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ABSTRACT 

Genetic variability, correlation and path coefficient analysis were 

studied in a set of 30 genotypes of cumin [Cuminum cyminum L.] grown at 

Main Spices Research Station, Sardarkrushinagar Dantiwada Agricultural 
. 

University, Jagudan (Gujarat). The experiment was conducted during mhi 

2003-:~004 in a Randomized Block Design with three replications. 
I 

Observations on five randomly selected plants were recorded for days to 

germination, days to 50% flowering, days to maturity, plant height (em), 

plant height up to main umbel (em), number of branches per plant, number 

of umbels per plant, number of seeds per main umbel, number ofumbcllates 

per umbel, number of seeds per umbellate, grain yield per plant (g), gr:1in 

yield per plot (kg), I 000-seed weight and volatile oil content. 
. 

Ann lysis of vnrinncc revealed significant genotypic di ITercnccs i(H· .1!! 
' the characters under study and a wide range of variation was apparent lor all 

the cbaracters. High genotypic and pbenotypic variances were observed fur 
I 



I \ 

number of umbels per plant, number of seeds per main umbel, days to 
,. 

maturity and days to 50% flowering. 
\ 

The genotypic coefficient of variation was highest for I 000-sced 

weight followed by number of umbels per plant and volatile oil content. 
' I 

Heritability estimates were high for volatile oil content, number of-umbels 

per plant, I 000-sccd weight and days to 50% flowering. High genetic 

advance as per cent of mean was recprded for 1000-seed weight and numJer 

of umbels per plant suggesting that phenotypic selection for these tr~ils 

would be effective. 

Correlation analysis revealed that grain yield per plot was positivcl) 
' 

and significantly correlated with days to 50% flowering, plant hcit,hl, 
I 

number of branches per plant, number of umbels per plant, number of se·2ds 

per main umbel, number of umbellates per umbel, number of seeds per 
I 

umbellate, grain yield per plant and 1000-seed weight. These yield 

contributing characters also possessed positive association among 

themselves. Days to maturity had npn-significant positive association with 

grain yield. 

Path coefficient analysis indicated the highest positive direct cffec: of 

number of umbellates per umbel followed by number of seeds per 

umbellate, days to 50% flowering, plant height, number of branches per 
I 

plant, number of umbels per plant, days to maturity, plant height up to main 

umbel and I 000-seed weight. Number of seeds per main umbel had high 
I 

negative direct effect on grain yield. 

Based on these findings, it was suggested that for improving yield in 

cumin, more emphasis should be gi:ven to umbellates per umbel, seeds per 

umbellate, days to 50% flowering, plant height, branches per plant, umbels 

per plant, days to maturity, plant height up to main umbel and 1000-seed 
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I INTRODUCTION 

Cumin (Cuminum cyminum L.) is an annual herb belonging to tl 

family umbclifereae havirg 2n= 14 chromosomes. Cumin common I} kno\\ 

as "lira" is an important, highly viable seed spice and cash rabi crop of an 

.tnd semi-arid regions of Gujarat and Rajasthan. Cumin seeds have 

tromatic fragrance due to cuminol and are used as spice to flavour\ arim 

~ood preparations. Cumin seeds are extensively used in mixed sp1ces fi 

"lavouring curries, soups, sausages, bread and cakes. It is an ingred1ent c 

curry powder, pickles and chutneys. 

Cumin is believed to be a native of Egypt and Syria, Turkistan m 

·he Eastern Mediterranean. The important cumin growing countrie of tf-~;; 

'-"Orld arc India, Turkey, 1Iran, Egypt, Pakistan, Syria and Italy. Turkc) ar 

Iran are major competitors for cumin seed in the world. India holds a maj( r 

position in the production of cumin. It is a short duration spice crop grcPh 1 

in certain places in India like Rajasthan, Gujarat, and Uttar Pradesh Cum 

is an important cash crop of semi-arid regions. The area, production ar d 

productivity of cumin in India during 2000-2001 were 2.86 lakh ! c'tar 

127980 M tones and 448 kg/ha respectively. In India, Gujarat rank~ first 

.trea (1.30 lakh hectares), production (61400 M tones) and productivtt) (4 ' 

"g/ha) contributing about 63.00% to the country's total produ<.;tJ 

(Anonymous, 2000-0 1 ). lt is most extensively grown in North GujJrat a 

Saurashtra region. It is extensively cultivated in Mehsana, Bana kantl': 

Bhavnagar, Ahmedabad and parts of Surendranagar districts. 

Cumin is a self-pollinated crop. The attempt for improvement 

extent of potential gain achieved m this crop has been very limited 

compared to other crops. Low production of cumin is primarily du to po 

l 



Introduction 2 

productivity potentials of the present varieties. Therefore, understanding of 

yield and its different attributes is very much essential for improving the 

genetic potential of crop plants. The development of high yielding varieties 

with high volatile oil content is of immense importance. 

Genetic variability is prime requirement in any crop improvement. 

Therefore, it is essential to assess the extent of genetic variation present in 

breeding material, knowledge of genetic parameters such as genotypic 

coefficient of variability, heritability and expected genetic advance are 

required in genetic improvement of crop yield. A dependent character is the 

resultant effect of a number of quantitative characters. The study of 

association between pairs of these characters and yield provides basis for 

further breeding plans. In order to have clearer picture of the direct and 

indirect contribution of individual character, the cause and effect 

relationship need to be studied through path coefficient analysis. 

Therefore, present investigation was carried out to study the genetic 

variability, heritability, expected genetic advance, correlation coefficient 
\ 

and path coefficient analysis in thirty entries of cumin with the following 

objectives: 

~ To ascertain the nature and magnitude of variability present ~n 

cumin genotypes for yield and its attributes and other component 
'· 

traits. 

~ To estimate correlation coefficients between yield and its 

component characters for suggesting suitable selection criteria. 

~ To analyze path coefficient for assessing the direct and indirect 

effect of individual character. on yield. 



II REVIEW OF LITERATURE 

Information regarding genetic variability present in a population, 

association of various yield contributing characters and direct and indirect 

effects of yield components on seed yield is of immense help t<i the ,breeder 

in selection of suitable crop improvement programme. The available 

literature on cumin and its related crops has been reviewed and pre~ented in 

the following headings : 

2.1. Genetic variability, heritability and genetic advance 

2.2. Correlation studie~ 

2.3. Path coefficient analysis 

2.1 GENETIC VARIABILITY, HERITABILITY AND GENETIC 

ADVANCE 

Variability refers to the presence of differences among the individuals 

of a population due to differences in their genetic constitutim} or the 

environment in which they are grown. Heritability can be defined as the 
! 

ratio of the genotypic variance to phenotypic variance or it specifies the 

proportion of the total '\ariability that is due to genetic causes. Expected 

genetic advance represent the shift in a population towards superior side 

under selection pressure after single generation of selection. In short· genetic 

advance is the improvement in mean genotypic value of selected plant over 

base population. 

Knowledge of genetic variability present in a population and 

heritability are the prerequisites for designing an effective ~reeding 

programme for improvement of any crop. The genetic variability is 
' 

determined with the help of parameters such as genotypic coefficient of 
·--"'•' 

1 
'· '•1•. --_I '-----L:- -~....1 ..... - ......... lr!A\ l-far:tuh;J;t11 i·"'' 
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Review of Literature 

broad sense is the ratio of genotypic variance to the phenotypic ~aria.1cc. 

while narrow-sense heritability refers to portion of total variation, which i, 
I 

due to the additive gene action. 

Panse (1957) postulated the necessity for partitioning the phenol. pi: 
I 

variability into heritable and non-heritable components. He also emphas zc:d 

on heritable characters rather than non-heritable once because, hi;,h1:. 

heritable characters show the least influence of environment. 

Joshi et al. (1967) studied 99 inbreds of coriander and rep( rt::-.1 

significant amount of variability at the phenotypic as well as genotypic :~Y .. l 
for many economic traits. 

Mathur et al. ( 1971) reported high phenotypic variability in cumi 1 il •r 

plant height, number of branches per plant, yield per plant and I ,000-t ra· ·1 

weight whereas days to flower and, days to maturity showed low ran[ e . .f 
I 

gross variation. The genetic analysis showed high genotypic coefficie 1t '•f 

variation in all the traits studied, while high heritability was rcgist~re.l ;~,r 

days to maturity, 1 ,000-grain weight, days to flower, yield per plant, nu nl' ;r 
I 

of branches and plant height. The yield per plant and the I ,000-grain v. ·i:• ::t 
I 

showed high genetic advance along with high heritability. 

ln variability study of five economic traits of coriander, /\rpm ·g_ 11 

and Muthukrishnan (1978) reported significant amount of variability n 11 

the traits except plant height. They also noticed wide range of variaticn ; )I" 

all traits. Genetic variance and genetic coefficient of variation \\l':c 
I 

maximum for number of mericarp per plant and plant height. 

Mehta and Patel (1980) reported significant variability for ;Jlet•lt 

height, numbers of umbellates per umbel, days to flowering, umbe'3 ]'.?!" 

plant, seeds per umbellate, 1000-seed weight and seed yield per ;)[;ut. 
I 

High genotypic and phenotypic variances recorded ror seed yicLI r·-·r 
- -~..._-L:1!4-•. ~~•:._.....,.,.,....,.. ,,._ 1-n 
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high for 1000-grain weight, days to flowering and maturity; whereas low · Jr 

umbels per plant, umbellates per umbel and grain yield per plant in cumin 

Suthanthirapandiart et a!. (1980) observed significant varie Jl 

differences for all the traits while studying 60 genotypes of coriander. IIi r. 
heritability estimates were exhibited by all the traits ranging from 66.4~ :; 

for number of primary bran.~hes to 84.93% for yield per plant. They ni.;o 

reported that despite of high heritability, the genetic advance was low , ,Jr 

number of umbellates per umbel as compared to other traits, indicating i ~t: 

non-additive gene effect. 
I 

Rama Rao et a!. (1981) observed high degree of genotypic 

phenotypic coefficients of variation for number of secondary branches 1 e:· 

plant, number of umbel1s per plant and number of fruits per umbel ~~, 

coriander. 

Baswana eta!. ( 1983) studied genetic variability for yield and its f: vc 

component traits using 50 diverse genotypes of cumin. They rep on -:d 

significant differences among genotypes suggesting wide range ofv:lriati.·n. 

The genetic coefficients of variation were high for yield per plant, days to 

germination, number of seeds per umbel and plant height. Yield per pi 1~ 

exhibited the highest range, co-efficient variation, heritability ar:d gem .ic 

advance indicating presence of additive gene effect. They advocated yi ·I<; 

per plant should be given
1 
due importance while selection. 

Mehta and Patel (1983) studied 61 genotypes of fennel and obscn ec 
wide variation in characters like number of seeds per umbellate, numbe1 of' 

umbcllates per umbel and number of umbels per plant. The genetic ann!~ -;i~ 

revealed high genotypic coefficient of variation, genetic \ ~riarce 

heritability and genetic advance for number of seeds per umbellate : n~ 

number of umbels per plant, indicating dominance or additive genetic elf:;:~. 
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Such relationship pinpoi~ts that these traits may serve as important selection 

indices in fennel. 

During study of variability in 23 genotypes of coriander, Jindal et a!. 

(I 985) found that plant height, number of umbels per plant and number of 

seeds per umbel exhibited high heritability and genetic advance. 

Mehta and Patel (I 985) reported significant variability for seed yield 

per plant and its related traits in coriander. They observed high heritability 

for all the traits. It was the maximum for days to fifty per cant flowering 
I 

followed by number of umbels per plant. They further noticed that the 

additive gene effect wa~ important for number of umbels p_er plant and 

number of seeds per umbellate and suggested both these traits should be 

used as selection indices for crop improvement. 

Jindal and Allah-Rang ( 1986) studied seed yield per plot and li vc 

related characters in I 5 Foeniculum vulgare genotypes. Plant height and 

number ofumbellules per u~bel showed high heritability. Expected genetic 

advance was high for seed yield and umbcllatcs number per umbel. 1 

Reddy et a/. ( 1989) studied variability for yield and its compon~nt 

characters in coriander. From the estimates of heritability and genetic 

advance, they suggested 
1
that the traits like, number of secondary branches, 

primary branches and number of umbels per plant should be considered 

important while selecting for high yielding varieties. 

Sharma and Sharma (1989) reported significant variability for plant 
-

height, number of branches per plant, days to flowering and rqaturity, 

umbels and umbellates per plant, grains per umbellate, I 000-grains weight. 

straw and grain yield per plant. The heritability estimates were righ for 

I 000-grain weight, days to 11owering and maturity, whereas low for umbel:; 
' 

and umbcllates per plant and grain yield per plant in coriander. 
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Shridar et al. ( 1990) studied genetic variability in coriander from data 

derived on 13 characters in 19 indigenous and exotic ge~otypes. 

Considerable variation was reported for number of I1aves, secondary 

branches, fresh weight of plant, days to 50% flowering, 1 000-seed weight 

and seed yield per plant. 1 

Ramavtar et al. (1991) reported high heritability estimates ~or grain 

yield, days to flowering, primary branches and umbels per plant in cumin. 

In a study of genetic variability among 30 genotypes of coriander, 

Sanker and Khader (1991a) reported that primary branches and umbels per 

plant exhibited the highest genotypic covariance, heritability and gen~tic 

advance. 

Bhandari and Gupta ( 1993) recorded significant diff,renccs for all the 

12 traits studied in coriander. They reported high heritability for days to 

flowering. 1000-grain weight, and days to maturity, moderate for plant 

height, straw yield, umbels, umbellates, and number of primary qranchcs 

per plant and low for harvest index, effective branches, grain yield and 

grains per umbellate. 

Ali et a/. (1994) evaluated 12 genotypes of coriander for seed yield 

and its component characters and found significant differences for all the 

traits. They also observed that seed yield per plant and number of.umbcls 

per plant exhibited medium heritability and high genetic ad,vance. 

Agnihotri et al. (1997) evaluated 48 genotypes of fennel for eight 

yield components. They noticed significant variability for days to flowering, 

plant height, branches per plant, umbels per plant, umbellates pe~ umbel, 

seeds per umbel, I 000-seed weight, yield per plant and yield per plot. Broad 

sense heritability was high for 1000-seed weight, umbels per plant ahd seed 

ylclg per pl<lnt, whilg ~cnctic \\QV\\ncc wa~ high for umbels per plant, y icltl 
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Dhayal et a/. ( 1999) studied variability in nine genotypes of cum n 

grown under normal and saline soil. They reported higher estimate"' )f 

genotypic coefficient of variance, phenotypic coefficient of hlrianc 

heritability and genetic advance for plant height, number of umbeb p . 

plant, number of seeds per umbel, test weight, seed yield per I 0 plants. 

normal soil and number of seeds per umbel and test weight on saline soli. 

Yadav ( 1999) evaluated a coriander germplasm collection at Ra1ga h 

Jabalpur, Madhya Pradesh. He found wide variation in yield componer 

mdicating the suitability bf the germplasm for breeding programme. 

Tripathi eta/. (2000) evaluated 40 strains per genotypes of conam 

including controls to work out phenotypic and genotypic coefficient of 

variations, heritability, genetic advance and correlation coefficients for I 

metric traits. They found high estimates of PCV, GCV, heritabiUt) and ( 

and mdicated substantial genetic variability and scope for selection for d 

to maturity, secondary branches per plant, days to t1owering, and I 000 st t 

weight. There was little variability and scope for improvement thro 

selection for number of umbellates per umbel, primary branches per p r 

and plant height. 

Singh et a!. (200 l) studied genetic variability for days to ) 

flov,:ering, plant height, branches per plant, umbels per plant, umb..!llntcs > 

umbel, test weight, grains per umbel, biological yield and harve l inde 1 

ten cumin genotypes grown under saline conditions at Jaipur; Rajastl 

India. Relatively high estimate of genotypic and phenotypic cocfficicn~ 
variation, heritability and genetic advance were recorded for grain > 1 

umbels per plant, grains per umbel and harvest index. SelectiOn based o 

these traits therefore would be cfTectivc lor improvement of cumi!' > I 

under saline condition. ' 
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I 
Krishnamurthy and Madalagiri (2002) condu.cted study to assess the 

range of variability and correlation coefficient for yield and its attributes in 

15 genotypes· of Ajwain. The study revealed wide range of variability in 
I . . 

various growth and yield attributing characters. High heritability coupled 

with high genetic advance was observed for number of seeds pf!r plant, total . . 

dry weight, essential oil content, numbers of umbels per plant, numbers of 
' 

seeds per umbel and number of tertiary branches. 
' 

Rajput and Singh (2002) studied variability in 10 genotypes of cumin 

and reported significant differences among varieties for days to fllwering, 

branches per plant, umbels per plant, umbel!ates per umbel, seeds per umbel 

and seed yield. Heritability in broad sense was high for days to flowering, 

seed yield, branches per plant and umbellates per umbel. Genetic advance 
I 

was high for seed yield and branches per plant. 

