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Abstract
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This research was carried out to determine selection criteria by using correlation and path coefficient analysis
in 22 genotypes of chickpea (Cicer arietinum L.) under Mediterranean conditions. In investigated characters,
positive and significant relationships were found statistically among seed yield and harvest index and seed num-
ber. The path coefficients analysis based on seed yield, as a dependent variable, revealed that harvest index had
the greatest direct effect on seed yield (0.4206) with the ratio of 56.04 %. Both correlation and path analyses
indicated that harvest index was the major direct contributor to seed yield. The present study suggests that
selection for high seed yield should be based on selecting high harvest index plants in chickpea.
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Introduction

Chickpea is traditionally grown in many parts of
the world. Like other pulse crops, it has multiple func-
tions in the traditional farming systems in many devel-
oping countries. It is also important nourishment for
people who do not consume enough animal products
in specially developing or under developed countries.
Chickpea seeds contain about 16.4-31.2 % crude
protein, 38.1-73.3 % carbohydrate, 1.5-6.8 % fat,
and 1.6-9.0 % fiber (Sehirali, 1988). In Turkey, the
entire harvest area of chickpea is about 660.000 ha.
Chickpea production and yield are 650.000 t and 945
kg ha-1, respectively (FAO, 2004). Although chickpea
is generally sown in spring, higher yield from winter

sowing of cold resistant cultivars could be obtained in
the Mediterranean region. The extent of genetic varia-
tion is a pre-requisite in any crop improvement and
yield is an end product of many field crops (Singh et
al., 1995). Some of the characters are highly associ-
ated among themselves and with seed yield. The analy-
sis of the relationships among these characters and
their associations with seed yield is essential to estab-
lish selection criteria. However, simple correlation
coefficients between yield and yield components may
not give satisfactory results. Because, the components
do not only directly affect the yield, they also affect
the yield indirectly by affecting other yield compo-
nents in negative or positive manner. As a trait has
helpful effect on a trait for yield, it can affect some

42



other or all traits negatively (Walton, 1980). Under
such situations, the path coefficient analysis helps to
determine the direct contribution of these characters
and their indirect contributions via other characters
(Singh et al., 1990).

For this reason, many of the studies on correlation
and path analyses have been conducted in field crops.
Correlation coefficients between yield and yield com-
ponents and direct and indirect effects of various plant
characters on yield and yield components have been
reported by Rodriguez et al. (2001), Padi (2003),
Ulukan et al. (2003), Yucel (2004), in guayule plants,
pigeon pea, faba bean, narbon bean, respectively.
Singh et al. (1990) reported that seed yield had close
association with harvest index and plant height and
harvest index had high direct and positive effect on
seed yield and selection for high harvest index would
lead to high seed yield. Correlation and path coeffi-
cient analyses were conducted for yield and yield com-
ponents in 30 genotypes of chickpea under rained
conditions (Noor et al., 2003).

Grain yield was positively correlated with plant
height, branch number, pod number, seed weight and
100 seed weight. The highest direct effect was exhib-
ited by pods per plant, secondary branches, and 100
seed weight. Hence, pods per plant and 100 seed
weight were the major components contributing to
grain yield. Ciftci et al. (2004) stated that positive and
significant correlations were found among seed yield
and plant height, number of branch, number of pods
per plant, harvest index and number of seeds per plant.
There was strong direct effect of harvest index on the
seed yield. Talebi et al. (2007), thirty six genotypes
were tested for their yield performance. In the exam-
ined characters, positive and significant relationships
were found statistically between 100 seed weight and
plant height, between seed yield and number of pod
plant-1, number of seed pod-1, and harvest index.
Ghafoor at al. (1990) has found a positive and direct
effect of harvest index on grain yield. Pods per plant
and seeds per pod also sufficiently indirect contrib-
uted through harvest index to grain yield.

