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Abstract
Pakistan is facing severe scarcity of edible oildaspending a huge

amount of foreign exchange on its annual imports&se is the best option as an
edible oilseed crop due to less water requirema&ftarious statistical analysis are
used to test the contribution of different yieldlated traits for developing high

yield potential cultivars. Correlation analysis uditrates the association among
different yield related traits exist in plant poptilon under study. Genotypic and
phenotypic coefficients of variability reveal thetent of differences among the
accessions, due to the genetic factors and thespaoase to environmental

condition of the experiment. Path coefficient ansib/ reveals the relationship
between variables in multivariable system is coms&tl. Previous studies of
various sesame breeders proved that plant heighmber of branches per plant,
number of capsules per plant, seeds per capsul@@)-keed weight are the traits
which have significant and positive correlationsthviyield per plant at both

genotypic and phenotypic levels. These charactdse &ave high path analysis
values especially capsules per plant had higheseaddi effect on seed yield

followed by 1000-seed weight. So, these traits nb@yused as selection criteria

in future breeding programs for the improvementsekd yield of sesame.

Key words: Sesamum indicum, correlation, path coefficient analysis, accessjogenotypic,
phenotypic.

Introduction

Sesame $esamum indicum L.), a conventional oilseed crop grown well in
tropical and subtropical areas of the world (Gand®09). There are 37 species
in the genus Sesamum; out of which oniyndicum is widely -cultivated
(Kobayashi, 1981). There are branched and singkmsvarieties. Sesame plant

has deep root system and well adapted to watercitetionditions. It is sound
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suited to smallholder farming with a relatively shoharvest period allowing
other crops to be grown in the field (Chemonics,020 Naturland, 2002). The
best range of temperature for growth blossoms andt fripening is 26-36C
(Naturland, 2002). Sesame is a short duration cwdgch completes its cycle
within 100-110 days. It is fit as catch crop in AaKharif because wheat can be
timely cultivate after sesame. Therefore, thereaisgreat scope of horizontal
expansion of sesame without affecting current amader different crops. Sesame
is a very rewarding crop due to its low cost of guetion and high price. (Anwar
et al., 2013). During 2012-13, 29.10 thousand tons of sesaeed was produced
in Pakistan from an area of 70.90 thousand hectdrggicultural Statistics of
Pakistan, 2012-13)During 2013-14, 37.63 million tons sesame seed WORs.
7342 million was exported (Federal Bureau of Statis, 2013-14).

The chemical composition of sesame seed shows thatseed is a good
source of carbohydrate (13.5%), protein (18-25)h 45%) (Borchaniet al.,
2010) and about 50% oil of high quality (Rat al., 2009). Sesame seed also
contains high percentage of some essential aminidsa¢Kanu et al., 2007a,
2007b, 2009) and vitamin B complex, important fagllcoxygenation influencing
liver cells favorably (Sarwar and Hussain, 2010es8me seeds are used as raw
food as well as in confectionery, sweets, bakergducts and also oil is used for
industry in preparation of soap, perfume and carlpapers as well as vegetable
oil (Khanet al., 2001; Yolet al., 2010).

Genetic variability shows the difference among geomematerial of
individuals. It is a measure of the tendency of ividual genotypes in a
population to vary from one another (Safasti al., 2010). Correlation analysis
explains relations of the morphological charactevgh each other, while path
coefficient analysis examines direct and indiretfieets of various traits on seed
yield (Marinkovic, 1992). Information on the naturand level of genetic
variability present in a crop species is importaior crop improvement and
development programs and also for the developmeihtamy desired character
(Dabholkar, 1999).

Pakistan is facing an acute shortage of edible DPémand of edible oil in
Pakistan is increasing with the increase in popiwlatwhile production of edible
oil is decreasing every year. Development of a abli¢ and high yielding oilseed
cultivars are dire need to overcome the upcomingdf@and health threatsThe

aim of present review is to understand that howrebtation and path analysis are



useful to categorize the different yield contribugi traits in sesame production.
So that, information may be use to design furtheedudling program for the
development of disease resistant, insect/pest tastsand high yielding sesame

cultivars.
Correlation and Path Coefficient Studies

Reddy and Priya (1991) studied the parents andpaldsible Fl1s from a
nine parent cross in sesame. Branches/plant andulap/plant were positively
and significantly correlated with yield/plant of saeme.

Fendel and Monteverde (1994) evaluated three Varbm commercial
sesame cultivars, 15 exotic accessions and their Hybrids for 6 yield
components. Heritability estimates were moderatéditgph for all of the measured
traits (number of capsules/plant, capsule lengthmher of seeds/capsule, seed
weight/capsule, 1000-seed weight and 5-plant yieldumber of capsules/plant
showed the highest correlation with yield.

Subramanian (1994) investigation of correlationdits showed that single
plant yield had a strong significant and positivesaciation with capsule number
in both generations of the two cross combinatiomslicating the close link
between the two characters. The path coefficientlpasis showed direct and
indirect contributions by different characters i.etimary branches, secondary
branches, capsules per plant, seed number per ta@sid 1000-seed weight and
all these characters had to be considered as th& mmoportant for determination
of seed yield and selection of parents.

Vanisri et al., (1994) compared 29 genotypes for 21 traits by etation
and path analysis. Seed yield per plant had sigaiii positive correlations with
number of secondary branches, capsules on primaapdhes, number of capsules
per plant, capsule length, 1000-seed weight, haruwedex and oil yield per plant.
Path analysis indicated that number of capsulesedsgeight and number of seeds
per capsule had the greatest positive direct eftacseed yield.