At the main spices research station, GAU, Jagudan, 133 get:mplasm 

entries of cumin were tested for variability. Wide range of variabil,ity was 
' 

recorded for days to 50% flowering (50-62 days), days to maturity (98-1 18 
I 

days), plant height (28-46.3 em), number of branches per plant (3-9), 

number of umbels per plant (19-62), number ofumbellates per um9e1 (4-6), 

number of seed per umbellate (4-8), test weight (3-6.8 g) and yield per row 

of3 metres. (45-200 g.)(Anonymous, 2002-03). 

In genetic variability study of fennel; Rajput et al. (2004) revealed 
I . 

significant differences among entries for all the characters studied. The 

phenotypic coefficients of variation were slightly higher than corresronding 

genotypic coefficients of variation for all the characters except soluble sugar 
' 

content in seeds, which indicate that environment has little influence on the 
I 

characters expression. The coefficients of variation were high for total 

soluble sugar content followed by umbels per plant, harvest inde;x, crude 
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SOo/o flowering. Maximum heritability was observed for umbels p~r r t 

followed by seed yield per plant, harvest index, crude fiber content in s t; 

and biological yield per plant. Low heritability was observed for t ~ 

soluble sugar content followed by days to 50% flowering. The cst;n a 

genetic gain was maximum for umbels per plant followed by hanest in 1 
• 

seed yield per plant, crude fiber content in seeds. 

Sharma et al. (2004) while studying genetic variability in c011a d 

reported significant variability among the accessions for ali the charac.. ~, 

except seed yield per plant. The phenotypic coefficients of variauon 

higher then corresponding genotypic coefficients of variation for all t 

characters indicating influence of environment. Genotypic and phenot .. pt 

coefficients of variation were moderate (21-50%) for umbels per umb I I 

plant and seeds per umbel and low (up to 20%) for days to 50% flo~et 

plant height, branches per plant, umbellets per umbel and 1 000-seed \-\-C' ~ 

High heritability coupled with high genetic advance (>50%) wa~ obser ~ 

only for seeds per umbel. Days to SOo/o flowering, plant height~ umbel5 r 
plant and 1 000-seeds weight showed high heritability and madera: g 

advance as %age of mean (21-50%), indicating the imp01tancr.: of H , 

traits in yield improvement programme. 

In genetic variabili ty and character association study by lSI n 

varieties of cumin, Singh eta/. (2004) reported significant differcn 

among varieties for all the characters except test weight indicat:ng v. < 

range of variabi lily. T he genotypic coefficients of variation Vv .. r 

almost equal to phenotypic coefficients of variation indicating I a • 

influence of environment on expression of these characters. Hentab1 i• 

in broad sense ranged from 46.90% (test weight) to 94.10%) (day tl 

flowering), It was 92.90% for seed yield per pl~nt. Genetic advancl 
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percentage of mean was the highest for seed yield 

followed by umbels per plant ( 48.37%) and seeds per un b 

2.2 CORRELATIO COFFICIENT A 1ALYSJ 

Correlation coefficient is a statistical measure, wh c 

out the degree and direction of relationship between two o 

In plant breeding, correlation measures the mutual relat 

various plant characters and determines the component ch 

selection can be based for genetic improvement of yield. 

The concept of correl.Hion was first put forward by Gal 

later elaborated by Fisher (1918). It is an index of propo 

common in the genesis of two variables to the total and 

themselves (Bowley, 1920). The study of correlation is very 

breeder for selecting suitable plant type. Correlation stud1e 

understanding of yield components, which helps the plant b 

selection (Robinson eta!., 1951 ; Johnson eta!., 1955). 

Arumugam and Muthukrishnan ( 1978) studied a 

characters in coriander and reported that plant height, numbe 

per plant and umbellates per umbel exhibited significant 

correlation with seed yield per plant. 

Rama Rao et a/. (1981) observed significant and positi 

between plant height and number of umbels per plant in 42 

coriander. 

Shinde et a/. ( 1985) reported that grain yield per plant 

igniticant correlation with plant height, number of branche , 

umbels and dry matter accumulation per plant in coriander. 
I 

Jindal and Allah-Rang ( 1986) revealed that plant het 
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umbellate and seed yield were positively correlated with each 6ther m 

fennel. 

Sharma and Sharma ( 1989) studied correlation between tliffercnt 

characters in coriander and found that grain yield per plaqt had significant 

and positive correlation with plant height, number of branches, number of 

umbels, umbellates per plant, grains per umbellate and straw yield per plant. 

Vedamuthu et a!. (h989) collected data on seed yield .and its 

components in 40 accessions of coriander and subjected to correlation and 

path coefficient analysis. Seed yield had positive correlation with number of 

umbels per plant and plant height. Number of umbels was the main trait 

contributing to yield, while height influenced yield through other traits. 

In characters association study, Ramavtar eta!. (1991) indic~ted that 

yield was positively associated with plant height, branches per plant, 

umbellates per umbel and therefore emphasis to be given these characters in 

crop improvement programme. 

Sanker and Khader (1991b) estimated correlation coefficients 

between yield and other component traits in coriander. They indicated that 

the yield had positive correlation with number of secondary branches only 

in coriander. 

Bhandari and Gupta (1993) carried out correlation study in coriander 

and reported moderate correlation of yield with umbellates per plantl.umbcls 

per plant, number of effective branches per plant, straw yield per plant, 

number of primary branches per plant and plant height. 

During evaluation bf 25 genotypes of fennel for correlation, Mehta el 

a!. (1993) found that seed yield exhibited significant positive relationship 

with number of primary branches and number of umbels per plant. 
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Ali et a/. ( 1994) e~aluated 12 genotypes of coriander for corrdatJo 

~tudy and reported that yield had significant and positive association wit 

number of branches and umbels per plant. 

In correlation study with 29 genotypes of fennel, Patel (1995 fo;.m 

that seed yteld exhibited stgnificant positive correlation with plant hctgh 

number of branches per plant, total number of umbels per plant, number ( 
I 

seeds per umbellate, number of seeds per umbel and I 000 seed weight. 

Agnihotri et a!. ( 1997) reported significant and positive corrclat10 

between seed yield per plot and yield per plant in fennel. 

Gurbuz (1998) coriducted an experiment at Ankara, Turkey to stud 

correlation and path analysis among yield components of 25 winter r c;;ista 

mes of coriander. The highest correlation was found between single part 

.' ield and single plant weight, branches number and number of t anchc 

.vith seeds. 

Tripathi et a/.(2000) in their correlation studies reported that pia t 

height, number of secondary branches, days to flowering, days to maturi• 

and number of umbels per plant wet"e the major yield components \\here 

number of primary branches, number of umbellates per umbel and numl-, 

of seeds per umbel were Aegatively correlated with yield and less importar 

Positive correlation of seed yield per ha with days to flowering, da 

to harvest, number of umbels per plant and essential oil content in seed~ 1f 

Ajwain reported by KrishnamUI1hy and Madalagiri (2002). 

In correlation and path analysis study on coriander, Jain et a/ (200 

!·eported positive and significant correlation of seed yield with alJ the u a 

~xcept number of days to 50% flowering. Total plant height was po ilJ\e \ 

ossociated with number of umbels per plant, height up to the base o! t 

,~~~in 11rnhc>l nnmhcr of branches oer olant, number of umbell tes 
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Singh et a!. (2003) stu~ied phenotypi~ and genotypic colTclation 

coefficients and genotypic path coefficient in 34 genotypes of fennel. They 

reported that seed yield per plant was positively and significantly associated 
' 

with plant height, number of primary branches per plant, number of 

secondary branches per plant, number of umbels per plant, umbel diameter, 
I 

test weight and seeds per umbel suggesting that the phenotypic selection 

could be made on the basis of the said characters. 

During correlation study in fennel, Rajput eta!. (2004) reported that 

seed yield per plant showed significant and positive genotypic correlation 

with plant height, branches per plant, umb~ls per plant, test I weight, 

biological yield and harvest index. The days to 50% flowering had negative 

correlation with seed yield. 

While character association study in coriander, Sharma and Mcena 

(2004) reported that the seed yield per plant had positive af)d significant 

correlation with plant height, branches per plant, umbel's per plant, 
I 

umbe!letes per umbel and seeds per umbel. Among the inter ;elationship, 

the association of plant height, with all other traits was signi fidmt and 

positive, but with 1000-seed weight it was negative. Similarly, umbels per 

plant had significant positive association with ~!ant height and braJches per 

plant. The umbellates per umbel exhibited significant and pos!ti '"'~ 

association with seed yield per um~el and negative association with I 000-

seed weight. 

During character association study of cumin, Singh et a!: (2004) 

indicated that seed yield per plant showed significant and positive genotypic 
I 

association with days to flowering, plant height and umbels p~r plant. The 

seed yield per plant also had positive but non-significant association with 

seeds per umbel. 
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"·· 

2.3 PATH COEFFICIENT ANALYSIS 

Wright ( 1921) originally developed the concept' of path analysis, bUl 

Dewey and Lu (1959) first used the technique for plant selection. Path 

coefficient analysis is simply standardize partial regression coefficient . - . 
which splits the correlation coefficient into direct and indjrcct effects on a 

dependent character. It measures the direct and indirect contribution of 

independent variable on dependent variable and thus helps breeder m 

determining the yield components. Path analysis has been widely applied to 
' 

several crop species like crested wheat grass (Dewey and Lu, 1959); cereals 

and legumes (Singh and Singh, 1959; Dixit and Singh, 1975). The 

information obtained by this technique helps in indirect selection for-genetic 

improvement of yield. 

In selection criteria, there must be perfect knowledge about the direct 

effect of characters to increase the yield because yield
1 
being the most 

' important and polygenic complex character. Interrelationship among direct 

and indirect influence of component characters on yield is -important in 

predicting the correlated response to directional selection and. in the 

detection of trait as useful marker. 

In their study of path coefficient in coriander, Rama Rao eta!~· ( 1981) 

observed that plant height, number of umbels and seed weight had direct 

effect on yield, and hence these traits were contributing maximum to the 

seed yield. 

Path coefficient analysis by Jindal eta!. (1985) rev(jaled that days to 

flowering, plant height and _!lumber of umbellates per plant were important 

for improving seed yield in coriander. 

In path coefficient analysis with 200 lines of coriander, Sharma and 
I 

Sharma ( 1989) reported that number of branches per plant, umbellates per 
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selecting high yielding genbtypes, as they had direct positive effect on grain 
I 

yield. 

Sanker and Khader (1991b) reported that secondary umbels Ii.er plant 

had largest direct effect on yield, but the negative indirect effect through 
' 

primary branches, secondary branches and primary umbels had nullified this 
' 

effect, resulting to non-significant genotypic correlation in coriander. 

Bhandari and Gupta (1993) reported ma~imum direct contri~ution to 

grain yield per plant through umbellates per plant, followed by straw yield 

per plant, umbels per plant and grains per umbellate in coriande:·. 

Umbellates per plant made considerable indirect effect via straw yield per 
I 

plant and vice-versa. 

Agnihotri eta/. ( 1997) reported that branches per plant showe~ a high 

positive, direct effect on yield per plot, followed by seeds per umbel and 
' 

plant height in fennel. 

Gurbuz ( 1998) reported the highest direct and positive effect of single 

plant weight on single plant yield, but plant height had the highest r1egative 

effect on single plant yield in coriander. · 

Srivastava et a!. (2000) studied path analysis in coriander and 

reported that the most of the characters had positive direct effect on seed 
I 

yield. Days to flowering had the highest direct effect on seed yield followed 

by days to maturity and number of umbels per plant. However,• plant height, 

number of primary branches and number of seeds per umbel had weak ,. 

direct effect on seed yield. 

Jain et a/. (2003) reported that total plant height had the greatest 

positive direct effect on seed yield, followed by number of umbels ~er plant 

and I 000-seed weight. The number of days to . 50% flowering' had a 

significant negative correlation with seed yield. The results suggest that 
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I 

1 000-seed weight, earliness, and less height up to the base of the main 
I 

umbel will be effective for the improvement of the seed yield of corl!lndcr. 

In genotypic path coefficient study with 34 genqtypes of fennel, 

Singh et a/. (2003) reported that 1 00-seed weight had maximum direct 
, 

contribution towards yiald followed by number or umbels per plant ~111d 

seeds per umbel. 

Rajput eta/. (2004) reported that harvest index had the highest direct 

effect with seed yield per plant followed by biological yield, umbels per 

plant and seeds per umbel in fennel. •I 

Singh eta/. (2004) while studying path coefficient analysis in cumin 
I 

indicated that the plant height had the highest direct effect on seed Y.ield p.:r 

plant followed by days to flowering and umbels per plant. 



Ill MATERIALS AND METHODS 

3.1 LOCATION AND CLIMATIC CONDITIONS: 

The present investigation was conducted at The ]\'lain S Jic :s 

Research Station, Sardar krushinagar Dantiwada Agricultural Univc ·s_ :, 

Jagudan during rabi 2003-2004. The soil of the experimental plot was~ ll' y 

loam. Geographically, Jagudan is situated at 23' 52' N latitude and 72' :.J E 

longitudes with an altitude of 70.00 meters above Mean Sea Level. ': 1• ;s 

typical semi-arid climate with moderate rainfall during June to Octobe1. -~-·:.:: 

meteorological data for the cropping season are presented in Appendi :--_ 

3.2 EXPERIMENTAL MATERIAL: 

The experimental material for the present investigation ccnsist ::! •I 

30 genotypes of diverse geographic and genetic origin of cumin ( Cun.im.;n 

cyminum L.) obtained from the germplasm maintained at the Main S Jics 

Research Station, Sardar Krushinagar Dantiwada Agricultural Univc ·si.y, 

Jagudan, Dist. Mehsana (N.G.). The details of genotypes used arc lis~ :c' n 

Table 3.1. 

3.3 EXPERIMENTAL DETAILS : 

The experiment was laid out in a Randomized Block D~sign '' h 

three replications. Each plot consisted of two rows of 4.5 meter lcnglr T'·c 

distances between rows and within rows were 30 em and I 0 c 1. 

respectively. The experiment was sown on 171
h November, 2003. · ;c 

recommended agronomic practices and plant protection measures v;:. ·c 

followed timely to raise healthy crop. 
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3.4 CHARACTERS STUDIED : 

In l!m:h plot livl! competitivl! plunts were rundomly seb:tcd h·0111 t:a.: 

two rows to record observhtions on various pl~nt characters. Detailed 

procedures adopted for taking observations were as under: 

3.4.1 Days to germination: 

The number of days taken from the date of sowing to the date of 

appearance of 50% germinated plants in plot was recorded. 

3.4.2 Days to 50% flowering : 

The number of days from the date of sowing to the date of appearan:e 

of flowers on 50% plants was recorded. 

3.4.3 Days to maturity : 

The number of days from the date of sowing to the date on which 

more than 50% the plants maturity, confirmed by hardiness of seeds. 

3.4.4 Plant height: 

Plant height was recorded in centimeters from the base of the plant to 

the tip of the plant at maturity. 

3.4.5 Plant height up to main umbel: 

Plant height was recorded in centimeters from the base of the 'plant to 

the tip of the main umbel at maturity. 

3.4.6 Number of branches per plant : 

The total number of branches arising on main stem was counted at 

maturity. 

3.4.7 Number of umbels per plant: 

Total number of umbels on plant were counted and recorded at 

maturity. 
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3.4.8 Number of seeds per main umbel : 

Total number of seeds per main umbel of the selected plants were 
' 

counted and recorded at maturity. 

3.4.9 Number of umbellates per umbels: 

Total number of umbellates on main umbel of the selected plum~; 
I 

were counted and recorded at maturity. · 

3.4.10 Number of seeds per umbellate: 

Primary umbellate selected . randomly from mam umbel of the 
I 

selected plants and their total number of seeds were counted and recordeJ Q~ 

maturity. 

3.4.11 Grain yield per plant (g) : 

The total quantity of seeds obtained from the selected five plant5 of 
I 

each plot were dried and weighed in grams and the mean was worked out. 

3.4.12 ·Yield per plot (kg): 

The total quantity of seeds obtained from the two rows of net t11rec 

meters (Net plot of3m x 0.6m) were dried and weighed in kilograms and 

recorded. 
I 

3.4.13 1000-seed weight (g) : 

One thousand seeds were randomly collected from the randc;nly 

selected five plants and weighed in gram. 

3.4.14 Volatile Oil(%): 

The Volatile Oil content of each seed sample was estimated by stea1:1 

distillation method and recorded. 
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3.5 STATISTICAL ANALYSIS 
! 

Replication wise mean values of individual characters were subjected 

to statistical analysis with the help of computer software viz., Indostat and 
I 

Basic. The procedures used are as under: 

3.5.1 Analysis of variance (ANOV A) : 

The analysis of variance to test the variation among genotxpes fo: 

each character was carried out using randomized complete block, design. 

which is based on following statistical model (Panse and Sukhatme, 197ti). 

