvised the mathematicel

ccnputation of the co~efficlent of corrslation

@he expression of ipherited charscters is often
influenced by the genotype, the environment amd the genotyplo -

eavironnental interaction.

Burton (1952), introduced a convenient procedurs
for the calculation of the phenotypic and genotypic

co-effiolents of correlations.

Genetio parameters like heritability and gemetic
advance and genetic galn under different probabllity levels
of seleotion have been often found to be of great use for
assessing the relative importance of these inherited and

correlnted variables,

Henson 8t al., (1956), propoaed the mathematical
relationship of varlous eatimatea on cumputation of

heritebility. This attribute is genexally expressed as the



parcentage, and 1n the broad eense 1t referxs to the
proportion of varlance due to genotype over the varlence

due to the phenotype.

Jobnson &f al.y (1955}, introduced & methodology
for partitloning the total variance into that due to
genotype, phenotype &ud error, in the analysis of varionce.
Brrox, in thie context refers to genotyplce-environmental

interactlions

Lush {1949}, aad Johneon et nl., {1955), devised an
accurate and =aslly manageable procedure for the calculation

of the genetle advence under specified intensity of selection.

Johuson et al., (1955), further, substantleted the
sdvantage of cosputing the genetic gain under seléction

and lts usefulaess in relative comparison of variables,

These two parameters, genetic advanoe amd gemetio
galny are of great value to the plent breeder in understanding
0 vhat extent they could be pescessed, end pade advantage
of, in respect of cextain desired polygenic cheractera
under speclflied probabllity levels of diserimination to
particular genotypes during selection.

Vibar (1920), reported the positive asesoctation of
yield oith duration, helght end lenglh of panicle.



Bhide and Rao (1927), oboexved high positlive
correlation of yield with number of ear bearing tillers

and low corzelation with length of maein panicle.

I"ahalenobis (1934}, while studying the various charactexs
in 147 rlce varietles, found that mean yield vas correlated
with number of tillers psx ploal and length of leaf, Furzther,
he oboerved that grain slze, plant helght and duraiion a8

independent characters.

Rao {1937), obtained high eorrelation of yierld with
aumber of tillers, length of pamiocle and number of zraias

Der ear.

Chakravarthy (1940), found no significant relationship
of yield with length and breadth of flag leaf, and thickness

of gralm.

Ganguly end Sen (1941), reported the positive
assoclation of helght of tiller, lemgth of panicle, and

nunber of graln per panicle, with yield.

Rremalah (1953), uhile reviawing the expeximental
results obtained at varlous rice regearch otations, stated
that yield was positively cozrelated and with meen yield
ond number of tillere par plant. Eurtﬁer, he obeayved

rslatively weaker positive asmociation of yield, with height,



ear length and meen number of graius per ear,

Eikiohi (19%54),; oblained high positive correlation
batween yield and tillering, welght of sars length of e¢ar

and number of gralns per 6ars

Ghose et sl.y (1956}, based on their studles on
corralations at intervarietal level, reporied positive
correlation of yield with length ond number of panicle.
Further, they obseyved that the contribution of height towards
yleld was only neglligibla.

Sayed asnd Krishnemoorthy (1956}, conducted & blometrical
study in rloe planted at differemt spacinge ond found high
positlve asasociation of number of ear bearing tillexs apd

length of ear head,

Ghose et al., (1960}, recorded strong aseoclatlon
of gleld with plant height, number of tillers, panicle

length, paslcle waigh: and nupber of graine.

Chendremohan (1964), recorded olose assoeiatlon of
nunver of ear bearing tillers, number of gralns per plant

and the yield of strawm with yield of graine in rice.

Guevarsa apd Cheng (1965), reported positive correlation
between culm length and the mean lengih of elongated

interncdes and high correlation between number of days to
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heading and the averoge number of leavea, in 62 rloe

variaeties and lines,

Sastry at aley (1967), made correlation studies in
eiaven shoxrt ototuxed high yielding rice verlettes, and
found highly signlficant poeltive assoclation of yleld
with number of ear bearing tillers, plaat height and number
of eterlle grains per plaat.

Genesan et al., (1968), obsexved moderste correlativm
between the lenzth of greinm and grain weight in 30 rice

varieties, cocoprising of threec maturity groups, tem ln each.

Roychoudhuxy (1968), conduotad corrslstion studlies
in 30 rlee varleties for 3 years and reported poeitive
corrxelotlon of grain yield with plant height,

tin (1969), recorded signiflcent posliive asaooiation
between panicle length and heading date, apd between leaf
area and panicle length, in & progeny of high tillering
variety of riae,

Sarathe ot al., {1969}, conduoted a otudy involving
5 riece vorietlea, end obsexved sigulfleant posliive asooclatlion
of yield with panicle length, number of tiilers per plant,
and 1000~grain welght wmder low fertillity level, but the
asacelations wers found to be Llnelgnificant under high
fertility level.
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Rao (1970), noticed elgnificant positive
correlation batween grain yield per plant and panliole
length, and obsexrved positive correlation between panicle
length end number of graims par paniole, in ithe progenles
of ¥{N)1 x TKI 6 and T({I)1 x Basumathi.

Rao and Goud (1971), while studying rice under three
eovironmental conditions, recognised the high correlation
of numbex of effective tillers and grains per panicle with

grain yield.

Chandrasekharaa amd Karivaratharaju (1973), resorded
positive correlations between grain yield end the photo-
synthetic surface areas of the flag leaf, glume, rachis

and peduncle.

Chandramohan and Farayanasemy (1973), with thelr
correlation studies iavolving 20 tall and dwarf imdioa
rice recorded positive associatlon of yield with panlcle
number anq straw welght in most of the varietles, while
grain number per panicle and 1000-grdin weight aseociation

with yleld was only in faw varieties.

Cheng et gy (1973), reported positive coxreletion
of helght with period from planting to heading and with

panticle length in F2 rice progeny of 4 parent exoss,
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El*teov (1973), obtained high correlation betwsen
grain weight per panicle and the eum of the areas of the

middle and upper leaves,

Fuohm (1973), reported high positive correlation of
yleld with number of panicles per plant and grainm number
per peniole and very weak aosoolation with 1000-groin welght
on single plaat besls in rice. TFurther, he obmerved positive
asscclation between panicle length and plant helght, both
on eingle plunt basie a2 well as on varietal baois, and
8ilight negative correlation between grain numbser per panicle
end pealole nuaber per plaut.

Govindaswemi et gls, (1973), reported higbly signlficent
pooitive association of ear bearing tillers with grain yield
and negotive cogrelation with plant height, in rice progeny

of a oross,

Tenke end Hisra (1973), reported high poeitive
correlation between grain yleld and fertile gzreins in four

rice varleties,

¥ishra gt ale, (1973}, recorded a signifioant, negative
correlation between the number of ear-bearing tillers and

both grain number per penicle and 100-grain weight.
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Rao ot 8ley (1973), foumd highly significent positive
corralation of yield with number of ear bearing tillers and

panieie welght 1n 37 riea varieties,

Bivasubramasian and Menon {1975), reported moderate
genotyplc correlation between grain yleld with number of
graine end panicle weight in the Pa population in en
intexvarietel rice hybrid.

Sreerangesamy and Nuxugeean (1973) s recorded high
gorrelations between plant height and leaf length, plant
beight end tillers and leaf length, leaf length and paniocle
length in diploid rxioe while it was very low or negligible
in autotetraploide.

Subranenion and Memon (1973}, reoorded positive
corxelation of yield with plant hetight, number of car
bearing tillers, length of pasiicle, number of graine in
the primory ear, shaps of grain aad 100~grain weight in
the progenles of a tall rlece varieties. Turthex, they
observed significont asscelation of plant height, number
of ear bearing tillers ead pmicle length with yield im
progenies of tel)l x dwarf rice varleties, and in the case
of tall x tall progenies there was positive correlation
between panicle length sad grain yleld, whereas in

tal) z dwarf progeny there was positive associatlon of grain
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yield with paniole length and numbar of graine in the

primary eax. The correlatlon pattern otress the nesd for
greater rmphasisc on tbe penlcle length and number of grains
in the primery ear inm the oelection of desirable recombinentm
with high yield of grains.

Venkateshrarlu et 8l.s (1975), recorded positive
geaotyple edsoclation of grain yield with number of ear
beering tillexs, ear length, 100-grain welght and grain

nunber per panicle.

Reo @t Bl.y (1974), Lo the correlation studies they
oonducted in high yielding rice varieties, noticed eignificant
positive assooiation of grain yield with leaf area index,

panicles per square metre and test weight,

Srivestave et al., (1974), reported positive and
hkighly significant correlation co-efficients, inm T141 rice
variety, between the number of splkelets on & panicle and
three of ite component characters, nzmely, the mean number
of saccndary branghes per primary branch, the number of
primery branchee in & panicle and the meen length per
primary branoh.

Das and Bortbekur (1975), reported that significent
association between height @ad days to flower in a orose

of shoxt sad long duration verleties.
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Najumder et al., (1975), showed negatlve assoclation
of the =easonal difference ia dugratlon with amylooe aetivity
and width of the mesophyll layerx.

Saini and Gegnejla (1975), reported the ascociation
of beigbt, days to heading end othar characters with ylelds

Singh and Nenda (1975), with their phenotyplo and
genotyplo correlation otudies in rice,obaerved that both
sets of correlations were in near agreement indicating that
genetlo varisbility with coomon effeots was more importent
thea the euvironmentel variability with common effects.
Tﬁey further notlced the negetl;e correlation of lnoldence

of Xapthomonas oryzne with yleld and its compenentes

Bxar aud Salni (1976), reported signifiocant assoolation
of grain yield with ear bearing tlllers, spikelatc pex
panicle, 100«grain weight in segregating population of two
crosses between tall and dwerf varictles of rlce. FThey
furthsr observes negative genotypic cerrelation of plant
helght with yield and spikeleis per panlele im *B. 370 x
?(5}})1* cross and in B. 370 x IR 8 cross thers wes negative
associatlion of osplkelets per penicle with sterility, and
100=grein welght and sterility with yield.
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Dzuba (1976}, calculated the co~efficients of
correlation between 15 characters in 126 vaxrieties. The
highest of these involved grain weight per paniole, whioh
was olosely correlated with number of spikelete per paniole

and the compactness of the pamiole.

