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INTRODUCTION

In India. rice is the prime cercal crop occupying an area of 44.8 million
hectares with a production ol 89.3 million tonnes and contributing to major portion
of countn’s food grain production. During sixties, quantum jump in yields were

ahtained with the advent of high vielding varieties.

The validity of interrelations of inheritance mechanism and predicton
of performances m breeding programmes depend on a precise assessment ol the
(rus worth of the genotypes. Generally such assessments are made based on the
phenotvpie data which. rellect both genetic and non genetic inlluences The genctie
effects are not independent of non genetic elfects. Increased concern with the
mportance ol homeostasis i fiving organisms has estmated plant breeders

awareness for the need to develap well bullered culuvars.

The performance of vanettes are greatly influenced by the genotvpe
{G), the envirconment (E) and the genotype x environment (G x Ej interaction. G s
Eomteraction s the differential genotvpie expression across environments anid
largelv affects the stable performance of the genotvpes. Genotype N environment
mieraction reduces association between phenotyvpic and genotvpic values and cause
venotvpes rom one environment (o perform poorly in another, forcing plant

breeder to examme genotypic adaptation

Becker (1981) defined stability as capacity to show a high predictable

respense (o the environment.

Measuring G x E interaction is important to determine an optimum
breeding strategy to releasing genolvpes with adequate adaptation to target
eovironment. Various methods have been proposed for statistical analvsis of

genotype - environment interactions and 1o identify the stable genotype.

A stable genotype 1s one that is able to produce a high mean over
diverse cnvironmental conditions. A stable genotlype possess an unchanged

performance regardless of any vanation of environmental conditions.
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One of the prerequisites in any breeding programme is the assessiment
ol venowvpes over locations. to assess their performance m a given environment
and their stability. Analvsis of multilocation data can help to dissect the Genotyvpe
x Environment (GL) mteraction into different components for assessing the genetic

worth of genotypes for specific environments.

The present study was undertaken with the following objective.

I Foadently the presence and magimitude of genotype X environment mteraction

for vield and s component trans,

Fl

2 To assess the stabihee of the cenotypes over dilTerent environments for vickd
A s M ;

and 11 compaonent characlers.
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2. REVIEW OF LITERATURE

A brief review ol the hiterature on various aspects related 1o genotype x

environment interactions i1s presented under the following heads.

I Genetic variability

2 Heritability. Genetic advance and Genetic gain

(W)

. Phenotyvpic and genotypic correlation

i

. Path analysis

3. Genotvpe X environment interaction

[

Genetie variability

Genetic vanability in a crop 1s the base requirement for its further
senetic improvement. The critical assessment of nature and magnitude of
vartabilitn 13 one of the important pre-requisites in formulating effective breeding

mathods

Sadananda er af (1987} estimated the genctic varabilny for mwjor
cooking and nutritive quality characters i rice collections from north cast Indin
hills. Water abserption and volume expansion registered high values of ceellicient
ol vanation while Kernel density and protein content showed fow varatalin
Chauhan cr ad. (19921 studied the quality components in ramfed upland rice Out ol

aled . alkali-digestion value showed the Inghest senetie

a
=

PO quanty mdices anvesh
vartability prespective of the growinge season. Kumar (19923 reported  high
vartabilite estmates Tor plant height. uifer number. boot feat feneth. vield per pant
trom (he anshvsis of upland rice Genonvple coelficient of vanaton ol these
characters showed close resemblance with phenotvpic coeflicient ol sariauin
which suvrested the effectiveness of selection ol these traits Chaubev and
Richharsa t19953 observed high vanabihn values for spikelets per panele and

wwest Lor panicle length in mdica rice.

Analyvsis of vield components i rice by Chaubey and Singh (1994

wWenofied sonde ninge of vanation for all the traits which offered scope of selection



for development of desirable types. The higher estimates of phenotypic coelficient
of vanation in comparison to genotypic coefficient of variation for all traits studied
suggested the mfluence of environmental factors on the traits. Govindarasu and
Natarajan {1995) evaluated high density grain characters in rice. Results indicated
that high density grains per panicle and 1000 grain weight recorded high estimates
ol genotypic coeflicient of variation while low values were recorded by number of
spikelets and high density grain index. Highest value of genotypic and phenotypic
coefficient of variation was observed for high density grain number per panicle.
The extent of genetic variation for 11 characters in 99 rice genotypes was assessed
bv Rov ef al (1995) Bacterial blight severity reported the highest genotypic
coelficient of vanation followed by panicles per plant, grains per panicle and
spikelets per panicle. The low estimates of variability was observed in hulling and

milling per cent while moderate values were showed by vield per plant, days to 50

per cent flowering and 1000 grain weight.

Ganesan ef al. (1996) reported high values of genotypic coeflicient ol
variation {or panicles per plant, grains per panicle, grain yield per plant, dry matter
production and harvest index from the study of F, population derived from early
and extra early cultivars. The low amount of genetic variability observed for days
to panicle emergence might be due to involvement of early and extra early
maturing parenis. Muker ¢f /. (1998) studied the quality and milling characters in
fiflv rice variettes. The coelficient of variability was highest for kernel elongation
ratio followed by kernel length width ratio, length after cocking and kemel length.
For hulhng and milling recovery, very low magnitude of variability was observed

which indicated lack of heritable variation for these traits.

Vanaja (1998) conducted genetic analysis of high vielding rice varieties
of diverse ongin. High magnitude of PCV and GCV was observed for spikelet
sterility percentage, grain yield hectare™, number of total tillers plant™, orientation
ol leaf. harvest mdex, number of tertiary branches per panicle, number of panicles
m” and alkal spreading value. The estimates of genetic parameters from the
analyvsis ol genetic vanability i nice quality traits by Vivekanandan and Giridharan
(1998 revealed that kernel fength after cookmyg. kernel length and kernel length

sreadth rano showed maximum Phenotvpic and genotvpie vanations. whereds



linear elongation ratio, breadthwise expansion ratio and elongation index recorded
the minimum. Kemel length breadth ratio showed the highest phenotvpic and

venotypic coefficient of variations.

Esumation of variability lor five characters in salt tolerant nice
venotypes was conducted by Balan ef af. (1999). The analysis of variance showed
highly significant differences among genotvpes for all the characters studied.
Higher genotypic coefficient of variation was observed for grain yield followed by
harvest index and straw vield. The difference between genolypic and phenotypic
variability was nummum for days to maturity followed by days to 50 per cent
Mowering suggested that these characters were the least affected by the
environment. Rice genotypes evaluated by Kaw er al. (1999) for genetic vanability
and character association under three cold stressed environments revealed high
genotvpic vapation for fertility per cent, fertile spikelet number per panicle and
low for flowering duration, panicle length at all locations. Murthy ¢f al. (1999)
analysed the variability in morphophysiclogical trails in 49 rice genotypes.
Phenotwvpic and genotypic coefficient of variation were high for grain yield, total

drv matter, leaf area at 45 days and leal area at harvest.

Nair (2000) conducted genetic and physiological analysis of ratooning
n rice and found that tiller number during panicle initiation and flowering, LAl
during panicie initiation and f{lowering, davs 1o flowering, days taken for
completion of flowering within a hill, plant height, number of productive tillers
plant”*. number of unproductive tillers plant”, grains panicle”’, chaff percentage,
grain thickness. chlorophyll b content during flowering, flag feaf area, grain vield,

grain production day”' and ratooning ability had high PCV and GCV values.

Sarawygr e¢f al. (2000) observed high variability in stenle spikelets per
panicle, sterility per cent, fertile spikelets per panicle and grain yield from the
study of fow land rice genotypes. Data on genetic variability studied by Thakur e
al. (2000) in segregating population of rice revealed that grains per panicle had
maximum vanance followed by panicle weight and biological vield indicated the
higher influences of environments on expression of these characters. Genetic

vanability for yield and tts components was worked out by Yadav (2000) in |5 rice
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genotypes for two successive years. High genotypic and phenotypic coefficient of
variation were observed for gran yield per plant, total grains per plant and total

LIy per paticle,

Bala {2001} conducted a cntical study of saline and alkaline rice
genotypes. The genotypic coefficient of variation ranged from 9,93 for plant height
o 41.16 for grain yield per m®. Minimum difference between phenotypic and
cenotvpic coelficient of variation was observed for days to 30 per cent flowering

wluch suggested that the trait was least affected by environment.

Variability studied in 15 rice varieties by Satvavathi er af (2001)
revealed moderate 1o high coefficient of variation for plant height, number of
grains per panicle, spikelet sterility, amylose content, gel consistency. kernel
elongation ratio, 100 rice grain weight and vield per plant. Shanthi and Singh
(2001) analyvsed induced mutants of mahsuri rice. He emphasized the importance
of traits punicle height. panicle length, 1000 grain weight and number of grains per
panicle in selection programme revealed by their low difference between

phenotypic and genotypic coeflicient of variation.

_IJ
I

eritability, Genetic advance and Genetic gain

The extent lo which the variability of a quantitative character is
transferable 1o the progeny is referred to as heritability for that particular
character. The expression of these characters are controlled by many genes whose
action may be additive or nonadditive. Therefore the selection of a character

should be undertaken only after estimating the heritability of that characters.

Chauhan er a/. (1992) conducted genetic analysis of quality parameters
in rainfed upland indica rice varieties. Results indicated high heritability estimates
for kernel breadth and low values for water uptake. Genetic advance values were
lowest for hulling and milling recovery. Kumar (1992) studied the variability and
character association 1n upland rice. Boot leaf length and yield per plant registered
high heritability and genetic advance values. Roy and Kar (1992) tested 34 elite

breeding fines of rice for heritability of characters. High heritability was observed



for dayvs to 50 per cent flowermg and plant height while moderately high
heritabilitv was  exhibited by panicle number per plant, biological vield and
harvest index. High hertability with high genetic advance was found 1n characters
00 grain weight and plant height. Chanbey and Richharia (1993) analvsed the
variability in quantitative characters of indica rice varieties. Highest heritabihty
was lor test weight and lowest for harvest index. The estimates of genetic advance
were highest for spikelets per panicle and lowest for harvest index. Spikclels per
panicle and plant height exhibited high heritability coupled with high genetic

advance.

Chaubey and Singh (1994) identified high heritability for all the traits
studied n vield component analysis in rice. highest for total number of spikelets
lollowed by grain vield per plant, 100 grain weight and lowest for panicle length.
The genetic advance as per cent of mean was highest for grain vield per plant while
lowest for plant height. High heritability with genetic advance were observed for
total number of spikelets. grain yield per plant and panicle weight. Data on analvsis
of high densitv grain characters in rice by Govindarasu and Natarajan (1995}
indicated high hertabthty vatues for all characters except high density grain index.
Genetic advance as per cent of mean ranged (rom 5 42 [or high density grain index
tw 1548 for number of high density grains per panicle. Rov ef @l (1995) assessed
the ninetv mine rice genotvpes and observed high heritability estimates ranging
from 80 o 99 per cent for most ol characlers studied which indicated that
importance 1 crop improvement. Bacterial blight severity. plant heighi. spikelets
per panicle and gramns per panicle showed high heritability estimates with hieh

genshic advance,

Ganesan ef a/. {1996) studied the heritability in F; populations deried
from early and extra earlv rice cultivars. Panicles per plant, gramns per panicle,
aram vield per plant. dry matter production and harvest index recorded hich
herttabilits and genetic advance in Fy and F; generations of crosses. Based on
venetic parameters. ADT 36/AS 89011, ASD 16/Kalvani 1| and IR 5(/Heera were
idenufied as best crosses. Quality traits in rice were evaluated by Vivekanandan
and Gintdharan (1998), They identified high heritability for all the characters

studied. The genetic advance as per of mean was highest for kernel length breadth



ratio and lowest Tor linear elongation rato and breadthwise expansion rano High

heritabohiv and genetic advance were showen by kernel length breadih rano

Esumation of heritability and genetic advance m 15 salt (olerant nce
cenotvpes by Balan ef ol (1999} resulted i the identification ol characters davs 1o
S0 per cent lowering, days to maturity with ligh heritability and straw vield with
low herttability. Genelic advance as per cenl of mean was lugh for grain vield
followed by harvest index. straw vield and low for days to 50 per cent flowering
and davs to maturity. Kaw ¢f af (1999) inferred from the varability and inter
relations 1n 94 rice genotypes under cold stress environments that heritability
estintates ranged from 82,6 per cent for panicle length to 93.1 per cent for plant

herght.

Murths er al. {1999} reported rom the study of morpho-physioloaical
traits in rice that high hertabihty and genetic advance was observed lor grain
vield. total drv matter and leaf area at early stage. Leafl area at flowering, leaf area
duration and leaf photosynthetic rate showed high heritability with moderate
genetic advance. Morphological characters other than total tillers and number ol
productive ullers exlubited high hernability. Agromorphological traits in low land
rice genolvpes were tested by Sarawg ef /. (2000}, High estimates of herntabilitv
of more than 80 per cent and genetic advance more than 18 per cent were abserved
for plant height, days to 50 per cent Nlowering and 100 grain weight. Thakur ¢f o/
(2000) concluded lrom the genetic parameters of F, population and the parents,
Anupama and R 30 that high heritability and genetic advance values were shown

by biological vield and grain vield per panicle.

Yaday (2000) observed appreciable amount of genotypic coefficient of
variation, heritability and genetic advance for quantitative characters, total grains
per pamcle. total grains per plant and grain vield per plant which indicated additive
sene action and provided scope for crop improvement by selection. Analysis of
venetic components in 42 salme and afkaline tolerant rice genotypes bv Bala
t2001) revealed the assoclation of high heritability with genetic divergence in gram

vield per m? and plot vield.
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Shanthi and Singh (2001) identified high estimates of heritability for
the characters studied in induced mutants of mahsuri rice except for grain vield per
plant and number of tillers per plant. Number of grains per panicle had the
maximum gstimate ol genetic advance wheregas minimum value was shown b

number ol ullers per plant
23 Phenotypie and genotypic correlation

Correlation  provides useful informaton (o plant  breeders for
developmy selection schemes as it reveals the strength of relationship amony the
group of characters Correlation between various characters helps in simultancons
selection ot these characters. Genotvpic correlations higher than phenctvpie
carrelations dicate the inherent assoctalion belween the traits and thereby (he

mmportance of these correlations n selection.

Paramasivan and Rangasamy (1988} conducted the analvsis ol vield
and its compoenents morice and found significant posttive assoclation of vield sith
plant height. uller number, panicle length. grain number and grain weight. Manuel
and Palanisamy (1989) observed signtficant positive correlation of grain vield with
davs to flowering. plunt height, Rag leaf area, panicles per plant, panicle length and
number of grams per pamcle from the evaluation of (ifieen h}'brids and therr
parents. Correlution estimated among difierent trarts in upland rice by Kumar
(1992} showed significant positive association for tiller number, panicle length and

boot leaf breadih.

Rajarathinam and Raja (1992) concluded from the experiments in 40
nce genotyvpes under alkaline stress conditions that positive phenotypic and
genotypic correlations of grain vield occurred with plant height, number of

productive tillers and grain number.

Roy and Kar (1992) assessed the phenotypic and genotypic correlations
among 11 matric characters in 29 early maturing upland rice genotypes. Yield per
plant and harvest index exhibited positive association with plot vield. Significant

negative assoctation of days to flowering and plant height with plot yield was
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observed. Chaubey and Richharia (1993) studied correlations among 8 quantitaiive
characters in 80 indica rice varieties. Phenolypic correlations of grain vield with
plant height. panicle length, spikelets per panicle and panicle weight were

significantly positive.

Estimation of genclic parameters in 16 parents and 32 F, rice hybrids
by Gravois and McNew (19v3) revealed a positive relationship between panicle
weight and rice vield, whereas panicle number was negatively correlated with nce
vield. Pamcle weight and panicle length which were negatively correlated at hoth
the additive and broad sense genetic level indicated that a shorter. more compact
panicle as the desired panicle shape. Results also identfied the negatne
assocfation of panicle number with plant hetght at the additive genetic level

Chaubey and Singh {1994) conducted the correlation experiment in 20
nce varieties, Gram vield per plant found positively and significantly associated
with panicle weight. number of ear bearing tillers and plant height. The number of
ear bearing tillers exerted maximum direct effect [ollowed by plant height and 100
cram weight Govindarasu and Natarajan (19935) indicated that high density gram
number per panicle recorded sigmificant and positnve correlations with number of

spikelets and high density grain index.

Variability and correlation analvsed in 99 rice genotypes by Roy er al.
(1995) identified the significant positive association of grain vield per plant with

days to 30 per cent flowering, spikelets per panicle and milling per cent,

Vanaja  (1998) conducted genetic analysis of high yielding rice
varieties. The study revealed that ratio of vegetative phase to reproductive phase,
number of panicles m” number of spikelets per panicle, number of tertiary
branches per panicle, number of grains per panicle, 1000 grain weight and harvest

index were significantly correlated with yield at genotypic and phenotypic level.

Ganesan ef al. (1998) observed significant and positive relationship of
number of productive tillers, harvest index and dry matter production with single

plant vield in F> and F1 generations of tall and semidwarf crosses of rice. Number



ol grais per panicle indicated significant correlation with panicle length. harvest
index and drnv matter production. Genotypic and phenotypic correlation of vield
and component characters revealed that harvest index, number of gramns per
panicle, grain breadth, panicle weight, {lag leaf area and grain density had

significant positive genotvpic correlation with yield (Rosamma, 1998).

Vivekanandan and Giridharan (1998) reported that the elongation
mndex showed positive association with linear elongation ratio and negative
correlation with breadthwise expansion ratio from quality traits analysed in rice.
Data on analysis of doubled haploid population by Bagah et al. (1999) revealed
significant genotypic correlation of grain vield with panicle density, number of

filled grains per panicle, panicle weight, harvest index and fertility per cent.

Balan ¢r al. (1999) suggested from the analysis of salt tolerant rice
genotyvpes that higher genotvpic correlations (ndicated the tnherent association
between the traits, Significant positive correlation of sced yield with harvest index

and strasw vield was observed.

