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ABSTRACT 
 
 Lentil (Lenus culinaris Medik) is a major grain legume crop in many developing countries in West Asia, 
North Africa and many other areas of the world. A controlled experiment was conducted to assess the genetic 
diversity in lentil landraces collected from Jordan based on quantitative traits aimed at identifying superior 
genotypes to be used in future breeding programs. The results of this study indicated significant differences 
between lentil landraces in terms of seed yield, biological yield, pod per plant, seed per pod, seed weight, plant 
height and primary branches. On the other hand, our results indicated that no significant differences, between 
lentil landraces in terms lowest pods, days of flowering and secondary branches. Seed yield was positively 
correlated with biological yield, pods per plant, seed yield and plant height and negatively correlated with days 
to flowering. Principal component analysis was performed for 10 quantitative traits and accounted for 81.8% of 
the total variation. 
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Introduction 
 
 Lentil is one of the oldest domesticated and 
adopted grain crop species in the world [32,12], 
since, perfectly preserved seeds were found in Syria 
and Turkey belongs back to several ancient 
agricultural centers [7,12]. From that period lentil 
became fundamental in the cultural systems in 
rainfed agriculture and a major source of protein 
(28%) for human consumption and its straw is a 
valued animal feed, minerals (2%) and carbohydrates 
(59%) [21,9,30]. Additionally, lentil as legume has a 
positive impact on soil fertility (N- fixation) [3]. 
Furthermore, in the Mediterranean which has 
variable climate where genetic variability is needed 
for crop success [30], the lentil growing decreased 
from 20.000 ha in the 1970,s to 1.719 ha in 2004 
(2004 data, ISTAT, 2005). Low yield, absence of 
scientific research and use landraces which is 
adapted to its environment but had lower yield were 
among reasons of this reduction in growing areas 
including Jordan [10,9,1,24]. So the presence of 
genetic variability among lentil landraces is essential 
to drive progeny using classical plant breeding 
methods. This is supported by the fact that only a few 
countries have modern cultivars [30], so there is a 

need to collect lentil landraces and use them as a 
base to produce a new high yielding varieties. In 
Jordan, more than 214 domestic and alien accessions 
of lentil germplasm have been collected and 
preserved. Currently, their genetic diversity is 
weakly studied. To make use of these genetic 
resources, the genetic diversity needs to be 
principally studied. Aimed at finding new germplasm 
to be directly introduced as a promising variety after 
its assessment or insert it in future breeding 
programmes to develop new high yielding varieties. 
Seed yield, pods per plant and straw yield have high 
heritability [17]. While plant height has a main role 
in combining of different characters used to improve 
the seed yield [14]. Therefore, previous studies 
showed that plant height, number of pods per plant, 
pods per peduncle, straw yield, total dry matter and 
seed yield were the most important traits that 
positively affect lentil yield. For example, [20] 
reported positive significant correlation between seed 
yield and harvest index, number of primary branches, 
pods per plant and biological yield and seed yield. 
Moreover, [3] and [4] reported a positive significant 
correlation between seed yield and each of plant 
height, number of pods per plant and total dry matter. 
Furthermore, [29] revealed that total dry matter and 
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pods per plant showed positive significant correlation 
with seed yield. Therefore, Current study was 
conducted to assess the genetic diversity in lentil 
landraces collected from Jordan based on 
quantitative traits aimed at identifying superior 
genotypes to be used in future breeding programs. 
 
Materials and Methods 
 
Plant Materials: 
 
 Seeds of 214 lentil landraces collected from 
Jordan were provided by Jordan university of 
Science and Technology. The seeds of these 
genotypes were grown at Maru Dryland Research 
station ( 34° 40´ N, 32° 36´ E). The experimental 
design was randomized complete plot design with 
three replications. Seed was sown in 17.5 cm rows 
with a seed rate of 120 kg ha−1. Weeds that appeared 
were removed by hand. Ten individual plants from 
each genotype were randomly selected from each of 
the three replications and marked just before 
flowering. Morphological data were collected from 
all marked plants. 
 
Phenotypic Data: 
 
 Phenotypic data were recorded on seed yield (g), 
biological yield, pod number per plant, seed number 
per pod, seed weight (g), plant height (cm), primary 
branches, number of lowest pods, days to flowering 
and secondary branches. All data were recorded on 
individual plant basis and the mean of ten plants was 
used to represent the genotypes for each replication. 
 
Statistical Analysis: 
 
 Data were entered into EXCEL 2003 (Microsoft 
Corporation) spreadsheets and analyzed using 
GENSTAT 8 (Lawes Agricultural Trust). Analysis of 
variance, Correlation coefficient and cluster analysis 
has been conducted. 
 