Biswas and Akbar (1995) derived information on ggmoc variation,
heritability and yield correlations from data on Weld components in 18
genetically diverse genotypes and their F1 hybri@enotypic coefficients of
variation were highest for seed yield/plant (34.48)llowed by number of
branches/plant (19.71). Heritability in the broadnse was highest for days to
flowering (89.20%), days to maturity (89.16%) an@0D-seed weight (80.10%).

Seed yield was significantly and positively corredd with days to maturity,
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plant height, number of branches/plant, number apsules/plant and 1000-seed
weight at the genotypic level. It is suggested thmatmber of branches/plant,
1000-seed weight, days to flowering and number apsules/plant are the most
important characters for improving yield.

Chaudhary (1995) carried out path analysis on dataseed yield and its
components in sesame varieties JLT26 and JLT27dSeeld was positively and
significantly correlated with plant height, numbef leaves, primary branches,
length of main branch, number of capsules on maianbh, number of capsules
per plant, capsule length and seeds per capsuldoith varieties. Number of
capsules per plant and seeds per capsule were the tovo characters which
contributed to seed yield directly.

Shadakshariet al., (1995) evaluated 225 indigenous and exotic sesame
genotypes for genetic diversity in 20 quantitatistearacteristics. A wide range of
variability was observed for all the charactersddad. Phenotypic and genotypic
coefficients of variability were high for number odapsules per axil, total
number of capsules, total number of branches, sgiedd per plant and first
flowering node, and low for days to 50% floweringays to first branching, days
to second branching, capsule length, capsule gidH, content and days to
maturity. Heritability and genetic advance were ifpr number of capsules per
axil, seed yield per plant, number of locules papsule, total number of capsules
and total number of branches. Days to first bramghidays to second branching,
capsule length and oil content had high heritalgiMtith low genetic advance.

Rao (1995) studied sesame cultivars in field tsiakt Parbhani,
Maharashtra. Seed yield/plant was positively coatetl with plant height,
number of branches, leaf area, number of capsulastp capsule length, number
of seeds/plant and seed weight under all irrigatsehedules.

Reddy and Dorairaj (1995) compared fifty genotydes heritability and
correlations among 5 components of dry matter prithn. The highest
genotypic coefficient of variability, heritabilityand genetic advance were
observed for stem weight, indicating additive geatgion. The lowest heritability
and genetic advance, as a proportion of the measrewor root weight and seed
yield. Stem weight had the highest genotypic coatiEln with seed yield,
followed by capsule weight, root weight and leafigtet.

Ananda and Sivasamy (1996) studied the six highldireg homozygous
genotypes (TSS6, TNAU12, TNAU17, TNAUS86, VS117 amPI1589). They

revealed that the traits, capsules on the main sésmwell as on branches, leaf
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area and shoot weight showed a positive correlatmth yield and an intensive
positive selection for these traits will improveetlyield automatically.

Guirguis et al., (1996) evaluated 20 genotypes for yield and seed
characters. Differences among genotypes in planighte first capsule height,
fruiting zone length, number of branches/plant, fnen of capsules/plant, 1000-
seed weight, yield/plant and yield/feddan [1 fedda®.42 ha] were significant or
highly significant. Significant positive correlatiooccurred between plant height
and number of branches/plant and fruiting zone tbngield/plant was positively
correlated with first pod height and the number bfanches/plant. Highly
significant positive correlation occurred betweeneed yield/plant and
yield/feddan, suggesting that single plant selectivould be effective for
increasing yield.

Patil and Sheriff (1996) worked on 100 genotypesd al6 quantitative
characters were observed for 5 competitive plants dach genotype. The
genotypes exhibited significant variability for tledharacters studied. Heritability
estimates were high for seed yield per plant, oi¢lg per plant, oil contents,
days to maturity, harvest index, number of capsuléays to 50% flowering and
capsule length.

Backiyarani et al., (1997a) recorded correlation and regression
coefficients between F3 means and the correspongiagental F2 values for 8
yield-related traits in the crosses SVPR1 X TNAUZBNPR1 X TMV3, SVPR1 X
Col and TMV3 X SVPR1 at 3 selection levels. Theaabtained indicated that
selection for single plant yield should be effeain these crosses.

Backiyarani et al., (1997b) evaluated F2 and F3 generations having
different GCA (high=H and low=L) for variability, dritability and genetic
advance of 7 traits. H X H populations had highegan values than H X L and L
X L for all traits, except for seed number and perwtage oil, respectively. All
populations in F2 and F3 recorded desirable meansg @aoderate to high
heritability for primary branches, capsule numbseged number, percentage oil
and yield/plant. Number of capsules and seeds, 1968d weight and single plant
yield decreased from F2 to F3 in all populations.

Sudharaniet al., (1996) calculated the direct and indirect corredat
coefficients from path analysis of data on 10 yieblated traits in the bi-parental
progenies and F3 bulk population of cross R84-4-2XX198. The direct effects
of plant height, capsules on main stem and 1000dseeight were greater in bi-

parental progenies than in the F3 bulk population.
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Joel and Thangavelu (1997) derived informationvamiability, heritability
and genetic advance from data on 17 qualitativetsran 95 diverse genotypes.
The similarities between estimates of genotypic grtenotypic coefficients of
variation for 100-seed weight, capsule length, edpsbreadth, oil content, days
to 50% flowering, days to maturity and seed numiper capsule showed high
heritability for these traits, indicated that sefi@n for these characters should be
effective. The results indicated a predominanceadtlitive gene effects for seed
yield.

