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Abstract
The objectives of the experiment were to study the relationships between the agronomic traits and yield
components and identify effective traits for the improvement of grain yield in seven promising lines of rice plus
two native cultivars (Shiroodi and 843) as control. The experiment was conducted as a randomized complete
block design (RCBD) with four replications at Rice Research Station of Tonekabon, Iran in 2011. In this study, 17
traits including plant height, total tiller number, fertile and sterile tiller number, length, width and area of flag
leaf, panicle length, total grain, number filled and empty grain, 100-grain weight, length, width and the ratio of
length to width of grain and grain yield. The result of correlation showed that the grain yield has a positive and
significant correlation with plant height and negative correlation with empty grain. Stepwise regression showed
that the effective characters related to grain yield were total number of grain that about 49.48 percent of the
regression model variation was allocated to itself. The results of path analysis indicated that number of empty
grain and plant height were the most important components of grain yield and they had the most directed effects
on grain yield. For synchronizing of these effects on rice lines, cluster analysis was done and results of this
method showed that there was 3 classes between these genotypes.
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Introduction

The purpose of this research is to identify the

Rice (Oryza sativa L.) is one of the three major food

correlation between some agronomic traits, and to

crops of the world. Being grown population, it is the

recognize traits with maximum direct and indirect

staple food for more than one and a half of the world’s

effects on grain yield by making use of path

population. Rice grain yield is highly influenced by

coefficient analysis, so that by using important traits

production

which

environments

and

breeders

often

determine stability of high yielding genotypes across

are

related

to

yield,

we

can

achieve

improvement on these breeding goals.

environments before recommending a stable cultivar
for release. Varietal adaptability to environmental

Materials and methods

fluctuations is important for the stabilization of crop

Experimental design, Plant growth conditions, and

production over both the regions and years. The

sampling

development of cultivars or varieties, which can be

The study is performed in the rice research station of

adapted to a wide range of diversified environments,

Tonekabon, Iran in 2011. The experiment was

is the ultimate goal of plant breeders in crop

conducted in randomized complete blocks design

improvement program. The adaptability of variety

(RCBD) with four replications. The treatments were

over diverse environments is usually tested by the

consisted of 7 rice line plus two native cultivars

degree of its interaction with different environments

Shiroodi and 843 (Table 1). The seedlings in nursery

under which it is planted. A variety or genotype is

were

considered to be more adaptive or stable if it has a

experimental field on 29 June 2011. The plant

high mean yield but low degree of fluctuations in

distance was 25×25 cm and plot size was 2.25×3.75

yielding

diverse

m2. At the time of maturity, the data of each genotype

environments (Falconer, 1981). Iftekharuddaula et

in each replication were recorded for plant height,

al., (2002) reported the positive correlation between

total tiller number, fertile and sterile tiller, length,

grain yield with plant height, panicle length and

width and area of flag leaf, panicle length, total grain,

harvest index. Luzi-Kihupi, (1998) by studying traits

number filled and empty grain, 100-grain weight,

in the rice varieties reported that there are positive

length, width and the ratio of length to width of grain

and significant correlation between panicle length,

and grain yield. For calculating of coefficient

number of filled grain and plant height with grain

correlation, mean of measured traits in each plot were

yield and by using of path analysis stated that number

statistically analysis. In order to studying some

of filled grain was most important factor for

studied traits on the dependent variable and also for

increasing yield. Honarnezhad, (2003) showed that

decreasing the number of independent variables and

most direct and positive effects on the grain yield

deleting the variables that have little effect on the

were through filled grain per panicle and total tiller

dependent variable, stepwise regression method was

number per plant. Miller et al., (1991) stated that

used. Path analysis was grouped the independent

number of fertile tiller depends to environmental

traits with grain yield through direct and indirect

constraints

effects.

ability

and

when

growth

grown

over

conditions

and

they

sown

on

4

May

and

transplanted

to

concluded that number of fertile tiller in flooding
culture is most important of density. Furthermore,

Statistical analyses

the power of tillering had significant effect on density

For grouping of studied genotypes by agronomic

panicle. Therefore, the cultivars with high tillering

traits and dendrogram chart, cluster analysis by

had more panicle. Prasad et al., (2001) with research

method UPGMA was used. All measured and derived

on traits and path analysis of rice reported that there

data were analyzed by analysis of variance (GLM

is positive correlation between numbers of filled grain

PROC) using the SAS computer software. Character

with grain yield. Also, path analysis showed that this

means were separated by least significant differences

trait is most important factor for increasing of yield.