Eunus et al.s (1976), found that grain yield was

correlated negatively with plent height and flag leaf angle,
put poslilvely with flag leaf length, Becond leaf length,

number of penicles per unit arsa, number of filled grains
pexr pearcle e3d number of filled grains per uail area., The
highest grein yield wes obtained from dwarf plants whioh
had the meximum number of paenicles and filled grains perx
paniole end longer leaves with a more or less acute flag

leaf angles

Ral end Murthy (1977), during their correlation studies
with eight rice cultlvars under two fortility levels,
obtained signifteant positive correlation of ‘yield with
graeins per panicle and total dry weight,

Agrawal et al., (1978), conducted correlation studies
involving 80 semi dwerf rice varieties and recorded
highest positive correlation of panicle bearing tillers
and plant height with grain yleld, followed by 100=-grain
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weight and uumber of spikelets. Further, they observed
low negativa asgsociatlon of days to 5055 flowering with
graln yield.

2) Path co-effiolent analysis

Since the corxrelated varlables exert thelr influence,
both direotly end indlzectly through other variebles, and
since the yesldual factor also geto involved, for the proper
undegrstanding of the role of causation on the ultlmete effeot,

a diffsrent procedure of analysis has to be depended upon.

Wright (1921, 1923, 1934), introduoed the path
co-afficient enalyois end the method has been found to
be unseiul in solving the probleps mentioned ebove, In this
method, the theory of caueation end effect La made applicable.
7he ultimate dependant varinble is referrad to oo the
vaffect®, cad the conponents, whick by themeelves may ox

a3y not be dependent on other varisbles ap the Tcauses®,

fitles (1922, 1923), Tukey (1954), and Dewey ond Tu
{1959), reccamended the application of the path
ce~-effioient enalysis ae a potent mechod for reeolving
+he acourcte and dependable oriteria in selection

procedures in the breeding of plants and aalmals.
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Durate and Adams (1972), emphasised the identification
and the claseification of the components {ecauses) to
difeerent orders (Piret, Second, Third and etcetera), and
tbe vital importemce of the formulation of the causal
scheme in patb analysis studies, The recommendatlon too
have been followed with success by various authors in

diffexent crop species.

Following is a review of findinge of Gifferent

euthors who used this apnalytical method 1n rioe.

‘Rao and Goud (1971), who conducted path co-efficient
analycis with eight varileties of rice, reported that the
number of effective tillers and number of grains per
panicle exhiblted esignificant direct effect on grain
yield. They recommended that these two yleld components
should be given prefereniiel weightage over others in

geleotion programmes.

Sharme and Srivastava {1971), studied the compcuents
of psnicle morphology in rice and recorded that the total
number of spikelets borne on a penicle was malnly
deternined by the number of primary and secondary branches
in a penicle., Purther, they observed that the seoondary
branches have higher influenoe on the number of spikelets

in a panléle, than the primary branchesj
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Chandramohon and Rarayanasamy (1973}, while studying
yleld components and other metrio trelts in 20 tall emd
dwarf indios riece verleties identified that the number of
penicles per olump, graln number per paniols, 1000-grain
weight and papicle lenglh, as the yleld components.

Kupar end Saini (1973), cehowed that the paniole
bearing tillers and plant height direotly contributed
to grein yield in short statured rioe varieties,

Tenka and HMisra (1975), with their peth co~effictient
studies in IR B, T(N)1, Pala and Ptbe 10 rice varietien,
found that the numbser of panioles per plant and of graine
per paunicle in Ptb. 10 and 1000-grain welght 1a ¥(N)1 as
the important determinants of grain ylield.

Hishra et ale, (1973), otudied 49 dwarf rioe strains,
and reported thet the number of graine per psniocle, grain
welght and number of ear bearing tillers have direot
inflvence on grain yield. Further, they observed that
grains per paniole heving the lergest direot effsct, but
ite indireot effeot via number of ear bearing tillers is
as the indlreot effect of 100~zrain weight via the
number of effactive tlllers. ZThe effect of the numbsr
of ear bearing tillers through grains per panicle has high
and through grein weight low negative effects. The grain
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weight exhibited the lowest dizeot effeot, and through
other components relative lower indirect effects which
were alBo negatives They concluded that the number of
graine per panicle, grain weight end number of ear bearing
tillers ac the igportant yield contribuiing compcnents

in rice,

Sivasubremenian and ¥Menou (1973), analysed the data
colleeted on ¥2 population of a disllel crosa Linovolving 4
rioe varietiep and slong with parents, obsexrved very high
posiiive direct influenoe of plaat height and panicle
neight and,a leesar influence of flowsring duration on
groin yield, Further, they observed aegative influence
for most of the traite through other characters on
ultimate yield of graine and the influspnce of plant
height on grain yleld wae mostly diract and had e negative
effects through all other characters,

Srecrangaeany ond Hurugessn (1973), conducted path
gnalysis in diploid and antotetraploid rioe and obmerved
that the leaf length, produotive tillers amd plaunt height
directly influenced the gralu yleld in diploid riee,
wheyeas in autotetraploids the leaf length showed the
highest dixect effeot, followed by panicle length end
productive tillers. Purther, they observed that there was
very high positlve indireot effeot via all other characters
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1in 4diploid rice, and in contrast suoh ilndirecst effecte

were of low megnitude in autotetraploids,

Venkateshwariu et al., (1973), based ou results
frop path analyeis studies in 16 advanced rice stralus,
diverse in geographic and genetic origin, and grain yield,
recorded that ear bearing tiller number and grains per
panicle &3 those having high poaitive Glrect effect on
grein yleld, and that 100-grain weight hae a positive
indiyect effect through 21l other variables except grains
per panicle, And further, they emphacized thal the ear
bearing tiller nunber 1s the most importent character om

which meleotion indices =re io be formulated.

Nencharaish et al.s (1974), while studying gemetles
of yield and yield components in dwarf rice, stated that
the yield component® were paniole number, grain number

per ponlcle and grain weight.

Srivastava et al., {1974), while measuring the diraat
and indixect effects of 4 components influencing the totsel
nunber of spikelets in a2 panicle recoxrded that the direct
effact of the length of the panicle axls om the number of
spikelets in a panicle was negative., Tha direct effeot
of the mean length of a primary brench cnd the anumber of

primary branches on sgplkelet nuxber were low end positive,
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and the direot contribution of the number of secondaxy
branohes pexr primary dbremch to spikelet number in a peniocle
ves meximume They conoluded that of all the psnicle
components number of secondary branchee per primary breanch
has playedia pivotal role in inoreaeing the total number
of spikelets in a panicle of 7141 rice variefy.

Majumder et al., (1975), shile epplylng path
co~afficient analyoio as an aid to selection for low
temperature tolerance in rioe observed that el)l charascters
except seosonel differences to the Sth leaf stage, days to
gexmination end number of hulliform cells had negative
direct effeots on bemsomal differences in heading duration.
They, further, suggested that the characters such as
emylose activity and mesophyll width be coumldered in

seleoting for cold tolerance,

Saini and Gagneje (1975), while examining yield
and i{te varlables by epplying patb analyeis involving
40 gaml dwarf rice verieties that bad been dexived from
18 crooces, claimed that the number of splkelets per
panicle had the greatest dlrect effect on yield followed
by the number of ear bearing tillers per plent, 1000-grain
weight, panicle length, and daye to headings;
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Singh and Nande (1975), found tbat the panlicle
number, papnicle length end grains per paniole have moge
influence on grein yield than grain welght, vhlle working
on correlation, path cnalysia of yield and its components,
and ineldence of baoterial blight in rice. Furtheg,
they reoorded that Locldeace of Xanthomonae oryzee was
negatively correlated with yield and yield components.

Stephen et als, (1975) reported that the total dry
welght as the laggest direot effect on yield while
attempting otudiee in photosensitive end photoinsensitive

rics culitivars under ooxmal and weterlogged conditions.

Singh end Nanda (1976), wbile exaaining the
inheritance of yield aud yield contributlng charaoters
observed that in rioe, grain weight, epikelets per
panicle, panicle length and panioles per plant directly
influence the grain yield.

Brar and Saini (1976), while testing the segregating
populdtion of two orossea hetween tall end dwarf rice
varietles by using poth analysis affirmed strongly that
the number of ear bearing tillere, plant helght,
oterility and 100-grain weight had the important 1nfluence
on yleld, and in one cross pumber of deys to heading
also pleyed impostant role by fnfluencing grein yield,
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Banerjee and 9inha (1977}, while measuring 11 variables
in 74 rice straine by subjacting to path analyslo stressed
+hat the number of ear bearing tillexs had the largest
pasitive and direot contridution to grain yleld follomed
by number of gralns per pamicle, lengthsbreadth ratio
and 100-grain welght. Moot of the secondary charactera
exprassed thelr indirect influence on graln yield via
these traltss Although plamt halght contributed direetly
to gleld, it 4id not exert ZQ indirect influence through
the lengthsbreadth ratio or 100-grain welght. %hey
concluded that inclusion of shorter helght as a breeding
objeetive gould not Jeopardige breeding for iuproveament

of ear bearing tillers and nunber of grains per panlcls.

Agrawal at ale, (1978), reoorded, while studying €0
genl duarf oultuxes dexived from different orose
combinations, that the panicle bearing tillers and plant
halght directly contribute tomards grain yield. Furthex,
they observed that %g incresse ia panlcle bearing
tillers should be reflected Lln en increass in grain yield
and they euggested that qfléctton for high preoductivity
shoiild be made on the basis of performence pexr ee, ond
that plent helght should be towards highex slde of range
{6042 to 91.0 om) coupled wlith fairly large numbexr of
panlicles per plant.



MATERIALS AND METHODS
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WATERLALS ANT METHODE
Haterial
Porty cultivars of indica rice, exblbiting distinet
diversity in morphology aud perfommance, and repreeenting
ecogeographioally different environmental adaptaetion,
eonstituted the material for the study. The varieties
were selected and obiained from the gesymplasm collection
maintained st the Rloe Research Station, Pattanbi. Table 1
gives particulars of these verleties, whick were given
1dentification nuobers V4 + o « « o Vype

Hethode
?he experiment was conductaed under Iield oondltion
at the College of Agriculture, Vellayanli during June =~
September, 1977

Experlmental Design snd Tayout.