Where, 

Y Y. ld t· ·th • ·th 1" . i.i = IC 9 J genotype In 1 rep !cation. 

11 = General mean. 

r; =Effect of i'h replication. 

gj =Effect of j 111 genotype. 

eu =Uncontrolled variation associated with i111 replica\ion and 

·th J genotype. 

Analysis of Variance table: 

Source Df 

Replication (r) (r-1) 

Genotypes (g) l(g-1) 

Error (e) (r- l')(g-1) 

Where, 

g = number of genotypes, 

r =number of replications. 

Mean squares Expected 
' 

M, 2 ' a e + ga-, 

Mg 
, 

' a-e +ra-g 

Me ' a-e 
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o2
., o\ o2

g = vanan.ce due to error, replications and genotypes, 

respectively. 

M., Mg, Me = Mean squares for replication, genotypes and error, 

respectively. 

3.6 ANALYSIS OF VARIANCE COMPONENTS 

The genotypic, phenotypic and environmental vanances were 

calculated as follows: 

3.6.1 Genotypic variance ( o~) 

It is the variance contributed by genetic causes or the occurrence or 

differences among individuals due to differences in their genetic make-up. It 

was calculated as per formula given by Panse and Sukhatme (1978) for 

randomized block design: 

2 Mg-Me 
cr =--"~-

g r 

Where, 

cr~ = genotypic variance, 

Mg =genotypic mean square of the character, 

Me =error mean square of the character, 

r =number of replications. 

3.6.2 Error variance ( cr;) 

Defined as error mean square due to environmental variances. 

cr; =Me 

Where, 

cr2 == Environmental variance e 

Me = Error mean sum of square 
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3.6.3 Phenotypic variance ( cr~) 

It is sum of the variance contributed by genetic causes and 

environmental factors. It was calculated as under: 

Where, 

cr; = Phenotypic variance 

cr~ = Genotypic variance 

cr2 = Error variance e 

crz = crz+ crz 
p g c 

3. 7 VARIABILITY PARAMETERS 

3.7.1 Range 

It is the difference between the highest and the lowest value for each 

character. 

3.7.2 Mean 

The mean value of each character was worked out with the help of 

following formula. 

Where, 

X = general mean, 

Xu = observed value in fh genotype in i1h replication, 

n = number of observations, 

:E = summation. 

3.7.3 Standard error of mean (S.Em.) 

Standard error of mean was calculated with the help of error mean 

square fi·om the analysis of variance tuble. 
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r;;;-
S.Em. = v-:-

Where, 

S.Em.= Standard error of mean, 

a; = error mean square, 

r = number of replications. 

3.7.4 Critical difference (C.D.) 

25 

Critical differences for all the, characters were calculated to comp:1re 

the treatment means as p~r the following formula. 

C.D. at 5% = Std. Error of mean x J2 x table to.os at error df 

3.7.5 Coefficient of variation (C.V.%) 

The coefficient of phenotypic and genotypic variation was calcLdac(:d 

by using the formula suggested by Burton (1952). 

(a) Phenotypic coefficient of variation (P.C.V.%) 

g 
P.C.V.(%) = XP xlOO 

(b) Genotypic coefficient ofv~riation (G.C.V.%) 
I 

0 _g 
G.C.V.(Yo)- X xlOO 

Where, =phenotypic variance, 

cr~ = genotypic variance, 

X = general mean. 

3.7.6 Heritability (Broad sense) 

It is the proportion of phenotypic variability that is due to gem:·. ic 
I 

reasons. 

In broad sense, it
1 
is calculated by using the formula proposed by 



Materials and Methods 

Where, =heritability (broad sense), 
I 

cr~ = genotypic variance, 

cr~ = phenotypic variance. 

3.7.7 Expected Genetic Advance (GA) : 

Expected genetic advance represents the shift in a population tm. a ·.]s 

superior side under some selection pressure after single generaticn of 

selection. 

It can be calculated by using methodology suggested.by Allard (! 960) 

at 5% selection intensity using the constant K as 2.06. 
0 

G.A. = h" X K X O"p 

Where, G.A. = genetic advance, 

h2 =heritability (Broad sense) 

K = Selection intensity at 5% = 2.06 

CJp =phenotypic standard deviation. 

3.7.8 . Genetic advance expressed as percentage of mean (Genetic gain) 

The expected genetic advance as expressed in percent of mean was 

calculated by method suggested by Johnson eta!. ( 1955). 

G . . G.A. 100 enet1c gam = -==- x 
I X 

Where, G.A. = Expected genetic advance, 

X =General mean of the character under study. 
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3.8 CORRELATION COEFFICIENT ANALYSIS 

The phenotypic, genotypic and environmental correlation coefficients 
I 

for all the characters were worked out for grain yield. The data we•e 

subjected to covariance analysis from which different components 
1 

at mean 

sum of product were estimated. 

Analysis of Co-Variance 

Source Df M.S.P. Expected MSP 
I 

Replications (r) (r-1) - -

Genotypes (g) (g-1) MSPI 
2 , --

Cocr + rCocr" gl :z 

Error (r-l)(g-1) MSP2 
2 

(j e 1.2 ' 
--

Where, 

MSP1 = mean sum of products due to genotypes between character first and 

character second. 

MSP2 = mean sum of products due to error between character first a,1d 
I 

character second. 

r =number ofrepliqttions. 

The genotypic, phenotypic and error variances and covariances VI .:n: 

used for calculating the genotypic, phenotypic and environmenal 

correlation coefficient, respectively. 

(a) Genotypic correlation coefficient (r gL2) 

CoY, r - u 
gl.2 - I , ' 

ycr·"' xcr" 

(b) Phenotypic correlation coefficient (rpl.z) 

CoY 
r - •u 
P 1.2 - ·I 2 2 

~()" Pi X()' P2 

(c) Environmental correlation coefficient (re~,2) 

CoY,u 
.... ~1 'l = --===== 
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Where, 

CoVgl.2 =genotypic covariance for a pair of trait first and second, 

Co Ypl.2 =phenotypic covariance for a pair of trait first and second, 

CoVel.2 =environmental covariance for a pair of trait first and second 

cr2 gh cr2 pi =genotypic and phenotypic variance for trait first, 

cr2 
g2, cr2 p2 = genotypic and phenotypic variance for trait second, 

cr2eh cr2e2 =error variance for trait first and second, respectively 

Test of significance : 

28 

The significance ·of correlation coefficient was tested usmg the 

following formula : 

Where, 

r = correlation coefficient 

n = number of pairs of observation 

3.9 PATH COEFFICIENT ANALYSIS 

The estimation of direct and indirect contribution of thirtc~n 

characters, showing high genotypic correlation coefficient with seed yield in 

individual analysis, was carried out through path analysis as suggested by 

Wright (1921) and elaborated by Dewey and Lu (1959). 

The direct effects designated as 'p' were calculated by inversing the 

following correlation matrix as per do-little method given by Steel r.nd 

Torrie (1960). The following equations express the base relationship. 

rly =Ply+ r12yP2y + r23yP3y + .. · ............ · rliPiy + .......... + rznPny 

r2y = P2y + r21yP1y + r23P3y + ................ r2iPiy + .......... + r2nPny 
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fjy = Piy + fjJyPly + fiJP3y + • • · · · · • · · · · · · • • · fi(i· I)Piy + · · • · · · · • .. f inPny 

fny = Pny + fnJP2n + fnJP3n + · .. · .. ...... · .. · fn(u·I)Pny + • .. · ...... fnnPny 

Where, 

= Genotypic correlation coefficient between causal charact 

1 ton and dependent character yield (y), 

ri3 to fi(i-l) = Genotypic correlation coefficient among causal charact 

(independent variable), 

Piy to Pny =Direct effect of causal characters, 1 ton on character 'y' (P tl 

coefficient). 

The above equations written in a matrix form are as under : 

Matrix-A Matrix - C Matrix B 

rt2 r.J ......... ......... rti 
p 

r2a 1 rn .................. r2i p 

rlt rn 1 .................. rli 
p 

= X 
r .. 

II 
p 

l. 

r . ru lr 
With the help of matrix inversion (Gaulden, 1962) the folio\ 1 • 

inverted 'C' matrix was obtained. 

"R = r -1A 



Materials and Methods 30 

Where, 
' 

ell c\, c\·3 .... Cu .. ·· cln 
c,\ c,, c,3 .... c,, .... c,n 

c·l - c3\ Cn c33"" c3i"" c3n 
cil c,, c,3 .... cii••oo c,n 
en\ cn2 cn3"" cni···· cnn 

The direct effect was calculated as under: 

n 
P1y - 2: eli * fly 

i=l 
n 

Pzy - 2: Cz; * rzy 
i=l 

n 
P3y - 2: c3i * r3y 

i=l 

n 

2: C;; * 
i=l 

n 

2: Cni * 
i=l 

The indirect effects were calculated by taking the products of 

genotypic correlation coefficients between corresponding two characters 

and the path coefficient (direct effect) connecting the causal effect with 

yield. The residual effect measures the contribution of the characters which 

are not considered in the causal scheme and was calculated as under: 

Where, 

Piy riy =Ply rly + P2y rzy + . ·. + Pny fny 
-0 



IV EXPERIMENTAL RESULTS 

The results of the present investigation are presented under tl;e 

following heads:-

4.1 Variability 

4.2 Heritability and genetic advance 

4.3 Correlation coefficient analysis 

4.4 Path coefficient analysis 

4.1 VARIABILITY 

The analysis of variance for experimental design was carried out for 

all the characters under study and is given in table 4.1. The results showed 

the mean sum of squares due to entries were highly significant for all the 

traits, indicating considerable amount of variability among the entries for 

various characters. 

The range, mean, phenotypic, genotypic and environmental V(\l'iances 

for fourteen characters are presented in table 4.2 whereas the genotypic and 

phenotypic coefficient of variation, heritability (broad sense) and expected 

genetic advance and genetic gain (genetic advance expressed as percentage 

of mean) for all the characters under study are presented in table 4.3. 

4.1.1 Days to germination 

The range for number of days to germination varied from 7 (JC-95-7) 

to 11.7 (JC-2000-22 and JC-2000-27) with mid value of 8.81 days. The 

estimates of genotypic variance and phenotypic variance were 1.90 and 

2.48, respectively and the genotypic and phenotypic coefficients of variation 

were 15.66% and 17.88%, respectively. 
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Table 4.1: Analysis of variance of various characters in cumin 

- - ~--- --- ·---
Replication Genotypic Error S.Em. C.D.1at c.v.cx) 

Characters M.S. M.S. M.S. 5% 
(2 dt) (29 dt) (58 dt) 

Days to germination 0.88 6.29** 0.58 0.44 1.24 8.64 

Days to 50% flowering 5.41 30.21 ** 1.78 0.77 2.18 2.24 

Days to maturity 110.03 45.36** 4.39 1.21 3.42 2.04 

Plant height (em) 2.09 23.93 ** 4.49 1.22 3.46 6.52 

Plant height up to main 5.25 15.59** 2.16 0.85 2.40 5.33 
umbel (em) 

No. of Branches per 0.23 !.53** 0.11 0.19 0.5'3 6.76 
plant 

No. of Umbels per plant 0.11 73.60** 2.10 0.84 H7 5.16 

' 
No. of Seeds per main 5.81 44.58** 2.98 1.00 2.82 5.72 
umbel 

No. of umbellates per 0.13 0.52** 0.05 0.13 0.38 4.73 
Umbel 

No. of Seeds per 0.92 0.83** 0.33 0.33 0.93 9.19 
Umbellate 

Grain yield per plant (g) 0.06 0.17** 0,03 0.09 0.2,6 7.00 

Grain yield per plot (kg) 0.0001 0.0007** 0.0001 0.01 0.02 8.28 

I 
1 000-seed weight (g) 0,03 3.35** 0.12 0.20 0.57 6.29 

,. 

Volatile Oil (%) 0.02 1.25** 0.01 0.66 0.18 2.77 
---* significant at P=O.OS and** significant at P = 0.01 

I 
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Table 4.2: Mean, range, genotypic, phenotypic and environmental 

variance for various .characters in cumin 

Characters Mean Range 
Genotypic Phenotypic Environment 
variance variance variance 

Days to germination 8.81 7.0-11.7 1.90 2.48 0.58 

Days to 50% flowering 59.44 52.7-66.0 9.48 11.26 1.78 
•I 

Days to maturity 102.77 94.3-111.0 13.66 18.05 4.39 

' 
Plant height (em) 32.49 27.3-38.1 6.48 10.97 4.49 

Plant height up to main 27.60 24.0-32.4 4.48 6!64 2.16 
umbel (em) 

No. of Branches per 4.81 3.3-6.1 0.48 0.58 0.10 
plant 

No. of Umbels per 28.07 19.7-38.9 23.83 25.93 2.10 
plant 

No. of Seeds per main 30.22 23.3-38.7 13.87 16.85 2.98 
Umbel 

No. ofumbellates per 4.86 4.3-6.5 0.16 0.21 0.05 
Umbel 

No. of Seeds per 6.22 5.2-7.5 0.17 0 .. 50 0.33 
Umbellate 

Grain yield per plant 2.~59 1.4-2.7 0.05 0.08 0.03 
(g) 

Grain yield P.er plot 0.135 0.089-0.159 0.0002 0.0003 .0.0001 
(kg) 

I 000-seed weight (g) 5.50 4.0-7.5 1.08 1.20 0.12 

Volatile Oil (%) 3.99 2.7-5.1 0.41 0.42 0.01 
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Table 4.3: Estimates of Genotypic (GCV) and Phenotypic (PCV) 
•I 

coefficient of variation, Heritability (h2
) and Genetic 

advance for various characters in cumin 

GCV PCV 
h2 

Genetic 
GAas% 

Characters (broadsense) of general 
(%) ("/p) advance 

(%) mean 

Days to germination 15.66 17.88 76.69 2.49 28.25 

Days to 50% flowering 5.18 5.64 84.20 5.82 9.79 

Days to maturity 3.60 4.13 75.70 6.62 6.44 

Plant height (em) 7.84 10.19 59.10 4.03 12.41 

Plant height up to main 7.67 9.34 67:43 3.58 I 12.97 
umbel (em) 

No. ofBranehes per 14.3 I 15.83 81.70 
I 

1.28 26.65 
plant 

No. of Umbels per plant 1!7.39 18.14 91.90 9.64 34.34 

No. of Seeds per main 
Umbel 

12.32, 13.58 82.30 6.95 I 23.03 

' No. ofumbellates per 8.10 9.38 74.60 0.70 14.42 
Umbel 

No. of Seeds per 6.61 11.32 34.11 0.49 7.95 
Umbellate 

Grain yield per plant (g) 9.86 12.10 66.50 0.37 16.57 

Grain yield per plot (kg) 10.18 13.13 60.20 0.02 16.26 

1 000-seed weight (g) h84 19.86 90.00 2.03 36.83 

Volatile Oil (%) 16.08 16.32 97.10 1.30 32.64 
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4.1.2 Days to 50% flo~ering 

The earliest genotype JC-94-262 flowered after 52.70 days from 

sowing whereas latest genotype JC-2000-60 flowered after 66.00 days. An 

average flowering duration was 59.44 days. The values for genotypic and 

phenotypic variance were 9.48 and 11.26, respectively. The gt;notypic 

coefficient of variation (5.18%) was close to phenotypic coefficient of 

variation ( 5.64%) for the trait. 

4.1.3 Days to maturity 
I 

The trait showed phenotypic variation ranging from 94.30 days (JC-

94-262) to 111.00 days ~JC-2'o00-2i) with a general mean of,l02.77 days. 

Phenotypic and genotypic variances were 18.05 and 13.66, respectively. 

Phenotypic coefficient of variation (4.13%) was near to genottpic variation 

of coefficient (3.60%). 

4.1.4 Plant height 

The plant height ranged from 27.30 em (JC-2000-54) to 38.1 em (JC-

96-47) with a general mean of 32.49 em. Phenotypic as well as g~notypic 
' . . 

variances were 10.97 and 6.48, respectively and Phenotypic and genotypic 
I 

coefficients ofvariation were 10.19% and 7.84%, respectively. 

4.1.5 Plant height up ~o main unibel 

The plant height up to main umbel varied from 24.00 em (JC-2000-

11) to 32.4 c~ (JC-96-47) with an average of 27.60 em. P~enotypic and 

genotypic variances were 6.64 and 4.48, respectively while Phenot)lpic and 

genotypic coefficients ofvariation were 9.34% and 7.67%, respectiv~ly. 

4.1.6 Number of branches per plant 

The phenotypic variation for this trait ranged from 3.30 (JC-Q5-93) to 

6.10 (GC-2) with a general mean of 4.81. The genotypic variance and 
. I 

phenotypic variance were 0.48 and 0.58, respectively. Phenotypi~ 
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coef1icient of variation ( 15.83%) was very close to the genotypic coc1fi~ot 

of variation ( 14.31 %). 