(LSD, p<0.05) when sources of variation from the
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ANOVAs were significant (p<0.05). Also, stepwise

with study on the 20 rice varieties reported that grain

regression and cluster analysis analyzed by SAS soft-

yield was correlated positively with plant height and

ware. Path analysis estimated by using PATH 74.

panicle weight. Honarnezhad, (2003) stated that
correlation between some rice quantitative traits with

Results and discussion

grain yield can be considered as a standard for

Correlation analysis

measuring the performance. Also, they observed

The results of correlation analysis showed that grain

negative correlation between tiller number per plant

yield has positive and significant correlation with

and plant height. Dourosti, (2005) with studying on

plant height and there is not any significant

the 64 of rice lines reported that there is significant

correlation between grain yield with other traits. Also,

and higher correlation between grain yield with

a negative correlation was observed between with

panicle length and total tiller number. In this

number of empty grain and grain yield (Table 2).

research, we observed that there is significant and
positive correlation between plant height with flag

The positive correlation between grain yield and plant

leaf area. This indicated that with increasing of plant

height is showed that a canopy with more height,

height, leaf area especially flag leaf followed by

better ventilation and Co2 density is higher inside the

increasing in light absorption, photosynthesis and

canopy. Therefore, light absorption and better

chlorophyll production will increase. Therefore, grain

transport of food materials to grain is increased grain

yield will increase. A positive and significant

yield per plant. Similar results were reported by

correlation was observed between flag leaf area with

Mohaddesi et al., (2010). However, Gholipoor and

grain length and number of filled grain. This

Zeinali, (1998) stated that grain yield was significant

indicated that with increasing of leaf area or number

and negative correlation with plant height and length

of green leaf per plant, photosynthetic capacity and

of highest internodes. These differences in results

chlorophyll content increases in the filling grain stage

were due to different plant and environmental

with more making and better transport of assimilate

conditions. Results showed that there is non-

to grain. This is agreement with report of Rahim

significant and negative correlation between total

Soroush,

tiller number and grain yield that Agahi et al., (2007)

correlation was between 100-grain weight with grain

were reported similar results. Grain yield was

length and width. These results are agreement with

negative and significant correlation with number of

the research done by Rahim Soroush, (2005). The

empty grain per panicle. This result was in agreement

results of this study are showed that plant height is

with findings of Allah Gholipour, (1998) and

the best option for increasing of grain yield per plant.

(2005).

A

positive

and

significant

Honarnezhad, (2003). Chaubey and Singh, (1994)
Table 1. Used genotypes.

1
2

Number line or
cultivar
1
2

3
4
5
6
7
8
9

47
107
121
126
39
843
Shiroodi

Genotype
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Parent
107× shiroodi
A (8948) 64669-153-2-3 IR × Surinam) *(Deylaman
(37632) A 67015-22-6-2 × IR
(37632) A 67015-22-6-2 × IR
(37632) A 67015-22-6-2 × IR
(37632) A 67015-22-6-2 × IR
(37632) A 67015-22-6-2 × IR
native
native

Amole 3)* (Number 3
Amole 3)* (Number 3
Amole 3)* (Number 3
Amole 3)* (Number 3
Amole 3)* (Number 3
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Stepwise regression

performance changes can justified by independent

The results of regression (Table 3) showed that plant

variables in model. Among studied traits, total

height, total tiller number, flag leaf width, flag leaf

number of grain can justified about 49.89 percent of

area, total number of grain and 100-grain weight as

the grain yield variations. So, this trait is the most

independent variables have determination coefficient

important component of grain yield in rice. These

0.0121, 0.0204, 0.1023, 0.0468, 0.4989 and 0.016,

findings are in agreement with the work done by

respectively

Rahim Soroush, (2002) and Gholami Tajany, (1998).

with

grain

yield.