Mishra et al., (1997) evaluated the 12 varieties of sesame; Kraslyave
the highest seed yield of 3.28 g/plant followed Kgrnak with 3.2 g/plant and
OMT30 with 3.08 g/plant. Plant height, capsulesiglabranches/plant and 1000-
seed weight showed significant and positive cortielas with seed yield. High
heritability estimates along with moderate to higénetic advance were observed
for branches/plant, capsules/plant, 1000-seed wteégid seed yield/plant.

Rai et al., (1997) observed that in 25 genotypes, the genatypi
correlations were higher than the phenotypic caatiens. Seed yield had
significant positive phenotypic and genotypic assbion with secondary
branches/plant, capsules/plant, capsules/main sheeeds/capsule, biological
yield and harvest index. Biological yield, harveshdex and secondary
branches/plant had a positive direct effect on sgedd. It is suggested that due
emphasis should be given to harvest index, biolabigield and secondary
branches/plant while selecting plants for improvieg@ed yield in sesame.

Singh et al., (1997a) studied, 35 diverse genotypes to determihe
association of seed yield with various yield compabs. Correlation studies
revealed that capsules/plant were highly signifidgnand positively associated
with seed yield/plant followed by percentage oil ntent and plant height.
Likewise, path analysis showed high direct effeofscapsules/plant, percentage
oil contents and plant height on seed yield.

Singhet al., (1997b) suggested that the range and coefficidntasiability
has better scope for improvement of productive edes/plant, primary
branches/plant and seed yield/plant through simpé¢ection. High heritability
coupled with high genetic advance was recordeddays to maturity, productive
capsules/plant and seed yield/plant in 28 genotyp®esed yield was positively
and significantly correlated with the number of pdry branches and productive

capsules/plant. Path coefficient analysis reveatledt selection pressure should



be exercised simultaneously for increased numbdrproductive capsules and
primary branches per plant.

Subrata and Maity (1997) evaluated 34 cultivars 8wyield components.
Significant inter-varietal differences were obsedveithout any cultivar X year
interactions. Estimates of broad sense heritabjligenetic advance and the
genotypic coefficient of variation indicated the portance of seed yield, number
of capsules, husk weight, number of branches an®0ifeed weight in the
selection of genotypes with high yield potentialee®l yield was positively
associated with number of capsules, husk weightmber of branches, number of
seeds and seed weight.

Tak (1997) derived information on correlation andtlp coefficients from
data on 6 yield-related traits in 25 promising ggempes of diverse eco-
geographic origin. The variability among the genwmé¢g was large for all the
characters studied. Seed yield exhibited signiftcand positive correlation with
siliqua per plant, seeds per siligua and primargrtohes per plant. The 1000-seed
weight had the greatest direct effect on seed yididt its utility is doubtful
because of its negative indirect effects througheotyield-related traits. Number
of primary branches per plant, silique per plantdaseeds per siliqua had high
degrees of direct and indirect effects on seeddyiel

Govindarasuet al., (1998) studied six mutated varieties and their nine
hybrids. Correlation coefficients between seed giednd 6 quantitative traits
were estimated for the parental, M3, F3 and F3, g&herations. Capsule number
and branch number had consistently strong positjemotypic correlations and
high positive direct effects with seed yield in &ahle populations.

Manivannan (1998) analyzed simple correlation incbarosses B1 and
B2. The analysis revealed branches, capsules onnnsaém and capsules on
branches were positively correlated with seed yiePdth analysis revealed that
capsules on branches had high direct effect on seeld.

Arriel (1999) estimated the heritability and geregain and obtain genetic
and phenotypic correlations between flowering cltaeas, plant height, capsules
per plant, maturation and yield per plant in culdig. Estimates of high
heritability and percent genetic gain in relatioa the average were recorded
from seed yield, 72.63 and 28.77%, respectivelygwimg a considerable success
in the selection of that character. Highly signdit genetic correlation was
observed between the yield and the total numbercapsules (0.77) and this

variable was significantly correlated with plantigkt (0.69), showing that the
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selection of the number of capsules and plant heighn contribute to the
increase in production. The genetic correlation whd that the largest yield per
plant was obtained from genotypes with larger numbefruits.

Alam et al., (1999) carried out correlation and path analysisai set of
seven parents and their all possible F1 generatiath respect to yield and yield
components. Seed yield/plant and oil yield/plantravehighly significant and
positively correlated with root length and root dmyeight at 40 days age,
maturity, plant height, branches/plant, capsule main branch, capsules/plant,
1000-seed weight and harvest index. Oil yield/plam&as positively associated
with seed yield/plant. The highest direct and poatcontribution at genotypic
level was made by maturity followed by root leng#t 40 days age, harvest
index, capsules/plant root weight at 20 days agenbh/plant and seeds/capsule.

Ganesh and Sakila (1999) studied 114 accessiomseséme by correlation
and path coefficient analysis for single plant yiednd other yield contributing
components. All the studied characters showed digant and positive
correlation with single plant yield. The inter-cetation between the vyield
components, apart from the number of capsules anrtfain stem, showed high
associations with each other. The characters vigdant height, number of
capsules on main stem and number of capsules omclhmes, showed a high
positive direct effect on single plant yield.

