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Abstract. This study was carried out to assessment of heritability and relationships among agro-morphological characters and grain 
yield of 14 grass pea lines in two years at dry land farming condition. Analysis of variance revealed significant differences among 
the lines for number of days to maturity, grain filing duration and 100-seed weight in the first year and for all the characters expect 
biological yield in the second year. The results indicated that in average of two years the highest PCV, GCV and GA were related to 
100-seed weight, grain yield and harvest index. Also, these characters had moderate value of broad sense heritability and expected 
genetic advance. Results of stepwise regression showed that harvest index, 100-seed weight, days to flowering and plant height in 
the first year, and harvest index, days to physiological maturity and 100-seed weight in the second year remained in the final model 
and explained 67% and 84% of yield variation, respectively. In the first year, 100-seed weight had the most positive direct effect on 
grain yield (0.94) and the largest indirect effect on grain yield was obtained from plant height via 100-seed weight. On the other 
hand, in the second year harvest index had the largest direct effect on grain yield. Consequently, according to our finding, 100-seed 
weight and harvest index could be used as selection criteria in grass pea breeding programs. 
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Introduction 
 
Grass pea (Lathyrus sativus L.) is the most important grain 
legume cultivated as one of the cheapest sources of dietary 
lysine-rich protein for the people of low income food deficit 
countries and also as fodder for farm animals. It is a very 
important pulse crop in several tropical and sub-tropical ar-
eas and is well adapted to adverse agricultural conditions 
such as flooding, drought, salinity, low soil fertility (Barik et 
al. 2007, Zambre et al. 2002). According to Miczak et al. 
(2001) report grass pea have a distribution to the parts of 
Asia, lesser extent in the Middle East, southern Europe and 
in northern Africa. Unfortunately, attempt to utility the po-
tential of this grain legume are limited because the presence 
of a neurotoxic amino acid, β-N-oxalyl-L-α, β-diamino-
propionic acid (ODAP/BOAA) in the grain protein, which 
causes neurolathyrism in humans on extended consumption 
(Barik et al. 2007). However, Hanbury et al. (2000) revealed 
that proximal composition of grass pea is similar to field pea 
and faba beans, with a protein content ranging from 26 to 
36%, low fat and high starch contents, hence it can be used 
as protein resource.  

One primary breeding objective to improvement of grass 
pea is obtaining genotypes that produce higher amounts of 
grain yield and biomass with higher quality for use in ani-
mal feed. However, grain yield is a complex trait resulting 
from the expression and association of different characters. 
Talukdar (2009) reported considerable differences in mor-
phological characters such as plant height, number of 
branches, grain yield and developmental characteristics 
among grass pea lines. Kumar & Dubey (2001) demonstrated 
variation in days to flowering, plant height, number of pod 
per plant, number of seed per plant and grain yield among 
elite mutant. Sammour et al. (2007) found significant varia-
tion for seed weight and seed protein content in accessions 
of grass pea from different geographical regions. High val-
ues for the genotypic and phenotypic coefficients of variabil-

ity and for the genetic advance of yield and yield compo-
nents in grass pea were reported by Turk et al. (2007). In 
general, characteristics such as morphological traits, plant 
height, number of seed per pod, 100-seed weight, biological 
yield and harvest index are the most important in grass pea 
improvement for increasing grain yield (Kumar & Dubey 
2001, Miczak et al. 2001, Mera et al. 2003, Kumari & Prasad 
2005). Determination of genotypic and phenotypic variation 
of any given crop species is necessary for improvement of 
the crop because it generates baseline data to guide selection 
of parental lines and design of breeding program. On the 
other hand, understanding the interrelationships between 
grain yield and its related traits will improve the efficiency 
of breeding programs through the use of appropriate selec-
tion indices (Mohammadi & Prasanna 2003). 