The aexperiment, consiating of forty treatmeuots, wae
lald ocut in 8 Bendomised Block Denign with four geplioatiens,
he olze of the plot was 1.0 ¥ x 1.4 ¥e ZHach replication
{block) consieted of forty such plots (treatments) end the
total numbar of ploteo in all the replications were one
hundred end sixtye
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Table = 1, Particvlars of the forty varieties of rice
(Oryga satlva L.) used in the sludy.

Verlety State Parentege #roatment
Annapurne Kerala Ptb, 10 x (1)1 vy
Arobindo West Bengal * Vo
Aswathi Rercla Ptb, 10 x Dgﬁg VS
Bala cuttack N 22 x (M1 A
Basumathi Punjaob Purc-lim :pelection v5
Bharathl Kerala Ptbe 10 X IR 8 Ve
Cauvery AICRIP, A,P. T(w)1 X TKI 6 vy
Dar~gee-moo=-gen Talwan ITatural outant va
Hegsa AP HR 12 x PN Yy
Januna AICR1D, ALD. bhd V10
Jyothi Kaerala Ptbe 10 x IR 8 Vg
Kalinga-1 Crispa Bunghansali x IR 8 V4o
Kallinga-11 Orisea Dunghansall x 1 B V13
Kenchi Papil Nadu (W31 x CO 29 Vg
Xannegl Tamll Radu IR 8 X TKI 6 V15
Keruna Tapil Nadu IR 8 X ADT 27 V46
Krishna Cuttack GEB 24 x ()1 V17
Kumar Orissa T 90 x 1R 8 V18
Hadhu Karnataka (1) 1 x TR 6 ?19
Hala Bangala Desh b v2°

Contd o o o 2
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Table = 1 Contde

Variety state Parentage Tx ggg%:‘;t
Padma Cuttack ? 141 x (W1 Vo
Pennati Papil Kadu T(N)1 x AST 1 Voo
Puse=33 1ARI,, NWew Delhl Sabarmathl =z Ratna V23
Ratoa Cuttack KR 6 X1R 8 Vo
Rohini Kerola Ptb. 10 X 1R 8 V25
Sabari Kerale iR 8/2 X Annepurna Vo
Suhastnoi Naharastia BG 79 X1k 8 V27
Suna Karnataka (N1 X TKI 6 V28
Supriya Orissa IR 8 x (GEB 24 v

x (1) 29
Privent Kerala Annapurna % Ptb. 15 V.J.o
ITT 14244 ATCRIP, A.P. (N1 x C0 29 V31
iR 22 IRRL, Manlle in g x Taduken V32
IR 26 IRRY., Hanila IR 24 x T 6 v33
IR 28 IRRL., Hanila IR 833 x 1R 2042 V-:M
IR 30 IRR., Manila IR 26 x IR 2147 V35
iR 32 18dl., Manile IR 20 ; %%g%—?l%‘ﬁ Vs
IR 34 IRRL., Manila *E V37
NG )] Taiwan j=chio=wu=-chien (Low-Black
pointed) X Tezi~Yuan~thon Vse
Culture=4 Kerala Ptb. 10 1R 8 V39
Culture-1180 Kerala Ptb. 10 x IR 8 740

*#Informatlion noé avallable.



28

Relsing the grop.

Twentyone day old healthy seedlings were transplanted
in the plote with 20 em x 20 em spacing. Thug each plot
rapresenting & treatment, was planted nith twentyelight

seedlings arronged in four rows of seven pients inm each.

The orop was glven menegement cexe as recomnended in
the package of preotices of the Kerala Agricultural
University (1977).

Collecotion of data.

Yor eaoh treatment in a repllicatlon, date was collected
from £ sagple of ten plante and the remainlng elghteen
conctituted the border.

The followlng observations were made end regoryded.

1. Yield of gralns per plant.
Grains harvested from ecch plant was welghed

after normel drying, and the welght was rexpresscad

in grame.
2. Number of panioles per plant.

The total number of pamioles in each plant was

counted.
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3+ Number of grains per panicle.

4o Temt

The primary panlcle carried filled as well as
unfilled grains. They were sepagated from each
other aad counted, The total number of grains
was also oaloulated and used for computing the

percentage of filled graolna,

veight of grains.

Thousandé £illed graino were selected at random
for each treatment i the four repliocaticns and

weighed accurstely on the analytical balanoe and

the value was expresased in grans.

%» Duration of the varlety,

All plents, constituting the sample in each plot,
were hervested on the same day. This wvariable mas
recorded as number of days taken by the plants for

harvest from the date of sowinge.

6. Length of paniocle,

The measurement was made in centimeters.

7. Nomber of branches per panicle.

The primary branches alone were counted inm this

context,



8. Percencage of filled gralas pex paniole.
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This was computed using the following relationshipe.

Huobexr of filled greing
Percentage of filled graing = m—mﬁaﬁis— x 100

9, Height of plant.

The helght of the primery tiller was measured a: the

time of harvest and recorded in centimetcrs.

Statisticel Analyois.

The date collected in respact of the metrie tralts, as

neationed above, was tabulated and subjected to statistical

analysis.

For the estimation of meen and for the enalyois of

variance, the proceehur@s proposed by Panse and Sukbhatme {1957)

4

were used.
Analyols of varilance
Source of Degrees of s 3
variation freedon Sede e F-ratio
2 62
Replications (r=1) SSR 8% R
;?'
B
2 a2
Preatments (v-1) Ss. (o) v
v vz
B
E
Error (r= (v =1) SSva azE




Vhere
r = the number of replications
v = the number of varleties
SSR = replication sum of squares
ssv = varletal sum of squares
SSVR = error oum of squares
82R = replication mean square
SEV = varietal meazs sqQuare
923 a Arror meay square

The significance of the computed values for *'F*
was tested with reference to the '¥' table (Pause and

Sukhatme, 1957).

Phenotyplc Variance (Johnson et al., 1955)

= X
Vp = ¥
Vhere

) = phenotyple variance

= type meaa square

N £ number of replications

31



32

Genotypic Verlance (Johneon et al., 1955)

V=5
Vg ® T
Whexe
Vé = genotyple variaunce
B = arrox mean sguare

Phenotyplc Co-efficient of Variatiom (Burtonm, 1952)

Y
pov = ngF' x 100

Whexe
pov = phenotypic co=-efficlent of variation
Vb = phenotypie variance

Ganotyple Co-efficient of Variation (Burtom, 1952)

v
gev = =—£. x 100

Hean
Vhere
gev = genotypioc co=-efficient of'varietion
Vg = genotyplc variance

Heritebility ip broad sepse (Hanson et al., 1956)

v
n? = B x 100
P



33

Where
h2 = heritability expressed in perceatege
Vs = genotypic varienee
Vb = phenotypic variance

Dxpected Genetic Advance under selection (Lush, 1949 and
Johnson et gl., 1955)

Whexe

GA = genetic advance

vg = genotypic variance
Vp a phenotypic varianece
X = saleetion differentlal expresced in

Phenotypic standard deviation
X = 2.06 1n the case of 5. selection in

large pamples (Miller et gl., 1958
and Allard, 1960)

Dxpacted Genetic Geln under selection (Johmson et aley 1955)

e = & z 100

X
Where
GG = genetic galn

GA = genetio advance

L]
]

mean
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Correlation co=-efficlents (Saedecor and Cochraa, 1967)

SP
r = Xl
,/531 X ssy
Where

x = correlation co~efflcient
xandy = variables vnder study
SExy = sum of produects of xy
SSx = sum of square of x
SSy = sum of square of y

Simple correlations between yleld of graln and each
one of the elght compoments as listed earlier, end the

muiual correletione among the components ware worked out,
Genotyple correlations (Al=jlbouri et al., 1958)

v

g12
o T fTa Vg
Vhexe
:g = geaotyple correlations co-efficlent
Vg12 = genotypic covariance of variables 1 and 2
vg1 = genotypic varlance of variable 1

Véa = genotypic variance of variable 2



The significence of rg ta tested ueing 't* teet.

Path co~efficient analysis (Wright, 1921, 1923, 1934, 19%4 and
Dewey aad Lu, 1959).

The path co~efficient methcdology wae used to
explicit the couse-sffect relatiouship in the syestems of

correlated variables under study.

Y, and X1, X2, x-5, X4’ XS. XS, X.] and XB tigre
L1dentified B3 the effect and causes rxespectively.

A caunsal scheme as repreeented in Fige 1 was

formulated.

The variable X, (duraticen) and X (Percentage of
filled graius per panicle) aze eliminated ap X4 is found
to have very Little influence on ylelq and X7 io of
oimilar nature to that of K2 (Number of grains per panicle).

Y formed the effect, X1, Xé and X3 formed the firet,

x5 and 36’ the second, aand XB the third order variablea

in Fige 1. X4 and Xﬁ wexe nod included im this part

of the analysis for reasona already pointed out.

Por calculating the path=cuvefficleats the



PMlg. 1. Diagrampatic reprecentation of the
causal scheme in rice for effect {¥) and mix
cauges (X.', Xps X3y Xge X end xa) beloaging to
three orders.



squatioas evolved by lewey and Lu,(1959) were used.

Accordin ly,
Y = a1x1+32x?+a3x3+e1
X2 = 3515+86x6+e2
XS = 8g Xg ¥ e

36



RESULTS
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REBULTS

Phe resulte of the analysis of data collected during
the course of the experiment are precented in the tables

end diagrame appended in this section.

For the make of convenience the following symbols are

uead to characterise each obaervation.

Charseter Symbol

1. Yield of grains per plant Y
2, Wumber of panicles per plant X4
3, Humbexr of gralus per penliole X,
4+ 1000=grain weight X3
5. Duration X4
6+ Length of panlcle X5
Te Humber of primaxy breanches 1

per paaicle 6

8. Percentage of filled grains
per panicle x’I

9. Height of the plant .9

The mean values gomputed for yleld and the components

mentioned above are shown in Table 2,

Precentsd in Table 3 are the range, and the mean for
the nine characters, when all the forty varietlies inoluded
in the study were consldered together.



Tafble; - 2« lean walue for yleld and eizht other characters in forty different varieties
of rice.

