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Abstract  

Sixty cross combinations of SakkhorkhoraR and IR58025A were studied in the 

experimental field of Bangabundhu Sheikh Mujibur Rahman Agricultural 

University (BSMRAU), Salna, Gazipur during July 2010 to November 2010, to 

assess the character association & contribution of characters towards grain yield 

in restorer lines. The correlation study revealed that days to first flowering 

showed significant positive relationship with seed yield per plant at genotypic 

levels. Days to maturity showed significant positive relationship with number of 

tillers per plant at both genotypic and phenotypic level and effective panicles per 

plant at genotypic level. Plant height showed highly significant positive 

relationship with effective panicles per plant at both genotypic and phenotypic 

level. Path analysis study revealed that effective panicles per plant (0.2153) had 

the highest positive direct effect followed by days to first flowering (0.1492), 

plant height (0.0646), spikelet fertility status (%) (0.0242) and number of seeds 

per panicle (0.0241). Days to maturity, spikelet sterility status, effective panicles 

per plant, plant height, number of tillers per plant, number of seeds per panicle 

and spikelet fertility status had positive indirect effects on grain yield. So, based 

on the study days to first flowering, plant height, spikelet fertility status 

,effective panicles per plant were identified as the important characters to be 

considered in the selection for improvement of aromatic rice genotypes. 

Keywords: aromatic rice, character association, path analysis. 

Introduction 

Rice is tolerant to hot, humid, flooded and dry conditions, and grows in saline, 

alkaline and acidic soils. Asian cultivated rice has evolved into three eco-

geographic races - indica, japonica and javanica (Jason et al., 2006). Rice is the 

staple food for at least 63% of our planet inhabitants and contributes on an 

average 20% of apparent calorie intake of the world population and 30% of 

population in Asia (Calpe and Prakash, 2007). Among the 150 different crops 

grown in Bangladesh, rice alone occupies about 77% of the total cultivated area, 

of which aromatic rice is cultivated only on the 10% of the rice growing area 

(Anon., 2008). In Bangladesh, more than four thousand landraces of rice are 
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adopted in different parts of this country (Sajib et al., 2012). Some of these are 

unique for quality traits including fineness, aroma, taste and fine contents. A 

group of such rice is known as aromatic rice. Among the rice varieties, aromatic 

rice is popular in Asia and gained wider acceptance in Europe and the United 

States because of their aroma, flavor and texture. Aromatic rice is known for its 

characteristics fragrance after being cooked. This constitutes a small but special 

group of rice, which is considered best in quality. The natural chemical 

compound that is 2-acetyl-1-pyroline gives aromatic rice the characteristic aroma 

and flavor but in the aromatic varieties it is present in much higher 

concentrations (Faridah et al., 2011). The demand for aroma rice is increasing 

day by day. Unfortunately, the aromatic rice often has undesirable agronomic 

characters, such as low yield, susceptibility to pests and diseases, and strong 

shedding (Faruq et al., 2011).  

Breeding strategies should emphasise on aromatic rice production. Yield is a 

quantitative trait, greatly influenced by environmental fluctuations. Study on 

yield contributing characters assumes greater importance of fixing up characters 

that influence yield (Faruq et al., 2011). For the development of a high yielding 

genotype through breeding rice requires a thorough knowledge of the association 

of the yield components. Correlation analysis provides a good measure of the 

association between characters and helps to identify the most important 

character(s) to be considered for effective selection for increasing yield. 

However, simple correlation does not provide adequate information about 

contribution of each factor towards yield (Nandan et al., 2010). Therefore the 

technique of path coefficient analysis is utilized to have an idea of direct and 

indirect contribution of a trait towards yield, the end product. The present study 

was undertaken to gather some useful information on character association and 

path coefficient analysis in a set of 60 F1 families of aromatic rice genotypes. 

