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AB STRACT: The field study was con ducted dur ing 2010 and 2011 to as sess the ge netic
vari abil ity, inter re la tion ships and di rect and in di rect ef fects of com po nent traits on seed ling
vig our in rad ish. High PCV val ues were ob tained in FW (32.68%), SVI I (32.43%) and
ger mi na tion % (30.84%). Mag ni tude of heritability was high est for SVI II (92.00%) fol lowed by
ger mi na tion (89.45%), 100 SW (84.90%), ASL (83.16%) and SVI I (79.27%). SVI II showed
pos i tive and highly sig nif i cant as so ci a tion with ger mi na tion %,ASL, seed ling FW, DW, 100 SW
and SVI I. Path anal y sis in di cated pos i tive di rect ef fect of SVI I, shoot length and 100 seed
weight on seed ling vig our  in dex II of dif fer ent rad ish ge no types. The seed ling vig our in dex I,
shoot length, 100 seed weight and ger mi na tion % ex hib ited strong pos i tive cor re la tion and
pos i tive or neg a tive di rect ef fects on seed ling vig our in dex II emerged as im por tant com po nents
con trib ut ing to seed ling vig our. There fore, se lec tion pri mar ily based on these traits may lead to
iden ti fi ca tion and de vel op ment of ge no types hav ing better field emer gence and seed ling
es tab lish ment.
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Seed is the sin gle most im por tant fac tor in
suc cess ful, uni form and high yield ing crop. Good
seed qual ity en sures high seed ling vigour, better
crop es tab lish ment and more bio mass. Seed vigor is 
the cu mu la tive im pact of com plex ge netic and eco
phys i o log i cal fac tors on the growth and
de vel op ment of en do sperm and em bryo (Sun et al,
16). “Seed vigour com prises those prop er ties which 
de ter mine the po ten tial for rapid, uni form
emer gence and de vel op ment of nor mal seed lings
un der a wide range of field con di tions” (AOSA, 2).
Quicker and uni form ger mi na tion fa cil i tates
su pe rior crop yields, whereas slow and non uni form 
ger mi na tion due to low seed vig our de creases crop
yields (Basra et al, 3). Seed vig our de ter mines the
abil ity of the plants to emerge through soil and
grow vigourously un der var ied en vi ron men tal
con di tions (TeKrony and Egli, 17). Seed ling vig our 
is de ter mined by var i ous seed and phys i o log i cal
pa ram e ters like seed weight or size, ger mi na tion,
seed ling dry weight and vig our in di ces (Awan et al,
4). The fac tors are of im mense im por tance in case
seed vig our is used as se lec tion cri te rion in crop
im prove ment (Ev ans and Bhatt, 6). In for ma tion on
char ac ter as so ci a tion re spon si ble for seed ling

vig our among these traits is very lim ited in rad ish.
Since, rad ish is a short du ra tion, quick grow ing
crop and de pend ing upon cultivars and sea son
reach mar ket able ma tu rity in 30-45 days af ter
sow ing. True es ti ma tion of seed ling vig our and its
as so ci a tion with con trib ut ing char ac ters is very
im por tant to raise quick, vig or ous and uni form crop 
stand. There fore, a pre lim i nary study was
con ducted to es ti mate the ge netic vari abil ity, inter
re la tion ship and di rect and in di rect ef fects of
com po nent traits on seed ling vig our in rad ish for
se lec tion of ge no types hav ing su pe rior
es tab lish ment un der field conditions. 

MA TE RI ALS AND METH ODS

The ex per i ment was con ducted at the
Veg e ta ble Re search Farm, Punjab Ag ri cul tural
Uni ver sity, Ludhiana dur ing the win ter sea son of
2010 and 2011. The ex per i ment was laid out in a
ran dom ized block de sign rep li cated thrice. Plant ing 
ma te rial con sisted of six ge no types of rad ish
(Raphanus sativus L.) with three of them
com mer cial cultivars (viz. Punjab Pasand, Punjab
Safed and Pusa Chetki) and three ad vanced lines
de vel oped at PAU, Ludhiana (RL 2210, RL 9-1 and
RL-25). 200 seeds of each ge no type were sown on
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ridges in the first week of Oc to ber each year.
Be tween ridges and plant spac ing were main tained
at 45 cm and 7.5 cm, re spec tively. Af ter one week
of ger mi na tion twenty ran domly se lected seed lings
from each treat ment were up rooted and washed
care fully to re move soil par ti cles. Data were
re corded  ac cord ing to  rules es tab lished by ISTA
(8) on ger mi na tion (%), seed ling shoot length (cm),
seed ling root length (cm), seed ling fresh weight (g), 
seed ling dry weight (g), 100 seed weight (g) and 
seed ling vig our in di ces I and II. The ger mi na tion
was cal cu lated as per num ber of seed lings ob tained
af ter one week of sow ing to the num ber of seeds
sown. For de ter min ing seed ling dry weight ten
ran domly se lected nor mal seed lings were dried at
110°C for 17 hours and weighed. For 100 seed
weight, 100 seeds were ran domly se lected from
each ge no type and weighed on elec tronic bal ance.
Vig our in di ces were cal cu lated us ing the for mula
given by Ab dul-Baki and An der son (1). The path
anal y sis of di rect and in di rect ef fects for seed ling
vig our was cal cu lated as sug gested by Dewey and

Lu (5). 