Characters
Varieties
Y X‘ X2 Xs 34 X5 16 I.I XB
AL 124 150 6820 114,200 22,105 124.000 24.870 10.700 63,290 85.270
V2 15.69(_): 84250 110.500 19.160 127,000 23.870 10,370 82.770 81.070
?3 13.975 T+420 86.500 284925 131.000 24.850 11.500 59,450 85.950
?4 11.050 6250 103,200 20,095 122,000 19,550 7.870 77.340 77.270
Vg 6.925 54670 73.200 20,310 125.000 28.350 9.350 63.970 129.000
VG 13.625 64450 110,500 27.955 124.000 22.750 9.970 81.250 85.300
77 13.675 9.710 75.000 22,927 116,000 22,370 7.920 T2.570 83.170
Vs 12.325 B.420 85.500 25,302 125,000 23.850 11.200 684950 89.270
Vg 11.725 6.370 98,700 20.695 124.000 24.270 ©.900 72,740 81.220
V1o 12,500 9,200 72,200 22,777 125.000 22,620 7773 T4.670 82.120

Contd « » « 2 C&-’J



Table = 3 Contd.

Characters
Varieties
T x, 12 K3 X4 X5 XG X7 XB
V11 15.950 B.550 94.000 27.332 124.000 21.720 84750 Bi.730 78.920
Vio 13.400 10,100 59,000 26.172 114.000 21.850 7.200 78.140 78,770
Vi3 13,050 10,020 68.500 21.945 117.000 21.770 T«470 8be430  TB.500
V14 12.450 7,970 89.700 22,162 117.000 21.600 84520 80,700 &0.370
V15 17.250 9.470 103,000 22,802 114.000 20,570 9.120 85.470 74.400
716 10,800 7.100 104,500 16.735 117.000 19.370 T+620 89.890 63.450
Vi 13.600 11.600 88.700 18,677 128.000 22.300 8.470 81.230 70.870
V18 18.000 11.450 112.500 17.620 124,000 22,320 9.520 7%.880 81.150
V19 11.975 7-550 102,500 20,795 121,000 24.470 10,070 T9.760 84.200
Von 14,100 6.920 126.200 24,225 124,000 21,500 9.870 63.760 92,850

Contd » « o 3

6¢



Table = A Contd.

Characters
Varietien
b4 I1 1{2 X3 14_ XS 3{6 17 Ia
Vo4 12.925 8.470 105.000 19,352 125,000 21.300 9.050 680.610 72.550
Voo 11.750 8,370 87.500 20.227 122.000 21.850 7.7 20,900 81,800
VéB 14.675 8,970 80,700 24.47C 114,000 21,400 7.250 78,780  T78.400
?24 17.100 10,070 113,000 21,322 125,000 25.150 10.170 T7.260 81.220
725 14..250 7.070 93,700 27.812 114,000 21,300 8,320 85,810  T4.450
V26 12,300 T«850 67.200 29,197 129.000 123.370 9720 634890 81,220
V27 14.800 93520 78,500 27.982 128,000 21,920 8.470 T4.760 75750
Vag 14.250  10.920 84,700 20.195 117.000 23.270 9.450 78.290 864100
v29 12.125 T«620 78,000 28,837 124.000 22,800 8.920 73.060 ?8.200
V3° 14525 T« 150 106.000 24.157 119.000 23,570 10,550 80.600  E0.700

Contd o « « 4
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Teble - 2 Contd.

Charaoctern
vastetles — X, b g %, X5 Xg X, xg
Vg 14.200 8,720 92,500 23,085 121.000 21.770 B.670 87.880 82.600
“32 12.075 9.200 93,000 22,090 130.000 22,950 G.600 T4.690 86.670
?33 19,375 1.T700  111.200 20.622 - 137.000 22,770 9.950 T4.780 83.050
?34 11.800 84000 85.000 23,762 117.000 22,200 7.150 84.360 €0.700
V35 14.000 T-670 103,200 21,382 119,000 23.420 9.770 80.199 78.570
?36 16475 10.700 95.500 21,810 122,000 23.320 8.660 84.450 79,270
Vs; 14.425 2.870 75.500 24.445 119,000 22.020 7.120 83,510 £0.000
V38 11,700 8.370 99.700 23.797 123.000 23.050 10.950 82.780 80,970
Vi 15.400 T7+620 96.200 27.995 126.000 23.150 9.100 85.550 81.520
Y0 15.950 TG0 91.700 28.995 124.000 21,600 3.770 T7.910 84.670

1%
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fable = 3. The range and the mean value for nine
charagters in rice.

Charactey Range Mean
b4 64925 = 19,375 13.705
Xy 5.700 = 11,700 8,550
X 59,000 = 126,200 93.010
3 16,735 =  29.177 23,4256
Xd_ 114,000 - 131,000 122,130
XS 19.550 = 28,350 22.692
X 7.120 - 11,500 9.084
X7 594450 - 90.9%0 T8.348
18 63.500 = 129,000 81,790

It is apparent from the Table thet the magnlitude of
the range between the minimum and naximum values recoxded
in raspect of each of the charxacters ao oompaxed against
the mean, varied to different dsgrees from varlable to
variables The relative magnitude wes assessed on the

basis of the following xeletionship.
nagnitude (%) (8 %‘%&% x 100
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For easoh oharacter the following represent the
percentage ‘thus computed,

Y 90.84
. 70,18
Xy 72.25
X5 53450
I 13.92
i 38,78
Zg 48.24
X7 40,15
Xg 80,08

Tha relationship, thereafore, seems to suvggest that
the megnitude of range is meximum for yleld of gralne
per plent (Y) end minimum for duration (x4). in the
descending order of this criterion, charxacters could be

ranked as 'y XB’ x2' 11, X3' XS’ x.?' Xs aad X40

The anelysis of varlence for the nine charaoters
studied in the forxty varieties of rice grown in a
Rendomimed Blook Deslgn with four replicetions wam woxkaed

out and the result is presented in Table 4.



Table - 4. Anova for yield end its components ia rlce.

Hean squares

Source of af
variation -

X.‘ X2 X.D. X4 15 XG X7 XS
Block 3 264583 4.618 119.480 0.446 53.183 0.846 0.167 37137 67304

Treatment 39

Exror 17

204 747" 9, 204%%  911,005%* 46,458%% 91,96T*% B.4310%  5.498%* 224,458%% 337.983%#

8.645 24393 128.575 0174 10.512 1.149 0.419 47.838 15.165

«® ndilcates 'F' value significaat at 14 level,

{The significance for trestment alone is marked)

Y%



45

From the Pable it ls evident that the varieties
differed significantly from each other for all the nine

charaoters siudied,

The va:!tance in respeot of the different characters
acre further subjected to statistical mamlipulation ¢o
determine the variemee due o phenotype (VP)' variance due
o genotype (vg), ao-afficient of varlation due to phenotype
{pov}, co-affioient of variation due to genotype (gov),
hexitebility in the broed semse (h‘?), genetic advance {GA)
and genetie gain (GG} under 55 probabllity of seleotion.

The results are presented in Table 5.

nce the yleld and ite cooponents were identified,
the asecciation between yield and each one of the components
and zpoag thé components were investigated inlos The
resulto obtained in this ragard, ¢xpreused as go-eificlent

of genotyplc corxrelation, sra given In Table &,

|
The genotypic xelationship between yleid and iis

componente are dlagrematically represented in Plg. 2.
|

It io evident from Fige 2 and Table 64 that six
components, when indicated a positive relationehip
(x,, Ze X3p X4y Xg and X7) against ¥, iwo suggested a
negative trond (x5 & xa).



?able = 5. Components of varlance, phenotypic coefficient of vartation, genotyple
coafficlent of variation, herlta‘ohlty. genetic advance, genetlic gein for yield
end other varlablee in rice.

Variaace Coefflolent of variatlon
. - Heritability Gemetic advance
Vartable Yhonotyplc Gemotypic RPhemotyplo Geaotyple HOFLEEZLLLY (at 53 mtensi’ty Gc?gﬁfé"
(V) (vg) (vov) {gev) &) of selection)
Y 5119 24957 16,508 12547 57. 770 2.693 13.640
X, 2,301 1.705 17.738 15.260 T4 +000 2.312 27.010
X, 227.751 195.608 16.226 15.037 85.890 27.700 29.780
X3 11.615 11.571 14.654 14.627 99.620 64994 30.060
X4 224997 204569 34926 3695 884570 8.T50 T 150
X5 2.108 1.821 6.397 5.946 86,380 209542 11.190
X 1.374 1.270 12,905 12.404 92.380 2.231 24,550
x., 564119 14155 3.561 B.481 76,690 12.540 16.000
iy 84.496 80.705 11.239 10.984 95.510 18.090 22,110

e
(=]



Table = 6. Genotyple correlations among yield and eight components ia rice.

X, x, Xy X, Xg Xg X, g

X, e ~0.2917%%  <0,3138%% 40,0396  ~0.2067**  =0.2955%%  +0,3634**  ~0,4219%*
Xy e v ~0.3678%%  40,2439%¢ =0,0903 +0.5283%*  -0.1815%  -0.1431
Xy .. . . +0.1122  =0.0130 +0,0959 -0.2695%%  40.0345
X, e . .- .e 40.5043%%  40.6008%%  =0.6008%*  +0,2846%%
Tg e o . - . 10.6251%%  =0.6599%*  +0.8106%*
Xg e . . .- . .- ~0.5521%%  +0.2943%%
X7 .a .s .o . . .o .e ~0.5824%%
b SO .- . . . . . ..

Y $0.5461%% 40,2975%% 40,1252 40,0585  —0.4725%%  +0.0829 +0.2803%4  =0.57020%

¥#Indicates significence at 0.10 level probability.

LY



Blgure - 2
Yield of grailno per plant
Hugiber of panicles per plaat
Number of grains per paaicle
1000=greia welght
Duration

Length of panlcle

Humber of primary branches per panicle
Percentage of fllled grains

Height of plaat



Fia CORRELATION DIAGRAM OF YIELD AND 1TS COMPONENTS 1N RICE

SIGNIFICANT POSITIVE

NON SIGNIFICANT POSITIVE
—n o ey e — - SIGHIFICANT NEGATIVE
—— —— NON SIGNIFICANT NEGATIVE
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Purther, studies on nutual correlation, luneorporating
Y and X1 ¢ e 0 8 0 XB, revegl addltionsal information and
the resulis obialned during the course of study are

represented dingrematically in Flge 2.

Sinec e study involving simple gorrelations slone
ia felt to he lnadequates for asseasing the absolute
ecoatribution of each component towards yleld, as an
alternative the path analysis was also don€s. For thisy
es the preliminary step, the components were identified
to belong to the firet, sacond cnd third ordera of causcs.
The findings of this analysis are diagramatioally pregented
in Pig. 3 im vhich the cansal scheme with the values for
the peth co~efflolient and correlation co-efficlent are
iliustrated.

