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Figure 1- Map of collection regions of native lentil populations in townships of Zanjan province.
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Table 1- Information of collection regions of lentil populations in Zanjan province.
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Figure 2- The dendrogram of lentil populations using cluster analysis by Ward method.
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Figure 3- Deviation percentage clusters derived cluster analysis from total means for agro-morphological traits of
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Continued Figure 3- Deviation percentage clusters derived cluster analysis from total means for agro-morphological
traits of lentil.

I (5 o

as)ﬂg_—v s slalamex 0553 5 o o

or o3 S5 ses ST Slis Ll Sl el
ol Gl A S s el £ 59
oS Lol 3l 5S huazws o3 S aw 3 1y bbiame
Sl o 5l Cilisee Gblis s ladd y O5es|
5 s (S5 ool s 4 LIS o s 2
il Lol dsy Sslize Jame 5 @Bl 30 ¢ mean
5 2l S slacd sl Sl Gl ool Sl
R <=L>_L}\ Bl ba baaakie 05y 53 i S
Slas Bl 3 de sl Cama O3 5 G
55 el 555 s 2050 SN P50 5]
5 S &ALS e S Ll 5losls
Sl ol s 6._.:5:? sy 5 ol (alfj.:.&:ls
e Gl (pl pl (2849) oL
Gl 55 5dn W s i35 5e o 5555 pet
S G s ke palls Y el ol
slasoY s el sl i S adlas oyl
Dy by edd i S sla sl 5l ol alls

Bl Beslawl 5,5 Mol glaa sl s

YAY

50 Slimo plosl 3 gladiy S
sl i85 ALS e &S Ll 5l
N sl 8 ol s o iSa us s
Sl by 4 S oLS ol ps Jlidles S 55)
S5 835 (e 0 IA Sl faS 55 e plonil S S
e J}L.f..é\e.sj_fje:ﬁ (alfj:.m_lS oS ol 1l
I (FF) 5,8 o pse b S 00 5L 5l LS ol
sl 4l ol b palls Y ey
Lol clten u")il}f‘““ La g ede ol ora 3
Bl g g5 Shls g es s S LIS e Coner
A g s 4SS il slad e )
B el VNSO sy e S 5 sy
osleul 3,50 Mol gy ol ply s Ol
G FAY slaws (IS 55 sy el sla Y i S
dxugua\oué,j@?‘uﬁh& o
sladlo s palls glacsY Olgea Lol 54
u;,)gm.:emcw\(au,\pbnﬁgup\»
D S 5 558 bl s sy 3 Sy



VYA (F) o35193 s (51,5 HBLS Sgi &y puls

&l

. Aghaei, M., Shahab, J., Zeynali, M., and
Talei, H.A. 2004. Genetic diversity of
population of lentil and its relation to
geographical distribution. J Agro Sci. 6:
4.402-414. (In Persian)

. Agricultural Statistics Booklet. 2014.
Volume I: Crop production. Ministry of
Jihad-e-Keshavarzi. Office of Statistics
and Information Technology. Available
at:
http://amar.maj.ir/Portal/Home/Default.a
spx?CategorylD=117564e0-507¢c-4565-
9659-fbabfb4acb9b. pp. (In Persian)

. Ahamed, K.U., Akhter, B., Islam, M.R.,
Humaun, M.R., and Alam, M.J. 2014.
Morphological  characterization and
genetic diversity in lentil (Lens culinaris
medikus ssp. Culinaris) germplasm.
IJARIT Research. 4: 1. 70-76.

. Alabboud, I., Szilagyi, L., and Roman,
G.V. 2009. Assessment of genetic
diversity in lentil (Lens culinaris Medik)
as revealed by RAPD markers.
Scientific Papers, USAMV Bucharest. 2:
1. 439- 444,

. Almudena, L., Magdalena, R., Lucia, R.,
and Isaura, M. 2001. Relationships
between agro/morphological characters
and climatic parameters in Spanish
landraces of lentil (Lens culinaris
Medik.). Genet Resour. Crop Ev. 48: 3.
239-249.