Khan and Qureshi (2001) stated that pods per
plant, seeds per pod, 100 seed weight, and harvest

index in chickpea had direct positive effect on grain
yield per plant. Harvest index had maximum genetic
correlation and direct contribution to grain yield.
Ozveren et al. (2006) reported that, seed yield per
plant was positively and significantly correlated with
plant height, first pod height, total pod number, full
pod number, and seed number and improving these
traits may increase seed yield per plant. Seed yield
per plant had positive direct effect on plant height,
primary branch number, secondary branch number,
full pod number, seed number, thousand seed weight,
and harvest index. The highest direct effect was ob-
tained from seed number and full pod number.

This research was conducted with the aims to
evaluate characters affecting directly or indirectly seed
yield through the use of path coefficient analysis in
chickpea.

Materials and Methods

Twenty-two genotypes selected from F4 (12 geno-
types), winter and ascochyta blight nurseries (10 geno-
types) obtained from ICARDA (Table 1) were evalu-
ated in a randomized complete block experiment de-
sign with three replications under the upland condi-
tions at the Research area of Department of Field
Crops of Cukurova University in Adana (35o 18i E,
37 o 01i N; 23 m above the sea level) during 1999-
2004 cropping seasons.

The research region has a typical coastal Mediter-
ranean climate with cool, wet winters and hot dry sum-
mers. According to the long-term average from 4 de-
cades of records, there is yearly total precipitation of
625 mm and mean temperature 18.7 oC. Mean tem-
perature and total precipitation of the growing season
during 1999-2004 are presented in Table 2.

The soil of the research area is clay that has a pH
of 6.7, 1.2 % organic matter, 23.6 % CaCO3 and
0.09 % salt content. Each genotype was sown 4 m in
length, with 35 cm inter-row spacing, in 4 rows; there
were 44 plants per square meter. Sowings were done
during the November for the first three years, January
in 2002 and also December for the last year. Before
sowing, 30 kg ha-1 N and 60 kg ha-1 P2O5 were ap-
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plied in each year (Sehirali, 1988). The flowering of
the plants were occurred between in April, 27 and
May, 1 for the 1st year, in April, between 27 and 28,
2000 for the 2nd year, March, between 26 and 28
2001 for the 3rd year, between in April, 29 and May,
1 for the 4th year, and April, between 3 and 7 2004
for the last year. Harvesting for each year was done
during the first week of June.

Agronomical characters were measured consid-
ering the methods used in international pulses experi-
ments of ICARDA. Plant height (PH: cm), first pot

height (FPH: cm), branch number (BN: number per
plant), total pod number (TPN: number per plant),
full pod number (FPN: number per plant), empty pod
number (EPN: number per plant), seed number (SN:
number per plant), seed weight (SW: g per plant) and
harvest index (HI: %) were recorded on 10 plants
randomly selected plants from mid-row of each plot.
After harvest, 100 SW (100 SW: g) was calculated
by weighting of counted 100 seeds in four replica-
tions. Seed yields (SY: kg ha-1)  were calculated by
adding the seeds from 10 plants to the seeds from
each plot after harvesting collectively the 5.6 m2 area,
and the data were transformed to kg ha-1.

The simple phenotypic correlation coefficients
among all observed traits were first calculated by the
TARIST computer program across five years and then
they were separated into direct and indirect effects
via path coefficient analysis. In path analysis, seed yield
was the dependent variable and the other characters
were considered as independent variables.

Results

Simple correlation coefficients calculated among
examined characters are given in Table 3. Correlation
analysis showed that plant height had close associa-
tion with first pod height, branch number, total pod
number, full pod number, empty pod number, seed
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Entry 
No

Name Entry 
No

Name

1 FLIP 90-58 C 12 X 93 TH 11-9/17
2 FLIP 93-106 C 13 X 93 TH 11-12/15
3 FLIP 93-128 C 14 X 93 TH 18-5/10
4 FLIP 90-4 C 15 X 93 TH 18-15/5
5 FLIP 93-83 C 16 X 93 TH 46-5/8
6 FLIP 93-114 C 17 X 93 TH 46-5/9
7 FLIP 93-130 C 18 X 93 TH 47-5/11
8 FLIP 94-23 C 19 X 93 TH 49-15/2
9 FLIP 94-30 C 20 X 93 TH 53-14/4
10 FLIP 94-32 C 21 X 93 TH 53-14/9
11 X 93 TH 2-3/12 22 X 93 TH 56-3/2