Karuppaiyan and Ramasamy (2000) studied 80 seskjrteybrids derived
from 20 (lines) x 4 (testers) mating design for Ifuantitative traits and
performed genotypic correlation and path coeffidciamalysis. They revealed that
significant correlation with seed yield was obsedvim plant height, number of
capsules, Number of branches, test weight, daysmtaturity, days to 50%
flowering and oil content. They observed that numbé capsules has the highest
positive direct effect on yield. There was maximamd positive indirect effect of
number of branches, plant height, days to maturdgys to percent flowering and
test weight on seed yield via number of capsules.

Kathiresan and Gnanamurthy (2000) studied two aalts to evaluate the
different growth and yield related traits on theeld. The data showed that the
dry matter accumulation and number of capsules pgdHant contributed
significantly to seed yield, which exhibited a ptige association that was higher
than other traits.

Kavitha and Ramalingam (2000) recorded the corieled among eight

yield components from 50 segregating families. Pahalysis revealed that
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greatest positive direct effects for plant heightdacapsules/plant, suggesting
that selection for yield improvement based on thebaracters will be effective.

Sakilaet al., (2000) studied on association analysis. Their tessgshowed
that single plant yield was positively correlatedtlwtotal Number of capsules,
capsules on main stem, height to first capsule ahant height but only the
character number of branches showed a non-sigmitiGend negative correlation
with yield.

Singh et al., (2000b) studied improvement of seed vyield in 17whe
developed genotypes of sesame. The highest PCV GE6¥ were obtained for
number of primary branches per plant (31.1 and 2¢.%espectively), while the
lowest values were obtained for seed oil contentl (&nd 5.0%, respectively).
The greatest difference between PCV and GCV wasepb=d for number of
primary branches per plant (5.7%) and number ofvésa per plant (5.3%),
indicating that these characters were more infllexzhcby the environment.
Correlation studies revealed that seed yield wasitpoely and significantly
correlated with plant height, number of branches pknt, number of seeds per
capsule, total dry matter production and total dngtter production at maturity.
In contrast, the number of seeds per capsule ahaantent were negatively and
significantly correlated with the number of leaves.

Arulmozhi et al., (2001) studied twelve lines, six testers and th&rF1's
to assess the association between seed yield andoinponents and to trace the
direct and indirect effects of characters on seedldy per plant. Correlation
studies revealed that seed yield was significant gmwositively associated with
number of branches and number of capsules per plEim¢ path analysis revealed
the maximum direct effects of number of branchesmber of capsules and 1000-
seed weight on seed yield.

Kar et al., (2001) studied 42 hybrids of sesame involving idek and
three testers for seed yield and three earlinessradters such as, days to 50%
flowering, days to maturity and height up to fir$tuiting. The correlation
coefficients between general combining ability effe and parental means were
non-significant. A maximum of 9.73, 3.90 and 55.0Q%gative heterosis were
observed for days to 50% flowering, days to matyrénd height up to first
fruiting node, respectively. The correlation coeints of specific combining
ability effects with F1 mean and relative heterowisre highly significant.

Khan et al., (2001) studied 21 accessions of sesame under Fdiad

conditions and reported correlation and geneticiafaility between seed yield

9



and its related characters. The extent of genetoeficient of variability,
heritability and genetic advance as percent of meaane studied for plant height,
Number of branches/plant, Number of capsules/plawtumber of seed/capsule,
1000-seed weight and vyield/plant. They concludedatththe Number of
capsules/plant contributes the highest towards dyiébllowed by 1000-seed
weight and plant height. Selection emphasis on ¢hekaracters could result in
progress of yield.

Shimet al., (2001) conducted experiment to analyze the resperd some
agronomic traits to the different cultural enviroants and the relationships
among the agronomic traits; with the objective efexting sesame varieties with
higher stabilities. The number of seeds per capsuld 1000-seed weight showed
higher heritability values, but they were relatiyelower for culm length and
seed yield per plant. Genetic correlations wereglsily higher than the
corresponding phenotypic correlations. Culm lengthowed positive genetic
correlation with both the number of capsules peaniland seed yield per plant,
whereas the number of capsules per plant showedtipesgenetic correlation
with seed yield per plant. In the analysis of pabefficients, culm length and
number of capsules exerted a great effect on gyaéhd.

Uzun and Cagrgan (2001) studied seed yield andteal characteristics of
sesame population involving 8 determinate and 4etedminate types using
simple correlation coefficients and path coefficieranalysis techniques.
Observations were recorded for seed yield, numbfecapsules per plant, number
of seeds per capsule, stem height to the first abmsplant height, fruiting zone
length, 1000-seed weight, and number of fruitingatbches. Number of capsule
per plant was highly correlated with seed yield. wbver, plant height had the
greatest direct effect on seed yield of determingtewth habit.

Kumaresan and Nadarajan (2002) studied 64 genatypecluding 48
hybrids and 16 parents for correlation between ¢iand six yield contributing
characters, namely days to 50 percent floweringanpl height, number of
branches, number of capsules, 1000 seed weight aihdcontent and three
physiological characters viz., leaf area index, fsynthetic rate and harvest
index. All the characters showed significant andsipive correlation with seed
yield except days to 50 per cent flowering and odntent. They showed that
these characters had also significant and positiweelation with each other.