Albeit correlation between various traits is results from 
complex interrelationships between grain yield and the other 
traits, but it does not give an exact picture of the relative im-
portance of direct and indirect effects of the various yield at-
tributes (Bhatt 1973). Thus, in order to get a clear depiction 
of the interrelationship between grain yield and its related 
characters, direct and indirect effects should be investigated 
using path coefficient analysis at genotypic level (Saxena et 
al. 1979). The path analysis method suggested by Wright 
(1921) and this method employed in crop breeding to deter-
mine the nature of relationships between grain yield and its 
components. This method can identify yield components 
which have a significant effect on grain yield and through 
this use as selection criteria (Williams et al. 1990, Moghad-
dam et al. 1998). Although the estimation of genetic variabil-
ity and potential of methods such as path analysis for the de-
termination of selection strategies in breeding programs and 
knowledge of direct and indirect relations between the char-
acters, which may provide a basis for comprehension the 
genetic control of a certain character, but relatively little in-
formation were found about the application to grass pea. 
Thus, this study indicates the environmental change effects 
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on interrelationships among different characters, phenotypic 
and genotypic coefficients of variation, heritability and ex-
pected genetic advance for some of developmental and ag-
ronomic characters of 14 grass pea advanced lines. Correla-
tion coefficients were estimated between the different char-
acters, and path-coefficient analysis for grain yield was car-
ried out to partition the correlation coefficients into direct 
and indirect effects. 
 
 
Materials and methods 
 
Fourteen grass pea (Lathyrus  sativus  L.) advanced lines  were  tested  
at the Dryland Agricultural Research Station, Gachsaran, Iran (Lati-
tude: 50˚ 50’ N; Longitude 30˚ 17’ E; Altitude: 710 m above sea level) 
during 2005/06 and 2007/08 growing  seasons  under  rain-fed con-
ditions. Fourteen advanced lines (developed by ICARDA) in the pre-
sent study included G1 (Sel.515), G2 (Sel.1326), G3 (Sel.474), G4 
(Sel.1329), G5 (Sel.686), G6 (Sel.459), G7 (Sel.669), G8 (Sel.1307), G9 
(Sel.554), G10 (Sel.1332), G11 (Sel.678), G12 (Sel.736), G13 (Sel.1327) 
and G14 (Sel.1321). The experimental design carried out in a ran-
domized complete block design with three replications. Each plot 
had four rows of 4.5m length with spacing of 25cm between rows. 
The seeding rate was 150 seeds per m2. The land was left as fallow in 
the previous years, and 100 kgh-1 di-ammonium phosphate and, 70 
kgh-1 urea fertilizer were added to the soil before planting. Plots 
were irrigated as needed to keep soil moisture optimal for plant 
growth. The eight characters, namely days to flowering, days to 
physiological maturity, grain filing duration, plant height, 100-seed 
weight, biological yield, harvest index and grain yield were re-
corded.  

For each year simple analysis of variance was conducted using 
SAS software. Also, for estimate of variance components, environ-
mental, phenotypic and genotypic coefficients of variation, expected 
genetic advance and broad-sense heritability were used equations 
described by Johnson et al. (1955) and Burton & De Vane (1953). Ac-
cording to the formula of Miller et al. (1958) phenotypic and geno-
typic correlation coefficients were calculated. Direct and indirect 
path coefficients were considered as described by Dewey & Lu 
(1959). 
 
 
Results 
 
The analysis of variance for each year (Tab. 1) showed sig-
nificant differences between some traits, indicating genetic 
variability among lines. In the first year significant differ-
ences among the lines were observed in the term of number 
of days to flowering, grain filing duration and 100-seed 
weight. However, in the second year genotypic differences  

among lines were significant for all traits except of biological 
yield. The mean, minimum, and maximum values of the 
grain yield and other traits for each year and average for two 
years are shown in Table 2. In the first year, means of days to 
flowering ranged from 76 to 87 days with an average 81.78. 
On the other hand in second year this character varied from 
94 to 102 days with an average 97.80. The over two years this 
character had ranged from 85 to 94.5 days. In the first year, 
the number of days to physiological maturity, grain filling 
duration ranged from 119 to 125 and from 34 to 49 days, re-
spectively, while in the second year these characters had 
lower values. The low value of grain filling duration in sec-
ond year may be referred to environmental conditions such 
as temperature and rainfall. Plant height was varied from 47 
to 85 cm in the first year and from 32.2 to 47.8 cm in the sec-
ond year. Also, in over two years this character had ranging 
from 39.6 to 66.4 cm with an average 51.57 cm. The 100-seed 
weight, biological and grain yield and harvest index values 
affected by year, therefore these characters had lower value 
in the second year than the first year. Generally, in over two 
years values of these characters ranged from 7.6 to 112.5 gr, 
3504.17 to 5842.16 kgh-1, 975.41 to 1835.41 kgh-1 and 17.84 to 
39.19%, respectively. 