. Bamdad, F., Dokhani, S., and Keramat,
J. 2009. Functional assessment and
subunit constitution of lentil (Lens
culinaris) proteins during germination.
Int. J Agric. Biol. 11: 6. 690-694.

. Boyle, J. L., Aksay, S., Roufik, S.,
Ribereau, S., Mondor, M., Mondor, M.,
Farnworth, E., and Rajamohamed, S. H.
2010. Comparison of the functional
properties of pea, chickpea and Ientil
protein concentrates processed using
ultra filtration and isoelectric
precipitation techniques. Food Res Int.
43: 2. 537-546.

. Castaneda-Alvarez, N.P., Khoury, C.K.,
Achicanoy, H.A., Bernau, V.,
Dempewolf, H., Eastwood, R.J.,
Gurarino, L., Harker, R.H., Javis, A.,
Maxted, N., Mueller, J.V., Ramirez-

YAF

Villegas, J., Sosa, C.C., Struik, P.C.,
Vincent, H., and Toll, J. 2016. Global
conservation priorities for crop wild
relatives. Nat Plants. 2: 16022.

9. Chibbar, R. N., Ambigaipalan, P., and
Hoover, R. 2010. Molecular diversity in
pulse seed starch and complex
carbohydrates and its role in human
nutrition and health. Cereal Chem. 87: 4.
342-352.

10.Cristobal, M.D, Pando, V., and Herrero,
B. 2014. Morphological characterization
of lentil (Lens culinaris Medik.)
landraces from Castilla Y Leon, Spain.
Pak. J. Bot. 46: 1373-1380.

11.Cubero, J. 1., Perez de la Vega, M., and
Fratini, R. 2009. Origin, phylogeny,
domestication and spread. In: Erskine
W, Muehlbauer F J, Sarker A and
Sharma B (Ed.). The lentil: botany,
production and use. CAB international,
Wallingford, UK, pp. 13-33.

12.Erskine, W. and Choudhary, M.A. 1986.
Variation between and within lentil
landraces from  Yemen republic.
Euphytica. 35: 3. 695-700.

13.Erskine, W., Sarker, A., and Kumar, S.
2011. Crops that feed the world 3.
Investing in lentil improvement toward a
food secure world. Food Secur. 3: 2.
127-139.

14.Erskine, W., Sarker, A., and Kumar, S.
2016. Lentil Breeding. In book:
Reference Module in Food Sci. 1-6.

15.Eskine, W., Adham, Y., and Holly, L.
1989.  Geographic  distribution  of
variation in quantitative traits in a world
lentil collection. Euphytica. 43: 1. 97-
103.

16.FAO. 2017. FAOSTAT. Food and
Agriculture Organization of the United
Nations. Rome: Available online at:
http://faostat.fao.org.

17.Gaad, D., Laouar, M., and Abdelguerfi,

A. 2018. Collection and agro
morphological ~ characterization  of
Algerian accessions of lentil (Lens

culinaris). Biodiversity. 19: 1. 183-193.

18.ICARDA. 2002. ICARDA Annual
Report 2001. International Center for
Agricultural Research in the Dry Areas.
Aleppo. Syria.



Oy g (65150 Mgt

19.Khazaei, H., Caron, C.T., Fedoruk, M.,
Diapari, M., Vandenberg, A., Coyne,
C.J., McGee, R., and Bett, K.E. 2016.
Genetic Diversity of Cultivated Lentil
(Lens culinaris Medik.) and Its Relation
to the World's Agro-ecological Zones.
Front Plant Sci. 7: 1093.

20.Lazaro, A., Ruiz, M., De la Rosa, L.,
and Martin, I[. 2001. Relationships
between agro/morphological characters
and climatic parameters in Spanish
landraces of lentil (Lens culinaris
Medik.). Genet Resour Crop Ev. 48: 3.
239-249.

21.Majnoon Hosseini, N., and Naghavi,
M.R. 2017. Genetic variation for seed
yield and biomass in some lentil
genotypes (Lens culinaris). Iran J Field
Crop Sci. 48: 3. 665-671. (In Persian).