Correlations between fertile spikelets per panicle and fertihty per cent
were highly significant and positive at all locations in 94 rice genobvpes tested
under cold stress environments (Kaw ef ¢/ 1999). The magnitude of association
between the various economic traits were analvsed in 20 crosses of indica rice by
Manonmani ¢f @l (1999). He found that grain vield, grains per priman ear and
panicle length registered  significant and  positive  association with davs 1o
Mowering. Correlation studied revealed that selection for very early tyvpes resulted
in reduction in panicle length, number of grams and 1040 grain weight which inturn

reduced the vield

Meenakshi er ol (1999) worked out the genotyvpic and phenotvpic
correlantons for vielkd and phystological characters in ramfed nce. Productive tillers
per plant. gramns per panicle, dry matter production and harvest index were

posttively correlated with grain vield.



Analvsis of correlation amony seed characters. seedling characters and
vield attributes performed in 24 genotypes ol upland rice by Rao and Saxena
{1999) indicated that none of the seed or seedling characters were significantly
correfated with grain vield. They also observed that vield attributes like percentage
fertile grains per panicle and biological vield had a strong positive association with
srain vield. Rao and Shrivastay (1999) studied the association among vield and
vield attributes in upland rice genotvpes. The resulls revealed the correlation of
moderate stature of plant, moderate number of panicles per m’, higher number of

lilled spiklets per panucle with higher grain vield.

Sarawgi ¢f al. (2000) recorded IR 57315-PM [-B-1-1-SKN-1-1 as the
breeding line with highest grain yield from the correlation studied in lowland nice
genotypes. He identified that grain vield was positively and signilicantly correlated
with biological vield, harvest index. number of fertile spikelets per panicle and

plant height at both genotypic and phenotypic levels.

Thakur ¢7 al. (2000) reported from the character association studied in
segregating population of rice that grain yield was positively associated with the
biological vield per plant and pamicle weight. Saline and alkaline tolerant rice
genotyvpes were studied Tor correlation among characters by Bala (2001). Results
indicated significant correlation of plot vield with grain vield per m® panicle

length and plant height.

[n 1998, eight parents and 16 hybrids obtained through line x tester
mating design were evaluated at Madurai by Janardhanam e @/, (2001). Only the
number ol grams per panicle had direct positive association with single plant vield
indicated the importance of this character as a useful selection index for vield
Kavitha and Reddi (2001) cbserved significant phenotypic and genotvpic
correlation between grain vield and other yield components from the experiment 1
21 rice genotypes. Grain vield exhibited significant positive association with
number of productive ullers per plant, 106 grain weight. dn matter production per
plant and harvest index  Experiment identilied negative associabion of spikelet

steriftiy wath zraon vield



Satvavathi ef /. (2001) studied the vanability and correlation in rice
varietics. He inferred that selection could be practiced for number of productive
tillers per plant, number of grains per panicle, length breadth ratio, and 100 grain
welght as these characters manifested positive significant correlation with gran
vield, The quantitative parameter amylose content showed a sigmficant positive

correlation with gel consistency.

Genotypic and phenotypic correlations among 8 characters were
analysed in 53 napier grass genolypes by Khan and Sukumar (2002). Highly
significant. positive genotypic correlations were observed between green fodder
vield and plant height, leaf width and number of tillers per plant. Green fodder
vield recorded highly significant, positive, phenotypic correlation coefficient

indicated low environmental elfect on the expression of characters.
2.4 Path analysis

Path coeflicient is simply a standardised partial regression coefficient
and as such measures the direct influence of one variable upon another and permits
the separation of correlation coefficient into components of direct and indirect

effects (Dewev and Lu, 1959).

Paramasivan and Rangasamy (1988) suggested that the selection for
grain vield could be efficient if it is baed on plant height, tiller number, panicle
length. grain number per panicle and grain weight as these characters fullfilted
both the requirements of genotlypes assoclation with yield and path coefficient

analysis,

Analvsis ol upland rice by Kumar (1992) revealed that maximum direcl
effect on grain vield was given by panicle length followed by plant height and tiller
number Roarathinam and Raja (1992) mferred from the results of correlation and
path wnabvsis of Torty genolyvpes of rice that plant height, number of productive
ullers and gram number showed both posttive correlation and direct effects on

vield.
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Path coelficients on quantiative characters in 80 Indica rice vaneties
were studied by Chaubey and Richhana {1993). Thev found that panicle weight
showed the highest direct efTect on grain vield It was also emphasised that direct
effect of pamcle fength was negative and very low. but indirect effect of this tran

through panicle weight was as hugh as its genotvpic correlation with gram vield

Gravols and McNew (1993) conducted the genetie analysis ol vield and
vield components in rice and identilied postuve direct effects for both panicle
number and pamicle weight on rice vield, with panicle weight exhibiting larger

direct effects on vield than panicle number.

Chaubev and Smgh (1994) reported that number of car bearing tllers
exerted maxtmum direct elfect on gram vield per plant followed by plant heichl

and 1iHY erain werght

Path coelMeient analvsis mooearhy nice vaneties revealed grams pe
panicle as the most important character because ot its higher positive direct ¢lfeci
followed by productive tillers and panicle wetght (Sundaram and Palaniswams.

1904}

Rav eral (1995) stated that grans per panicle, spikelets per pamicle and
bacteral bitght seventy as the most important characters contributing to vield from

the study ol casual relatienship in nice

Murthy ¢t al (1997) analysed the physiological productive and
chemical parameters on the vield of ratoon rice crop. They indicated that total
regenerated tillers. panicle number, nitrogen percentage, tolal carbohydrate
percentage. and non reducing sugar percentage as the major characters exerting a

major direct influence on the productivity of ratoon rice crop.

Correlation and path analysis of yield components in F, and Fa
generations of tall x dwarf rice crosses were undertaken by Ganesan ef al. (1998).
Drv matter production and harvest index exhibited positive direct effect on gran

vield in both the generations was observed from the path coefficient analysis.



Vanaja (1998) revealed that the princtpal yield determinging
components in rice were harvest index, number of terliary branches per panicle.
number of panicles per m’, number of grains per panicle, number of spikelets per
panicie. ratio ol vegetative phase to reproductive phase, 1000 grain weight, number
ol days to 50 per cent (lowering, number of days to harvest and spikelet sterility
percentage.

Vivekanandan and Giridharan (1998) studied, the genetic variability
and character association for kemel and cooking quality traits in rice. Linear
clongation ratio and breadth wise expansion ratio showed the maximum direct

effect whereas moderate direct elfect was indicated by kernel length breadih ratio.

Bagali er al. (1999) reported that panicle weight exerted maximum
positive direct effect. followed by number of grains per panicle and harvest index
on gran vield per plant. Panicle weight showed high positive indirect effect

through harvest index and number of grains.

Path coeflicrents for Nive characters m salt tolerant genotvpes were
estimated by Balan e/ @/ (1999). Days to 30 per cent (lowering recorded the

highest positive direct efTect on seed vield followed by harvest index.

frath coefficient analvsis by Kaw e of {1999) indicaled lertle spikele:
number to have the highest posttive mfluence and pamcle length a nevatne

niluence, both directly and directly. upon fertility,

Meenakshi er al. (1999) evaluated the path coeflicients ol vield and
physiological characters in rainfed rice. The result indicated drv matter pioduction
as the most important character because ol its higher posiive direct elfect.

followed by harvest index.

Faseela (2000} conducled the genetic analysis in F2 and Fs progenies of
selected crosses of rice varieties of diverse origin. Highest positive direct ellect

was exhubited by LB ratio Tollowed by tolal tillers per plant, panicle bearing tllers
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per plant, panicle length, number of grains per panicle, grain breadth, 1000 gramn

weight, duration to 50 per cent flowering and grain density.

Sarawgi ¢r al. (2000) indicated a greater contribution of harvest index,
fertile spikelets per panicle, biological yield and plant height to gram yield from

the character association studied in rainfed lowland rice genotypes.

Results of path coeflicient analysis in saline and alkaline rice genotypes
by Bala (2001) showed that grain yield as per m* exerted the maximum direct
positive elfect on plot vield, followed by panicle length, plant height, and days to

30 per cent flowering,

Janardhanam et a/ (2001) reported plant height, spikelets per panicle
and number of grains per panicle as the most importani characters that modify
expression ol single plant vield, based on direct and indirect effects from path

analysis.

Data on path coefficient analysis of Kavitha and Reddi (2001) revealed
that the characters filled grains per panicle, dry matter production per plant and
harvest index exhibited a high positive direct effect coupled with positive

significant correlation with grain vield per plant.

Satvavathi ef af. (2001) analysed the genetic paramelers 1n 15 rice
varieties under diflerent spacings. Number of productive tillers per plant, number
of grains per panicle, length hreadth ratio and 100 grain weight were found 10 be

the mam contributers to grain yield,

Khan and Sukumar (2002) estimated ihe correlation and path
coeflicients in 53 genotypes of napier grass. Leaf width recorded the highest direct
elfect on green fodder yield followed by plant height, panicle length, crude protem
content and crude fibre content. The indirect effects of plant height through {eaf

width and number of tillers per plant contributed towards green lodder yield.



2.5 GENOTYPE X ENVIRONMENT INTERACTION

One of the major objectives in anv plant breeding programme 15 the
selection ol genotvpes that are consistently high yielding over a range of
environments. This selection 1s often inelficient due to genolype x environment
interactions and the Failure of genotypes to have the same relative performance m
different environment. Therefore the interrelationship of nherent cifect and

environmental influence has been studied.

De ef af. (1992} analysed the genotype x environment interaction of 47
rice genotvpes in four different lowland situations. They identified CR 728-7-2-2.
CR 673-431 and Utkal Prava as stable cultures. Of the significant genotype x
environment interaction observed, linear component was predonunent for ear

bearing tillers per hill and non linear component for grain yield.

Sreekumar er al (1993) evaluated the genotypic X environment
interaction and stability of pre-release cultures and varteties of rice. The analysis of
varianice for stability with respect to important yield attributes revealed significant

difference between genotypes for height of the plant and grain yield only.

The stability of advanced rice cultures were tested under diflerent
environments by Elsy er af. (1994). They observed differences among varieties

with regard to their relative stability in adapting to specific environments.

Kandaswami and Rajagopal (1995) conducted the stability analysis of
rice varielies in sodic soils. None of the genotypes showed stability for all the traits
studied. Genotype SSRC 92217 which recorded stable grain yield with average
response was found suitable for all environments. Singh er al. (1995) observed
significant genotype X environmenl interaction in 15 rice genotypes of Sikkim
which indicated the differential response of the genotypes 1o different
environments. Genotypes RCPL 3-6, RCPL 3-2 and TURA 490 with stable

petiormance were recommended for general cultivation in Sikkim.
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Mishra and Dash (1997} assessed the stability in 10 aromatic rice
venotypes. They found that the genotypes Kasturi, ORP 598-7, ORP 665-14, ORP
665-7 with higher grain yield were stable for most of the yield contnbuting
characters. Evaluation of thirty diverse rice genotypes by Singh er ¢/ (1997) for
adaptability over two locations and two dates of planting indicated [R 8, PR 106

and IR 64 as stable in their performance for grain yield with unit regression.

Kulkami and Gangaram (1998) studied the stability parameters in fifty
mutants of M3 generation. They reported sigmficant genotype x envircnment
interaction for Mowering and grain yield. The mutants M5, M16, M34, M41 and
M7 exhibited higher grain vield. Significant pooled deviation which accounted
for non lLinear component of gneotype x environment nteraction wis also observed
and it indicated that genotypes differed considerably with respect to stabiliny of

these characters.

Panwar and DHaka (1998) tested 32 rice genotypes in 16 enmvironments
durmg Khant 1992 and 1993 10 esalvate their stabithty i performance lor grm
vield: Fight high vielding genotvpes UPR 1123-12-2-2. NDR 637, NDR ooy
HUR 31 NDR aa1 1, IR §. PNR 519, [ET 11347 were most stable and sugeested
for commercial cultivation, Five genotypes UPR 990-17-1, Sarju 52, UPR 84-21,
LPR 80-120 and NDR 3003 and Basmati P-1 were found suitable for poo

a2nvironments.

Reddy e al. (1998) conducted a critical study of genotype x
environment nteraction for grain vield in lowland rice cutlivis. Among the
significant linear and non linear components of genotype x environment interaction
observed, linear component was found to be predominent and this helped in
predicting the performance of the genotypes across environments, Vanniarajan ef
al {1998) reported trom analysis of pigeonpea genotypes that the linear component
of genotype X environment interaction was significant for plant height, branches
per plant, pods per plant, pod length, seeds per pod, 100 seed weight and seed vield
per plant while non hnear components were significant for all the characters

studied.
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Analysis of stability in rice genotypes ADT 36, ADT 41, ADT 42, IR
72 and AD 83361 by Manuel ef al. (1999) recognised the linear component of
genotype X environment interaction to be highly significant for maximum
individual grain weight and dry weight of rough rice. This represented the
significant difference among genotypes for linear response to environments. ADT

36 and AD 85361 were the most stable for the traits studied in all envirenments.

Manivel and Hussain (2000) identified the hybrids JP 65 x RC 1226,
240 x USSR 2, LRES 17 x JH 120, LRES 17 x SH 63 and 240 x Salam local which
possessed nonsignificant deviation of regression coefficient from unity for seed

vield and most other biometric traits, a stable over environments from the

phenoiypic stability analysis of 79 venotypes of castor.

Effects of genolype X environmeni interaction were assessed by Saxena
and Ragna (2001) for seed weight and grain yield of pigeonpea genotypes tested in
11 environments. Environments accounted for maximum proportion of variation
followed by genotype environment interaction and genotypes. Genotypes ICPH 22,
ICPH 149, UPAs 120 and Pusa 33 with average performance in all environments
were considered as stable for seed weight ICPH 8§ and CO 3 registered higher

grain vields from analvsis of data.

Shadakshan er o/ (2001) evaluated 40 long duration rice genotypes for
genolype X environmentl interaction across six farming situations of hill zone
during Khard 1998, Genotype x environment mean squares were significant for all
characters  mdicating  differential  response  of the genotypes in  different
environments  LET 11865, KHRS 32, [ET 10549 and CN G47RRR 27 were
identifted as surtable genotypes for favourable environments as revealed by their
high regression coelficient while BKB, Kempu Sannakki, PUB, IRLON 90:39 for
unfavourable environments as indicated by their low regression coefficient values.
Stable cenotypes for grain vield identified were IR 37773, IET 13736. Pultabatta.
IET 11865, KHRS 22, KHRS 28, PUB and BKB revealed by high mean.
regression cocificient equal to one and dewiation from regression nearer to zero.
Vijavakumar e of (2001) recorded a significant genotype X environment

mteraction for gramn yield that resulted in identifving the genotype with specific
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adaptation and those with wide adaptation, from the analysis of 16 hybrids and 2

inbread check varieties over 11 locations.

Jyotht (2002} conducted stability analysis for Kunjukunju rice cultures
in three locations and identified K-6 as the most stable for many of the yield and

vield traits,



Materials and Methods




3. MATERIALS AND METHODS

The present investigation was carried out under the Department of Plant
Breeding and Genetics, College of Horticulture. Vellanikkara during the penod
2002 1o 2003, Field experiments related to the investigation were laid out at
Agricultural Research Station, Mannuthy and at farmers fields of Pattikkad and

Adat

Table 1. Climatological details of the three locations

parveniars T Masnuthy* | Paiukkad** Adurer
- MSL {m) 15 mabove MSL.  49.6 m above (,25-225m
B MSL below MSL _!
| Mean RF (mm) 2803 2400 2757
Maximum temperature (°C) 32+0.2 31=0.1 38 N
Minimam temperature (°C) 2303 21+0.2 21 4‘
Relative humidity (%) 68-75 80-93 71-93 ]

Source: * Department of Agricultural Metcorology, College of Horticulture, Vellanikkara
** CPCRT Researeh Centre., Kunnara

HE Tolhnkuly (1993)
31 MATERIALS

Seven selected superior Fs cultures obtained from the cross progenies of
the Ph.D. programme “Genelic analysis of high yielding rice vaneties ol diverse
origin” (Vanaja. 1998) along with two local check varieties constituted the material

for study.

Table 2. Details of rice cultures used for the experiment

SI.No. | Name of culture Parentage ]
1 C28 Mahsur x IR 36 -
2 C29 Mahsuri x IR 62030-18-2-2 |
30 |C38 Vytilla 3 x Mattatriveni o
4 | C268 Mahsuri x Vytilla 3 ]
5 [ C26T(a) Mahsuri x Vytilla 3 |
| 6 | C26T(b) Mahsuri x Vytilla 3 !
! 7 C 80 PK 3355-5-1-4 x Bhadra
8 Jvothi (local check) PTB10xIR 8§
Y Ahalva (local check) (PTB1OXxTN1}xTN 1
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32 MLETHODS

3.2.1 Fxperiment )

The seven selected superior Fe cultures were rwsed i the mam lield o

Awricultural Research Station, Mannuthy for multipheation of seed materials

3.2.2 Experiment 2
Seven cultures of Fg families {rom the expeniment | along with two
local checks were analyvsed in a yield rial. The experiments were conducted in

difTerent ecological situations of Mannuthy, Patukkad and Adatt (Plate [},

The cultures were raised tn randomized block design with three
replications at each environment. Each plot was of size 7.2 m* and comprised 23
rows of 21 plants. each at a spacing of  13em x10cim. The data were recorded on
10 randomiv selected plants i a plot Tor the following vield and quality (rans.
Observations were (aken based on the standard evaluation gystem by Shouicht ¢f
al (19763, IRRI (1995) and Directorale ol Rice Research (19953).

3.2.3 Observations recorded

I Days 10 50 per cent (lowering

Number of days was taken from date of germination to 30 per cent

flowering stage within a plot.
2. Height of plant at harvest

Height of piant was measured at the time of harvest. This was taken in

centtmeters from ground level to the tip of the panicle.
3. Total number of tillers

Total number of tillers 1in a plant was counted afler 50 per cent

(owenng. 10 plants from each plot were utilised for this purpose



PLATE: 1 FIELD VIEW OF EXPERIMENT AT MANNUTHY,

PATTIKKAD AND ADATT




4 Number of productive ullers

Number of productive tillers in a plant was recorded prior 1o harvest

3. Number of davs for physiological matuniy

Davs [rom date of germination to grain ripening was recorded.
t». Length of panicle

Length of panicles. from selected plants was measured in cenumeters

from base of panicle to the tip,
7. Number of spikelels per panicle

Ten panicles (rom the randomlv selected plants of each plot were
collected and number of spikelets of each panicle was counted and the mean was

calculated.
8. Number of grains per panicle

Number of grains (rom each of the collected panicles was counted and

the mean was worked out. Ten panicles/plot were used for this purpose.