Materials and Method 

The experiment was conducted at the experimental farm of BSMRAU during 
July 2010 to November 2010. Sixty F1 (IR58025A x Sakkorkhora R) families of 
aromatic rice genotypes were planted in randomized complete block design with 
three replication at the rate of one seedling per hill. Each entry was planted in one 
rows of 5 m long plot with a spacing of 20 cm x 20 cm from plant to plant and 
row to row respectively. Adequate soil fertility was ensured by applying urea, 

TSP, MoP and Gypsum @ 180-100-70-60 kg/ha, respectively. Total TSP, MoP 
and Gypsum were applied in final land preparation. And total urea was applied in 
three installments, at 15 days after transplanting (DAT), 30 DAT and 50 DAT 
recommended by Anon. (1999). After transplanting various intercultural 
operations and irrigation were applied for better growth and development of the 
seedlings. Data were recorded on the parameters from 5 randomly selected plants 

from the middle rows of each plot on days to first flowering, days to maturity, 
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plant height (cm), number of tillers per plant, number of effective panicles per 
plant, spikelet fertility status (%), spikelet sterility status (%), number of seeds 

per panicle, seed yield per plant (g). For calculating the genotypic and phenotypic 
correlation co-efficient for all possible combinations the formula suggested by 
Miller et al. (1958), Johnson et al. (1955) and Hanson et al. (1956) were adopted. 
Path coefficient analysis was done according to Dewey and Lu (1955). 

Results and Discussion 

Association study revealed that the genotypic and the phenotypic correlation 
coefficients showed similar trend but genotypic correlation coefficients were of 
higher in magnitude than the corresponding phenotypic correlation coefficients 
(Table 1). It may be due to the masking or modifying effect of environment on 
character association at the genetic level (Singh, 1980; Sarawgi et al., 1997). 

Days to first flowering showed significant positive relationship with seed yield 

per plant at genotypic levels. It was found to display highly significant positive 
relationships with days to maturity at both genotypic and phenotypic level but 
showed insignificant positive correlation with number of tillers per plant, 
effective panicles per plant and spikelet sterility status at both genotypic and 
phenotypic level. Similar findings were reported by Satyanarayan et al. (2005) 
for panicle length, number of grains per panicle and number of effective tillers 

per plant. Days to maturity, plant height (cm), number of tillers per plant, number 
of effective panicles per plant, spikelet fertility status (%) showed insignificant 
positive correlation with seed yield per plant and spikelet sterility status (%), 
number of seeds per panicle showed insignificant negative correlation with seed 
yield per plant (g) (Table 1). Suprio et al. (2010) found yield per plant showed 
significant positive correlation with plant height, panicle length, effective grains 

per panicle and harvest index. 

Days to maturity showed significant positive relationship with number of tillers 
per plant at both genotypic and phenotypic level and effective panicles per plant 
at genotypic level (Table 1). And the genotypic value (0.303) is higher than the 
phenotypic value (0.256) which indicate that there is a strong association 
between these two characters genetically but the phenotypic value is lessened by 

the significant interaction of environment. Qamar et al. (2005) exhibited positive 
and non-significant correlation with productive tillers per plant at both levels. 

Plant height showed highly significant positive relationship with effective panicle 
per plant at both genotypic and phenotypic level. Suprio et al. (2010) found 
effective grains per panicle revealed significant positive relationship with plant 
height. It indicated that increasing plant height caused to increase effective 

panicles per plant. The character also showed insignificant positive relationship 
with spikelet sterility status, number of seeds per panicle and seed yield per plant 
both at genotypic and phenotypic level (Table 1). Similar findings were reported 
by Sarkar et al. (2001).            

http://scialert.net/fulltext/?doi=jps.2012.13.22#t4
http://scialert.net/fulltext/?doi=jps.2012.13.22#779113_ja
http://scialert.net/fulltext/?doi=jps.2012.13.22#138082_ja
http://scialert.net/fulltext/?doi=jps.2012.13.22#t4
http://scialert.net/fulltext/?doi=jps.2012.13.22#t4


  

390 AKHI et al. 

T
a

b
le

 1
. 