22.Mishra, S.K., Sharma, B., and Sharma,
S.K. 2007. Genetics and cytogenetics of
Lentil. In: Lentil: an ancient crop for
modern times (Eds.), Yadav, S. S. David
McNeil and Stevenson, Philip C. The
Springer. Pp, 187-208.

23.Naroui Rad, M.R., Aghaei, M., Fanaeli,
H.R., and Ghasemi, M. 2008. The study
of  genetic variation of some
morphologic and phenologic characters
in lentil germplasms of warm and dry
regions. J Res Dev. 78: 173-181. (In
Persian).

24 Nouri Gougharai, M., Dashti, H., Madah
Hosseini, S., and Dehghan, A. 2015.
Evaluation of genetic diversity in the
lentil germplasm using morphological
traits in Bardsir. Iran J Crop Sci. 45: 4.
551-541. (In Persian)

25.Pandey, S., and Bhatore, A. 2018.
Genetic diversity analysis for
quantitative  traits in  indigenous

germplasm of lentil in Madhya Pradesh.
J Pharmacog. Phytochem. 7: 1. 279-283.

26.Rahimi, M.H., Houshmand, S,
Khadambashi, M., and Ghasemi Siani,
N. 2018. Study of genetic diversity and
relationships between agronomic traits
in lentil. Iran J Pulses Res. 9: 2. 100-
113. (In Persian)

27.Rezvani, N., Nezami, A., and Kafi, M.
2018. Evaluation of lentil (Lens
culinaris) genotypes for autumn sowing

36.

YAD

in cold temperate regions under field
conditions. J Crop Produc. 4: 11. 142-
147.

28.Roy, S., Islam, M. A., Sarker, A., Malek,
M.A., Rafii, M.Y., and Ismail, M.R.
2013. Determination of genetic diversity
in lentil germplasm based on
quantitative traits. Aust. J Crop Sci. 7: 1.
14-21.

29.Sabaghpour, S.H., 2006. Parameters and
mechanisms of drought tolerance in
Crops. National Committee of
Agricultural  Aridity and Drought
Management, Pp, 154. (In Persian)

30.Sabaghpour, S.H., Safikhani, M., Sarker,
A., Ghaffari A., and Ketata, H. 2004.
Present status and future propects of
lentil cultivation in Iran. P, 146,
Proceeding of 5th European Conference
on Grain Legumes, 7-11 June, Dijon,
France.

31.Saman, S.M., Mozafari, J., Vaezi, S.,
Abbasi-Mogahddam, A., and Mostafaeli,
H. 2012. Genetic diversity of pod and
seed characteristics in lentil genotypes
of Iran. Iran J Crop Sci. 14: 54. 171-182.
(In Persian)

32.Vanda, M. 2014. Determination of Gene
Locations Controlling Grain Yield and

its Components in Lentils (Lens
culinaris ~ Medik).  PhD  Thesis.
agricultural faculty. plant breeding
group. Shahrekord University. (In

Persian)

33.Verma, P., Sharma, T.R., Srivastava,
P.S., Abdin, M.Z., and Bhatia, S. 2014.
Exploring genetic variability within
lentil (Lens culinaris Medik.) and across
related legumes wusing a newly
developed set of microsatellite markers.
Mol. Biol. Rep. 41: 9. 5607-5625.

34.Wilson, V.E., and Law, A.G. 1972.
Natural crossing in lens esculenta
Moench. J] Am Soc Hortic Sci. 97: 142-
143.

35.Zaccardelli, M., Lupo, F., Piergiovanni,
A.R., Laghetti, G., Sonnante, G., and
Daminati, M.G. 2012. Characterization
of Italian lentil (Lens culinaris Medik.)
germplasm by  agronomic traits,
biochemical and molecular markers.
Genet. Resour. Crop Evol. 59: 727-738.



VYA (F) o35193 s (51,5 HBLS Sgi &y puls

YAS