Krishnaiahet al., (2002) evaluated 36 entries (8 parents and 28)Fdfs

sesame for variability, heritability, genetic adwa&nand genetic advance as per
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cent of mean in 13 quantitative characters. Closgemblance between GCV and
PCV was observed for all the characters indicatitigat selection for these
characters would be much effective. High GCV anditability coupled with high
genetic advance were observed for capsules on skrgnbranches, number of
secondary branches, capsules on primary branchagsules on main stem and
plant height suggesting simple selection as effeetio improve these traits.

Pawaret al., (2002) studied relationship of different traitstiviseed yield,
protein yield and oil content with ten different cessions of sesame. They
concluded that irrespective of accessions the d&he growth and vyield
parameters were correlated. They concluded thatd sei¢ and protein content
positively correlated with seed yield, morphologlicand growth parameters.
Considering these correlations as well as correlasi of these characters with
remaining others, the characters for which selettic to be exercised for
achieving improvement in higher seed yield, proteiontent and oil content are
listed for different groups.

Yingzhong and Yishou (2002) studied twenty severecaccessions and
three genetic male sterile lines for genotypic @bations and path coefficient
analysis in sesame. They investigated nine charadte. days to flowering, plant
height, height to first capsule, capsules /planadpsule length, capsule width,
number of seeds/capsule, 1000-seed weight and sgeéeld/plant. Their results
showed that number of capsules per plant and plaeitght had significant
positive correlations and direct path coefficiewnts seed yield per plant.

Deepa and Ananda (2003) studied ‘8 x 4’ line xtégsanalysis in sesame
to evaluate eight important economic characterssisame i.e. days to 50%
flowering, plant height, number of primary branch@sant, capsule length,
capsules/plant, 1000 seed weight, oil percentagd amgle plant yield. They
revealed that yield/plant had positively and sigoaintly correlated with plant
height, number of primary branches/plant, capsulength, number of
capsules/plant and 1000 seed weight. They concluthed partitioning of total
correlation coefficient into components of direatdaindirect effects that number
of capsules/plant was the only trait which contribéd to yield directly and the
rest of the traits contributed indirectly througlumber of capsules/plant. They
suggested that number of capsules/plant can bentasean index for improving
yield in sesame.

Raghuwanshiet al., (2003) carried out correlation, regression andhpat

analysis studies on 576 accessions of sesame iield £xperiment. Seed yield
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was positively correlated with plant height, numbefr capsules per plant and
100-seed weight. The number of days to 50% flowgrimumber of days to
maturity and number of branches per plant were niegdy correlated with seed
yield.

Solanki and Gupta (2003) conducted genetic varimtimand correlation
analyses for yield and yield components for 90 exogenotypes with 2 local
controls. Seed vyield, branches per plant, and chssuper plant were
characterized by high heritability and high geneaidvance, indicating that these
traits were controlled by additive gene. The seeeld per plant showed a high
and positive association with all the charactersceg number of days to
flowering and maturity. Plant height was positivetprrelated with number of
branches and capsules per plant. A positive cotrehawas observed between the
branches per plant and capsules per plant, and éetwi000-seed weight and oil
content. Path analysis revealed that 1000-seed hteltad the greatest direct
effect on seed yield, followed by branches per plamil content, capsules per
plant, days to flowering and number of days to mé&tu

Babuet al., (2004a) assessed variability, heritability, gemesidvance and
genetic advance as percent of mean in white segmgedtypes of sesame. A wide
range of variation was recorded for plant heightmber of capsules per plant,
number of seeds per capsule, 1000-seed weight, &aé index, harvest index,
seed yield per plant and oil yield per plant. Theefficients of variation were
high for plant height and seed yield per plant. Hilgeritability coupled with high
genetic advance was observed for number of primaarreumber of capsules per
plant, seed yield per plant and oil yield per plaii000-seed weight and oil
content showed low heritability as well as low géiceadvance besides narrow
range of variability.

Babu et al., (2004b) studied 18 diverse genotypes of sesame for
association between yield and yield component cbems at genotypic and
phenotypic level, besides estimating the direct amdirect effects through path
coefficient analysis. Number of primaries per plamumber of capsules per
plant, number of seeds per capsule, 1000-seed wigilglaf area index, harvest
index and seed yield per plant had highly signifitpositive association with oil
yield per plant and also had positive direct as Iwad indirect effects through
many other characters.

Bhuyan and Sarma (2004) analyzed 30 cultivars @$asne belonging to

different agro-climatic zones for character assoioias under rain fed conditions.
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Seed yield was significantly and positively corredd with number of capsules
per plant, number of branches per plant, plant heignd 1000-seed weight. Path
analysis showed that the number of capsules pemntpdad number of primary and
secondary branches per plant had relatively highedti positive effects on seed
yield per plant.

Solanki and Gupta (2004) determined the genetiwesity, variability and
heritability in 48 sesame genotypes. Variation whihest for number of
capsules per plant and lowest for 1000-seed weigHigh phenotypic and
genotypic variations were recorded for number o&érrhes per plant, seed yield
per plant and number of capsules per plant. Highithbility was recorded for
seed yield per plant, plant height, number of brtaes per plant, number of
capsules per plant and 1000-seed weight. High heériitty coupled with high
genetic advance was recorded for seed yield pentpdmd number of branches per
plant.

Mothilal (2005) studied the association of seeclgi with other yield
components among 24 sesame hybrids and their pardite results showed that
plant height and number of capsules exhibited digaint positive association
with seed yield indicating its true relationshipth@r characters such as number
of branches, fruiting stem length, number of seest gapsule and 1000-seed
weight showed positive association with seed yield.