Table 1 
22 Chickpea (Cicer arietinum  L.) lines 

1998 1999 2000 2001 2002 2003 2004 1998 1999 2000 2001 2002 2003 2004

Nov. 23.4 15.5 15.4 13.9 15.4 15.7 15.5 124.0 3.0 30.8 88.1 22.3 141.1 3.0
Dec. 11.7 12.1 10.9 11.0 11.0 9.6 12.1 173.9 36.8 37.7 320.9 167.2 27.0 36.8
Jan. 8.5 10.6 6.8 10.7 11.1 9.1 10.6 46.4 83.1 93.6 8.6 84.5 252.1 83.1
Febr. 9.9 10.6 9.4 10.9 8.2 9.8 10.6 6.3 102.3 120.4 74.9 111.7 117.5 102.3
March 11.3 13.3 11.8 16.5 11.5 14.7 13.3 92.9 40.0 33.1 46.6 92.3 5.6 40.0
April 18.2 17.3 18.2 18.7 17.1 17.7 17.3 56.2 9.1 86.0 8.8 61.1 24.8 99.1
May 21.6 23.2 21.4 21.8 24.5 21.1 23.2 32.9 6.2 68.1 130.4 14.8 19.8 6.2
June 26.1 25.8 27.3 26.6 26.5 25.6 25.8 0.0 22.6 0.0 0.0 6.7 0.0 22.6

Mean temperature, oC Total precipitation, mm

Table 2 
Monthly mean temperature (oC) and total precipitation (mm) of Adana during 1999-2004

Month



number, seed weight and 100 seed weight. First pod
height had high correlations with branch number, total
pod number, full pod number, empty pod number, seed
number, and seed weight. Total pod number revealed
highly significant correlation with full pod number,
empty pod number, seed number and seed weight.
Positive and significant association were found be-
tween full pod number and empty pod number, seed
number, and seed weight. Similarly, empty pod num-
ber had positive association with seed number, and
seed weight. Seed number had high correlation with
seed weight and relatively high correlation with seed
yield. Besides, harvest index revealed highly signifi-
cant correlation with seed yield. Negative and signifi-
cant association were determined between branch
number and total pod number, full pod number, seed
number, seed weight, harvest index and seed yield.
Empty pod number had negative and significant cor-
relations with 100 seed weight and harvest index;
Hundred seed weight negatively and significantly cor-
related with total pod number, full pod number, seed
number, seed weight and seed yield. Besides, plant

height and first pod height negatively and significantly
correlated with seed yield and harvest index.

The direct and indirect effects of ten examined
characters on seed yield were estimated by path co-
efficients.  The direct and indirect effects of seed yield
components on seed yield are shown in Table 4 and
the direct effects and their percentages are in bold.

Path analysis showed that harvest index was the
major direct contributor to seed yield (0.4206) and
the ratio of the direct effect on seed yield was 56.04
%. The main reason for significant effect of harvest
index was due to the close positive correlation of this
character with seed yield (0.539**). The second high-
est direct effect on seed yield was seed number
(0.3824). Seed number had high direct and positive
effect (33.479 %) on seed yield. Also, seed number
had high and positive correlation with seed yield
(0.106*) and this character had high and positive in-
direct effect on seed yield via total pod number
(12.1347%), but negative via full pod number
(35.3614%).