Por the underateanding of the cause~affect relatlon=
chip, the parilaulars of direet and indirect effecis of
the componeats belonging to each of the diffexent orders,
a8 presented inh Tables 7 and B are made uee of in the

study.

it is seen from Table 7 that compenenis X1, X, and
XS cauged direct effect on yield, that of Xy was meximum
followed by X2 and XB' At the same tipne these 3 canses

produced indirect effects as well. When X, bes Indirect
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Table - 7. Direct and indirect effeots of the first order
oomponents on yleld in riee.

x1 x2 33 Totel cgorrelation
i
X1 +1,0525 =0, 2604 ={.2458 40, 54614
22 =0, 3070 +0.8027 =0,2882 +0,2975
x3 =0,3302 +=0,3284 +0,.7837 +0,1251

{The underlined figures represent the éirect effeets)

Table '= 8. Direet and indlrect effects of tke seqond order
components on number of greins per paalcle (xa) in rice.

XS XG Potal correlation
XS =0.6901 +0¢5996 =0,0003
XG =0.4314 +.9597 40,5283

{The underlined figures represent the direct effects)
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effegl thyough i, and 25, xa has effeots through x., aad
x:,,, and x3 through Xy and 12.

As 1s 1llustreted lu Table 8, X; and Xgy which are the
seoond order compenento influenece only :«;2 belonging to
the first ordexr. Boih thess veriablea (x5 and x6) oont gl
buted direct as well as indlreet influenoe on X,,the
indirect effeot of xs was through > 93 end that of x6 was
through XS' Fugther, the diraect effeat of x5 appesrs to
be negative and thai of 16 posliitive,

The thirdé order compounent (Xe) hao influence only on
one of the two second order components (Xs). Hexe the

dlrect effeot alone has relevance.
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DISCUSSION

The results of the present inveatigation are

discussed henceforth.

Torty distinct varieties of indles rioe constituted

the material for the study.

1t is apparent, in the light of the analysis of
variancd (Table 4), that the varieties diffexed
slgnificantly from each other im raspect of the following
nine quaatitative oharagtexs.

1. Tleld of graino per pleat (¥)
2, Number of pamicles pexr plamt (X1)
3. Number of graine per paniole (Ka)
4, 1000=-grain wsight (XS)
5, Duration (X4)
6. Length of paniocle (X5)
7. Humber of primarxy branches per panicle (Ks)
Be Peroentage of filled grains pexr panicle (K7) and
9+ Helght of pleat (%g)

Yield of grein is the moet important character

ap far as the crop of the present study ig ooncerned.
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Puxther, this character, which i under the coantrol of

o polygenic system, 1o dependant upon several other
varlables, lncluding the elght that are already enumerated,
and the interrelationship of these varisbles is sufficiently
complex. Under the cirovmstesnce, one has to ldentify
yield, which is the dependent character, ss the 'esifect?,
and the other varievles as the components or the *causes!

of the 'effect?.

The mesn velue for each variable, ifa the forty
varietles were worked cut eeparately and the resulte ars
presented in Teble 2. TFuorther, the mean wes computed
for the varietles oonoidered es a whole (Table3). These

obearvations seen to suggest certeln interecting trends.

The relative magnitude of the range for the varietles
when expressed as percentage over the genexal mean, varied
from varlable to varlable, the maximum was recorded
againet yield (Y), followed by helght of plant (xa),
nunber of greine per pealele (22), nupber of panlcles
per plant (X,), 1000~grain welght (1{3). number of primary
branches per panicle (Xs), pexcentage of filled grains
per panicle (x7). and lengih of panicle (Xﬁ), and the
minimum dgelast duration (XJ w 1t oaems to euggest that
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the verietleo exhibit eignificant dlfference im yield
which in turm, is dependsat oa all the other veriables
indlvidnolly, as well as in combinatlon, and all these
characters belng polygenleally iaherited, was also

influenced by the envircament in varying magnitude.

The overall variation, in geaeral, ie recogunized
as the sup total of variation due te genetlo causes,
eavironmental sffect, and the gene~environmeni Interaction.
Purther, the alleles in the polygenioc system are aleo
not totally free from mutual interaction emong themselves,
1n order to assess accurately the acpects projecting out
from this pexspective, an attempt was also made to etudy
the variation caused by the genoiype. A4s ie evident from
9sble 5, the pattern of variation due to genotype for the
nine varisbles exhibit almost similar trend as that
exhibited by the pheanotype. The computation of the
parcentage velue for heritability, in the bromd sense,
frop the values for the partitioned varienes, lndlcate
aenother tvportant feature. The value for the estimate
io maximum for 1000-grain weight ‘33)' followed by height
of the plant (18). number of primary breaches per panlcle
(Xg) o duration (X,), length of panicle (%), number of
2111ed grains per paniole (X)), percentege of filled
graing per panlele (X7), and pumber of panicles per plant
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(Xy)s cnd the miniuop for grain yisld (Y). It secns,

that yield, the charzoter that is beling given top
priority importance in the pgesent study, when ezhibvited
wide range of variability at the interverietal level,
rocords the minimum value for heritability. ©Thie confirms
that the manifestation of this chexscter ic of a highly
complex nature, which involve lnfluence of several other

conditions created by both geanle and nonegenic causes.

Two mors parsmeters, whieh are of paramount importnnce
in selection procedure - Genetic Advance, and Genetle Galn
undey selectlon at spectfied intensities, have also been
estimated (7able 5).

Yield, ao is seen from the Table, eventhough doss
not promise the marimum edventage in terms of Genetlc
Advence and Gemetic Gain, should not be under any
ciroumgtonce overlooked, beoouse ce has alresdy been
discusced, ite manifestation is fer from the resultis of
simple couses alone. Therafore, yield of grain in xice
ts an important quantitative charascter which has by
nature a highly complex system of expression, changes in

which is egually subject to environmeat flactuatiions,

For a better understanding of the interrelationship

of yield end its components, genotyple coxzelation



co~efficilents heve been oalculated, and the resulie of
the analysis are presented in Teble 6. The cutstandlng
feature, thet 15 evident frow the above Table, is that
yield bears e signlficantly positive mssoclation with
numbey of panielss per plant (x,), aunber of gralns per
panlele (X)) and percentoge of f£illeé grains par panicle
(x,,). However, its nasociation with length of panicle
(x5) and helght of the plent (xa). though elgnifiecant 1o
negative. Thus, of the elght components oaly five bear
signifleant asopotation to yirld. The negotive ascoctation
of height of plemt to yleld is already observed by rice
brecdere a3 ip apparent from the conaept of the tdeal
plant type for maximum yield potentlal, which prescribe
2 rolatively short, or medlum stature as the mopt Lmportant
aad esesntlal reguirement for a potentially high graln
yislder. Sinilar asscclatlon had boen obaserved by

Goud et al.s (1969), and Bunus et ale, (1976). However,
results contrary to what hae been Just pointed owt, were
reported by Vibar (1920), Rameiah {1953), Saotry et gl.,
{1967)y Roychoudhury {1968), Chang et BLsy (1973),
Govindaswami {1973), Sivasubremanisp sud Renom {1973),
Sreersngaseny and Murugesan (1973), Paramasivan (1977),
and Agrawsl gt ol.p (1978}, It oust be remembered, in
this contezt, thet thirtynine out of the forty varletiea



made use of in the present investigaticn, were of the
ideal high yielding plant type, which is associated
mith a relatively short plaant height. Frobably, the
results indicating positlive tremd of plant height with
grain yleld, repoxted by several authors, might have
involved the Jdifferent materiol for their etudy.

The seeond component, that supgest g negative

treand in aesociation with yield, is leagth of panicle.
Boturally, e loug ctatured plant can have cily a relatively
long panicles EBut since, In such types the nodes are
widely spmoed, one cxl anticipate only & sparse distri-
bution of graine =znd consequenily, 2 lon yield. BEBut ia
the higher yieldlng varietles thouth much of iwportance

is not given to individuml length of panteles, probably,
the Laerease in number of grains per panlicle is given

nore waightage.

Further, these two negatively correlated variables,
length of panlcle (xs) » and numbey of primary branches
pér paniele (XG)' are aleo simificantly asecclated
between themselves and the value for the co-efficlent
io high, and at the sone time positive, thus conflrping

the negetive Lnfiuence of these two variobles on yleld.



Length of pealcle (x5) » bears sigalficaat
relationship with nunber of panicles (X1), duration (X4)'
nunber of primary branches per paalcle (x6). percentage of
filled grains per panicle (x.,), and haight of pleat (Xy),
and the sign of asoociation are aegative, positive,

positive, negative, and positive recpectively.

Simpilarly, height of plent (Xa), also bears
oignificant relationship vith number of pamlcles perx
plant (X‘I)’ duration (X4). length of panicle (X5), numbey
of primery branches per panicle (Xs) » percentage of filled
greins per panicle (X7), and the sigas are negative,

positive, positive, positive aud negative respectively.

9hus, these two veriables, length of panicle (XS)'
and height of plant (Xg), exbibi: megative correlation
with number of panicles per plaat (Xy), and positive
with duration (K4), of which (X1) is positively correlated
to ylald, and x4 does not exhibit eny eignificant
relationship with yield, but ceems to Lndicate a positive

trend in the relationschip.

The positive relationship of lengih of primary
panicle (XE) end the number of primary branches perx
paniocle (KG), and height of plant (¥g), end the number of
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primary branches per paniole (xs). further, confirms the
negative lnflurnce of these iwo components on yleld.
Similerly, the yelationship of these two veriables om
pereentage of £illed graine per paalele (x7) aleo indlcate

an identical trend of aszoelation on yleld.

Fumber of paricles per plant (X1), number of groaine
per prinmary panicla (Xa), ma pereentege of fllled grelns
per panlcle (X7), bear signlficanily positive corrxelation
with yleld (Y), the velues obtalned for the co-efficlent
ara in the descending order of megnitude.s At the same
tine, number of panlcles pexr plant (X1), and number of
grains per primary panicle (Xz)’ are also correlatad
sigaificantly but the associatiocn Lo negatlve. Apﬁarently.

this is the reason why the valuea show some difference.