Sarwaret al., (2005) studied 73 lines of sesame (white seedddjiverse
origin and evaluated for different morphological athcters such as: days to
flower, days to maturity, plant height, branchesr pglant, capsule number,
capsule length and breadth, seeds per capsule,sk@d weight and seed yield.
They revealed that branches per plant and capsples plant seemed to be
governed by additive type of genes as they showdxdga heritability along with
a high genetic advance. High significant and postiphenotypic correlations
were also showed by branches per plant and capsulaber with seed yield.

Singh (2005) evaluated 40 diverse genotypes of mesaluring kharif
1998, 1999 and 2000 to understand the variabilitd aelative contribution of
eight quantitative characters (days to 50% flowgrirdays to maturity, plant
height, number of primary branches, number of cdpsuper plant, capsule
length, capsule width and seeds per capsule) towadahe yield. The seed yield
exhibited highly significant and positive correlati with days to maturity,
number of capsules per plant, capsule length anddseper capsule at both

genotypic and phenotypic level.
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Siddiqui et al., (2005) conducted an experiment to study correlatand
path analysis on the yield and yield componentssefen parents (Krishna Z-4-
Co-1, TKG 32, TC 25, AHT 123, TKG 105, TKG 117 amlr 161) and 21 F
hybrids of sesame using diallel mating design. lastof the traits, the values of
genotypic correlations were higher than those ofmdtypic correlations. The
seed yield was significantly and positively corredd with days to first
flowering, days to 50% flowering, days to maturitpumber of branches per
plant, plant height, number of capsules per plangight of seed per capsule,
length of capsule and 1000-seed weight. Strong tpwesidirect effects were
observed for plant height, days to 50% floweringlameight of seed per capsule.
The indirect negative effects on yield were observer days to first flowering,
days to maturity, number of branches per plant, hemof capsules per plant and
length of capsule.

Vidhyavathi et al., (2005) conducted an experiment with the aim of
understanding the relationship of seven metrictgdie. days to 50 %flowering,
days to maturity, plant height, number of primaryabches, capsules/plant, 100-
seed weight and oil content with yield/plant. Cdaton studies showed that
characters i.e. number of capsules/plant, plantgheiand number of primary
branches had positive significant association wyikld. Path analysis revealed
the presence of high positive direct effect of niemlf capsules/plant and plant
height on yield and they considered it as selectiordices for selection
programme for yield in sesame improvement programme

Mubashir et al., (2007) studied 14 diverse sesame accessions. They
concluded that there were highly significant diféeces among genotypes for all
the traits studied. High heritability estimates n@eobserved for days to flower
initiation and completion, days to maturity, planheight, Number of
branches/plant, Number of capsules/plant, seeddypdhnt and seed yield
They observed high heritability estimates togeteth high genetic advance for
Number of branches/planl, Number of capsules/pla®ied yield/plant and seed
yield m? predicting additive gene action governing thesaits. Number of
capsules and branches/plant, seed yield/plant aet syield m* possessed high
genetic advance as % of mean indicating prospeétisnproving seed yield from
30.58 to 57.91%.

Sumathi et al., (2007) found slightly higher genotypic correlation
coefficients than phenotypic correlation coefficien which indicated masking

effect of the environment in the total expressiointbe genotypes. Plant height
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and Number of capsules/plant showed significant poditive correlations with
single plant yield at both genotypic and phenotypevels. Plant height and
Number of capsules/plant showed positive assocratidth all the other traits
except 100 seed weight. Whereas, negative corr@hativas found between
branches/plant and oil contents. High positive direffects by capsules/plant
were found on grain yield. Number of capsules/plahbwed high indirect effect
on grain yield through plant height, oil contentsdadays to maturity.

Biabani and Pakniyat (2008) studied 15 sesame &agoas grown in a
randomized complete block design with three repticas. Path coefficient
analysis and factor analysis divided the 15 meadwariables into 5 factors. The
5 factors explained 81% of the total genetic vaiat in the dependence
structure. Factor 1 was strongly associated witimbher of capsules in the main
stem, length of floral axis, number of capsules pé&nt and plant height. Other
factors (2, 3, 4 and 5) explained the rest of génetariations and may not be
important in sesame breeding programs.

Gnanasekaramwet al., (2008) studied 40 accessions of sesame and regorte
relationship between seed yield and its contribgtitraits. They also reported
that seed vyield per plant showed highly significankelationship with
branches/plant capsules/plant and seed/capsulessitiP® and significant
relationship among capsule length and 1000-seedglei According to path
analysis, number of branches per plant via Numbfecapsules per plant or vice-
versa showed positive indirect effects on seed d/ihd played important role to
increase seed yield in sesame, therefore, theseachers should be given due
importance for selecting high yielding varieties sdsame.

Kumhar et al., (2008) studied 82 accessions and revealed thatl yeeld
had significant positive correlation with capsulels/nt, oil content, test weight;
capsule bearing height and primary branches pentpl@he maximum positive
direct effects on seed yield was observed by cagsyer plant followed by test
weight and plant height, while days to maturity,ydato 50% flowering and
capsule bearing height had negative effect. Theseaded that capsules/plant, test
weight and plant height were the major componendsatcibuting to the yield in
sesame.