G
en

o
ty

p
ic

 a
n

d
 p

h
e
n

o
ty

p
ic

 c
o

rr
el

a
ti

o
n

 a
m

o
n

g
 y

ie
ld

 a
n

d
 o

th
er

 t
ra

it
s 

o
f 

6
0

 F
1
s 

o
f 

a
ro

m
a

ti
c 

ri
ce

 g
en

o
ty

p
es

  

C
h
ar

ac
te

r 
C

o
rr

el
at

io
n

 

D
a
y
s 

to
  

fi
rs

t 

fl
o

w
er

in
g

 

D
a
y
s 

to
 

m
at

u
ri

ty
 

P
la

n
t 

H
ei

g
h
t 

(c
m

) 

N
o

. 
o

f 

ti
ll

er
s 

p
er

 

p
la

n
t 

E
ff

ec
ti

v
e 

p
an

ic
le

 p
er

 

p
la

n
t 

S
p

ik
el

et
 

fe
rt

il
it

y
 

st
at

u
s 

(%
) 

S
p

ik
el

et
 

st
er

il
it

y
 

st
at

u
s 

(%
) 

N
o

. 
o

f 

se
ed

s 
p

er
 

p
an

ic
le

 

D
a
y
s 

to
 M

at
u
ri

ty
 

G
 

0
.9

9
9

*
*
 

- 
 

 
 

 
 

 

P
 

0
.4

2
6

*
*
 

- 
 

 
 

 
 

 

P
la

n
t 

H
ei

g
h
t 

(c
m

) 
G

 
-0

.0
3

8
 

0
.1

2
0
 

- 
 

 
 

 
 

P
 

0
.0

2
5
 

0
.0

4
4
 

- 
 

 
 

 
 

N
o

. 
o

f 
ti

ll
er

s 
p

er
 p

la
n
t 

G
 

0
.0

7
6
 

0
.3

0
3

*
 

-0
.1

9
1
 

- 
 

 
 

 

P
 

0
.0

2
2
 

0
.2

5
6

*
 

-0
.1

3
1
 

- 
 

 
 

 

E
ff

ec
ti

v
e 

p
a
n
ic

le
 p

er
 p

la
n
t 

G
 

0
.0

7
2
 

0
.3

1
8

*
 

0
.8

7
0

*
*
 

0
.9

8
8

*
*

 
- 

 
 

 

P
 

0
.0

4
6
 

0
.2

3
4
 

0
.9

9
8

*
*
 

0
.9

1
5

*
*

 
- 

 
 

 

S
p

ik
el

et
 f

er
ti

li
ty

 s
ta

tu
s 

(%
) 

G
 

-0
.2

1
9
 

-0
.0

0
9
 

-0
.3

1
5

*
 

0
.2

7
3

*
 

0
.2

5
4

*
 

- 
 

 

P
 

-0
.0

7
7
 

0
.0

3
8
 

-0
.2

2
6
 

0
.2

4
2
 

0
.2

4
1
 

- 
 

 

S
p

ik
el

et
 s

te
ri

li
ty

 s
ta

tu
s 

(%
) 

G
 

0
.1

8
6
 

-0
.0

1
6
 

0
.3

0
7
 

-0
.2

5
9

*
 

0
.0

1
7
 

0
.9

8
7

*
*
 

- 
 

P
 

0
.0

9
2
 

-0
.0

3
1
 

0
.2

2
8
 

-0
.2

5
0

*
 

0
.0

1
9
 

-0
.9

3
3

*
*

 
- 

 

N
o

. 
o

f 
se

ed
s 

p
er

 p
an

ic
le

 
G

 
-0

.0
5

7
 

0
.0

1
0
 

0
.0

1
6
 

0
.0

7
1
 

0
.0

5
7
 

-0
.3

7
9

*
*

 
0

.3
8

4
*
*
 

- 

P
 

-0
.0

2
1
 

0
.0

0
4
 

0
.0

1
6
 

0
.0

6
8
 

0
.0

5
3
 

- 
 0

.3
5

8
*
*
 

0
.3

7
0

*
*
 

- 

S
ee

d
 y

ie
ld

 p
er

 p
la

n
t 

(g
) 

G
 

0
.2

6
3

*
 

0
.0

8
7
 

0
.0

3
1
 

0
.0

3
8
 

0
.0

6
7
 

0
.0

5
5
 

-0
.0

4
9
 

-0
.0

0
8

 