RE SULTS AND DIS CUS SION

 Mean per for mance of ge no types (Ta ble 1)
showed sig nif i cant ex is tence of vari a tion for
var i ous pa ram e ters ex cept av er age seed ling root
length (Singh et al., 15). High est ger mi na tion was
re corded in Punjab Pasand (93.67%) and low est in
Punjab Safed (71.67%) af ter one week of sow ing.
Seed ling shoot length (ASL) was max i mum for
Punjab Pasand (13 cm) fol lowed by RL-2210(12.3
cm) which was sta tis ti cally at par and was least in
RL-25 (8.6 cm). ARL (seed ling root length) was
non sig nif i cant among all the ge no types. Punjab
Pasand also ex hib ited sig nif i cantly high val ues for
FW (fresh weight, 9.8 g), seed vig our in dex I (SVI
1, 1218.37), seed vig our in dex 2 (SVI 2, 61.16) and
100 seed weight (1.06 g). RL-22 was sta tis ti cally at
par with Punjab Pasand in FW, DW, vig our index 2
and 100 seed weight. RL-25 re corded low est val ues 
for DW (0.41), seed ling vig our in dex 1 (661.3),
seed ling vig our in dex 2 (31.55) and 100 seed
weight (0.88). Vari abil ity among the char ac ters can

well be mea sured by the range and genotypic
co ef fi cient of vari a tion. In most of the traits
dif fer ence be tween phenotypic (PCV) and
genotypic co ef fi cients of vari a tion (GCV) was not
too high in di cat ing less im pact of en vi ron men tal
fluc tu a tions (Rahman et al., 13).  High GCV and
PCV val ues sug gest that di rect se lec tion of these
traits can be more ben e fi cial. Phenotypic
co ef fi cients of vari a tions were high est in FW
(32.68%), fol lowed by SVI I (32.43%),
ger mi na tion (30.84%), SVI II (27.04 %) and it was
least for 100 SW (7.97%).

High mag ni tude of heritability was ob served
for all the traits ex cept for SRL (28.87%).
Heritability es ti mates were high est for SVI 2
(92.00%) fol lowed by ger mi na tion (89.45%), 100
SW (84.90%), SSL (83.16%), FW (80.62%) and
SVI 1(79.22%), de pict ing that se lec tion for these
char ac ters can be ef fec tive for im prov ing seed ling
vig our in rad ish (Saeidi, 14). High heritability and
PCV val ues for FW, SVI I, SVI II and fi nal
ger mi na tion % show dom i nant ef fect of genes and
thus bear sig nif i cant ef fect on de ter min ing ge netic
vari abil ity among rad ish ge no types (Malik et al.,
11).

 Seed vig our is of ut most im por tance in early
crop es tab lish ment and growth. Cor re la tion
co ef fi cient  (Ta ble 2) for seed ling vig our in dex II
showed sig nif i cantly high and pos i tive cor re la tion
with ger mi na tion, shoot length, fresh and dry
weight, 100 seed weight and vig our in dex I.
Ge no types show ing better vig our and shoot length
would lead to better field per for mance. (Kamoshita
et al., 9). Fur ther genotypic cor re la tion co ef fi cients
were gen er ally higher than phenotypic cor re la tion
co ef fi cients im ply ing strong as so ci a tion be tween
two char ac ters at genotypic level.  From 100 seed
weight, re sults also showed that bolder the seed
higher the vig our in dex (Willenborg, 18).
Ger mi na tion ex hib ited sig nif i cant and pos i tive
cor re la tion with all the traits ex cept root length,
in di cat ing de pend ence upon these traits on fi nal
seed ling num ber (Munir et al., 12). How ever, root
length showed sig nif i cantly neg a tive cor re la tion
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Ta ble 1: Means, range, phenotypic and genotypic co ef fi cients (PCV and GCV) of vari a tion, heritability and ge netic
ad vance of var i ous seed ling char ac ters in dif fer ent ge no types of rad ish.