2. Colour of grain

Colour of grain was recorded {rom each of the cultures analysed.

10 Grain length

Length of ten randomly selected grains from each plot was measured in

mm using vernier caltpers and mean values worked cut.
1. Grain breadth

Breadth of the ten randomly selected grains from each plot was

measured i mm using vernigr calipers and mean values worked out.



12, 1000 grain weight

Thousand fully filled, ripened grains taken at random from each plot.

was weighed and recorded in grams.
3. Grain yleld

The plants from each plot were harvested excluding border rows and

the grain vield was expressed in kg ha™!.
14 Straw yield

The plants from each plot were harvested excluding border rows and

. . -1
the straw vield was recorded in kg ha™.

15 Hulling and milhng percentage
a) Hulling percentage

Seeds collected from each plot were cleaned and dried to [4 per cent
moisture content. The sample was parboiled by double steaming method and dried
(0 t4 per cent moisture. Then the sample was dehuiled using laboratony mudel
satake rubber roller. Hulling percentage was calculated as foliows (Arumugachamy
et al | 1993) '

Weight of dehulled grains
Hulling percentage = ---------mmmmmmmmmm oo x 100

Weight of paddy
by Mitling percentage
The dehulled paddy samples were nulled for 30 seconds in a McGill

miller.

Weight of milled paddy

Milling percentage = ----vemvemmnann- x 100
Weight of paddy



16. Head rice recovery
Five grams of rice per sample was used to study head rice recovery.

Weight of head nice

Head rice recovery = x 100

Weight of total rice taken

§7. Organoleptic qualities

Organoleptic qualities like amylose content, alkali spreading value,

volume expansion ratio and kernel elongation ratic were studied.

ay Amvlose content

100 mg paraboiled milled rice was powdered. In this sample, one mi of
distilled ethano] was added. 10.0 ml of IN NaOH was added to this and it was kept
overnight. The volume was made upto 100 ml. 2.5 ml of the extracts was taken and
added 20.0 m! of distlled water and three drops of phenolphthalein. Then 0.1
NHC! was added drop by drop until the pink colour just disappeared. To this 1.0
ml of 1odine reagent was added and made upto 30 ml and the colour developed was
read at 390 nm using spectrometer. 0.2 0.4, 0.6, 0.8 and 1.0 ml of standard
amylose solution was taken and developed colour as in sample. Using the standard -
graph the amount of amylose content present in the sample was calculated. Cne mi
ol 1oding was taken and diluted to 50 ml for a blank {Sadasivam and Manickam,
19923,

Absorbance corresponds to 2.5 ml of the test selution = X mg amylose
POO ml extract =X x 100 mg/100 ml amylose = % amylose

Rice varieties are grouped on the basis of their amylose contents into

waxy (1-2% amyvlose), low amylose (8-19%), intermediate amylose (20-23%), or

high amylose (>25%) (IRRI, 1972)

b) Alkal spreading value
Ten milled rice kernels were placed in 10.0 ml of 1.7 per cent KOH in shallow

contamer (petn plate). The kemels were so arranged that they did not touch each
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other, They were allowed 1o stand for 23 hours at 30°C. The appearance and
disintegration of the kernels were rated after incubation based on the followiny

numencal scale (IRRI, [980),

Description Score
Kernel not aftected |
Kernel swollen 2
Kerel swollen, collar mcomplete or narrow 3
Kernel swollen, collar complete and wide 4
Kernel sphit or segmented, collar complete and wide 3
Kernel dispersed. merging with collar 6
Kernel completelv dispersed and intermingled 7

A rating of 1 to 2 was classified as high [inal gelatmization
lemperatures, 3 as high intermediate, 4 to 5 as intermediate (70-74°C) and 6 to 7 as

low final gelatinization temperature (<70°C).

¢} Volume expansion ratio

The volume of raw rice as well as cooled rice was determined by water
displacement using a measuring cyhnder (Onate and Delmundo, 1966).

Volume of cooked rice

Volume expansion ratio =

Volume of raw rice

d) Kernel elongation ratio

Kemel elongation ratic was determined as described by Azeez and
Shafi {1966}, Ten raw and ten cooked kemnels were taken at random and their
length was measured.
Mean length of cooked kernel

Kemel elongation rafio = --eveemsssmrmscmm oo

Mean length of raw kernel



33 STATISTICAL ANALYSIS
The data obtained from three locations Mannuthy (location 1),
Paitikkad (location 2) and Adatt (location 3) were subjected to location wise

analysis ol variance and stability analysis.

3.3.1 Estimation of genetic parameters

The variance components were estimated.

3.3.1{a) Phenotypic variance

Phenotvpic variance (Vp) - Vg + Ve
where (Vg) = Genotypic variance

{(Ve) = Environmental variance

3.3.1(b) Genotypic variance

where VT~ Mean sum of squares due to treatments
VE = Mean sum of squares due to error

N = Number of replications

Environmental vanance Ve = VE

where VE = Mean sum of squares due to error
3.3.1(c) Phenotypic and genotypic coefficients of variation

The phenotypic and genotypic coefficients of variation were calculated
by the formula suggested by Burton and Devane (1953).
v Vp
Phenotvpic coefficient of variation (PCV) = ~erm-- x 100

X

where Vp = Phenotypic variance



X = Mean of the character under study
v Vg

Genotypic coeflicient of variation (GCV) = ------ x 100

X
where Vg = Genotypic variance
X = Mean of the character under study

The estimates of PCV and GCV were classified as

<10 per cent - Low
10-20 per cent - Moderate
=21} per cent - High

3.3.1(d) Heritability

Heritability in the broad sense was estimated by followmy the formula

sugeested by Burton and Devane (1933).

Ve
Hertabihty (H) = ------ x 100
Vp
where Vo — Genotyplc variance

\'p - Phenotypic vartance
The heritability was categorised as
60-100 per cent - High
30-60 per cent - Moderate
< 30 per cent - Low

3.3.1(e) Expected genetic advance

The expected genetic advance of the cultures was measured by the
formula suggested by Lush (1949), Johnson ef al. (1955a) at five per cent selection

intensity using the constant K as 2.06 given by Allard (1960).
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Vg
Expected genetic advance (GA) = ------ xK
Yy
where Vg = Genotypic variance
Vp = Phenotypic variance
K = Selection differential

Genetic gain (Genetic advance as percentage of mean)

Genetic advance (GA) calculated in the above method was used for
estimation of genetic gain,
GA
Genetic gain (GG) = ------ x 100

X

X = Mean of the character under study

Genetic gan was categorised as

=20 per cent - High
1 3-20 per cent - Moderate

<10 per cent - Low
3.3.1(f) Phenotypic and genofypic correlation coefficients

The phenotypic and genotypic covariances were worked out in the same
way as the variances were calculated. Mean product expectations of the covariance
analyses are analogous to the mean square expectation of the analyses of variance.
The different covariance estimates were calculaled by the method suggested by
Fisher (1934).

Phenotypic covariance between two characters 1 and 2 {(CoVpl2) = CoVgl2 +
CoVel2
CoVygl2 = Genolvpic covariance between characters 1 and 2

CoVel2 = Environmental covarnance between 1 and 2
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Cenotypic covariance between two characters 1 and 2
Mtl2 - Me 12
CoVel2 = -mmermmmmmeeees

N

where

MU12 = Mean sum ol product due fo treatment between characters 1 and 2
Mel 2 = Mean sum of product due to error between characters | and 2

N = Number of replications

The phenotypic and genotypic correlation coefficients among the
various characters were worked out in all possible combinations according (o the

formula suggested by Johnson ef ¢/ (1955b).

Phenotypic correlation coefficient between two characters 1 and 2.

CoVpl2
(rpl2) = —mememeeee-
YVpl Vp2
where
CoVpl2 = phenolypic covariance belween characters 1 and 2
Vpl = Phenotypic variance of character 1
Vp2 = Phenotypic variance of character 2
Genotypic correlation coefficient between two characters 1 and 2.
CoVgl2
(I l2} = cmmmmmemneae
Wel Vg2
where
CoVel2 = Genotypic covanance between characters | and 2
Vel = Genotypic vanance of character |

Vgl = Uenotypic variance of character 2



3.3.1(g) Path analysis

Path analysis was carried out by methods by Singh and Chaudhary

(1U85).
3.3.1(h) Stability analysis

The model of Eberhart and Russel (1966) was used for stability
analvsis. According to Eberharl and Russel (1966), a desired variety should have
high mean than grand mean, unt regression coefficient (b = 1) and least mean
square deviation from linear regression (S?d = 0). Breese (196Y) and Paroda ¢r a/
(1973) stated that regression coefficient is a measure of response {o varving
environments and the mean square deviation from linear regression (s i (rue
measure of stability. the genotvpes with the [east deviation being the most stable
For carnthg out various stanstical analvsis. the software pachage SPAR | wus

used.
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4. RESULTS

The analysis of genotype X environment interaction in seven rice
cultures along with two local checks was carried out in three locations Mannuthy,

Pattikkad and Adatt. The results of the studies are presented below.
4.1 GENETIC VARIABILITY

The extent of genetic variability with respect to different quantitative
and qualitative characlers in nine rice cultures was estimated for the three locations
Mannuthy, Pattikkad and Adatt. The abstract of analysis of variance and vanability

parameters of different characters are given in Tables 3 to 6.

Resulls from analysis of variance revealed highly significant difference
among the nine cultures for the characters studied at Pattikkad and Adatt {Table 3).
The characters include height of plant at harvest, total number of tillers. number of
productive tillers, ]engthhof‘ panicle. number of spikelets per pamcle. number of
grams per panicle. grain length, gramn breadth. number of days for physiological
maturity, [ grain weight, days to 50 per cent flowering, grain vield, straw vield.
hulling percenfage, milling percentage, amvlose content. alkali spreading value.
volume expansion ratio, kernel elongation ratio and head rice recoverv. At
Mannuthy, nine cultures showed significant difference for all the vield attributing

characters except grain breadth.

Variabthty parameters hke range, mean, phenotypic coefficient of
varauon (PCV) and genotypic coeflicient of variation (GCV) computed for

characters in three different locations are presented in Tables 4, 5 and 6.

The experiment conducted at Adatt indicated high mean values lor
thecharacters length of panicle (21.23 cm), grain length (8.007 mm), days to 50 per
cent flowering (92.11), grain vield (654541 kg ha™), hulling percentage (75.45),
alkali spreading value (3.88), and head rice recovery (82.38) (Table 4). At
Pattikkad. height of plant at harvest (99.96 cm), number of spikelets per panicle
(122.81), number ol grains per panicle (102.70), grain breadth (2.43), 1000 grain



Table 3. Analysis of variance for grain yicld and associated characters in nine cultures for locations Mannuthy, Patiikkad and Adatt

ro

Mean sum of square

Characters | Genotype ]_chiicalion_  Frror Gcnotypc [ Replication T Error (“FL'_;\(H_\-'pc Iiizpiim—ll; Error.
| df=% | df=2 df =16 df=8 | df=2 di - 16 dt- & | df=2 | df= 16
) L Maaouthy Pattikkad i _Adatt
I X | 38838%+ 075 [ 300 | 423.06%F C2034 ] wedAn | stavt 021 T 941
X 11g3** 0.77 jﬁ 15 | 767* 0.03 228 RA0% T g 218 ]
X 6.98%* 070 ! 1.82 339 048 - 1.93 795%% 103 145 |
L X, 3.63%* 0.18 ] 0.54 2 8 0.03 (.23 9 77%* 0.12 041 |
X, 726.91** 576 125 86 45392% | 335 | 837 | 1147.16%* 476 1 648 |
X 410.83* 88.11 116.73 380.45%* 0.25 6.84 583 91% 5.44 10.27
X, 1.44%* 0.04 0.06 0.85%* 0.01 001 0.67+ .00t 0.007
 Xs 0.09 0.01 0.03 0.035%+ 0.001 0.00% 0.028** 0.002 0.0035
X, 18.41%* 0.109 2.81 12.33* 0.32 472 19 §1*% 0.59 467 |
X0 01.48%* 6.37 553 49 89%* 0.14 781 36.14% 2.25 342 |
X, 48 84+x 0.92 338 6216** | 210 506 |13 5%+ 233 408
Xi 1915354.6%* | 145280.00 | 308086.69 | 2081061 4** | 2112.0 20722931 | 4301562.8** | 274635 | 331043 8
Xis 9039296.0** | 508544.0 | 374384.0 | 17997994.0** | I8111968.0 | 2333387.0 | 8139010.1%* . 10320818 | 39416746
X4 22 72%* 7.02%* 0.53 36.91 1.89* 0.41 24.24%¢ 4.70%* 0.43
X5 21.86%* 1.03 1.63 26.09*¥ 7.07** 0.69 2335% | 3.94% 1.01
X6 6.72** 0.44 012 7.31%* 028 0.14 1032%* 0017 017 |
X7 0.15** 0.01 0.004 0.28%* 0.013 0.017 0.25%x 0.013 0.012 |
X5 0.65%* 0.01 0.04 1.005%* 0.14 0.07 0.46%* 013 ! 0.08
X 0.01%+ 0.0005 0.004 0.019* 0.009** 0.002 0.02%* 0.002 0.003 |
Xao 40,12+ 0.58 2.77 44.25%+ 2.02 226 | 4654% 0 7Y 246

* Significant at 5% level, ** Significant at 1% lcvel

Xy - height of plant at harvest, X; - total nurber of tillers, Xs - number of productive tillers, X, - Length of panicle. X« - number of
spikelets per panicle, X - number of grains per panicle, X7 - grain length, Xg - gram breadth, X, - number of davs for physiclogical
maturity, Xyo - 1000 grain weight, X, - days to 50 per cent flowering, X5 - grain vield, Xy - straw yield, Ny - hulling percentage, X;s
- milling percentage, Xis - Amylose content, X;7 - alkali spreadimg value, Xy - volume expansion ratio, X . - herne! elongation, X,y -
Head rice recovery

-l

d



Table 4. Variability parameters of nine rice culturcs at Adatt

r——

i SLNo. | Characters L . Range Mean PCV GCV
| ] Height of plant at harvest  91.87-105.80 989425 5.84 4.95

_ 2 | Total number of tillers I 7.67-12.67 100313 20.40 14.11
3| Number of productive tillers 633-11.0 903+ 1.1 21.05 16.29

4 | Length of panicle - 19.73 - 25.60 212305 8.88 831

| 5 Number of spikelets per panicle 80.33 - 135.33 106.55+£23 18.46 18.30
6 Number of grains per panicle 63533 - 104.33 82.55+2.7 17.19 16.75

7 Grain length 727 -%80 8.007 £0.07 5.99 5.89

8 (rain breadth _ 2.17-250 2.27+0.05 5.01 3.91

9 Number of days for physiological maturity 107.67 - 115.0 11040+ 1.78 2.82 2.03
10 1000 grain weight 23.33-33.0 29.00+1.5 13.33 11.63
11 Days to 50 per cent flowering 84.00 - 99.0 9211106 6.92 6.56
12 Grain yield _ 4925.90 - 8798.70 6545 41 £ 4697 19.69 17.61
13 Straw vield 10018.12 - 15136.79 1151473 £ 512.5 14.98 13.95
14 Hulling percentage 70.70 - 78.84 7545 £0.5 3.84 3.73
15 Milling percentage 60.70 - 68.84 6523 + 0.8 4.46 418
16 | Amylose content o 20.40 - 24.80 22.66 £ 0.3 8.32 8.11
17 Alkali spreading value 3.50 -4.30 3.88+0.09 7.82 7.28
18 Volume expansion ratio 3.40-4.50 394+£0.2 11.71 8.98
19 Kernel elongation ratio 116-1.40 1.27 £ 0.04 8.41 6.99
20 | Head rice recovery B 74.20-86.80 82.58 + 1.28 5.02 4.64

rt




Table 5. Vartabihty parameters of nine rice cultures at Pattikkad

| S__I__NLL____C}mrac}er—é _ Range Mean PCV - GCV |
I | Height of plant at harvest 88.80-12693 9996+28 1222 11.70
2 | Total number of tillers N o 8.00-12.67 981172 20.59 15.66
3 | Number of productive tillers 700-1140 851 +1.1 20.86 12.95
4 | Length of panicle - 18.27 - 21.50 2062+04 5.08 4.46
5 Number of spikelets per panicle 107.67 - 140.67- 12281 £23 10.20 9.92
6 Number of grains per panicle 87.67-118 10270+ 2.1 11.16 10.87
7 | Grainlength B 7.37-9.20 7.91 = 0.08 6.85 6.71
8 | Granbreadth 2.17-2.63 243 % 0.07 6.26 5.04
9 | Number of days for physiological maturity 114.00- 119.33 11677 1.6 2.25 1.41
|10 | 1000 grain weight 26.00 - 37.67 314022 14.88 11.93
11| Days to 50 per cent flowering 82.67-95.0 8811+ 1.8 5.57 4.95
12 Grain yield 5390.07 - 791273 6540.04 + 422.08 14.28 11.89
3 Straw yield 10505.87 - 17092.57 | 12626.16 + 1247.2 21.77 18.10
14 | Hulling percentage 68.13 - 78.85 75.34+0.5 4.71 4.63
15 Milling percentage R 60.46 - 68 85 656006 461 444
16 Amylose content o 20.40 - 24 40 22,53 +£0.03 7.07 6.86
17 Alkal spreading value 3.10-4.13 333+0.1 9.82 8.98
18 Volume expansion ratio 3.40-4.70 4.05%0.22 15.28 13.75
.19 | Kernel elongation ratio B 1.16 - 1.40 128 +0.03 6.98 5.91
20 Head rice recovery 74.20 - 86 .60 8245+ 12 4.89 4.54




Table 6. Variability parameters of nine rice cultures at Mannuthy

SI.No. | Characters { Range Mean PCV GCV
| | Height of plant at harvest | 7437-10630 90.56 + 1.4 12.66 12.51
2 | Total number of tillers B | 933-1533 1122+0.8 19.34 16.81
3 | Number of productive tillers ] 8,00 - 13.00 9.59+ 1.1 19 63 13.66
4 Length of panicle 1873 -2247 19.84 £ 0.4 6.02 5.32
5 | Number of spikelets per panicle | 9733-146.33 12077 £9.1 14.95 11.72
6 Number of grains per panicle I 8233-11633 96.55+ 8.8 15.18 10.25
7 | Grain length 720-9.13 78102 923 8.68
8 Grain breadth _ 2.03-2.50 235+0.15 10.03 5.88
9 | Number of days for physiological maturity 11567 - 124.33 12044+ 1.3 2.35 1.89
10 {1000 grain weight 2267 -37.33 2925+ 1.9 19.98 18.29
11 Days to 30 per cent flowering 82,00 - 95.67 9048+ 1.5 4.76 4.30
12 | Grain yield 453417 - 6761.92 5718.14 £ 453.2 16.06 12.80
13 | Straw yield 10062.90 - 15189.07 | 1174535 +499.5 1538 1447
14 Hulling percentage  68.65-76.64 7163 +£0.5 3.93 3.80
15 Milling percentage 58.24 - 66.04 61.74 £ 1.05 4.69 4.20 .
16 Amylose content | 2040 - 2480 2320+02 6.57 6.39
17 | Alkali spreading value o 3.30-3.90 3.5430.05 666 6.39
18 | Volume expansion ratio _. 3.20-450 375+£0.1 13.31 11.96
19| Kernel elongation ratio | 1.16-140 123 £ 0,05 792 5.73
| 20 | Head rice recovery 7420 - 8660 820113 476 430

Oy



weight (31 40). straw yield (12626.16 kg ha''). milling percentage (65.60). volume
expansion ratio (4.05) and kernel elongation ratio (1.28) recorded highest mean
values (Table 3} Total number of tillers (11.22), number of productive ttlers
(9.59). days to physiological maturity (120.44) and amylose content (23.2} had the

highest mean values at Mannuthy (Table 6).