In order to investigate the year effect on characters varia-
tion and heritability, coefficients variation displayed by ag-
ronomic characters in this study are shown in Table 3. The 
highest environmental coefficient of variation (ECV) was 
shown by harvest index, plant height and biological yield in 
the first year. Also, the highest genotypic (GCV) and pheno-
typic (PCV) coefficients variation observed by plant height, 
100-seed weight and harvest index. The expected genetic 
advance in over two years expressed as a percentage of the 
mean and ranged 1.64 for number of days to flowering to 
15.65 for 100-seed weight. Also, the heritability estimate 
ranged from 41.14% for number of days to flowering to 
79.72% for number of days to physiological maturity. On the 
other hand, in the second year, the highest ECV, GCV and 
PCV were shown by biological yield followed by harvest in-
dex and grain yield. Despite of the highest heritability in the 
first year was observed for 100-seed weight and develop-
mental characters such as number of days to physiological 
maturity and grain filling duration, in the second year the 
heritability estimate ranged from 60.54% for biological yield 
to 92.09% for number of days to flowering and the highest 
value was shown by number of days to flowering, plant 
height and grain filling duration, respectively. The grain 

 
Table 1. Analysis of variance for eight characters on 14 grass pea lines in two years. 

 

Mean square (MS) 

S.O.V 
df Days to  

flowering 
Days to  
maturity 

Grain filing  
duration 

Plant  
height 

100-seed  
weight 

Biological  
yield 

Grain  
yield 

Harvest  
index 

2006 
Replication 2 87.50** 1.73ns 77.81** 42.00ns 0.12ns 735026.04ns 16300.45ns 13.20ns 
Line 13 6.28ns 6.75** 14.62** 76.54ns 2.76** 561568.20ns 61080.30ns 28.52ns 
Error 26 6.09 1.58 4.32 62.61 0.64 437666.30 45196.60 21.41 

2008 
Replication 2 11.45** 5.88ns 6.50ns 0.16ns 0.12ns 18354.27ns 2083.01ns 2.47ns 
Line 13 7.88** 15.17* 30.74** 20.89** 2.75** 427496.01ns 62123.07* 50.01** 
Error 26 0.65 6.19 6.29 3.30 0.66 228838.74 23295.68 14.22 

 
ns, * and **; Non significant, significant at 5 and 1% probability levels, respectively. 
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Table 2. Mean values, rang of mean, standard error and coefficient of variation of eight characters in grass pea advance lines. 
 

Year Parameters Days to 
flowering 

Days to 
maturity 

Grain filing 
duration 

Plant height 
(cm) 

100-seed 
weight (gr) 

Biological yield 
(kgh-1) 

Grain yield 
(kgh-1) 

Harvest  
index 

Mean 81.78 122.52 40.73 61.21 9.24 6052.38 2017.85 33.76 
Minimum 76.00 119.00 34.00 47.00 7.60 4675.00 1577.50 23.35 
Maximum 87.00 125.00 49.00 85.00 12.50 7462.50 2457.50 41.98 
S.E. (±) 0.49 0.27 0.51 1.25 0.17 108.17 34.09 0.77 

20
06

 

CV% 3.89 1.46 8.20 13.27 12.29 11.58 10.95 14.96 
Mean 97.81 136.38 38.57 41.93 9.44 3122.75 678.62 21.83 
Minimum 94.00 131.00 31.00 32.20 7.60 2333.33 373.33 12.33 
Maximum 102.00 143.00 47.00 47.80 12.50 4222.22 1213.33 36.40 
S.E. (±) 0.28 0.46 0.57 0.45 0.17 81.87 28.69 0.77 

20
08

 

CV% 1.90 2.20 9.71 7.04 12.29 16.99 27.39 22.89 
Mean 89.79 129.45 39.65 51.57 9.34 4587.56 1348.24 27.80 
Minimum 85.00 125.00 32.5 39.60 7.60 3504.16 975.41 17.84 
Maximum 94.50 134.00 48.00 66.40 12.50 5842.36 1835.41 39.19 
S.E. (±) 0.38 0.37 0.54 0.85 0.17 95.02 31.39 0.77 

A
ve

ra
ge

 tw
o 

ye
ar

s 

CV% 2.89 1.83 8.96 10.15 12.29 14.28 19.17 18.93 
 
 
Table 3.  Environmental coefficient of variation (ECV), phenotypic 

coefficient of variation (PCV) and genotypic coefficient of varia-
tion (GCV), broad sense heritability (H), and expected genetic 
advance (GA) of eight characters of grass pea lines. 