Genotype Germ.
(%)

ASL
(cm)

ARL
(cm)

FW
(g)

DW
(g)

100 SW
(g)

SVI I SVI II

Punjab Pasand 93.67 13.00 5.57 9.80 0.65 1.06 1218.37 61.16

RL 9-1 73.67 9.40 5.30 6.29 0.45 0.90 694.77 33.27

Pusa Chetki 73.00 11.30 4.93 8.35 0.57 0.96 825.40 41.77

RL 2210 79.67 12.30 4.67 9.78 0.69 1.03 980.80 54.85

PP x AR 77.00 8.60 4.93 5.49 0.41 0.88 661.73 31.55

Punjab Safed 71.67 9.33 5.87 4.55 0.45 0.92 669.30 32.03

C.D.(P=0.05) 4.99 1.42 NS 1.92 0.15 3.10 117.06 11.40

Mean 78.11 10.65 5.21 7.37 0.49 0.95 841.72 42.43

Range 73.67-91.67 8.6-13 4.66-5.86 4.55-9.8 0.41-0.69 0.87-1.06 661.73-1
218.36

31.54-61.
16

PCV 30.84 17.91 11.92 32.68 25.69 7.97 32.43 27.04

GCV 29.25 16.33 6.41 29.34 19.97 7.34 28.87 25.94

h2 % 89.45 83.16 28.87 80.62 60.42 84.90 79.22 92.00

Ger mi na tion—Germ. Av er age Shoot Length—ASL, Av er age Root Length—ARL, Fresh Weight—FW, Dry
Weight—DW, 100 Seed Weight—100 SW, Seed Vig our In dex I—SVI I, Seed Vig our In dex II—SVI II,
Phenotypic co ef fi cient of vari a tion (PCV), Genotypic co ef fi cient of vari a tion (GCV), Heritability in broad sense
(h2)
Ta ble 2: Genotypic (G) and phenotypic (P) cor re la tions among dif fer ent seed ling char ac ters in rad ish. 

Character Germ ASL ARL FW DW 100 SW SVI 1 SVI II

Germ. G                
P

1.000

1.000

0.738**

0.662**

0.261

-0.060

0.710**

0.604*

1.703**

0.491

0.805**

0.697**

0.879**

0.941**

0.908**

0.789**

ASL G

P

1.000

1.000

-0.278

-0.055

0.918**

0.900**

0.910**

0.886**

0.805**

0.795**

0.829**

0.769**

0.892**

0.835**

ARL G                   
P

1.000

1.000

-0.731**

-0.152

-0.708**

0.005

-0.089

-0.023

-0.335

0.003

-0.010

-0.045

FW
G
P

1.000

1.000

0.892**

0.815**

0.915**

0.811**

0.905**

0.849**

0.747**

0.841**

DW G

P                      

1.000

1.000

0.809**

0.697**

0.879**

0.754**

0.908**

0.881**

100 SW G

P                       

1.000

1.000

0.895**

0.867**

0.924**

0.905**

SVI 1 G

P                       

1.000

1.000

0.910**

0.898**

*P=0.05, **P=0.01

Ger mi na tion— Germ., Av er age Shoot Length—ASL, Av er age Root Length—ARL, Fresh Weight—FW, 

Dry Weight—DW, 100 Seed Weight—100 SW, Seed Vig our In dex I—SVI I, Seed Vig our In dex II—SVI II
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with fresh weight and dry weight. The cor re la tion
ma trix of com po nent seed ling traits showed that
im prov ing ger mi na tion, seed ling length, fresh
weight and 100 seed weight would im prove the
seed vig our in dex and thereby better field
es tab lish ment (Lafond and Baker, 10).

Cor re la tion es ti mates give broader in di ca tion
of in ter re la tion ship be tween com po nent traits
which could be mis lead ing due to mu tual
can cel la tion of ef fects of com po nent char ac ters.
But path co ef fi cient anal y sis pro vides for
par ti tion ing of re la tion ships into spe cific di rect and
in di rect ef fects de pict ing the rel a tive in flu ence of
each of the causal fac tors in de ter min ing the
seed ling vig our (Guler et al., 7). Path co ef fi cient
anal y sis tak ing seed ling vig our in dex II as
de pend ent vari able re vealed that seed ling vig our
in dex I, shoot length and 100 seed weight ex hib ited
strong pos i tive di rect ef fect with SVI II with mi nor
pos i tive con tri bu tion from ger mi na tion %.
Cor re la tion and path anal y sis in di cated ma jor
pos i tive re la tion ship and con tri bu tion of SVI I,
ASL and 100 SW, thereby im ply ing that these could 
be ex ploited for se lec tion of ge no types with high
seed ling vig our (Singh et al, 15). DW though
hav ing sig nif i cant pos i tive cor re la tion had
sig nif i cant neg a tive di rect ef fect on seed ling
vig our. FW ex erted small neg a tive di rect ef fect but

great in di rect ef fect via DW and 100 SW on
seed ling vigour.

The re sults from the pres ent study in di cated
high heritability for ger mi na tion %, ASL, 100 SW
FW, DW and SVI I. These char ac ters also ex hib ited 
pos i tive or neg a tive di rect ef fect on seed ling vig our 
in dex II. There fore, em pha sis should be laid these
com po nent traits while se lect ing ge no types with
high seed ling vig our in dex for crop im prove ment.
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