4.1.7 Number of umbels per plant 

The genotypes GC-3 had the highest (38.90) number of umbeb 1 

plant, while JC-94-262 had the lowest (19.70) number of umbels per pia 

The general mean was 28.07. The variance observed for phenotypes 

25.93 and 23 .83 for genotypes. The phenotypic (18.14%) and genot) 1 

coefficients of variation ( 17 .39o/o) showed almost same values. 

4.1.8 Number of seeds per main umbel 

The phenotyptc variation for this trait ranged from 23 .30 (JC-94-2 2 

JC-2000-54) to 38.70 (GC-4) with a general mean of30.22. The gbnoty(t 

variance and phenotypic variance were 13.87 and 16.85, respectt\ } 

Phenotyptc coefficient of variation ( 13.58%) was very close to 

genotypic coefficient of variation ( 12.32%). 

4.1.9 Number of umbellates per umbel 

The phenot)'pic variation fOI this trait varied from 4.30 (J( -94 2 

JC-2000-22) to 6.50 (GC-4) with mean value of -1.86. The phenotyptt n 

genotypic variances were 0.21 and 0.16 respectively. The phenotypic n 

genotypic coefficients of variation were 9.38% and 8.1 Oo/o, respecttH!I\ 

4.1.10 Number of seeds per umbellate 

The phenotypic variation for this trait spread from 5.20 (JC-"000-

to 7.50 (JC-95-7) with a general mean of 6.22. Phenotypic and genoty 

variances were 0.50 and 0.17 respectively, whereas, the en\-tronm r 

variance was 0.33. The phenotypic coefficient of variation ( 11.32° o) 

much higher than the genotypic coefficient of variation (6.6 1 o/o). 

4.1.11 Grain yield per plant (g) 

The variation for grain yield per plant was ranged from 1.40 (J( · 

--- ---- __ ,.. .. ..... _ .. __ --- .. -·· 
L"' " , , I: I"\ .... l!"'t"L.- --·-
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phenotypic and environmental variances for this trait were 0:05, 0.08 and 

0.03 respectively. The estimates of phenotypic and genotypic coefficients of 

variation were 12.10% and 9.86%, respectively. 

4.1.12 Grain yield per plot (kg) 

The grain yield per plot was ranged from 0.089 kg (JC-94-276) w 

0.159 kg (GC-4) with a general mean of0.135 kg per plot. The gdnotypic, 

phenotypic and environmental variances for this trait were 0.0002, 0.0003 

and 0.000 I, respectively. The es~imates of phenotypic and genotypic 

coefficients ofvariation were 13.12% and 10.18%, respectively. 

4.1.13 1000-seed weight 

The variation for test weight was ranged from 4.00 g (JC-99-22) to 

' 7.50 g (GC-4) with a general mean of 5.50 g. Phenotypic (1.20) and 

genotypic variance (1.08) did not show wide difference. The phe'notypic 

coefficient of variation was 19.86% and genotypic coefficient of variation 
, I 

was 18.84%, which were close to each other. 

4.1.14 Volatile Oil(%) 

This trait exhibited the phenotypic variation ranging from 2.7% (JC-

2000-3) to 5.1% (JC-Z000-11) with a general mean of3.99%. The 

phenotypic, genotypic and environment variances were 0.42, 0.41 and 0.01 

respectively. The genotypic and phenotypic coefficients of variation were 
' 

16.08% and 16.32%, respectively and showed close corresponden~e with 

each other. 

4.2 HERITABILITY AND GENETIC ADVANCE 

The estimates of heritability in broad sense, genetic advance nnd 

expected genetic advance as % of 111ean for the characters under study urc 

presented in Table-4.3. 1 
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4.2.1 High heritability with moderate genetic a~;Ivance 

In the present investigation three characters viz., vdlatilc oil content 

[h2 (b) = 97.10% and GA = 32.64%], number of umbels per plant [h2 (b) = 
I 

91.90% and GA = 34.34%] and 1000-seed weight [h2 (b)= 90.00% and CiA 

= 36.83%] exhibited high heritability and m.oderate genetic ad~ance:. 

4.2.2 High heritability with low genetic advance 

In the present investigation nine characters viz., days to 50% 
I 

flowering [h2 (b) = 84.20% and GA = 9.79%], number of seeds per main 

umbel [~2 (b)= 82.30% and GA = 23.03%], number of branches ~er pl::lnt 

[h2 (b)= 81'.70% and GA = 26.65%], days to germination [h2 (b)= 76.69% 

and GA = 28.25%], days to maturity [h2 (b)= 75.70% add GA = 6.44%], 

number ofumbellates per umbel [h2{b) = 74.60% and GA = 14.42%], plant 
I . 

height up to main umbel [h2 (b) = 67.43% and GA = 12.97%], yield per 

plant [h2 (b)= 66.50% and GA = 16.57%] and yield per plot [112 (b)= 

60.20% and GA = 16.26%] exhibited high heritability with low ,genetic 
• 

advance. 

4.2.3 Moderate heritability with low genetic advance 

The characters viz., plant height and nm:nber of seeds per up1bellate 

exhibited moderate heritability [h2 (b)= 59.10%. and h2 (b) = 34.11%, 

respectively] an.d low genetic advance [GA = 12.41% arid GA = 7.95%, 

respectively]. 

4.3 CORRELATION COEFFICIENT ANALYSIS 

The seed yield is a complex and polygenic character dependent on 
• 

number of component characters. Therefore, the study of relationship 
·I 

among yield contributing characters and their association with seed yield is 

of immense importance to provide information for exercising ielection 
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The correlation coefficients between grain yield and its compone~1ts and 

among the component characters were estimated at phenotyRic and 

genotypic levels. The phenotypic (P) and genotypic (G) correlation 

coefficients of twelve characters studied are p~esented in table 4.4. 1 

The data showed that correlation at genotypic and phenotypic levels 
I 

had the same trend and all significant values were positive except 

correlation between pl~t height arid days to 50% flowering_ and days to 

maturity and between plant height up to main umbel and days to maturity. 
' 

In majority of the cases, the value of genotypic correlations wds higher than 

the corresponding values of phenotypic correlations. 

4.3.1 Relationship of grain yield per plot with component char~cters 

The results indicated that the character grain yield per plot was 

significantly correlated at I% level with grain yield per plant (rg = 0!984 and 

rp = 0.700), days to 50% flowering (rg = 0.329 and rp = 0.237), plant height 
I 

(rg = 0.623 and rp = 0.376), plant height up to main umbel (rg = 0.479 

and rp = 0.262), numbfr of bran'ches per plant (rg = 0.8? 1 and rp = 

0.626), number of umbels p~r plant (rg = 0.839 and rp = 0.617), number 
' ' 

of seeds per main umbel (rg = 0.693 and rp = 0.491)! number of 

umbellates per umbel (rg = 0.721 and rp = 0.535) and 1000-seed,weight 

(rg = 0.962 and rp = 0. 757) both at genotypic and phenotypic, levels, 

while number of seeds per umbellate (rg = 0.436 and rp = 0.194) was 

highly' and significantly correlated at genotypic level, but r vajlue was 

non-significant at phenotypic level. It had showed positive but non-
1 

significant correlation (rg = 0.199 and rp = 0.130) with days to maturity. 

It is interesting to note tpat the value of genotypic correlatior:I coefficient 
I • I ' 

was higher than the corresponding phenotypic correlation coefficient for 

all the characters. I 
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Table 4.4 : Genotypic (G) and Phenotypic (P) correlation coefficients among twelve traits in cumin 
r-------------,~~,-~--~~--~~--~------~----~----~----~------~------~----· 

Yield Days to Days to Plant Plant height Branches Umbels Seeds per Umbellates Seeds per 1000-
Characters 

Yield per plot 
(kg) 
Yield per plant 
(g) -
Days to 50% 
flowering 
Days to maturity 

per SO% maturity height up to main per plant per main per umbel umbellate seed 
plant flowering (c,;.) umb~l (em) plant umbel weight 

G 0.984** 0.329** 0.198 0.623** 0.479** 0.851** 0.839** 0.693** 0.721** 0.436** 0.962** 
P o.1oo•• 0.237* 0.130 o.376** 0.262* o.626** o.617** 0.491** o.535** I o.l94 o.757** 
G 0.548** 0.275** 0.476** 0.513** 0.732** 0.751 ** 0.521 ** 0.484** 0.356** 0.812** 
p 0.357** 0.193-- 0.295** 0.185 0.538** 0.614** 0.437** 0.395** 0.213* 0.648** 