Full pod number and 100 seed weight had nega-
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Chr.1 PH FPH BN TPN FPN EPN SN SW 100 SW HI

FPH 0.861**
BN 0.295** 0.250**
TPN 0.266** 0190** -0.292**
FPN 0.262** 0.184** -0.310** 0.984**
EPN 0.185** 0.130** -0.070ns 0.693** 0.598**
SN 0.234** 0.159** -0.326** 0.953** 0.954** 0.600**
SW 0.236** 0.167** -0.326** 0.895** 0.906** 0.569** 0.889**
100 SW 0.114* 0.071 ns -0.003ns -0.226** -0.194** -0.297** -0.204** -0.145**
SW
HI -0.835** -0.789** -0.412** -0.074ns -0.040ns -0.184** -0.012 ns -0.001ns -0.082 ns
SY -0.503** -0.465** -0.127** 0.064 ns 0.057ns 0.075 ns 0.106* 0.074 ns -0.238** 0.539**

1: PH: Plant height (cm); FPH: First pot height (cm); BN: Branch number (number/plant); TPN: Total 
pod number (number/plant), FPN: Full pod number (number/plant); EPN: Empty pod number 
(number/plant); SN: Seed number (number/plant); SW: Seed weight (g p

Table 3 
Correlations among characters in chickpea (n=330)



tive and high direct effects on seed yield with
36.3599%, and 30.1562%, respectively. Although the
direct effect of full pod number (-0.4243), and 100
SW (-0.1219) and indirect effects of various charac-
ters via full pod number, and 100 SW were negative,
it is important to note that these were compensated
by the positive indirect effects of various characters
via full pod number (0.0823) for 100 SW; via total
pod number (0.1431) and seed number (0.365) for
full pod number. The direct effect of plant height on
seed yield was negative and significant (-0.2361) fol-
lowing full pod number and 100 seed weight, and the
ratio of the direct effect on seed yield is 25.6172%.
Also, its indirect effect on seed yield was high and
negative via harvest index (-0.3512) and full pod num-

ber (00.1109) with ratio of 38.1066% and 12.0345%,
respectively. Branch number (0.1659) was the third
highest positive direct contributors to seed yield fol-
lowing harvest index and seed number and the ratio
of the direct effect on seed yield was 22.8041%.
Branch number had positive and high indirect effect
on seed yield via full pod number (0.1311). How-
ever, it had negative indirect effects via seed number
(-0.1245) and harvest index (-0.1733). Direct effect
of total pod number (0.1455) on seed yield had me-
dium to low magnitude and the ratio of the direct ef-
fect on seed yield is 12.3152%. Although, it’s indirect
effect on seed yield was high and positive through seed
number (0.3644), but negative through full pod num-
ber (-0.4162) with the ratio of 30.8510% and
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1. PH 2. FPH 3. BN 4. TPN 5. FPN 6. EPN 7. SN 8. SW 9. 100 
SW 10. HI

-0.2361 0.0101 0.0490 0.0387 -0.1109 0.0132 0.0897 0.0089 -0.0139 -0.3512
25.6172% 1.0967% 5.3135% 4.1965% 12.0345% 1.4318% 9.7284% 0.9637% 1.5111% 38.1066%
-0.2034 0.0117 0.0414 0.0277 -0.0781 0.0092 0.0610 0.0063 -0.0086 0.3320

26.0948% 1.5055% 5.3140% 3.5532% 10.0154% 1.1856% 7.8229% 0.8091% 1.1068% 42.5927%
0.0697 0.0029 0.1659 0.0424 0.1311 -0.0050 -0.1245 -0.0123 0.0004 -0.1733