Results: 
 
 Obtaining high yield is the main aim for lentil 
production. Yield is a quantitative trait which 
affected by environmental conditions and genotype. 
Genotype of the plant can be changed by breeding. 
This can be achieved through testing the available 
lentil landraces and produce a superior cultivar. 214 
lentil landraces collected from Jordan were evaluated 
looking for useful plant characters. Analysis of 
variance was conducted to determine the effect of the 
four clusters on the ten quantitative traits of lentil 
landraces (Table 1). There were significant 
differences (P<0.05) between lentil landraces in 
terms of seed yield, biological yield, pod number per 
plant, seed number per pod, seed weight, plant height 
and primary branches. Whereas, lowest pods, days of 

flowering and secondary branches were not 
significant. 
 Seed yield showed significant positive 
correlation with biological yield, pods per plant, seed 
yield and plant height (P<0.05; Table 2). Also, this 
trait was negatively correlated with days to 
flowering. Moreover, biological yield had significant 
positive correlation with number of pods per plant, 
seed weight and plant height. Positive significant 
correlation was also observed between plant height 
and both of seed weight per plant and number of 
pods per plant and seed number per pod.  
 The variability of these landraces has been 
studied further using principle component analysis 
(Table 3). The Four Principle components accounted 
for 81.8% of the total phenotypic variation. In the 
first Principle component, which explained 26.38% 
of the total variation, the most important traits were 
seed yield and pod number per plant. In the second 
principle component which explained 19.07% of the 
total variation, predominant traits were lowest pod 
and days to flowering. The third principle component 
which accounted for 18.48% of the total variation 
was dominated by days to flowering and number of 
secondary branches, while seed number per pod was 
the dominant trait in the fourth principal component 
which accounted for 17.9% of the total variation. 
 
Discussion: 
  
 Since current study, was carried out using 214 
lentil landrace collected from Jordan that exhibited 
high genetic variability between and within clusters 
for the majority of the studied quantitative traits. The 
incidence of highly significant variation between the 
landrace for the majority of the studied 
morphological traits such as seed yield, biological 
yield, plant height and number of pods, seeds and 
primary branches is a sign of the presence of high 
degree of genetic variation implying great potential 
of the landraces in future breeding programs through 
selection for the studied quantitative traits. 
Significant genetic variation between lentil landraces 
were also reported by [2,26,19,15,6,5,27,28,24] and 
[8] who reported the presence of genetic variability 
for the traits including days to flowering, plant 
height, pod per cluster, seeds per pod and seed 
weight in lentil germplasm. On the other hand, there 
was no significant variation between lentil landraces 
for lowest pod seed weight, days to flowering and 
number of secondary branches. Similar results were 
reported by [8] regarding  seed weight and days to 
flowering. The authors indicated that the presence of 
slight genetic variation for those traits resulted in 
very low chance to develop them through inter-
accession improvement activities. Moreover, similar 
results were reported by [24] for seed weight, [22] 
for days to flowering in other lentil genotypes and 
concluded that the genes for these traits must be 
investigated from another source. 
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Table 1: Anova of four clusters for the ten traits of the lentil landraces. 

 Between ss Df Within ss DF F- Ratio P Value 
seed yield 269472.89 3 136140.68 211 139.216 >0.001 

biological yield 2633548.36 3 444006.99 211 417.170 >0.001 
 pod no. / plant 14140.60 3 33026.58 211 18.76 >0.001 
 Seed no. / pod 0.50 3 10.52 211 3.33 >0.001 
 lowest pods 30.09 3 1482.70 211 1.43 0.236 
 seed weight 39.32 3 109.13 211 25.34 >0.001 

 days of flowering 68.40 3 2326.33 211 2.07 0.106 
 plant height 1176.66 3 3524.33 211 23.48 >0.001 

 primary branches 2.49 3 39.47 211 4.39 0.005 
 secondary branches 357.93 3 686276.66 211 0.037 0.991 

 
Table 2: The correlation coefficient of the ten traits of lentil landraces. 

 1 2 3 4 5 6 7 8 9 10 
1. seed yield 1.00          

2. biological yield 0.86*** 1.00         
3. pod no. / plant 0.48** 0.42** 1.00        
4. Seed no. / pod 0.23 0.20 0.08 1.00       
5. lowest pods 0.10 0.15 -0.07 -0.05 1.00      
6. seed weight 0.55** 0.49* 0.90*** 0.29 -0.005 1.00     

7. days of flowering -0.20 -0.16 0.12 -0.11 0.24 -0.20 1.00    
8. plant height 0.51** 0.55** 0.56** 0.30* 0.09 0.46* -0.06 1.00   

9. primary branches 0.23 0.21 0.15 0.11 0.00 0.08 0.13 -0.064 1.00  
10. secondary 

branches 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 

 
 
Table 3: Eigen values and percent explained by four principal components for lentil landraces. 