Kumar and Vivekanandan (2009) studied correlatiord gath analysis of
45 hybrids and 14 parents in sesame for the charactike days to maturity,
plant height, Number of branches/plant, Number odpsules/plant, capsule

length, Number of seeds/capsule, thousand seed hteigil content and seed
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yield/plant. They revealed that character assooimtanalysis had strong positive
association of seed yield/plant with Number of bechas and Number of
capsules/plant. Path coefficient analysis showedtthumber of branches and
number of capsules per plant had high positive dtireffect on yield/plant. They
concluded that number of branches and Number ofsubgs/plant may be good
selection criteria for seed yield/plant.

Parameshwarappet al., (2009) studied 151 sesame accessions and
revealed that analysis of variance showed signiiicadifference among
accessions for all studied traits. They revealedttbeed per plant had significant
and positive correlation with Number of primary bches per plant, Number of
seeds per capsule and capsule length. They revdaalEdpath coefficient analysis
had maximum positive direct effect of Number of safes on seed yield followed
by capsule length and plant height.

Anitha et al., (2010) studied two genotypes of sesame namely TMV4
(branched) and CS601 (shy branch), revealed thatretation analysis had
positive association of seed vyield/plant with Numbeof capsules on
branches/plant in both TMV 4 and CS 601. They aisvealed that Number of
branches and Number of capsules on main stem haitipe association in both
accessions. However, the association between Nunmdfebranches and seed
yield, between Number of branches and Number ofscé@s on branches, between
number of capsules on main stem and number of cdagswn branches had
positive association in TMV 4 only. Positive assatton was shown in plant
height with number of capsules on main stem in @3 6nly.

Chowdhuryet al., (2010) studied 21 sesame lines for genetic variapil
path analysis and relationship between seven défiier yield contributing
characters in rainfed areas planted during Khagehson. They concluded that
Number of capsules/plant should be given prime imtpnce while selecting high
yielding sesame cultivars.

Sumathi and Muralidharan (2010) conducted an expent with 30
hybrids produced by line x tester mating designnirdll sesame accessions
involving five branched and six mono stem/shy brlaimg types. High PCV and
GCV estimates were observed for Number of branchlest, Number of
capsules/plant and yield/plant. They also observedh heritability combined
with high genetic advance for plant height, Numbefr branches, Number of
capsules and seed yield/ plant. Significant postioorrelation was observed on

seed yield/plant with plant height, Number of braes/plant, Number of
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capsules/plant, days to 50% flowering, days to miayuand 100 seed weight and
significant negative correlation was observed onpsde breadth with seed
yield/plant.

Yol et al., (2010) stated that plant height, Number of branchésmber of
capsules/plant and 1000 seed weight had the sigaifi positive effect on seed
yield. The characters related to maturity, days fiost flowering and 50%
flowering, showed negative correlation with seedelgi The path coefficient
analysis based on seed yield, as a dependent Mariakplicated that it is highly
affected by plant height. The overall results demtwated that plant height,
Number of capsules per plant, Number of branched 46800 seed weight were
the most contributing characters for sesame seeddyand these characters were
of great importance in making indirect selectionm geed yield.

Akbar et al., (2011) studied 105 sesame genotypes to evaluate th
phenotypic variability by using 16 qualitative amgiantitative characters. They
concluded that correlation coefficient analysis wied that plant height, capsules
plant!; capsule length and 1000-seed weight had the S$igant positive and
characters related to maturity, days to flower iaiton and days to 50%
flowering showed negative correlation on yield. Nwuhriate analysis was
performed in order to establish similarity and disdarity patterns. Principal
component (PC) analysis revealed that first thre® d&xes explained 54.21% of
the total multivariate variation, while the firsbdir PC axis explaining 63.64%.
Plant height, days to maturity, capsules plant-d a®ed yield plant-1 were the
major determinants of the genetic diversity in thellection. Cluster analysis
placed all the accessions into seven groups

Goudappagoudrat al., (2011) presented that seed yield/plant signifidant
and positively associated with Number of capsuldsmber of seeds, Number of
branches /plant, plant height and 1000 seed weighe magnitude of correlation
was the highest in case of Number of capsules/pl&igh direct effect on seed
yield was depicted by Number of capsules per pldNumber of seeds per capsule
and 1000 seed weight. High and positive indiredieef on seed yield by Number
of capsules/plant via days to 50% flowering, plaheight and Number of
branches/plant was observed.

Vanishreeet al., (2011) studied 124 ffamilies of a cross E8 x Tamil
Nadu Local and revealed that seed yield per plaatl highest magnitude of
correlation with number of capsules per plant (r$82). They also concluded that

Number of capsules/plant had highest positive direffect (0.9525) followed by
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equal contribution by Number of seeds/capsule (@6)8and 1000 seed weight
(0.1821). They suggested that selection for capsipll@nt shall improve yield in
sesame.

Ibrahim and Khidir (2012) found highly significantorrelations among
seed yield/plant and seed yield haEach of them also showed positive genotypic
correlation with plant height, Number of capsuldsatpt, Number of primary
branches, height to first capsule, days to 50% #oiwg and days to maturity. No
of capsules/plant, 1000-seed weight and Number eéds/capsule showed the
highest positive direct effects on seed yield péanp. Highest positive indirect
effect on seed yield/plant was exhibited by numlodr primary branches via
Number of capsules per plant.