~G~------+--------4--~0~.7~3~47*~*+-·0~·=28~4~·-·~--~-0~.0~3~9~+-~0-~2~9~7~**-+~0~·=44;8~·~·~~0=.3~4~37*7*+---~0-~1;2=3~--~0.431** 0.323** 
p 0.601** -0.162 0.001 0.246* 0.432** 0.272** 0.102 0.203 0.277** 
G -0.429** -0.209* 0.040 0.233* 0.358** 0.106 0.363** 0.119 

~~~~~~--~P~------~-------+------~--~0-~3~05~·-·~----~o~.l~5~6~--~o~.o~5~1~~o=.2=2=7_*-+~o=.2=8=1_*_*+----o~.0~6o ___ +-__ ~o=.l~93~~~o=.l~l=8~ 
Plant height (em) G 0.935** 0.477** 0.356** -0.390** 0.331 ** 0.458** 0.594** 

P o.653** o.312** o.274** o.2s8* o.2s1• 1 o.267* o.393** 

Plantheightupto ~G~------+--------4--------+-------~--------+-~0~.3~124~**-+~0;.2=9~7=*~·~~0;.2=2~1=*-4--~0~.2=9~8~·-·~---0=·=2=03~~~0~.4~0~6_**~ 
main umbel (em) P 0.244* 0.235* 0.101 0.184 0.153 0.254* 

Branchesper ~G~------~------~~------~------+---------+-------~-0=·=9=37=*-*-+~0=.4~8=6~·~·~---0=·=5=26=*-*~---0=·=2=29~*--~0=.9~23=-·-·~ 
plant P 0.782** 0.446** 0.442** 0.097 0.787** 

Umbelsperplant ~G~------~------~--------4-------+---------4-------~-------+~0~.5~9~s~·~·~---0~-~5~84~·~·~---0=.3=0=6~·-·~~0=.8=7~1~*-*~ 
p 0.514** 0.469** 0.173 0.790** 

Seeds per main 
umbel 

G 0.655** 0.859** 0.685** 
p 0.549** 0.648** 0.610** 

Umbellates per G 1 0.107 0.704** 
umbel P I ' 0.026 0583** 
~=;=::___-----\~f----------~---- ----T- --- --- r----+------r----+-, -==-----J---:=~ 
l ~~~:!l:~~: __ _ ~~i--_ --L -=-- -::-J _-:= __ -_: ±_ :=~r----=-=--L =~~__L~ ____ _t_ __ ~_-_-_e_-_--__ -=_-_- t---------l--o~a-_..:.:~:s=-;-:-~_j 
~and •• stgni1icant at 5% and 1% levels. rcspccl!vcly. 
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4.3.2 Relationship of grain yield per plant with component chdracters 

The results from experiment clearly indicated that t~e character grain 

yield per plant was highly and significantly correlated with days to 50% 

flowering (rg = 0.548 and rp = 0.357), plant height (rg = 0.477 and rp = 

0.295), number of branches per plant (rg = 0.732 and rp = 0.538), nu,mber of 
I 

umbels per plant (rg = 0.751 and rp = 0.614), number of seeds per main 

umbel (rg = 0.521 and rp = 0.437), number of umbellates per umbel (rg = 

0.484 and rp = 0.395), number of seeds per umbellate (rg = 0.356 and rp = 

0.213) and 1000-seed weight (rg = 0.812 and rp = 0.684) both at genotypic 

and phenotypic levels, while days to maturity (rg = 0.275 and'rp = O.i93) and 

plant height up to main umbel (rg = 0.513 and· rp = p.185) is highly 

significantly correlated at genotypic level only. Moreover, the values of 
\ . 

genotypic correlation coefficients were higher than the corresponding 

phenotypic correlation coefficients for all the characters. 

4.3.3 Days to 50% flowering 

The positive and highly significant genotypic and phenotypic 

association for days to 50% flowering with days to maturity (rg = O.Y34 and 

rp = 0.601), number of branches per plant (rg· = 0.297 and rp = 0.246), 

number of umbels per plant (rg = 0.448 and rp = 0.432), number of ~~eds per 

main umbel (rg = 0.343 and rp = 0.272), and 1000-seed Wf!ight (rg = 0.323 

and rp = 0.277), while correlation (rg = 0.431) with number of seeds per 

umbellate was highly significant only at genotypic level. It showed negati\'e 

significant correlation with plant height (rg = -0.284 and rp = -0, 162) at 
. ' 

genotypic level. The trait, number ofumbellates per umbel (rg =;= 0.123 and rp 

= 0.102) showed positive but non-significant association with days'.to 50% 

flowering. 
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4.3.4 Days to maturity 

The trait had positive and significant genotypic and phenotyp:c 

correlations with number of umbels per plant (rg = 0.233 ·and rp = 0.227) ar.d 

number of seeds per main umbel (rg = 0.358 and rp = 0.281), while number 

of seeds per umbellate (rg = 0.363 and rp = 0.193) showed highly significant 

correlation at genotypic level only. The traits, I 000-seed weight (rg = 0.119 

and rp = 0.118), number ofumbe!lates per umbel (rg = 0.106 and rp = 0.060), 

number of branches per plant (rg = 0.040 and rp = 0.051) showed positive 

but non-significant association with days to maturity. This character showed 

negative and significant correlation with plant height (rg = -0.429 and rr"'-
. . 

0.305) and plant height up to main umbel (rg = -0.209 and rp = -0.156). 

4.3.5 Plant height 

The plant height showed positive and highly significant association at 

genotypic and phenotypic levels with plant height up to main umbel (rg == 

0.935 and rp = 0.653), number of branches per plant (rg = 0.477 and rp == 

0.312), number of umbels per plant (rg = 0.356 and rp = 0.274), number of 

seeds per main umbel(rg = 0.390 and rp = 0.258), number ofumbellates rer 

umbel (rg = 0.331 and rp = 0.257), number of seeds per umbellate (rg == 0.458 

and rp = 0.267) and 1 000-seed weight (rg = 0.594 and rp = 0.393). 

4.3.6 Plant height up to main umbel 

This character had reflected positive and highly significant correlation 

at genotypic level and significant correlation at phenotypic level w th 

number of branches per plant (rg = 0.314 and rp = 0.244), number of umbels 

per plant (rg = 0.297 and rp = 0.235) and 1000-seed weight (rg = 0.406 and fr 

= 0.254). Whereas, number of seeds per main umbel (rg = 0.211 and rp = 

0.101), number of umbellates per umbel (rg = 0.298 and rP = 0.184) shov.ed 

oositive and significant correlation only at genotypic level only. The numt·er 
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of seeds per umbellate (rg = 0.203 and rp = 0.153) had non-significant 

correlation at both the level. 

4.3.7 Number of branches per plant 

The number of branches per plant had highly significant positive 

correlation at both phenotypic and genotypic levels with number of umbels 

per plant (rg = 0.937 and rp = 0.782), number of seeds per main umbel (rg = 

0.486 and rp = 0.446), number ofumbellates per umbel (rg = 0.526 and rp ~o 

0.442) and 1000-seed weight (rg = 0.923 and rp = 0. 787). Whereas, number 

seeds per umbellate (rg. = 0.229 and rp = 0.097), showed positive and 

significant correlation only at genotypic level, but non-significant 

correlation at phenotypic level. 

4.3.8 Number of umbels per plant 

The number of umbels per plant showed positive significant 

correlation with number of seeds per main umbel (rg = 0.595 and rp = 

0.514), number of umbellates per umbel (rg = 0.584 and rp = 0.469) and 

1000-seed weight (rg = 0.871 and rp = 0.790) at both the level. Whereas, 

number seeds per umbellate (rg = 0.306 and rp = 0.173) showed positive 

significant correlation only at genotypic level, but phenotypic correlation 

failed to reach at significance level. 

4.3.9 Number of seeds per main umbel 

This trait showed positive signific1mt genotypic and phenotypic 

correlation with number ofumbellates per umbel (rg = 0.655 and rp = 0.549), 

number of seeds per umbellate (rg = 0.859 and rp = 0.648) and 1000-seed 

weight (rg = 0.685 and rp = 0.610). 

4.3.10 Number of umbellate per umbel 

This trait showed positive significant genotypic and phenotypic 

-'-•'-- .•. :.~-. 1 nnrLcppfl weiaht (r. = 0.704 and rp = 0.583). Wher~as, 
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number seeds per umbellate (rg = 0.107 and rp = 0.026) had poor positi' ~ 

correlation with this trait at both the level. 

4.3.11 Number of seeds per umbellate 
' The number of seeds per umbellate showed positively significa t 

correlation with 1000-seed weight (rg = 0.475 and rp = 0.24 7) at \J,Jth ti ~ 

levels. 

4.4 PATH COEFFICIENT ANALYSIS 

Grain yield per plant is the result of direct and indirect effects :Jf 

several yield-contributing characters. To know the contribution of vario.ts 

characters towards grain yield, the genotypic correlations of di fferenl tra: ~s 

with grain yield were partitioned into their direct and indirect effects. Tl· :s 

will provide more precise information for the selection of important trai:s, 

which may contribute more towards grain yield per plant. The estirbtcs Jf 

direct and indirect effects of various traits on grain yield per plant c:.·c 
I 

presented in table 4.5. 

4.4.1 Days to 50°1<, flowering 

The positive genotypic correlation was observed for days to SC :{, 

Dowering (0.548) with grain yield per plant. The direct effect of this trail l n 

grain yield was positive and high (0.355). The indirect effect via days .o 

maturity (0.1 05) and number of seeds per umbellate (0.187)were moder< te 

and positive, while via number of branches per plant (0.079), nu1;1bcr Jf 

umbels per plant (0.069), number of umbellates per umbel (0.0D9) a d 

1 000-seed weight (0.023), it was positive and low. Its indirect erfect' 3 

I 
number of seeds per main umbel ( -0.245) was negative and high, \Vh ;.: 

it was low with plant height (-0.078) and plant height up to main uml-.:1 

( -0.003). 



Experimental Results 45 

Table 4.5: Path coefficient analysis showing direct (bold letter) and indirect effect of ten traits on grain yield 
per plant in cumin -

Characters Days to Days to Plant Plant Branches Umbels Seeds Umbellates Seeds per 1000- Correlation 
50% maturity height height up per plant per per per umbel umbellate seed with yield 

flowering (em) to main plant main weight per plant 

Days to 50% 
flowering 
Days to maturity 

Plant height (em) 

Plant height up t« 
main umbel (em) 

Branches per 
I>Iant 
Umbels per plant 

Seeds per main 
umbel 

Umbellates per 
umbel 

Seeds per 
umbellate 
1 OOQ-secg _weight 

0.355 

0.261 

-0.101 

-0.014 

0.105 

0.159 

0.122 

0.044 

0.153 

0.115 

0.105 
O.Q78 

0.144 
0.118 

-0.062 0.275 

-0.030 0.258 

0.006 0.131 

0.034 0.098 

0.051 0.107 

O.oJ5 0.091 

0.052 0.126 

0.017-- 0.164-

Restdua1 effect= 0.4760, R square= 0.7734 
*significant at P=0.05 and •• significant at P = 0.01 

umbel umbel 
(em) 

-0.003 0.079 0.069 -0.245 0.056 0.187 0.023 -0.548** 

-0.016 0.011 0.036 -0.256 0.048 0.157 -o.oo8 0.275** 

0.070 0.127 0.055 -0.279 0.150 0.199 0.042 0.476** 

O.o75 0.083 0.046 -0.158 0.135 0.088 0.029 0.513** 

0.024 0.265 0.145 -0.348 0.239 0.099 0.066 0.732** 

0.022 0.249 0.155 -0.425 0.265. 0.132 0.062 0.751 ** 

0.017 0.129 0.092 -0.715 0.297 0.372 0.049 0.521 ** 

0.022 0.140 0.090 -0.469 0.454 0.046 0.050 0.484** 

0.015 0.061 0.04 7 -0.614 0.048 0.433' 0.034 0.356** 

0.030- 0.245 0.135 .r-:"o.490 - o.3 t9 0.206 0.071 ·a:812** 
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4.4.2 Days to maturity 
I 

The positive and significant genotypic correlation was obserwd 

between days to maturity (0.275) and grain yield. Its direct effect on grain 
I 

yield was positive and moderate (0.144). Its indirect effect was positi\·e 

moderate via days to 50% flowering (0.261) and number of seeds p.::r 

umbellate (0.157).While it was positive and low through number of 
I 

branches per plant (0.0 II), number of umbellates per umbel (0.048), 

number of umbels per plant (0.036), and 1000-seed weight (0.008). Its 

indirect effect via plant height (-0.118) and number of seeds per main umbcl 
' 

( -0.256) was negative and high. Whereas, it was low and negative ( -0.016) 

with plant height up to main umbel. . 

4.4.3 Plant height 

This trait exhibited high and positive significant correlation (0.476) 

with grain yield. Its direct effect on yield per plant was positive and high 

(0.275). Its indirect effect via number of branches per plant (0.127), number 
I 

of umbellates per umbel (0.150) and number of seeds per umbellate (0.199) 

was positive and high, but it was positive and low via plant height up to 

main umbel (0.070) and number of umbels per plant (0.055) and 1 000-seed 
' 

weight (0.042). Its indirect effect via days to 50% flowering ( -0.10 1 ), 
•I 

number of seeds per main umbel (-0.279) was negative and high. Whereas it 

was low with days to maturity (-0.062). 

4.4.4 · Plant height up to main umbel 

High and positive significant genotypic correlation was observed for 

plant height up to main umbel (0.513) with grain yield. The direct effect of 
I 

this trait on grain yield was positive (0.075). Its indirect effect positive and 

high via plant height (0.258) and number of umbel!ates per umbel (0.135), 

but it was positive and low via number of branches per plant (0.083), 
' 



Experimental Results 47 

and 1000-seed weight (0.029). Its indirect effect via number of seeds per 
I 

main umbel (-0.158) was negative and high. Whereas it was low with days 

to maturity (-0.030) and days to 50% nowcring (-0.014). 

4.4.5 Number of branches per plant 

The genetic correlation between number of branches per plpnt and 

grain yield per plant was high, significant and positive (0.732). Its direct 

effect on grain yield was high and positive (0.265). Its indirect effect via 

days to 50% flowering (0.1 05), plant height (0.131 ), number of umbels per 

plant (0.145) and number ofumbellates per umbel (0.239) were positive and 

high, but they were positive and low via days to maturity (0.006), plant 
I . 

height up to main umbel (0.024), number of seeds per umbellate (0.099) and 

I 000-seed weight (0.066). Its indirect effect via number of seeds per main 

umbel was negative and high (-0.348). 

4.4.6 Number of umbels per plant 

This trait showed high positive significant correlation (0. 751) with 

grain yield. Its direct effect was low and positive (0.155). Its indireqt effects 

were high and positive via days to 50% flowering (0.159), number of 
' 

branches per plant (0.249), number of umbellates per umbel (0.265) and 

number of seeds per umbellate (0.132), but were positive and low via plant 
I . . 

height (0.098), plant height up to main umbel (0.022) and days to maturity 

(0.034) 1000-seed weight (0.062). Its indirect effect via and number of 

seeds per main umbel was negative and high (-0.425). 

4.4.7 Number of seeds per main umbel 

This trait showed high and negative ( -0. 715) direct effect with grain 

yield per plant. But the genotypic correlation between number of Sf!eds per 

main umbel with grain yield per plant was positive and high (0.521 ). This 

positive correlation may due to its high and positive indirect effects via 
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per plant (0.129), number of umbellates per umbel (0.297) and number of 

seeds per umbellate (0.372) and positive and low via days to lnaturity 

(0.051 ), plant height up to main umbel (0.017), number oflumbels per plant 

(0.092) and 1 000-seed weight (0.049). 

4.4.8 Number of umbcllates per umbel 

This character had positive and highly significant correlatipn with 
I 

grain yield per plot (0.484). Its direct effect on grain yield was high and 

positive (0.454). Its indirect effects were high and positive via number of 

branches per plant (0.140), but were positive and low via days ·to 50% 

flowering (0.044), days to maturity (0.0 15), plant height (0.091 ), plant 

height up to main umbel (0.022), number of umbels per plant 1(0.090), 

number of seeds per umbellate (0.046) and. 1000-seed wyight (0.050). Its 

indirect effect via number of seeds per main umbel was negative and high(-

0.469). 

4.4.9 Number of seeds per umbellate 

High and positive significant genotypic correlation was observed for 

number of seeds per umbellate (0.356) with grain yield. The direct effect of 

this trait on grain yield was high and positive (0.433 ). Its indirect' effects 
~ 

were high and positive via days to 50% flowering (0.153), but were positive 

and low via days to maturity (0.052), plant height up to main umbeli(O.O 15), 

number of branches per plant (0.061 ), number of umbels P,er plant (0.047), 

number of umbellates per umbel (0.048) and 1000-seed weight (0.034). Its 

indirect effect via plant height (-0.126) and number of seeds per main umbel 

and was negative and high ( -0.6 I 4 ). 

4.4.10 1000-seed weight (g) 

The genetic correlation between I 000-seed weight and grain yield per 

plant was very strong, highly significant and positive (0.812). Its direct 
... 
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high via days to 50% flowering (0.115), plant height (0.164), nuinber of 

hrandws per plant (0.:245). number or umbels per plant (0.135). number of' 

umhcllates per umbel (0.319) and number of seeds per umbellate (0.20CJ), 
' 

but it was positive and low via days to maturity (0.017) and plant height up 

to main umbel (0.030). Its indirect effect via number of seeds per main 
I 

umbel was negative and high (-0.490). 
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Figure 1. Genotypic path diagram for grain yield per plant in 30 genotypes of cumin 

0.323 

Residual effect 0.4760 

I -Grain yield per plant. 2 =Days to flowering, 1 =Days to maturity, 4 =Plant height, 5 =Plant height up 
to main un1bel, 6 Branches per plant, 7 Umbels per plant, 8 Seeds per main umbel, 9 Cmbcllate~ 

per umbel, 10 seeds per umbellate l l 1 000-seed wc1 'ht 

50 



V Dl~CUSSION 

Cumin is an important rabi foreign exchange earning seed spice crop 

of arid and semi-arid regions of Gujarat and Rajasthan. The crop is 

indigenous and grown all over the country. Research is on way only'at three 

institutes (Jagudan, Ajmer and Jobner) for developing high yielding 

varieties resistant to pests, diseases, adverse soils and weather. Very few 
' 

achievements have been obtained in cumin crop due to limited infraS!ructure 

and manpower. Available information says that cumin i~ self pollinated 

plant, grown in one agroc!imatic zone in limited area has not any wild 

relatives or sub specieS!. All these. features are responsible for limited 

variability in this crop. Therefore, attempt has been made to study. genetic 

variability by using some diverse lines collected from cumin growing areas 

of Rajasthan and Gujarat and selected from exotic collection. 

The aim of the present investigation was to study the range of 

variation, heritability, genetic advance, correlation and path analysis m 