P
 

0
.1

4
2
 

0
.0

6
1
 

0
.0

2
4
 

0
.0

3
7
 

0
.0

6
5
 

0
.0

5
1
 

-0
.0

4
7
 

-0
.0

0
8

 

*
 I

n
d

ic
at

es
 s

ig
n
if

ic
a
n
t 

at
 5

%
 l

ev
el

 o
f 

si
g

n
if

ic
a
n
ce

, 
*
*
 I

n
d

ic
a
te

s 
si

g
n
if

ic
a
n
t 

at
 1

%
 l

e
v
el

 o
f 

si
g
n

if
ic

an
ce

, 
G

=
 G

e
n
o

ty
p

ic
, 

P
=

 P
h
en

o
ty

p
ic

. 



  
 

 

ASSOCIATION OF YIELD AND YIELD RELATED TRAITS IN AROMATIC RICE 391 

T
a

b
le

 2
. 

P
a

rt
it

io
n

in
g

 o
f 

g
en

o
ty

p
ic

 c
o

rr
el

a
ti

o
n

 w
it

h
 g

ra
in

 y
ie

ld
 i

n
to

 d
ir

ec
t 

(b
o

ld
) 

a
n

d
 i

n
d

ir
ec

t 
ef

fe
c
t 

o
f 

6
0

 F
1
s 

o
f 

a
ro

m
a

ti
c 

ri
ce

 

g
en

o
ty

p
es

 

C
h
ar

ac
te

ri
st

ic
s 

D
a
y
s 

to
 

fi
rs

t 

fl
o

w
er

in
g

 

D
a
y
s 

to
 

m
at

u
ri

ty
 

P
la

n
t 

h
ei

g
h
t 

(c
m

) 

N
o

. 
o

f 
 

ti
ll

er
s 

p
er

 

p
la

n
t 

E
ff

ec
ti

v
e 

p
an

ic
le

s 
p

er
 

p
la

n
t 

S
p

ik
el

et
 

fe
rt

il
it

y
 s

ta
tu

s 

(%
) 

S
p

ik
el

et
 

st
er

il
it

y
 s

ta
tu

s 

(%
) 

N
o

. 
o

f 
se

ed
s 

p
er

 p
an

ic
le

 

G
en

o
ty

p
ic

 

co
rr

el
at

io
n
 w

it
h
 

y
ie

ld
 

D
a
y
s 

to
 f

ir
st

 

fl
o

w
er

in
g

 
0

.1
4

9
2
 

-0
.0

0
8

1
 

0
.0

0
1
8

 
-0

.0
0

3
6
 

0
.0

0
9
6
 

-0
.0

0
1

8
 

-0
.0

0
4

9
 

-0
.0

0
0

5
 

0
.1

4
1
4

 

D
a
y
s 

to
 

m
at

u
ri

ty
 

0
.0

6
3
8
 

-0
.0

1
8

9
 

0
.0

0
2
9

 
-0

.0
3

9
9
 

0
.0

4
9
9
 

0
.0

0
0
9

 
0

.0
0

1
8
 

0
.0

0
0
1
 

0
.0

6
0
7

 

P
la

n
t 

h
ei

g
h
t 

(c
m

) 

0
.0

0
4
2
 

-0
.0

0
0

9
 

0
.0

6
4
6

 
0

.0
2

2
9
 

-0
.0

4
9

8
 

-0
.0

0
5

4
 

-0
.0

1
2

6
 

0
.0

0
0
3
 

0
.0

2
3
5

 

N
o

. 
o

f 
ti

ll
er

s 

p
er

 p
la

n
t 

0
.0

0
3
1
 

-0
.0

0
4

4
 

-0
.0

0
8

6
 

-0
.1

7
2

1
 

0
.1

9
7
1
 

0
.0

0
5
8

 
0

.0
1

3
9

6
 

0
.0

0
1
6
 

0
.0

3
6
5

 

E
ff

ec
ti

v
e 

p
an

ic
le

s 
p

er
 

p
la

n
t 

0
.0

0
6
5
 

-0
.0

0
4

4
 

-0
.0

1
4

9
 

-0
.1

5
7

5
 

0
.2

1
5
3
 

0
.0

0
5
8

 
0

.0
1

2
8
 

0
.0

0
1
3
 

0
.0

6
4
8

 