Phenotypic and genotypic coefficient of variation were estimated for all
the vield attributing characters at Mannuthy, Pattikkad and Adatt. Most of the yield
characters like number of productive tillers, total number of tillers, number of
spikelets per panicle, number of grains per panicle, grain yield had the highest
PCV and GCV at Adatt. Results showed the high level of phenotypic and
genotypic variability for these characters at Adatt indicating the scope for further
improvement. At Paitikkad total number of tillers, number of productive tillers,
straw vield and volume expansion ratio exhibited highest values of PCV. GCV also
followed the same trend. Total number of tillers, number of productive tillers,
number of grains per panicle, 1000 grain weight, grain yield and straw yield

recorded the highest PCV and GCV at Mannuthy (Table 4, 5 and 6).
4.2 HERITABILITY, GENETIC ADVANCE AND GENETIC GAIN

Genetic parameters like heritability, genetic advance and genetic gain
estimated for vield attributes at Mannuthy, Patttkkad and Adatt are presented in Tables
7109,

At Mannuthy, high estimates of heritability were noticed for most of the
vield characters studied, Maximum heritability of 97.7 per cent was noticed in the
casc of height of plant at harvest and the mintmum of 34.3 per cent in the case of
grain breadth. Genetic advance expressed as percentage of mean was maximum
(34.4) for 1000 grain weight and the minimum (3.1} for number of days for
physiological maturity. High estimates of heritability coupled with high genetic
gain was noticed for height of plant at harvest, total number of tillers, 1000 grain

weight, grain vield, straw yield and volume expansion ratio (Table 7).



Table 7 Estimation of genelic parameters for grain yield and associated characters i mne rice cultures
[.ocation - Mannuthy

SINo | Characters " eritability ‘ Genetic advance ; Genetic gain

1
o ) (%) (GA) | (GG)_
I | Height of plant at harvest \ ) 87.70 23.08 2548
2 [ Total number of tillers 3 7550 i 3.38 3012
3 | Number of productive tiflers ] 48 .40 1.88 £9.60
4 Length of panicle 78 00 192 9.67
= Number of spikelets per panicle _ 61.40 22 85 18.90
6 Number of grains per panicie ) 4560 13.78 14.20
7 Grain length 88.30 1.31 16.70
8 Grain breadth 3430 ' 0.17 7.20
9 Number of days for physiological maturity _ 64 80 3.78 1 310
10 1000 grain weight 83.80 10.09 1 34.40
11 Days to 50 per cent flowering 81.70 7.25 8.00
12 | Grain yield 63.50 1201.44 | 21_00_ﬂ
13 | Straw yield 88,50 3293.99 2800 |
14 | Hulling percentage 93.20 541 _ 750 |
15 Milling percentage 80.30 479 AL
16 | Amylose content 94.60 2.97 12.80 |
[7 | Alkali spreading value _ 92.10 0.45 1270
18 | Volume expansion ratio i 80.70 0.83 2210
19| Kernel ¢elongation ratio . _ 52.30 ot 890
20 | Head rice recovery _ ] sis0 ! 657 | 8.00

h ]
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Fig.1 Heritability and GA (% of mean ) of rice cultures at Mannuthy
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Table 8. Cstumation of genetic parameters for eraim vield and associated characters in nine rice cultures

[.ocation - Pattikkad

SINo. | Characters  Heritability | Genetic advance | Genetic gain
___ o (%) (GA) (GG)

! Height of plant at harvest o ~ 9170 2308 23.08
2 Total number of tillers . 44.00 1.83 18.60
3 | Number of productive tillers ) o 38.060 1.41 16.50
4 | Length of panicle o 7690 1.66 8.05
5 Number of spikelets per panicle | 94.70 . 24.43 19.80
6 Number of grains per panicle © 9480 22.38 21.70
7 Gram length | 96.00 1.07 13.50
8 Grain breadth S i 64.70 0.20 8.20
9 Number of days for physiological maturity B 39.10 2.12 1.80
10 1000 grain weight o 64.20 6.18 19.60
i1 Days to 50 per cent flowering o 79.00 7.99 9.00
12 Grain yield 693 1333.90 20.30
13 Straw yield 69.10 3913.37 30.90
14 Hulling percentage 96.70 7.06 930
15 Milling percentage 92.40 5.76 8.70
16 | Amylose content - 9430 3.09 13.70
17 Alkalt spreading value i 8370 0.57 17.10
18 Volume expansion ratio v 81.00 1.03 25.40
19 | Kernel elongation ratio C 7160 0.13 10.10
20 Head rice recovery 86.10 7.15 8.60




Fig.2 Heritability and GA(% of mean) of rice cultures at Pattikkad
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Table 9. Estimation of genetic parameters for grain yield and associated characters in nine rice cultures
Location - Adatt

SI.No. | Characters Heritability 1" Genetic advance Genetic gain ‘

- (%) (GA) (SO

1 Height of plant at harvest 71.90 8.56 865 |

2| Total number of tillers S 47.80 2.002 1996 |
|3 Number of productive tillers 59 80 2.35 26.02
4 | Length of paniclc N . 87 60 340 16.01
3 Number of spikelets per panicle 98.30 39.83 37.30
6| Number of grains per panicle 94.90 27.75% 33.60
7 | Grain length - 96.60 0.95 11.80
8 | Grain breadth B 60.70 0.14 6.10
9 Number of days for physiological maturity 51.90 3.33 3.00
10 [ 1000 grain weight - 7610 5.93 20.40
L Days to 50 per cent flowering 90.20 11.80 12.80
12 Grain yield 80.00 2119.61 32.40
13 | Straw yield 3 j 86.80 3082.97 26.70
14 Hulling percentage . 94.60 5.64 7.40
15 Milling percentage 88.00 5.27 8.00
i 16 Amylose content 95.00 3.69 16.20
17 Alkali spreading value B 86.50 0.54 13.90
18 | Volume expansion ratio ) - 58.90 0.56 14.20
19 Kernel elongation ratio 6910 0.15 11.80
20 Head rice recovery ) o 85.60 7.31 8.80




Fig.3 Heritability and GA(% of mean) of rice cultures at Adatt
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Al Pawikkad, heritability values ranged from 3%.6 per cent lor number
of productive tillers to 96.7 per cent In the case of hulling percentage. Highest
genetic gain value of 30.9 was observed for straw yield and the lowest of 1.8 for
number of davs for physiological maturity. High heritability and high genetic gain
values were exhibited by height of plant al harvest, number ol grains per panicle.

grain vield. straw vield and volume expansion ratio (Table 8).

At Adatt, most of the vyield atiributing characters showed high
heritability values. Highest heritability value of 98,3 was recorded in the case of
number of spikelets per panicle. Lowest heritability value of 47.8 was noticed for
total number of tillers. Genetic gain values ranged from 3.0 for number of days for
physiological maturity 10 37.3 in the case of number of spikelets per panicle. High
heritability values along with high genetic gain was indicated by the characters
number of spikelets per panicle, number of grains per panicle, 1000 grain weight,

grain vield and straw yield (Table 9).
4.3 PHENOTYPIC AND GENOTYPIC CORRELATIONS

The genotypic and phenotypic correlations among yield and yield
characters have been worked out for each location and the results are presented in

Tables 10, 11 and 12.

At Mannuthy, there was positive significant correlation of grain yield
with 1000 grain-weight (0.940), number of productive tillers (0.865), total number
of ullers (0.829), head rice recovery (0.722), number of grains per panicle (0.6553),
number of spikelets per panicle (0.634), straw yield (0.586) and amylose content
(0.382). Number of spikelets per panicle and number of grains per panicle, total
number of tillers and number of productive tillers, hulling and milling percentage,
number of productive tillers and 1000 grain wetght, number of grains per panicle
and 1000 grain seight, amylose conten and alkali spreading value, amylose
content and head rice recovery, alkali spreading value and head rice recovery,
height of plant at harvest and length of panicle, 1000 grain weight and head rice
recovery, milling percentage and alkali spreading value, grain length and 1000

grain weight, also exhibited significant positive correlation.



Table 10 Genotypic (upper diagonal) and phenotypic (lower diagonal) correlatton coetficients between vield and vield characters in
nee cultures. Location - Mannuthy

(.Tl'\:lr;lclc_rs.

[ SINo A T R S T S D Y B X | X Ne X LN
Pl Height of plant at harvest || 0.722%%F | 0879%% | 0.673%F | 0421% [ -00494% | 0,042 .469** "—().62'8** { 0_519*1
L (X)) _ ! 4
" 2 {Towl number o niliers (X _| 06577 [ 1 | V003 | 0112 | 0877°% | 0.948%% | 0,355 | DRIRE R R
P Number of productive tillers | 0.663%% | 0.920%% | | L0288 L 0722%F | 0.738% | 0116 CO.858%F | 0008%F () 927¥*
'; (Xa) - ; o . I S
|+ | Length of panicle (X,) 0581 | -0.122 -0.182 1 0.037 0,097 0176 0003 0.066 0025
5 | Number of spikelets per | 0380 | 0849%F | 0.794%% | 0033 1 1005%% | 0.S56¥% | D.970%% | 0847F* | 0823+
panicle (X5)
6 | Number  of grains per | -0.384% | 0.832%* | 0805 | 0.011 0.913%* | 1 0.529%% | -0.969%% | 0.8358+% | -0.900%*
_ panicle {X)
|7 | Grainlength (Xy) 0,058 0.360 0.170 0.153 0.498%*% | 0465%% | 1 -0.283 0.499%* | 0.062
8 | Number of davs for | 0.426* | -0.824%* | -0.815%* | -0.063 0.891%% | 0.885%* | -0.327 1 0BITF* | 0.942%*
physiological maturity (Xg)
9 1000 grain weight (X5) 0.591%% | 0.894%% | 0817%+ | 0.027 0.828%* | 0.774%* | 0517+ | 0&34** | 1 0.829%*
{0 | Davs f0 S0 per coul | 0.492%% | 0.839%* [ .0.803** | -0.071 0.765%% | .0.762%* | -0.124 0.903%% | -0.800** | 1
flowering (X,4)
11 | Grain yicld (X, ) 20.580%*% | 0.756%F | 0.793* | -0.019 0.711%* | 0.642** | 0.308 0.738%* | 0.878%% | -0 760**
12 | Straw yield (X;2) 0.142 0.231 0.254 0.232 0.165 0.186 0.020 -0.287 0.279 -0,401*
13 | Hulling percentage (Xi1) 0.158 -0.247 -0.157 0.025 -0.108 0.125 0.495% [ 0.005 -0.234 0.026
14 | Milling percentage (X,4) 0.085 -0.239 -0.201 0.003 -0.059 -0.034 0316 -0.090 0.179 0.005
15 | Amvylose content (X;s) -0.548** | 0.236 0.199 -0.084 0.074 0.137 0.055 -0.164 0345 0300 |
16 | Alkali sprcading value (Xi¢) | -0.649** | 0.307 0.365 0325 0.092 0.127 -0.192 -0.230 0338 -00.304
17 | Volume cxpansion ratio | -0.582%* | 0491#* [ 0.423% | -0.589%* | 0.428*F | 0371 0.074 20.372 0.324 .30
(X12)
I Kernel  ¢longation  ratio | 0348 -0.138 -0.197 0. 460%* -0.275 0,197 -0,287 0329 -(.292 0147
; X} _ | o
| 19 [ Bead rice recovery (Xio) 0.628%* 1 0614%* | 0.595% | 0.176 0.368 0.471* | 0054 D456* | 0612°F | -0.063%* |

¥ Significant at 3% level

¥ Significant at 1% fevel

Contd.



Table 10 Continued

1 No.

Characters

i X Xl'.i _ XI_\ XM X15 l i ___X;r. X _ X]H N
| Height of plant at harvest (X)) D681 P 0154 0.162 0.110 0571 | -0.683%% LT3 | 0.433% 007"
> | Total number of tillers (Xo) | 0.829%% | 0.251 | 0367 -0.228 0.722%% | 0.758%% | 0838 1 0908%*F | 0.927*#
3 Number of productive fillers | 0.865%% | 0.340 -0.313 -0.174 0316 T 0566%% | 0831¥x | 0aggRx [ 0733 |
(X3} | : !
4 | Length of panicle (X3) -0.053 0.340 0.093 0013 | 0132 0345 0.6697F ] 0659F [ 0171 |
3| Number of spikelets per panicle | 0.634%* | 0.211 D188 | -0047 L0087 | 0127 0.683%% L 0456% 0,349 !
(X4)
it Number of grains per panicle | 0.633%* | (0.239 -0.238 -0.048 0.179 (1,282 {.848%* -0 401 * {.503%
(Xe)
7 | Grain length (X) 0.27% -0.052 0.555%% | 20415 | 0060 0.204 0.166 -0.295 0.061
8 | Number  of  days  for | -0.790%* | -0.361 0.013 -0.083 -0.169 0,351 S0.687¥F 1 0.39]% -0} 334%%
_ | physialogical maturity (Xy) o —
9 1000 grain weight (Xo) 0.940%* | 0.303 0,312 -0.203 0.386** | 0.400% 0.477* -0.401% 0.640%*
10 Days to 30 per cent flowering | -0.864%% | <0.474% 0.043 -3.043 -1.306 3391 0. 450%* 0193 073 HF
(Xig)
11| Grainyield (X;1) 1 0.586%% | -0.385* -0.339 -0.382* 0.308 0318 0.336%% | 0.722%*
12 | Straw vield (X;,) 0.395* 1 -0.459* -0.537%% | -0.399* «.351 -0.291 0019 | 0166
|13 | Hulling percentage (X;3) 0.279 -0.435* 1 1.020%% | 0.244 0.405* 0.040 0185 0157
14 | Milling percentage (X, ) -0.260 -0.427% | 0855 1 0.337 0.530*% 0.183 (1,199 0013
15 | Amylose content (Xys) 0.286 -0.374 0.219 0.308 1 0.784** | 0.054 0.168 0.784%% |
16 | Alkali spreading value (X,¢) 0.286 -0.356 0.369 0.427% | 0.704** 1 0.495%% | 0036 0.687** |
17 Volume expansion ratie (37) 0.132 0.216 0.023 0.144 0.063 0.442* 1 (). 543 %% 0.255
I8 | Kernel elongation ratio (Xs) -0.321 -.116 0.120 -0.039 0.066 0.035 -0.348 b 0020
19 | Head rice recovery (Xis) 0.603%* | 0.158 -0.131 -0.084 0.711%+ 0.602** | 0.197 0.102 i ]

*  Significant at 3% level
** Significant at 1% level



X1 - Total number of tillers

X2 - Number of productive tillers
X3 - Number of spikelets per panicle
X4 - Number of grains per panicle
X5 - Height of plant at harvest

X6 - Number of days for physiological maturity
X7 - 1000 grain wejght

X8 - Days to 50 % flowering

X9 - Straw vield

X10 - Amylose content

X11 - Head rice recovery

Y - Yield



Fig.4 Genotypic correlation between yield and yield characters at Mannuthy
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Davs to S0 per cent flowering (-0.864), number of days for
physiological maturity (+0.790), height of plant at harvest (-0.681}) had significant

negative correlation with grain vield (Table 10).

At Pattikkad. significant positive correfation ol grain yield with number
of productive titlers (1.116). total number of tllers (1.079). 1000 grain weight
{1.029). number of spikelets per panicle (1.022). number of grains per panicle
(1.000) and head rice recovery (0.360) was noticed. Number of productive tillers
and number of spikelets per panicle, total number of tillers and number of grans
per pamicle, number of productive ullers and number of grans per panicle. number
of productive titters and 1000 grain weight. total number of tillers and 1000 grain
welght. number of spikelets per panicle and 1000 grain weight, number ol grains
per panicle and 1000 grain weight, hulling and milling percentage, total number of
wlers and numbers per panicle. number of spikelets per panicle and number of
urains per panicle. total number of tillers and number of productive tillers, number
of davs for physiological maturity and days 1o 50 per cent flowering, height of
plant at harvest and straw yield. 1000 grain weight and head rice recovery, straw
vield and volume expansion ratio, grain length and hulling percentage also

recorded signilicant positive correlation.

Significant negative correlation with grain yield was indicated by
number of davs for physiological maturity (-0.984), days to 50 per cent flowering

(-0.938}, height of plant at harvest (-1.058) {Table 11).