cumin for fourteen different traits. Twenty-seven new genotypes a~d three 

released varieties were included in the experiment. The results obtained on 
' 

these aspects have been presented in the previous chapter and is discussed 

giving both supporting and contradictory reference along with probable 

reasoning under the following heads. 

5.1. Variability, heritability (broad sense) and genetic advance 

5.2. Correlation coefficient analysis 

5.3. Path coefficient analysis •I 
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5.1 VARIABILITY, HERITABILITY AND GENETIC ADVANC!·; 

5.1.1 Genetic variability 

The analysis of variance (Table 4.1) revealed highly signific.mt 

differences among genotyp~s for all the characters under invcstigat:on 

indicated presence of considerable amount of variability in the material. J\ 
I 

wide range of variability for different characters has been observed b; 

Mathur eta!. (1971), Mehta and Patel (1980), Baswana et al. (1983), Dhnyal 

et al. (1999), Singh et al. (2001), Rajput and Singh (2002), Anopymam 

(2002-03), Singh eta/. (2004) in cumin; Mehta and Patel (1983), Apnihatri 

eta!. (1997), Rajput et al. (2004) in fennel; Joshi et al. (1967), Arumubarr 

and Muthukrishnan (1978), Suthanthirapandian et al. ( 1980), Ramr Rao e: 

al. ( 1981 ), Mehta and Patel (1985), Reddy eta/. (1989), Sharma and Sha:111:1 
I 

(1989), Shridar et al. (1990), Bhandari and Gupta (1993), Ali eta!. (19'!4'. 

Yadav (1999), Tripathi et al. (2000), Sharma eta!. (2004) in coriander :Jird 
I 

Krishnamurthy and Madalagiri (2002) in Ajwain. Among the chan~.::tc: 

under study, number of branches per plant, number of umbels per plam. 

grain yield per plant and plot and volatile oil content in seeds showyd \\'id .: 

range of variability (more than 80% ). The results suggested great scope fcH· 
·I 

improvement of yield in cumin by selection as it is self pollinated crop. 

The phenotypic variation is not a precise parameter to judge \1erit1bl~ 

variability present in the population. The other genetic parameters such <:s 

variance components, genotypic coefficient of variation, heritability an•\ 

genetic advance are important to judge the extent of genetic va riabi I i ty r.1or.: 
I 

precisely. The phenotypic variance was partitioned into genetic ad 

environmental components to know the magnitude of genetic variabilit: fr-·· 

each character. 
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I ~ 

· 5.1.2 Components ofvariance ' 

The genotypic and phenotypic vanances showed the same trend. 

However, genotypic variances were greater than environmental variances 

for all the characters except number of seeds per umbellate (Tal)le 4.2). 

Almost same results were observed for genotypic and phenotypic 

coefficients of variation (Table 4.3). This impli~d that phenotypic vdriabi!ity 

or per se performance may be considered as a reliable measure of genotnic 

variability. In order to compare the different quantitative characters in 
' 

respect of phenotypic anc!i genotypic variability, the phenotypic coefficients 

of variation (PCV) and genotypic coefficients of variation (GCV) were 

worked out (Table 4.3). The results revealed that the magnitudes of genetic 

variability were very close to that of phenotypic one for all the traits except 

number of seeds per umbellate, indicating that phenotypic variabitity was 

largely, due to the genetic differences. Under such genetic behavior, 

selection is effective for improvement of yield and its attributing traits. 

5.1.3 Coefficient of variation 

Burton ( 1952) suggested that the genetic coefficient of variation is 

more reliable index for measuring genetic variation. 

The highest genotypic and phenotypic coefficient of variation was 

observed for 1000-seed weight followed by number of umbels per plant, 

volatile oil content, days to germination and number of branches per plant. 

Majority of the traits viz., number of seeds per main umbel, seed yield per 

plot, seed yield per plant, number of umbellates per umbel, plant height, 

plant height up to main umbel exhibited moderate to high vklues of 

genotypic and phenotypic coefficients of variation, whereas number of 

seeds per umbellate, days to 50% flowering and days to maturity had lower 

values of genotypic ahd phenotypic coefficients of variation. I ligh 
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per plant, yield per plant, 1000-seed weight, days to flower and days to 
I 

maturity reported by Mathur et a/. (1971), for yield per plant, days to 

germination, number of
1 
seeds per' umbel and plant height reported by 

Baswana et al. (1983), for plant height, number of umbels p~r plant, 

number of se~ds per umbel, test weight, seed yield per 10 plants reported by 

Dhayal et a!. ( 1999), for genotypic and phenotypic coefficient of variations 

for seed yield, umbels per plant, seeds per umbel and harvest index r-eported 

by Singh et at. (2001) in cumin; for number of seeds per umbellate and 

number of umbels per plant reported by Mehta and Patel (1983), fot umbels 

per plant and seed yield per plant reported by Rajput et al. (2004) in fennel; 
I 

for plant height reported by Ammugam and Muthukrishnan (1978), plant 

height, number of umbel~ate per main umbel, number of umbels per plant, 

number of seeds per main umbel and seed yield per plant rep~rted by 

Suthanthirap~dian et at. ( 1980), for number of umbels per ~!ant reported 

by Rama Rao et at. ( 1981 ), for plant height, number of umbels pe'r plant, 

number of seeds per main umbel and seed yield per plant 'reported by 

Sharma and Sharma {1989), for number of umbels per plant reported by 

Reddy et al. (1989) and Sanker and K.hader (t991a), for days to IPaturity, 

secondary branches, days to flowering, and 1000-seed w1ight reported by 

Tripathi et al. (2000), for number of umbels per plant and number of seeds 

per umbel reported by Shflrma eta/. '(2004) in coriander. 

The results indicated that characters showing high value of genotypic 

and phenotypic coefficients of variation may easily improved by· careful 

selection of desired genotypes from population. 

5.1.4 Heritability (Broad sense) and genetic advance •I 

It is not possible to determine the exact amount of heritable variability 

with the help of genetic coefficient of variation alone. Burton (1952) 
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would give a better idea about the amount of genetic advance to be expel.te 

from selection. 

The magnitude of variability present in a crop species is o1~ at mo 

importance as it is the base for the effective selection. In crop improvemen , 

only the genetic components of variation are important because on:) the _ 

components are transmitted to the next generation. Heritability indicates tl 
I 

effectiveness with which selection of genotypes could be based o 

phenotypic performance. This could be achieved through the estimates ( l 

heritability and genetic gain. 

The heritability estimates were quiet high for days to germinat1or 

days to 50o/o flowering, days to maturity, plant height, plant height up t 

main umbel, branches per plant, umbels per plant, seeds per maiq umbc . 

umbellates per umbel, seed yield per plant, test weight, volatile oil contet • 

In seeds and seed yield per plant. These findings are in agreement Vvtth tl ... 

results obtained by Mathur eta/. (1971) for days to maturity, 1000-')cell 
I 

veight, days to flower, yield per plant. number of branches and plant heigh . 

\1ehta and Patel ( 1980) for 1 000-seed weight, days to tlowenng ar 

naturity; Baswana et al. ( 1983) for yield per plant; Ramavtar et a/. { 991 ) 

for seed yield, days to flowering, primary branches and umbels per p.ar : 

Dhayal et al. ( 1999) for plant height, number of umbels per plant, number t t 

(\eeds per umbel, test weight, seed yield per I 0 plants; Singh et al (400 I l fi 

:ieed yield, umbels per plant, seeds per umbel and harvest index; Rajput aDd 

~ingh (2002) for days to flowering, seed yield, branches per plant ar d 

umbellates per umbel; Singh et a/. (2004) for test weight, days to flowennc, 
I 

and seed yield per plant in cumin. The high heritability estimates in fennel h r 

number of seeds per umbellate, number of umbels per plant, plant he1g} t 

number of umbellets per umbel, I 000-seed weight, seed yield per pia 
• · - "' ........ 1 1 I 4 II I _ n __ _ 11"\0£. A--:L.. ~•-: ~• ~J J()Q 



Discussion 56 

I 
Rajput et a!., 2004). In coriander for plant height, number of umbels rcr 

plant and number of umbellates per main umbel were noted by Ar'tnnugan 

and Muthukrishnan, 1978; Rama Rao et al., 1981; Jindal eta!., 1985; Reddy 

et al., 1989; Sharma and Sharma, 1989; Bhandari and Gupta, 1993 a;'d 
I 

Sankar and Khader, 1991 a. Similarly for days to flowering, 1000-sec!d 

weight; and days to maturity (Bhandari and Gupta, 1993), seed 1ield p..:r 

plant and number of umbels per plant (Ali et a!., 1994), days to maturity, 

days to flowering, and 1000-seed weight (Tripathi et at.,! 2000), seed p;;r 

umbel, days to 50% flowering, plant height, umbels per plant and I 000-
1 

seeds weight (Sharma eta!., 2004). Krishnamurthy and Madalagiri (200.:) 

reported high heritability for number of seeds per plant, essential oil conter:t, 

numbers of umbels per plant, and numbers of seeds per umbel in Aj"'{ain. 
I 

Moderate value of heritability was obtained for number of seeds per 
I 

umbellate which indicated that this character was influenced by 

environment. 

The higher estimates of heritability indicate that these characters wc1..; 

comparatively less affected by environment. The traits' viz., 1000-secd 

weight, number of umbels per .plant, volatile oil content, days ,_.) 
I 

germination and number of branches per plant displayed high heritabili; >' 

estimates along with high GCV indicating their reliability for selection t r 
desired genotypes. 

Shift in gene frequency towards superior side under selection pressure 
I 

is termed as genetic advance and is generally expressed as %age of mea:1 

(Genetic gain). Johnson et a!. (1955) suggested that heritability 
1

togethcr 

with genetic advance is more useful parameters. in choice of the be~l 

genotype by selection. 

In the present investigation, high heritability coupled with moderate 
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plant and volatile oil content. Mathur eta/. (1971) reported a higherlvaluc cJ 

genetic advance along with high heritability values in yield per plant and lh: 
I 

1000-seed weight; Mehta and Patel ( 1980) reported heritability estimate; 

were high for I 000-seed rveight, day's to flowering and maturity; Bas wan a (I 

a/. (1983) reported high heritability and genetic advance for yield per plan ; 

Dhayal et a/. ( 1999) reported higher estimates of heritability and geneti 2 

advance for plant height, number of umbels per plant, number of seeds pt r 

umbel, test weight, seed yield per 10 plants; Singh et a/. (200 I) IieportcJ 

higher estimates of heritability and genetic advance for green yield, umbe· s 

per plant and seeds per umbel; Rajput and Singh (2002) report~d hig"1 

heritability and genetic advance for seed yield and branche~ per plant; Sing:1 

et a/. (2004) reported high heritability and genetic advance for seed yie!J 

per plant in cumin. Mehta and Patel (1983) reported high heritability wit:1 

moderate to high genetic advance for majority of the traits except I 000-sed 

weight; Jindal and Allah-Rang (1986) high heritability with high genetic 

advance for number of umbellates per umbel; Agnihotri et a/. ( 1997) hig ·1 

heritability with high genetic advance for umbels per plant, yield per plan 

and yield per plot; Raj put et a!. (2004) high heritability with high genet: 

advance for umbels per plant, seed yield per plant in fennel. Similarly ; 1 

coriander, moderate to high genetic advance was observed for plant heig;:: 

and number of umbels per plant by Arumugan and Muthukrishnan ( 1978 •; 

for number of seeds per1 main umbel and seed yield by Rama Rao et u 1. 

( 1981 ); for plant height, number of umbels per plant and number ?f seec s 

per main umbel by Jindal eta!. (1985); for plant height, days "to flowerin[;, 

number of umbels per plant and seed yield by Sharma and Sharma'( 1989 '; 

for number of umbels per plant and seed yield by Ali et a!. ( 1994 ),and fl ,

days to 50% flowering, plant height, umbels per plant and 1000-seed weig! ; 
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High heritability with low genetic advance was observed for days to 
I' 

50% flowering, number of seeds per main umbel, number of branches per 
I 

plant, days to germination, days to maturity, number' of umbellates pe,· 

umbel,, plant height up to main umbel, yield per plant, and yield rer plot, 

whereas, moderate heritability with low genetic advance was recorded fo:

the characters viz., plant height and number of seeds pe~ umbellate. This 

finding is in agreement with the resu,lts obtained by Rajput and Singh (2002) 

for 1000-seed weight ana Tripathi et al. (2000) for number of umbellates 

per umbel, primary branches per plant and plant height. 

High genotypic coefficient of variation with high heritability and 
' 

moderate genetic advance was observed for 1000-seed weight, number of 
I 

umbels per plant and volatile oil content in seeds. Moderate coefficient of 

variation with high heritability and moderate genetic advance was observed 
, I 

for days to germination, number of branches per plant and number of seeds 

per main umbel. 

Based on all variability para[\leters, it is revealed that the characters 

viz., number of umbels per plant, test weight, volatile oil content in seed•,, 

number of branches per plant, days to germination, number 1 of seeds per 

main umbel, seed yield per plant and seed yield showed substantial to high 
I 

genetic variability. Further, the above mentioned characters also exhibitd 
I 

moderate genetic gain. Therefore, selection practiced on these characte·s 

would be helpful in improvement of cumin yield. Further, such high'y 
I 

heritable characters can be easily transferred to cultivated varieties for 

improvement of specific character. 
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5.2 CORRELATION COEFFICIENT ANALYSIS 

In breeding crops for higher. yield, it is imperative to obtain 
I 

information regarding the interrelationship of different plant characters with 

yield and among themselves, since it facilitates the quicker ~ssess!nent of 

high yielding genotypes in selection programme. Estimation qf only 
I 

phenotypic correlation coefficient is not sufficient to understand complete 
·I 

association between characters as it is the result of interaction between the 

genotype and environment. The real association could be knofn only 

through genotypic correlation which eliminates the environmental 'effects. 

Hence, in the present investigation the genotypic and phendtypic correlation 

coefficients were worked out between seed yield per plot and other 
I 

component characters. 

In general, present results indicated that the values of g~notypic 

correlation were higher than their phenotypic correlation (Table 4.4). This 
I 

indicated that though there was a high degree of association between two 
·I 

variables at genotypic level, but its phenotypic expression was deflated by 

environment. 
I. 

Seed yield per plot showed positive and highly significant correlation 

with all the characters studied except days to maturity and seeds per 

umbellate (at phenotypic level) at both genotypic and phenotypic levels. A 
I . 

number of workers also reported similar genotypic and phenotypic 

association for different characters with seed yield like plant·. height, 
I 

branches per plant, and umbellates per umbel (Ramavtar et a!., 1991) in 
I 

cumin; number of primary branches and number of umbels per plant (Mehta 
•I 

eta/., 1993), yield per plant (Agnihotri eta/., 1997) in fennel; plant height 

and urriber of umbels per plant (Rama Rao et al., 1981 ), number of umbels 

per plant and plant height (Vedamuthu et al., 1989), number of secondary 
- 1.. 
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,· 

umbels per plant, number of effective branches, number ·of .primary 

branches per plant and plant height (Bhandari and gupta, 1993), number of 

branches and umbels per plant (Ali et al., 1994), plant height, n9mber of 

secondary branches, days to flowering, days to maturity and number of 

umbels (Tripathi et al., 2000) in coriander. 
I 

Seed yield per plant was highly and significantly correlated with days 
I . 

to 50% flowering, plant height, plant height up to main umbel, number of 

branches per plant, number of umbels per plant, number of s~eds per main 
I 

umbel, number of umbellates per umbel, number of seeds per umbellate and 

1 000-seed weight at genotypic and phenotypic levels, while days to rpaturity 

was significantly correlated at genotypic level only. Moreover, the values of 

genotypic correlation coefficients were higher than the corre'jPonding 

phenotypic correlation coefficients for all characters. A number of workers 
I 

also reported similar genotypic and phenotypic association for different 

characters with seed yield per plant viz. days to flowering, plant height and 
I . . 

umbels per plant (Singh eta/., 2004) in cumin; plant height, umbels number 

per plant, umbellates number per umbel and seeds number per umbellate 
I 

(Jindal and Allah-Rang, 1986); plant height, number of branches p()r plant, 

total number of umbels per plant, number of seeds per umbellate, ri~(llber of 

seeds per umbel and 1000-seed weight (Patel, 1995); plant height, number 

of primary branches per plant, number of umbels per plant, 100-seep weight 

and seeds per umbel (Singh et al., 1999); plant height, branches per plant, 
I 