S
p

ik
el

et
 f

er
ti

li
ty

 

st
at

u
s 

(%
) 

-0
.0

1
1

1
 

-0
.0

0
0

8
 

-0
.0

1
4

4
 

-0
.0

4
1

5
 

0
.0

5
1
4
 

0
.0

2
4
2

 
0

.0
5

1
9
 

-0
.0

0
8

6
 

0
.0

5
1
2

 

S
p

ik
el

et
 s

te
ri

li
ty

 

st
at

u
s 

(%
) 

0
.0

1
3
4
 

0
.0

0
0
6
 

0
.0

1
4
6

 
0

.0
4

2
9
 

-0
.0

4
9

7
 

-0
.0

2
2

6
 

-0
.0

5
5

6
 

0
.0

0
8
8
 

-0
.0

4
7

5
 

N
o

. 
o

f 
se

ed
s 

p
er

 

p
an

ic
le

 

-0
.0

0
3

2
 

-0
.0

0
0

1
 

0
.0

0
1
0

 
-0

.0
1

1
6
 

0
.0

1
1
4
 

-0
.0

0
8

7
 

-0
.0

2
0

5
 

0
.0

2
4
1
 

-0
.0

0
7

6
 

R
 =

  
0

.4
9

5
3
 

 



392 AKHI et al. 

Number of tillers per plant showed highly significant positive correlation with 

effective panicle per plant at both genotypic and phenotypic level and showed 

significant positive correlation with spikelet fertility status at genotypic level. 

The results are in supported by Mulugeta et al. (2012). Highly significant 

positive correlation between two traits indicated the traits are governed by same 

gene and simultaneous improvement would be effective. It also showed 

significant negative relationship with spikelet sterility status at both genotypic 

and phenotypic level. Effective panicle per plant showed significant positive 

relationship with spikelet fertility status at genotypic level. Kole et al. (2008) 

obtained significant negative corrrelation with panicle number and spikelet 

fertility status (%). Spikelet fertility status showed highly significant negative 

relationship with number of seeds per panicle at both genotypic and phenotypic 

level. The results are in agreement with Kole et al. (2008) for grain number and 

spikelet fertility status (%). Spikelet sterility status (%) showed highly significant 

positive relationship with number of seeds per panicle (Table 1). 

Significant negative corrrelations were also noted for spikelet fertility status (%) 

with plant height at genotypic level (Kole et al. 2008). The observed significant 

negative correlation in spikelet sterility status (%) with number of tillers per plant 

at both genotypic and phenotypic level which was supported by earlier workers, 

Ekka et al. (2011). They showed negative correlation in spikelet sterility status 

(%) with number of effective tillers per plant at both genotypic and phenotypic 

level. The phenotypic correlation between spikelet sterility status (%) vs. spikelet 

fertility status(%) were negative and significant at1 % level. The results are in 

agreement with Karim et al. (2014) for 1000 grain weight and spikelet sterility 

status(%). Pleiotrophy and/or linkage may also be genetic the reason for this type 

of negative association. According to NeWall and Eberhart (1961), when two 

characters show negative phenotypic and genotypic correlation it would be 

difficult to exercise simultaneous selection for these characters in the 

development of a variety. Hence, under such situations, judicious selection 

programme might be formulated for simultaneous improvement of such 

important developmental and component characters (Table 1). 

Path analysis 

Considering grain yield as effect and eight characters as causes, genotypic 

correlation coefficient were partitioned by using method of path analysis to find 

out the direct and indirect effects of yield contributing characters towards grain 

yield. The results of path analysis presented in Table-2 revealed that the effective 

panicles per plant (0.2153) had the highest positive direct effect on yield 

followed by days to first flowering (0.1492), plant height (0.0646), spikelet 

fertility status(%) (0.0242) and number of seeds per panicle (0.0241) indicating 

that these are the main contributiors to yield. The findings were supported by 

http://scialert.net/fulltext/?doi=jps.2012.13.22#t4
http://scialert.net/fulltext/?doi=jps.2012.13.22#t4
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Mulugeta et.al.(2012) for grains per panicle (2.226) followed by days to 50% 

flowering (1.465), panicle length (0.641), total spikelet fertility (0.269) and plant 

height (0.087). 