Determination

coefficient model indicated that 69.65 percent of
Table 2. Correlation analysis of some studied traits on grain yield.
Traits

Grain
yield

Grain
width

Grain
length

Plant height to
maturity
Total tiller
Fertile tiller
Flag leaf area
Panicle length
Filled grain
Empty grain
100-grain
weight
Grain length
Grain width

0.32*

-0.14

0.25

-0.03
-0.12
0.11
0.11
-0.01
-0.37*
0.17

0.26
0.39*
-0.22
0.37*
-0.42*
0.01
0.51**

-0.04
0.02
0.42*
0.07
-0.27
0.44**
0.48**

0.16
0.07

0.35*

100grain
weight
-0.14

Empty
grain

Filled
grain

Panicle
length

0.31

0.21

0.15

-0.28
-0.24
0.06
0.06
-0.13
-0.11

0.26
0.28
0.43**
0.22
-0.15

-0.59**
-0.65**
0.46**
-0.21

0.45**
0.41*
0.06

Flag
leaf
area
0.6**

Fertile
tiller

Total
tiller

-0.04

0.04

-0.32
-0.35*

0.89**

*, ** significant at the 0.05 and 0.01probability level, respectively.
Table 3. Regression analysis of some studied traits on grain yield.
Steps
1
2
3
4
5
6

Independent variable
Plant height to maturity
Total tiller
Leaf width
Flag leaf area
Total grain
100-grain weight

Standard error
0.25916
0.21032
0.36892
0.01756
1.07775
5.29767

F
3.87
5.91*
24.01**
6.31*
32.86**
4.14

Incomplete R2
0.0121
0.0204
0.1023
0.0468
0.4989
0.016

Total R2
0.9121
0.8999
0.8721
0.7698
0.4989
0.8881

*, ** significant at the 0.05 and 0.01probability level, respectively.
Path analysis

improving of yield. These findings are in agreement

The results of path analysis (Table 4) was showed

with the work done by Rahim Soroush, (2005). The

that highest and lowest positive and direct effect on

highest negative and indirect effect was observed in

grain yield was plant height (0.38) and panicle

number of empty grain (-0.737) and also positive

length (0.154). The highest indirect and positive

and indirect effects were at 100- grain weight

effect belongs to panicle length through total tiller

(0.001), filled grain (0.024), panicle length (0.033),

(0.12) and lowest positive and indirect effect

total tiller number (0.069) and plant height (0.117).

belonged to number of empty grain through 100-

Number of empty grain was correlated negatively

grain weight (0.001). The highest negative and

and significantly with grain yield. Therefore, we can

indirect effect belonged to number of empty grain (-

select cultivars based on number of empty grain per

0.737) and lowest negative and indirect effect

plant to increase grain yield. This result is in

belonged to 100- grain weight (-0.017).

agreement with the findings of Honarnezhad,
(2003). The number of filled grain because of a

The 100-grain weight trait because of positive and

non-significant and negative correlation with grain

non-significant correlation with grain yield and

yield cannot consider to heading option for

negative and indirect effect cannot be selection for

improvement yield. However, Nourbakhshian and
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Rezaei, (2004) and Mehetre et al., (1996) reported

tiller number was positive and direct effect (0.267)

that number of filled grain per panicle is the most

and negative and indirect effect through empty

important component of the grain yield in rice that

grain (-0.192). This trait was correlated non-

can used for selection varieties and high yielding

significantly and negatively with grain yield. So, that

lines of rice. Panicle length showed positive and

cannot be used in breeding programs to increase

non-significant correlation with grain yield. Gravois

grain yield per plant. Allah Gholipour et al., (2001)

and McNew, (1993) in their studies by path analysis

reported that total tiller number has the highest

showed that the panicle length is one of the effective

direct effect on the grain yield. Plant height has

traits on the grain yield. Mehetre et al., (1996)

positive and significant correlation with grain yield

suggested

that means more plant height will increase grain

that

this

trait

is

an

important

morphological trait in improvement yield. Total

yield.