umbels per plant and test weight (Rajput et al., 2004) in fennel; plant height, 

number of mericarps per plant and ·umbellates per umbel (Arumugam and 
I \ . . 

Muthukrishnan, 1978); plant height and number of umbels per plant (Rama . 
lbo I!/ a/., 19'81 ); p1unt huight, numbc1· of brunches and numocr of.umbcb 

I 

(Shinde eta/,, 1985); plant height, number of branches, number of ).lmbels, 
........... 
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and Sharma. 1989)~ sing~e plant weight and number of branches (Gurb1u, 

I 998); plant height, branches per plant, umbels per p!ant, umbe:Jcte~ p ·r 

umbel and seeds per umbel (Sharma and Meena, 2004) in coriander 

Days to 50% flowering showed positive and highly signifk t 

genotypic and phenotypic association with days to maturity, number lf 

branches per plant, number of umbels per plant, number of seeds p r man 

umbel> and l 000-sced weight, while number of seeds per umbellate \.\ 

significantly correlated at genotypic level only. It sho\\ed negatr e 

significant correlation with plant height and non-significant correlation wi h 

plant height up to main 4mbel at genotypic level. This finding is support d 

by Singh et al. (2004) for seed yield per plant in cumin and Tripathi tt c' 

(2000) for seed yield per plot in coriander. 

Days to maturity showed highly significant and positive correlati< 

with number of umbels per plant and number of seeds per main' umbt l 

while number of seeds per umbellate was significantly correlated n 

genotypic level. The traits, test weight, number of umbellates pet umb 1. 

number of branches per plant showed positive non-signivcant associatim 

with days to maturity. Negative and significant association of days 

maturity with plant heig~t and plant height up to main umbel was obsen( 

Similar result obtained for seed yield per plot by Tripathi et al. (2000) 

coriander. 

Plant height was positively and significantly correlated with pia t 

height up to main umbel, number of branches per plant, number lf 

umbels per plant, number of seeds per main umbel, number of umbel tat 

per umbel, number of seeds per umbellate and 1 000-seed weight. Simil r 

association of plant height found with number of umbels per plant, hetg t 

up to the base of the main umbel, number of branches per plant, number f 
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umbellets per umbel, number of seeds per umbel, and 1000-seed weig 1t 

(Jain eta/., 2003), seed yield per plant, branches per plant, umbels per plm t, 

umbellates per umbel and seeds per umbel (Sharma and Meena, 2004). 

Plant height up to main umbel reflected positive and high v 

significant correlation at genotypic and phenotypic levels• with number .lf 

branches per plant, number of umbels per plant, number of seeds per m<: '1 

umbel, number of seeds1 per umbellate and 1 000-seed weight. This tr,:t 

showed positive and significant correlation only at genotypic level wi h 

number of umbellates per umbel. Similar association of height up to t'·~ 

base of the main umbel obtained with plant height, number of umbels r ~r 
plant, number of branches per plant, number of umbellates per' umb~ I, 

number of seeds per umbel, and 1000-seed weight (Jain eta!., 2003) 
I 

Number of branches per plant exhibited positive and signific2 11 

correlation at both phenotypic and genotypic levels with number of umblls 

per plant, number of seeds per main umbel, number of umbellates per uml· ~1 

and 1000-seed weight. Number seeds per umbellate showed positive a··d 

significant correlation only at genotypic level. These results arc n 

conformity with the findings of Sharma and Meena (2004). 

Number of umbels per plant was significantly correlated in dcsir. d 

direction with number of seeds per main umbel, number of umbel\i,tcs r .. -r 
umbel and I 000-seed weight at both the level. Whereas, this charac~~r 

I 
showed positive and significant correlation with number of seeds p.:r 

umbellate only at genotypic level. 

Number of seeds per main umbel showed positive signiticr..1t 

genotypic and phenotypi6 correlation with number of umbellates per umb· i, 

number of seeds per umbellate and 1000-seed weight at both the !eve I. 

Number of umbellatcs per umbel showed positive significl: ~~ 
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level. Whereas, this trait had poor positive correlation with number seeds 
I . 

per umbellate at both the level. Sharma and Meena (2004) obserYed 

significant and positive correlation of plant umbelletes per umbel with seed 

per umbel. 

Positive significant correlation observed between number of seeds per 

umbellate and 1 000-seed weight at both the level. 

In the present investigation from the inter relationship, it can be 
I 

presumed that for improving seed yield per plot in c~min an ideal plant type 

would be tall and moderate in flowering with maximum umbels per plant, 

branches per plant, seeds per main umbel, umbellates per umbel, seeds per 

umbellate, test weight an1d yield per plant. Hence, these characters could be 

utilized as selection criteria for improving seed yield in cumin crop. 

5.3 PATH COEFFICIENT ANALYSIS 
I 

The correlation programme can serve the purpose when few variables 

are considered in study. But, with increase in variables the situation . . I 
becomes complex. For overcoming this complexity, path analysis is a 

valuable technique. It is possible to judge relative contrioution of various 

component characters to seed yield. in terms of direct and indirect effects. 
I . 

The analysis of correlation coefficient together with path analysis helps 

considerably in identification of suitable characters for proper w~ightage 

during selection. 

To achieve a clear cut picture of interrelationship of various 
...... ;. \ 

component characters with yield, direct and indirect effects were calculated 

using path coefficient analysis at genotypic level. 
I 

In the present investigation, high and positive direct effect on seed 
. . 

yield per plant was recorded with number of umbeilates per umbel 
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height, number of branches per plant, number of umbels per plant, 'days to 

maturity, plant height up to main umbel and 1000-seed weight. Similar 

result have been reported by Singh et al. (2004) for plant height and-days to 

flowering and umbels per plant in cumin; Agnihotri et al. ( 1997) for 

branches per plant, seeds pet: umbel ~nd plant height; Singh et al. ( 1999) for 

100-seed weight, number1 of umbels per plant and seeds per umbel; Raj put et 

a/. (2004) for umbels per plant and seeds per umbel in fennel; ,Rama Rao et 

al. ( 1981) for plant height, number of umbels and seed weight; Jindal et al. 
I 

(1985) for days to flowering, plant height and number of umbellates per . . ' 

·I 
plant; Sharma and Sharma (1989) for number of branches per plant, 

umbellates per plant and I 000-grain weight; Sanker and Khader ( 1991 b) for 

secondary umbels per plant; Bhandari and Gupta (1993) for umbellates per 

plant, umbels per plant and grains per umbellate; Gurbuz (1998) for single 

plant weight on single plant yield a~d plant height; Srivastava et a!. (2000) 

for days to flowering, days to maturity and number of umbels per plant; Jain 

et al. (2003) for total plant height, number of umbels per pla,nt and 1000-

seed weight; Sharma and Meena (2004) for umbels per plant, plant height, 
' seeds per umbel, 1 000-seed weight and branches per plant in coriander. The 

negative direct effect of number of seeds per main umbel was high. Such 

negative direct effects were also reported by Jain et al. (2003) for number or 
days to 50% flowering in coriander. I 

Days to 50% flowering showed positive correlation with seed yielu 

due to its positive and high direct e~fect on seed yield per plant. Its indirect 

effects via days to matuhty and number of seeds per umbellate were high 

and positive, .while via number of branches per plant, number of umbels 

per plant, number of umbellates per umbel and 1 000-seed weight, it was 
,. 

positive and low. Its indirect effect via and number of seeds per main 
.. 
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height up to main umbel. Singh et a!. (2004) in cumin l:md Jindal el a/ 

( 1985) and Srivastava et a!. (2000) in coriander reported positive dircc: 

effect of days to flowering on seed yield. 

Low and positive significant genotypic correlation was observe<: 

between days to maturity and seed yield per plant. Its direct effect on see, 

yield per plant was positive and moderate. Its indirect effects were positiv · 
I 

and high via days to 50% flowering and number of seeds per umbellate.. 

While it was positive and low via number of branches per plant, number c f 
I 

umbellates per umbel, number of umbels per plant, and I 000-seed weigh,. 

Its indirect effect via plant height and number of seeds per1 main umbel wn~ 

negative and high. Whereas, it was negative and low with plant height up 1 1 

main umbel. Positive dir~ct of days to maturity on seed yield per plant wvs 

reported by Srivastava eta!. (2000) in coriander. 

Plant height exhibited high and positive significant cmTelation wit:1 
' 

seed yield per plant due to its positive and high direct effect on yield p.:r 
I 

plant. Its indirect effects via number of branches per plant, number ('j' 

umbellates per umbel and number of seeds per umbellate were positive ar J 
, I 

high, but it was positive and low via plant height up to main umbel n1 d 

number of umbels per plant and 1 000-seed weight. Its indirect effect v :1 

days to 50% flowering, number of seeds per main umbel was negative arcl 

high. Whereas it was !dw with days to maturity. Singh et a!. (2004) ·n 

cumin; Agnihotri eta!. ( 1997) in fennel; Rama Rao eta!. (1981 ), Jindal ;/ 

a!. (1985), Gurbuz (1998), Jain eta!. (2003) and Sharma and Meena (2.00 \) 
I 

in coriander reported positive direct effect of plant height on seed yield. 

' High, positive and significant genotypic correlation was observed hr 

plant height up to main umbel with seed yield per plant. The direct effect 1r 
I 

this trait on seed yield W<lS low and positive. Its indirect effect was positi· c 
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and high via plant height and number of umbellates per umbel, but it wa' 

positive and low via number of branches per plant, number of umbels pe · 

plant, number of seeds per umbellate and 1000-seed weight. Its I indirec 

effect via number of seeds per main umbel was negative aqd high. Whcrea· 

it was low with days to maturity and days to 50% flowering. 

The genetic correlation of number of branches per plant and scec 

yield per plant was highly, significant and positive due to its hig,h din~c 

effect on seed yield. It gave positive and high indirect effects via 'days to 

50% flowering, plant height, number of umbels per plant and number o 

umbellates per umbel. But its indirect effect was positive and low via dayo 

to maturity, plant height up to main umbel, number of seeds per umb~llate 

and I 000-seed weight. Its indirect effect via number of seeds per mair: 

umbel was negative and high. Agnihotri et at. ( 1997) in fe):mel and Shanm: 

and Sharma ( 1989) and Sharma and Meena (2004) reported positive direct 

effect of branches per plant on seed yield in coriander. 

Number of umbels per plant showed high positive significant 
I 

correlation with seed yield per plant due to its high and positive direct 

effect. Its indirect effect was high and positive via days to 50% tlo\,erin8, 

number of branches per plant, number of umbellates per umbel and num bcr 

of seeds per umbellate. Its indirect effect was positive but low via plant 

height, plant height up to main umbel, days to maturity and 1 000-secd 

weight. Its indirect effect via and number of seeds per 1nain umbel was 

negative and high. Singh et a/. (I 999) and Raj put eta/. (2004) in fennel and 
' 

Rao eta!. (I 981 ), Bhandari and Gupta ( 1993 ), Srivastava eta!: (2000), Jain 

et al. (2003) and Sharma and Meena (2004) in coriander reported positive 
I 

direct effect of number of umbels per plant on seed yield. 

Numbers of seeds per main umbel showed high and negativ'e direct 
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character was positive arid high due to its high and positive indirect effec s 

via days to 50% flowering, plant height, number of branches per plar t, 

number of umbellates per umbel and number of seeds per umbellate at d 

positive and low indirect effect via days to maturity, plant height up to ma n 

umbel, number of umbels per plant and I 000-seed weight. Such ncgatt" e 

di rect effects were also reported by Jain et al. (2003) for number of days o 

50% flowering in coriander. 

Number of umbellates per umbel had positive, high and significa 1t 

correlation with seed yield per plant. Its direct effect on seed yield \\as hi '1 

I 
and positive. Its indirect effect was high and positive via number of 

branches per plant, but it was positive and low via days to 50o/o flowerin '. 

days to maturity, plant height and plant height up to main umbel, number ot 

umbels per plant, number of seeds per umbellate and I 000-seed weight. I 

indirect effect via number o1 seeds per main umbel was negative and hig 1 

Positive direct of number ofumbellates per plant on seed yield per plant v. s 

reported by Jindal et al. ( 1985), Sharma and Sharma (1989) and Bhanda 1 

and Gupta (1993) in coriander. 

High and positive significant genotypic correlation was )bserved D r 
I 

number of seeds per umbellate with seed yield per plant due to its high and 

positive direct effect and indirect effect via days to 50o/o flowering. But 1 s 

indirect effect was positive and low via days to maturity, plant height up u 

main umbel, number of branches per plant, number of umbels per plant and 

number of umbellates per umbel and 1 000-seed weight. Its indirect effet:t 

via plant height and number of seeds per main umbel was negative ,nd higl 

Bhandari and Gupta ( 1993) reported that grains per umbellate had hig 

direct effect on seed yield per plant in coriander. 

The genetic correlation between 1 000-seed weight and seed yield pt.r 
I 

-1-• ..... _._ ... .-._... . -•---- _: __ :.c-. ___ ._ ..... _..J ---=•~-·- -- 4-L- ----··-• : .. ... L!_._L !.-......1!--.._ 
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positive effects via days to 50% flowering, plant height, number ofbranchc 

per plant, number of umbels per plant, number of umbellates per umbel arH. 

number of seeds per umbellate. But its direct effect was very lm~ am 

positive. Its indirect effept was positive and low via days to ,rnatunty anc 

plant height up to main umbel. Its indirect effect via number of seeds pc 

main umbel was negative and high. Singh et al. ( 1999) in fennel; Sharm 

and Sharma ( 1989), Jain et al. (2003) and Sharma and Meena (2004 

reported positive direct effect of I 000-seed weight on seed ){Ield tr 

coriander. 

An important consideration for formulating the path diagram is tha 

all the important causal factors affecting the seed yield per plant art. 

included. Seed yield is a very complex character affected by several f""ctor~ 

It was not feasible to in<;lude all the characters in the present study l Jndet 

such circumstances, provision is made for a residual path which wr 1 takt 

care of all such non-considered factors. In the study the residual effect at 

g-.·notypic level was 0.4760 which suggeslcd that there might be a fev~ mor 

component traits responsible for the seed yield per plant. In the presen 

study overall picture of path analysis revealed that while selection for 

improving seed yield in cumin, weightage should be given to tall anc 

moderately maturing plant with maximum umbellates per umbel, seeds pet 

umbellate, branches per plant, umbels per plant and 1 000-seed weight 
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VI SUMMARY AND CONCLUSIONS 

The investigation was carried out on variability, heritability, genetic 
,· 

advance, correlation and path coefficient in thirty genotyp~s of cumin 
•I 

[Cuminum cyminum L.]. The genotypes were selected from the germplasm 

maintained at the Main Spices Research Station, Sardarkrushinugar . I 
Dantiwada Agricultural University, Jagudan. Fourteen characters viz., days 

to germination, days to 50% flowering, days to maturity, plant height, plant 

height up to main umbel, number of branches per plant, number of umbels 
I . . 

per plant, number of seeds per main umbel, number of umbellates per 

umbels, number of seeds per umbellate, grain yield per plant, grain yield . . 
per plot, I 000-sced weight, and volatile oil content were considered for the 

,· 

study. The experiment was conducted in a Randomized Block Design with 

three replications. 

The salient findings are summarized below: 
I 

l. The analysis of variance for all the characters showed highly significant 

differences among the genotypes, indicating suffidient amount of 

variability present in the material. 

2. The genotypic and ·Jhenotypic variances were higher for number of 

umbels per plant, number of seeds per main umbel and Clays to 

germination. 

3. The highest genotypic coefficient of variation was observed for 1000-, 
seed weight followed by number of umbels per plant, volatile oil content, 

days to germination and number of branches per plant. 
I 

4. High heritability estimates (broad sense) were found for 1000-seed 

weight, number of umbels per plant, volatile oil content, days lo 

germination and number of branches per plant indicating that tl:esc 
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characters were less influenced by the environment and direct selection 

for these traits would be effective for further improvement. 
I 

5. lligh heritability estimates coupled with moderate genetic advance 2'> 