Further, number of panicles per plant (x,), vhen
it La positively correlated to yleld, io also positively
oorraleted to peroentage of filled grainms psr panicle
(xq), which, in turn bears a similar relatlionchip with
yield (¥), 8s that of number of pualcles par plont (X3).

The pnegative, and at the same time moderately
significant value for correlation co-afficient for

nupber of grains per primary panlels (XZ)' and peroentage



39

of filled graine per pamicle (X7), is probably the cause
for the slipht difference in the correlation valueo for
number of grains per panicle (X,), ond parcentage of

filled grains per panicle (XT)'

Mere tdentification of the components of yield
and the analysie of their Laterrclatiomship is often
obescxvad to be inadequate for the vholesome upderstanding
of the expreasion of the effect. The path analysis
method introduced by Uright (1921), further, helps us
no¢ caly in revealing In absolute terme the relationehip
in this context, but also helps in estimeting more or
less accurately, the direct effect of each of the causes
ond the indirect effect that each of them contribute
through other coomponents in the final causetion of the

effect,

Oa the basis of the dizect relevanee, or the
expreasion of the effect, the three causes, number of
ponicles per plaat (X1), nupber of grains per priwmary
pa&icle (Xa) and 1000-grain weight (X3), in this study

have been aosigned to the group of first ordsr compoanenls.

Further, leagth of panicle (RS), and number of
primary branches per panlicle (XG)' are grouped under the
eecond order componenés. Only one cause, height of

plant (X5}, ie Ldentified fo be of the third order and
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thie variable is presumed to be influencing the second

order componenty leagth of panicle (xs) onlye

With this, the caousal scheme wasc made (Fig. 1).
The causes of each order is belleved to be rasponsible
for the causation of other variables of the preceding
order, Jlomeaver, the contribution of the residnol
effect (&4, 8y, and 93) has not been overlooked, and

the eniimpated values have been represented in Fige. 3.

in this study the couse-effect path relationship
between grain yield per plemt {¥), and duration (x4),
has not been depicced in the causal scheme because
only & negligible part of the total variation in terms

of effeet hano been obsexrved to be due to this cause,

The very object of cause=sffect relationehip is

to reduce the number of causes as far as possible and
also ro glve emphatic preference to theose of the
componenta, which arxe relatively morxe effective. This
wav borne in mind for meking the causal scheme. O the
contrary, it is felt, that 1f more the number of causes
are incoluded, the possoiblility of compllcating the
understanding is more, and thus the seleotlon procedure

could not be exereclsed with convenliences



The relatlonshlp of the effect ond the first
order compoaents seens to suggest the following trends.
0f 4he three flrst order components, number of panicles
per plant (21), number of graine per panlclée (Xa), end
1000~-grain welght (X3), the direct effeot Lo alvaye
positive and the magnitude is mazimum for number of
effective tlllers per plant (X,), followed by number of
fllled grsine per pamnicle (Xa) and 1000-grain weight (K3).
Almost similar resnlts were racorded by Bao and Goud
(1971), Lenka and Misra (1973), Mishra at gl., (1973),
Srrerangasamy and Murugesaa (1973), Veakaleshwazlu et al.,
(1973), Seini and Gagaeje (1975), Singh and Wemda (197%),
Brar and Satnl (1976), Banerjes aad Sinka (1977), and
Agrawel et al., (1978).

Farther number of panicles per plsal (x1), has
indireet affects, onf through number of filled grains
per primery paaicle (22), aad the other through 1000-grain
weight (x3), both being of & negatlve nature.

Similarly, a comparative scrutiny of the direct
and indlrect effects of number of filled grainc per
penicle (Xe) and 7000=graln weight (23), elso 18 ’
indicative of z similar tremd as has been already
discuseed for number of panicles per plas® (X1).

number of grains pex panicles (xz) hes indireet effects
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through number of panicles per plaat (x.,), and 1000=graln
weight (13). 1000=grain welght (X3) has indirect effect
through number of panicles per plaat (x,) end number of

grains pexr panicle (Xz).

It is seen from Table T that the indirect effect
Iy Xgy and X, x3, are of relaotively lesser magnitude thoan
that of X2 X1, aad X.5 x1. though both categories mark
the negative sign.

Purther, the indirect effect X, 1(3 is also found
to be recording a relatively lower value than that forx

KB X.'. Here ageln the signe axe nagative.

Yiith regards to 1000=-grain welght (13), t¢he 1ndirect
effects X3 X4y and X3 X5, recorded relatively higher
megnicude thaa that of X1 x3, and i X3 and the sign

ramained in all the cases aegative.

Considering the relationship of the two secoad
order, components)lengm‘:h of panicle (XS), and number
of primary branches per panlicle (XG)’ on the first order
components ammber of gralns per panicle, the following

observiticn ceme to Lighie

The dlrect effecto of length of primary panlcle
(Xg), nunbexr of gralns yer panicle (Xa), are negaiive, and

recorded o comparatively higher value than their imdirect
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effect through numbar of primary branches per panicle

(X6) which is found to be positive, thus leading toa
total negative correlation value which is very much low.
The direct effect of number of primsry branches per
panicle (XG)’ on number of grains per panicle (Xa), is
positive but the indlireot effect through length of
panicle (XS)' is negative, thus leading to a diminution

in the total correlation value, Plemt height (XB) in this
case is prasumed to have only direct effect, and if at

all any indirect effect is involved, that is not considered,

The obserxvations could be summerised as followss

——
Fixrsi order X4 (on Y) +1,0525 +0.546%
X2 (on Y) ' +0,8927 10,2975
iz (on Y) 40,7837 +0.1251
Second order Xy (on %) =0.6901 =0.0903
Xg (on X5) +0.9597 +0.5283
Phird order Xy (on x5) +0,8106 +0,8106

The above figures lead to the following features

in the couse~affect relatlonship in ricge.
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1) Yield is more govemed by

{&8) number of penicles per plaant (X1)
(b) number of grains per panlcle (Xa)
(c¢) 1000~grain weight (KB) and
(d) duration (x,)

The grosu imfluence of number of panicles (x1), is
maximom followed by ¢hat of aumber of graing per penicle
(XQ), and 1000~grain weight (Xﬁ)' The effeet of duraticn
(x4) io very much negligible, Therefore, one has {o
give preference to more numbar of panicles (X1), for
seleoting a poteatielly high ylelder. The cooponent
next in order is number of gralns per ponicle (Xa),
follomed.by 1000=grain welght (XE)' Mlmoat similor
reports were made by Rao and Goud (1971), Chaadramohan
and Farayenasemy (1973), Kumar and Sainit (1973), Lenka
and Miera (3973), Mishra gt al., (1973), Venkatieshworlu
at alsy (1973), Honcharaish €t al., (1974), Seini and
Gagneja (1975), Singh and Nanda (1375), Danerjec and
Sinha (1976), Brar and Saini (1976}, end Agrawal ef 8l.,
(1978).

Farther, the direot effect of numbery of peniecles
per plant (X1), on grain yield per plant (Y) is more, but

gets less in magnitude because of i¢s negative indirect
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effects 1.0., more the number of effective tillero (x1),
lees will be the number of grains per panicle (Xa), and
also 1000~-graln weight (13). For selecting the type
with high grein yield potentlal, therefore, one has to
exercise certain amount of compromise zmong the relative
expresslon of these three charaeters meptioned above,
However, the fact thet aumber of greins pexr pamicle (xz),
1000=grein welght (X3), hes their influence on the effect

(Y) directly, should not be overlooked.

Length of panlele (Xs), and number of primary branches
pey pealcle (XG)’ are found in this particular causation
siudy to be bearing more relevant relationship on number
of graino per panicle (X2)'-‘ and are of the top priority
componeuts, that are being recommended for consideration

in selection for high graln yleld.

Hunber of primary breaches per penicle (XG)’ is
positively correlated to grain yield per plant (Y¥),
whereos overall leagth of panicle (X5), bears & negative
relatlonshipe TUhen taklng into conslderatlon, the direct
iafluence of these 2 components on number of grains per
paaicle (Xz), the value is positive and high for numbex
of primary branches per panicle (XG}, vhose indirect

effect through length of panicle (X;), ie negative and
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moderate, ond thai for length oi panicle (hs), is
negative ocnd at (he seme time 1.6 indireet effec? is
positive, and the ulrinaete result of the direet and
indirect effects leads in respecc of cthese Evwo componernto,
to a relatively lower value. 7That is the direer and
indirect effeots bear oppooiie slgns sn has already been
noticed in the relationshilp of ihe first order components

(X4 5 X, ond x3) and the effeet (V).

Therefore, between the Becond order componen:s,
foy selceliion, emphasis should be attribuced o number

of primary brenches per pznicle (X6).

Height of plant (X;), is highly corrzelated o grain
yield per plantﬁ (¥) but inversely (Table 6). Oa ihe
basis of the values preeented in the same Table, the
components could be arranged in ithe dimiaishing order
of values Yor geaotyple correlation igmorlng chriy

regpeciive signo as followgs

i) Heigh® of plant (KB)
ii) Kumber of panicles per plant (X1)
111) Tength of panicle (X5)
iv) Number of grainoc per pusicle (X2)

v} Pcreentage of filled grains per (%)
panicle (
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1000=-grein welght (X3), hovwever, doeo not come in
this piecure, buti ivs significan. negatlve relatiocachip
9ith number of penicles per plan: (X1) and nvmber of
graling per penlcle (X2) has been taken as the reason

for ite being inclided in the caumal schene,

Pherefore, Lt is recomoended on the basis of the
preecnt investigation carried out in rice ai tne College
of Agriculture, Velloyanr, that Lor oelecilon of o type
uiith hirh grain yield poteaiial the follovlng choaracters

ghould be glvea lmportancr.

{a) Heirht of plonk

1w is preferaple to have o Jdwarfl or mecdrun
ptacured plant. This recommendacion is in aecordance
vith thac pregeribed for c¢he ideal plant Lype for the

Ligh Yielding Yaric.ies.

(b) Humber of paanicles per pleat

This could be realised only if che plan: liself

bears on inberant capueliy to sroduce more tillerse

(e) Tenrih of individual nanicle

£lenis with relalively short peanieles are to be
preferred over 1loag. Lneidenily, a fallcr plans io

likely .0 bave larger panicles, bul .he forme:r character
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hogo olready been observed to be, geaerally, not very mueh
desiruble, unless speclfic objecceives like breedins for
varleties suited for cultivalion in areas where there is
chance for enundation of water, ond where there is more

denand for bulk of straw,.