 

 Year 2006 
Coefficient of variation 

Traits 
ECV GCV PCV 

H (%) GA (%) 

DF 3.02 1.45 2.27 41.14 1.64 
DM 0.59 1.17 1.31 79.72 1.84 
GFP 2.94 5.14 5.92 75.31 7.85 
PLH 7.46 7.03 10.25 47.06 8.49 
100-SW 5.02 9.96 11.15 79.71 15.65 
Bio 6.31 6.15 8.81 48.71 7.55 
GY 6.08 6.13 8.64 50.44 7.67 
HI 7.91 7.90 11.18 49.97 9.83 

 
 Year 2008 

Coefficient of variation 
Traits 

ECV GCV PCV 
H (%) GA (%) 

DF 0.82 1.63 1.70 92.09 2.75 
DM 1.05 1.53 1.85 67.92 2.22 
GFP 3.75 8.01 8.84 81.98 12.76 
PLH 2.50 6.12 6.61 85.69 9.97 
100-SW 4.96 9.74 10.93 79.36 15.28 
Bio 8.84 10.95 14.08 60.54 15.01 
GY 12.98 19.83 23.70 70.00 29.20 
HI 9.97 17.78 20.39 76.09 27.31 

 
 Average two years 

Coefficient of variation 
Traits 

ECV GCV PCV 
H (%) GA (%) 

DF 1.92 1.54 1.98 66.62 2.2 
DM 0.82 1.35 1.58 73.82 2.03 
GFP 3.35 6.57 7.38 78.64 10.3 
PLH 4.98 6.58 8.43 66.37 9.23 
100-SW 4.99 9.85 11.04 79.53 15.46 
Bio 7.57 8.55 11.44 54.63 11.28 
GY 9.53 12.98 16.17 60.22 18.44 
HI 8.94 12.84 15.79 63.03 18.57 

 
DF, DM, GFP, PLH, 100-SW, Bio, GY and HI indicate; days to flowering, 

days to maturity, grain filing duration, plant height, 100-seed weight, 
biological yield, grain yield and harvest index, respectively. 

yield, harvest index and 100-seed weight had the highest ex-
pected genetic advance. Additionally, in over two years the 
highest ECV and PCV were shown by grain yield, harvest 
index and biological yield, respectively. The highest GCV 
was shown by grain yield, 100-seed weight and biological 
yield. The expected genetic advance (GA) in over two years 
ranged from 2.03 for number of days to maturity to 19.57 for 
harvest index. Moreover, the highest heritability related to 
100-seed weight and developmental characters such as 
number of days to physiological maturity and grain filling 
duration, and ranged from 54.63% for biological yield to 
79.53% for 100-seed weight. In general, in average two years 
the highest PCV, GCV and GA were related to 100-seed 
weight, grain yield and harvest index. However, these char-
acters had moderate value broad sense heritability. The phe-
notypic and genotypic correlations for each year are shown 
in Table 4. In the first year (2006) a negative significant geno-
typic correlation was found between numbers of days to 
flowering with 100-seed weight and grain yield. Also, this 
character had a negative significant phenotypic correlation 
with biological yield. Genotypic and phenotypic correlations 
of number of days to physiological maturity were positive 
and significant with grain filling duration. The plant height 
showed positively significant correlation with grain filling 
duration and number of days to physiological maturity. Bio-
logical yield correlated positively with plant height and 100-
seed weight in terms of genotypic correlation. Grain yield 
with 100-seed weight, harvest index and biological yield 
were positively correlated. Results obtained in the second 
year (2008) were different than the first year (2006). The 
number of days to flowering showed negatively significant 
correlation with grain filling duration. On the other hand 
number of days to physiological maturity correlated posi-
tively with grain filling duration. Biological yield correlated 
positively and significant with number of days to maturity, 
plant height and 100 and grain yield. Also, harvest index 
with grain yield was positively correlated (Tab. 4). 