Character 1 2 3 4 
Seed yield 0.837 - - - 

Pod no. / plant 0.845 - - - 
Seed no. / pod - - - 0.962 

Lowest pod - 0.950 - - 
Days to flowering - 0.448 0.607 - 

Secondary branches - - 0.855 - 
Eigen values 1.58 1.14 1.11 1.07 

Percent of variance 
explained 

26.38 19.07 18.48 17.85 

 
 Biological yield, plant height and pods per plant 
are the major yield components for lentil. Adequate 
vegetative growth and branching enable lentil plant 
to provide sufficient number of pods hence produce 
higher yield. Current study showed that seed yield 
was significantly correlated with biological yield, 
pods per plant and plant height. Also, this trait was 
negatively correlated with days to flowering. These 
results was supported by [5] who studied sixty three 
lentil landraces in Turkey and reported that seed 
yield was significantly correlated with biological 
yield, plant height, number of pods per plant and 
number of seeds per plant. Furthermore, [16] 
reported positive significant correlation between seed 
yield and biological yield. [11] and [25] showed that 
seed yield was positively and significantly correlated 
with pod numbers and plant height. [18] studied 
lentil genotypes and reported that number of pods 
and biological yield showed highly positive 
significant correlation with the seed yield. Also, [23] 
reported that seed yield showed positive correlation 
with pod number and plant height.  
 With regard to principle component analysis, the 
most significant variables in the components 
represented by high loadings were taken into 
consideration in evaluating each principle 

component. The most important traits in the first 
principle component could preferably and mainly be 
represented by seed yield and pods per plant. Seed 
yield is the most interrelated variable to the rest of 
the traits. The first principle component, therefore, 
could be identified as yield related variables. The 
most significant variables of the second, third and 
forth principle components included lowest pod, days 
to flowering, secondary branches and seed number 
per pod whereas the rest of the traits did not 
contribute enough. The overall principle component 
analysis of the current study implies that seed yield, 
pod number per plant, lowest pod, days to flowering, 
secondary branches and seed number per pod could 
be considered as sufficient parameters for data 
collection in future studies because they represent 
most of the variability (~82%) in each principle 
component. From ANOVA, majority of the traits 
demonstrated highly significant variation among 
landraces. But, contrasting to other traits, plant 
height and seed weight for example did not show 
significant contribution in the principle component 
analysis. Hence, the principle component analysis 
but not ANOVA help researcher for the selection of 
important traits suitable for further studies. Similar 
results were reported by [8] regarding plant height. 
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Conclusion: 
  
 The present study showed that Jordanian lentil 
landraces hold a wide range of phenotypic variation.. 
This wider phenotypic variability represents a good 
indication for the importance of lentil landraces in 
future breeding programs.  
 
References 
 
1. Abbo, S., I. Zezak, E. Schwartz, S. Lev-Yadun, 

A. Gopher, 2008. Experimental harvesting of 
wild peas in Israel: implications for the origins 
of Near East farming. Journal of Archaeological 
Science, 35: 922-929. 

2. Agrawal, S.C., M.N. Khare, P.S. Agrawal, 1976. 
Field screening of lentil lines for resistance to 
rust. Indian Phytopathology, 29(2): 208. 

3. Anjam, M.S., A. Ali, S.M. Iqbal, A.M. Haqqani, 
2005. Evaluation and Correlation of 
Economically Important Traits in Exotic 
Germplasm of Lentil. Int. J. Agric. Biol., 7: 959-
961. 

4. Begum, S., S. Begum, 1996. Morphological 
study and character association in germplasm of 
lentil (Lens culinaris Medik). Bangladesh J. 
Botany, 25: 79-82. 

5. Bicer, B.T., D. Sakar, 2008, Studies on 
variability of lentil genotypes in Southeastern 
Anatolia of Turkey. Not. Bot. Hort. Agrobot. 
Cluj., 36(1): 20-24. 

6. Chakrabotry, M., M.F. Haque, 2000. Genetic 
variability and component analysis in lentil (Les 
culinaris Medik.). J. Res., 25(1/2): 3-6. 

7. Cubero, J.I., 1981. Origin, taxonomy and 
domestication. In: Webb, C., Hawtin, G. (eds.), 
Lentils. CAB, Slough, UK., pp: 15-38. 

8. Fikiru, E., K. Tesfaye, E. Bekele, 2010. A 
comparative study of morphological and 
molecular diversity in Ethiopian lentil (Lens 
culinaris Medikus) landraces. African Journal of 
Plant Science, 4(7): 242-254. 

9. Frederick, M., S. Cho, A. Sarker, K. McPhee, C. 
Coyne, P. Rajesh, P. Ford, 2006. Application of 
biotechnology in breeding lentil for resistance to 
biotic and abiotic stress. Euphytica, 147: 149-
165. 