percent of mean was recorded for 1000-seed weight, number of umbel., 

per plant and volatile oil content indicating the predominance of additiv-2 

gene action for this trait. 

6. Estimates of correlation coefficients revealed that in general genotypic 

correlations were higher than their phenotypic counterpart. , I lighly 

significant and positive correlations were observed for grain yield per 

plot with days to germination, days to 50% flowering, plant height, plan:. 

height up to main umbel, number of branches per ~!ant, number of 

umbels per plant, number of seeds per main umbel, number o' 

umbellates per umbels, grain yield per plant, I 000-seed weight, and 

volatile oil content. Considering above relationships an ideal plant type 

in cumin can be tall, moderate in flowering with high individual plan, 

yield coupled with maximum number of umbels per plant, branches pee 

plant, seeds per main umbel, umbellates per umbel, seeds per umbellate 

and I 000-seed weight. 

7. Path coefficient analysis revealed the highest positive direct erfcct a.'· 

number of umbellates per umbel followed by num9er of seeds per 
. ' 

umbellate, days to 50% flowering, plant height, number of branches per 

plant, number of umqels per plant, days to maturity, plant.height up to 

main umbel and 1 000-seed weight on seed yield per plant. 
I 

8. Based on these findings; it could be concluded that in breeding 

programme aiming to improve grain yield in cumin, more weightage 

should be given to plant height, number of branches per plant, number of 

umbels per plant, number of umbellates per umbel, gram yield per 
-~--1- _, __ ... __ ..J 1 {\{'\('\ ~~-...l .......... : ....... t...+ 



REFERENCE 

Agnihotri, P; Dashora, S.L. and Sharma, R.K, (1997). Variability, 

correlation and path analysis in fennel (Foeniculum vulgare Mill). 

J of Spices and Aromatic Crops, 6 (1): 51-54. 

Ali, S.f...; Mishra, A.K.; Yadav, L.N. and Maurya, K.N. (1994). Variabili1y 

and correlation studies in coriander ( Coriandrum satiJum L ). 

International J. of Tropical Research, (Fide: Pl. 1breed. Abst., G4 

(10): 1531). 

Allard, R.W. (1960). Pdnciples of Plant Breeding, John Wiley and sons, 

New York and London. pp. 60-65. 

Anonymous (2000-0 1 ). Annual Report. All India Co-ordinated Spic~s 

Improvement Project. Main Spices Research Station,GAU, Jaguda,l. 

Anonymous (2002-03). Annual Report. All India Co-ordinated' Spic~s 

Improvement Project. Main Spices Research Station,GAU, Jaguda<L 

Arumugam, R. and Muthurkrishnan, C.R. (1978). Studies on the vdriability 

and association of characters in coriander. Progressive Horticulture, 

11 (3): 29-35. 

Baswana, K.S.; Pandita, 1M.L. and Malik, Y.S. (1983). Genetic variabi!i·.y 

studies in cumin (Cuminum cyminum L.). Haryana agric. Cniv . .1. 

Res., 13 ( 4): 596-598. 

Bhandari, M.M. and Gupta, A. (1993). Association analysis in coHande·. 

Indian J. Genet., 53 ( 1 ): 66-70. 

Bowley, G.M. (1920). Elements of statistics (Fide: Indian J agric. Sci., 3 : 

609-625). 
I 



Referetlces 

Burton, G. W. ( 1952). Quantitative inheritance in grasses. Proc fl' It f 

Grassland and Congress, 1: 227-283 . (Fide: Pl. Breed. Ab~ .. 2 t. . 
229). 

Dewey, O.R. and Lu , K.H. ( 1959). A correlation and path coefftcic t 

analysis of compbnents of crested wheat grass and seed product1o 

Agron. J. , 57 : 515-518. 

Dhayal, L.S .; Bhargava, S.C.; Mahala, S.C. (1999). Studies on variabJ!iLy n 

cumin (Cuminum cyminum L.) on normal and saline soli. J 

Spices and Aromatic Crops. 8 (2): 197-199. 

Dixit, R.K. and Singh, P. ( 1975). Path analysis and selection indices as n 

aid for the Improvement of grain yield in Lentil (Lens es ... ulenr 

Moench). Plant Set , 7: 84-86. 

f isher, R.A. ( 1918). The correlations among relatives on the suppo iLion <.I 

mendelian inheritance. Trans Royal Soc. for Edinburgh, 52: l9'-

433 . 

Galton, F. ( 1889). "Natural inheritance". Me Millan, London Publish..!r 

Gurbuz, B. ( 1998). Correlation and path analysis among yield componcn 

in winter resistant Coriander (Coriandrum sativum). Indian J r 

agric. Sci., (200 1) 71 Research [En 7 Ref.] Agricultural f cult 

Ankaru Uni verstty, Ankara, Turkey. 

Jain, U.K . ~ Singh, 0: and A1m·ita (2003). Correlation and path analys1s fc · 

certain metric traits in coriander. Progressive Agric., 3 (1-2). 86-88 
I 

Jindal, L.N., Singh, T.H., Rang, A. nnd Bansal, M.L. (1 985 ). Genet 

variability and Path coefficient analysis in coriander. C'ru 

Improvement, 12 (2): 133-136 

Jindolt L.N. nnd Allah·RnnM ( 1986). Voriubility and assoointion nnn1v i 
fennel. Res. And Dt~vp. Reporter. 3 ( 1 ): 50~54. 



References 73 

Johnson, H.W.; Robinson, H.F. and Comstock, R.E. (1955). 'Esti1nates of 

genetic and environmental variability in soyabean. Agron..J, 4'1: 
I 

314-318. 

Joshi, B.S.; Joshi, A.B. and Ramanujam, S. (1967). Variation and 

· Covariation in som~ umbelliferous spice crops I. Variapility in 

coriander. Indian J. Genet., 27:211-19. · 

Krishnamurthy, V. and Madalagiri,M.B., (2002) Variability and Correlation 

study in Ajowan (Trachyspermum ammi.). Medicinal and aromat.'c 
I 

plants sci. J., 24 (2) 

Mathur, S.C. Mathur, P.K. and Chandola, R.P. (1971). Genetic1variability in 

cumin (Cuminum cyminum). Ind. J. agric. Sci., 41 (6): 513-515. 
' 

Mehta, D.K., Punjari, M.M., Saha, B.C., Bramachari, V.S., Jain, B.P. and 
.\ 

Maury a, K.R. ( 1993 ). Correlation and Path analysis in fennel 

(Foeniculum vulagre P. Miller). Res.and Devp.reporter, !7 (1-2): 

145-149 (Fide: Pl. Breed. Abst., 63 (2): 266. · 

Mehta, K.G. and Patel, R.H. (1980). Variability in 'some polygenic 

characters of cumin. Ind. Cocoa, Arec. Spices J., 9 (2): 47-48. 
I 

Mehta, K.G. and Patel, R.H. (1983). Variability in fennel (Foenicull!ln 

vulgare P.Miller) under North Gujarat conditions. Journals of 

Plantation Crops, 11 (1): 21-23. 

Mehta, K.G. and Patel, R.H. (1985). Genetic variability in coriander. b:d 
' I 

Cocoa, Arec. Spices J., 8 (3): 82-83. 

Panse, V.G. (1957). Genetics of quantitative characters in relation! to plunt 

breeding. IndianJ. Genet., 17: 318-328). · 

Panse, V.G. and Sukhatme, P.V. (1978). Statistical Method~ for Agricultu ·aJ 

Wokers II Ed. I.C.A.R. Publication, New Delhi. 
I 



References 

Patel, Madhu. (1995). Genetic variability, correlation and Path coeffic1t nt 

analysis in fennel. M Sc. (Agri.) thesis submitted to GuJat 

Agricultural University, Sardar Krushinagar (Guj.), India 
I 

Rajput, S.S. and Dhirendra Singh (2002). Genetic variability, hcritabil t. 

and genetic advance in cumin. Spice India, Oct. 2002, pp. 5-7 

Rajput, S.S.;Singhania, D.L.; Singh 0.; Sharma, K.C.and Jakhar, \1l . 

(2004 ). Correlation and path analysis in Fennel (J·ocnicul n. 

vulgare Mill.) germplasm. Contributory paper: National seminar 

New perspectives in commercial cultivation, processNzg a ,d 

marketing Seed spices & Medicinal plants, Jobner (Raj.). India. 

26 March, 2004: 12. 

Rajput, S.S.;Singhanta, p.L.; Singh D.; Sharma, K.C.and Ratho!e. \1 S. 

(2004). Assesment of genetic variability Fennel (Foemcu/ n 

vulgare Mill.) germplasm. Contributory paper: National seminar JJ 

New perspectives in commercial cultivation, processmg a j 

marketing Seed spices & Medicinal plants, Jobner (Raj.), lnJia. ~ 

26 March, 2004: 11 . 

Ramavtar, Sharma, R.K., Sastry, E.V.D. and Dashora, S.L. • ( 199 

Variation and character association in cumin. Ind. Cocoa. 4r 

Spices J. 15 (2): 45-47. 

Rama Rao, T.; Karunaf<.ara Babu, M. and Bavaji, J.N. (1981). P • 

coefficient analysis of seed yield in coriander. Ind. J. agric S .• 

51(10): 726-728. 

Reddy, P. V.; Rao, T.S.R.; Rao, S.B.S.N. and Reddy, A.N. (1989) Gene ll 

variability in coriander. lnd. Cocoa, Arec. Spices J., 12 (3): 90-9 



References 

Robinson, H.F., Constock, R.E. and Harvey, P.H. (195 1 ). Genotypic ar 

phenotypic correlations in corn and their implications in selectio 

Agron J., 43 : 262-6 7. 

Sanker, K.B. and Khader, M.A. ( 1991 a). Studies on genetic variability n 

coriander. South Ind. Hort., 39 (5): 312-314. 

Sanker, K.B . and Khadcr, M./\. ( 1991 b). Correlation studies and ph It 

analysis of yield and yield components in coriander. South It 

Hort. , 39 (6): 384-386. 

Sharma, K.C. and Meena, B.L. (2004). Character association analysis n 

coriander (Coriandrum sativum L.). Contributory paper: Nat101 1/ 

seminar on New perspectives in commercial cultivation. pror..:essm 

and marketing Seed spices & Medicinal plants, Jobner (Raj.), Ind, 

25-26 March, 2004: 17-18. 

Sharma, K.C. and Sharma, R.K. (1989). Variation and charac 

associations of grain yield and its components charac.:te1~ r 

coriander. lndian1J. Genet., 49 ( 1 ): 135-139. 

Sharma, K.C.; Meena, B.L.; Singh, D. and Jakhar, M.L. (2004). Gen€ ic 

variability, heritability and genetic advance m conanL 

(Coriandrum sativum L.) germplasm. Contributory paper. '1\atwr.a 

seminar on New perspectives in commercial cultivation, ptvcess 

and marketing Seed spices & Medicinal plants, Jahner (Ra1; Ind l 

25-26 March, 2004: 9. 

Shinde, v.s., Pawar, K.R. and Chavan, B.N. ( 1985). I Conelation r 

regression studies in coriander. J A1aharashtra agric. Lniv., I 0 ( ') 

232-233. 



References 76 

Shridar; Sulikeri, G.S. and Madala~eri,B.B. (1990). Genetic variability in 

coriander (Coriahdrum sativum L.). Karnataka Agric. Sci. J, 3 (3-

4): 266-269 

Singh Mahendra; Bhargava, S. C. and Vi jay Prakash. (200 I) Genetic 
- ' 

variability in Cumin (Cuminum cyminum) under salinity. Agric. Sci. 

Digest, 21 (1): 57-58. 

Singh Yudhvir; Pankaj Mittal; Singh, Y. and Mittal, P. (2003). Correlation 

and path-coefficient analysis in fennel (Foeniculum vulgar~· Mill.). 

Crop Res. Hisar, 25 (1): 111-115. 

Singh, D.; Manohar, S.S.; Rajput,, S.S.; Jakhar, M.L. and Rathore, V.S. 

(2004 ). Genetic 1 variability and character association in cumin 
'· 

(Cuminum cyminum L.) germplasm. Contributory paqer: N_ational 

seminar on New perspectives in commercial cultivation, processing 

' ' and marketing Seed spices & Medicinal plants, Jobner (Raj.), India, 

25-26 March, 2004: 18-19. 
•I 

Singh, U. and Singh, P. (1959). Path analysis for yield components in Lentil 

(Lens esculenta Moench). LENS., Canada, 3: 6-7. 
I 

Srivastava, J.P.; Kamaluddin; Srivastava, S.B.L. and Tripalthi, S.M. (2000). 

Path analysis in coriander ,(Coriandrum sativum L.). Spices and 

aromatic plants: 1challenges and opportunities in the new century. 

Contributory papers. Centennial conference on spices fnd G/~omati,; 

plants, Ca!icut, Kerala, India, 20-23 September, 2000:'71 -74. 
' Steel, R.G.D. and Ton·ie, J.H. ( 1960). Principles and procedures of statistics. 

M. Graw Hill Book Co. Inc. New York. 
·I 

Suthanthirapandian, l.R., Ahmed Shaw, H. and Muthuswami, S. (1980). 

Genetic variability in coriander ( Cori~ndrum sativum L.).l Madras 

Agric. J., 67 (7): 450-452. 



References 77 

Tripathi, S.M.; Kama!uddin; Srivasttava, S.B.L. and Srivastava, J.P. (2000). 
I 

Variability, heritability and correlation studies in cbriander 

(Coriandrum sativum LJ Spices and aroriwtic p{ants: challenges 
.. ' 

and opportunities in the new century. Contributory papers. 
' 

Centennial conference on spices and aromatic plants, Calicut, 

Kerah1, India, 20-23 September, 2000:30-34. 
-.· I 

Vedamuthu, P.G.B.; Khader, M.A. and Rajan, }<.S. (1989). Yield 

components in coriander (Coriandrum sativum L.). South Jn!J. Hart., 

37 (5): 287-290. 

Wright1 S. (1921). Correlatin and causation. J Agric. Res., 20: 557-585. 

Yadav, R.K. (1999). Variability in a collectioh of coriander (Corfandrum 

sativum L.) germplasm. Spices & A rom. Crops J., 18 (I): 99. 

; 



APPENDIX-I 

Meteorological data during the period of investigation 

Main Snices R' h SDAU. Jae:udan (G . ) ----- --- --------7 -- -:d_-- --, - .... ~- ---
Month 

Standard Week __ Temperature •c Humidity Rainfall 
No. Date Min. Max. (%) -

I 2 3 4 5 6 7 
- ····- ............... ·····--· . --·~ ..-- ---·~--.. 

44 . 29-4 20.9 33.3 51.57 ---- ----- ----
45 5-11 21.6 34.1 72.71 -

-- -··· -
Nov 2003 46 12-18 18.9 75.4 58.43 -

-
47 19o25 18.3 31.4 50.00 -

--
48 26-2 Dec 16.1 30.6 46.86 -r-- -- ·-
49 3-9 13.4 30.5 44.57 .. -.... - ------·- -------- ------···· 

Dec 2003 
so 10-16 13.2 31.0 41.43 -
51 17-23 12.4 29.5 39.14 I ----- -------~- -·-·· . --.. ·-c_~ -----· 
52 24-31 12.1 23.8 41.63 -- ---·-··· 
I 1-7 11.5 22.2 38.14 -

...... - -
Jan 2004 

2 8-14 13.1 24.6 43.71 -....... , .. ____ ,. ___ 
----···-··"·--· ...... -····· 

3 15-21 12.5 28.3 58.43 -
-- ----- -- --· 

4 22-28 10.3 23.9 42.00 ------·-··- __ ....... --- - ... ... -..... 
5 29-4 10.4 23.7 46.57 -

Feb 2004 
6 5-11 11.1 26.4 50.29 -
7 12-18 12.6 30.0 48.14 --- --- -·-· 

-- 1 
(mm)l 

I 
- -- ·-1 

---·--
... ___ 1' 

---1 

-. i 

-~ 
I 

---1 
--- .. _J 

8 19-25 13.4 30.1 35.43 --- -- ··----
9 26-4 14.5 34.4 41.25 --- -i 

' ---- .. --"-••·- ...... ----1 
10 5-11 15.1 35.0 39.71 ------ -· -- - ···-··· 

Mar 2004 11 12-18 17.2 35.8 37.29 -... ---
----~ 
--- ~j 

12 19-25 20.1 38.8 39.14 -
-·-· ... -- j 

I 13 26-~ Apr 18.8 36.2 37.14 ----
Total ... 

....... 

-
-- .. 1 

------ -- --... 



APPENDIX - II 

Mean performance of 30 genotypes 

c I ~~ - ..... .... 
.... ~ - -..c ..c = <rl- 0 = -0 o.C ~ ..... I ~ ~ 4.1 .... Q ~- 0 

0 ·- 0 = b.O b.O ·- 4.1 = c._ Q.O 4.1- 4.1 b.O ~ 
·- CIS -

-.o c._ Sr. 
_ .. 

lli ·- -·- ·- ~~.~ e 4.1 ..C c: I c.e ~ 6 c.!! ~~.~- -
G'l ~ 0 .... <rl .... ~~.~- G'l c ., ..... Q- c._ 

Genotypes ..c e ..c .Q u- ., = - s~ -b.O 
- 4.1 .... = = c. -; cr:l 

Cl.l = CPl 4.1 I .CI -b.O "0..!:11: No. 
>. ... ., ~ ~- - <.1 

- o e .o- "0 = "'O.Q Qb1) 
"0 -~ E Cl:l .... .Q .... !!- --Cl s =- =- = e c. 4.1 ·- ~ E = ·- - 4.1 ~,.. ;...0 Cl:l CIS Q. .... Q 4.1 cr:l E ~~.~ = 4.1 0 4.1 ·-~c CQQ. 

V') = -~ ·- > lit li: s:: = ;::> oo e ~c. > > ce 0 

1. HAIRY-
9.33 55.67 1 99.00 31.03 25.30 4.47 26.60 32.00 5.07 6.20 5.53 3.30 2.167 0.138 

CUMIN 
2. SEL.81-1 7.67 61.33 102.67 33.60 28.10 3.60 21.13 31.00 4.60 6.87 4.47 2.90 2.000 0.122 
3. JC-94-70 8.00 57.33 101.33 34.13 28.60 4.67 25.27 26.33 4.40 5.60 5.27 3.80 2.300 0.138 
4. JC-94-262 8.33 1 52.67 94.33 32.27 27.10 4.40 19.67 23.33 4.67 5.33 5.07 3.10 2.100 0.127 
5. JC-94-276 7.67 I 55.oo 97.00 29.53 25.40 4.47 23.40 25.33 4.33 5.73 4.13 4.17 1.400 0.089 
6. JC-95-1 7.67 1 58.67 99.33 35.53 29.70 5.53 32.60 30.33 5.20 6.13 6.87 3.37 2.600 0.158 
7. JC-95-7 7.00 ' 60.33 101.67 35.73 30.40 5.00 32.40 38.67 5.13 7.47 6.90 3.80 2.400 0.147 

8. JC-95-10 7.67 56.67 97.67 33.20 27.00 4.47 23.20 33.00 4.93 6.60 4.47 3.80 2.200 0.133 
9. JC-95-90 7.33 58.33 100.33 34.00 28.70 4.13 25.20 28.33 5.20 5.60 5.10 3.80 2.133 0.132 
10. JC-95-93 7.33 54.67 100.00 32.87 27.30 3.33 21.07 26.67 4.93 6.00 4.13 3.70 2.033 0.122 

11. JC-95-127 7.67 56.00 100.33 32.87 27.90 5.2-7 28.40 28.67 5.00 5.80 5.87 3.90 2.433 0.142 
12. JC-96-10 7.67 58.00 103.33 35.33 30.60 5.27 34.60 31.33 5.20 6.07 5.97 4.00 2.367 0.144 
n~ - --

JC'-<J6-ll 8 ~1 61 33 I 105 67 I 37 27 32.40 5.73 32.60 36.33 5.00 7.27 7 10 I 3.17 t2.500 O.I 51 
~ . 1-

, "0129 60 
.... -

14 JC'--96-47 7 67 58'.67 1(}:!67 18 07 I 1210 11 -67 <i.OO 6.33 5.93 4A3 2.133 6:141 . l c . ") ... ., ., .. ' ~ 1 5 JC-99-2_ 4 20 l 24.00 ~ 28 67 8.00 59.00 I 04 .• , > 32 00 27. ,o 4.40 I 6.60 4 00 J i 4 133 0 127 



: I Q~ 
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~ - - I. ~-~ ~- -
0 l:lt l c .c .c c 

"' - Q,l CJ CJ I. CJ "0- 0 <=> c e ~ ~·- Q,l c c._ Q,I.C -.c CJ -
Q,l ~ ..... =-- c.~ CJ-S I · ..,. ec II') ·- I - ·- ·~ ...-._ Q,l s CJ .c = c.s ~ s CJ-r. G ' • c o~.a l ,~... .c s .c .c CJ- "l c "' = "l~ 
U')-

==~ N • enotypes ~ ·- -CJ I .... = c Q. ~.!: CJ = I .,C 

- CJ - 0 s -g c "'.c Qb.l) o. ~ E "l ~ Q = =- = .... = = I. .Cc. .c I. ~ s Q ·- .,5-
- I. ~c I S = = Q. 

I. CJ s ~ .... s CJ Q Q,l 0 
CJ s: = = Q. ;:;J VJ = ::;JC. VJ = - ~ > ~ Q I Cl.. e 

I 

16. JC-99-24 7.67 55.67 1 1 oo.67 33.27 28.00 4.27 26.40 27.33 4.73 5.93 4.37 4.20 
17. JC-99-40 7.33 57.33 102.00 33.27 28.20 4.80 22.00 28.33 4.47 6.07 1 4.73 3.50 
18. JC-99-42 11.00 61.00 102.33 35.73 30.80 5.53 ' 31.80 33.33 5.07 7.07 1 7.33 3.80 

19. I JC-2000-3 9.00 60.67 I 1 06:]3 32.93 27.10 4.93 29.40 26.67" 4.80 5.93 5.53 2.67 
20. JC-2000-11 9.00 60.00 107.33 28.73 25.20 4.00 25.33 32.33 4.40 6.40 4.53 5.10 

21. I JC-2000-20 9.00 64.00 1 105.33 27.53 24.00 4.33 25.53 26.33 4.53 6.00 4.63 4.97 

22. I JC-2000-21 11.33 63.00 I 111.00 29.27 24.50 4.40 25.73 31.33 4.93 6.33 5.57 4.83 
23. JC-2000-22 11.67 62.33 I 110.33 28.67 24.80 4.33 26.07 30.67 4.27 6.93 4.93 4.60 

24. I JC-2000-27 11.67 60.33 107.33 30.13 25.70 5.47 33.40 32.33 5.00 6.13 6.37 4.40 

25. JC-2000-54 9.33 62.67 • 105.33 27.27 25.20 4.53 27.87 23.33 4 60 5.20 4.53 4.57 

26. JC-2000-60 9.00 66.00 1 99.67 34.33 29.90 5.67 34.67 28.00 4.60 6.20 6.33 5.00 

27. JC-2000-71 9.33 63.67 104.67 28.27 24.70 4.40 26.13 30.67 4.93 6.07 4.63 4.53 

28. I GC-2 9.67 59.33 100.33 33.47 27.30 6.07 33.67 31.67 5.00 6.40 6.63 3.80 

29. GC-3 11.00 60.33 ; 102.33 32.80 27.60 6.00 38.93 34.00 5.00 6.20 6.67 4.23 

30. I GC-4 11.00 63.33 I 108.33 31 .67 26.70 5.93 6.07 7.47 4.80 
.. _ +-----

C V 

'\_Em!.. 

CDS% 

---
35.47 .J.. 38.67 4- . ~~4! -r--- ____.~- -- , -~ . ~~ 

64_ ~224 2 04 ~6')2 ~- 5.11 ~ 676: "16 + ~72 ~ 47:1 ..._ _9.~?~.~._29 2.77 

o.~39 ~ o 1~0 , 1 210 .. 1 2n : O.B49 ~ o ]88 .. o 8H ~ 0997 ~ _o ~~n __ ..- ~J30 1 o Joo 
744 ~ ~8o 3.42~ ;A6~ I :!.404 o 51: 2.110 · 2.821 r o n6 o9~--+ 
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~ c._ c.-

-e.c -~ "0~ ::5!- --CJ -~ ·- > > 
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2.333 0.117 

2.100 0.118 

2.233 1 o.134 

2.167 1 o.t32 

2.400 I 0.144 
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2.733 0.1421 

2.300 0.125 

2.300 O.l46 

2.400 O.J 54 

2.500 0.159 1 
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7.00 8.29 
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