(d) Humber of graine per pam:icle

A panlele uiih more number of grains has been

iden.ified as sonother impoxtant criterlon for seleciion.

{c) 1000=~grain weicht

L
A variety recortwng a high value for ibis atiribute

should be preferxred.

Therefore, thc concept of a relatively short statured
plont with high tillering capaclty and moderately short
panicles wiih more number of heavier grains per panicle,
should be the crlterion for selection of rice varietles

supcrior in terme of yield.

Rice is @ plant which has a relotively shore apan
of 1ife, is cultivated mainly for ivs grains. I'or maximun
produetivity, its functloa should bc incessant, and
necessarily directed towards syniheiic aclivities. Ina
photosynthrtically fumctioning organigzatioa ilke {he planis,

if che nateriol thay ie syachealsed during the period of
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growth and development is more utillzed for the production
of economically lese important perts like the vegetative
orgens, naturally, the materisl that is avallable for the
preduction of grelne will be inadequate foxr the required
recovery of grains. In the case of a relatively :all
plant, the probability of having more number of tillers
will be less, and consequently, the number of panicles
will also be less, Further, the leagth of panicle, in

such casas aloo tend to be more. This uill, eventually,
out shoxt the diversion of the synthesised material
towards the production of grainas. fhe very necessity of
heviag more aumber of ralatively heavier grains, that ie
eesentinl for the ultimate reallzation of high yield,
undex such circupstences, will not be cchleveds fShexefore,
the noro should be that "the plent must be able to synthesise
the requlred materizls in abundance and at the peme time
chould not unaeceesarily direct them for producing more

of vegetative parts thet will be of low aconcmic valuoe,



SUMMARY
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SUMMARY

1. The object of the biometrlcel study on forty
divergent indica rice varieties, carried out at the Collegs
of Agriculture, Vellayani under the Kerala Agricultural
University, during June - September 1977, is to furamish
the practical rice breeder with information on certain
accurate and dependable criteria for selecting the

poteniially high grain ylelders.

2. The experimen! was laid out with the forty
varleties (treatmeats) in e randomlsed block depiem with
four replicationse A sample of ien plaants was drawm from
each plot vhich were planted with twentyone day old seedlings
20 ¢m £ 20 cm apart 1o four rows of seven plants ln each,

in which eighteen plants constituted the lbrdere

3« (ollection of data was confined to the ten planis

in each sample and the followlng varisbles wege measured.

a) Graln yleld per plant

b} Nunber of panicles per plant
¢) Number of grains per panicle
a) 1000~-grain veight

¢) Duration

£) Tength of panicle

g) Number of primary branches per panicle
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h) Percentage of filled grains per panlcle, and
1) Height of the plant.

4e The data collected, wee tabulated, and subjected

to the following statistical analysis.

a)} Calculation of mesn for each treatmenl separately
and for all treatments together

b) Analysls of variance in respect of the nine
varlables.

5« It was observed that the forty varieties exhibited
sigaificant difference for all the nlue variables mentioned

above.

6. Co=efficlent geaotypie correlation wao ealeulated
and also the genetic parameters - Heritability cad,
Genetlc Advance, and Genetic Galn uwmder different
intensitles of selsction, with a view io assess the
relative importance of the variable im the final

expression of yield of graln.

T+ The path co-efficlent amalysls wau carried out
after identifying the more important of the components, and
asgigniog them to the first, secoad and third ordexs,
based on their relative merit. Por the accurate and
dependable application of the theory of causetion and effect,
an appropriate causal scheme was formulated and from the

valuaes for the path co=cfflicient, and the relative maguitude
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and etgn (positive or negative) for the direct sad indlreot
influence of each of the variable end that of the residual
effect, oonclusions were drawn. It has been found that some
of the componente inoluded Ln the study were of relatively

greater importsace than others.

8, In the light of the results and their critical
sorutiny, it hes been found that a relstively short
statured plent with more number of effective tillexs,
bearing more mumber of heavier groins om shorter panicles,
preferably oith a few primary branches are most ldeal for

realising high yield of grains in rice.

9. The impllications of the conclualon drawa from the

study are aloo discussed,.



REFERENCES



RLFERENCES

Ag!ﬂwal, ReEey Lal, J.P" and Hi.chhaﬂ.ﬂ-, AJKe (1978). llote
on selection imdices and path co=sfficients in semi=-dwarf
rice varietiea. Indien §. Agric. Sol. 48 (1) = 58 - 60.

Allard, R.W. (1960). Primciples of Plani Broeding. John
Utley é Sons, Inc. New Yorke. Dps 53 = 9D,

*Al‘dibcu:’.' HoA., Hi]-le].', PIA.' and Bobinsm, HeFe (1958).
Genotyple and environmental varianceo and covariances in
en uplend cotion crose of interspecifie origin. Asgron.
io ;532 4 633 - 6360

*Danerjee, S.Pey and !X, Sinha (1977)s Path eunalysis of
yleld components in rice. PBA 47 (1) s 15 Absi. 31

#Bhide, ReX., and Rea, S.6.B. (1927}, Correlation studies
in Rice. Mem. _'Ill_g_g. Agric. Indi. 14 : 78 - 83 (Quoted by
Naraslnga R2o, 1937)«

Brar, G.S., and Sainl, 5.5. (1976). Assoclation of grain
yield and eome sconomic characters in segregating populations
of two croseas between tall snd dwarf vagietlies of rice.
Indien J. Agric. Scie 46 (7) s 303 - 307.

*Burton, G.¥. (1952). Quantitative inheritance Lln grasses.
Droc. 6th Int. Graseld Congf. l s 277 = 283,

#chakravarthy, S.C. (1940), Roports Rlee Research Stction.
chinsurah (Bengal) 1939~40, (Quoted by Ramalsh 1953).

Chandremohan, J. (1964). Correlation studies in Rice
(oryzz sativae T.} = corrrlaticn of yield componentse
wLfh yleld {n the straln T 6. ¥adras Agric. J.

51 (33’: 122 - 126. .

Chandromohan, J., and Narayanasamy, P. (1973). Cozrection

of yirld components and other Metric traits with yield in

3?%% ang1gnazf indica riee. Madras Azric. J. 60 (9~12) s
Lad 8o



i1

Chandrasekharen, A.Ve ond Karivaratharaju, TeVe (1973).
Reletionshlp between totel active photosyntheiic sdurface
and grein yleld Lo ries. Hadras Agric. J. 50 {9-12)
1181 - 1188,

®Chang, T.Tey Lio CeCsy and Tagumpay, O. (1973)0 Genotypic
correlation, heterosis, inbrecding depression and trans-
grespive segrigation of agronomical triale im a diallel
oroos of rlice. Botanlesl Bulletin of Acodemia Sinlce.

14 (2) s 83 - 9%

#DBs GeR., ond Borthakuer, D.N. (1975). Ascoelation Letween
height end days to fiower in riee. 3clence gnd Cultuxe
41 (7) = 347 = 348.

#Demey, DeRe, Gnd LU, K.Ha (1959)., A correlation aad path
co=afficient analysis of compononts of crested wheat grassg
saed production Agroms J. 51 & 515 - 518,

*Durate, Rele, and Adems, 1.V. (1972). Path co~efficlent
analysls 1n some yield component interrelaiions in fleld
beans. Crop. Scle., gg s 579 -~ 582,

#Douba, V.Ae (1976)s Correlstions between quancitative

characters in rice. Selakokhopyalstyennaya Bioloniya
:1; (2) : 226 ~ 229,

*Rikichl, ISo. (1954). Rloe and craps in ite xotation in
sub~{ropicel zonese Japs FsA.Oe ASS0ce ZFokyos DPe 450

*Gl1toov, RePa (1973). The correlation between grain welght
per peaniele and the dismeters of the upper nodes wnd inter-
nodes in rice plants. 2r. VO II Risa 5 s 10 - 12,

REUNUGO, 11,y Atkins, T, and Stansel, Jatle (1976). Inter~
relations among quentltatlve charaoters in rice. Indlay
g+ Agric. Sol. 44 (10) = 673 ~ 675, PBA 47 (10) s BOT

Abst, 9456.



i1t

*Ficher, R.A. (1918)s The correlation between relatives
cn the eupposition of Mendalion ilnheritance. Trans.
Roy. Soc. Edinburg. 52 s 399 - 433,

#Pioher, R.Ae. {1954)s Statistical Methods for Research
Vorkers., Biologicsel Mouograph and Manuals 5 ¢ 130 ~ 131,

*Tichs, . A. {1973). Blometrical studies om norma) and
seml dwarf varieties of rice (Qryzae satlva T.) correla=-
tione between yleld-determining characters, Beltraze
Zux Prop, Lend. und Veterinasmedizin 11 (4) 337 = 340.

#galton, S.F. (1889). Ceacept of correlotion. OCited by
Fishexr (1954) pp. 209.

Ganesan, S.P.; Slvasubrepealam, S., Sweminathan, R., and
Srinivasan, V. (1968). Orain aright in cultivated strains
of paddy. MWadras Agric. J. 35 s 256 - 259.

#Gonghnly, P.N. and Sen, d.L. (1941}, Intras-relationship
of come plani cheracters with the yleld of Boroc paddy.
Proc. Indico Sel. Copgr. Abstracts. 56 : 168 = 174,

*@nose, Rel.M., Ghaige, M.B., and Subraasniyom (1956),
Bice im India. ICAR., New Deihi, pp. 507,

®#Chosh, A.K., Karlbeeappa, B.K., ond Praekashrao, S.V.5.
(19603, A etudy of the influence of some plamt
characters on yleld in japoniecs x indica crosses in

rice. Seierice ond Qulturs 3273 147 = 129,

*Goud, J.Va, Nayar, K.M.Ds, and Rao, M.Gs (1969).
Recent trends in rlee breeding in Mysora State. 111.
Adoptation and genotypic and phenotypic variability
in three environwent. 2, Pflazency. 62 ¢ 129 - 137.

+®Govindaswani, S., Ghosh, AX., Mahanae, N.%.,, oad
Dash, A.B. (1973;. Genetle variability =nd correlation
sindles on protein conteant and scme quantitative
%atr??te;listlos of riee (Dryzm sativa T.). Qryss
- = 8,
=



iv

*Guevarra, A.Be., ond Chang, 7.%. (1965). Intemode
elongation in rice varieties of reduced plant stature.