10. Gallo, G., A.C. Barbera, G. Venora, 1997. 
Valutazione agronomica di popolazioni di 
lenticchia (Lens culinaris Medik.) in ambienti 
semi-aridi. In: Proceedings of the 3rd Convegno 
Nazionale sulla Biodiversita; 16–17 June 1997. 
Reggio Calabria, Italy., pp: 279-288. 

11. Hamdi, A.A., A. El-Ghareib, S.A. Shafey, 
M.A.M. Ibrahim, 2003. Direct and indirect 
relationships among lentil characters. J.of Agr. 
Research, 81(1): 224-229. 

12. Harlan, J.R., 1992. Crops and Man. American 
Society of Agronomy and Crop Science Society 
of America, Madison. 

13. ISTAT, 2005. Istituto Nazionale di Statistica, 
Annual report, www.istat.it.  

14. Jain, S.K., H.L. Sharma, R.B. Mehra, J.P. Khare, 
1991. Multiple correlation and regression 
analysis in lentil. LENS, 18: 11-3. 

15. Jain, S.K., S.K. Madaria, S.K. Rao, P.K. Nigam, 
1995. Analysis of yield factors in lentil. Indian J. 
Agric. Res., 29(4): 173-180. 

16. Karadavut, U., 2009. Path analysis for yield and 
yield componentsin lentil (Lens culinaris 
Medik.). Turkish J. of Field Crops 14(2): 97-
104. 

17. Kumar, R., K. Devendra, K. Sureh, R. Kumar, 
D. Kumar, S. Kumar, 1999. Genetic Variability 
in Lentil. Annals Agric. Bio. Res., 4: 75-7. 

18. Luthra, S.K., P.C. Sharma, 1990. Correlation 
and path analysis in lentils. LENS, 17: 5-8. 

19. Malik, B.A., M. Tahir, A.M. Haqani, R. Anwar, 
1984. Documentation, characterization and 
preliminary evaluation of lentil (Lens culinaris) 
germplasm in Pakistan. LENS Newsletter, 11(2): 
8-11. 

20. Salehi, M., A. Haghnazari, F. Shekari, H. 
Baleseni, 2007. Evaluation of relationship 
between different traits in lentils (Lens culinaris 
Medik). Journal of science and technology of 
agriculture and natural resources, 11(41): 205-
216. 

21. Sarker, A., W. Erskine, M. Singh, 2005. 
Variation in shoot and root characteristics and 
their association with drought tolerance in lentil 
landraces. Genet. Resour. Crop Evol., 52(1): 89-
97. 

22. Singh, K.B., S. Singh, 1991. Evaluation of 
exotic germplasm in lentil. J. Agri. Res., 6(2): 
304-306. 

23. Singh, T.P., 1977. Harvest index in lentil (Lens 
culinaris Medik). Euphytica, 26(3): 833-839. 

24. Sultana, T., S. Nadeem, Z. Fatima, Abdul 
Ghafoor, 2010. Identification of elite pure-lines 
from local lentil germplasm using diversity 
index based on quantitative traits. Pak. J. Bot., 
42(4): 2249-2256. 

25. Tikka, S.B.S., B.N. Asama, V.K. Gupta, 1997. 
Interrelationships of Quantitative Characters 
with Seed Yield in Lentil (Lens culinaris 
Medik). Ind. J. Heredity, 9(1): 16. 

26. Tiwari, A.S., B.R. Singh, 1980. Evaluation of 
lentil germplasm. LENS Newsletter., 7: 20-22. 

27. Toklu, F., B.T. Biçer, T. Karaköy, 2009a. Agro-
morphological characterization of the Turkish 
lentil landraces. African Journal of 
Biotechnology, 8(17): 4121-4127. 



3680 
Adv. Environ. Biol., 5(11): 3676-3680, 2011 

 

28. Toklu, F., T. Karaköy, E. Hakli, T. Bicer, A. 
Brandolini, B. Kilian, H. Özkan, 2009b. Genetic 
variation among lentil (Lens culinaris Medik) 
landraces from Souteast Turkey. Plant Breed., 
128: 178-186. 

29. Tyagi, M.C., B. Sharma, 1985. Association 
among  economic  traits  in lentil. LENS, 12: 
10–1. 

 

30. Venora, G., O. Grillo, M.A. Shahin, S.J. 
Symons, 2007. Identification of Sicilian 
landraces and Canadian cultivars of lentil using 
an image analysis system. Food Research 
International, 40: 161-16. 

31. Zheng, Z.J., S.M. Wang, X.X. Zong, 1997. Food 
Legumes in China. Beijing: China Agriculture 
Press, Pp: 266-266.  

32. Zohary, D., 1972. The wild progenitor and place 
of origin of the cultivated lentil Lens culinaris. 
Econ Bat., 26: 326-332. 

 