Al Adan, grain yield showed positive significant correlation with total
number of tillers (1.056), number of grains per panicle (0.997), number of spikelets
per panicle (0.989), 1000 grain weight (0.965), number of productive tillers
{0.961). head rice recovery (0.606) and volume expansion ratio (0.457). Height of
plant at harvest and days to 50 per cent flowering, height of plant at harvest and
number of davs for physiological maturity, total number of tillers and number of
spikelets per panicle, total number of tillers and number of grains per panicle, total
number ol tillers and 1000 grain weight, total number of tillers and number of

productive tillers. total number of tillers and head rice recovery, number of
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Table 11. Continued

Characters

S1.Ne. N D T S NV U S N N D L e O X Xy
1 Height of plant al hanvest | 0769 | cposss= F 09390 0412% 10397 [ 0266 0333 0358 | 0377 .129
(X)) ' |
{2 | Total number oftillers (X-) | -0.949%% § 1.079%% | -0.462%* | 0230 0134 . 0,206 0.307 0.093 0311 [ 0.536%*
3 Number of productive tillers | -0.943%* | T 116%* | -0626%* | 0.462% © 0337 | 0033 (.188 0.176 0.185 0.730%%
(X3) _ ! B
o4 | Length of panicic (X2) | 0.043 0016 (LV2FF 4 A R LY t.376* -0.063 -0.030 (3.174 -0.324
5 | Number of spikeleis per | -0.969%% [ 1.022%% [ -0.374%% © 0232 | 0.189 0.058 0.307 0,045 0.245 0.303+%
panicle (Xs) : i N A -
6 | Number of grains per | -0.989%% | [000** | 0.559%% | 0140 0084 0107 L 0408%% T 0116 0.225 0.457%
panicle {X,) '
7| Grainength (X7) 0100 0074 0,341 0.520%% | 0511%% | 0.434% | <0326 0.034 0.513** | 0.459¢
8 | Grain breadth (Xg) 0.226 0,186 0,142 0.353 0,340 395 [ 0.249 0.169 -0.048 0.184
9 [ Number of days for | 0.943%% | 0.984%% | (.366%* | -0436% | -0.334 0.308% 10353 -0.093 -0.275 -0.867**
physiological maturity (Xs}
10 | 1000 grain weight (X0) D978%F | 1029%F f 0547%F | 0201 | u.1so 0,066 0.311 0032 0.169 0.592%*
Il | Days to 50 per cent] 1 0.938%*F 1 Q531 0142 0073 0.012 20.386% | 0.105 -0.210 -0.582%*
flowering (X)) : : : e
12 | Grain yield (X,7) 0.004%* | 1 0.6275% | (.3]5 0295 | 0.172 0.402 0.055 0,271 0.560%*
13 | Straw yield (Xi3) 0.471% 1 0438% | 1 ] -0722%% L a646%r | 0.016 0275 0.537+% | -0.349 L.008
14 | Hulling percentage (X9) 0.092 0,244 0563 1 | 1 10148 | 2083 0287 -0.280 -0.102 0.142
15 | Milling percentage (Xs) 4.105 0.233 0.540%% | 0934 | | 0.217 0.379 -0.212 -0.020 0.114
16 | Amylose content (X;) 0.004 0.075 0.009 T .0269 0.204 1 0.035 -0.287 0.331 -0.697+*
17 | Alkali spreading valuc (X;7) | -0.322 0.166 0281 10241 10342 0,100 1 0.458* | 0244 0.165
18 | Volume expansion ratio | 0.153 -0.033 0.489% | 0241 £0.193 0.269 .451% 1 0029 0.599%*
(X18) I
19 Kemnet clongation ratio | -0.132 156 -.12; -0.076 -0.016 0.279 126 -0.0353 1 -0.29%
(Xs) . | L
20 Head rice recovery (Xa;) -0.422%% | (. 3N5* (010 FO6 .08y 0631 L 122 0.511** | 0270 1
*

Significant at 5% level

** Siganificant at 1% level
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X1 - Total number of tillers

X2 - Number of productive tillers

X3 - Number of spikelets per panicle

X4 - Number of grains per panicle

X5 - Height of plant at harvest

X6 - Days to 50 % flowering

X7 - 1000 grain weight

X8 - Number of days for physiological maturity
X9 - .Head rice recovery

Y - Yield



Fig.5 Genotypic correlation between yield and yield characters at Pattikkad
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productive tillers and number of spikelets per panicle, number of productive tlers
and number of grains per panicle, number of productive tillers and 1000 grain
weight. length of panicle and straw vield, number of spikelets per panicle and 1000
grain weight, number of spikelts per panicle and number of grains per panicle,
number of spikelets per panicle and head rice recovery, number of grams per
panicle and 1000 grain weight, number of grans per panicle and head rice
recovery, grain breadth and volume expansion ratio, number of days for
phyvsiological maturity and days to 50 per cent flowering, 1000 grain weight and
head rice recovery. days to 50 per cent flowering and kernel elongation ratio, straw
vield and volume expansion ratio, hulling and milling percentage, hulling
percentage and kernal elongation ratio, milling percentage and kemel elongation
ratio. alkali spreading value and head rice recovery also recorded significant

positive correlation,

Negative association of number of days for physiological maturity (-
(1,949}, height of plant at harvest (-0.932) and days to 50 per cent flowering (-

0.909) with grain vield was observed (Table 12),
4.4 PATH ANALYSIS

Based on the high correlation of vield and components. path analysis
was carred out 1o ehicit further information through direct and indtrect eifects of

important vield aunbutes. 1 he results are presented in Tables 13, I4 and 15

Location | { Manuthy)
Direct effects

Among the 18 component characters mvelved in path analvsis. 1000
grain weight exerted highest positive direct effect (1.610) on grain vield. Number
of davs for physiological maturity (0.961) and number of spikelets per panicle

{01.760) alse showed positive direct effect on grain yield.

Indirect ellect
Number of spikelets per panicle, number of productive tillers, number

of grains per panicle. number of davs for physiological maturitv. head rice



Table 12, Genotvpic (upper diagonal) and phenotypic (lower diagonal) correlation coefficients between yield and vield characters m

cillures. Location - Adatt

No. 1r1cla,ra N X. | X, X X, X, TN, X, X |
r HclL,hI of plant at harvest | 1 7 | “;-'*_'"i"_nt;?w 0423% [ -rolee | 0999 0322 [ 0019 0.958%% | -(.983** i
E(X) 1
|7 1 TouwT mumber of tifiers (Xo) | 091977 107 | 022y Litos [ L101%* [ 0218 | 0,109 | 0971%% | 1.030%* |
[ 3 '| Nuiber of pr pr'miuumuum 0937 n 933 1 | 0243 LO42%% | Lo3i¥* | 0332 0143 N I TER L
‘ Xy ' ]
1 Lengihof panicie (X, 0.327 o 0087 T T gy -0.201 0126 20109 0.175 0139
© S U Number of spikelcls per | -0901FF (0 845%F | 0860%F | 0178 [ 0.999%% | 0.230 0.064 SL059* 10207
_panicle (X;)
6 | Number of grains  per | -0.919%% | 0.874%% | (0.894%* | 0180 0.991%* |1 0.211 0.144 -1.O34%* | 1.011**
panicle (X,) '
7| Grain length (X2) 0294 0.183 0280 0,120 | 0228 0.208 1 -0.491%* | 0.487** | 0.320
8 | Grain breadth (Xy) 0,126 0.131 J150 | 0061 0.061 0.128 -0.342 ] 0.108 0.060
9 | Nomber of days for | 0.925%% | -0950%* | -0.963%% | 0.143 A0.837%* [ 0861** | 0373 0.060 1 -1.006**
physiolegical maturity (Xs)
10| 1000 grain weight (X)) | -0.947%% | 0.933%% | 0.963%* | -0.161 0.941%% | 0958+ [ 0292 0.100 0.958%% | |
11 | Days to 50 per cent| 0.942%* | -0873%% | 0895%* | 0328 | -0.963%* | -0.962%* | -0.276 -0.063 0.871%% | -0 Y57**
Nowering (X;;) '
12 | Grain yield (X,>) .890%* | 0.910%* | 0.916%*% | -0.173 0.920%* | 0.932%% | 0.099 0.195 0.871%* | 0.922%*
13 | Straw yield (X)3) 0139 0.285 0.346 0.616** | 0.313 0.294 0.281 0.031 <0344 0.357
14 | Huliing percentage (X;1) 0.219 -0.245 -0.246 -0.409* | 0335 -0.339 -0.418* | -0.031 0.302 0.349
15 | Milling percentage (X, :) 0.146 -0.164 0206 £.378 .259 0.272 0.327 0.169 0.206 0265
L6__| Amylose content (X,,) 0060 10033 0111 <0.011 0.009 -0.001 0.244 <.186 0.049 -0.002
17 | Alkali spreading value (X;;) | 0.201 | 0.182 0.180 -0.113 0.209 0.171 0.218 0478* | -0.261 0.184
138 Volume  expansion  ratio | -0.381%* 0.431% 1 0.325% | 0.282 0.371 0.393* 0.279 0.412% -0.460* (3.439*
(Xi4)
"~ 19 | Kerncl  clongation  ratio | 0247 0,187 402206 0.341 0388 | 0.396* | -0.118 20.026 0241 0,350
(X1}
20 Head rice recovery (X ) S0.6374% | 0.508%% | 0383% | -0.257 0.669** | 0.622 0.317 S0 A89%% | 0.549%% | (.582%#
*  Significant at 5% level
*E <} ignificant at 1% level
Contd.
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Table

i 2. Cantinued

[ S1.No. ¢ Characters EN O X4 X New 7 N X Xoo o Neo
b1 Height of plant at larvest | 0.998%% | 20.932%% | 0,180 0.304 025 0036 {0178 20354 04397 10787
X i !
! '!1"(1‘01;11 aunher of tillers (Xo) | -1.017%% | 1.056%* | 0376 0421= 1-0396% 10086} 0205 | 0472% [ 0613FF [ 0.776%
3 Number of productive Gllers | .972%% | 0.961%% | 0391% | -0.392% | 0366 0036 4 07y 0 537+% | -0.455% | 0.630+*
| (X5) ;
Length of panicic (Xy) 0239 20197 0.736%% | 0439% | 0361 | 0029 1 0134 0.223 -0.436% 5 -0.288
| Number of spikelets per | -0 982%% | 0.989%% | 0327 | 0350 0289 0.007 | 0231 0454050108 T TR
panicie (Xs) -
6 Number of grains per | -0.973% | 0.997%% | 0311 -0.360 -0.322 -0.012 0,181 0474% [ 05307 | 0.683F* |
panicle (Xg) ' _
7 | Grain length (X7) 0.287 0.086 0.292 0415% | 0348 0.238 0.230 0.328 -0.164 0.376
& | Grwmn breadth (Xg) 0.021 0.255 0.014 0.006 0.267 0347 | -0696** | 0475% | 0.195 -0.660%*
|9 | Number of days for | 0.96G** | -0.949%% | 0.441% | 0.480% | 0439% | 0.076 40,308 D490%* | 0.585%* | 0.809%*
pliysiological maturity (Xo) .
|10 ] 1000 grain weight (X;0) -0.975%* | 0.965** | 0377 0.431* [ 0392* 0013 | 0.186 0.519%F ] -0561#* | 0.733*% !
11 iDays to S0 per cent| 1 20.909%+ | 0.280 0.360 0.296 0143 0155 0427% | oS0 07655
flowering (X)) :
| 12 | Gram vield (X12) -0.882%* | | 0.300  [-0396* [-0379 [ -0049 0.109 0457% | -0.523%% | 0.606*%
13 | Straw vield (Xi3) -0.275 0.302 ] 0.688%* | -0.685%* | -0.037 10.122 0.885%* | 0343 20,003
14 | Hulling percentage (X4) 0.322 0313 0.644%F | ] 0.997*%* | -0.541+%% | 0.446* | -0.746** | 0.800** | -0.147
15 i Milling percentage (Xis) 0.230 0272 0.574% | 0.926%* | 1 0.436%*F | 0.571% | -0.845** | 0.794%% | 0.067
16| Amylosc content (X,5) 0.135 [ 0.067 | 0.089 | 0.539% | 0.415%* | 1 0.4367F [ 045 | 0430° | 0308
17 | Alkali spreading value (Xi) | -0.142 0.105 0.119 0.435% | 0.564** | -0.385* 1 0517%% [ 0222 | 0.570%
18 | Volume cxpansion ratio | <0.380 0.471% | 0.651%* | 0.498** | -0.532%* | -0.038 0.345 ] -0.355 0207
Xix) [ R
19 i Kemel clongation ratio | 0.338 20.386* | -0.297 0.637%% | 0.616%* | -0315 0.127 0,121 1 0.327
(X19)
20 | Head rice recovery (Xao) -0.671% | 0.506%* | 0.039 20.106 (.037 0,265 0479% | -0.137 0167 |t
© Significant at 5% level

“* Significant at 1% level

438




X1 - Total number of tillers
X2 - Number of productive tillers
X3 - Number of spikelets per panicle
X4 - Number of grains per panicle
XS - Height of plant at harvest
X6 - Number of days for physiological maturity
X7 - 1000 grain weight
X8 - Days to 50 % flowering
X9 - Volume expansion ratio
X10 - Head rice recovery

Y - Yield



Fig.6 Genotypic correlation between yield and yield characters at Adatt
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recoveny. 1000 grain weight, total number of tllers had high indirect effects on
gramn vield. Number ol spikelets per panicle, number of grains per panicle. number
ol productive tillers, total number of tillers exerted indirect elfect on grain vield
through 1000 grain weight and days to 50 per cent flowering. Number ol days {or
physiological maturity showed indirect elfects through total number of tillers. It
was also observed that head rice recovery and 1000 grain weight exerted indirect
effect through 1000 grain weight and days to 50 per cent flowering respectively(

Table 13}

Location 11 (Pattikkad)
Direct effect

Among the 19 component characters involved in path analysis,
maximum positive direct effect was shown by number of spikelets per panicle

{1.584) followed by 1000 grain weight (0.884).

Indirect effect

Height of plant at harvest, total number of tillers, number of productive
nller, number of spikelets per panicle, number of grans per panicle, number of
davs Tor physiological maturity, 1000 grain weight, days to 50 per cent flowering,
and straw vield exerted high indirect effects on grain yield. Number of grains per
panicle. total number of tllers. number of productive tillers, 1000 gran weight
exerted mdirect effects through number ol spikelets per panicle and days to 30 per
cent lowering. Height of plant at harvest, number of days for physiclogical
maturity. davs to 50 per cent flowering, and straw vield had indirect effect through
number ol grains per panicle Indirect effect on grain vield was indicated by
number of productive tillers through number of spikelets per panmicle Number of
spikelets per panicle had indirect effect through davs o 50 per cent flowering

{(Table (4.

Lucation I (Adatt)
Direct effect
Fhe esumates of path coefficients for the 1Y componemt characters

mdicated that maximum positive direct effect was for number of spikelets per



Table 13. Direct and indirect eftect of 18 characters on grain yield.
Location - Mannuthy

Characters

SINo._ X, X Xa X, X. X. X e X Noooo
1 Height of plant a1 harvest | 0.455 0814 0112 0271 320 0151 0,027 0,431 1012 A).687
(X0 . e i
2 | Total number of tillers (X=) | 0329 | -1.127 0.128 0062 | 0666 | 0.25] -0.229 -0.863 | 465 WE
3 | Number of productive tillers | 4,400 1131 0.127 0159 1 0549 020F | 0073 .825 1462 1.228
{X3)
4 | Length of panicle (Xq) 0.306 0.126 0037 ] 0851 IR R AT 0.005 0.106 0.033
5 | Number of spikelets per [ -0.192 -0.989 0,092 10.021 0.760 0266 | 0359 | -0933 1.364 o9
panicle {X;)
6 | Number of grains per | -0.225 -1.069 0.097 0.034 0.763 0.265 0,342 0932 1.351 1.205
panicle {Xg) _
7 | Grain length (X5) 0.019 | -0.400 0015 | 0097 0322 | 0140 | 0646 | 0272 0.803 0.082
8 | Number of days for| 0.213 1.012 -0.109 0003 | 0737 £.257 (.183 0961 -1.435 -1.249
physiological maturity (Xy)
9 1000 grain weight (Xs) 0.2%6 -1.026 0116 0.036 0,634 0,227 0522 T aaxs7 | Telo 1.099
10 |[Days to 50 per cent| 0236 0.983 0118 0.014 -0.623 0241 0.040 0906 1 -1333 -1.323
flowering (X;o)
11 | Straw yield (X;,) 0.070 -0.282 0.043 -0.188 0.160 0.063 0.033 4347 | 0488 (.623%
12| Hulling percentage (X;,) 0.074 0413 [ -0.040 [ -0.051 0,143 | -0.009 0.356 0.012 | -0502 | -0.058
13 | Milling percentage (Xy3) 0.050 0.257 -0.022 0.007 -0.036 0013 0.268 20080 0326 0.057
14 | Amylose content (X4) 0.260 -.326 0.040 0.073 0.066 0.047 0038 | -0.162 0.622 0.405
15 | Alkali spreading value (X;5) | -0.311 -0.457 0072 0.190 0.097 0075 0132 | -0.338 0.614 0518
16 | Volume expansion ratio | -0.308 -0.790 0.106 0.369 0521 0.225 0. 107 0061 0.767 0.596
(i) _ _ L
17 Kernel clongation ratio | 0197 0,321 10,030 -.363 -0.347 -£1.1060 0191 ath -0.645 -.256
X7
18 | Head ricc recovery (Xus) 0322 | -0.754 0.003 0,094 0.263 Bid0 003y U s 1030 0.969
Contd.
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Table 13, Continued