The  results  of  stepwise  regression analysis  for each 
year were  calculated  by  considering  the grain yield as the 
dependent variable and other characters (except biological 
yield) as the  independent  variables.  Results showed that,  
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Table 4. Phenotypic (rph) and genotypic (rg) correlation coefficients among various pairs  
of the agronomic characters in 2006 (above diameter) and 2008 (down diameter) years. 

 

Characters 
 Days to  

flowering 
Days to  
maturity 

Grain filing  
duration 

Plant  
height 

100-seed  
weight 

Biological  
yield 

Grain  
yield 

Harvest  
index 

DF rg  -0.479 -0.356 0.019 -0.582* 0.127 -0.631* -0.001 
 rph  0.285 -1.182 -0.097 -0.465 -0.573* -0.462 0.139 
DM rg -0.411  0.843** 0.900** 0.395 0.776** -0.047 -0.001 
 rph -0.259  0.630* 0.772** 0.110 0.385 -0.205 -0.456 
GFD rg -0.765** 0.676**  0.608* 0.602* 0.462 0.327 0.000 
 rph -0.732** 1**  0.590* 0.431 0.698** 0.218 -0.411 
PLH rg -0.467 0.109 0.316  0.362 0.158 -0.293 -0.001 
 rph -0.325 0.241 0.338  0.310 0.999** -0.217 -0.950** 
SW rg -0.336 0.326 0.394 0.292  0.256 0.754** 0.000 
 rph -0.199 0.369 0.372 0.339  0.448 0.445 -0.178 
Bio rg -0.165 0.589* 0.484 0.093 0.391  0.612* 0.000 
 rph -0.127 1** 0.820** 0.395 0.624*  -0.007 -1.292 
GY rg -0.462 0.232 0.395 0.026 -0.078 0.147  -0.002 
 rph -0.425 0.677** 0.711** 0.160 0.194 0.705**  0.819** 
HI rg -0.369 -0.067 0.145 -0.033 -0.315 -0.144 0.678*  
 rph -0.334 0.069 0.214 -0.051 -0.165 -0.179 1**  

 
* and **; significant at 5 and 1% probability levels, respectively. 

 
 

Table 5. Result of stepwise regression analysis for grain yield in grass pea lines. 
 

Unstandardized Coefficients Standardized Coefficients 
Year Model 

β Std. Error β 
R2 Adj R2 

 Constant 1623.53 642.64    
 HI 37.33 4.85 -0.002   
2006 100-SW 53.25 19.49 0.942 0.67 0.64 
 DF -21.97 7.00 -0.069   
 PLH 7.17 3.06 -0.632   
 Constant -3504.13 541.83    
2008 HI 29.83 2.39 0.715   
 DM 24.35 4.12 0.260 0.84 0.83 
 100-SW 22.62 10.98 0.061   

 
 

Table 6. Direct and indirect effects on grain yield via characters various in grass pea lines. 
 

Indirect effect via 
Year Character Direct effect 

DF PLH 100-SW HI 
Total genotypic 

correlation with GY 

2006 DF -0.069 - -0.012 -0.549 0.000003 -0.631 
 PLH -0.632 -0.001 - 0.341 0.000002 -0.292 
 100-SW 0.942 0.041 -0.229 - 0.000000 0.754 
 HI -0.002 0.00008 0.0004 0.0001 - -0.002 
 Characters - DM 100-SW HI - - 
2008 DM 0.260 - 0.020 -0.048 - 0.232 
 100-SW 0.061 0.084 - -0.225 - -0.078 
 HI 0.715 -0.017 -0.019 - - 0.678 

 
a residual effect for 2006 year; 0.244 
b residual effect for 2008 year; 0.677 

 
 
harvest index, 100-seed weight, number of days to flowering 
and plant height in the first year, and harvest index, number 
of days to physiological maturity and 100-seed weight in the 
second year remained in the final model and explaining 67% 
and 84% of variation in the yield, respectively (Tab. 5). In 
order to partitioning genetically coefficient correlations of 
grain yield and characters remained  into  final model  of  
regression  in  to  direct  and  indirect effects,  the path  coef-
ficient  analysis  were  used  to detect  the  most  important  
and  effective  factors on grain yield. The direct and indirect 