Table 4. Path analysis of some studied traits on grain yield.
Traits

100-grain

Empty

Filled

Panicle

Total

Plant

Grain

weight

grain

grain

length

tiller

height

yield

100-grain weight

-0.017

0.081

0.021

0.009

-0.076

-0.054

0.17

Empty grain

0.001

-0.737

0.024

0.033

0.069

0.117

-0.37*

Filled grain

0.002

0.011

-0.165

-0.033

-0.159

0.079

-0.01*

Panicle length

-0.001

-0.163

0.034

0.154

0.12

0.057

0.11

Total tiller

0.004

-0.192

0.097

0.069

0.267

0.015

-0.03

Plant height

0.002

-0.229

-0.035

0.023

0.01

0.38

0.32*

*: significant at the 0.05 probability level

Remaining effects =

underlying numbers are indicative of direct effects

determination coefficient = 69.65

Table 5. Mean of studied traits in the cluster analysis.
Genotype

Plant height

Plant height

Total

Fertile

Sterile

Leaf

Leaf

Flag leaf

45 day after

to maturity

tiller

tiller

tiller

length

width

area

transplanting
7 & 843

67.7

110.73

25.19

19.06

6.13

33.46

1.31

31.93

5

70.96

117.015

24.02

18.81

5.21

33.95

1.41

36.13

Shiroodi, 1,

72.71

112.18

21.52

16.97

4.52

31.58

1.21

28.51

69.11

111.75

24.25

18.57

5.67

33.76

1.29

31.36

2, 3, 4, 6
Total
average

Grouping genotypes by cluster analysis

higher than total average (Table 5). Cluster 2 was

Results of cluster analysis for studied traits showed

including 5 lines that traits of plant height after 45

that there were genotypes in 3 clusters (Fig. 1).

days of transplanting, plant height to maturity,

Present genotypes in the same cluster were more

number of fertile tiller, length, width and area of

genetic affinities and uniform properties than

flag leaf, panicle length, total grain, filled and empty

genotypes in different clusters. Therefore, using of

grain and 100-grain weight were higher than of

this method can help to select the best lines. Cluster

total average (Table 5). Cluster 3 was including

1 was including lines of 843 and 7 that traits of plant

cultivar shiroodi and 1, 2, 3, 4 and 6 lines that traits

height after 45 days of transplanting, plant height to

of total tiller number, fertile and sterile tiller

maturity, 100-grain weight and grain yield were

number, length, width and area of flag leaf, panicle
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length, total grain, empty grain, length, width and

than of total average (Table 5).

the ratio of length to width of grain were higher
Table 6. continued. Mean of studied traits in the cluster analysis.
Genotype

Panicle

Filled

Empty

Total

100-grain

Grain

Grain

Ratio of

Grain

length

grain

grain

grain

weight

length

width

length to

yield

grain width
7 & 843

31.61

119.16

39.04

158.08

2.9

11.5

2.09

23.89

6243.63

5

31.48

126.87

46.45

173.32

2.93

11.43

2.05

23.46

5755.8

Shiroodi,1,

30.06

120.23

11.54

131.77

2.96

11.49

2.06

23.7

7021.65

31.27

120.26

33.75

153.93

2.92

11.49

2.08

23.8

6362.3

2, 3, 4, 6
Total
average

The study of Table 5 showed that results of cluster

Conclusions

grouping including total tiller number, fertile and

The results of this study showed that plant height is

sterile tiller, length, width and area of flag leaf and

the best option for increasing of yield, because of it

other traits was lower than total average. However,

had the highest significant and positive correlation

in clusters 2 and 3, the lower parameters of total

with grain yield. Also, plant height is not so much to

average were 6 and 6 cases were similar of some

make lodging and this trait is important than other

traits. Although, cluster 1 was much difference with

traits that can be suggest to heading index for

clusters 2 and 3 but it seems that clusters 2 and 3

increasing yield. Also, lines of 7 and 843 were

have important differences and these differences

known as best lines that they have the highest grain

caused this grouping. The cluster analysis showed

yield and they can be used in breeding programs of

that some of the genotypes have the more uniform

rice.

and genetic affinities and also similar genetic
properties and uniform were due to genetic purity
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