SLNo | Characlers TN, X D T 1 X | Xw I n ]
I N A | |
] Height of plantat harvest (N) 120038 | 0146 | 0002 | 0098 | 0452 [ 0416 1 0033 0.554 0681
2| Total number of tillers (X5) T0061 ;033 | 6003 | 0050 | 0268 0432 0022 0,524 1829 |
|3 | Number of productive tillers (Ny3 | -0.083 | 0253 ‘ 0003 | 0054 | 0375 | 0512 | 0.030 0574 0805 |
4| Lengrh of paniclc (X,) 083 0084 | 0000 | 0023 | 0228 0413 0050 ] 0134 | 0033
5 | Number of spikelefs per panicle (X3} | -0.052 | 0170 ; 0001 | 0015 | o008+ | 0422 0035 | 0273 0634 |
6 Nutuber of grains per panicle (X.) -0.059 LU 234 ] -0.001 0031 | 0186 -.523 0.031 -0.44]) 0.655
7| Grain length {X-) 0013 | 0498 | 0008 | - 0010 [ -0.135 | -0.102 0.022 0.048 0,278
8 | Number of davs for physiclogical | 0.089 | 0012 | <0002 | 0029 | 0237 0.423 -0.030 0.418 -0.79
maturity (Xe) ) _ )
9 1000 grain weight (Xo} 0074 [ 0282 1 0004 | 0066 | 0.263 0294 0.031 -0.301 0.940
10 Days 10 50 per cent flowering (X;,) 0116 | 003y ) ﬂ()i 0,052 . -0.238 1 0277 0015 0.573 -0.864
11 | Straw vield (X)) 0245 | 0415 | 0011 | 0068 | 0232 0.180 0.009 -0.130 0.586
| 12| Bulling percentage (X2) 0313 | 0903 0020 | 0042 02068 0,025 -0.014 0.123 0,383
13 | Milling percentage (X;5) - 0.132 [ w2 [ 0020 | ownsy | 033) 0113 | -0015 -0.012 -0.339
14 | Amylose content (X;) “ |_0.008 | 220 0007 | 0171 | 0519 | -0.033 0013 | -0.614 0.382
BRE Alkali spreading value (X;3) 0.086 f -t) 3661 0.011 0134 0.061 0305 0.003 (3,538 0.308
16 Volume expansion ratio {X;s) 0.071 | 0037 | 0004 0.009 0327 -0.616 0.041 -0.199 0318
17 | Kernel elongation ratio (X;7) 0029 | -0.167 | 0004 | 0029 ; -0.024 0.335 -0.076 0.016 -0.536_ |
18 | Head rice recovery (Xx) 0041 7 0142 1 0000 | 0154 0454 0.157 0.002 -0.783 0.722 |

=/
3




Fig. 7 Path diagram indicating direct and indirect effects of the component
characters on yield at Mannuthy
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Table 1

l.ocation - Pattikkad

4. Diveet and mdirect effect ol 19 characters on gramn vield .

[$1No. [ Characters TN v T X, X, X Xe X Xs Ny T N
Lo Huum of plant af harvest | -0.644 7 0213 | 0281 {1051 -1.205 2316 0.231 1008 0,297 0713
[‘_" 3 Tl numiber oftillers (X5, 04957 7| w0237 | 0329 | 0033 | 1745 | 3231 0145 | 0031 | 0373 6917 |
R Number of productive tillers @ 0539 | 0,271 0.336 G011 1.7638 3216 (1094 0014 0401 0.946 !
Xy 3 | | :
© 4| Lengihof pamice (X 028 | vl woan | was2 [ Toa3e w020 0786 | 0.092 0032 | 0019 |
S| Number of spikelets per | 0490 | 0306 [ 0375 0013 7 1584 -2 937 0.023 0028 0,462 0915
panicle (X5} |
G Number of grains per | 0.302 0202 ] 1364 -0.011 1.568 -2.967 0.021 -0.030 0443 0.906
panicle {X,;)
7 | Grain length (X-) 0.166 0,041 0.035 0,133 04.040 0.069 -0.895 0.043 0029 0.092
8 Grain breadth (Xy) -0.043 0 081 | 0.040 0.123 -0.395 0.783 -0.337 0.114 0.077 -0.137
9 Number of davs for | -0.437 | 0237 0308 -0.011 1674 3.005 0.060 -0.020 0.437 0811
physiological maturity (Xs) :
16 1000 grain weight (Xy) 0321 0288 | 0359 0.003 1.635 -3.040 -0.093 -0.018 -0 401 0,884
11 | Days 10 30 per cent] -0.493 0.263 0.317 0.007 1333 2.936 0.089 0.026 0.412 0865
Howerning (X))
| 12| Straw vield (Xi3) 0604 | 0128 | 0210 -0.060 -0.909 1.659 0.305 0016 0.247 0484
i 13 | Hulling percentage (X,3) 0265 | 0.064 0.155 0.066 0.368 0415 0.465 0.040 0.199 0.231
14 | Milling percentage (X4) 0.255 20037 0.120 0.065 0.299 -0.250 -0.457 0,039 0.146 0.168
15 | Amylose content (X;s) 0,172 0,057 0.012 00072 | 0092 0318 0.388 0,068 0.178 0.058
16 | Alkali spreading valuc (Xg) | 0.214 20085 | 0063 0010 0.486 -1.029 0292 0.028 -0).154 0.275
17 | Volume expansion ratio | -0.230 -0.026 0.059 0.003 0.071 0.344 -0.030 0.019 -0.041 -0.028
(X;-) _
18 | Kemnel  clongation  ratic | 0.242 | -0.086 0.062 -0.026 0.387 -0.666 0.459 +0.005 -0.120 0.149
L (X1} L
i 19 | Head rice recovery (Xpy) | 0.083 L1497 0.245 .04y 0.797 1.356 0.411 _0.385 -(.379 0,523 |

Contd.



Table

SENo

14 Continued

Characlers

Xn X X3 X4 Xis X Xz Xis N T |
. ) )
1 Height of plant at harvest (X)) W0.948 T 0008 | <0169 -1.119 -(0.048 0013 0.004 0.103 0SS 1038
2 Total number of tiflers (X-) 1.169 0.004 0.094 -0.040 0.038 -0.012 1.001 -0.085 022y 1479
3 ['Number of productive tillers | 1162 | 0006 | 0189 | 0.107 | 0006 | 0007 | 0002 | -005] 0312 Lit6
(X3 -
4 7 Length of panicle (X)) 00851 0003 ] 0479 1 0129 [ 0087 | 0.002 [ 0,000 -0.048 A013% 0016
5 I'Number of spikelets per 1193 | ¢.005 0.093 -0.057 0011 <0012 0,000 -0.067 1215 1.022
panicle {Xs)
0 Number of grains per panicle 1.219 0.005 (.057 -0.025 0.020 -0.016 -0.001 -0.062 ¢ 195 1.000
(Xe)
" 7 | Grain length (X2) 01231 0003] 0213 | 0153 | 0079 | 0.013 0.000 0.140 0.196 0.074
8 Grain breadth (Xg) -0.279 0.001 0.145 -0.104 -0.108 -0.010 .002 0.013 0.079 -0.186
9 Number of days for | -1.162 | -0.005] -0.187 0.100 0.074 0.014 -0.001 0.075 (1,370 -3 9584
physiclogical maturity (Xs) : |
10 1000 grain weight {X;,) 1.205 (0.005 0.107 -0.057 0012 -0.012 0.000 -0.046 0.253 1.029
11 Days to 50 per cent flowering | -1.232 ; -0.005 | -0.058 0.022 0.002 0.013 0.001 0.0057 3§ -0.248 -0.938
(Xn :
2 Strazv vield (X2) 0.683 | -0.009 | 0296 [ 0.193 | 0003 | 0.0i1 | 0.003 009 | -0.003 | 0627 |
13 | Hulling percentage (Xy3) 0175 | 0.006| 0410 | 0304 | -0.051 | 0011 | -0.003 0.028 0.061 0315
14 Milling percentage (X;4) 0.090 0.006 0.416 -0.300 -0.039 0.015 -0.002 0.003 0,048 0.295 |
15 Amylose content (X;¢) 0.015 0.000 | -0.116 0.065 0,182 -0.002 -0.003 -(3.091 -0.297 0172
16 Alkali spreading value (X;¢) 0.475 0,002 | -0.118 0.114 0.010 -0.039 -0.003 -0.067 -0.070 0.4(.1"%
17 | Volume cxpansion ratio (X;5) -0.129 ] 0005 | -0.115 0.063 -0.052 0.018 0.010 0.008 {._1.256 0.055
18 | Kemel elongation ratio (X;2) 0.258 ¢ 0.003 | -0.042 0.006 0.060 | -0.009 0.000 -0.274 -0.127 0271
19 Head rice recovery (X)) 3,716 0021 -0.058 -0.034 -0.127 0.006 0.306 -(.382 0427 0.560

s



Fig. 8 Path diagram indicating direct and indirect effects of the component
characters on yield at Pattikkad
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panicle (2.098) followed by 1000 grain weight {1 431} and dayvs to 30 per cent
fowering {1 1U89)
Indirect effects

Fleight of plant at harvest. total number ol tllers. number of productive
ullers. nimber of graing per panicle. days to 30 per cent flowering. number of davs
o phesiological matunty, 100G gram weight. volume expansion tatio. Kernel
elongation rate, head nee recovery had high indirect effects on gran vield. Tutal
number of tillers. number of productive tillers, number of grains per panicle, 1000
erain weight and head rtice recovery exerted indirect effect through number of
spikelets per pamicle and number of days to physiological maturity . Height of
plant al harvest, davs to 30 per cent llowering. kernel elongation ratio, and number
of davs lor physiological matuniy had indirect effects through 1000 gram sweight,
volume expansion ratio showed indirect effect through number of spikelets per
panicle. Indirect elfect on grain yield was indicated by height of plant at harvest
and number of davs for physiological maturity through days to 30 per cent

Nowering (Table 13),

4.3 GENOTYPE X ENVIRONMENT INTERACTIONS
The analysis of cultures in relation to the environment was carried out
In mine rice cultures at Mannuthy, Pattikkad and Adatt. Pooled analysis of vartance

for 20 characters in 9 ccultures are shown in Table 16,

Results indicated that the characters height of plant at harvest, total
number of tillers, number of productive tillers, length of panicle, number of
spikelets per panicle, number of gains per panicle, grain length, number of days for
physiological maturity, 1000 grain weight, grain yield straw yield, and head rice
recovery showed significant difference among genotypes. With respect to the
location, the characters height of plant at harvest, total number of tillers, length of
panicle, number of spikelets per panicle, number of grains per panicle, number of
davs for physiological maturity, grain vield, straw yield, hulling percentage.
milling percentage and alkali spreading value differed significanily. Variely x
environment component was found significant for the characters height of the plant
at harvest. number of spikelets per panicle, number of grains per panicle, number

ol dwvs Tor physiological maturity, 1000 grain weight. davs to 50 per cent



Table 15, Direct and indirect eftect of 19 characters on gram yield.
Location - Adatt

Si.No. | Characters X Xa Xa N [ X. X X- X, I X _'__ X

1 Height of plant at harvest | 0.081 0194 0176 | 007 2120 004 1.040 (.000 -1.032 1.406
(X0
Total number of tillers (X5} | -0.081 0.193 0.182 0,040 2346 0013 0027 0002 1.045 -1.473

3 | Number of productive tillers | -0.079 0195 | 0180 0043 286 1 0042 004 1003 1.063 -1.436
(X5) . - .

4 [ Length of panicle (X 0034 | 0084 | 0044 | 0177 1 0392 0008 0.015 0002 1 -0.189 0.228

5 | Number of spikelets per | -0.082 0.216 0.188 0033 7 2098 | 0041 [ 0028 [ .00 1141 | -1L.460
panicle (Xs) _ )

6 | Number of grains per | -0.081 0213 | 0186 0036 | 2.096 0.041 0,026 -0.003 1.113 -1.446
panicle (X)

7 | Grain length (X5) -0.026 0.042 0.060 0.022 0483 0,009 0.123 0.010 0.525 -0.458

8 | Grain breadth (Xs) -0.002 0.021 0.026 | 0019 | 0135 0.006 0.060 £.020 0116 -0.086

9 | Number of days for| 0077 | -0.187 -0.178 0,031 2.222 012 | 0060 20.002 -1.077 1.439
_physiological maturity {Xo)

10 | 1000 grain weight {X,0) -0.179 0.099 | 0.081 0028 | 1740 o4l 0139 0201 1.083 1.431

11 |Days to 50 per cent| 0081 -0.196 0175 | 0042 23060 -0.040 0.035 0.000 -1.040 1.395
flowering (X;;)

12 | Straw yield (X;2) 0.015 0.073 0.070 0130 | 0685 0013 | -0.036 £.000 0.475 | -0.540

13 | Hulling percentage (X,3) 0.025 -0.081 -0.071 0.081 -0.734 0.015 0.051 0,000 0.517 0.617

14 | Milling percentage (X, ) 0.021 0.076 -0.066 0.082 D606 | 0013 0,043 0.005 -0.473 0.561

15 Amylose content (X 5) -0.005 -0.017 -0.024 0.0035 0015 0.000 -0.029 0.007 -0.082 0.018

16 | Alkali spreading value (X35) | -0.014 0.040 0.032 0.024 0.484 0.007 -0.029 0.014 0.332 -0.266

17 | Volume expansion ratio | -0.029 0.091 0.100 ©.039 | 0951 0.019 0040 ©.010 0.528 -0.742
(Xi7)

18 | Kernel elongation ratio | 0.036 0,118 0.082 0.077 -1.051 0,022 0.020 0.004 0,630 0.803
Xig) . ) ) _ )

19 Head rice recovery (X;y) 0.064 | 0.150 0122 | 003 | 1326 0028 4046 1.013 0.871 -1.049

Contd.
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Table 15. Continued

SI.No [ Characiers T N N X, Nu Xis Xw | X Xz X I
1| Height of plantat larvest (X)) | 1086 ¢ 0038 | 0177 | 0001 [ -0016 0059 | <0005 | w030 | 0057 | 093
2] Total number of tillers (X5) 07T 0100 ] 02357 0001 | 0025 | 0068 0.006 0.182 0.056 | 1056
3 | Number of productive tillers | -1.039 | 0104 -0229 1 0001 [ 0040 [ 0039 : 0007 | 0135 0049 | 0961
(Xs)
4 | Length of panicle (X,) 0260 | 01961 0267 ] 0.001] -0.009 0.044 0.003 0.129 | 0021 | -0.197
5 | Number of spikelets per | -1069 | 0087 1 <0204 | 0.001 | 0.002 0,076 0.006 0.149 0.053 | 0989
panicle (Xs) . 1.
0 Number of grains per panﬁg -1.059 0083 | <0210 | 0001 [ -0.004 -0.060 0006 0,160 -0.04% 0.997
0.9
7 | Grain length (X5) 0312 00781 02121 0001 0070 -0.079 0.004 0.049 -0.027 0.086
8 | Grain breadth (Xy) 0,023 1 0004 | 0003 ] 0001 ] -0.101 0.230 0.006 0.058 0048 | 0255
9 Number  of  days for 1051 0118 (1280 | -0.001 0.022 0,102 -0.006 -0.174 0.058 -0.949
physiological maturity (Xs) i .
10 | 1000 grain weight (X0) 1061 | 0001 -0451 | 0001 | -0.365 0365 | 0007 0.067 0353 | 0965
11 | Days to 50 per cent flowering | 1.089 | -0.075 | 0210 -0.001 | -0042 0051 | -0.003 -0.149 0.055 | -0.909
)
12 | Straw yield (X,2) 0305 | 0267 0401 00062 ] 0011 0040 | 0011 0.102 0.000 | 0300
13 | Hulling percentage (Xi5) 0392 | 0183 | 0583 -0.003] 0158 0.147 | 0010 0237 0011 | 0.39%
14 | Milling percentage (X;4) 03221 0.183 | 0581 | -0.003] 0133 0189 | 0011 0.236 0.005 | 0379
15 | Amylose content (X;5) 0156 | -0.010 ] 0315 0001 | 0292 0144 | -0.001 0.130 0022 | 0.049
16 | Alkali spreading value (X,¢) 20169 | 00331 02600 0002 | 0127 | 0330 | -0.007 4.066 -0.041 0.109
17 | Volume cxpansion ratio (X;7) | -0.465 | 0236 | -0.435 ] 0002 ] 0.013 0371 0.013 0.105 0.015 0.457
18 | Kernel elongation ratio (X;g) 0536 0 00911 0466 w002 ] w0128 | 0073 -0005 [ -0297 0.024 | 0.523
19 | Head rice recovery (Xi) 0833 | 0001 1 0086 1 ooon . 0090 D 0188 [ -0.003 0.097 0.072 | 0.606

LS



Fig. 9 Path diagram indicating direét and indirect effects of the component
characters on yield at Adatt
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Table 16 . Pooled analysis of variance for 20 characters of three locations on rice cultures

*

Significant at 3% level

£ Signthcant at 1% level

SIN | Characters L - Mcan sum of squares of .
0. ~ Varictics Environment VxE l ENV (lincar) | V x E (linear) I Pooled
dt =% df =2 df=16 df=1 df = 8 deviation
df=9 |
I | Height of plant at harvest 176.91* 1239.47* 60.38%% | 478.94* 42 .84 69.26*
2 | Total number of tillers 5 64* 5.15%+ 1.79 10.30* 2.10 131
3 | Number of productive tillers 4.60** 2.59 1.07 5.19* 1.18 0.85
4 Length of panicle 3.76*%% 4.35*% 82 8.72 0.37 1.13*
3 Number of spikelets per panicic 416.30% 706.16% 179, 74%* 1412 35*% 163.30 5155 |
6 | Numbcr of grains per panicle 221 62* 9396.50** 118.38%* | 1019.24%* 11.33 109.74
7 Grain length 0. 70%+* 0.08 0.14 0.16 0.15 0.11%
|8 | Grain breadth 0.019 0.059 0.019 0.11 0.009 0.02*
9 | Number for 10.43* 223.09%* 321%* 462 T9** 2.03 3.88
physiological maturity
10 | 1000 grain weight 35.41* 2151 11.88*+* 43.02* 15.39 7.43
11 | Days to 30 per cent flowering 41.15 36.39 16.85%* 72.82%* 26.72* 6.34
12| Grain yield 1836313.20%* 2012706.00* 464835.70%% | 4025046.40% 20397510 645104.01
13 | Straw vield 10123748 .00%* 3096100 70* 800883.22%* | 6192931.50%% | 975710.47 356413.08
14 | Hulling percentage 13.35 42 55% T30** 85.05%+ 917 483
15 | Milling pereentage 9.51 40.76% 7.12%% 81.50%* 9.06 4.61
16 | Amyiose content 2.04 112 3.03** 2.24 1.84 3.76
17 | Alkahi spreading value 0.08% i 0.67** 0.072 1.35% 0.106 0.033 |
18 | Volume expansion ratio 0.37 0.206 0.16 0.41* 0.24* 0.07
19 | 'Kernel elongation ratio 0.004 0.06 0.008 0.013 0.006 0.009*
i 20 | Head rice recovery 41 86** 0.85 089 | 1.64* 1.44* 030

Ny
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Towering, grain vield, straw yield, hulling percentage, milling percentage and
anvlose content. The significance of V x E indicated the importance for estimating
the stability parameters. Linear component of environment was significant for the
characters height of plant at harvest, total number of titlers. number of productive
titers. number of spikelets per panicle, number of grains per panicle, number of
davs for physiological maturity, 1000 grain weight, days to 50 per cent flowering,
vrain vield, straw vield, hulling percentage, milling percentage. alkali spreading
value. volume expansion ratio, head rice recovery indicating that the environments
tested differed significantlv. V x E (linear) was significant for the characters days
to 50 per cent flowering volume expansion ratio and head rice recovery indicating
that the significant difference among genotypes for these characters was due to the

linear response to environments.