Daniya et al., (2013) found seed yield correlated with plant heigh
branches/plant, leaves/plant, capsules/plant, seegsule and 1000 - seed
weight. They also found that seeds per capsule ributed more to seed yield
compared with other growth and yield characters sugad. Path analysis
revealed that greatest direct effect and individdattor contribution to seed
yield were made by Number of seeds per capsule.

Thirumalaet al., (2013) studied 48 sesame accessions having sigarti
differences for all the studied traits. High gemetadvance coupled with high
heritability as percent of mean was observed forn¥ber of capsule/plant, seed
yield and plant height representing the role of ididd gene in expressing these
characters. Path coefficient analysis showed thamNer of capsules/plant and
test weight were important characters to be considefor realizing the progress
in yield.

Tsehayeet al., (2013) studied the genetic variability and relatship
among different traits in 81 sesame genotypes anchdl that low grain yield and
oil contents were correlated with each other. Hatvindex, Number of primary
branches/plant and height to first capsule depichégh heritability and genetic
advance. Harvest index indicated positive phenotyand genotypic association
with seed yield. Grain yield is considered as depemt variable in path
coefficient analysis and it showed positive effect seed.

Vanishreeet al., (2013) studied interrelationship between yield ayidld
related traits in [ families of sesame. Their results showed that mtagle of
correlation was highest in case of capsules/plamd seed yield/plant and path
coefficient analysis had maximum positive direcfexft of capsules/plant on seed

yield/plant followed by number of seeds/capsule dfd0 seed weight.
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Alege et al., (2014) studied genetic diversity and correlatiomefficient
on 23 genotypes of different origin for phytochemlicnature. The results
revealed high genetic diversity among the 23ses@meotypes and showed that
the phenolic contents had negative correlation wigmnin while flavonoid had
positive correlation with saponin and alkaloid.

Hika et al., (2014) studied 64 sesame genotypes to reveal Hs®adation
between different yield related traits. The resullsowed that seed yield had
positive and significant genotypic and phenotypiorrelations with all traits
except for plant height and biomass yield. Furtlaeralysis by path coefficient
method indicated that at genotypic level days totumidy, capsules filling period
and harvest index exerted high positive direct effeon seed yield and strong
and positive correlation with seed yield. Similarlgt phenotypic level positive
and high direct effects were exerted by capsulel$infy period, number of
primary branches and harvest index on seed yield t#ese traits had also strong
positive associations with seed yield.

Perere and Pushpakumara (2014) worked on 43 sesacgessions and
positive correlation was observed for plant heighgpsule seed weight, 1000
seed weight and number of nodes to first flowerhavteed yield per plant.

Anashet al., (2015) studied 21 high yielding accessions to stlsuitable
cultivar for local environment and revealed thapsales per plant had strongest
correlation (72%) with seed yield.

Fazal et al., (2015) conducted a study to estimate the genesadability
and trait correlation among 13 sesame genotypesalysis of variance showed
that genotypes differed highly significantly fromaeh other for all the
characters. Yield per plant had highly significapositive correlation with all
other traits both at genotypic and phenotypic leviehth analysis revealed that
capsules per plant had highest direct effect ondsgield per plant and Seeds per

capsules had highest indirect effect via capsulesgant on seed yield per plant.

19



Table-1: Genotypic and phenotypic correlations @fferent traits in sesame

(Fazalet al., 2015)

CPP BPP SPC 1000SW YPP
PH 2 0.573* 0.749* 0.078 -0.013 0.357*
f 0.571* 0.746* 0.076 -0.015 0.355*
CPP ry 0.554* 0.653* 0.477* 0.917*
f 0.553* 0.648* 0.474* 0.916*
BPP fy 0.146 0.035 0.414*
f 0.146 0.033 0.414*
SPC fy 0.487* 0.749*
f 0.480* 0.741%
1000SW fy 0.761*
rp 0.758*

**= highly significant
PH =Plant heightCPP = Capsules per planBPP= Branches per plantSPC= Seeds per
capsule,1000SW= 1000 Seeds weighty PP= Yield per plant.

Table-2: Direct and indirect effects of differentamt characters on seed yield per plant

(Fazalet al., 2015)

Indirect effects Direct

PH CPP BPP 1000SW SPC effect
PH 0.3710 0.0635 -0.0051 0.0102 -0.0830
CPP -0.048 0.047 0.183 0.087 0.6480
BPP -0.0621 0.3588 0.0133 0.0193 0.0849
1000SW 0.0011 0.3087 0.0029 0.0645 0.3837
SPC -0.0064 0.4232 0.0123 0.1867 0.1326

PH =Plant heightCPP = Capsules per plapnBPP= Branches per plantt000SW= 1000
Seeds weightSPC= Seeds per capsule.

Conclusion

Correlation and path coefficient are the best sttatial tools to study the
amount of variation exist in plant population, inteelationship of different yield
related traits and the relationship between varéablin multivariable system
relatively for developing high yield potential cidars. Previous studies of
various sesame breeders proved that plant heighiber of branches per plant,
number of capsules per plant, seeds per capsuled(0D-seed weight are the
major yield associated traits, controlled by addétigene action. This indicates
that these traits are important yield contributiogmponents and can be used for
yield improvement in sesame breeding program.

These traits especially capsules/plant may be usedelection criteria in
future breeding programs for the development of bhigeed yield sesame

varieties/hybrids. As demand of sesame is growimgdgally, so it is obligatory
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to make efforts for the development of disease s&sit, insect/pest resistant and

high yielding sesame cultivars.
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