9.5770% 0.4025% 22.8041% 5.8306% 18.0165% 0.6866% 17.1117% 1.6897% 0.0584% 23.8229%
-0.0628 0.0020 -0.0484 0.1455 -0.4162 0.0493 0.3644 0.0337 0.0275 -0.0310
5.3153% 0.1891% 4.0974% 12.3152% 35.2412% 4.1769% 30.8510% 2.8558% 2.3314% 2.6267%
-0.0619 0.0022 -0.0514 0.1431 -0.4232 0.0426 0.3650 0.0341 0.0237 -0.0167
5.3174% 0.1860% 0.4417% 12.2935% 36.3599% 3.6578% 31.3614% 2.9339% 2.0364% 1.4373%
-0.0438 0.0015 -0.0116 0.1008 -0.2531 0.0712 0.2295 0.0214 0.0362 -0.0775
5.1699% 0.1799% 1.3754% 11.9072% 29.8915% 8.4066% 27.1031% 2.5320% 4.2766% 9.1578%
-0.0554 0.0019 -0.0540 0.1386 -0.4039 0.0427 0.3824 0.0335 0.0248 -0.0050
4.8466% 0.1638% 4.7298% 12.1347% 35.3614% 3.7396% 33.4790% 2.9331% 2.1747% 0.4374%
-0.0556 0.0020 -0.0541 0.1302 -0.3833 0.0405 0.3399 0.0377 0.0177 -0.0003
5.2423% 0.1850% 5.1000% 12.2655% 36.1228% 3.8148% 32.0276% 3.5522% 1.6642% 0.0257%
-0.0270 0.0008 -0.0006 -0.0329 0.0823 -0.0211 -0.0779 -0.0055 -0.1219 -0.0344
6.6710% 0.2054% 0.1431% 8.1261% 20.3466% 5.2288% 19.2707% 1.3505% 30.1562% 8.5016%
0.1971 -0.0093 -0.0684 -0.0107 0.0168 -0.0131 -0.0045 0.0000 0.0100 0.4206

26.2624% 1.2337% 9.1092% 1.4292% 2.2418% 1.7479% 0.6051% 0.0033% 1.3272% 56.0403%
Residual effect=√1-R2 = 78.7 %
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35.2412% respectively. First pod height (0.0117),
empty pod number (0.0712) and seed weight
(0.0377) had the least direct effects and indirect ef-
fects via other characters thus were of least impor-
tance as contributors towards seed yield.

Discussion

The relations (simple correlations and path coeffi-
cients) among the investigated characters were re-
corded significant. The path coefficients were calcu-
lated and partitioned into direct and indirect effects
by using seed yield as a dependent variable (Table 4).

In our research, high and positive relation was
observed between seed yield and seed number
(0.106*) and harvest index (0.539**). Singh et al.
(1990), Ciftci et al. (2004), Talebi et al. (2007) and
Ozveren (2006) obtained similar results. It is difficult
from correlation alone to decide the major contribu-
tor towards seed yield, because of presence of sig-
nificant correlations of seed yield with yield compo-
nents. Genetic improvement in chickpea is mainly fo-
cused on seed yield by breeders. Yield and yield com-
ponents are strongly affected by biotic and abiotic
factors. Residual effect (78.7%) indicates that there
were many other factors than these included in the
present study affecting seed yield.  In this manner, the
path coefficients were calculated by using seed yield
as a dependent variable.

The direct effect of harvest index on seed yield
had the highest value (0.4206) and the ratio of the
direct effect of harvest index on seed yield was 56.04
%. In other words, 56.04 % of the variation in seed
yield comes from direct effect of harvest index on seed
yield. Furthermore, due to the positive and high cor-
relations between seed yield and harvest index
(0.539**), as harvest index increases seed yield raises
significantly. These results were agreement with those
of Singh et al. (1990), Ciftci et al. (2004), Talebi et al.
(2007) and Khan and Qureshi (2001). On the other
hand, there was high negative direct effect of 100 seed
weight on seed yield. But, Khan and Qureshi (2001)
stated that 100 seed weight had direct positive effect
on grain yield per plant. For that reason it can be said

that cultivar with small seed has high seed yield. How-
ever, larger seed for marketing was important.

Conclusions

In conclusion, obtained linear relations (correla-
tions) among investigated traits were insufficient to
indicate selection criteria in breeding studies of
chickpea. Also, it was essential that direct and indi-
rect effect of the casual traits should be determined.
The present study suggests that selection for high seed
yield should be based on high harvest index in
chickpea.
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