The results of analvsis of G x E interactions are indicated by stability
paranefers. The stability parameters hike mean, regression coefficient, mean square

deviation are wiven in Table 17.

Height of plant at harvest

Stability parameters for this character revealed that the culture C 26 T
(b) had a mean vailue of 86.51 cm with a regression coefficient of 1.04 and a mean
deviation 2.55. Culture C 80 recorded 88.79 cm with a regression coefficient of 0.8
and mean square dewviation 14.72. Local check Jyothi had a mean value of §9.18

cm with 1,89 regression coefficient and 2.06 mean square deviation.

Total number of tillers

The culture C 80 had the maximum mean value of 13 with a regression
coefficient of 0.98 and mean square deviation of 0.07. The second highest mean
number of tillers (11.56) was for genotype C 26 T (b) with a regression coefficient
ol 1.48 and mean square deviation of 0.40. The local check Jyothi recorded a mean

ol 11 with a regression coefficient of 0.87 and mean square deviation 0.84,

Number of productive tillers
v the case of number of productive tillers, C 26 T (b) recorded the

maximum mean value of 11.22, followed by Jvothi with mean value of 10 344



Tuble 17 Analysis of G x E interaction in niee cultures for 20 characters at 3 locations

[ Cultures

Height of plant at harvest

Mean

Total number of tillers

Nun*lbz_al:mot‘ productive tillers

Regression Mean Mean Regressiun Mean Mean | Regression Mean
coellicient square coefhicient | square coefhicient square
deviation . _deviation L deviation |
C 28 99.28 0.14 66.10 9.00 o1s | 224 7.56 -027 | 167
C 29 106.47 202 | 40750 9.67 Lol 242 878 213 176 |
C38 88.07 022 | 3954 91l 047 | 009y 789 0.03 060 |
C268 106.34 0.09  36.69 10.22 1.73 -0.43 8.50 1.85 0.25
C 26 T(a) 161.32 0.10 -0.68 8 89 0.98 -0.31 7___89 ! 023 -0.26
C 26 T(b) 86.51 1.04 255 1156 | 148 007 1122 [ 125 022
C 80 88,79 0.80 14.72 13.00 0.98 040 978 | 3.1 0.53
Jyothi 89.18 1.89 2.06 11.00 0.87  0.34 1044 | 115 0.07
Ahalya 91.49 1.69 3927 10.78 047 0.98 933 0.02 0.09
Cultures Length of panicle Number of spikelets per panicle Number of grains per panicle
Mean Regression Mean Mean Regression \ Mean Mean Regression Mean
coefficient square coefficient ! square coeflicient square
deviation o | deviation B deviation
C28 20.81 1.01 0.04 10667 | 026 1 21936 88.33 2.08 -26.97
C29 20.29 0.68 113 11022 028 | 5809 88.56 0.14 20.01
C38 20.78 039 1.05 102.22 174 | 239.68 84.89 1.73 64.34
C26S 23.19 0.91 0.43 117.44 104 | 25518 93 00 081 82.73
C 26 T(a) 20.22 1.58 1.10 10678 | 148 [ {1433 85 44 0.83 49.10
C 26 T(b) 20.11 1.91 089 | 13901 | 119, 1408 | 11056 | 082 19.57
C 80 20,63 1.38 0.73 124.44 L0433 | ol 1069 368.00
Jyothi 19.03 2.10 0.79 12656 | 096 1379 10078 038 183.56
Ahalya 20.03 0.29 104 | 11700 1 19 7902 0 9278 L 173 | 93.55 ]
L. : R S G



Table 17, Continued

Cultures Grain length Grain breadth Number of days for physiclogical
) maturity ]
Mecan Regression Mean Mean Regression Mean Mean Regression | Mean
cocllicient square coeflicient square coefficient square
N o dewviation deviation dewviation
C 28 7.38 044 0.12 231 1 80 0.03 117.44 0.59 448
€29 8.10 .03 0 00 227 | 87 008 11633 | 120 | -063 |
C 38 7.99 - 4.99 003 2.26 016 | 0.03 11844 | 107 | 303
C 268 7.78 -3.05 0.77 2.36 0.65 0.03 - 116.00 0.95 §.59
C 26 T(a) 7.69 -1.60 -0 01 2.50 0.90 0.00 117.78 0.90 -0.31
C 26 T(b) 7.60 1.57 ~0.00 232 U.58 0.02 112.44 0.93 0.17
C 80 7.61 1.71 003 | 236 1.93 0.00 114.56 1.83 0.01
Jyothi 9.04 0.98 0.00 2.36 247 0.02 114.67 1.13 3.25
Abhalya 8.04 0.36 -0.01 2.46 0.83 0.00 115.78 1.10 5.04
Cultures 1000 grain weight Days to 50 per cent flowering Grain yield
Mean Regression Mean Mean Regression | Mean Mean Regression | Mean square
coefficient square coeflicient | square coefficient deviation
deviation deviation
C28 26.78 3.41 285 91.67 3.33 3.66 5509.90 0.90 1259126.12
C 29 27.33 -0.87 278 91.00 2.45 -0.77 6021.86 0.16 820985.62
C 38 2633 2.90 7.4} 03,56 282 1.66 5352.64 1.51 898956.12
C2638 30.22 -0.72 17.28 G122 0.62 9.75 6210.57 0.09 78844.41
C 26 T(a) 25.11 0.24 260 | 9589 0.62 0.26 543031 1.55 -6518.28
C 26 T(b) 34.67 0.85 0.57 86 78 1.46 1.61 7594.26 0.99 20250.07
C 80 32 44 0.24 060 83 44 115 056 | 7164.99 121 1155705 .38
Jyothi 33.44 081 {041 [ 8300 1.79 -0.27 6547 66 0.48 120614.27
Ahalya 30.89 284 _-168 19056 354 -0.14 [ 654530 0.81 592096.81
Contd.




Table |7 Continued

Cultures | Strawyield _ Ir_l_ul_lihg“p_é.r_‘ccme_lg,c B Milling percentage
Mean Rearession Mean Mean Regression Mean Mean Regression Mean
coetlicient square coefficient square coetficient square
o deviation deviation deviation
C 28 10513.96 138 -30582038 | 7517 | -056 10.34 65.17 -0.69 8.78
€29 14976.65 i 081 | 20852527 | 7266 159 2.15 62.66 161 221
C 38 1084145 | 234 33287247 | 7412 127 2.19 64.12 183 348
C26S 15305 34 1.04 28402531 | 6981 -0.30 3.24 60.59 -0.00] 135
C 26 T(a) | 10743.79 (.34 -256496.91 7558 1.29 1.93 65.24 2.83 5.73
C 26 T(b) | 11506.32 -1.23 927891 81 73 .91 0.56 1.58 6391 0.65 4.21
C 80 11601 88 022 171673638 76.60 0.86 0.58 66.60 0.82 0.11
Jyothi 1117855 2.80 775384 81 73.15 1.78 17.76 63.86 1.42 13.59
Ahalya 10990.80 230 -126653 .98 76.26 1.19 -0.17 65.60 1.13 0.41
Cultures Amylose content Alkah spreading value Volume expansion ratio
Mean Regression Mean Mean Regression Mean Mean Regression Mean
coefficient square coeflicient square coeflicient square
deviation deviation deviation
C 28 24.00 2.57 2.14 3.78 2.89 0.07 4.13 1.00 -0.02
C29 21.73 0.43 3.85 3.39 1.64 0.00 3.40 3.89 0.09
C 38 23.47 -0.64 -0.05 3.63 1.00 0.00 3.53 0.05 -0.02
C268 2307 -2.14 1.47 344 1.80 0.01 4.10 5.14 0.02
C 26 T(a) 21.60 -3 86 4 89 3.36 1.13 0.00 4.03 1.10 0.10
C 26 T(b) 22.80 179 8.01 3.63 1.83 0.00 4.36 -0.22 0.09
C 80 22.93 2.57 0.10 3.86 1.66 0.02 3.93 -2.40 0.14
Jyothi 2347 429 6.05 353 1.99 0.07 4.27 0.44 0.09
Ahalya 2213 1 086 | 094 3.67 192 0.05 3.50 0.00 -0.02

Contd.



Table 17. Continued

[_CuItures ' - ~ Kernel elonualm_rilm : Head rice recovery ) B
' ~ Mean —j——Rcy esslon Mean square Mean Regression ~ [ Mean square
o [ _ coefficient _deviation | coefﬁcieiu deviation

C 28 130 | 000 | 0.00 81.70 -3.02 T 069

€29 {25 | 0.58 | 003 83.13 5.78 0.72 j

C 38 130 | 128 | 000 81.03 -0.34 077 |
€268 1.26 066 | 002 80.53 0.53 0.78

C 26 T(a) 127 185 0.00 7420 0.0 -0.83

C 26 T(b) 1.27 369 | 000 86.27 -0.36 -0.83 B
C 80 1.23 2.22 000 84.47 0.27 0.82

Jyothi 1.18 1.87 | 0.00 86.67 132 0.23
| Ahalya 1.30 2.60 \ 0.01 1 8317 0.92 -0.55

£
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(Plate 2) and C 80 with 9.78. The corresponding regression coefficients and mean

square deviations are 1.25,1.15,3.11 and 0.22, 0.07, 0.53 respectively.

Length of panicle
Mean length of panicle was highest (23.19) for culture C 26 S. C 28 had

a mean value of 20.81 and ranked second (Plate 2). C 26 S recorded a regression

coefficient of (191 and a low mean square deviation of 0.43.

Number of spikelets per panicle
The highest mean value for this characler was reported for C 26 T (b)
(139.11) followed by Jvothi (126.56). The corresponding regression coefficients

are |19 and 0.96 respectively.

Number of graing per panicle
Maximum number of grains per panicle (110.56) was observed for (' 26
T (b) and had the low mean square deviation of 19.57. The regression coefficient

[or this culture was (.82

Grain length
Mean grain length recorded was highest (9.04 mmy) for local check
varety Jyothi followed by € 29 (8.10mm). The corresponding regression

cocfticients are 0,98 and 1.03 respectively.

Grain breadth

Culture C 26 T (a) showed the highest mean value of 2.50 mm with a
regression coefficient of 0.90 and zero mean square deviation, Local check variety
Ahalva had mean value of 2.46 mm with regression coefficient of 0.83 and <ero

mean square deviation.

Number of days for physiological maturity

Stability parameters for number of days for physiological maturity
revealed that the culture C 38 had the highest mean value of 118.44 with a
regression coefficient of 1.07 and a mean square deviation of 3.03 (Plate 3).As far

as a low mean value with good stability is concerned, the culture C 26 T (b) was
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having the Towest mean value of 112.44 for this character with a regression

coeflicient of 0.93 and deviation of 0.17.

1000 grain weight

‘The mean of the character 1000 grain weight was maximum (34.67) for
C 26 T (b). The corresponding regression coefficient and mean square deviations
are 0.85 and 0.57 respectively. Local check Jyothi had mean value of 33.44,

regression coefficient of 0.81 and mean square deviation of 0.41,

Days to 50 per cent flowering

The culture C 80 was having lowest mean value (83.44) for days to 30
per cent flowering with a mean square deviation of 0.56 and regression coefficient
of 1.15, Culture C 26 T (b) gave a mean value of 86.78 days to 50 per cent
flowering. The regression coefficient recorded was 1.46 and mean square deviation
ol 1.61. Local check Ahalya had a mean value of 90.56 days while maximum was

recorded for C 26T (a) (95.89) (Plate 3).

Grain vield

Mean grain vield was maximum (7594.26 kg ha™) for C 26 T (b) with
regression coeflicient of 0.99 and deviation of 20250.07 The second important
culture 1o be considered for selection was C 80 which recorded 7164.99 kg ha',
1.21. 1153705 38 lor the parameters mean, regression coeflicient and mean square
deviation respectively,
Straw yield

Culture C 26 8 ranked first with respect 10 straw vield (15305 34 kg ha'
'} immiediateh followed by € 29 {14976.65 kg ha'') (Plate 4). The corresponding
regression coclficients and mean square deviations are 1,04 0.81 and 28402531

and ZO8323 27

Hulling percentage

Hulling percentage was maximum for C 80 (76.60) with a regression
coeflicient of below 1 (0.86) and a comparatively low mean square deviation of
(.38 Ahalva had a mean value ol 76.26. regression coefficient of 1.19 and

deviationof 017,



FLATE: 3PLOT VIEWS OF CULTURES (38, C26T (a) AND AHALYA
(LOC AL CHECK)




PLATE: 4 PLOT VIEWS OF CULTURES C2&S
AND C289
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Milling percentage
Milling percentage recorded highest mean value of 66.60 for € 80 with
regresston coeflicient of 0 82 and mean square deviation ol 0.11. Ahalva had mean

value of 6360 with regression coeflicient of 113 and mean square deviation of

W,

Amylose content

Maximum mean value of amyvlose content (24) was noticed lor culture
(28 with regression coeflicient 2.37 and mean square deviation 2. 14, But wuith
rezard to stability, culture C 80 which recorded a regression coefficient of 1.19 and
mean suare deviation 0.10 could be considered as stable. C 80 has mean amylose
content of 22,80 Ahalva recorded a mean value of 22,13, regression coefficient of

(.86 and deviation (.94 and ranked second with respect to stability.

Alkali spreading value

Among the nine rice cultures. highest mean value of 3.86 was shown by
C 80 having a regression coeflictent of 1.66 and mean square deviation 0.02. The
culture C 38 with mean value of 3.63, regression coefficient unity and zero mean
square deviation was ranked {irst with regard to stability. Culture C 26 T (a) with
cero deviation, regression coefficient of 1.13 and mean value of 3.36 was the

second stable cullure for this character.

Volume expansion ratio

The culture C 28 recorded mean value (4.13) for the character volume
expansion ratio with fow mean square deviation and regression coefficient unity. C
26 T (a) had mean value 4.03, regression coefficient of .10 and mean square

deviation 0,10

Kernel elongation ratio
C 38 exhibited a mean value of 1.30 with regression coefficient of 1.28

and zero deviation.
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Head rice recovery
The local check lyothi recorded highest mean value of 86.67 with a
regression coeflicient of 1.32 and mean deviation of 0.23. Ahalya had mean value

ol 83.17. regression coeflicient of (.92 and deviation 0.55.

Colour of grain
The colour ol grain was red [or cultures C28, C38, C26S, C26T(b),
C80. Jvothr and Ahalva while white for C29 and C26T(a).



Discussion




5. DISCUSSION

Gienolvpe x environment interaction provides useful miormation to
ilentlv stable zenotvpes over a range of environments. Wide adaptation 1o a
particular environment and consistent performance of cultures are very important
for the development of varieties. The present investigation was undertaken to study
senotype X environment interaction and to identify both high vielding and stable

venalvpes over ditferent locations.

The study ~Genetic analvsis ol high vielding rice varicties of diverse
origin” evaluated S6 high yielding genotypes representing  various  eco-
aeouraphical conditions. The Fs seeds of promising crosses were handed over to
the Agricultural Research Station, Mannuthy for further evaluation and this formed

the matenal for the present investigation,

The experiment on nine rice cultures was carried out in three diffcrent
locations namely Mannuthy, Pattikkad and Adatt. Studies on variability,
heritability, correlation, path analysis and stability in rice cultures were carried out.
The study involved twenty characters namely height of plant at harvest, total
number of tillers, number of productive tillers, length of panicle, number of
spikelets per panicle. number of grains per panicle, grain length, grain breadth.
number of days lor physiclogical maturily, 1000 grain weight, days 1o 50 per cent
flowerig. grain vield, straw vield, hulling percentage, milling percentage, amylose
content. alkali spreading value, volume expansion ratio, kemel elongation ratio and

head rice recovery.
The results obtained are discussed below.

51 GENETIC VARIABILITY

The improvement of crops is dependent on magnilude o genetic

vanabilny and extend to which desirable characters are heritable.
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The analvsis of variance revealed that genotypes differed significantly
for all the characters studied in three locations indicating considerable vanation
among the genotvpes for all the characters. High genotypic coefficient of vanation
(GCV) was observed for total number of tillers. number of productive tillers.
number of spikelets per panicle, 1000 gram weight. grain yield and straw vield
over locations indicating the scope of improvement of these traits, Similar results

have been reported by Bhattachanva (1978) and Das and Borthukur (1974},

Masl of the characlers showed low difference between PCV and GCV
suguesting that these characters were least affected by environment and thus

emphasized the importance of these traits during selection programme. Dash e ol

(1993) and Singh and Choudary (1996) also reported similar findings in rice.

HERITABILITY, GENETIC ADVANCE AND GENETIC GAIN

gl
-3

The values of heritability ranged from 34.3 per cent to 98.3 per cent. In
veneral, high estimates of heritabihity wag mdicated by most of yield characters
studied. Similar results were also recorded by Ghosh er af (1981} and Chauhan

and Tandon (1984).

Genetic advance as per cent of mean was high for height of plant at
harvest, total number of tillers, number of productive tillers, number of spikelets
per panicle, number of grains per panicle, 1000 grain weight, grain yield, straw
vield and volume expansion ratio. Similar results were also observed by Sawant

and Patl (1993},

The association of high heritability with high genetic advance was
observed for height of plant at harvest, number of spikelets per panicle, number of
grains per panicle, 1000 grain weight, grain yield, straw yield and volume
expansion ratto which indicated the presence of additive gene effects and
consequently a high genetic gain from phenotypic selection which will effective.
The results were in accordance with the findings of Singh e a/ (1986) and Nath
and Talukdar {1927}
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High heritability and genetic advance with high genotypic coefficient of
variation (GCV) was identified for number of splikelets per panicle, number of
grains per panicle, lOOb grain weight, grain yield, straw yield and volume
expansion ratio indicating the preponderance of additive gene action controlling

these traits and scope for selections. The results are in confirmation with the earlier

findings of Panse (1957).
53 PHENOTYPIC AND GENOTYPIC CORRELATION

A knowledge on the; degree of association among the quantitative
characters would help the breeder to select those characters which are positively
correlated with yield and elimination of characters which are negatively correlated
with yield. Correlation coefficient is a statistical measure which is used to find out
the degree and direction of relationship between two or more variables. It 1s
represented by ‘r’. A positive value of ‘r* shows that the changes of two variables

are in the same direction. When ‘r’ is negative, the movements are in opposite

direction.