effects of characters on grain yield are shown in Table 6. In 
the first year, 100-seed weight had most positive and direct 
effect on grain yield (0.94). Plant height had negative direct 
effect on grain yield (-0.632) followed by number of days to 
flowering (-0.069) and harvest index (-0.002). The most indi-
rect effect of characters on grain yield was obtained from 
plant height via 100-seed weight. On the other hand, in the 
second year the direct effects of characters on grain yield 
was positive and harvest index had most direct effect. How-
ever, the indirect effects were not remarkable. 
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Discussion 
 
The success of breeding programs depends upon the thor-
ough knowledge of genetic variability, heritability and type 
of gene action involved in the inheritance of desirable char-
acters (Tiwari & Roopa-Lavanya 2012). In this study, the sig-
nificant differences about agro-morphological characters 
found among the lines in two years indicated that these lines 
affected form environmental conditions during two years. 
Thus, the association of these characters with grain yield and 
the interrelationships among those assumes special impor-
tance as the basis for selecting high yielding lines. In this 
study, the developmental characters showed a wide range of 
variation. Sarwar et al. (1995) also reported a range of 43 to 
88 days to flowering in 1072 accessions of grass pea. Dias & 
Lioden (2009) revealed that environmental conditions such 
as heat stress or other changes accelerates the rate of grain 
filling but grain filling duration is shortened. In the first year 
the high genotypic and phenotypic variation coefficients and 
expected genetic advance showed for 100-seed weight, har-
vest index and plant height. However, in the second year 
grain yield, harvest index and 100-seed weight had the most 
value of genotypic and phenotypic variation coefficients and 
expected genetic advance, respectively. In the first year 
broad sense heritability was the highest for the 100-seed 
weight and number of days to maturity. On the other hand, 
in the second year the highest heritability was observed for 
the number of days to flowering, plant height, 100-seed 
weight, grain filling duration and harvest index. Previously, 
some researchers reported high heritability for 100-seed 
weight in grass pea (Kumar & Dubey 2001, Kumari & Prasad 
2005). Previously Singh & Dhillon (2004) also reported high 
estimates of heritability for days to 50% flowering, days to 
maturity and plant height. Heritability estimates for grain 
yield are usually lower than other characters in wheat sug-
gests that environmental effects constitute a major portion of 
the total phenotypic variation for this character. Therefore, 
selection of superior genotypes or lines on the basis of yield 
would not be as effective as selection for its primary yield 
components (Moghaddam et al. 1998). Hence, the association 
of yield components with grain yield and the interrelation-
ships among the components assumes special importance as 
the basis for selecting high-yielding lines. In this study, in 
the first year the genetic correlation between grain yield with 
the biological yield and 100-seed weight was positive and 
significant. Results obtained in the second year were differ-
ent than the first year, for the reason that grain yield corre-
lated positively and significantly with number of days to 
maturity, grain filing duration and biological yield. Already, 
the strong positive correlations of 100-seed weight and bio-
logical yield with grain yield have been reported in grass 
pea (Katiyar & Katiyar 1994, Kumar & Dubey 2001). Multi-
ple linear regression method used to be determining the role 
of yield components in increasing of grain yield and selec-
tion efficiency by means of few characters as the effective in-
dicator to obtain breeding aims (Farshadfar 2004, Pour Sia-
hbidi et al. 2013). The results obtained of each year indicated 
that, 100-seed weight and harvest index remained in the fi-
nal model. Thus, these characters can be effective in im-
provement of yield.  

Evaluation of variation and interrelationship between  

various characters can be valuable for the selection of effi-
cient lines. Additionally, screening of grass pea advanced 
lines has been done to improve grass pea grain yield. But, 
the selection based on the performance of grain yield alone is 
usually not very efficient. Therefore, identifying characters 
related to grain yield is important as it increases breeding ef-
ficiency. From this study it is concluded that 100-seed 
weight should be taken into consideration during selection 
for higher yield in grass pea. In conclusion, for successful se-
lection in these lines the 100-seed weight and harvest index 
could firstly be evaluated because of the fact that these char-
acters were the least affected by environment. 
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