Phll’.EE' AEI’.O- ig H 23 - 42

*jlanson, Cellss Robinsony R.F., and Comstock, ReE. (1956).
Biometrical ctudles of yleld in segregating population
of Koxesn lespedeza,.izron. J» 48 s 268 = 272.

#Johnsony HeWes Robinson, H.F., 208 Comotock, ReDe (1955).
Betimation of genetic and environmental varlabllity in”
soybeans. Agrone Je 47 5 314 =~ 318

Kumary X., cud Sainiy S8, (1973). Path analysis in
short statured rice varieties. Indien J. Genet. Pl
Breed. 33 {1) = 13=15,

Lenka, D., ond Uisra, D. {(1973). Path co-afficlent
enalysic op yield in rice varleties. Iandien J. Agrig.
Sci. 43 (4) 5 376 = 379.

*Lin, Calles (1969). Genetio analysis of ithe yield
components of paniole weight and other major agronomlo
characters in rice. Agric. Assoc. China. 23 t 21 - 35,

#osh, §.Le (1949). Animal Breeding Plans. Iowa State
Collega Preass. Ame€S., 10WA. DPPe 475. -

*Mahaleanoble, P.Os (1934), A proliminary note on
inter-varietal corxelation in rice plaant. PDA, 4 3
Abste 545

#ajundery IleKey Banerjea, S.P., Chatierjee, S.D., and
Majumder, G. (1975)s Application of path cc-efficient
analysis as an ald to 2election for low temperature
tolerance in riee. Indian Agriculturist, 19 (2) s
235 =~ 243,

*iller, Pyh., Williams, V.C., Robinson, HeF., and
Comstook (1958),. Estimates of genotypio and
environmental verlapnces and covariances in upland
cotton and thelr implicetions in selection. Agron.
de 53 126 - 131.



v

MlBhra, KCN.' “Bnda’ J.S-' and Ghaudhary, ReCo (1975)-
Correlation, path co-efficient and selection imndices
in dwarf rice. Indian J. Agric. Sel. 43 (3) s 306 - 311,

Naﬂcharﬂi&h, Do' Haﬂda| J-S.’ and Chaudh&ry, ReCo (1974).
Genetles of yield end yleld oomponents in dwarf rice.
lodian J. Agric. Scl., 44 (7) s 437 = 443.

*Niles, H.E. (1922). Correlation, causetion end wright'e
theory of path co-ecfficlents. Genetics. Z s 258 = 273

*N1les, HoFa (1923). The method of path co-effiolent,
en enswer to Viright. Cenctlios. 8¢ 256 - 260.

Panse, V.G., and Sukhatme, P.V. (1957). Statistioal
Methods for Agricultural Vorkers, IOAR., Hew Dallile
PPe 63 - 69-

Paremasivan, K.S. (1977). Oorrelation studies ia tall
and dwarf indien rice. Medras Agrice d. EA (12) 3
836 - 838,

Ral, ReS.V., and HMurthy, K.S. (1977)« Correlation &
yield with yleld determining characters in rice undexr
two fertility levels, Indian J, Agrice Res.11 (3) :

133 = 136,

Ramaeish, K. (1953), Blce Breeding and Genetics.
Scl. Monozraph. 1CAR., Kew Delhi. pp. 360,

#Ra0, eBeVoNe (1937). A note on & few experimental
obeexrvaiions in the Rice Research Station, Berhampur
{Madres). Indian Jo Agrice Secie 7 ¢ 286 = 289.

=

*Rao, MedeBey a3d Chaudhary, D., RBtHOy Seles and
Hishra, RNe (1973). Varlabuitg and correlation
studies in upland rice. Oxyze (1) : 15« 21,

==



vi

*Rao, TeSe. (1970). A note on the relationship between
'yield and yleld com%onanta in 3addy {Oxyza pativa T.)
ELB_' AEI].O- g_o i H 1) 101 - 102,

*Reo, TeSes and Goud, Jo.V. (1971)« Recent trends in rice
‘breeding in Mysore State, 1V, Correlations, ccherltability,
and selection indicea for yield and yield components in
three environments. Zeitsohrift fur Pflanzenzuchtung.

22 {2) : 121 - 128,

#Rao, TeSes and Goud, JoVe. (1971). Recent trends in rice
breeding in Mysore State. V. Path analysis of yield
components. Zaltschelft fur Pflenzenzuohtung 65 (3) =
203 - 205.

Rao, Y.Y., Scakara Reddy, C.H., Bemekumar Reddy, K. (1974).
Leaf ares index of high yielding rloe varieties In relatlion
to culturel practices sad its correlation with yleld and
yield attributes. Madras Agric. §. 61 (6) : 169 - 171,

#Roychoudhury, A.Ke. (1968). Genotypic, phenotypic and
environmental correlations of quantitative characters
of aman paddy. [rana. Bose. Res. Inat. 2; (1) : 1 -8,

Saini, S.5., aad Gagneja, M.R. {1975)« Interrelationship
between yleld and some agronomic characters im short
statured rice ocultures. 1Indisn J. Genet. Ele Broed. 35

(3) = 441 = 445,

Sarathe, M.L., Sharma, K.K., aod Shrivastave, M.N. (1969).
Study of yield aitflbutes and he:t;abillty in come
varleties of rice Oxgza sativa L.). Indian J. Agrice
Set. 39 (9) s 925 =925,

*3astry, N.S.,, Balakrlshna Hoo, HM.J., a@nd Rawlo, S. {(1967).
The relationehip between graln yield and assoclated
characters in some short statured and high ykidln§ rice
varietles, Nem. Lett., PAO Intemat. Rics. Comm. 16
(4) : 20 - 42,

*Sayed Ibrahim, W.V.V., and Erishnemoorthy (1956},
Biometrical studies in rice under different spacing.
Andhra Agric. d. 3 @ 225 - 227.




vii

Sherme, S.D., ond Srivestava, (1971). Components of
panicle moxphology of rice (Oryza sative T.). Indien
_:3:. Agri.c. gq!..o &_1 (12) s 102§ = 10 .

#Si0g, DePoy and Henda JeSe., (1975). Correlatlen and path
analysis of yield, yield componento and incidence of
bactarial leal blight in riece. International Rice
Commiseion Wews Lefter 24 (1) : - 21

Sing, D.Ps, and Hande, J.5., (1976), Inheritanee of
yleld ond yleld coaniributing characters in rieces Indian
4. Agrice Sch. 46 (7) 3 323 - 326, .

Sivasubramaniem, S., and Henom, P.ley (1973)« Genotyplo
end phenciypic verlability in Rice. Hadras Agrics d.
60 (9 - 12} 3 1093 = 1096.

oa

Sivasubremaniam, S., ond Yenon, P.M. {1973). Path
analystis of yield components in Riers Madras Agric.
e gg (a2 - 12) ¢ 1217 - 1221,

Snedecor, G.Wey ond Cochran, W.G.,(1967). Statisiical
Methodse 6th Edne The Iowa State Univ. Press, llex.
s

Sraerengasamy, SeRe, and Murugesan, M., (1973). Genotypic
assoolation and path analysie la diploid snd telraploid
riee, HMadras Agric. J. 60 (9 - 12) : 1197 ~ 1112,

Srlvﬂﬂtava’ Dn?o’ Sahoo' K.I&., and Shama’ SODI' (197ﬂ).
Note on direet and indirect iafluences of components of
paniocle morphology oa tThe number of spikelets a a
panlcle of riee. indien J. Agrio. Seies 44 (11) s

782 = T84 =

*Stephen, Rey, Rol, Ve, and Murthy, E.Se¢, (1975). Path
gaalyels of grain yield ia rice under normal and
waterlogged conditions. RLsg 24 (3) & 279 ~ 2844



viii

Subramanian, Se., and Menon, Pells (1973)s Correlation
studles of plent stature, grein shape and yleld in the

hybride of Rice (Oryza sativa L.). Hadras Agric. Je
60 (9 - 12) s 1113 = 1177,

#*Tukey, JeWe, (1954). Ceusation, regression and path
enalysis, Chapter 3 of statistics and mathematics la
biclogye Iowa State College Prems, Amed.

*yonkateshwarlu, S., Charampal Singh, and Ahmad, Ze,
(1975}« Path anaglysis for yield components in paddy.
Indien J. Famm Sci. 1 (1) s 6~ 10,

4yibar, T.N. (1920}, Variation aud correlation of
characters among rice varletles. Abs, in Int. Pre. Sci,
end 21, Agrics 13 s 182 - 184, (quoted by Remalah (T9%3).

*Wzighgé Se (;921 Correlation and causation J. Agrice.
s 55

Yo
E_f_s_o - 585,

==

*yright, S., (1923). The theory of path co-sfficient -
& reply to Niles's critlcicm. Genelios, 8 3 239 = 255,

*7right, Se, (1934). The method of path co~efiicient.
ép_i.‘l_. Hathe Statistlies, 2 3 161 - 215.

syright, Se, (1954). The Lnterpretation of multivariate
systems. Chapter 2 of Statistics snd Mathematics in
biology. IJowa State. Collegs Preas, Ames.

#0riglinal not seen.



PATH ANALYSIS IN RICE (Oryza sativa Linn.)

By

CHALAPATHI, K., B. Sc. (Ag.)

R
ABSTACT OF THESIS

SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENT FOR

THE DEGREE

MASTER OF SCIENCE IN AGRICULTURE

(AGRICULTURAL BOTANY)
KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF AGRICULTURAL BOTANY
(CYTOGENTICS AND PLANT BREEDING)

COLLEGE OF AGRICULTURE
VELLAYANI - TRIVANDRUM

1978



ix

AB3TRACT

Yhen biometrical studles on forty divargent
varieties of indica rice (Orgze sativa I.) were
conducted at the College of Agriculturs, Vellayani
under the Kerala Agrlcultural University during June -
September 1977, the estimates for genotypic correlation
of yield snd eight compoaeats, and path ce-efflcient
of yield and the firet, secoad 2ud third orders of
componenta revealed that relatively short statured
plants having more aumber of panicle bearing tillers,
and@ more aumber of heavier grains on relatively shorter
panicles, preferably with & few primary brabches, have
been found to be ideal for & type having high grain
yield potentisl. Therefore, it is recommended that
selection for bigh grain yielders in this crop should

be based oa these criterias.”