Character association of a particular character in relation to other traits
contributing towards vield is of greater importance in planning successful breeding
programme. Correlations between characters is iriportant in estimating the relative
influence of various characters on yield and the magnitude of direct and indirect

effects of yield attributes on grain yield.

In the present study, it is revealed that grain yield was positively
correlated with number of productive tillers, total number of tillers, number of
graing per panicle, number of spikelets per panicle, 1000 grain weight and head
rice recovery over locations. These findings are in agreement with those reported
by Singh ef al. (1984) and Janardhanam et al (2001). This type of positive and
significant association between yield and its components is highly desirable, Hence
selection of these traits is useful in obtaining simultaneous improvement of the
associated characters resulting in increased yields in rice. Significant positive
association of grain yield with number of grains per panicle was hoticed.

Bhattacharyya (1981) also reported significant positive correlation of grain yield



with number of grains per panicle under saline stress condition, Number of
productive tillers was significantly and positively associated with grain yield.

Similar resuit wus reported by Manonmani ef a/. (1999).

Contrary to this, Chaubey and Richharia (1993) observed number of

productive tillers and grain yield did not exhibit positive correlation.

Grain vield showed positive association with number of spikelets per
panicle. Roy and Kar {1992y and Chauhan ¢f al. (1993) also observed positive
association of grain yield with number of spikelets per panicle. All the cultures
recorded highly sigmficant and positive relationship between total number of tillers
and grain vield as recorded by Mahajan ef /. (1981). Therefore selection for any
one of the characters would offer scope for simultanecus improvement in all these

characters in addition to improving the yield.

The nterrelationship among characters showed that number of grains
per pamicle and 1000 gfain weight had positive significant correlation. Head rice
recovery and number of graing per panicle indicated significant positive
association. There was significant assoclation between number of spikelets per
panicle, total number of ullers and number of productive tillers per panicie.
Significant positive association of total number of tillers, number of spikelets per
panicle, number of productive tillers with 1000 grain weight was observed. Head
rice recovery had positive association with 1000 grain weight and number of
productive tillers. Number of grains per panicle and number of spikelets per
panicle showed positive significant cerrelation. Significant association of {otal
number of nllers with number of graing per panicle was observed. This pomts out
to a fact that selection for total number of tillers will simultaneously improve the
number ol gramns per panicle. The same trend was noticed for number of
productive tillers and number of grains per panicle. Number of productive tillers
was positively associated with number of spikelets per panicle and number of
grains per pamicle while number of spikelets per panicle was positively associated
with number of gramns per panicle. This was in concurrence with earlier reports of

Janardhanam ef ¢/ (2001).



Association of number of days for physiclogical maturity, days to 50
per cent flowering and height of plant at harvest with grain yield is negative which
is advantageous. This indicated that it may be possible 1o obtain heterosis for grain
vield by reducing the plant height and duration. The negative and significant
association of number of days for physiological maturity with yield indicated that
long duration varieties were less productive. Negative association of height of
plant at harvest with grain yield is due to characteristic feature of semi dwarf

genotypes. This was in confirmity with the findings of Hargrove er al. (1988).

Correlation studies showed that selection can be practised for number
of productive tillers, total number of tillers, number of spikelets per panicle,
number of grains per panicle, 1000 grain weight and head rice recovery as these
characters manifested positive and significant correlation with grain yield in all the

three locations.
3.4 PATH ANALYSIS

Path analysis provided an aid for sorting out iotal correlation into direct
and indirect effects of different characters on grain yield. Many authors utilised
path analvsis to categorize the direct and indirect effects on gram yield in nce
(Chaubey and Richharia, 1993; Rajarathinam and Raja, 1992: Sundaram and
Palanmisamy. 1994).

The results of path analysis revealed that 1000 grain weight and number
of spikelets per panicle had the maximum positive direct effect on grain yield.
These characters extibited positive significant correlation with grain vield

suggesting that selection of these traits could bring improvement in yield of rice,

Path coefficient analysis at Mannuthy revealed 1000 grain weight as the
most important character because of its higher direct effect followed by number of
davs for physiological maturity and number of spikelets per panicle. Rajeswari and
Nadaragjan (1997) also observed number of spikelets per panicle had direct effect

on grain yield.
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Days to 50 per cent flowering recorded negative direct effect on grain
vield. But this was not in agreement with findings of Balan e al (1999). They
observed very high positive direct effect of days to 50 per cent flowering on grain

vield.

The high correlation of the characters number of grains per panicle,
total number of tllers, number ol productlive fillers and head rice recovery with
grain vield was due to the high indirect effects of these characters on yield
Therelore these characters should be utilised in the selection programme to obtain

higher grain vield.

Analysis of path coeficients at Pattikkad revealed highest direct effect

on grain vield for number of spikelets per panicle followed by 1000 grain weight.

Number of grains per panicle exhibited negative direct effect on gran
yield but had positive significant correlation with grain yield. This is due to the
high indirect effect of number of grains per panicle through number of spikeleis
per panicle and davs to SO per cent flowering on grain yield. Due importance might
be given in seiection programme for the character number of grains per panicle as
this character recorded positive and significant association with grain yield and

they exerted high indirect effects on grain vield.

The total number of tillers, number of productive tillers and number of
erains per panicle should be considered for selection programme for grain vield
mdicated by 1ts high indirect effect on grain vield through number of spikelets per
panicle and days to 50 per cent {lowering. This was also supported by their high

correlation coefficient with grain yield.

[t is suggested that in general selection for grain yield could be efficient
if 1t is based on 1000 grain weight and number of spikelets per panicle as these
characters satisfied both the requirements of association analysis and path

coefficient analysis.
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At Adutt, path coefficient analvsis showed that number of spikelets per
panicle had the highest positive direct effect followed by 1000 grain weight and
days o 50 per cent flowering on grain yield. The importance of high direct effects
ol number of spikelets per panicle on grain vield was noticed by Janardhanam et

al. (2001)

Maximum negative direct effect on grain yield was observed for
number of days for physiological maturity. This is in contrary to observation of
this character at Mannuthy. At Mannuthy number of days for physiological
maturity showed positive direct effect on grain yield. This indicated that this
character is influenced by the environment.

The high correlation of the characters total number of tillers, number of
productive tillers, number of grains per panicle and head rice recovery with grain
vield was due to the high indirect effects of these characters through number of

spikelets per panicle and number of days for physiological maturity.

The direct and indirect effects of the constituents yield traits on vield
differed from location to location showing the fluctuations in the quantum of its
contribution in relation to environment. Hence from the results, it could be mferred
that the traits 1000 grain weight, number of spikelets per panicle were to be

accounted for direct selection during vield improvement.

5.3 GENOTYPE X ENVIRONMENT INTERACTIONS

Lemer (1954} coined the term 'Genetic homeostasis' for the mechanism
by which genotypes are flexible and can adjust their genotypic and phenotypic
states in response 1o the different environmental conditions. Genotype X
Environment {GE) interaction has been an important and challenging issue among
plant breeders, geneticists and agrononusts engaged in performance testing GE
interaction is noticeable, when genotypes subjected to evaluation rank differently
i different environments. To assess the genotype x environment interaction.
mainly three parameters are used namely mean performance of the character. its

regression coeflicient and deviation from the regression environmental index.



A stable genotype is one which shows (1} a high mean yield (2) a
regression coeflicient around unity and (3) a mean square deviation [rom

I'B‘_._’FCSSi QN nedr 2ero.

To assure the stability of genotypes linear regression could be regarded
as o measure of response of a particular genotypes and deviation from regression
should be considered as a better measure of stabihity (Jatasra and Paroda. 1979 and

Becker. 1981

The results obtained for stability analysis are discussed character-wise

adopung the model of Eberhart and Russel (1966).

Height of plant at harvest

Stutnlity parameters identified C 26 T (b) with low mean sguare
deviation and regression coellicient of near umtyv as the most stable over the
focations, As lar as miean value 1s considerced, thus culture has lowest mean vaiue

which is desirable in the case ol height of plant at harvest,

Total number of tillers

The culture € 80 with the maximum mean value and regression
coefticient near unity and lowest mean square deviation is considered stable over

the locations,

Number of productive tillers

The culture € 26 T (b) and local check Jyothi with high mean value,
low mean square deviation and regression coefficient of near unity are stable and
are suited 1o the environments.

Length of panicle

Mean length of panicle was maximum for culture C 26S. The cuiture
showed low deviation and regression coefficient of near unity. Stability parameters

indicated that C 268 is stable for this character.
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Number of spikelets per panicle

C 26 T (b) had maximum mean number of spikelets per panicle
[ollowed by local check variety Jyothi. They had low mean square deviation and
regression coefficient around unity. Fluctuations due to the environments was

much restricted for these traits.

Number of grains per panicle

C 26 T (b) had the highest mean number of grains per panicle. The
culture recorded lowest mean square deviation and regression coefficient of near
unity. High and desirable performance of the culture in different environments is a

positive point 1o rate it as betier and stable one,

Grain length

C 29 and Jvothi showed stability for grain length indicated by their high

mean value. zero mean square deviation and regression coefficients around umity.

Grain breadth

C 26 T (a) had the maximum mean grain breadth followed by Ahalva
Their zero mean square deviation and regression coefficient of around unity, along

with high mean indicated their stable performance across environments.

Number of days for physiclogical maturity

C 26 T (b) with low mean square deviation and regression coefficient of
near unity 1s stable over locations. As far as the mean value is concerned, this
culture has the lowest mean value, which is desirable in the case of number of days

for physiological maturity,

1000 grain weight

C 26 T (b) and local check Jyothi are stable and suited to different
environmenits mdicated by high mean values, low deviation from regression line

and regression coefficient around unity.



Davs to S0 per cent flowering

The culture C 80 which extibited lowest mean vatue for the character

with low mean square deviation and regression coefficient of near unity is stable.

Grain yield

Stability parameters of maximum mean grain yield, low mean square
deviation and regression coefficient near unity for culture C 26 T (b) indicated that
this culture was most stable for this character. The second highest grain yield was
indicated bv C 80 with regression coefficient near unity but with a shightly higher

deviaton from regression.

Straw yield

Stability for the cultures C 29 and C 26 S was indicated by the high

mean values, low mean square deviation and regression coefficient near unity.

Hulling percentage

The culture C 80 and Ahalya with a regression coefficient of around
unity and low mean square deviation are stable over locations. The focal check
Jvothi with maximum’ deviation and high regression coefficient showed good

performance only 1n favourable environments.

Milling percentage

Mean milling percentage was highest for culture C 80 followed by
ahalyva. They are stable due 1o their regression coefficient near unity and low mean

square deviation.

Amylase cantent

C 80 and ahalva showed less fluctuations due to environments for
anivlose content indicated by their regression coefficients near unily and mean
deviation near to zero. The culture C 28 eventhough not stable had the maximum

mean value.
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Alkali spreading value
The highest mean alkali spreading value was indicated by the culture €
80. With respect to the stability, C 38 and C 26 T {a) are most stable with zero

mean square deviation and regression coeflicient of unity.

Volume expansion ratio
The highest mean volume expansion ratio was for culture C 26 T (b} In
terms of stability, C 26 T (a} and C 28 are the most stable with regression

coefficient of unity and near zero mean square deviation.

Kernel elongafion ratio

The culture C 38 was less fluctuated by the environments indicated by

their high mean value, zero deviation and regression coefficient near unity’

Head rice recovery
The local checks Jvothi and Ahalya with high mean values. regression
coeflicient near unity and low deviation were found stable and suited for all

locations.

Stability parameters showed that out of 9 cultures, C 26T(b) was stable
tor height of plant at harvest, C 80 for total number of tillers, C 26T(b) and Jyothi
for number of productive tillers, C 268 for length of panicle, C 26 T(b) and Jyothi
for number ol spikelets per panicle, C 26T(b) for number of grans per panicle, C
2Y and Jyvothi for grain length, C 26T(a) and Ahalya for grain breadth, C 26T(b) for
number of days for physiological maturity, C 26T(b) and Jyothi for 1000 grain
weight. C 80 for days to 50 per cent flowering, C 26T(b) for grain yteld, C 29 and
C 268 Tor straw vield, C 80 and Ahalya for hulling percentage, C 80 and Ahalya
lor milling percentage, C 80 and Ahalya for amylose content, C 38 and C 267T(a)
for alkali spreading value, C 28 and C 26T(a) for volume expansion ratio, C 38 for
kernel elongation ratio and Jyothi and Ahalya for head rice recovery as indicated in
Table 18. Thus culture C 26 T (b} had maximum grain vield and was stable for
most of the vield contributing characters like height of plant at harvest, number of
productive tillers, number of spikelets per panicle, number of grains per panicle,
number of davs for physiclogical maturity, 1000 grain weight and grain vield.

Stability parameters indicated C 80 as the next stable culture. C 80 svas stable for



the characters total number of tillers, days to 50 per cent flowering, hulling

percentage, milling percentage and amylose content (Plate 5).



Table 18, Stabtlity of grain yield and yield components in nine rice cultures

| Genowpe | 12| 3 o[ 7 s Totof ]zl s Tie[ 7| as 197120 [ Total stable |
! N B i . | characters |
|28 ; . ! | :
P s - T
T * <] 5
s i T B ' N
: C26T(a) | s ) B * * 3
- C26T(b) | = N * x | * x| 7
I CR0 - o * * * * 5
- Jyothi * * * * 5
:_ Ahalya i * * * * * 5

| - Height of plant at harvest, 2 - Total number of tillers, 3 - Number of productive tillers. 4 - Length of panicle, 5 - Number of spikelets per panicle. 6 - Number
of grains per panicle, 7 - Grain length, 8 - Grain breadth, 9 - Number of days for physiological maturity, 1¢ - 1000 grain weight, 11 - Days to 50 per cenl
flowering, 12 - Grain yield, 13 - Straw yield, 14 - Hulling percentage, 15 - Milling percentage, 16 - Amylose content, 17 - Alkali spreading value. 15 - Volume

expansion ratio, |9 - Kernel elongation, 20 - Head rice recovery

B
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6. SUMMARY

A svstematic study was undertaken in the Department of Plant Breeding

and Genetics. College of Horticuliure, Vellanikkara during 2002-2003 (o analyse

the stabilitv of rice cultures under different locations.

Seven rice cultures C 28, C 29, C38,C2685,C26T(a),C26T(b), C

%0 along with two local checks Jyothi and Ahalya were analysed for stability at

three locations Mannuthy, Pattikkad and Adatt. The results are summarized as

below.

[

[¥F)

0.

Significant difference among nine cultures were observed for most of the
characters. But the variability estimates varied from location to location.

High heritability estimates were identified for most of the characters.
Heritability of characters differed from location to location,

Correlation estimates indicated that the characters total number of tillers,
number of productive tllers, 1000 grain weight, number of grains per panicle,
number of spikelets per panicle and head rice recovery showed posiine
correlation  with graim yvield over the locations. The characters showed
differential rates of correlations at different Jocations.

Hetght of plant at harvest. number of days for physiological maturity and davs
10 30 per cent lowenng exhibited negative correlation with gran vield over
lacations indicating that lower magnitude of these characters increase vield.
Direct and indirect effects of characters on vield showed variation between
[ncauons.,

1060 sram welght and number of spikelets per panicle showed maximum
positive direct effect on grain vield in all the locations.

Number of davs for physiological maturity had high positive direct effect on
grain vield al Mannuthy whereas the same character showed high negative
direct elfect on vield at Adatt

Stabilitv parameters showed that out of 9 cultures, C 26T(b) was stable for
herght ol plant at harvest, C 80 for total number of tillers, C 26T (b) and Jyothi
for number of productive tillers, C 268 for length of panicle, C 26T(b) and

hothi for number of spikelets per panicle, C 26T(b} for number of grains per



pamicle. ¢ 29 and Jvothi for gram length, C 26T{a) and Abalva for grain
breadth, C 26T(b) lor number of davs for physiological matunts. C 26T(b)
and Jvothi for 1000 grain weight, C 80 for days to 50 per cent flowering, C
26T(b) for grain vield, C 29 and C 26S for straw vield, C 80 and Ahalva for
hulling percentage, C 80 and Ahalya for milling percentage, C 80 and Ahalva
for amvlose content, C 38 and € 26T(a) for alkali spreading value, C 28 and C
26T(a) Jor volume expansion ratio, C 38 for kernel elongation ratio and Jvoth
and Ahalva for head rice recovery.

Culture C 26 T (b) had maximum grain yield and was stable for most of the
vield contrbuting characters like height of plant at harvest, number of
productive tillers, number ol spikelets per panicle, number of grains per
panicle, number of days for physiclogical maturity, 1000 grain weight and
grain vield. Stability parameters indicated C 80 as the next stable culture. C 80
was stable for the characters total number of tillers, days to S0 per cent

flowering, hulling percentage, milling percentage and amylose content,
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ABSTRACT

The present study G x Eonweraction n the Fy generaton of wide
crusses of nce (Orvza sanve L) was carried out under the Department of Plant
Breeding and Genetics, Coilege of Horticulture, Kerala Agricultural University,
Vellamkhara The study was carried out for 20 characters in nine rice cultures al
three locations viz, Mannuthy, Pattikkad and Adatt. The experiment estimated the
variability. heritability, correlation, path coefficients and stabilitv for the

characters

High variability and heritability was noticed for most of the vield
characters. The estimates of varability and heritabihty vaired widely between
tocations indicattng the preponderance of the environment. Correlation and direct
and indirect effects of the characters on yield alse differed between the

cnvironments indicating the profound influence of location on the character.

Stability analvsis revealed that among the nine rice cultures studied,
culture € 26T(b) was [ound to be stable over locations for most of the yield traits.
Cuhure  C 26T(b) had maximum grain yield and was stable for most of the yield
contributing characters like height of plant at harvest, number of productive tillers,
number of spikelets per panicle, number of grains per panicle, number of days for
physiological maturity, 1000 grain weight and grain yield. C 26T(b) showed
superior and stable performance in the hill tracts of Pattikkad, Kole land of Adatt
and a1 Mannuthy. Stability parameters indicated C 80 as the next stable culture. C
810 was stabie for the characters total number of tillers, days 1o 50 per cent

flowering, hulling percentage, mulling percentage and amylose content.
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