Effective panicles per plant showed the highest positive direct effect (0.2153) on 

yield (Table 2). This findings is in agreement with Kole et al. (2008). This 

character also showed the highest positive indirect effect through spikelet 

sterility status (0.0128) followed by days to first flowering (0.0065), spikelet 

fertility status (0.0058) and number of seeds per panicle (0.0013). The character 

produced the negative indirect effect on number of tillers per plant (-0.1575) 

followed by plant height (-0.0149) and days to maturity (-0.0044) (Table 2). 

Mulugeta et al. (2012) reported similar  finding for tillers per plant. Since the 

direct effect and correlation coefficient between effective panicles per plant and 

grain yield are positive, so it is an indication of true relationship among these 

traits. It suggests that the direct selection for effective panicles per plant would 

likely to be effective in improving the grain yield. Qamar et al. (2005) reported 

positive contribution of total spikelets towards grain yield, which supports the 

present finding.  

Days to first flowering showed the positive direct effect (0.1492)) on yield 

(Table 2). Similar findings were reported by Kishore et al. (2007). The character 

also showed the maximum positive indirect effect through effective panicles 

per plant (0.0096) followed by plant height (0.0018). The character also 

produced the negative indirect effect on yield via days to maturity (-0.0081), 

spikelet sterility status (0.0049), number of tillers per plant (-0.0036), spikelet 

fertility status (-0.0018) and number of seeds per panicle (0.0005).  

Plant height showed the positive direct effect (0.0646) on yield (Table 2). 

Similar findings were reported by Kole et al. (2008). The character also showed 

the maximum positive indirect effect through number of tillers per plant 

(0.0229), followed by days to first flowering (0.0042) and number of seeds per 

panicle (0.0003). The character also produced the negative indirect effect on 

effective panicles per plant (-0.0498), spikelet sterility status (-0.0126), spikelet 

fertility status (0.0058) and days to maturity (-0.0009). 

Spikelet fertility status showed the positive direct effect (0.0242) on yield 

(Table 2). This character also showed the highest positive indirect effect 

through spikelet sterility status (0.0519) followed by effective panicles per plant 

(0.0514). The character produced the negative indirect effect on number of 

tillers per plant (-0.0415), plant height (-0.0144), days to first flowering (-

0.0111), number of seeds per panicle (-0.0086) and days to maturity (-0.0008). 

Number of seeds per panicle showed the positive direct effect (0.0241) on yield 

(Table 2). Similar findings were reported by Mustafa and Elsheikh (2007) and 

Akinwale et al. (2011).This character also showed the highest positive indirect 

http://scialert.net/fulltext/?doi=jps.2012.13.22#755446_ja
http://scialert.net/fulltext/?doi=jps.2012.13.22#874125_ja
http://scialert.net/fulltext/?doi=jps.2012.13.22#761596_ja
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effect through effective panicles per plant (0.0114), followed by plant height 

(0.0010). The character produced the negative indirect effect on spikelet sterility 

status (-0.0205), followed by spikelet fertility status (-0.0087), number of tillers 

per plant (-0.0116), days to first flowering (-0.0032), days to maturity (-0.0001). 

Days to maturity, number of tillers per plant, spikelet sterility status (%) had very 

low negative direct effect on grain yield. Moreover the contribution of these three 

characters in the path way of other characters was negligible. 

The residual effect was 0.4953   indicated that the contribution of component 

characters on grain yield was 50.47% by the eight characters studied in path 

analysis, the rest 49.53% was the contribution of other factors, not included in 

this study. 

Conclusion 

It is obvious from the results that the traits effective panicles per plant had the 

highest positive direct effect on yield and positive genotypic association as well 

with grain yield. And other traits such as days to first flowering, plant height, 

spikelet fertility status (%) do have high positive direct effect and positive 

genotypic association as well with grain yield. So these parameters may be given 

prime importance for the direct improvement of grain yield in this group. 

Number of seeds per panicle showed the high positive direct effect but this 

parameter has negative genetic association. 
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